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W088/09344 

1~/31 
10 20 30 40 so 60 

CATCCCGAGGTTATGCTGGTTGAATCTGGTGGAGTACTGATCCAACCTGGTGGGTCCCTG 
0 P E V M L V E S G G V L M E P G G S L 

seal Ecoo 

70 80 90 100 110 120 
AAGCTCAGCTGTGCTGC'l'ACCCCCTTCACGTTCTCTCGTTACCCCATCTCTTCGGTCCGT 
X L S C A A S G F T F S R Y A M S W V R 
Espi Nhei Pf'lMI 

130 140 150 160 170 180 
CAGAC'l'COGGAGAACCCTCTACACTGGGTOGCGACGATATCTTCTGCTCGTTCGAACACT 

Q T P E X R L E W V A T I S S G G S H T 
BspMII Xbai Nrui EcoRV Asuli 

190 200 210 220 230 240 
TACTATCCAGACAGTC'l'CAAGGGTOGAT'l'CACGA'l'C'l'CTCGAGACAACGCTAAGAACACG 

Y Y P 0 S V K G R F T I S R D N A K N T 
Xboi 

250 260 270 280 290 300 
T'l'G'l'ACC'l'GCAAATGTCTTCTC'l'ACGTAG'l'GAACA'l'ACTCC'l'ATGTAC'l'AC'l'C'l'GCACGT 

L Y L Q M S S L R S E D T A M Y Y C A R 
BspMI+ SnaBI . ApaLI 

310 320 330 - 340 350 "360 
CCTCCAC'l'CATC'l'CACTAGTTGCTGAT'l'ATGCCATGGATTATTGGGGTCA'l'GCTCC'l'AGC 

P P L I S L V A D Y A M D Y W G H G A S 
Spei Ncoi Nhei 

370 380 390 400 410 ·420 
GTTAC'l'GTGAGCTCTGGTGGCGGTCGGTCGGGCGGTGGTGGC'l'CGGGTGGCCGCGGATCG 

V T V S S G G G G S G G G G S G G G G S 
saci 

430 440 450 460 470 480 
· GATATCGTTA'l'GACTCAGTCTCATAAGTTCATGTCCACTTCTGTTGGTGACCCTGTTTCT 

D IV M T Q S H.X F M S T S V G DR V S 
EcoRV BstEII 

490 500 . 510 520 . 530 540 
ATCACT'l'GTAAGGCCAGCCACCATGTGCGTGCTGCTATCGCATGGTATCAGCAGAACCCC 

I T C X A S Q D V G A A I A W Y Q Q K P 
PflMI Sma 

550 560 570 580 590 600 
GCCCAGTCTCCTAAGCTGCTGATCTACTGGGCGTCGACTCGTCA'l'ACTGGTCTCCCGGAT 

G Q S P K L L I Y W A S T R H T G V P D 
I Sali 

610 620 630 640 650 660 
CGTTTCACTGGGTCCGGATCAGCTACTGATTTCACTCTGACTATTTCGAACGTTCAGTCT 
R F T G S G S G T 0 F T L T I S N V 0 S 

BspMII Asuii 

670 680 690 700 • 710 720 
GATGACCTGGCTGAT'l'ACT'l'CTGCCAGCAATATTCCGGGTACCCTCTGACTTTCGGTGCC -

D D LA 0 Y F C 0 Q·Y S G Y P L T F G A 
Sspi Kpni Nae 

730 740 750 
GGCAC'l'AAACTCGAGCTGAAG'l'AACTGCAG 

G 'l' K L E .L K * 
I Xboi Psti 

Fl Cn. '1E 

PFIZER EX. 1502 
Page 3001



W088/09344 

10 20 
Met Lys Ala Ile Phe Val Leu Lys Gly Ser Leu Asp Ar; Asp Leu Asp ser Arq La~ Asp 
ATG AAA GCA ATT TTC GTA CTG AAA GGT TCA CTG GAC AGA GAT CTG GAC TC'l' CGT C'l'G GAT 

Bqlii 
30 40 

Leu Asp Val Arq Thr Asp His Lys Asp Leu ser Asp His Leu Val Leu Val Asp Leu Ala 
CTG GAC GTT CGT ACC GAC CAC AAA GAC CTG TCT GAT CAC CTG GTT CTG GTC GAC CTG GCT 

Bell Sali 
so 60 

Arq Asn Asp Leu Ala Arq Ile Val Tbr Pro Gly Ser Arq Tyr Val Ala Asp Leu Glu Phe 
CGT AAC GAC CTG GC'l' CGT ATC GTT ACT CCC GGG TCT CGT TAC GTT GCG GAT CTG GAA TTC 

Asp 
GAT 

Smai EcaRI 

EcoRI 

Ssp!' 

pD312 
4801'bp 

Affl[ 

I= I C,.. 10 A 

F"IC,.. JO 5 
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S G Y F W N W 1 R 0 F P G N K L E W L G F I K Y D G S N Y G 
N P S L K N R V S I T R D T S E N Q F F L K L D S V T T A T 
YYCAGDNDHLYFDYWGQGTTLTVS 

C C C G S G G G G S G G G G S 

·O A V V T 0 E SALT T S P G G TV I LTC R SST G A V.T 
~ S N Y A N W I 0 E K P D H L F T G L I G G T S N R A P G V 
PVRFSGSL I GDKAALTITGAOTEDDAMYFC 
ALWFRNHFVFGGGTXVTVLG 
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PCffUSSS/01737 

10 20 30 40 50 60 
GAA'l'TCATGGCTGACAACAAA'l"l'CAACAAGGAACAGCAGAACGCGTTCTACGAGATC'l"l'G 
E F M A D N X F N X E Q Q N A F Y E I L 

EcoRI Mlui Bglii 
XlDni 

. 70 80 90 100 110 120 
CACCTGCCGAACCTGAACGAAGAGCAGCG'l'AACGGC'l"l'CA'l'CCAAAGCTTGAAGGATGAG 
H L P N L N E E Q R N G F I Q S L K 0 E 
BspMI + . Hinciiii 

130 140 150 160 170 180 
CCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAACGATGCGCAGGCACCG 

P S Q S A N L L A D A K K L N D A Q A P 
Nhei Fspi 

190 200 210 220 230 . 240 
AAATCGGATCAGGGGCAA'l'TCATGGCTGACAACAAA'l'TCAACAAGGAACAGCAGAACGCG 

X S D Q G Q F M A D N K F N X E Q· Q N A 
Mlui 

Xmni 

250 260 270 280 290 300 
TTCTACGAGATCTTGCACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGC'l"l'CATCCAA 

F Y E I L H L P.N L N E E Q R N G F I Q 
Bglii BspMI+ H 

310 320 330 340 350 360 
AGCTTGAAGGATGAGCCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAAC 

S L K D E P S Q S A N L L A 0 A K K L ·N 
indiii Nhei 

370 380 
GATGCGCAGGCACCGAAATCGGATCC 

D A Q A P K S D P 
Fspi BamBI 

F \ ~. ~~ 
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(BABS)- ~'-1(31 
10 20 30 40 50 60 70 

GGATCCGGTAACTCTGACTCTGAATGCCCGCTGAGCCACGACGCGTACTGCCTGCACGACGGTGTTTGCATGTAC 
G S G H S D S E C P L S B D G Y C L B D G V C M Y 

BaJilHI Bsmi+ · Espi 

• 85 95 105 115 125 135 145 
ATCGAAGCTCTGGACAAATACGCATGCAACTGCGTTGTAGGCTACATCGGTGAGCGCTGCCAGTATCGCGATCTG 

I E A L D K Y A C H C V V G Y I G E R C Q Y R D L 
~ Sphi Hrui 

I) 

160 170 
AAATGGTGGGAGCTGCGTTAACTGCAG 

K W W E L R * 
HpaX Psti 

F'l6a. ISA 
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W088/09344 PCf{US88J01737 

(BABS)-

10 20 30 40 50 60 
GGATCCGGTGGCGACCCGTCCAAGGACTCCAAAGCTCAGGTTTCTGCTGCCGAAGCTaGT 

G S G G D P S K D S K A Q V S A A E A G 
BamHI 

70 80 90 .,., 100 110 120 
ATCACTGGCACCTGGTATAACCAACTGGaGTCGAC'l"l"l'CATTGTGACCGCTGGTGCGGAC 

I T G T W Y N Q L ~ S T F I V T A G A D 
Sal I 

130 140 150 160 170 180 
GGAGCTCTGACTGGCACCTACGAATCTGCGGTTGGTAACGCAGAATCCCGCTACGTACTG 

G A L T G T Y E S A V G N A E S R Y V L 
Saci · SnaBI 

190 200 210 220 230 240 
ACTGGCCGTTATGACTCTGCACCTGCCACCGATCGCTCTGGTACCGCTCTGGGCTGGACT 

T G R Y D S A P A T D G S G T A L G W T 
BspMI+ Kpni 

250 260 270 280 290 300 
GTGGCTTGGAAAAACAACTATCGTAATGCGCACAGCGCCACTACGTGGTCTGGCCAATAC 
V A W K N N Y R N A H S A T T W S G Q Y 

Fspi Draiii Bali 
PflMI BstXI. 

310 320 330 340 350 360 
GTTGGCGGTGCTGAGGCTCGTATCAACACTCAGTGGCTGTTAACATCCGGCACTACCGAA 

V G G A E A R I N T Q W L L T S G T T E 
Draiii Hpai 

370 380 390 400 410 420 
. GCGAATGCATGGAAATCGACACTAGTAGGTCATGACACCTTTACCAAAGTTAAGCCTTCT 

A N A W K S T L V G H D T F T K V K P S 
Bsmi+ Spei 

Nsii 

430 440 450 460 470 480 
GCTGCTAGCATTGATGCTGCCAAGAAAGCAGGCGTAAACAACGGTAACCCTCTAGACGCT 

A AS I D A A K K A G V N.N G N P L D A 
Nhei BstEII Xbai 

490 500 
GTTCAGCAATAACTGCAG 
v Q Q * FlC:n. \SB. 

Psti 
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WOSS/09344 PCf/USSS/01737 

(BABS)-

10 20 30 40 50 60 
GGATCCGGTGTACGTAGCTCCTCTCGCACTCCGTCCGATAAGCCGGTTGCTCATGTAGTT 

G S G V R S S S R T P S D K P V A H V V 
BamHI snaBX 

70 80 90 100 110 120 
GCTAACCCTCAGGCAGAAGGTCAGCTTCAGTGGCTGAACCGTCGCGCTAACGCCCTGCTG 
A N P Q A E G Q L Q W L N R R A N A L L 

Mstii Bqli 

130 140 150 160 170 180 
GCAAACGGCGTTGAGCTCCGTGATAACCAGCTCGTGGTACCTTCTGAAGGTCTGTACCTG 
A N G V E L R D N Q L V ·V P S E G L Y L 

Saci Pf1MI Kpni 

190 200 210 220 2~0 240 
ATCTATTCTCAAGTACTGTTCAAGGGTCAGGGCTGCCCGTCGACTCATGTTCTGCTGACT 

I Y S Q V L F K G Q G C P S T H V L L T 
Seal Sali 

250 260 270 280 290 300 
CACACCATCAGCCGTATTGCTGTATCTTACCAGACCAAAGTTAACCTGCTGAGCGCTATC 
H T I S R I A V S Y Q T K V N L L S A I 

HpaiBspMI+ Eco47III 
Espi 

310 320 330 340 350 360 
AAGTCTCCGTGCCAGCGTGAAACTCCCGAGGGTGCAGAAGCGAAACCATGGTATGAACCG 

K S P C Q R E T P E G A. E A K P W Y E P 
Nco I 

370 380 390 400 410 420 
ATCTACCTGGGTGGCGTATTTcAACTGGAGAAAGGTGACCGTCTGTCCGCAGAAATCAAC 

I Y L G G V F Q L E K G D R L S A E I N 
BstEII 

430 440 450 460 470 480 
CGTCCTGACTATCTAGATTTCGCTGAATCTGGCCAGGTGTACTTCGGTATTATCGCACTG 
R P 0 Y L D F A E S G Q V Y F G I I A L 

490 
TAACTGCAG 

* Psti 

Xbai Bali 

Fl6t. rsc. 
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W088/09344 PCffUSSS/01737 

(BABS) -

10 20 30 40 so 60 
GGATCCGGTGCTGATCAGCTGACTGACGAGCAGATCGCTGAATTTAAAGAGGCTTTCTCT 

G S G A D Q L T D E Q I A E P K E A F S 
BamHI BcliPvUII oral 

70 80 90 100 110 120 
CTGTTTGACAAAGACGGTGACGGTACCATCACTACCAAAGAGCTCGGCACCGTTATGCGC 

L F D K D G D G T I T T K E L G T V M R 
Kpni Saci Fspi 

130 140 150 160 170 180 
AGCCTTGGCCAGAACCCGACTGAAGCTGAATTGCAGGACATGATCAACGAAGTCGACGCT 

S L G Q N P T E A E L Q D M I N E V D A 
Bali Bcli Sali 

190 200 210 220 230 240 
GACGGTAACGGCACCATCGATTTTCCGGAATTTCTGAACCTGATGGCGCGCAAGATGAAA 

0 G N G T I 0 F P E F L N L M A R K M K 
Clai BspMII BssHII 

250 260 270 280 290 300 
GACACTGACTCTGAAGAGGAACTGAAAGAGGCCTTCCGTGTTTTCGACAAAGACGGTAAC 

0 T D S E E E L K E A F R V F 0 K D G N 
stui 

310 320 330 340 350 360 
GGTTTCATCTCGGCCGCTGAACTGCGTCACGTTATGACTAACCTGGGTGAAAAGCTTACT 

G F I S A A E L R H V M T N L G E K L T 
Eaqi Hindiii 

370 380 390 400 410 420 
GACGAAGAAGTTGACGAAATGATTCGCGAAGCTGACGTCGATGGTGACGGCCAGGTTAAC 

0 E E V 0 E M I R E A 0 V D G D G Q V N 
Xmni Nrui Aatii ~pai 

430 440 450 
TACGAAGAGTTCGTTCAGGTTATGATGGCTAAGTAACTGCAG 

Y E E F V Q V M M A K * 
Psti 

FICn. lSD 
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(BABS)-

10 20 30 40 50 60 
GGATCCGGTGGAGGCTCTCTGGGCTCTCTGACTATTGCCGAACCGGCAATGATTGCTGAA 

G S G G G S L G S L T I A E P A M I A E 
BamBI Bqll Bsm 

70 80 90 100 110 120 
TGCAAGACTCGTACCGAAGTCTTCGAGATCTCTCGTCGTCTGATCGATCGCACTAATGCC 

6 CKTRTE VF E IS RRL I DRTNA 

• 

~ . 

I+ Bqlii Clai Bs 
PvUI 

130 140 150 160 170 180 
AACTTCCTGGTATGGCCGCCGTGCGTCGAGGTACAACGCTGCTCCGGGTGTTGCAACAAT 
N F L V W P P c V E V Q R c S G C C N N 

tXI 

190 200 210 220 230 240 
CGTAACGTTCAATGTCGACCGACTCAAGTCCAGCTGCGTCCGGTCCAAGTCCGCAAAATC 

R N V Q c R P T Q V Q L R P V Q V R K I 
Sali Pvuii 

250 260 270 280 290 300 
GAGATTGTACGTAAGAAACCGATCTTTAAGAAGGCCACTGTTACTCTGGAAGACCATCTG 

E I V R K K P I F K K A T V T L E D H L 
SnaBI 

310 320 330 340 350 
GCATGCAAATGTGAGACTGTAGCGGCCGCACGTCCAGTTACTTAACTGCAG 
A C K c E T V A A A R P V T * 

Sphi Eaqi Psti 
Noti 

Fl"'· ISE-
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(BASS)-

10 20 30 40 50 60 
GGATCCGGTATATTCCCCAAACAATACCCAATTATAAACTTTACCACAGCGGGTGCCACT 

G S G I F P K Q Y P I I N F T T A G A T 
BamBI 

70 80 90 100 110 120 
GTGCAAAGCTACACAAACTTTATCAGAGCTGTTCGCGGTCGTTTAACAACTGGAGCTGAT 

V Q S Y TN FIR A V.R G R L T T GAD 

130 140 150 160 170 180 
GTGAGACATGAAATACCAGTGTTGCCAAACAGAGTTGGTTTGCCTATAAACCAACGGTTT 

V R H E I P V L P N R V G L P I N Q R F 

190 200 210 220 230 240 
ATTTTAGTTGAACTCTCAAATCATGCAGAGCTTTCTGTTACATTAGCGCTGGATGTCACC 

I L V E L S N H A E L S V T L A L D V T 
Eco47III 

250 260 270 280 290 300 
AATGCATATGTGGTCGGCTACCGTGCTGGAAATAGCGCATATTTCTTTCATCCTGACAAT 

N A Y V V G Y R A G N S A Y F F H P D N 
Ndei 

Nsii 

310 320 330 340 350 360 
CAGGAAGATGCAGAAGCAATCACTCATCTTTTCACTGATGTTCAAAATCGATATACATTC 

Q E D A E A I T H L F T D V Q N R Y T F 
Clai 

370 380 390 400 410 420 
GCCTTTGGTGGTAATTATGATAGACTTGAACAACTTGCTGGTAATCTGAGAGAAAATATC 

A F G G N Y D R L E Q L A G N L R E N I 

430 ·440 450 .460 470 480 
GAGTTGGGAAATGGTCCACTAGAGGAGGCTATCTCAGCGCTTTATTATTACAGTACTGGT 

E L G N G P L E E A I S A L Y Y Y S T G 
Eco47III Scai 

490 500 510 520 530 540 
• GGCACTCAGCTTCCAACTCTGGCTCGTTCCTTTATAATTTGCATCCAAATGATTTCAGAA 

G T Q L P T L A R S F I I C I Q M I S E 

~ 550 560 570 580 590 6.00 
GCAGCAAGATTCCAATATATTGAGGGAGAAATGCGCACGAGAATTAGGTACAACCGGAGA 
A A R F Q Y I E G E M R T R I R Y N R R 

Fspi Bql 
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W088/09344 PCf/US88/01737 

(BABS)-

10 20 30 40 50 60 
GGATCCGGTGCTCCGACTTCTAGCTCTACTAAGAAAACTCAGCTTCAGCTGGAACACCTG 
G S G A P T S S S T K K T Q L Q L E H L 

BamHI PvUII 

70 80 90 100 110 120 
CTGCTGGACCTTCAGATGATCCTGAACGGTATCAACAACTACAAGAACCCGAAACTGACT 

L L D L Q M I L N G I N N Y K N P K L T 

130 140 150 160 170 180 
CGTATGCTGACTTTCAAATTCTACATGCCGAAGAAAGCTACCGAACTGAAACACCTTCAG 
R M L T F K F Y M P K K A T E L K H L Q 

190 200 . 210 220 230 Z40 
·TGCCTGGAAGAAGAACTGAAGCCGCTGGAGGAAGTACTGAACCTGGCTCAGTCTAAAAAC 

C L E E E L K P L E E V L N L A Q S K N 
scai 

250 260 270 2so 290 ioo 
TTCCACCTGCGTCCGCGTGACCTGATCAGCAACATCAACGTAATCGTTCTAGAACTTAAA. 

F H L R P R 0 L I S N I N V I V L E L K 
Bcli Xbai 

310 320 330 340 350 360 
GGCTCTGAAACTACCTTCATGTGCGAATACGCTGACGAAACTGCTACCATCGTAGAATTT 

G SET T FMC E·Y A 0 ETA T IV E F 

370 380 390 400 410 420 
CTGAACCGTTGGATCACCTTCTGCCAGTCTATCATCTCTACTCTGACTTAACTGCAG 
L N R W I T F ·c Q S I I S T L T * 

Psti 

PICn. ISU. 
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(BABS) ~. 

10 20 30 40 50 60 
GGATCCGGTGCTGACAACAAATTCAACAAGGAACAGCAGAACGCGTTCTACGAGATCTTG 

G S G A 0 N K F N K E Q Q N A F Y E I L 
BamBI Mlui Bqlii 

Xmni 

70 80 90 100 110 120 
CACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAAAGCTTGAAGGATGAG 
H L P N L N E E Q R N G F I Q S L K 0 E. 
BspMI+ Hindiii 

130 140 150 160 170 180 
CCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAACGATGCGCAGGCACCG 

P S Q S A N L L A D A K K L N D A Q A ~ 
Nhei Fspi 

190 200 210 220 230 240 
AAATCGGATCAGGGGCAATTCATGGCTGACAACAAATTCAACAAGGAACAGCAGAACGCG 

K S D Q ~ Q F M A D N K F N K E Q Q N ~ 
Mlui 

Xmni 

250 260 270 280 290 300 
TTCTACGAGATCTTGCACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAA 

F Y E I L H L P N L N E E Q R N G F I Q 
Bqlii BspMI+ H 

310 320 330 340 350 360 
AGCTTGAAGGATGAGCCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAAC 

S L K D E P S Q S A N L L A D A K K L N 
lnaiii Nhei 

370 380 
GATGCGCAGGCACCGAAATAACTGCAG 

0 A Q A P K * 
Fspi Psti 

Fl61. t5H 
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10 

SPECIFIC BINDING AGENTS 

This invention relates to specific.binding agents, 
15 and in particular to polyPeptides containing·amino acid 

sequences that bind specifically to other proteinaceous or 

non-proteinaceous materials. The invention most 

particularly concerns the production of suchspecific 
binding agents by genetic engineering. 

20 

Antibody structure 

Natural antibody molecules consist of two identical 

heavy-chain and two identical light-~hain polypeptides, 

25 which are covalently linked by disuiphide bonds. Figure 

13 of the accompanying drawings diagramaticallyrepresents 
the typical structure of an antibody of the IgG class. 

Each o~ the chains is folded into severai discrete 

domains. The N-terminal domains of all.the chains are 
30 

35 

variable in sequence and therefore called the variable . . . . . . .. 

regions (V-regions) • The v-regions ·of one heavy (VH) and . 
one light chain (VL) associate to form the antigen-binding 
site. The module formed by the combined VH and VL domains 
is referred to as the Fv (variable fragment) of the' 
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antibody. The c-terminal ends of both heavy and light 

chains are more conserved in sequence and chains are more 

conserved in sequence and therefore referred to as the 

constant regions. Heavy chain constant regions are 

composed of several domains, eg. the heavy chain of the 

gamma-isotype (IgG) consists of three domains (CH1, CH2, 

CHJ) and a hinge region which connects the CH1 and CH2 

domains. The hinges of the two heavy chains are 

covalently linked together by disulphide bridges. Light 

chains have one constant domain which packs against the 

~~1 domain. The constant regions of the antibody molecule 

are involved in effector functions such as complement 

lysis and clearing by Antibody Dependant Cell Cytotoxicity 

(ADCC). Classical digestion of an antibody with the 

protease papain yields three fragments. One fragment 

contains the CH2 and CHJ domains and, as it crystallises 

easily, was called the Fe fragment. The other two 

fragments were designated the Fab (antigen-binding) 

fragments, they are.identical and contain the entire light 

chain combined with the VH and CH1 domain. When using 

pepsin, the proteolytic cleavage is such that the two Fabs 

remain connected via the hinge and form the (Fab) 2 
fragment. Each of the domains is represented by a 

separate exon at the genetic level. 

The variable regions themselves each contain 3 

clusters of hypervariable residues, in a framework·of more 

conserved sequences. These hypervariable regions interact 

with the antigen, and are called the Complementarity 

Determining Regions (CDRs). The more conserved sequences 

are called the Framework Regions (FRs). See Kabat et al 

(1987). x-ray studies of antibodies have shown that the 

CDRs form loops which protrude from the top of the 

molecule, whilst the FRs provide a structural beta-sheet 

35 framework. 
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Modified antibodies 

In one embodiment, the invention relates to so-called 
"reshaped" or "altered" human antipodies,. ie. 
immunoglobulins having essentially human constant and 
framework regions but in which the complementarity 

determining regions (CDRs) correspond to those found in a 

non-human immunoglobulin, and also to corresponding 

reshaped antibody fragments. 

The general principles by which such reshaped·human 
antibodies and fragments may be produced are now 

well-known, and referen~e can be made to Jories et al 

15 (1986), Riechmann et al (1988}, Verhoeyen et al· (1988), 
and EP-A-239400 (Winter). A comprehensive list of 
relevant l·iterature references is provided later· in this 
specification. 

20 

25 

Reshaped human antibodies and fragm¢n~s·bave· 

particular utility in the in-vivo diagnosis and treatment 
of human ailments because the essentially human. proteins 

are less likely to induce undesirable adversereactions 
when they are administered to a hriman patient, and 
the desired specificity conferred by the CDRs can be 

raised in a host animal, such as a: 'mouse, frbm which 

antibodies of selected specificity can be obtained more 
readily. The variable region genes can be cloned from the 
non-human antibody, and the CDRs grafted into a human 

30 variable-region framework by genetic engineering 
techniques to provide the reshaped human antibody or 

fragment. To achieve this desirable result, it is 

necessary to identify and sequence at least. the CDRs.in 

the selected non-human antibody, and preferably the whole 

35 non-human variable region sequence, to allow 
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identification of potentially important CDR-framework 

interactions. 

Summary of the invention 

The invention provides, as one embodiment, a 

synthetic specific binding polypeptide having specificity 

for human placental alkaline phosphatase (PLAP). By 

synthetic, we particularly mean that the polypeptide is 

produced by recombinant DNA technology, and to that extent 

at least is different from a naturally-occurring or 
naturally-induced specific binding agent having identical 
specificity. Alternatively, the synthetic polypeptide has 

been produced by artificially assembling a sequence of 

amino acids to produce a novel or nature-identical 

molecule. The synthetic polypeptide can be equivalent to 

an intact conventional antibody, or equivalent to a 
multiple or single-chain fragment of such an antibody, or 

can be simply a material that includes one or more 

20 sequences that confer the desired specific binding 
capability. 

The invention provides as an important embodiment, a 
reshaped human antibody, or a reshaped human antibody 

25 fragment, having anti-human placental alkaline phosphatase 

(PLAP) specificity. 

More particularly, the invention provides a reshaped 

human antibody or reshaped human antibody fragment, having 

30 anti-human placental alkaline phosphatase specificity, 

containing one or more of the CDRs depicted in Figures 1 

and 2 of the accompanying drawings. Preferably, the 

reshaped antibody or fragment of the invention contains 

all 3 of the CDRs depicted in Figure 1 of the accompanying 

35 drawings, in a human heavy chain variable region 
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framework. Alternatively, or in addition, the reshaped 
antibody or fragment of the invention contains all 3 of 
the CDRs depicted in Figure 2 of the accompanying 

drawings, in a human light chain variable region 

framework. 

. . . 

Another embodiment of the invention is a reshaped 

antibody or reshaped antibody fragment . contidning a . . 
protein sequence as depicted in Fic]ure 10 and/or Figure 11 

10 of the accompanying drawings. 

15 

Other important embodiments of the iiwention are an 

expression vector incorporating a DNA sequence~s depicted 
in Figure 10 and/ or Figure 1i of the_. accompanying 
drawings, and an expression vector_incorpora:ting·a DNA 

sequence encoding one or more of the. protein sequences 

designated as being a CDR in Figure· 1 and/ or. ·F'igure. 2 of· 

the accompanying drawings. 

"' 
20 An important aspect of the invention is a stable host 

cell line containing a foreign gene that causes thehost 
cell line to produce a specific binding agent according to

the invention. This can be a stable hostcell<line 

containing a foreign gene that encodes at least one of the 

25 amino acid sequences designated ·as being a CDR ·in Figure· 1 

an~jor Figure 2 of the accompanyingdrawings, .together 

with a protein framework that enables the encoded amino 
acid sequence when expressed to function as a·coR having 

specificity for PLAP. 

30 

35 

The invention particularly provides an. immortalised 
mammalian cell line, or a yeast, or other e\J.karyotic cell,· . 
or a prokaryotic-cell such as a bacterium, producing a 

reshaped antibody or fragmentaccording to the invention. 
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Another important aspect of the invention is a 

synthetic specific binding agent, reshaped human antibody 

or reshaped human antibody fragment, having specificity 

equivalent to that of the gamma-1, kappa anti-PLAP 
monoclonal antibody secreted by murine hybridoma cell line 

H17E2. 

The invention also provides two novel plasmids, 

pSVgptHu2VHPLAP-HuigG1 and pSVneoHuVkPLAP-HuCk, and these 

io plasmids can be used in the production of a synthetic 
specific binding agent, reshaped human antibody or 
reshaped human antibody fragment. 

15 

20 

25 

30 

35 

These plasmids are contained in novel E.coli strains 

NCTC 12389 and NCTC 12390, respectively. 

a) 

b) 

c) 

d) 

Other aspects of the invention are: 

A DNA sequence encoding a reshaped human antibody 

heavy-chain variable region having specificity for 

human placental alkaline phosphatase, as contained in 
E.coli NCTC 12389 •. 

A DNA sequence encoding a reshaped human antibody 

light-chain variable region having specificity for 
human placental alkaline phosphatase, as contained in 
E.coli NCTC 12390. 

A reshaped human antibody heavy-chain variable region 

having specificity for human placental alkaline 

phosphatase, producible by means of the expression 

vector contained in E.coli NCTC 12389. 

A reshaped human antibody light-chain variable region 

having specificity for human placental alkaline 
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phosphatase, producible by means of the expression 

vector contained in E.coli NCTC 12390. 

A reshaped human antibody or reshaped human antibody 

fragment, comprising at least one variable region 

according to c) or d) above. 

A particular embodiment of the invention is therefore 

a reshaped human antibody or fragment possessing anti-PLAP 
specificity and incorporating a combination :of.CDRs (which 
may, for example, be cloned from a murine .ariti~PLAP 

immunoglobulin) having the amino acid sequences identified 

as CDR1, CDR2 and CDR3 respectively in Figures 1. and 2 of 
the accompanying drawings, which respectively represent 

~5 the heavy chain variable region (VH) and light chain 

variable region (Vk) of a m~ine ~nti-PLAP monoclonal 
antibody that we have cloned and sequenced. In the case 

of an intact antibody, or a fragment comprising at least 

one heavy chain variable region .and at least one light 

20 chain variable region, the reshaped antibodyor fragment 
. . 

preferably contains all six CDRs from the non-human 
source. To be most effective in binding, the CDRs should 
preferably be sited relative to one another in the same 

arrangement as occurs in the o+iginal non-human antibody, 

25 e.g. the VH CDRs should be in a human VH f.ramework, .and in 

the order in which they occur naturally iri the ~~n~human 
antibody. 

As will be apparent to those skilled .in the art, the 

30 CDR sequences and the surrounding framework sequences can 

be subject to minor modifications and variations without 
the essential specific binding capability being 

significantly reduced. such minor modifications and 

variations can be present either at the genetic level· or 

35 in the amino acid sequence, or both. Accordingly, the· 
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invention encompasses synthetic (reshaped) antibodies and 

fragments that are functionally equivalent to those 
described herein having precisely defined genetic or amino 

acid sequences. 

The invention can also be applied in the production 

of hi-specific antibodies, having two Fab portions of 
different specificity, wherein one of the specificities is 
conferred by a reshaped human variable chain region 

incorporating one or more of the CDRs depicted in Figures 

1 and 2 of the accompanying drawings. 

The invention can also be applied in the production 

of so-called single-chain antibodies (for example, as 

15 disclosed in Genex EP-A-281604), and also to 

polysaccharide-linked antibodies (see Hybritech 
EP-A-315456) and other modified antibodies. 

Any human constant regions (for example, gamma 1, 2, 

20 3 or 4-type) can be used. 

Antibody fragments retaining useful specific binding 

properties can be (Fab) 2 , Fab, Fv, VH or Vk fragments. 

These can be derived from an intact reshaped antibody, for 

25 example by protease digestion, ~r produced as such by 

genetic engineering. 

30 

Practical applications of the invention 

An important aspect of the invention is a reshaped 

human anti-PLAP antibody or fragment, as defined above 

linked to or incorporating an agent capable of retarding 
or terminating the growth of cancerous cells, or to an 
imaging agent capable of being detected while inside the 

35 human body. The invention also includes injectable 

SUBSTITUTE SHEET 

PFIZER EX. 1502 
Page 3028



W091/07500 Pcf/GB90/01755 

- 9 -

compositions comprising either of such combinations in a 

pharmaceutically acceptable carrier, such as saline 

solution, plasma extender or liposomes. The invention 
also includes the use, in a method of human_ cancer therapy 

5 or imaging, of a reshaped human anti-PLAP antibody or 

fragment as defined above. The invention further includes 

the use of such an antibody or fragment for the · 

manufacture of a medicament for therapeutic application in 

the relief of cancer in humans, or the .use .of such an 

10 antibody or fragment in the manufacture of a diagnostic 
composition for in-vivo diagnostic application in humans. 

The Fe region of the antibody, itself using pathways 

and mechanisms available in the body, such as complement 

15 lysis and antibody-dependent cellular cytotoxicity, can be 

used to affect adversely the qrowth of cancerous cells. 

20 

In this embodiment, no additional reagent needbe linked 
to the reshaped antibody. 

Examples of agents capable of affecting adversely the 

qrowth of cancerous cells include radioisotopes, such as_ 

Yttrium 90 and Iodine 131; drugs such as methotrexate; 
toxins such as ricin or parts thereof; and enzymes which 

may for example turn an inactive drug into an· active drug_ 

25 at the site of antibody binding. 

Examples of imaging agents include radioisotopes 

generating gamma rays, such·· as Indium 111 and Technetium 
99; radioisotopes generating positrons, such as Copper 64; 

30 and passive agents such as Barium which act as contrast 

agents for X-rays, and Gadolinium in nmrfesr scanning. 

In order to link a metallic agent, such· as a 

radioisotope, to a specific binding agent of the 
35 invention, it may be necessary to employ a coupling or 
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chelating agent. Many suitable che1ating agents have been 
developed, and reference can be made for example to US 

4824986, us 4831175, us 4923985 and us 4622420. 

Techniques involving the use of chelating agents are 

described, for example, in US 4454106, us 4722892, Moi et 

al (1988), McCall et al (1990), Deshpande et al (1990) and 
·Meares et al (i990). 

The use of radiolabelled antibodies and fragments in 

cancer imaging and therapy in humans is described for 

example in EP 35265. It may be advantageous to use the 

radiolabelled cancer-specific antibody or fragment in 

conjunction with a non-specific.agent radiolabelled with a 

different isotope, to provide a contrasting background for 

so-called subtraction imaging. 

The antibody reagents of the invention can be used to 

identify, e.g. by serum testing or imaging, and/or to 
treat, PLAP-producing cancers. Such cancers can occur as, 

for example, breast cancer, ovarian cancer and colon 
cancer, or can manifest themselves as liquids such as 
pleural effusions. 

Modified antibody production 

The portions of the VH and VL regions that by 

convention (Kabat, 1987) are designated as being the CDRs 

may not be the sole features that need to be transferred 

from the non-human monoclonal antibody. Sometimes, 

30 enhanced antibody performance, in terms of specificity 
and/or affinity, can be obtained in the reshaped human 
antibody if certain non-human framework sequences are 
conserved in the reshaped human antibody. The objective 
is to conserve the important three-dimensional protein 

35 
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structure associated with the CDRs, which is supported by 

contacts with framework residues~ 

The normal starting point from which a reshaped 

5 antibody in accordance with the invention can be p~Ppared, 

is a cell (preferably an immortalised cell line), derived 

from a non-human host animal (for example, a mouse), which 
expresses an antibody having specificity against-human 
PLAP. such a cell line can, for example, be:a hybridoma 

10 cell line prepared by conventional monoclonal· antibody . 
technology. Preferably, the expressed antibody has a high 

affinity and high specificity for PLAP,_ because it should 

be anticipated that some loss of affinity andjor 
specificity may occur during the trans.fer_of these· 

.. ' .. 

15 properties to a human antibody or fragment by the . 

20 

25 

30 

35 

procedures of the invention. By selectinga high affinity 
and high specificity antibody as the parent antibody, the 

likelihood that the final reshaped antibody _or fragment 

will also exhibit effective binding propertiesis. 
enhanced. 

The next stage is the cloning of the eDNA from the 
cell expressing the selected non-humanantibody, and 

. . . 

sequencing and identification of thevariable region genes 

including the sequences encoding the CDRs~. The_procedures 
involved can now be regarded as routine in the art, 

although they are still laborious~ 

If the object is to produce a reshaped complete human 
antibody, or at least a fragment of such an antibody which 

will contain both heavy and: light variable domains, it 

will be necessary to sequence the eDNA associated with 

both of these domains. 

SUBSTITUTE SHEET 

PFIZER EX. 1502 
Page 3031



W091/07500 PCf/GB90/01755 

5 

10 

- 12 -

Once the relevant eDNA sequence or sequences have 
been analysed, it is necessary to prepare one or more 

replicable expression vectors containing a DNA sequence 

which encodes at least a variable domain of an antibody, 

which variable domain comprises human framework regions 

together with one or more CDRs derived from the selected 

non-human anti-PLAP antibody. The DNA sequence in each 

vector should include appropriate regulatory sequences 
necessary to ensure efficient transcription and 

translation of the gerie, particularly a promoter and 

leader sequence operably linked to the variable domain 

sequence. In a typical procedure to produce a reshaped 

antibody or fragment in accordance with the invention, it 

may be necessary to produce two such expression vectors, 

15 one containing a DNA sequence for a reshaped human light 
chain and the other, a DNA sequence for a reshaped human 

heavy chain. The expression vectors should be capable of 

transforming a chosen cell line in which the production of 
the reshaped antibody or fragment will occur. Such a cell 

20 line may be, for example, a stable non-producing myeloma 
cell line, examples (such as NSO and sp2-0) of which are 
readily available commercially. An alternative is to use 

a bacterial system, such as E.coli, as the expression 
vehicle for the reshaped antibody or fragment. The final 

25 stages of the procedure therefore involve transforming the 

chqsen cell line or organism using the expression vector 

or vectors, and thereafter culturing the transformed cell 

line or organism to yield the reshaped human antibody or 

fragment. 

30 

By way of example only, detailed steps by means of 
which appropriate expression vectors can be prepared are 

given later in this specification. The manipulation of 
DNA material in a suitably equipped laboratory is now a 

35 well-developed art, and the procedures required are well 
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within the skill of those versed in this art. Many 

appropriate genomic and eDNA libraries, plasmids, 

restriction enzymes, and the various reagents and media 
which are required in order to perform such manipulations, 
are available commercially from suppliers of laboratory 
materials. For example, genomic and eDNA libraries can be 
purchased from Clontech Laboratories Inc. The steps given 
by way of example below are purely for the.guldance of the. 

reader of this specification, and the·invention is in no 
way critically dependant upon the availability of· c;me or 

more special starting materials. In practice, ·the skilled 
person has a wide range of materials fromwhich.to·choose, 
and can exploit and adapt the published techrioloqy using 
acquired experience and materials thata:te most ~eadily 

15 available in the scientific environment. For.example, 

20 

25 

30 

35 

many plasmids fall into this category, · having been ·so.· .. 
widely used and circulated within the reieva~t scientific 
community that they can now be regarded as .common~place 
materials. 

Examples 

The procedure used to prepare reshaped anti-PLAP 
human antibodies is described in d·etail below, .by way of 
example only, with reference to the accompanying drawings, 
of which: 

Figure 1 shows the eDNA sequence codint;J for a murine 
heavy chain variable region having anti~PLAP specificity.' 
The 3 classical CDRs are indicated, together with an amino 
acid sequence matching the eDNA code. 

-Figure 2- ·shows the eDNA sequence coding for a murine 
light chain variable region having anti-.PLAP specificity. 
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Figures 3a and 3b together show a route by which an 

expression vector encoding a reshaped human heavy chain 

incorporating the CDRs of Figure 1, can be prepared. 

Figures 4a and 4b tog~ther show a similar 

transformation route to obtain an expression vector 
encoding a reshaped human light chain incorporating the 

CDRs of Figure 2, can be prepared. 

Figure 5 shows the plasmid pU12-IgEnh, which contains 

an enhancer sequence used in the routes of Figures 4a and 

4b. 

Figure 6 shows the source of plasmid pBGS18-HulgG1 

used in the route of Figure 3b. 

Figure 7 shows the source of plasmid pBGSlS-HuCk used 

in the route of Figure 4b. 

Figure 8 shows two synthetic oligonucleotide 
sequences I and II used in cloning the eDNA sequences of 

Figures 1 and 2. 

Figure 9 shows six synthetic oligonucleotide 

sequences III to VIII used in the routes depicted in 

Figures 3a-4b. 

Figures 10 and 11 show the eDNA and amino acid 

sequences of the resulting reshaped human heavy and light 

30 chain variable regions respectively. 

35 

Figure 12 shows in graphical form the relative 

specific anti-PLAP binding activity of the resulting 
reshaped human antibody. 
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Figure 13 d~picts in diagrammatic form the structure 
of a typical antibody (immunoglobulin) molecule. 

The experimental procedures required topractice the 

invention do not in themselves represent;,.unusual 

technology, and they involve straightfo~ard cloning and 
mutagenesis techniques as generally described for·example. 

in Verhoeyen et al (1988); Riechmann et al (1988) and 
EP-A-239400 (Winter). Alternatively, if an appropriate 

10 DNA sequence is already known in detail (the drawings 
accompanying this specification includesa sequence 

associated with anti-PLAP specificity), the reshap~d human 
variable region genes can be synthesised in vi~ro (see 
Jones et al, 1986). Laboratory equipmEmt·.and ·reagents for 

15 

20 

25 

. . . 

synthesising long oligonucleotides are readily available, 
and as techniques in this field develop it is :becoming 
practicable to synthesise progressively longer sequences. 

Detailed laboratory manuals, covering.all basic 

aspects of recombinant DNA techniques, are:available, e.g. 
"Molecular Cloning11 by Sambrook et ai (i989). 

By means of the invention, the antigen biridirtg 

regions of a mouse anti-PLAP antibody were grafted onto· 

human framework regions. The res~lting reshaped human 
antibody (designated Hu2PLAP) has binc:iing characte~istics 
similar to those of the original mouse ~ntib~dy. 

Such reshaped antibodies can be used for. in vivo 

30 diagnosis and treatment of ·human cancers,. eg .. ovarian 

cancers and seminoma, and are expected at· least . to reduce 

the problem of an immune response in the patient often 
seen upon administration of rion-human: antibody-.: · · A similar 
benefit has been shown for reshaped CAMPATH~1 antibody in 

35 Hale et al (1988). 
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Methods: 

a) Cloning and sequence determination of the mouse 
variable region genes 

Messenger RNA was isolated from the murine hybridoma 

line "Hl7E2" which secretes a gamma-1, kappa anti-PLAP 

antibody, described in Travers et al (1984). First strand 

eDNA was synthesised by priming with oligonucleotides I 

and II (see Figure 8) complementary to the 5' ends of the 
CHl and Ck exons respectively. Second strand eDNA was 

obtained as described by GUbler and Hoffmann (1983). 

Kinased EcoRI linkers were ligated to the now 

double-stranded eDNA (which was first treated with EcoRI 

methylase, to protect possible internal EcoRI sites), 
followed by cloning into EcoRI-cut pUC9 (Vieira et al, 

1982) and transformation of E.coli strain TG2 {Gibson, 

1984). 

Colonies containing genes coding for murine anti-PLAP 

VH {MoVHPLAP) and for murine anti-PLAP Vk {MoVkPLAP) were 

identified by colony hybridisation with 2 probes 

consisting respectively of 32P-labelled first strand eDNA 

of anti-PLAP VH and Vk. Positive clones were 

characterised by plasmid preparation, followed by EcoRI 

digestion and 1.5% agarose gel analysis. Full-size 
inserts (about 450bp) were subcloned in the EcoRI site of 

M1Jmpl8 (Norrander et al, 1983). This yielded clones with 

30 inserts in both orientations, facilitating nucleotide 
sequence determination of the entire insert, by the 
dideoxy chain termination method (Sanger et al, 1977). 

The nucleotide sequences, and their translation into 

35 amino acid sequences, of the mature variable region genes 
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MoVHPLAP and MoVkPLAP, are shown in Figures 1 and 2. The 

450 ~p inserts included a s~qnal sequence and 5' 

untranslated sequences and linkers, not shown in the 

Figures. 

b) Grafting of the mouse anti-PLAP CDRs onto human 

framework regions 

The general techniques necessary to achieve this have 

10 been described very adequately in·Jones.et·al (1986), 
Verhoeyen et al (1988), Riechmann et al (1988) and in 

EP-A-239400 (Winter). 

15 

. . 

The basic constructs used for reshaping were · 
M13mp9HuVHLYS (Verhoey~n. et al, 1988) a·nd M13mp9HuVkLYS · 

(Riechmann et al, 1988), which respectively contai~ the 
framework regions of the heavy chain.variable region·of 
human "NEW" and of the light chain variable region of 

human "REI". Both of these human antibodies have·been 

20 thoroughly characterised·and reported (Saul etal, 1978; 
and Epp et al, 1974, respectively). 

25 

. Jo 

35 

The CDRs in these constructs .(Figures Ja and 4a) were 
replace~ by site-directed mutagenesis with 

oligonucleotides ·encoding the anti-PLAP CDRs flanked by at 

least 12 nucleotides at each.end. encoding the 

corresponding human framework residues.. · These · 

oligonucleotides are shown in Figure 9, .in which the 

sequences corresponding to the CDl~s ar~ under 1 ined . 

In the present instance we found it.useful also to 

conserve the amino acids Phe 27 and Thr 30 of the murine 
· VHPLAP ·in the VH domain of the reshaped human ·anti-PLAP 

antibody. In oligonucleotide III, with 24 nucleotides 
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flanking. the 5' end of CDR 1, the murine Phe 27 and Thr 30 

codons are shown in italics in Figure 9. 

The mutagenesis was done as described in Riechmann et 

al (1988). The resulting variable regions were named 

Hu2VHPLAP and HuVkPLAP and are shown in Figure 10 and 11. 

c) Assembly of reshaped human antibody genes in 

expression vectors 

The next stage involved the use of a murine heavy 

chain enhancer IgEnh, described in Neuberger et al (1983) 

where the enhancer is contained in a 1kb Xbal fragment of 

plasmid psv-v~1. The 700bp Xbal/EcoRI subfragment of this 

15 1kb Xbal fragment is sufficient to confer enhancer 

activity. 

20 

25 

The reshaped human genes as prepared in section (b) 

above were excised from the M13 vectors as Hindi!! - BamHI 

fragments. T~e heavy chain variable region genes were 

cloned into a vector based on pSV2gpt (Mulligan et al, 

1981), and the light chain variable region genes were 

cloned into a vector based on pSV2neo (Southern et al, 

1981). Both contained the immunoglobulin heavy chain 

enhancer IgEnh. In the pSV2gpt based antibody expression 

vector (see Fig. 4b- 4c), the Xbal/EcoRI enhancer 

containing fragment was cloned in the unique EcoRI site of 

the pSV2gpt vector (after ligating EcoRI linkers to the 

filled in Xbal end of the fragment). The vector 

30 pSVgptMoVHLYS-MoigG1 (Verhoeyen et al, 1988) was used as 

the source of a pSVgpt-based vector containing the IgEnh 

enhancer. 

In the pSVneo based antibody expression vector (see 

35 Fig. sa- Sb), the 1kb Xbal enhancer containing fragment 
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was first cloned into pUC12 (Vieira et al, 1982), yielding 

the plasmid pUC12-IgEnh, see Figure 5. The enhancer can 

then be cut out as a 700bp EcoRI/Hindiii fragment (either 

orientation of the enhancer will work), and cloned in the 

5 pSV2neo-derived vector (pSVneoMSN409 as shoWn· in Figure 

4a) obtained by removing the Hindiii site in pSVneo. It 

is possible to use pSV2gpt as an alternative vector for 

light chain expression, as in practice there.is no need 

for neo selection. 

10 

15 

20 

The Hu2VHPLAP gene was linked to a hUman gamma 1 

constant region (Takahashiet al, 1982),-cloned initially· 

a.s a Bkb Hindiii fragment into: theHindiii_ site_of pBGS18 

(Spratt et al, 1986), and then in the pSV2gpt expression 

vector as a BamHI fragment (see Figur~s3b and.6) •. It 

should be noted that in the Takahashi et_al (1982). 

reference there is an error in Figure 1: the last (3') two 

sites are BamHl followed by Hindiii, and not the converse. 

This was confirmed by Flanagan et al (1982)~ 

The HuVkPLAP gene was linked to a human c kappa 

constant region (Hieter et al, 1980) also cloned in as a 
. . . . . ~ 

BamHI fragm~ant (see Figures 4b and 7) .- The source of the 

human Ck used in Figure 7 is given in·Hieter ~t.al {i9SO). 

25 The 12 kb BamH1 fragment fro~ embryonic DNA· (cl~ned l.n a 

gamma Ch28 vector system) was subclonedin the.BamH1 site 

of plasmid pBR322. 

30 

d) Expression in myeloma cells 

co-transfection of the . expression plasinids . 

pSVgptHu2VHPLAP-HuigG1 and pSVneoHuVkPLAP~HuCk . (Figures 3b 

and 4bl- into NSO myeloma cells was done by electroporat.ion 

(Potter et al, 1984), after linearisation with ~I. 
. . 

35 Transfectomas were selected in mycophenolic acid 
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containing medium to select for cells expressing the gpt 

gene product, and screened for antibody production and 
anti-PLAP activity by ELISA assays. 

Positive clones were subcloned by limiting dilution 

and pure clones were assayed again for anti-PLAP activity, 

and the best producing clones were grown in serum-free 

medium for antibody production. 

e) Binding ability of the reshaped human antibodies 

The practical application of the reshaped human 

antibody demands sufficient binding effectiveness. If the 

parent antibody has a very high effectiveness then some 

reduction during reshaping can be tolerated. The binding 
effectiveness will be dictated by many factors, one of 

which will be the antibody affinity for antigen, in this 

case placental alkaline phosphatase. A useful way of 
demonstrating binding ability of the reshaped antibody is 

20 to show that it has a similar antibody dilution curve when 
binding to antigen adsorbed on a plastic well surface. 
Such curves were generated as follows, using the parent 

murine anti-PLAP antibody and a reshaped human antibody 

prepared by the foregoing procedure. 

25 
Multiwell plates (Costar 6595, PETG) were coated with 

placental alkaline phosphatase (5 ~g/ml in phosphate 

buffered saline pH 7.4, 37°C, 2 hours). The plates were 

rinsed in phosphate buffered saline before blocking with 

30 gelatin (0.02% in phosphate buffered saline) for one hour 
at room temperature, then washed four times with phosphate 
buffered saline with added Tween 20 (0.15%)~ and then 

used. 

35 
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Antibody binding was performed in phosphate buffered 
saline with Tween 20 at room temperature for one hour, 

followed by four washes in buffer. 

Visualisation of bound antibody was with horse radish 

peroxidase conjugated anti-globulins (anti:-human IgG for 

the reshaped antibody and anti-mouse igG for the parent 
molecule). The conjugate (Sigma) in buffer· (1:1000) was 

incubated for one hour at room temperature,· fo1lowed by 

four washes as above. Colour development (45miriutes) was· 

with tetramethyl benzidene (0. 01%) and hydrogen peroxide · 

(1:200 or 100 vols) in citrate buffer pH6 .. 5. The reaction 

was stopped with 2M hydrochloric acid~ 

Controls showed insignificant ·colour due· ·to 

non-specific binding of conjugate or due to::binding of 
antibody to wells not containing placental.· alkaline 

phosphatase. The results, shown in Figure 12, are 

expressed as a percentage of the maximum colour (binding) 

20 seen. The two curves are similar, indicatinga 

significant and useful level of binding effectiveness for 

the reshaped antibody of the invention. 

25 

30 

35 

f) Deposited plasmids 

E.coli strains containing plasmids used.in the above· 

procedure have been deposited, in accordance with the 
. . . 

provisions of the Budapest Treaty, in the National 

Collection of Type cultures on 19 April 1990 as follows: 

NCTC 12389: K12, TGl E.coli containing plasmid 
. . 

pSVgptHu2vHPLAP-HuigG1. 

NCTC 12390: K12, TGl E.coli containing plasmid 
pSVneoHuVkPLAP-HuCk 
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1. A synthetic specific binding agent having specificity 

for human placental alkaline phosphatase. 

2. A synthetic specific binding agent according to claim 

1, wherein the anti-PLAP specificity is conferred by the 

presence of one or more of the amino acid sequences: 

i) Ser Tyr Gl~ Val Ser 

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn.Tyr HisSer Ala 

Leu Ile Ser 

iii) Pro His Tyr Gly Ser ser Tyr Val Gl~ Ala Met Glu Tyr 

iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala 

v) Asn Ala Lys Ser Leu Ala Glu 

vi) Gln His His Tyr Val Ser Pro Trp Thr 

3. A reshaped hmnan antibody, or a reshaped. human 

antibody fragment, having specificity for hUinan placental· 

25 alkaline phosphatase. 

4. A reshaped human antibody or reshaped human antibody 

fragment according to claim 3, wherein the anti-FLAP 

specificity is conferred by the presence of one or more of 

30 the amino acid sequences: 

i) Ser Tyr Gly Val Ser 

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn Tyr His ser Ala 

35 Leu Ile Ser 
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1. A synthetic specific binding agent having specificity

for human placental alkaline phosphatase.

2. A synthetic specific binding agent according to claim

1, wherein the anti—FLAP specificity is conferred by the
presence of one or more of the amino acid Sequences:

i) Ser Tyr Gly Val Ser

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn iyr His Ser Ala
Len Ile Ser

Pro His Tyr Gly Ser Ser Tyr Val Gly Ala net Glu Tyr

. iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala

v) Asn Ala Lys Ser Len Ala Slu

vi) Gln His His Tyr Val Ser Pro Trp'Thr

3. A reshaped hfiman antibody, or a reshaped human

antibody fragment, having specificity for'hunan'placental'

alkaline phosphatase. ' “

4. A reshaped human antibody or reshaped_human antibody

fragment according to claim 3, wherein the anti~PLAP '
specificity is conferred by the presence of one or more of

the amino acid sequences:

i) Ser Tyr Gly Val Ser

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn Ty: His Ser Ala
Leu Ile Ser ‘ ' I
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iii) Pro His Tyr Gly ser Ser Tyr Val Gly Ala Met Glu Tyr 

iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala 

v) Asn Ala Lys Ser Leu Ala Glu 

vi) Gln His His Tyr Val Ser Pro Trp Thr 

5. A reshaped human antibody or reshaped human antibody 

fragment according to claim 3, having at least one 
heavy-chain variable region incorporating the following 
CDRs: · 

6. 

CDR1: Ser Tyr Glu Val Ser 

CDR2: Val Ile Trp Glu Asp Gly Ser Thr Asn Tyr His Ser 
Ala Leu :I1e Ser 

CDR3: Pro His Tyr Gly Ser Ser Tyr Val Gly Ala Met Glu 

Tyr 

A reshaped human antibody or reshaped human antibody 
fragment according to claim 3, having at least one 

light-chain variable region incorporating the following 

CDRs: 

CDRl: Arg Ala Ser Gly Asn Ile Tyr Ser Tyr Val Ala 

CDR2: Asn Ala Lys Ser Leu Ala Glu 

CDR3: Gln His His Tyr Val Ser Pro Trp Thr 

7. A reshaped.human antibody or reshaped human antibody 

fragment according to claim 3 and having at least one 
35 heavy-chain variable region according to claim 5 and at 
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least one light-chain variable region according·to claim 

6. 

s. A reshaped human antibody or reshaped human antibody 

fragment according to claim 3, incorporating at least one 
heavy-chain variable region comprising the .entire amino· 
acid sequence depicted in Figure 10 of the· accompan·ying 

drawings. 

9. A reshaped human antibody or reshaped hUman antibody 
fragment according to claim 3, incorpor~tingat least one. 

light-chain variable region comprising the entire amino 
acid sequence depicted in Figtire 11 of the accompanying 
drawings. 

10. A synthetic specific binding agent, reshaped human 
antibody or reshaped human antibody fragni~nt,.having 

specificity equivalent to that of the gamma-1, kappa 
anti-PLAP monoclonal antibody.secreted by.murine hybridoma 
cell line H17E2. 

1.1. A stable host cell line prpducinga synthetic 

specific binding agent, reshaped human antibody. or 

reshaped human antibody fraqment according to any one of 
claims 1 to 10, resulting from incorporatiortin the. cell 
line of a foreign gene encoding the·synthetic specific 

binding agent 1. reshaped human antibody .or !::eshaped human 

antibody fragment. 

3 0 12. A stable host cell line according to claim 11, 
wherein the foreign gene includes one ·or more of the. 

nucleotide sequences: 

i) AGT TAT GGT GTA AGC 

35 
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ii) GTA ATA TGG GAA GAC GGG AGC ACA AAT TAT CAT TCA GCT 

CTC ATA TCC 

iii) CCC CAC TAC GGT AGC AGC TAC GTG.GGG GCT ATG GAA TAC 

iv) CGA GCA AGT GAA AAT ATT TAC AGT TAT GTA GCA 

v) AAT GCA AAA TCC TTA GCA GAG 

10 vi) CAA CAT CAT TAT GTT AGT CCG TGG ACG 

13. A stable host cell line according to claim 11, 

wherein the foreign gene includes the entire nucleotide 

sequence depicted in Figure 10 of the accompanying 

15 drawings. 

14. A stable host cell line according to claim 11, 

wherein the foreign gene includes the entire nucleotide 

sequence depicted in Figure 11 of the accompanying 

20 drawings. 

25 

30 

35 

15. A stable host cell line according to claim 11, 

wherein the foreign gene encodes: 

a) at least one of the amino acid sequences: 

i) Ser Tyr Gly Val Ser 

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn Tyr His Ser Ala 

Leu Ile Ser 

iii) Pro His Tyr Gly Ser Ser Tyr Val Gly Ala Met Glu Tyr 

iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala 

SUBSTITUTE SHEET 

PFIZER EX. 1502 
Page 3046



W09t/07500 PCT/GB90/017SS 

5 

10 

15 

20 

- 27 -

v) Asn Ala Lys Ser Leu Ala Glu . 

vi) Gln His His Tyr Val Ser Pro Trp Thr 

and b) a protein framework that ~nables the encoded amino 

acid sequence when expressed to function as a CDR having 

.specificity for human placental alkaline phosphatase. 

16. A stable host cell line according.to claim 11, 

wherein the foreign gene encodes the. entire amino acid 

sequence depicted in FigUre 10 of the accompanying 

drawings. 

17. A stable host cell line according to claim 11, 

wherein the foreign gene encodes the entireamino acid 

sequence-depicted in Figure i1 of the accompanying 

drawi~gs. 

18. Plasmid pSVgptHu2VHPLAP-HuigG1. 

19. Plasmid pSVneoHuVkPLAP-HUCk. 

20. use of plasmid according to claim 18 or clalm 19 in 

the production of a synthetic specific binding agent, 
. . . 

25 reshaped human antibody or reshaped human antibody 

30 

fragment. 

21. E.coli NCTC 12389. 

22. E.coli NCTC 12390. 

23. A DNA sequence encoding a reshaped hUman antibody 

heavy-chain variable region having specificity for human 

placental'alkaline phosphatase, as contained·in E.coli 

35 NCTC 12389. 
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24. A DNA sequence encoding a reshaped human antibody 

light-chain variable region having specificity for human 

placental alkaline phosphatase, as contained in E.coli 

NCTC 12390. 

25. A reshaped human antibody heavy-ch~in variable region 

having specificity for human placental alkaline 

phosphatase, producible by means of the expression vector 

contained in E.coli NCTC 12389. 

26. A reshaped human antibody light-chain variable region 

having specificity for human alkaline phosphatase, 

producible by means of the expression vector contained in 

E.coli NCTC 12390. 

27. A reshaped human antibody or reshaped human .antibody 

fragment, comprising at least one variable region 

according to claim 25 or claim 26. 

20 28. A synthetic specific binding agent, reshaped human 

anti~ody or reshaped human antibody fragment, according to 

any one of claims 1 to 10 or claim 27, linked to or 

incorporating an agent capable of retarding or terminating 

the growth of cancerous cells, or linked to an agent 

25 capable of being detected while inside the human body. 

29. An injectable composition comprising a synthetic 

specific binding agent, reshaped human antibody or 

reshaped human antibody fragment, according to claim 28, 

30 in a pharmaceutically acceptable carrier. 

30. Use of a synthetic specific binding agent, reshaped 

.human antibody or reshaped human antibody fragment, 

according to any one of claims 1 to 10 or claim 27, for 

35 the manufacture of a medicament for therapeutic 
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application in the relief of cancer in humans, or for the 
manufacture of a diagnostic composition for in-vivo 

diagnostic application in humans. 

31. Use of a synthetic binding agent, reshaped human 
antibody or reshaped human antibody fragment, according to 
claim 28, in a method of human cancer therapy or imaging. 
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original claims 1 and 2 replaced by ne~ cla~ 1; 
claims 3 and 4 replaced by new cla1m 2; 

claims 5-31 unchanged but renumbered as claims 3-29 (6 pages)] 

1. A synthetic specific binding agent having specificity 

for human placental alkaline phosphatase conferred by the 

presence of one or more of the amino acid sequences: 

i) Ser Tyr Gly Val ser 

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn Tyr His Ser Ala 

Leu Ile ser 

iii) Pro His Tyr Gly Ser Ser Tyr Val Gly Ala Met Glu Tyr 

iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala 

v) Asn Ala Lys ser Leu Ala Glu 

vi) Gln His.His Tyr Val Ser Pro Trp Thr 

2. A reshaped human antibody, or a reshaped human 

antibody fragment, having specificity for human placental 

alkaline phosphatase conferred by the presence of one or 

more of the amino acid sequences: 

i) Ser Tyr Gly Val Ser 

ii) Val Ile Trp Glu Asp Gly Ser Thr Asn Tyr His ser Ala 

Leu Ile Ser 

iii) Pro His Tyr Gly Ser Ser Tyr Val Gly Ala Met Glu Tyr 

iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala 

v) Asn Ala Lys Ser Leu Ala Glu 
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vi) Gln His His Tyr Val·Ser Pro Trp·Thr 

3. A reshaped human antibody or reshaped human antibody 
fragment according to claim 2, having at least one 

heavy-chain variable region incorporating the following 

CDRs: 

CDRl: Ser Tyr Gly Val Ser 

CDR2: Val Ile Trp Glu Asp Gly Ser Thr Asn .Tyr His Ser 

Ala Leu Ile Ser 

CDRJ: Pro His Tyr Gly Ser Ser Tyr Val·Gly·Ala Met Glu 

Tyr 

4. A reshaped human antibody or ·reshaped huma~ antibody 
fragment according .to claim 2, having at least one 

light-chain variable region incorporatingthe.following 

CDRs: 

CDRl: Arg Ala Ser Glu Asn Ile .Tyr Ser Tyr Val Ala 

CDR2: Asn Ala Lys Ser Leu Ala Glu 

CDRJ: Gln His His Tyr Val Ser Pro Trp Thr 

5. A reshaped human antibody or reshaped human antibody 
fragment according to claim 2 and having at .least one 

heavy-chain variable region according 1:,o cl.t;lim 3 and at 

least one light-chain variable region according to claim 

4. 

6~ A reshaped human antibody or reshaped human antibody 
fragment according to claim 2, incorporating at.least one 
heavy-chain variable region comprising.the entire·amino 
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acid sequence depicted in Figure 10 of the accompanying 

drawings. 

7. A reshaped human antibody or reshaped human antibody 

fragment according to claim 2, incorporating at least one 

light-chain variable region comprising the entire amino 

acid sequence depicted in Figure 11 of the accompanying 

drawings. 

a. A synthetic specific binding agent, reshaped human 

antibody or reshaped human antibody fragment, having 

specificity equivalent to that of the gamma-1, kappa 
anti-PLAP monoclonal antibody secreted by murine hybridoma 

cell line H17E2. 

9. A stable host cell line producing a synthetic 
specific binding agent, reshaped human antibody or 

reshaped human antibody fragment according to any one of 

claims 1 to a, resulting from incorporation in the cell 

line of a foreign gene encoding the synthetic specific 

binding agent, reshaped human antibody or reshaped human 
antibody fragment. 

10. A stable host cell line according to claim 9, wherein 

the foreign gene includes one or more of the nucleotide 
sequences: 

i) AGT TAT GGT GTA AGC 

ii) GTA ATA TGG GAA GAC GGG AGC ACA AAT TAT CAT TCA GCT 

CTC ATA TCC 

iii) CCC CAC TAC GGT AGC AGC TAC GTG GGG GCT ATG GAA TAC 

iv) CGA GCA AGT GAA AAT ATT TAC AGT TAT GTA GCA 
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v) AAT GCA AAA TCC TTA GCA GAG 

vi) CAA CAT CAT TAT GTT AGT CCG TGG ACG 

11. A stable host cell line according to claim 9, wherein 

the foreign gene includes the entire nucleotide.sequence 
depicted in Figure 10 of the accompanying drawings. 

12. A stable host cell line according to claim 9, wherein 

the foreign gene includes the entire nucleotidesequence 

depicted in Figure 11 of the accompanying drawings. 

13. A stable host cell line according to claim 9, wherein 
the foreign gen~ encodes: 

a) at least one of the amino acid sequences:. 

i) Ser Tyr Gly Val Ser 

ii) Val Ile Trp Glu Asp Gly ser Thr Asn Tyt-. His ser Ala 
Leu Ile Ser 

iii) Pro His Tyr Gly Ser Ser Tyr Val Gly Ala Met Glu Tyr 

iv) Arg Ala Ser Glu Asn Ile Tyr Ser Tyr Val Ala 

v) Asn Ala Lys ser Leu Ala Glu 

vi) Gln His His Tyr Val.Ser Pro Trp Thr. 

and b) a protein framework that enables the encoded amino 
acid sequence when expressed to function as ~. CQR hav:ing 
specificity for human placental alkaline phosphatase~ 
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14. A stable host cell line according to claim 9, wherein 

the foreign gene encodes the entire amino acid sequence 

depicted in Figure 10 of the accompanying drawings. 

15. A stable host cell line according to claim 9, wherein 

the foreign gene encodes the entire amino acid sequence 

depicted in Figure 11 of the accompanying drawings. 

16. · Plasmid pSVgptHu2VHPLAP-HuigG1. 

17. Plasmid pSVneoHuVkPLAP-HUCk. 

18. Use of plasmid according to claim 16 or claim 17 in 
the production of a synthetic specific binding agent, 
reshaped human antibody or reshaped human antibody 

fragment. 

19. E.coli NCTC 12389. 

20. E.coli NCTC 12390. 

2L A DNA sequence encoding a reshaped human antibody 
heavy-chain variable region having specificity for human 
placental alkaline phosphatase, as contained in E.coli 
NCTC 12389. 

22. A DNA sequence encoding a reshaped human antibody 

light-chain variable region having specificity for human 

placental alkaline phosphatase, as contained in E.coli 

NCTC 12390. 

~3. A reshaped human antibody heavy-chain variable region 

h~ving specificity for human placental alkaline 
phosphatase, producible by means of the expression vector 
contained in E.coli NCTC 12389~ 
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24. A reshaped human antibody light-chain variable region 
having specificity for human alkaline phosphatase, 

producible by means of the expression vector contained in 
E.coli NCTC 12390. 

25. A reshaped human antibody or reshaped human antibody 
fragment, comprising at least one variable·region 

according to claim 23 or claim 24. 

26. A synthetic specific binding agent, reshaped human 
antibody or reshaped_human ant.ibodyfragment~·according to 
any one of claims 1 to· a or claim 2.5, · linked to or 

incorporating an agent capable of retardiri9 or terminating_ 
the growth of cancerous cells, or linked to-an aqent 
capable of being detected while inside the human bOdy. 

27. An injectable composition comprising a synthetic 
specific binding agent, reshaped-human antibody or 
reshaped human antibody fragment, according to claim 26, 
in a pharmaceutically acceptable carrier. 

28. Use of a synthetic specific-binding agent, reshaped 
human antibody or reshaped human antibody·· fragment,· 
according to any one of claims 1 to 8. or claim 25, for the 

manufacture of a medicament for therapeutic application in 
the relief of cancer in humans, or for the manufacture of 

· a diagnostic composition for in-vivo diagnosti~ ·. 
application in humans. 

29. Use of a synthetic binding agent, reshaped-~uman 

antibody or reshaped human antibody fragment, according to 

claim 26, in a method of human cancer therapy or imaging. 
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Fig.1. MoVHPLAP 

5 10 15 20 
CAG GTG CAG CTG AAG GAG TCA GGA CCT GGC CTG GTG GCG CCC TCA CAG AGC CTG TCC ATC 

Gln Val Gln Leu Lys Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln Ser Leu Ser Ile 

25 30 CDR1 35 40 

60 

ACA TGC ACT GTC TCA GGG TTC TCA TTA ACC AGT TAT GGT GTA AGC TGG GTT CGC CAG CCT · 120 

Thr Cys Thr Val Ser Gly Phe Ser Leu Thr Ser Tyr Gly Val Ser Trp Val Arg Gln Pro 

45 50 55 CDR 2 60 
CCA AGA AAG GGT CTG GAG TGG CTG GGA GTA ATA TGG GAA GAC GGG AGC ACA AAT TAT CAT 

Pro Arg Lys Gly Leu Glu Trp Le.u Gly Val Ile Trp Glu A~p Gly Ser Thr Asn Tyr His 

65 70 75 80 
--------------~~ TCA GCT CTC ATA TCC AGA CTG AGC ATC AAC AAG GAT AAC TCG AAG AGC CAA GTT TTC TTA 

S~r. Ala Leu Ile Ser .Arg Leu Ser Ile Asn Lys .Asp Asn Ser Lys Ser Gln Val Phe Leu 

82 A B ( . 83. 85 90 95 CDR3 
AAA CTG AAC AGT · CTG CAA ACT GAT GAC ACA GCC ACG TAC TAC TGT GCC AAA CCC CAC TAC 

.. 

Lys Leu.Asn.Ser Leu Gln Thr Asp A,sp Thr Ala Thr. Tyr·Tyr Cys Ala ·Lys Pro His Tyr 

. 100 .A B ( 0. E . 101 105 110 . 
GGT AGC AGC TAC .GTG· GGG GCT ATG G.AA TAC TGG GGT CM GGA ACC TCA GTC ACC GTC TCC 

Gly Ser Ser Tyr Val Gly Ala Met Glu Tyr Trp Gly Gln Gly Thr Ser Val Thr Val Ser 

. TCA 

Ser 

180 

240 

300 

360 

363 
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CAG GTG CA6 CTG AAG GAG TCA GGA

Gln Val Gln Leu Lys Glu Ser Gly

25

ACA TGC ACT GTC TCA GGG TTC TCA

Thr ‘Cys Thr Val Ser Gly Phe Ser

LS

CCA AGA AAG GGT CTG GAG TGG CTG

Pro Arg Lys Gly Leu Glu Trp Leu

_ 65

TCA GCT CTC ATA TCC AGA CTG AGC
- ser Ala Leu Ile SerAArg Leu Ser

_. 82‘ A B c ”A83A n 85
AAA CTG V'AACV AGTICTG CAA ACT GAT

1 Lys Leu Asn Ser Leg Gln Th: Asp

A 'A1oo .A 'B - 1c 1 u , E
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sly Ser Ser Ty: 'Val Gly Ala, Met  

A jTCA

7 Ser

MOVEPLAP

10 A 15 ' 20

CCT GGC CTG GTG GCG CCC TCA CAG AGC CTG TCC ATC

Pro Gly Leu Val Ala Pro Ser Gln Ser Leu Ser Ile

30 CDR1 35 40

TTA ACC AGT TAT GGT GTA AGC TGG GTT CGC CAG CCT‘

Leu Thr Ser Tyr Gly Val Ser Trp Val Arg Gln Pro

, 50 I ~ 55 [DR 2 60
GGA GTA ATA TGG GAA GAC GGG AGC ACA AAT TAT CAT

Gly Val Ile Trp Glu Asp Gly Ser Thr Asn Tyr His

- 7o . 75 ‘ so

ATC AAC.AAG GAT AAC TCC AAG AGC CAA GTT TTC TTA

Ile Asn Lys Asp Asn Ser Lys Ser Gln Val Phe Leu

‘_r ’90 ‘- ‘95 CDR3

>GAC ACA GCC ACQ- TAC: TAC TGT GCC CCC CAC TAC

Asp Thr Ala Thr Tyr-Tyr Cys Ala Lys Pro.His Tyr
1w101 - ‘ ‘ 105, ' ‘ ' ' 11o

GAA TAC‘TGG GGT CAAGGA Acc-TéA- GTC ACCV G’TC TCC
G_lu Tyr Trp Gly Gln Gly Thr Set Val Thr Val Ser
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Asp Ile Glri Met Thr Gln Ser Pro Ala Ser Leu Thr Ala Ser Val Gly Glu Thr Val Thr 

25 CDR 1 30 35 40 
. ATC ACC TGT CGA GCA AGT GAA AAT ATT TAC AGT TAT GTA GCA TGG TAT CAG CAG AAA CAG 120 

Ile Thr CysArg Ala Ser Glu Asn.Ile Tyr Ser Tyr Val Ala Trp Tyr Gln Gln Lys Gln 

45 so CDR 2 55 60 
~ · GGA AAA TCT CCT CAG TTC CTG GTC TAT AAT GCA AAA TCC TTA GCA GAG GGT GTG CCA TCA 180 m . . 
!:!1 . Gly ·Lys .Ser Pro Gln P~e Leu Val Tyr Ash Ala Lys Ser Leu Ala Glu Gly Val Pro Ser 

65. 70 . 75 80 
AGG TTC AGT GGC AGT GGA TCA GGC ACA .CAG TTT TCT CTG AAG ATC AAC AGC CTG CAG CCT 

· Arg. Phe . Sei Gly. Se~ Gly Ser Gly Thr G·l~ Phe Ser. Leu .Lys . Iie Asn. Ser Leu Gln Pro 

. ·as 90 .· CDR 3 95 100 
GAA GAT. TTT GGG AAT TAT TAC TGT CAA CAT CAT TAT GTT AGT CCG TGG ACG TTC GGT· GGA 

Glu Asp Phe Gly Asn Tyr Tyr Cys Gln His His Tyr Val Ser Pro Trp Thr Phe Gly Gly 

105 .\ 

GGC ACC AAG CTG GAA ATC AGA CGG 

Gly Thr Lys Leu Glu Ile· Arg Arg 

240 

300 
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Oligonucleotides used for CDR grafting 

III : VHPLAP-CDRl 

5' CTG TCT CAC CCA GCT TAC ACC ATA ACT GGT GAA GGT· GAA GCC 

AGA CAC GGT 3 ' . 
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c ... 
1"1 5' CAT TGT CAC TCT GGA TAT GAG AGC TGA ATG ATA ATT TGT GCT 
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X 1"1. CCC GTC TTC CCA TAT TAC.TCC AAT CCA CTC 3' 
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V VHPLAP-CDR3 

5' GCC TTG ACC CCA GTA TTC CAT AGC CCC CAC GTA GCT GCT ACC 

GTA GTG GGG TCT TGC ACA ATA 3' 
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VGTA GTG GGG TCT TGC ACA ATA 3'
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25 COR 1 30 3 5 40 
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GGT AAG GCT CCA AAG CTG CTG ATC TAC AAT GCA AAA TCC TTA GCA GAG GGT GTG CCA AGC 
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. . 

. . . 65 . . . 70 . . . . . • .· 75 . . . . . . 80 
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8 5 . 90 . . C 0 R 3 9 5 10 0 ·m en 
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ATC ACC TGT CGA GCA AGT GAA AAT ATT TAC AGT TAT GTAIGCA TGG TAC CAG CAG AAG CCA

Trp Tyr Gln Gln Lys Prb 

. * " LS‘ M 50 - CD'RZn 55 ~‘ _‘ , 60
GGT‘AAG GCT CCA AAG CTG CTG ATC TAC AA'I‘ GCA AAA TCC TTA GCA GAG GGT GTG CCA AGC
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' " 65f” 7o “75' 80
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:-tETHODS FOR PRODUCING MEMBERS OF 
SPECIFIC BINDING PAIRS 

The oresent inven~ion relates to methods for producing 
mefi!.bers o-f. specific binding pairs. The pre sen~ invention 
also rela~es to the biolog1cal binding molecules produced by 
these methods. 

Owing ~o their high specificity for a given antigen, 
the adven~ of monoclonal antibodies (Kohler, G. and Milstein 
C; 1975 Nature 256: 495) represented a significant technicar 
break-throug~with important consequences both 
scientifically and commercially. 

Monoclonal antibodies are traditionally made by 
establishing an immortal mammalian cell line which is 
derived from a single immunoglobulin producing cell 
secreting one form of a biologically functional antibody 
molecule with a particular specificity. Because the 
antibody-secreting mammalian cell line is immortal, the 
characteristics of the antibody are reproducible from batch 
to batch. The key properties of monoclonal antibodies are 
their specificity for a particular antigen and the 
reproducibil~ty with which they can be manufactured. 

Structurally, the simplest antibody ( IgG) comprises 
four polypeptide chains, two heavy (H) chains and two light 
(Ll chains inter-connected by disulphide bonds (see figure 
1 ) . The light chains exist in two · distinct forms called 
kappa (K) and lambda CA). Each chain has a constant region 

. (C) and a variable region (V). Each chain is organized into 
a series of domains. The light chains have ,two domains, 
corresponding to the c region and the other to the V region. 
The heavy chains have four domains, one corresponding to the 
V region and three domains (1,2 and 3) in the c region. The 
antibody has two arms (each arm being a Fab region), each of 
which has a VL and a VH region associated with each other. 
It is this pair of V regions CVL and VH) that differ from 
one antibody to another (owing to amino acid sequence 
variations), and which together are responsible for 
recognising the antigen and providing an antigen binding 
site lABS). In even more detail, each V region is made up 
from three complementarity determining regions (CDR) 
separated by four framework regions CFR). The CDR's are the 
most variable part of the variable regions, and they perform 
the critical antigen binding function. The CDR regions are 
derived from many potential germ line sequences via a 
complex process involving recombination, mutation and 
selection. 

It has been shown that the function of binding antigens 
can be performed by fragments of a whole antibody. Example 

·binding fragments are (i) the Fab fragment consisting of the 
VL, VH, CL and CHl domains; Iii) the Fd fragment consisting 
of the VH and CHl domains; riiil the Fv fragment consisting 
of the VL and VH domains of a single arm of an antibody, 
<ivl the dAb fraament cward, E.S. et al., Nature 341, 544-
546 < 1989) ·vhich-consists of a VH domain; ( v) isolated CDR 
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regions; · ·and ( vi ) F { ab' ) 2 fragments, a bivalent fragment: 
comprising two Fab fragments linked by a disulphide bridge 
at the hirige region. 

Although · the two domains of the Fv fragment are coded 
for by separate genes, it has proved possible to make a 
synthetic linker. that enables them to be made as a single 
protein ctuiin (known as single chain Fv ( scFv); Bird, R.E. 
et al., ·Science ·242; 423-426 { 1988) Huston, J. s. et al., 
Proc. Natl. . Aca~ Sci., . USA 85, 5879-5883 ( 1988 )·) by 
recombinaiit rilethods. These scFv fragments were assembled 
from genes ·. from monoclonals that had been previously 
isolated, _ .. In this application, ·the applicants describe a 
process to assemble scFv fragments from VH and VL domains 
that are. not part of an antibody that has been previously 
isolated. 

Whilst monoclonal. antibodies, their fragments and 
derivatives .•. have • been enormously advantageous. there are 
nevertheless a·number of limitations associated with them. 

Firstly, the therapeutic applications of monoclonal 
antibodiefi· ·produced by human immortal cell lines holds great 
promise ·for· ·the treatment of a wide range of diseases 
(Clinical· ·.APplications of Monoclonal Antibodies. Edited by 
E. s. Lennox. British Medical Bulletin 1984. Publishers 
Churchiil' .. Livingstone ) . · Unfortunately, immortal antibody
producing tluman .cell lines are very difficult to establish 
and they • give low yields of antibody (approximately 1 
tl9/ml). . . In .contr-ast, . equivalent rodent cell lines yield 
high amounts of .. antibody·. (approximately 100 tlg/ml). 
However, . · .. the repeated administration of these foreign 
rodent proteins to humans can lead to harmful 
hypersensitivity• reactions. In the main therefore, these 
rodEHlt:..der.ived monoclonal antibodies have limited 
therapeutic use. 

Secondly, a key aspect in the isolation of monoclonal 
antibodies· is how many· different clones of antibody 
producing c;:ells with . different specificities, can be 
practically. established and sampled compared to how many 
the6retically·need to be sampled in order to isolate a cell 
producing· antibody with the desired specificity 
characteristics (Milstein, c., Royal Soc. Croonian Lecture, 
Proc. R. Soc. London B.· 239; 1-16, (1990) ). For example, 
the. hUmber· of ·different specificities expressed at any one 
time by lymphocYtes of the murine immune system is thought 
to be approximately 107 arid this is only a small proportion 
of · the pcrtential repertoire of specificities. However, 
during th~ iSolation of .. a typical antibody producing cell 
with a de~ired ·specificity, the investigator is only able to 
sample 10~ to 104 individual specificities. The-problem is 
worse in·. the . human, where one has approximately 1012 
lY;ttphocyte specificities, with the limitation on E:.mlpling of 
10~ or 104 remaining.· 

This · problem has been 
laboratory- anixnals by . the 
!'hus , wiiere · one wants to 
having a specificity against: 

alleviated to some extent in 
use of immunisation regimes. 
produce monoclonal antibodies 
a particular epitope, an animal 
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is immunised with an immunogen expressing that epitope. The 
animal will then mount an immune response against the 
immunogen and there will be a proliferation of lymphocytes 
which have specificity against the epitope. Owing to this 
proliferation cf lymphocytes with the desired specificity, 
it becomes easier to detect them in the sampling procedure. 
However, this approach is not successful in all ca~es, as a 
suitable immunogen may not be available. Furthermore, where 
one wants to produce human monoclonal antibodies ( eg for 
therapeutic administration as previously discussed), such an 
approach is not practically, or ethically, feasible. 

In the last few years, these problems have in part, 
been addressed by the application of recombinant DNA methods 
to the isolation and production of e.g. antibodies and 
fragments of antibodies with antigen binding ability, ·in 
bacteria such as E.coli. 

This simple substitution of immortalised cells with 
bacterial cells as the· 'factory', considerably simplifies 
procedures for preparing large amounts of binding molecules. 
Furt:hermore, a recombinant production system allows scope 
for producing tailor-made antibodies and fragments thereof. 
For example, it is possible to . produce chimaeric molecules 
with new combinations of binding and effector functions, 
humanised antibodies (e.g. murine variable regions combined 
with human constant domains or murine-antibody CDRs grafted 
onto a human FR) and novel antigen-binding molecules. 
Furthermore, the use of polymerase chain reaction ( PCR) 
amplification (Saiki, R.K., et al., Science 239, 487-491 
(1988)) to isolate antibody producing sequences-from cells 
(e.g. hybridomas and B cells) has great potential for 
speeding up the timescale. under which specificities can be 
isolated. Amplified VH and VL genes are cloned directly 
into vectors for expression in bacteria or mammalian cells 
(Orlandi. R., et al., 1989, Proc. Natl. Acad. Sci., USA 86, 
3833-3837; Ward, E.S., et al., 1989 supra; Larrick, J.w.,-et 
al., 1989, Biochem. Biophys. Res. Commun. 160, 1250-1255; 
Sastry, L. et al., 1989, Proc. Natl. Acad. Sci., USA., 86, 
5728-5732). Soluble antibody fragments secreted from 
bacteria are then screened for binding activities. 

However, like the production system based upon 
immortalised cells,. the recombinant production system still 
suffers from the selection problems previously discussed and 
therefore relies on animal immunization to increase the 
proportion of cells with desired specificity. Furthermore, 
some of these techniques can exacerbate the. screening 
problems. For example, large ·separate H and L chain 
libraries have been produced from immunized mice and 
combined together in a random combinatorial manner prior to 
screening (Huse. W.D. et al., 1989, Science 246, 1275-1281, 
W090/14443; W090/14424 and W090/14430). Crucially however, 
the information held within each cell, namely the original 
pairing of one L chain with one H chain, is lost. This 
loses some, of the advantage gained by using immunization 
protocols in the animal. Currently, only libraries derived 
from single VH domains (dAbs; Ward, E.S. '· et al., 1989, 
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supra. i. do not: suffer this drawback. However, because not 
all.anti.boay·.vH domains are .capable of binding antigen, more 
have to be ·screened~ In. addition, the problem of directly 
screening ·many different: specificities .:.n prokaryot:es 
remains . tq be solved. · 

Thus,, . 'there · is a need for a screening system which 
ameliorates or overcomes one or more of the above or other 
problems.: : · The ideal system would allow the sampling of very 
large numbers of· specificities (eg 106 and higher), rapid 
sorting at·. each cloning round, and rapid transfer ·of the 
genetic. rna't:.erial coding for the binding molecule from one 
stage of.the production process, to the next stage. 

The .. most: attz:active candidates for this type of 
screening;: would be prokaryotic organisms (because they grow 
quickly,.·· are·. relatively simple to manipulate . and because 
large numbers of t:lories can be created) which express and 
display at their surface a functional binding domain eg. an 
antibody,·: receptor,· enzyme etc. In the UK patent GB 
2137.63iB · ~ethods for the co._expression in a single host cell 
of the variable H and L chain genes of immunoglobulins were 
disclOsad ~ · However, the protein was expressed 
intracellularly .·and was insoluble. Further, the pro.:tein 
required extensive processing to generate antibody fragments 
with binding activity and this generated material with only 
a fraction . of •· the binding activity expected for antibody 
fragments. ·at this concentration. It has already been shown 
that antiboay . fragments can be secreted through bacterial 
membranes· with · the appropriate signal peptide ( Skerra, A. 
and·. Pluckthun, A. 1988 Science 240 · 1038-1040; Better, M et 
al 1988, Science 240 1041~1043) with a consequent increase 
in the b'inding activity of antibody fragments. These 
methods .. r~quire ·screening of individual clones for binding 
activity. ·in • the ·same way as do mouse monoclonal antibodies. 

It h~s not: been .shown however, how a functional binding 
domain eg . an antibody, . antibody fragment:, receptor, enzyme 
etc can be held ori the bacterial surface in a configuration 
which · allows sampling of say its antigen binding properties· 
and select:ion for·. clones· with desirable properties. In 
large .part, · this is ·because the bacterial surface is a 
complex s:tructure, and in the gram-nega'Cive organisms there 
is an· ou~er . wall which further complicates the position. 
Fur'Cher, .it has not been shown that eg an antibody domain 
will.·· fola. -correctly when expressed as a fusion with a 
surface protein of bacteria or bacteriophage. 

· Bacteriophage are attractive prokaryote related 
organisms for this type of screening. In general, their 
surface-is.a relatively simple structure; they can be grown 
easily·in large numbers,· they are amenable to the practical 
handling involved in many potential mass screening 
programmes, and they carry genetic information for their own 
syn'Chesis_ within .a small, simple package. The difficulty 
has beeri:< to practically solve the problem of how to use 
bacteriophages in this manner. A Genex Corporation patent 
application number W088/06630 has proposed that the 
bac1:eriop:flage . lamoda would be · a sui table vehicle for t:he 

.i:· 
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supra.1~do not suffer this drawback.’ However, because not
all antibody VH domains are capable of binding antigen, more
hays to be Screened; In additibn. the problem of directly
screening pmanyx.different Specificities in prokaryotes
remains to be SOLVed.‘ .

Thus.futhEre ~is a need for a screening system which
ameliorates or overcomes one or more of the above or other
problems;3 The ideal system would allow the sampling of verY.
large numbers of. specificities (eg 105 and higher), rapid
sorting at each cloning round. and rapid transfer of the
genetic material coding for the binding molecule from one
stage of the production process, to the next stage.

' . The ,most attractive candidates’ for this type of
screeningylwould.be prokaryotic organisms (because they grow
quickly, ~are- relatively simple to manipulate and because
large numbers of clones can be created) which express and
display at their surface a functional binding domain eg. an
antibody,g receptor,- enzyme etc. In the UK patent GB
21376313 methods for the coeexpression in a single host cell
of the variable H and L chain genes of immunoglobulins were
disalosed.Al.However, the protein was expressed
intracellularly;.and‘ was ~insoluble. Further, the protein
required entensive'processing to generate antibody fragments
with binding activity and this generated material with only
a fraction of the binding activity expected for antibody
fragments at this concentration. It has already been shown
that antibody fragments can be secreted through bacterial
membranes with'the appropriate signal peptide (Skerra, A.
and Pluckthun, A. 1988 Science 240'1038-1040; Better, M et
al 1988, Science 240 1041-1043) with a consequent increase
in the Abinding' activity ‘of antibody fragments. These
methods reguire Screening of individual clones for binding
activityfin the same way as do mouse monoclonal antibodies.

It has not been.shown however, how a functional binding
domain eg an antibody, antibody fragment, receptor, enzyme
etc can be held on the bacterial surface in a configuration

which allows sampling of say its antigen binding properties
and= selection for-polones~ with desirable properties. In
large .partLA this' is ‘because the bacterial surface is a
complex structure; and in the gram—negative organisms there
is an outer.wall which further complicates the position.

Further, it has not been shown that eg an antibody domain
willf-folfig=ccrrectly when expressed as a fusion with a
surface protein of bacteria or bacteriophage.

Bacteriophage are attractive prckaryote related
organisms for this type of screening. In general, their
surface is a relatively simple structure; they can be grown
easily in large numbers, they are amenable to the practical
handling‘ involved in many potential mass screening
programmes} and they carry genetic information for their own
synthesisqwithin,a'small; simple package. The difficulty
has been to practically Solve the problem of how to use

,bacteriophages in this manner. A Genex Corporation patent
application _number w088/06630 has proposed that the
bacteriophage.lamoda would be'a suitable vehicle for the
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expression of antibody molecules, but they do not provide a 
teaching which enables the general idea to be carried out. 
For example WOBB/06630 does not demonstrate that any 
sequences: (a) have been expressed as a fusion with gene·V; 

5 (b) have been expressed on the surface of lambda; and (c) 
have been expressed so that the protein retains biological 
activity. Furthermore there is no teaching on how to screen 
for sui table fusions. Also, since the lambda virions are 
assembled within the cell, the fusion protein would be 

10 expressed intracellularly and would be predicted to be 
inactive. Basset al., in December 1990 (after the earliest 
priority date for the present application) describe deleting 
part of gene III of the filamentous bacteriophage Ml3 and 
inserting the coding sequence for human growth hormone (hGH) 

15 into the N-terminal site of the gene. The growth hormone 
displayed by Ml3 was shown to be functional. (Bass, s., et 
al. Proteins, Structure, Function and Genetics ( 1990) 8: 
309-314). A functional copy of gene III ·was always present 
in addition, ·when · this fusion was expressed. A Protein 

20 Engineering Corporation patent application W090/02809 
proposes the insertion of the coding sequence for bovine 
pancreatic trypsin inhibitor (BPTI) into gene VIII of Ml3. 
However, the proposal was not shown to be operative. For 
example, there is no demonstration of the expression of BPTI 

25 sequences as fusions with protein VIII and display on the 
surface of M13. Furthermore this.document teaches that when 
a fusion is made with gene III, it is necessary to use a 
second synthetic copy of gene III , so that some unaltered 
gene III protein will be present. The embodiments of the 

30 present application do not do this. In embodiments where 
phagemid is rescued with M13K07 gene III deletion phage, 
there is no unaltered gene III present. 

W090/02809 also teaches that phagemids that do not 
contain the full genome of Ml3 and require rescue by 

35 coinfection with helper phage are not suitable for these 
purposes because coinfection could lead to recombination. 

In all embodiments where the present applicants have 
used phagemids, they have used a helper phage and the only 
sequences derived from filamentous bacteriophage in the 

40 phagemids are the origin of replication and gene III 
sequences. 

W090/02809 also teaches that their process needed 
information such as nucleotide sequence of the starting 
molecule and its three-dimensioned structure. The use of a 

45 pre-existing repertoire of binding molecules to select for a 
binding member, such as is disclosed herein, for example 
using an immunoglobulin gene repertoire of animals, was not 
disclosed. Further, they de not discuss favouring 
variegation of their binding molecules in natural blocks of 

50 variation such as CDRs of immunoglobulins, in order to 
favour generation of improved molecules and prevent 
unfavourable variations. W090/02809 also specifically_ 
excluded the application of their process to the production 
of scFv mol~cules. 

55 In each of the above discussed patents (WOBB/06630 and 
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W090/02809), the protein proposed for display is a single 
polypeptide chain. There is no disclosure of a method for 
the display - of a di.meric molecule by expression of one 
monomer -.as a fusion with a capsid -pro'tei.n and the other 
protei.ni.na free form. 

Another disclosure published in May 1991 (after the 
earliest- .. priori. ty date for the present application) 
describes :the insertion into gene VIII of M13, the coding 
sequences :for one of the two chains of the .Fab portion of an 
antibody wi. th co-expression of the other from a plasmid. 
The two-. chains were . demonstrated as being expressed as a 
functional. Fclb fraginent on the surface of the phage ( Kang 
A.S .. et aL, (1991) Proc. Natl. Acad. Sci., USA, 88 p4363-
4366) ~- No: disclosure was made of the site of insertion into 
gene VIII _and the assay for pAb binding activity by ELISA 
used a reagent specific for antibody L chain rather than for 
phage. A further disclosure published in March 1991 (after 
the earliest- priority date for the present . application) 
describes_--. the _·. insertion of a fragment of the AIDS virus 
protein gag into theN-terminal portion of gene III-of the 
bacteriophage· fd. The expression of the gag protein 
fragment was detected by immunological methods, but it was 
not . _ sliowri · whether or · not the protein was ·expressed in a 
functional, form (Tsunetsugu-Yokota Y et al. ( 1991) Gene 99 
p261-265). - . -

The problem of how to use bacteriophages ·in this way is 
in fact a difficult one. The protein must be inserted into 
the phage. in suCh a way that the integrity of the phage coat 
is not _ undermiried, and the protein itself should be 
functional. ·retaining its biological acti vi. ty wi. th respect to 
antigen b~nding. - Thus, where the protein of choice is an 
antibody, it -should fold efficiently and correctly and be 
presented : for antigen binding. Solving the probiem for 
antibody molecules and fragments would also provide a 
general • method . for . any biomolecule which is a member of a 
specific -bil'lcu:ng pair e_.g. receptor molecules and enzymes. 

Surprisi~gly., -.the applicants have been able to 
construct'.a bacteriophage that expresses and displays at its 
surface a large biologically functional binding molecule (eg 
antibody- fragments,_ and - enzymes and receptors ) and which 
remains intact · and infectious. The applicants have called 
the structure which comprises a virus particle and a binding 
molecule· ·displayed at the viral surface a 'package' . Where 
the binding molecule is an antibody, an antibody derivative 
or fragment, or_ a domain that i.s homologous to an 
immunoglobulin -domain, the applicants call the package a 
'phage antibody' · ( pAb ) . _ However, except where the context 
demands ·oth~rwise; -where the term phage antibody is used 
generally, it should also be interpreted as referring to any 
package . comprising a virus particle and a biJlogically 
func'tional binding ·molecule displayed at the viral surface. 

pAbs-~have a range of applications in selec'ting antibody 
genes end:idirig · · antigen _binding acti. vi ties; For example, 

55 pAbs could be used for the cloning and rescue of hybridomas 

· .. ·: 

... 
- . '• 
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(Orlandi, R., et al (1989) PNAS 86 p3833-3837), and in the 
screening of large combinatorial libraries (such as found in 
Huse, W.D. e1: al., 1989, Science 246, 1275-1281). In 

· par-cicular, rounds of selection using pAbs may help in 
rescuing the i'1igher affinity antibodies from the latter 
libraries. It may be preferable to screen small libraries 
derived from antigen-selected cells ·(Casali, P. , e1: al. , 
( 19B6) Science 234 p476-479) to rescue the original VH/VL 
pairs comprising the Fv region of an antibody. The use of 
pAbs may also allow the construction of entirely synthetic 
antibodies. Furthermore, antibodies may be made which have 
some synthetic sequences e.g. CDRs, and some naturally 
derived sequences. For example, V-gene repertoires could be 
made in vitro by combining un-rearranged V genes, with D and 
J segments. Libraries of pAbs could then be selected by 
binding to antigen, hypermutated in vitro in the antigen
binding loops or V domain framework regions, and subjected 
to further rounds of selection and mutagenesis. 

As previously ·discussed, separate H and L chain 
libraries lose the original pairing between the chains. It 
is difficult to ma~e and screen a large enough library for a 
particularly advantageous combination of H and L chains. 

For example, in a mouse there are approximately 107 
possible H chains and 107 possible L chains. Therefore, 
there are 1014 possible combinations of H and L chains, and 
to test for anything like this number of combinations one 
would have to create and screen a library of about 1014 
clones. This has not previously been a practical 
possibility. 

The present invention provides a number of approaches 
which ameliorate this problem. 

In a first approach, (a random combinatorial approach, 
see examples 20 and 21) as large a library as is practically 
possible is created which expresses as many of the 101~ 
potential combinations as possible. However, by virtue of 
the expression of the H and L chains on the surface of the 
phage, it is reasonably practicable to select the desired 
combination, from all the generated combinations by affinity 
techniques (see later for description of selection formats). 

In a second approach (called a dual combinatorial 
approach by the present applicants, see example 26), a large 
library is created from two smaller libraries for selection 
of the desired combination. This ameliorates the problems 
still further. The approach involves the creation of: (i) a 
first library of say 107 e.g. H chains which are displayed 
on a bacteriophage (as a fusion with the protein encoded by 
gene III) which is resistant to e.g. tetracycline; and (ii) 
a second library of say 10 7 e.g. L chains in which the 
coding sequences for these light chains are within a plasmid 
vector containing an origin of replication for a 
bacteriophage (a phagemid) which is resistant to e.g. 
ampicillin (i.e. a different antibiotic} and are expressed 
in the periplasmic space of a host bacterium. The first 
library is then used to infect the bacteria containing the 
second library ~o provide 1014 combinations 'of H and L 
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chains: 0~ ·the . surface of the resulting phage in the 
bacterial supernatant. 

·The advantage of this approach is that two separate 
libraries of eg 107 are created in order to produce 1014 

5 combiriati:.ons. Creating a · 107 library is a practical 
possibility. · · 

. The .. tol4 .combinations are then subjected to selection 
( see later . :for . description of selection formats) as 
disclosed by.the present application. This selection will 

10 then produce a population of phages displaying a particular 
combination of ii and L chains having the desired 
specificity. The·phages selected however, will only contain 
DNA encoding one· partner of the paired H and L chains 
(deriving·, from. E!i ther the phage or· phagemid ) . The sample 

15 eluate . con.taining the population is then divided into two 
portions. ··. · · · A ·. first portion is. grown on e.g. tetracycline 
plates to ·:-select those bacteriophage containing DNA encoding 
H chairis which are involved in the desired antigen binding. 
A second portion is grown on e.g. ampicillin plates to 

20 select · those . ba-cteriophage .. containing phagemid DNA encoding 
L chains which are involved in the desired antigen binding. 
A set of. colonies from individually isolated clones e.g. 
from the·.· tetracycline plates are then used to infect 
specific colonies e.-g. from the ampicillin plates. This 

25 results .. in bacteriophage expressing specific combinations of 
H aP,d · L chains . which can then be assayed for antigen 
binding. 

In a . third approach (called a hierarchical dual 
combinational approach by· the present applicants), an 

30 · individual colony . from either the H or L chain clone 
selected . by growth on the· antibiotic plates, is used to 
infect a complete library of clones encoding the other chain 
( H or L) ~ · Selection is as described above. This favours 
isolation of the.most favourable combination. 

3 5 In a fourth approach (called a hierarchrical approach 
by the ·. p,:-esent applicants, see examples 22 and 46 ) both 
chains are cloned into the same vector. However,. one of the 
cha1ns which . is already known to have desirable properties 
is kept fixed. A library of the complementary chain is 

40 inserted . into the . same vector. Sui table partners for the 
fixed chain.· are selected following display on the surface of 
·bacteriophage. 

· In a fifth approach ( see example 48 ) , to improve the 
chances qf recovering original pairs, the complexity of the 

45 combinatorial libraries can be reduced by using smal·l B 
populations.· o£ a-lymphocytes selected for binding to a 
desired ci,ntigen. The cells provide e.g. mRNA or DNA, for 
prepar_ing' libraries of antibody genes for display on phage. 
This. technique can be . used in combination with the above 

50 mentioned. four ·approaches for selection of . antibody 
specificities •. 

Phagemids have been mentioned above. The applicants 
have realised .·and· demonstrated that in many cases phagemids 
will be .p~eferred to phage for cloning antibodies because it 

55 is easier to. use them to generate more comprehensive 

... 
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libraries· of the immune repertoire. This is because the 
phagemid DNA is approximately 100 times more efficient than 
bacteriophage DNA in transforming bacteria ( see example 
19). Also, the use of phagemids gives the ability to vary 

5 the number of gene· III binding moecule fusion proteins 
displayed on the surface of the bacteriophage (see example 
17). For example, i.n a system comprising a bacterial cell 
containing a phagemid encoding a gene III fusion protein and 
infected with a helper phage, induction of expression of the 

10 gene III fusion protein to different extents, will determine 
the number of gene III fusion proteins present in the space 
defined between the inner and outer bacterial membranes 
following superinfection. This will determine the ratio of 
gene III fusion protein to native gene III protein displayed 

15 by the assembled phage. 
Expressing a single fusion protein per virion may aid 

selection of antibody speci.fi.citi.es on the basis of affinity 
by avoiding the 'avidity' effect where a phage expressing 
two copies of a low affini. ty antibody would have the same 

20 apparent affinity as a phage expressing one copy of a higher 
affini. ty antibody. In some cases however, it will be 
important to display all the gene III molecules derived by 
superinfection of cells containing phagemids to have fusions 
(e.g. for selecting low affinity binding molecules or. 

25 improving sensitivity on ELISA). One way to do this is to 
superinfect with a bacteriophage which contains a defective 
gene III. The applicants have therefore developed and used 
a phage which is deleted in gene III. · This is completely 
novel. · 

30 The demonstration that a functional antigen-binding 
domain can be displayed on the· surface of phage, has 
implications beyond the construction of novel antibodies. 
For example, if other protein domains can be displayed at 
the surface of a phage, phage vectors could be used to clone 

35 and select genes by the binding properties of the displayed 
protein. Furthermore, variants of proteins, including 
epi. tope libraries built · into the surface of the protein, 
could be made and readily selected for binding acti vi. ties. 
In effect, other protein architectures might serve as 

40 "nouvelle" antibodies. 
· The technique provides the possibility of building 

antibodies frpm first principles, taking advantage of the 
structural framework on which the antigen binding loops 
fold. In general, these loops have a limited number of 

45 conformations which generate a variety of binding sites by 
al ternati. ve loop combinations and by di. verse side chains. 
Recent successes i.n modelling antigen binding sites augurs 
well for de novo design. In ar·y case, a high resolution 
structure Of the antigen is needed. However, the approach 

50 is attractive for making e.g. catalytic antibodies, 
.particularly for small substrates. Here side chains or 
binding sites for prosthetic groups might be introduced, not 
only to bind selectively to the transi ti.on state of the 
substrate, out also to participate directly in bond making 

55 and breaking. The only· question is whether the antibody 
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architecture, specialised for binding, is the best starting 
point .for.;building catalysts. Genuine enzyme architectures, 
such as the 'triose phosphate isomerase (TIM) barrel, might 
be mo~e suitable. Like antibodies, TIM enzymes also have a 
framework. structure . (a barrel of J3-strands and a-helices) 
and loops to·· b.ind. substrate. Many enzymes with a diversity 
of catalytic properties are based on this architecture and 
the . loop$ might • be manipulated independently on the 
frameworks for design of new catalytic and binding 
properties~ . The phage selection system as provided by the 
present.disclosure can be used to select for antigen binding 
activities and the CDR loops thus selected, used on either 
an antibody · fra111ework or a TIM barrel framework. Loops 
placed on a e.g. a TIM barrel · framework could be further 
modified by mutagenesis and subjected to further selection. 
Thus, there is no.need to select for high affinity binding 
activities .in a single step. The strategy of the immune 
system, in which low affinity evolves to high affinity seems 
more realistic and can be mimicked using this invention. 

One ·>class .·· of molecules that could be useful in this 
type o~·appl~cation are receptors. For example, a specific 
receptor could be displayed on the surface of the phage such. 
that it would· b~nd its ligand. The receptor could then be 
modifieq by,· for example, in vitro mutagenesis and variants 
having Mgherbinding affinity for the ligand selected. The 
selection may be.carried out according to one or more of the 
formats described below with ·reference to figure 2 (which 
refers particularly to pAbs) in which the pAb antibody is 
replaced·. w_i th a phage receptor and the antigen with a ligand 
1. . . 

Alternatively, the phage-receptor could be used as the 
basis . of . a · rapid screening system for the binding of 
ligands, altered ligands, or potential drug candidates. The 
advantages of this system namely of simple cloning, 
convenient expression, standard reagents and easy handling 
mak.es · the drug screening application particularly 
attractive. · .I!l· the context of this discussion, receptor 
means· .a. molecule· that·. binds a specific, or group of 
specific, ligand( s). The natural receptor could be 
expressed· on ·the surface of a population of cells, or it 
could be the extracellular domain of such a molecule 
( whethe;r- .. such a form exists naturally or not) , or a soluble 
molecule· performing a riatural binding function in the 
plasma, c:ir within a cell or organ. 

Another possibility, is the display of an enzyme 
molecule· 9r active site of an enzyme molecule on the surface 
of a .phage (see examples 11,12,30,31,32 and 36). Once the 
phage enZylne is . expressed,. it can be sele.cted by affinity 
chromatqgraphy, for instance on columns derivatized with 
transition state analogues. If an enzyme with c.. different 
or modified specificity is desired, it may be possible to 
mutate .. art en~yme displayed as a fusion on bacteriophage and 
then s~lect on a column derivatised with an analogue 
select;ed ~to · have .·a higher affinity for an enzyme with the 
desired modified specificity .. 

.. 
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Although throughou~ this application. ~he applicants 
discuss the possibility of screening for higher affinity 
varian~s of pAbs, they recognise that in some 
applications, :or example low affinity cbroma~ography 
(Ohlson, S. et al Anal. Biochem.· 169, p204-208 ( 1988) L 
it may be desirable to isolate lower affinity variants. 

Examples 21 and 23 show that· the present invention 
provides a way of producing antibodies with low 
affinities (as seen in the primary immune response or in 
unimmunised animals l. This is made possible by 
displaying multiple copies of the antibody on the phage 
surface in association with gene III protein. Thus, pAbs 
allow genes for these antibodies to be isolated and if 
necessary, mutated to provide improved antibodies. 

pAbs also allow the selection of antibodies for 
improved stability. It has been noted for many 
antibodies, that yield and stability are improved when 
'the antibodies are expressed at 30°C rather than 37°C. 
If pAbs are displayed at 37°C, only those which are 
stable will be available for affinity selection. When 
antibodies are to be used in vivo for therapeu~ic or 
diagnostic purposes, increasedlstability would extend the 
half-life of antibodies in circulation. 

Although. stability is important for all antibodies 
and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 
which are formed by the non-covalent association of VH 
and VL fragments. Fv fragments have a· tendency to 
dissociate and have a much reduced half-life in 
circulation compared to whole antibodies. Fv fragments 
are displayed on the surface of phage, by the association 
of one chain expressed as a gene III protein fusion with 
the complementary chain expressed as a soluble fragment. 
If pairs of chains have a high tendency to dissociate, 
they will be much less likely to be selected as pAbs. 
Therefore, the population •..rill be enriched for pairs 
which do associate stably. Although dissociation is less 
of a problem with Fab fragments , selection would also 
occur for Fab fragments which associate stably. pAbs 
allow selection for stability to protease attack, only 
those pAbs that are not cleaved by proteases will be 
capable of binding their ligand and therefore populations 
of phage will be enriched for those displaying· stable 
antibody domains. 

The technique of displaying binding molecules on the 
phage surface can also be used as a primary cloning 
system. For example, a eDNA library can be constructed 
and inser-ted into t:he bac~eriophage and ~his phage 
library screened for the ability to bind a ligand. The 
ligand/binding molecule combination could include any 
pair of molecules with an ability to specifically bind to 
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one.· another · e.g. receptor I ligand, enzyme; substrate (or 
analogue)> nuc~eit: :acid binding protein/nucleic acid etc. 
If one ~mber of ·· the .· complementary pair is available,. 
this may·be a' preferred 'way of isolating a clone for the 

5 other member.of ·the pair. 
It will often be necessary to increase the diversity 

·of a population of genes cloned for the display of their 
proteins on phage or to mutate an individual nucleotide 
sequence. Although in vitro or in vivo mutagenesis 

10 techniques· could be-used for either purpose, a 
particularly suitable method would be to use mutator 
strains.· ... ·· A mutator strain is a strain which contains a 
genetic · defect which causes DNA replicated within it to 
be mutatE!(i with respect to its parent DNA. Hence if a 

15 . population of · genes as gene III fusions is introduced 
into these strains it will be further diversified and can 
then be.· transferred to a non-mutator str~tn, if desired, 
for display ·and se~ection. Example 38 covers the use'of 
mutator strains with phage antibodies (an example of in. 

20 vitro mutagenesis and selection of phage antibodies is 
given in>example 45). · 
Targeted gene transfer 

A u5eful and novel set of applications makes use of 
the binding . protein on the phage to target the phage 

25 genome .to a particular cell or group of cells. For 
examp~e.'.;a: pAb specific for a cell surface molecule could 
be · u·sed •':to bind · to the target ce11 via the surface 
molecule~-· .. The phage could then be. internalised, either 
through . 'the·. action of the receptor itself or as the 

30 result 0~ another event ( e.g. an electrical discharge 
such as.in.the.technique of electroporation). The phage 
genome . woilld . then be expressed if 'the relevant control 
signals (for transcription and trans~ation and possibly 
replication) were·. present. This would be particularly 

35 useful if the phage genome contained a sequence whose 
expression was desired in the target cell (along with the 
appropri.ate . expression control sequences ) . A useful 
sequence· might confer antibiotic resistance to the 
recipient cell or label the cell by the expression of its 

40 product (e.g. if.the sequence expressed a detectable gene 
product such ·as a luciferase, see White, M, et al, 
Technique$ 2(4), pl94-201 (1990)), or confer a particular 
property.ori thetarget cell (e.g. if the target cell was 
a ;:umour cell and the new sequence directed· the 

45 expression ·of . a tumour suppressing gene) , · or express an 
antisense construct designed to turn off a gene or set of 
genes ·in. the. target cell, or a gene or gene product 
designe(i . to ·.be toxic to the target cell. 

· Al ternati:vely, the sequence whose expression is 
50 desired in the target cell can be encoded on a phagemid. 

The. phagemid DNA may then be incorporated into a phage 
displayiJig an ·antibody specific for a cell surface 

··~--
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!'eceptor. For example, incorporation may be by 
superinfection of bacteria containing the phagemid, with 
a helper phage whose genome encodes the antibody fragment 
specific for the target cell. The package is then used 
to direct the phagemid to the target cell. 

This technique of "targeted gene transfer" has a 
number· of uses in research and also in therapy and 
diagnostics. For example, gene therapy often aims to 
target the replacement gene to a·speci.fic cell type that 
is deficient in its activity. Targetting pAbs provide a 
means of achieving this. 

In diagnostics, phage specific for particular 
bacteria or groups of bacteria have been used to target 
marker genes, e.g. luciferase. to the bacterial host 
(sec, for example, Uli tzer, S. , and Kuhn, J. , EPA 
85303913.9). If the host range of the phage is 
appropriate, only those bacteria that are being tested 
for, will be infected by the phage, express the 
luciferase gene and be detected by the light they emit. 
This system has been used to detect the presence of 
Salmonella. One major problem with this approach is the 
initial isolation of a bacteriophage with the correct 
host range and then the cloning of a luciferase gene 
cassette into that phage, such that it is functional. 
The pAb system allows the luciferase cassette to be 
cloned into a well characterised system ( filamentous · 
phage). and allows simple selection of an appropriate host 
range, by modifying the antibody {or other binding 
molecule) specificity that the pAb encodes. 

The present applicants have also been able to 
develop novel selection systems and assay formats which 
depend on the unique properties of these replicable 
genetic-display packages e.g. pAbs. 
TERMINOLOGY 

Much of the 1:erminology discussed in this section 
has been mentioned in the text where appropriate. 
Scecific Binding Pair 

This describes a pair of molecules ( each being a 
member of a specific binding pair) which are naturally 
derived or. synthetically produced. .One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined as 

· complementary with a particular spatial and polar 
organisation of the other molecule, so that the pair have 
the property of binding specifically to each other. 
Examples of types of specific binding pairs are antigen
antibody, biotin-avidin, hormone-hormone receptor, 
receptor-ligand, enzyme-subs"t:rat~·, lgG-protein A. 
Multimeric Member 

This describes a firs1: polypeptide which will · 
·associate with at leas1: a second polypeptide, ~hen the 
polypeptides are expressed in free form and/or on the 
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surface of. a. substrate. ·.The substrate may be provided by 
a bact:eriophage ~··.. Where there are t:wo associated 
polypeptides~ the· associated polypeptide complex is a 
dimer, • where there are three, a trimer etc. The dimer, 
trimer, ··mul timer etc or the mul timeric member may 
comprise Ci meinber' of a specific binding pair. 

Exaniple. mu.ltimeric members are heavy domains based 
on an immunoglobulin molecule, light domains based on an 
immrinoglobulin molecule, T-cell receptor subunits. 
Reolicab1~ Genetic Disolay Packaae (Rgdp) 

This describes a biological part:icle which has 
genetic · information providing the particle with the 
abilicy to. replicate. The particle can display on its 
surface at.least part of a polypeptide. The polypeptide 
can. be· ·.encoded ·by ·genetic information native to the 
particle and/or artificially placed into the particle or 
an ancestor of it. The displayed polypeptide may be any 
member of a specific binding pair eg. heavy or light 
chain ·domains based on an immunoglobulin molecule, an 
enzyme or.-·a receptor etc. 

· The.partic;le may·be a virus eg. a bacteriophage such 
as fd or Ml3. · 
Package 

This-describes a replicable genetic display package 
in which the particle . is displaying a member of a 
specific binding-pair at·its surface. The package may be 
a bacteriophage which displays an antigen binding domain 
at its surface. This type of package has been called a 
phage antibody ( pAb) .. 
Antibodv· • 

Thl:s -. describes an immunoglobulin whether natural or 
partiy· or wholly synthetically produced. The term also 
covers any protein having a binding domain which is 
homologous to an· immunoglobulin binding domain. .These 
proteins can be. derived. from natural sources, or partly 
or wholly synthetically produced. 

· Example antibodies are the immunoglobulin isotypes 
and. the Fab. F(abl)z, scFv, Fv, dAb, Fd fragments. 
Immunoalobulin Suoerfamily 

This describes a family of polypeptides, the members 
of which have at least one domain with a structure 
related. to ·that of the variable or constant domain of 
immunoglPbulin molecules. The domain contains two ~
sheet:s·ahd usually a conserved disulphide bond (see A.F. 
Williams and A;N. Barclay 1988 Ann. Rev Immunol. 6 
381-405) > . . -

Example members of an immunoglobulin superfamily are 
CD4. . pla:telet. derived growth factor' receptor ( PDGFR), 
intercellular adhesion ·molecule. ( ICAM). Except where 
the context ·otherwise dict:at.es. refere.tce to 
immunoglobulins and immunoglobulin homologs in ·this 
application ·includes members of the immunoglobulin 

... 
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This term indicates polypeptides having the same or 
conserved residues at a corresponding position in their 

5 primary, second~ry or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
homologous polypeptides. 

Example homologous peptides are the immunoglobulin 
isotypes. 

10 Functional 
In relation to a sbp member displayed on the surface 

of a rgdp, means that the sbp member is presented in a 
folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 

15 to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 
In this respect, it differs from the peptides of Smith et 
al, supra, which do not have a definite folded 
configuration and can assume a variety of configurations 

20 determined by the complementary members with which they 
may be contacted. 
Genetically diverse population 

In connection with sbp members or polypeptide 
components thereof, this is referring not only to 

25 diversity that can exist in the natural population of 
cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo. 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random 

30 mutations of the sequence desired to be varied. In vivo 
mutagenesis may for example, use mutator strains of host 
microorganisms to harbour the DNA (see Example 38 below). 
Domain 

A domain is a part of a protein that is folded 
35 within itself and independently of other parts of the 

same protein and independently of a complementary binding 
member. 
Folded Unit 

This is a specific combination of an a-helix and/or 
40 J3-strand and/or J3-turn structure. Domains and folded 

units contain structures that bring together amino acids 
that are not adjacent in the primary structure. 
Free Form 

This describes the state of a polypeptide which is 
45 not displayed by a replicable genetic display package. 

Conditionally Defective · 
This describes a gene which does not express a 

particular polypeptide under one set of conditions, but 
expresses it under another set of conditions. An 

50 example, is a gene containing an amber mutation expressed 
in non-suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which is 
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defective under one set of conditions, but not under 
another · $et. . An· example is a gene with a temperature 
sensitive mutation. 
Suppressible Translational Stop Codon 

5 This describes a codon which allows the translation 
of nucleoj:i.desequences doWnstream of the codon under one 
set of conditions, but under another set of conditions 
translation ends at the codon. Example of suppressible 
translational stop codons are the amber, ochre and opal 

10 codons. · 
Mutator Strain:. 

. This •· is a· host Cf!!ll which has a genetic defect which 
causes· • DNA· replicated within it to be mutated with 
respect to its. parent DNA. Example mutator strains are 

15 NR9046mutD5 and NR9046 mut Tl (see Example 38). 
Helper Phage 

This · is a phage which is used to infect cells 
containing ·a defective phage genome and which functions 
to complement the defect. The defective phage genome can 

20 be a phage.mid or a phage with some function encoding gene 
·sequences-removed. Examples of-helper phages are Ml3K07, 
Ml3K07 gene III no. 3: and.phage displaying or encoding 
a bindi.ngmolecule fused to a capsid protein. 
Vector · . .. . · 

25 This· is-a DNA·molecule, capable of replication in a 
host orgariism, into which a gene is inserted to construct 
a recombinant DNA molecule. 
Phage. vector . . 

This is a vectorderived by modification of a phage 
30 genome •.. containing an orig1.n of replication for a 

bacteriophage, but not one for a,· plasmid. 
Phaqeritid 'Vector · 

This. is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 

35 bacteriophage ·as well as the plasmid origin of 
replication. 
Secreted·.· 

Thi.s · describes a rgdp or molecule that associates 
with th~_member of .a sbp displayed on the rgdp, in which 

40 the sbp .ItJ~er .and/or the molecule, have been folded and 
the package assembled externally to the cellular cytosol. 
Repertoire·of Rearranged Immunoglobulin Genes 

A collection of naturally occurring nucleotides eg 
DNA sequences .·.which encoded expressed immunoglobulin 

45 genes in .·an animal. The sequences are generated by the 
in vivo rearrangement of eg V, D and J segments for H 
chains and eg · the V and J segments for L chains. 
Alternatiyely the_sequences may be generated from a cell 
line immunised 1n vitro and in which the rearrangement in 

50 response to immunisation occurs intracellularly. 
Library 

A col,lection of nucleotide eg DNA, ~eqtiences within 
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defective’ under‘ One set of conditions, but not under
another set. .An'example is a gene with a temperature
sensitive mutation. ‘ ~
Suppressible Translational Stop Codon

This describes a codon which allows the translation
of nucleotide sequences_downstream of the codon under one
set of conditions, but under another set of conditions

translation-ends at the Codon. Example of suppressible
translational stop codons are the amber, ochre and opal
codons. ~~

Mutator Strain‘

This is a host cell which has a genetic defect which
causes VDNA' replicated within it to be mutated with
respect_to its parent DNA. Example mutator strains are
NR9046mutDS and NR9046.mut T1 (see Example 38).

Helper Phage ‘ g
This Ris a phage which is used to infect cells

containing a defective phage genome and which functions

rto complement the defect. The defective phage genome can
be a phagemid or a phage with some function encoding gene

‘sequences removed. Examples of helper phages are M13KO7,
M13KO7 «gene III no. 3: and phage displaying or encoding
a binding molecule fused to a capsid protein.
Vector ',, , - . '

This iS-a DNA molecule, capable of replication in a
host organism, into which a gene is inserted to construct
a recombinant DNA molecule.
Phage Vector_ ‘ g

‘ This is a vector derived by modification of a phage
genome,AuCOntaining an origin of replication for a
bacteriOphage, but not one for arplasmid.

Phagemid Vector '7 ‘ - . v
- - This -is a vector derived by modification of a

plasmid genome, containing an origin of replication for a
bacteriophage 'as. well Vas the plasmid origin of
replication.
Secreted" ' _

This describes a rgdp or molecule that associates

with the member of.a sbp displayed on the rgdp, in which
the sbp member and/or the molecule, have been folded and

.the package assembled externally to the cellular cytosol.
Repertoire of Rearranged Immunoglobulin Genes

A collection of naturally occurring nucleotides eg
DNA‘ sequences awhich encoded expressed immunoglobulin
genes in an animal. The sequences are generated by the
in vivo rearrangement of eg V, D and J segments-for H
chains and eg. the V and J segments for L chains.

Alternatively'the sequences may be generated from a cell
line immunised ig vitro and in which the rearrangement in
response to immunisation occurs intracellularly.
Library ’_ a

A collection of nucleotide eg DNA, sequences within

I

PFIZER EX. 1502

Page 3094

 



W092/01047 PCf/GB9l/01134 

17 

clones. 
Repertoire of ArtificiallY Rearranged Immunoglobulin 
Genes 
-----A collectiqn of nucleotide eg DNA, sequences .derived 

5 wholly or partly from a source other than the rearranged 
immunoglobulin sequences from an animal. This may 
include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J. segments 
and DNA sequences encoding VL domains by combining v and 

10 J segments. 
Part or all of the DNA sequences may be derived by 

oligonucleotide synthesis. 
Secretory Leader Peptide 

This is a sequence of amino acids joined to the N-
15 terminal end of a polypeptide and which directs movement 

of the polypeptide out of the cytosol. 
Eluant 

This is a solution used to breakdown the linkage 
between two molecules. The linkage can be a non-covalent 

20 or covalent bond(s). The two molecules can be members of 
a sbp. 
Derivative 

This is a substance which derived from a polypeptide 
which is encoded by the DNA within a selected rgdp. The 

25 derivative polypeptide may differ from the encoded 
polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypetide. These changes may 
be made at the nucleotide or protein level. for example 

30 the encoded polypeptide may be a Fab fragment which is 
. then linked to an Fe tail from another source. 
Alternatively markers such as enzymes, flouresceins etc 
may be linked to eg Fab, scFv fragments. 

The present· invention provides a method for 
35 producing a replicable genetic display package or 

population such rgdps of which method comprises the steps 
of: 
a) inserting a nucleotide sequence encoding a member.of 

a specific binding pair eg. a binding molecule 
40 within a viral genome; 

b) culturing the virus containing said nucleotide 
sequence, so that said binding molecule is expressed 
and displayed by the virus at its surface. 
The present invention also provides a method for· 

45 selecting a rgdp specific for a particular epitope which 
comprises producing a population of such rgdps as 
described above and the additional step of selecting for 
said binding molecule by contac-ing the population with 
said epi tope so that individual rgdps with the desired 

50 specificity may bind to said epi tope. The method may 
comprise one or more of the additional steps of: ( i ) 
separating any bound rgdps from the epi tope; ( ii) 
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recovering . any separated rgdps and (iii) using the 
inserted nucleotide sequences from any separated rgdps in 
a recombinant .system to produce the binding molecule 
separate-from virus. The selection step may isolate the 

5 nucleotide sequence encoding the binding molecule of 
desired . specificity, by - virtue of said binding molecule 
being expressed in association with the surface of the 
virus in ·Which-said·encoding nucleic acid is contained. 

The <-present invention also provides a method of 
10 producing·a multimeric member of a specific binding pair 

( sbp) , wbich method comprises: 
expressing . in· ·a recombinant . host organism a first 
polypeptide chain of said sbp member or a genetically . 
diverse • population of said sbp member fused to a 

15 component. of ·a · secreted replicable genetic display 
paCkage ·(rgdp) which thereby displays said polypeptide at 
the surface· of . the package, and expressing in a 
recombiili:mt .. host organism a second polypeptide chain of 
said mul tinier and . causing . or allowing the polypeptide 

20 · chains cQine • together to ·form said mul timer as part of 
said rgdp at · ieast one of said polypeptide chains being 
expressed. _from ·nucleic acid that is capable of being 
package9 _ . using said ·. component therefor, whereby the 
genetic . _• material of -each said rgdp encodes a said 

25 polypept~iie chain. 
Both said ·chains may_ be expressed in the same host 
organism~/ _ .. · · · · .· 

The_first and_second chains of said multimer may be 
expressed as. separate chains from a . single vector 

30 containing their respective nucleic acid. 
At.~ least one of said polypeptide· chains may be 

expressed-from-a· phage vector. 
At ieast · one · of . said polypeptide chains may be 

expressed from a phagemid· vector, the method including. 
35 using a:: helper ·-phage, or a plasmid expressing 

complem~~ing phage genes, to help package said phagemid 
genome, and . said component of the rgdp is a capsid 

. protein · .there£ or. The capsid protein may be absent, 
defective or-conditionally defective in the helper phage. 

40 The method may comprise introducing a vector capable 
of expressing said. first polypeptide chain, into a host 
organism,which expresses-said second polypeptide chain in 
free fo~~ or-introducing_a vector capable of expressing 
said second polypeptide in free form into a host organism 

45 which exwesses said first polypeptide chain. 
Each of the .polypeptide chain may be expressed from 

nuclei,c acid.which is capable of being packaged as a rgdp 
using_ said_·· component fusion product, whereby encoding 
nucleic ·acid for both. ·said polypeptide chains are 

50 packaged.in respective rgdps. 
·The nucleic acid encoding at least one of said first 

and. seqorid polypeptide chains may be obtained from a 
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recovering any separated rgdps and (iii) using the
insertedfinucleotide sequences from any separated rgdps in
a. recombinant .system to produce the binding molecule

separate'from virus. The selection step may isolate the
nucleotide sequence encoding the binding molecule of

desired specificity, by virtue of said binding molecule
being expressed in association with the surface of the
virus in ,EWhich-Said encoding nucleic acid is contained.

.. The -»;f.present invention also provides a method of
producingja multimeric member of a specific binding pair
( sbp) ,' _'whic1'x method comprises :
expressing._in' ‘a. recombinant .hos‘t organism a first

polypeptide chain of said sbp member er a genetically»
diverse "population . of said sbp member fused to a
component Of "a7 secreted replicable genetic display
package '(rgdp) which thereby displays said polypeptide at

the surface '- of 7 the package, and expressing in a
recombinantwhost organism a second polypeptide chain of
said multimer and causing or allowing the polypeptide
chains- come i-together to "form said multimer as part of
said rgdp at least one of said polypeptide chains being
expressed ,from nucleic acid that is capable of being
packaged-,using , said ' component therefor, whereby the
genetic;-fmaterial of each said rgdp encodes a said
polypeptide. chain. 4 f
Both said "chains may, be expressed in the same host
organisms; - ,

The first and‘second chains of said multimer may be
expressed, as ., separate chains from a 'single vector
containing '_their respective nucleic acid.

fi At»! least one, of said polypeptide chains may be

expressed i from a phage vector .
At ‘least‘ one ' of . said polypeptide chains may be

expressed from a. 'phagemid‘ vector, the method including-
using af‘ helper i-phage, or a plasmid expressing
complementing phage genes, to help package said phagemid
genpme,‘ Sand . said component of the rgdp is a capsid
protein .ther'efor.’ The V capsid protein may be absent,
defective 'or- conditionally defective in the helper phage.

The method may comprise introducing a vector capable
of expressing- said first polypeptide chain, into a host
organism thich. eXpressesAsaid second polypeptide chain in
free form}. or introducing a vector capable of expressing
said second polypeptide in free form into a host organism

which expresses said first polypeptide chain.
I .Each- of the polypeptide chain may be expressed from

nucleic acid-which is capable of being packaged as a rgdp
using_ said." Component fusion product, whereby encoding
nucleic acid for both, said polypeptide chains are
packaged , in respective rgdps.

i '_The nucleic acid encoding at least one of said first
A and. second polypeptide chains may be obtained from a
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library of nucleic acid including nucleic acid encoding 
said chain or a population of variants of said chain. 
Both the first and second polypeptide chains may be 
obtained from respec~ive said libraries of nucleic acid . 

..J The prese:-.t inven~ion also pz:ovides a method of 
producing a member of a specific binding pair (sbpJ, from 
a nucleic acid library including nucleic acid encoding 
said sbp member or. a gene~ically diverse population of 
said type of sbp members, which method comprises: 

10 expressing in recombinant host cells polypeptides 
encoded by said library nucleic acid fused to a 
component of a secreted replicable genetic display 
package (rgdp) or in free form for association with 
a polypeptide component of said sbp member which.is 

15 expressed as. a fusion to said rgdp component so that 
the rgdp displays said sbp member in functional form 
at the surface of the package, said library nucleic 
acid being contained within the host cells in a form 
that is capable of being packaged using said rgdp 

20 component, whereby the genetic material of an rgdp 
displaying an sbp mettlber contains nucleic acid 
encoding said sbp member or a polypeptide component 
thereof. 
The nucleotide sequences for· the libraries may be 

25 derived from eg animal spleen cells or peripheral blood 
lymphocytes. Alternatively the nucleotide sequence may 
be derived by the in vitro mutagenesis of an existing 
antibody coding sequence--.--- . . 

The present invention also provides a method of 
30 producing a member of a specific binding pair ( sbp), 

which method comprises: 
expressi~g in recombinant host cells nucleic acid 
encoding said sbp member or a genetically diverse 
population of said type of sbp member wherein the or 

3 5 each said . sbp member or a polypeptide component 
thereof is expressed as a fusion with a component of 
a secreted replicable genetic display package (rgdp) 
which displays said sbp member at the surface of the 
package, nucleic acid encoding said sbp member or a 

40 polypeptide component thereof being contained within 
the host cell in a form that is capable of being 
packaged using said rgdp componen~ whereby the 
genetic material of the rgdp displaying said sbp 
member encodes said sbp member or a polypeptide 

45 component .thereof, said host organism being a 
mutator strain which introduces genetic diversity 
into the sbp member to produce said mixed 
population. 
The oresent invention also provides a method of 

50 producing -a member of a specific binding pair ( sbp), 
which method comprises: 

expressing in recombinan~ host cells nucleic acid 
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encoding said sbp member or a genetically diverse 
· population of said type of sbp member wherein the or 
.each said sbp member or a polypeptide component 
thereof is eXpressed as a fusion with a comoonem:: .of 

5 a secreted replicable genetic display pa.ckage (rgdp} 
which displays said sbp member in functional form a~ 
the • :Surface of the package, nucleic acid encoding 
sa.id sbp. member or a polypeptide component thereof 
being.contained within the host cell in a· form that 

10. is capable . of being packaged using said rgdp 
componeri~ whereby the genetic material of the rgdp 
displaying·an sbp member·encodes said sbp member or 
a·polypeptide component thereof, said fusions being 
with bacteriophage capsid protein and the rgdps 

15 being· formed with said fusions in the absence of 
said:.capsid expressed in wild-type form . 

. The .·present :invention also provides a method of 
producing a member of a specific binding pair (sbp) which 
method co~nprises: 

20 expressing in. recombinant host cells nucleic acid 
. encoi:}irig said sbp member or a genetically diverse 
· popu,lation of said type of sbp member or a 
polypeptide· coinponent thereof fused to a component 
of a. secreted. replicable genetic display package 

25 ( rgdp) · which displays said sbp member in functional 
fern( at the surface of the package, nucleic acid 
encoding said sbp member or a polypeptide component 
thereof being· contained within the host cell in a 
form that is capable of being packaged using said 

30 rgdp· ·component. whereby the genetic material of the 
rgdp . displaying· an sbp member or a polypeptide 
compenent thereof encodes said sbp member or a 
polypeptide component thereof·, sa.id sbp member or · 
polypep~ide component thereof being expressed from a 

35 phagemid as a capsid fusion, and a helper phage, or 
a plasmid · expressing complementing phage genes, is 
used. along with said .capsid fusions to package the 
phagemid nucleic acid. 
The ·library or genetically diverse population may be 

40 obtained ··from: 
( i) . · the · repertoire of rearranged immunoglobulin 

'genes of an animal.inurtunised with complementary 
·: sbp member,· 

( ii) · · · the repertoire of rearranged immunoglobulin 
45 . ·genes of an animal not immunised with 

complementary sbp member, 
(iii) a · repertoire of artificially rearranged 

immunoglobulin gene or genes 
( iv r .. a ·.repertoire of immunoglobulin homolog 'gene or 

50 genes: or 
{ v) a mixture of any of < i), { ii), (iii} and ( iv). 

The.:- capsid ·protein may be absent, defective or, 
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encoding said sbp member or a genetically diverse
'population of said type of sbp member wherein the or

each _ said sbp member or a polypeptide component
thereof is expressed as a fusion with a component .of
a secreted replicable genetic display package (rgdp) '

‘which displays said sbp member in functional form at
thezisurface cf the package, nucleic acid encoding
said sbp. member or a polypeptide component thereof
being contained within the host cell in a' form that
is “capable of being packaged using said rgdp
component whereby the genetic material of the rgdp
displaying an sbp member encodes said sbp member or

'a - polypeptide component thereof; said fusions being
‘with, bacteriophage capsid protein and the rgdps
beingfomed with said fusions in the absence of
saidj.:cap'sid expressed, in wild-type form. _

r The present invention also provides a method of
producing a member of a specific binding pair (sbp) which

, method comprises: ,
. expressing in recombinant host cells nucleic acid

encoding said sbp member or a genetically diverse
"‘popufla-tion‘ of said type of sbp member or a

polypeptide component thereof fused to a component
of a. Secreted: replicable genetic display package
(rgdp) which displays said sbp member in functional
form’; at the surface of the package, nucleic acid
encoding said sbp member or a polypeptide component
thereof being contained within the host cell in a
formi'z'that is capable of being packaged using said
rgdp' component'swhereby' the genetic material of the
rgdp,,_displaying" an sbp member or a polypeptide
component thereof encodes said sbp member or a
polypeptide component thereof, said sbp member of
polypeptide component thereof being expressed from a
phagemid as a capsid fusion, and a helper phage, or
a V plasmid ‘ expressing complementing phage genes, is

7 used along with said ,capsid fusions to package the
phagemid nucleic acid. V
The library or genetically diverse population may be

obtained "from; , a ' . '
(i) V'the repertoire of rearranged immunoglobulin

mfggenes of an animalimniunised with complementary
r f i sbp member,‘
(ii)~_' the repertoire of rearranged immunoglobulin

' “genes of an animal not immunised with

‘ ff, Complementary sbp member,
(iii) a‘ repertoire of artificially rearranged

. immunoglobulin gene or genes v
(iv! f 2: a-xrepertoire of immunoglobulin homolog gene or

-‘i genes: or r
(v)" .a mixture ofanyof (i), (ii), (iii) and (iv).

Theaifcapsid protein may be absent, defective or
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conditionally defective in the helper phage. 
The host cell may be a mutator strain· which 

introduces genetic diversity into the sbp member nucleic 
acid. 

5 The sbp member may comprise a domain which is, or is 
homologous to, an immunoglobulin domain. 

The rgdp may be a bacteriophage, the host a 
bacterium, and said component of the rgdp a capsid 
protein for the bacterophage. The phage may be a 

10 filamentous phage. The phage may be selected from the· 
class I phages fd, Ml3, fl, Ifl, lke, ZJ/Z, Ff and the 
class II phages Xf, Pfl and Pf3. The phage may be fd or 
a derivative of fd. The derivative may be tetracycline 
resistant. The said sbp member or polypeptide chain 

15 thereof may be expressed as a · fus~on with the gene III 
capsid protein of phage fd or its counterpart in another 
filamentous phage. The sbp member or polypeptide chain 
thereof may be inserted in the N-terminal region of the 
mature capsid protein downstream of a secretory leader 

20 peptide. The sequence may be inserted after amino acid 
+1 of the mature protein. The site for insertion may be 
flanked by short sequences corresponding to sequences 
which occur at each end of the nucleic acid to be 
inserted. For example where.4 the protein domain is an 

25 immunoglobulin domain, the insertion site in the phage 
may be flanked by nucleotide sequences which code for the 
first five amino acids and the last five amino acids of 
the Ig domain. Such flanking nucleotide sequences are 
shown in figure 4(2) B and C, wherein the site-flanking 

30 nucleotide sequences encode amino acid sequences QVOLO 
and VTVSS which occur at either end of the VH domain, or 
QVQLQ and LEIKR which occur at either end of the Fv 
( combined VH + VL ) domain. Each of these sequences 
flanking the insertion site may include a sui table 

35 cleavage site, as shown in Fig 4. 
Alternatively, the flanking nucleotide sequences 

shown in figur·e 4( 2 )B and C as described above, may be 
used to flank the insertion site for any nucleic acid to 
be inserted, whether or not that nucleic acid codes an 

40 immunoglobulin. 
The host may be E.coli. 
Nucleic acid encoding an sbp member polypeptide may 

be linked downstream to a viral capsid protein through a 
suppressible translational stop codon. 

45 As previously mentioned, the present invention also 
provides novel selection systems and assay formats. In 
these systems and formats, the gene sequence encoding the 
binding molecule ( eg. the antibody J of desired 
specificity is separated from a general population of 

50 rgdps having a range of specifies, by the fact of its 
binding to a specific target (eg the antigen or epitope). 
Thus the rgdps formed by said expression may be selected 
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or scr_eened to provide an individual. sbp member or a 
sel.ected mixed popul.ation of said sbp members associated 
in their respective rgdps ~ith nucl.eic acid encoding said 
sbp .member or. a polypepl:ide chain thereof. The rgdps may 
be selected . by affinity with a member complemem:ary to 
said sbp member~ 

Any . rgdps · bound -co.· said second member may be 
recovered by washing with an el.uant. The washing 
conditions may be varied in order to obtain rgdps with 

:!.0 different· binding affinities for said epitope. 
Alternatively, to obtain. eg high affinity rgdps, the 
compl.ementary.member (eg an epitope) may be ·presented to 
the population of rgdps ( eg pAbs) already bound to a 
binding m9mber in which case pAbs with a higher affinity 

15 for the epi tope will displace the already bound binding 
member. · • Thus the eluant may contain a molecule which 
competes .wi. th said rgd:r;> for binding to ,t~~? complementary 
sbp ine~ber. · The rgdp may be applied to said 
complementary -sbp ·meMber · in ·the presence of a molecule 

/.0 which . competes with said package for binding to said. 
complemi:mtary · · sbp member. Nucleic acid derived from a . 
selected ,or s.creened rgdp · may be used to express said sbp 
member o.r · a.· . fragment or derivative thereof in a 
recombinant host organism. Nucl.eic acid from one or more 

/.5 rgdps may be taken and used to provide encoding nucl.eic 
acid.ina further.said method to obtain an individual sbp 
member or_a mixed popul.ation of sbp members, or encoding 
nucleic acid therefor. The expression end product may be 
modified~oproduce a derivative thereof. 

JO .The expression end product or derivative thereof may 
be used .to prepare a therapeutic or prophylactic 
medicament or a diagnestic product. 

The present· invention also provides recombinant host 
cel.ls harbouring · a iibrary of nucl.eic acid fragments 

l5 comprising fragments encoding a genetically diverse 
populatiohof a· type of member of a specific binding pair 
{ sbp) , each·. sbp member or a polypeptide component thereof 
being expressed as . a fusion with a component of a 
secrete1ble replicable genetic display package ( rgdp) , so 

-10 that said sbp members are displayed on the surface of the 
rgdps in . functional form and the genetic material. of the 
rgdps encode the associated sbp member or a polypeptide 
component thereof. The type of sbp members may be 
immunogTobulins or immunoglobulin homologs, a first 

-15 polypeptide .chain of which is expressed as a said fusion 
with a. • component of the rgdp and a second polypeptide 
chain of·. which is exoressed in free form and associates 
withthe'fused first polypeptide chain in the rgdp. 

The • ·present invention also provides a helper phage 
:·0 whose genome . lacks nucleic acid encoding· one of its 

capsid proteins, or whose encoding nucleic acid therefor 
is. conditionally defective, or which encodes said .capsid 
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or screened to provide an individual‘ sbp member or a
selected mixed pdpulation of said sbp members associated

in their reSpective rgdps with nucleic acid encoding said
sbp member or a pelypeptide chain thereof. The rgdps may
be selected_by affinity with a member complementary to
said sbp member; ,

Any argdps “bound to, said second member may be
recovered byfl waShing with an eluant. The washing
conditions may be varied in order to obtain rgdps with
differeptd binding affinities for said epitope.
Alternativelyq to obtain. eg high affinity‘ rgdps, the
complementary member (eg an epitope) may be presented to

the population of_ rgdps (eg pAbs) already bound to a
binding member in which case pAbs with a higher affinity
for the epitope will displace the already bound binding
member.~ Ehus the eluant may contain a molecule which
competes with said rgdp for binding to the complementary
sbp member. ‘The rgdp may be applied to said
complementary‘sbpfmember'in'the presence of a molecule
which .competes .with said package for binding to said
complementary sbp member, Nucleic acid derived from a.
selected or screened rgdp may be used to express said sbp
member or‘ a -fragment or derivative thereof in a
recombinant host organism. Nucleic acid from one or more
rgdps mabee taken'and_used to provide encoding nucleic
acid_in a further said method to obtain an individual sbp
member orfla mixed population of sbp members, or encoding

nucleic acid therefor. ‘The expression end product may be
modified to produce a derivative thereof.

pThe-expression end product or derivative thereof may
be vusedw to prepare a therapeutic or prophylactic
medicament or a diagnestic product.

The present invention also provides recombinant host
cells’ harbOuring~ a library of nucleic abid fragments
comprising fragments enCoding a genetically diverse

population of a'type of member of a specific binding pair
{sbp}, each sbp member or a polypeptide component thereof
being Vexpressed -as .a fusion with a component of a
secretable replicable genetic display package (rgdp), so
that said sbp members are displayed on the surface of the
rgdps in functional form and the genetic material of the
rgdps encode the associated sbp member or a polypeptide
component thereof. The type of sbp members may be
immundglobulins Or immunoglobulin homologs, a first
polypeptide Chain of which is expressed as a said fusion
with a component of the rgdp and a second polypeptide
chain offiwhich is expressed in free form and associates
witthherused first polypeptide chain in the rgdp.

r The present invention also provides a helper phage
whose genome .lacks nuCleic acid encoding' one of its
capsid proteins, or whose encoding nucleic acid therefor
is conditionally defective, or which encodes said.capsid
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protein in defective or conditionally defective form. 
The present invention also provides a bacterial host 

cell containing a filamentous phage genome defective for 
a capsid protein thereof and wherein the host:· cell is 
capable of exp::-essing capsid protein complementing said 
defect such that infectious phage particles can be 
obtained tnerefrom. The complementing capsid protein may 
be expre~sed in said host from another vector contained 
therein. The defective capsid protein may be gene III of 
phage fd or its counterpart in another filamentous phage. 

The · present invention also provides recombinant 
E.coli TGl M13K07 giii No. 3 (NCTC 12478). 

The present invention also provides a phage antibody 
having the form of a replicable genetic display package 
displaying on its surface in functional form a member of 
a specific binding pair or a specific binding domain 
thereof. 

In the above methods, the binding molecule may be an 
antibody, or a . domain that is homologous to an 
immunoglobulin. The antibody and/or domain may be either 
naturally derived or synthetic or a combination of both. 
The domain may be a Fab, scFv, Fv dAb or Fd molecule. 
Alternatively, the binding molecule may be an enzyme or 
receptor or fragment, derivative or analogue of any such 
enzyme or receptor. Alternatively, the binding molecule 
may be a member of an immunoglobulin superfamily and 
which has a structural form based .on an immunoglobulin 
molecule. 

The present invention also provides rgdps as defined 
above and members of specific binding pairs eg. binding 
molecules such as antibodies, enzymes, receptors, 
fragments and derivatives thereof, obtainable by use of 
any of the above defined methods. The derivatives may 
comprise members of the specific binding pairs fused to 
another molecule such as an enzyme or a Fe tail. 

The invention also includes kits for· carrying out 
the methods hereof. The kits will include the necessary 
vectors. One such vector will typically have an origin 
of replication for single stranded bacteriophage and 
either contain the sbp member nucleic acid or have a 
restriction site for its insertion in the 5' end region 
of the mature coding sequence of a phage capsid protein, 
and with a secretory leader coding sequence upstream of 
said site which directs a fusion of the capsid protein 
exogenous polypeptide to the periplasmic space. 

The restriction sites in the vectors are preferably 
those of enzymes which cut only rarely in protein coding 
sequences. 

The kit preferably includes a phagemid vector which 
may have the above characteristics, or may contain, or 
have a site for insertion, of sbp member nucleic acid for 
expression of the encoded polypeptide in free form. 
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The _kits will also contain ancillary components 
required for carrying out the method, the nature of such 
components - depending. of course on the particular method 
employed. ' . 

5 · . Useful ancillarY components may comprise helper 
phage, PCR primers, and buffers and enzymes of various 
kinds.: . . . . 

PCR primers and associated reagents for use where 
the sbp •- members are antibodies may have the following 

10 characteristics:_·._-
( i ) primers having homology to the 5 ' end of the sense 

or anti-sense strand of sequences encoding domains 
of antibodies: and 

( ii) primers ·including tag sequences 5' to these 
15 homologous • sequences which incorporate restriction 

· ·. site::; to ·allow insertion into vectors; together with 
sequences to allow assembly of amplified VH and VL 
regians . to enable expression as Fv, scFv or Fab 
fragments. . . 

20 Buffers .and -· enzymes _ are typically used to enable-
preparatic:m of nucleotide sequences encoding Fv, scFv or 
Fab fragments 'derived from rearranged or unrearranged 
immunoglobulin genes according to the strategies 
described.· herein. · · 

25 The appl_1cants have chosen the filamentous F-
specific ·bacteriophages as an example of the type of 
phage whiCh. qould provide a vehicle for the display of 
binding m9lecules e.g. antibodies and antibody fragments 
and derivatives thereof, ·.on their surface and facilitate 

30 subsequen~ selection and manipul.ation. 
· .. The F-specific phages (e.g. fl, fd and M13) have 

evolved a method of propagation which does not kill the 
host cell · and they . are used commonly as vehicles for 
recombinant ·DNA. (Kornberg, A., DNA Replication, w.H. 

35 Freeman arid Co., ·San· Francisco, 1980). The single 
stranded '·DNA genome (approximately 6. 4 Kb) of fd is 
extruded . through .the · bacterial membrane where it 
sequesters capsid sub-units, to produce mature virions. 
These . virions are 6 nm in diameter, lpm in length and 

40 each contain approximately 2, BOO molecules of the major 
coat protein encoded by vir·al gene VIII and four 
molecules : of the adsorption molecule gene III protein 
( g3p) the'· latter is located at one end of . the virion. 
The struc~ure has been reviewed by Webster et al., 1978 

45 in The Single Stranded DNA Phages, 557-569, Cold Spring 
Harbor Laboratory Press. The gene III product is 
involved>_.:i.:n the binding of. the phage to the bacterial F-
pilus. . : . · 

. _·.Although these phages do not kill their host during 
50 nornialreplication, disruption of some of their genes can 

lead to cell ·death (Kornberg, A., 1980 supra.) This 
places some restraint on their use. The applicants have 

<-:·.·.· 
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recognized that gene III of phage fd is an attractive 
possibility for the insertion of biologically active 
foreign sequences. There are however, other candidate 
sites including for example gene VIII and gene VI. 

The protein itself is only a minor component of the 
phage coat and disruption of the gene does not lead to 
cell death {Smith, G. 1988, Virology 167: 156-165). 
Furthermore, it is possible to insert some foreign 
sequences (with no biological function) into various 
positions within this gene (Smith, G. 1985 Science 228: 
1315-1317., Parmley, S.F. and Smith, G.P. Gene: 73 (1988) 
p. 305-318., and de la Cruz, V.F., et al., 1988,~. Biol. 
Chern., 263: 4318-4322). Smith et al described the 
display of peptides on the outer surface of phage but 
they did not describe the display of protein domains. 
Peptides ·can adopt a range of structures which can be 
different when in free solution, than when bound to, for 
example, an antibody, or when forming part of a protein 
(Stanfield, R."I. et al., (1990) Science 248, p712-719). 
Proteins in general have a well defined tertiary 
structure and perform their biological function only when 
adopting this structure. For example, the structure. _Qf 
the antibody Dl.3 has been solved in the free form and 
when bound to antigen (Bhat, T.N •. et al., (1990) Nature 
347, p483-485). The gross structure of the protein is 
identical in each instance with only minor variations 
around the binding site for the antigen. Other proteins 
have more substantial conformation changes on binding of 
ligand, for instance the enzymes hexokinase and pyruvate 
dehydrogenase during their catalytic cycle, but they 
still retain their overall pattern of folding. This 
structural integrity is not confined to whole proteins, 
but is exhibited by protein domains. This leads to the 
concept of a folded unit which is part of a protein, 
often a domain, which has a well defined primary, 
secondary and tertiary structure and which retains the 
same overall folding pattern whether binding to a binding 
partner or not. The only gene sequence that Smith et 
al., described that was of sufficient size to encode a 
domain (a minimum of perhaps 50 amino acids) was a 335bp 
fragment of a f3-galctrosidase corresponding to 
nucleotides 861-1195 in the ~-galactosidase gene sequence 
(Parmley, s. + Smith, G.P. 1988 supra. This would encode 
112 amino acids of a much larger 380 amino acid domain. 
Therefore, prior to the present application, no 
substantially complete domain or folded unit had been 
displayed on phage. In these cases, although the 
infectivity of the virion was disrupted, the inserted 
sequences could be detected on the phage surface by use 
of e.g. antibodies. 

The protein encoded.by gene III has several domains 
(Pratt, D., et al., 1969 Virology 39:42-53., Grant, R.A., 
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et al., 1981, J .: -Biol. Chern. 256: 539-546 and Armstrong, 
J.,. et al .. , . FEBS Lett. 135: . 167-172 1981. ) including: ( i) 
a signal.•seqt.~ence that· directs the protein to the cell 
membrane .·.and ·which · is then cleaved off: ( ii ) a domain 

5 that · anchOrs .the mature protein into the bacterial cell 
membrane · (and also the phage coat) ; and (iii ) a domain 
that specifically · binds to the phage receptor, the F
pilus of.· the _host bacterium. Short sequences derived 
from protein molecules have been inserted into two places 

10 within ttie mature molecule (Smith, G., 1985 supra., and 
Parmleyi -S.F. and Smith G. P., 1988 supra.). Namely, into 
an inter~domain. region and also between amino acids 2 and 
3 at the N~terminus. The . insertion sites at the N
terminus· · were more ·successful in maintaining the 

15 structural integri.ty of the gene III protein and 
displaying the_peptides on the surface of the phage. By 
use. of a,ntisera. specific for the peptides, the peptides 
inserted: 'into • this position were shown to be on the 
surface. of •. the phage. These authors were also able to 

20 purify the. phage, using this _property. However, the 
peptides.: expressed by the phage-, did not possess 
measurable biological functions of their own. 

Retaining the biological function of a molecule when 
it .is . exl;>ressed in a radically different context to its 

25 natural state is difficult .. The demands on the structure 
of the· -IDQlecule are heavy.· In contrast, retaining the 
ability -'-to be bound by specific antisera is a passive 
process whiCh imposes far less rigorous demands on the 
structure. of ·the molecule. For example, it is the rule 

30 rather -than. the exception that polyclonal antisera will 
recognise totaily denatured, and biologically inactive, 
proteins • .on • Western ·blots (see for example, Harlow, E. 
and ·.Lane., D .. , Antibodies, a Laboratory Manual, Cold 
Spring ·Harbor Laboratory Press 1988). Therefore, the 

35 insertion of peptides into a region . that allows their 
structure_ to ··be probed with antisera teaches only that 
the regiqn .. allows the inserted sequences to be exposed 
and does/nOt teach that the region is suitable for the 
insertion of large sequences with demanding structural 

40 . constraj,:nts -· for the display of a molecule with a 
biological or ·binding .function. In particular, it does 
not teach that domains or folded units of proteins can be 
displayed from sequences inserted in this region. 

Thi.s experience with western blots · is a graphic 
45 practical. demonstration which shows that retaining the 

ability to be bound by specific antisera imposes far less 
rigorous~emands on the structure of a polypeptide, than 
does folding for the retention o£ a biological function. 

Studies have been carried out, in which E.coli have 
50 been manipulated . to express the protein j3~ad::;:~nergic 

receptor ' as a fusion with the · outer membrane protein 
lamB.. ·. The (j-adrenergic receptor was expressed in a 
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et al., 17981;, J..'«‘Biol. Chem. -2_5§‘: 539-546 and Armstrong,
3.,ye’t all... ,FEBS- Lett. grim-172 1.981.) includingi (i)
a signal"“"sequence that v directs the protein to the cell

-- membrane-Land "which ' is then cleaved off: (ii) a domain

that ' anchors the mature protein into the bacterial cell
membrane ‘(and also "the phage coat); and (iii) a domain
that specifically binds to the phage receptor, the F-

pilus 'ofu‘the host bacterium. Short sequences derived
from protein molecules have been inserted into two places
withingthejmature molecule (Smith, G., 1985 supra., and
Parml'ey, {5.3. and" Smith G.P., 1988 supra-J. Namely, into
an inter—domain. region and also between amino acids 2 and
3 at the N-‘termi‘nus. The. insertion sites_at the N-
terminusf‘were more successful in maintaining the
structural integrity of the gene III protein and
displaying the, peptides on the surface of the phage. By
usefof antisera. specific for the peptides, the peptides
insertedfi‘intoi this position were shown to be on the
surface; of the phage. These authors were also able to
purify the. phage, using this property. However, the
peptidesifexpressed by the phage, did not possess
measurable biological functions of their own.

Retaining the biological function of a molecule when
it is» expressed in .a radically different context to its
natural state is difficult. ,The demands on the structure
of the'molecule are heavy.' In contrast, retaining the
ability-“to- ‘be bound by specific antisera is a passive
process _.'whii:h imposes far less rigorous demands on the
structure of the molecule. For example, it is the rule
ratheri'tha'n- the exception that polyclonal antisera will
recognise totally denatured, and biologically inactive,
proteins'xon western blots (see for example, Harlow, E.
and "Lane, D.., .Antibodies, a Laboratory Manual, Cold
Spring Harbor Laboratory Press 1988). Therefore, the
insertion‘ of" peptides into a region that allows their
structure, to 'be probed with antisera teaches only that
the region- allows the inserted sequences to be exposed

and doesrg’not. teach that the region is suitable for the
insertion; of‘ large sequences with demanding structural
constraints' for the display of a molecule with a
biological. or binding function. In particular, it does
not teachthat, domains or folded units of proteins can be
displayed from-sequences inserted in this region.

This experience with Western blots" is a graphic
practical . demonstration which shows that retaining the

ability tobe bound by specific antisera imposes far less
rigorous-Zdemands on the structure of a polypeptide, than

does folding for the retention of a biological function.
. Studies 'have .7 been carried out, in which. E.coli have

been manipulated ,to express the protein B-‘adrenergic
receptor ‘ as a fusion with the outer membrane protein

lamB.. :-‘_The B'-adrenergic receptor was expressed in a
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=unc~ional form as determined by the presence of binding 
activity. However, when an equivalent antibody fusion 
was made with lamB, the an~ibody fusion was toxic ~o the 
has~ cell. 

Th~ applic3nts have investiga~ed the possibility of 
inser~ing the gene coding sequence for biologically 
active antibody fragmen~s into the gene III region of fd 
to express a large fusion protein. As is apparent from 
the previous discussion, this approach makes onerous 
demands on the functionality of the fusion protein. The 
insertion is large, encoding antibody fragments of at 
least 100-200 amino acids: the antibody derived domain 
must fold efficiently and correctly to display antigen
binding: and most of the functions of gene III must be 
retained. The applicants approach to the construction of 
the fusion molecule was designed to minimise the risk of 
disrupting these functions. In an embodiment of the 
invention, the initial vector used was fd-tet (Zacher, 
A.N., et al., 1980, Gene 9, 127-140) a tetracycline 
resistant version of fd bacteriophage that can be 
propagated as a plasmid that confers tetracycline 
resistance to the infected E.coli host. The applicants 
chose to insert after the signal sequence of the fd gene 
III protein for several reasons. In particular, the 
applicants chose to insert after amino acid 1 of the 
mature protein to· retain the context for the signal 
peptidase cleavage. To retain the structure an~ function 
of gene III itself, the majority of the original amino 
acids are synthesized after the inserted immunoglobulin 
sequences. The inserted immunoglobulin sequences were· 
designed to include residues from the switch region that 
links VH-VL to CHl-CL (Lesk, A., and Chothia, c., Nature 
335, 188-190, 1988). 

Surprisingly, by manipulating gene :II of 
bac~eriophage fd, the present applicants have been able 
to construct a bacteriophage that displays on its surface 

. large biologically functional antibody, enzyme, and 
receptor molecules whilst remaining intact and 
infectious. Furthermore, the phages bearing an~ibodies 
of desired specificity, can be selected from a background 
of phages not showing this specificity. 

The sequences coding for a population of antibody 
molecules and for insertion into the vec~or to give 
expression of antibody binding functions on the phage 
surface can be derived from a variety of sources. For 
example, immunised or non-immunised rodents or humans, 
and from organs such as spleen and peripheral blood 
lymphocytes. The coding sequences are derived from these 
sources by techniques familiar to those skilled in the 
ar~ (Orlandi, R., et al., 1989 supra; Larrick . .:;.w., et 
al., ·1989 supra: Chiang, Y.L., et al., 1989 Bi.o 
Techniques z, p. 360-366: ~'lard, E."S, et al., 1989 supra; 
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Sastry, L·., et al., 1989 supra. J or by novel linkage 
stra1:egies described in examples 14, 33. 40 and 42. 
Novel s.trategies are described in examples 7, 25, 33. 39 
and 40 for ·displaying dimeric molecules eg Fab and Fv 
fragments on the surface of a phage. Each individual pAb 
in the resulting library of pAbs will express antibodies 
or antibody·. deri. ved fragments that are monoclonal with 
·respect .. to· their antigen-binding characteristics. 

The· disclosure made ·by the present applicants i.s 
i.mportant<and.provides a significant breakthrough in the 
technology . relating to the production of b,iological 
bindingmolecules, their fragments and derivatives by the 
use.of recombinant methods. 

In :. standard · recombinant te.chni.ques for the 
production of antibodies, an expression.vector containing 
sequences coding for the antibody. polypeptide chains is 
used to transform e.g. E. coli. The antibody polypeptides 
are · expressed and detected by use o·f standard screening 
systems.· ·When the screen detects · an antibody polypeptide 
of the .. desired specifi.ci. ty, one has to return to the 
particular transformed E. coli expressing the desired 
antibody polypeptide. Furthermore, the vector containing 
the codirig· sequence for the desired antibody polypeptide 
thei1 has to· be isolated for use from E.coli in further 
processing steps. 

In the present invention however, the desired 
antibody polypeptide when expressed, is already packaged 
with its,gene coding sequence. This means that when the 
an . antibody polypeptide of desired specificity is 
selected, · there · is no . need to return to the original 
culture for isolation of that sequence. Furthermore, in 
previous methods in standard recombinant techniques, each 
clone ·.expressing ant;i.body needs to be screened 
individually.. The present application provides for the 
selection' of · c::lones expressing antibodies with desired 
properties and thus only requires screening of clones 
from an ehriched pool. 

Because a rgdp (eg a pAb) is a novel structure that 
displays a memper of a specific binding pair . ( eg. an 
antibody . of. iti6noclonal antigen-binding speci.fi.ci ty) at 
the surface of· a relatively simple replicable structure 
also containing the gen~ti.c information encoding the 
memb.er, rgdps ' eg pAbs, that bind to the complementary ' 
member of the specific binding pair ( eg · antigen) can be 
recovered very efficiently by either eluting off the 
complementarY member using for example diethylamine, high 
sal.t etc and infecting sui. table bacteria, or by 
denaturing the structure, and specifically amplifying the 
sequences, encoding the member using PCR. That is, there 
is no necessity to refer back to the original bacterial 
clone.that gave rise to the pAb. 

For: some ·purposes, for example immunoprecipi.tation 
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Sastry, Lu, et al., l§89 supra.) or by novel linkage

strategies described in rexamples 14, 33. 40 and 42.
Novel strategies are described in examples 7, 25, 33, 39
and 40 is: displaying dimeric molecules eg Fab and Fv
fragmentsfon-the surface of.a phage. Each individual pAb
in the resulting library of pAbs will express antibodies
or antibody derived fragments that are monoclonal with

'respect to their antigen-binding characteristics.
The. disclosure made by the present applicants is

important and provides a significant breakthrough in the
technology relating- to the production of biological
binding molecules, their fragments and derivatives by the
use of recombinant methods.

.In :Standard Vrecombinant techniques for the
production of antibodies, an expression vector containing

sequences coding_£or the antibody polypeptide chains is
used to transform e}g. E.coli. The antibody polypeptides
are expressed and detected by use of standard screening
systems. ‘Nhen the screen detects an antibody polypeptide
of the ,deSired .specificity, one has to return to the
particular transformed E.coli expressing the desired
antibody polypeptide. Furthermore, the vector containing
the coding sequence for the desired antibody polypeptide
then has to be isolated for use from E.coli in further
processing steps. , .

In ‘the' present invention however, the desired
antibody polypeptide when eXpressed, is already packaged
with its gene coding sequence. This means that when the
an -antibody polypeptide of desired specificity is
selected,' there' is no. need to return to the original
culture for isolation of that sequence. Furthermore, in
previous methods in standard recombinant techniques, each
clone gexpressing antibody needs to be screened
individually. The present application provides for the
selection‘of clones expreSsing antibodies with desired
properties and thus only requires screening of clones
from an enriched pool. -

“ Because a rgdp (eg a pAb) is a novel structure that
displays ;a. member of a ,specific binding pair V(eg. an

antibody fof’ monoclonal antigen—binding specificity) at
the_surface of a relatively simple replicable structure
also containing the genetic information encoding the
member, ‘rgdps eg' pAbs, that bind to the complementary'
member of the specific binding pair (eg antigen) can be
recovered_ very ‘efficiently by either eluting off the
complementary member using for example diethylamine, high

salt :ett, and 'infecting suitable bacteria, or by
denaturing the structure, and specifically amplifying the
sequences encoding the member using PCR. That is, there
is no necessity to refer back to the original bacterial
clone that gave rise to the pAb.

For some purposes, for example immunoprecipitation
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and some diagnostic tests, it is advantageous to use 
polyclonal antibodies or antibody fragments. The present 
invention allows this to be achieved by either selection 
of an enriched pool of pAbs with desired properties or by 

5 mixing· individually isolated clones with desired 
properties. The antibodies or antibody fragments may 
then be expressed in soluble form if desired. Such a 
selected polyclonal pAb population can be grown from 
stocks of phage, bacteria containing phagemids or 

10 bacteria expressing soluble fragments derived from the 
selected polyclonal population. Thus a reagent 
equivalent to a polyclonal antiserum is created which can 
be replicated and routinely manufactured in culture 
without use of animals. 

15 SELECTION FORMATS AND AFFINITY MATURATION 
Individual rgdps eg pAbs expressing the desired 

specificity eg for an antigen, can be isolated from the 
complex library using the conventional screening 
techniques (e.g. as described in Harlow, E., and Lane, 

.20 D., 1988,. supra Gherardi, E et al. 1990. J. Immunol.· 
meth. 126 p61-68). 

The applicants have also devised a 3eries of novel 
selection techniques that are practicable only because of 
the unique properties of rgdps. The general outline of 

25 some screening procedures is illustrated in figure 2 
using pAbs as an example type of rgdp. 

The population/library of pAbs to be screened could 
be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 

30 antibodies (using. techniques well-known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J., et 
al. , 1989 Molecular Cloning a. Laboratory Manual, Cold 
Spring Harbor Laboratory Press). This population can be 
screened in one or more of the formats described below 

35 with reference to figure 2, to derive those individual 
pAbs whose antigen binding properties· are different from 
sample c. 
Binding Elution 

Figure 2 ( i ) shows antigen ( ag) bound to a solid 
40 surface ( s ) the solid surface ( s) may be provided by a 

petri dish, chromatography beads, magnetic beads and the 
like. The population/library of pAbs is then passed over 
the ag, and those individuals p that bind are retained 
after washing, and optionally detected with detection 

45 system d. A detection system based upon anti-fd antisera 
is illustrated in more detail below in example 4. If 
samples of bound population p are removed under 
increasingly stringent conditions, the binding affinity 
represented in each sample will increase. Conditions of 

50 increased stringency can be obtained, for example, by 
increasing the time of soaking or changing the pH of the 
soak solution, etc. 
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Competition . 
. ·Referring to figure 2( ii) antigen ag can be 

bound to a solid support s and bound to saturation by the 
original binding ·molecule c. If a population of mutant 

5 pAb. (or . a .. set . of unrelated pAbs) is offered to the 
complex, only those that have higher affinity for antigen 
ag than c will bind. In most examples, only a minority 
of populati6n c will be displaced by individuals from 
population p. · If c is a traditional antibody molecule, 

10 all bound material can be recovered and bound p recovered 
by infecting suitable bacteria and/or by use of s-candard 
techniques.such as PCR. 

An advantageous application is where ag is used as a 
receptor and c the corresponding ligand. The recovered 

15 bound population p is then related structurally to the 
receptor :binding site/and or ligand. This type of 
specificity· is known to be very useful in the 
pharmaceutical industry. · 

Another advantageous application is where ag is an 
20 antibody and c · ·its antigen. The recovered bound 

population p is then an anti-idiotype antibody which have 
numerous uses in. research and the diagnostic and 
pharmaceutical industries. 

At present. it is difficult to select directly for 
25 anti-idiotype antibodies. pAbs would give the ability to 

do this girectly by binding pAb libraries (eg a naive 
library) to B cells (which express antibodies on their 
surface) :and isolating those phage that bound well. 

· Iri. some in:stances it may prove advantageous to pre-
30 select population p. For example, in the anti-idiotype 

exe1mple above, p can be absorbed against a related 
antibody that does not bind the antigen. 

However, if c is a pAb, then either or both c and p 
can. advantageously be marked in some way to both 

3 5 distingui·sh . and select for bound p over bound c. This 
marking can be ·physical, for example, by pre-labelling p 
wi.th biotin; · or. more advantageously, genetic. For 
example, c can be marked with an EcoB restriction site, 
whilst p.can·be·marked with an EcoK restriction site (see 

40 Carter;. P. et al.; 1985, Nucl. Acids Res. 13, 4431-4443). 
When bound p+c are eluted from the. antigen and used to 
infect suitable bacteria, there is restriction (and thus 
no growth) ·of . population c {i.e. EcoB restricting 
bacteria in this example). Any phage that grew, would be 

45 greatly ~iched for those individuals from p with higher 
binding ~ffinities. Alternatively, the genetic marking 
can be. achieved ·by marking p with new sequences, which 
can be. · used .to specifically amplify p from the mixture 
using PGR~ · 

50 · · Since the · bound pAbs can be amplified us=-.ng for 
example · PCR .or bacterial infection,. it is also possible 
to rescu~ thedesired specific;i..ty even.when insufficient 

.. 
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individ~als are bound to allow detection via conventional 
techniques . · 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity 

5 or affinity wil._ often be elution from ari affinity matrix 
with a ligand (eg example 21). Elution with increasing 
concentrations of ligand should elute phage displaying 
binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 

10 avidity (or another protein to its binding partner) it 
may not be possible to elute the pAb from an affinity 
matrix with molecule related to the anti·gen. 
Alternatively, there may be no suitable specific eluting 
molecule that can be prepared in sufficiently high 

15 concentration. In these cases it is necessary to use an 
elution method which is not specific to eg the antigen
·antibody complex. Some of the non-specific elution 
methods generally used reduce phage viability ~or 
instance, phage viability is reduced with time at pH12 

20 {Rossomando, E.F. and Zinder N.D. J. Mol.Biol. 36 387-399 
1968). There may be interactions between eg antibodies 
and affinity matrices which cannot be disrupted without 
completely removing phage infectivity. In these cases a 
method is required to elute phage which does not rely on 

25 disruption of eg the antibody - antigen interaction. A 
method was therefore· devised which allows elution of 
bound pAbs under mild conditions (reduction of a dithiol 
group with di thiothrei tal ) which do not disrupt phage 
structure (example 47). 

30 This elution procedure is just one example of an 
elution procedure under mild conditions.. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino. acids constituting a recognition 
site for cleavage by ·a highly specific protease between 

35 the foreign gene inserted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
affinity matrix and elution to remove non-specific 

40 binding phage and weak binding phage, the strongly bound 
phage would be removed by washing ~he column with 
protease under conditions sui table for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting .the phage. ·These phage 

45 would be expected to be infective, since the only 
protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli TGl cells. 

An alternative procedure to the above is to take the 
50 affinity matrix which has retained the strongly bound pAb 

and extract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
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transform E.coli host cells or alternatively the antibody 
encoding sequ:ences can be amplified, for example using 
PCR with ~uitable primers such as those disclosed herein, 
and . then. inserted into a vector for expression as a 

5 soluble antibody for further study or a pAb for further 
rounds . of .·selection. 

Another preferred method for selection according to 
affinity .. =would be by binding to an affinity matrix 
containing low amourits of· ligand. 

10 If one wishes to select from a population of phages 
displaying a · protein molecule with a high affinity for 
its ligarid,: a· preferred strategy is to bind a population 
of phage : to an affinity . matrix which contains a low 
amount o~ ligapd. There is competition between phage, 

15 displaying.· high affinity and low affinity proteins, for 
binding to · the . ligand on the matrix. Phage displaying 
high affinity protein is · preferentially bound and low 
affinity prote~I1 . is washed away. The high affinity 
protein ~? then recovered by elution with the ligand or 

20 by· other-. procedures which elute the phage from the 
affinity.matrix(example 35 demonstrates this procedure). 

In summacy then, for recovery of the packaged DNA 
from the affinity step, the package can be simply eluted, 
it can be eiuted in. the presence of a homologous sbp 

25 member willch competes with said package for binding to a 
compl~'ta.ry sbp meniber~ it could be removed by boiling, 
it -·could be. removed by proteolytic cleavage of the 
protein:· and other methods will be apparent to those 
skilled i'n · the art eg. destroying the link between the 

30 substrat~a and complementary sbp member . to release said 
pat:kaged·ONA and sbp member. At any rate, the objective 

· is to ob;:ain. the DNl\ from the package so that it can be 
used . directly or indirectly, to express the sbp member 
encoded thereby. · 

35 The <~fficiency of this selection procedure for pAbs 
and- the ability to create very large. libraries means that 
the immunisation· techniques developed to increase the 
proportion of . screened cells producing antibodies of 
interest _ wili . not. be an absolute requirement. The 

40 technique . allows the rapid isolation of binding 
specificities eg-aritigen-binding specificities, including 
those that would be difficult or even unobtainable by 
conventional tet:hniqu:es, for example, catalytic or anti
idiotypic. antibodies. .. Removal of the animal altogether 

45 is now possible,_· once . a complete library of the immune 
repertoire. has been constructed. . 
The novel.structure of the pAb molecule can be used in a 
number of other applications, some examples of which are: 
Signal AmPlification . 

50 · Act~g as .a novel molecular entity in itself, rgdps 
eg pAbs combine the ability to bind a specific molecule 
eg antigen with ~plification, if the major coat protein 

. ~: .. 
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is used to attach another moiety. This moiety can be 
attached via immunological, chemical, or any other means 
and can be used, for example, to label the complex with 
detection reagents or cytotoxic molecules for use in vivo 

.5 or in vitro. 
PhySicar-Detection 

The size of the rgdps eg pAbs can be used as a 
marker particularly with respect to physical methods of· 
detection such as electron microscopy and/or some 

10 biosensors, e.g. surface plasmon resonance . 
. Diagnostic Assays 

The rgdps eg pAbs also have advantageous uses in 
diagnostic assays, particularly where separation can be. 
effected using their physical properties for example 

15 centrifugation, filtration etc. 
In order that the invention is more fully 

understood, embodiments will now be described in more 
detail by way of example only and not by way of 
limitation with reference to the figures described below. 

20 Figure 1 shows the basic structure of the simplest 
antibody molecule IgG. 

Figure 2 shows schematically selection techniques 
which utilise the unique properties of pAbs; 2i) shows a 
binding/elution system; and ( 2ii) shows a competition 

25 system ( papAb; ag•antigen to which binding by pAb is 
required; c•competi tor population e.g. antibody, pAb, 
ligand; s=substrate (e.g. plastic beads etc); d•detection 
system. 

Figure 3 shows the vector fd-tet and a scheme for 
30 the construction of vectors, fdTPs/Bs (for insertion of 

VH coding sequences) and fdTPs/Xh for the insertion of 
scFv coding sequences. 

Figure 4 . shows the nucleotide sequences for the 
oligonucleotides and vectors. All·sequences are drawn 5' 

35 to 3 • and are numbered according to Beck et a1., .1978, 
Nucl. Acid Res., 5: 4495-4503. 4.1 shows the sequences 
of the oligonucleotides used for mutagenesis (oligo's 1 
and 2) or sequencing (oligo 3). The sequences shown were 
synthesized on an Applied Biosystems, oligonucleotide 

40 synthesizer and are complementary to the single stranded 
form of fd-tet (they are in the anti-sense form. with 
respect to gene III). 4. 2 shows the sequences of the 
various constructs around the gene III insertion site. 
These sequences are drawn in the sense orientation with 

45 respect to gene III; (A) fd-tet (and fdTcSBst) (B) 
fdTPs/Bs and (C) fdTPs/Xh. The key restriction enzyme 
sites are.shown along with the immunoglobulin amino acids 
contributed by the vectors, ( amino acid single letter 
code is used, see Harlow, E., and Lane, D., 1988 supra.). 

50 Figure 5 shows the nucleotide and amino acid 
sequences for scFv in the vector scFvD1.3 myc·. This 
gives the sequence of the anti-lysozyme single chain Fv 
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_and s~rrounding sequences in scFv01.3 myc, showing the N
terminal:.pel- B signal peptide sequence and the C-terrninal 
myq -tag sequence - ( Ward, E • S. , et al. , 19 8 9, supra. ) . 
Also shoWJ)is the peptide sequence linking the VH and VL 
regions. -- The- am:lno acid-- sequence is :cepresented above 
the- nucleotide sequence by the single letter code, see 
Harlow, E~, and Lane o.; 1988 supra. 

F~g~ 6 shows the binding of pAbs to lysozyme and 
the effect of varying the amount of supernatant. Each 
point is-the average of duplicate samples. Lysozyme was 
coated at':1 mg/ml in 50 mM NaHC03. -

-Figure 7 . shows -the effect of varying the coating 
concentration of lysozyme or bovine serum albumin on the 
bindirig of pAbs .to lysozyme in graphical form. Each 
point is the average of duplicate samples. 

Figtire 8 shows the sequence around the cloning site 
in gene ·Iti- ot' fd-CAT2. · -_Restriction enzyme sites are 
shown as - _well· as the amino acids encoded by antibody 
derived- ~equences.. ·These are flanked at the 5' end by 
the . gene :; III signal peptide and at the 3' end by 3 
alanine_ residues (encoded by the Not 1 restriction site) 
and. the remainder of the mature gene III protein. The 
arrow shows the cleavage site for cutting of the signal 
peptide.-___ - -

Figure-- _9 _ shows the binding of pAb ( 1. 3) to 
lysozymes-. Binding of phage as detected by ELISA to (a) 
heri egg-white lysozyme -( HEL) (b) turkey egg-white 
lysozyme _ (TEL), (c) human lysozyme ( HUL), (d) bovine 
serum al.bw.!P.J:l· ( BSA) • A further control of (e) fdTPs/Bs 
to HEL. . - . · 

Figure 10 shows a map of Fab01.3 in pUC19. 
Figure_ 11 shows the ELISA resul. ts providing a 

compari~Qri of lysozyme-binding by phage-Fab and phage-
scFv. ___ Vec;:tor=fdCAT2 (example. 5); fdscFv( OX) =pAbNQ11 
(Example_ 9 ) ; fdVHCHl ( 01. 3 ) =grown in normal cells ( i.e. 
no L chain, - see example 7); fdFab( Dl. 3) i.e. fdVHCHl 
(01.3) grown in cells containing Dl.3 L chain; fdscFv 
( 01.3 )=PAQDl:. 3. 

_ Figu;-e · 12 shows oligonucleotide probing of affinity 
purified- -,phage. 1012 phage in the ratio of 1 pAb ( 01.3) 
in 4 x 104 fdTPS/Bs phages were affinity purified and 
probed. -:With -an oligonucleotide specific for pAb ( 01.3) A 
is-~ filter after one.round of affinity purification (900 
colonies ;,total) and B is a filter after two rounds ( 372 · 

- colonies total ) • 
- Figure i3 s.hows the sequence of the anti-oxazol.one 

antibody fragmemt _ NQ11 scFv. The sequence contributed by 
the ·li!lk~ is shown in the lower case. The sequence for 
VH is before. the linker sequence and the sequence for VL 
is after the linker. · · 

Figure · 14 shows the . ELISA results for binding. pAb 
NQll anQ: pAb _- 01._3 arid ·vector fdTPs/xh to specified 
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antigens. 
Figure 15 shows the sequence surrounding the phoA 

insertion in fd-phoAla166. The restriction sites used 
for cloning are shown, as well as the amino acids encoded 
by phoA around the insertion site. The first five amino 
acid~ of the mature fusion come from gene III. 

Figure 16(1) shows the structure of gene III and the 
native BamHI site into which a scFv coding sequence was 
inserted in example 13 and figure 16(2) shows the natural 
peptide linker sites A and B for possible insertion of 
scFv coding sequences. 

Figure 17 shows schematically the protocol for PCR 
assembly of mouse VH and VLK repertoires for phage 
display described in example 14. 

Figure 18 shows examples of the final products 
obtained with the procedure of example 14. Lanes a and b 
show the products of the initial PCR using heavy and 
light chain primers respectively; lane c shows the 
complete assembled 700bp product before final digestion 
with Not1 and ApaL1; M1, M2 markers ~174 Hae III digest 
and 123 base pair ladder { BRL Limited, P. 0. Box 35, 
Washington Road, Paisley, Scotland) r~gpectively. 

Figure 19 shows the binding of 1 I-PDGF-BB to fd h
PDGFB-R phage in immunoprecipitation assay and comparison 
to fdTPs/Bs and no phage contr~ls: binding is expressed 
as a percentage of the total 1 5 I-PDGF-BB added to the 
incubation. · 

Figure 20 shows the .displacement of 125I-PDGF-BB 
bound to fd-h-PDGFB-R phage using unlabelled PDGF-BB 
measured using an immunoprecipitation assay. Binding is 
expressed as a percentage of the total 125I-PDGF-BB added 
to the incubation. 

Figure 21 shows the di.splacement of 125r -PDGF-BB 
bound to fd-h-POGFB-R phage using unlabelled PDGF-BB 
measured using an .i.mmunoprecipi tation assay. Non
specific binding of 125I-PDGF-BB to vector phage fdTPs/Bs 
in the absence of added unlabelled PDGF was deducted from 
each point. 

Figure 22 shows the results of an ELISA of lysozyme 
binding by pCAT-3 scFv 01.3 phagemid in comparison with 
pCAT-3 vector (both rescued by M13K07) and fdCAT2 scFv 
01.3 as described in example 17. The ELISA was performed 
as described in example 6 with modifications detailed in 
example 18. · 

Figure 23 shows the digestion pattern seen when 
individual clones, selected at random from a li.brary of 
single chain Fv antibody genes derived from an immunised 
mouse; are di.gested with BstN1. 

Figure 24 shows VH and VK gene sequences derived 
from the combinatorial li.brary . in example 21 and the 
hierarchical library in example 22. 

Figure 25 shows a matrix of ELISA signals for clones 
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derived from random combinatorial library. Designation 
of the clones is as in figure 24. The number of clones 
found with each combination is shown by the numerals. 

Figure 26 shows a) the phagemid pHENl a derivative 
of pUC119 described in example 24; and b) the cloning 
sites in~the phagemid pHEN. 

. . Figure 27. The antibody constructs cloned into fd
CAT2 and.'· pHENl ··for display on the surface of phage. 
Constructs I, II, III and IV were cloned into both fd
CAT2 (as·. ApaLI-Noti fraginents) and pHENl (as Sfii-Noti 
fragments) : and pHENl (as Sfii-Noti fragments). All the 
constructs contained the heavy chain (VH) and light chain 
( VK) varicible regions of the mouse anti-phOx antibody 
NOlO. 12. s.·~ The constant domains were human CK and CHl C;/ 
1 isotype')- •. · 

Figure 28. Three ways of displaying antibody . 
fragments. on the surface of phage by fusion to gene III 
protein. . ·. 

Figure 29. Western blot of supernatant taken from 
pHENl~II( +) or pHENl (-) cultures in E. coli HB21Sl, 
showing e;ecretion of Fab fragment from pHENl-II only. 
The .anti..:.human Fab detects both H and L chain. Due to 
the attaChed c-myc tag, the L chain, highlighted by both 
anti-c-myc ·tag ·clru:i anti-human CK antisera, is slightly 
larger (calculated Mr 2462S) than the H chain {calculated 
Mr23145)._.· 

Figure 30·is a plot showing the effect of lysozyme 
dilutionon ratio of ELISA signals obtained using pAbD1.3 
or soluble sCFv Dl • 3 • · 

· FigUre 31 is a plot. showing the effect of lysozyme 
dilution on-ELISA signals obtained using fdTscFvD1.3 and 
soluble scFvD1.3. 

Figure 32 is a plot showing positive results from an 
ELISA screen of phage displaying scFv fragments derived 
from the. cell·. line 013 which express a monoclonal 
antibody.· directed ·.against oestriol. 

Fig\U'e 33 is a plot·showing positive results from an 
ELISA screen of phage displaying scFv fragments derived 
from the·. cell . line 014 which express a monoclonal 
antibody.directed against oestriol. 
Figure · 34· is a Western Blot showing expression of the 
alkal.ine ··phosphatase-gene 3 fusion. 16p1 of SO fold 
concentrate of each phage sample was detected on western 
blots with either anti-gene 3 antiserum (e-f) or with 
anti-alkal.ine phosphatase antiserum (c-f) 
a) fd-phoAla166 grown in TGl cells 
b) fd-pnoAlal66 grown in KS272 cells 
c) fdCCAT2 grown in TGl cells 
d) fdCAT2 grown in TGl cells, mixed with 13 ng of 
purified ·alkaline phosphatase 
e) _fd-phoAla166 grown in TGl cells 
f) fdcAT2 grown in TGl cells. 
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Figure 35 is a Western Blot showing ultrafiltration of 
phage-enzyme 100}11 of 50 fold concentrate of phage 
(representing Smls of culture supernatant) was 
centrifuged through ultrafiltration membranes with 

5 nominal molecular weight retention of 300, 000 dal tons. 
Western blots of flow through and retentate fractions 
were detected with anti-alkaline phosphatase antiserum. 
The equivalent of 800}11 of original culture supernatant 
was run on the gel. 

10 A. Phage were grown in TGl cells. a) fd-phoAla166 
before ultrafiltration (short exposure). b) fd-phoA1al66 
before ultrafiltration. c) fd-phoAlal66 material 
retained on ultrafiltration membrane. 
B. Phage were grown in KS272 cells. a) fd-phoA1al66 

15 before ultrafiltration. b) fd-phoAlal66 material 
retained on ultrafiltration membrane. c) fdCAT2. d) 
fdCAT2 mixed with purified alkaline phosphatase before 
ultrafiltration. e) Retentate from sample d. f) Flow 
through from sample d. 

20 Figure 36 Electrophoresis of samples from stages of 
a Fab assembly. Samples from different stages in the PCR 
Fab assembly process described in example 33 were 
subjected to electrophoresis on a 1-t TAE;..agarose gel. 
Samples from a comparable scFv assembly process (as in 

25 example 14) are shown for c:omParison ~ Samples left to 
right are: 
M Markers 
VHCHl sequences encoding VHCHl domains 

amplified ey PCR 
30 · VKCK sequences encoding VKCK domains 

amplified by·PCR 
-L Fab assembly reaction performed 

in absence of linker 
+L Fab PCR assembly reaction 

35 product VHCHl plus VKCK plus 
linker 

M Markers 
VK sequences encoding VK domain 

amplified by PCR 
40 VL sequences encoding VH domains 

amplified by PCR 
-L scFv assembly reaction in 

absence of linker 
+L scFv assembly reaction . in 

45 presence of linker 
M Markers 

Figure 37. Comparison of ELISA signals with scFv 
D1.3 cloned in fd-CAT2 (fd) or pCAT-3. pCAT-3 scFv1.3 has 

50 been rescued with M13K07 (K07). M13K07Agiii No 3 (giii No 
3) or Ml3K07 giiLANo 2 (gll1No2). Phage antibodies are 
compared at 10 · times (lOx) 1 times ( lx) or 0.1 times 
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( 0. lx ) . concentrations relative to concentration in the 
supernatarit.after overnight growth. The fdCAT2 and pCAT-
3 non-recombinant: vector: signals were <0.01 at lOx 
concentration. · · Ml3K07 giil£1.No 1 did not rescue at all, 

5 as judged by no signal above background in this ELISA. 
Figure 38~ Western blot of PEG precipitated phage 

used iri ELISA probed wi.th anti-g3p. Free g3p and the 
g3p"':'scFVDL3 fusion bands are arrowed. 
Sample 1 fd scFvD1.3 

10 Sample 2 - pCAT3 vector 
Sample 3 - pCAT3 scFvD1.3 rescued with Ml3K07, no IPTG 
Sample 4 ·. ;;i; pCAT3 scFvDl. 3 rescued with Ml3K07, 50)JM IPTG 
Sample 5 - pCAT3 scFvD1.3. rescued with Ml3K07, lOO)lM IPTG 
Sample 6 - pCAT3 scFvD1.3 rescued with Ml3K07 giiiANo3 

15 (no . IPTG) 
Sample 7 .;..; ·.pCAT3 scFvDl ~ 3 · rescued with Ml3K07 giii~ No 2 

(no IPTG) 
Panel. A samples contain the equivalent of 8J1l of 

phagemid · -~ul tilre supernatant per track, and 80J.1l of the 
20 fd supernatant ( 10,;,fold lower phage . yield than the 

phagemid) > Panel B phagemid samples are those used in 
panel A. at a five~ fold higher sample lOading (equivalent 
to 40Jll · ·of· culture supernatant per track) to enable 
visualisation ~f the fusion band in samples rescued with 

25 parental M13K07. · 
· Figure 39 is a ·graph· showing fdCAT2scFvDl. 3 

enriclurient produced from a mixture of fdCAT2scFvDl. 3 and 
fdCAT2TPB4 by one round of panning. 

Figure 40 · is a graph showing fdCAT2scFvD1. 3 
30 enrichment produced from a mixture of fdCAT2scFvD1.3 and 

fdCAT2TPBj: by.·. erie· round of panning. 
Figlire · 41. · · Western b1ot of phage proteins of 

fdCAT2( l)'< and · fd-tet"-SNase( 2) with anti-g3p antiserum. 
Marker molecular weights bands are indicated(kD). 

35 ·. Figure 42. Nuclease assay of soluble SNase b3 ng)(.A-
1), fd-tet;,:.SNase( 4 x . 109Tu, ( B-1), fd-CAT2( 2 x 101 TU )( c-1) 
and of a PEG-precipitated fdCAT2 and SNase mixture( 2 x 
10lOTU and 0. 7ug ){ D-1) in a 10-fold dilution series (.1 to 
3 or 4). ' Marker (M) is a Hindiii digest of ,\ -DNA(New 

40 England Biolabs). 
FigUre 43. ELISA signals obtained with fd-tet, fd

CD4-V1 and . fd-CD4-V1V2. In each group of three, the 
sampl.es · are ·left to right phage concentrate( SN); phage 
concentr;ate . plus soluble CD4( SN + sCD4); phage 

45 concentrate plus gp-120 (SN + gp 120). 
Figure 44. shows the. DNA sequence of scFv Bl8 (anti-

NP). . 
. Figure 45 shows a map of the insert of sequences 

encoding .FvD1 ~ 3 present . in fd~tet FvD1. 3 (example 39). 
50 rbs designates . the · ribosome binding site. Gene III is 

now shoWn in its full length. . 
FigUJ:e 46. shows an.ELISA assay of phages displaying 
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FvDl.3 or scFvDl.3 by binding to plates coated with 
lysogyme. Signals obtained at various dilution factors 
are shown. FvDl.3 UlS-Stuffer) which does not express Fv 
was used as a control. 

5 Figure 47. shows a schematic representation of steps 
involved in the PCR assembly of nucleotide sequences 
encoding human Fab fragments. Details are in example 40. 

Figure 48. shows A. a map of plasmid pJMl-FabD1.3 
which is used for the expression of soluble human Fab 

10 fragments and as a template for the synthesis of linker 
DNA for Fab assembly. B. a schematic representation of 
sequences encoding a Fab construct. c. The sequence of 
DNA template for the synthesis of linker DNA for Fab 
assembly. 

15 Figure 49. shows a schmatic representation of steps 
involved in the PCR assembly of nucleotide sequences 
encoding human scFv fragments. Details are in example 
42. 

Figure 50. ELISA assay of phage antibodies using 
20 plates coated with turkey egg lysogyme. Two clones Bl 

and A4 are shown derived by mutagenesis and selection 
from pAbDl.3 (example 45). Concentration (x axis) refers 
to the concentration of phage for each sample relative to 
the concentration in culture supernatant. Bl has raised 

25 binding to turkey egg lysogyme compared to Dl.3. A4 has 
reduced binding to hen egg lysogyme compared to Dl.3. 

Figure 51. ELISA of phage·antibodies binding to HEL 
and TEL. Clone 1 is fdCAT2scFvD1.3. Clones 2 to 10 were 
obtained from the library (example 46) after selection. 

30 The background values as defined by binding of these 
clones to BSA were subtracted. 

Figure 52. shows the DNA sequence of the light 
chains Dl.3 MlF and M21 derived by selection from a 
hierarchical library in example 46. 

35 Figure 53 shows a Fv lambda expression vector 
(example 48) derived from pUC119. It contains the 
rearranged lambdal germ line gene. The heavy and light 
chain cassettes each contain a ribosome binding site 
upstream of the pel B leader (Restriction sites shown as: 

40 H•Hind III; Sp•Sphi~ B•BamHI, E•EcoRI. 
Materials and Methods 

The following procedures used by the present 
applicants are described in Sambrook, J. et al., 1989 
supra.: restriction digestion, ligation, preparation of 

45 competent cells (Hanahan method), transformation, 
analysis of . restriction enzyme digestion products on 
aga:i:ose gels, purification of DNA using 
phenol/chloroform, 5'-end labelling of oligonucleotides, 
filter screening of bacterial colonies, preparation of 

50 2xTY medium and plates, preparation of tetracycline stock 
solutions, PAGE of proteins, preparation of phosphate 
buffered saline. 
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All. ~zymes were supplied by New England Biolabs (CP 
Laboratorj..es, PO Box 22, Bishop's Stortford, Herts., 
England) ,: arid were used according to manufacturer's 
instruc~i~s unless otherwise stated. 

The vector fd-tet (Zacher, A.N. et al., 1980, supra) 
was . obtained from the American Type Culture Collection 
(ATCC No •. 37000).and transformed into competent TGl cells 
(genotype.: ·Kl26 ( lac-pro} , sup E, thi., hsdD5 /F traD3 6, 
pro· A+B+,.-Lac lq, lac oM15). 

· Virai particles were prepared by growing TG1 cells 
containing · . .the desired construct in 10 to 100 mls 2xTY 
medium with 15 ~g/ml tetracycline for 16-24 hours. The 
culturE! eupernatant was collected by centrifugation for 
10 mins at· 10,000 rpm in an 8 x 50 ml rotor, Sorval RC-5B 
centrifuge> .Phage particles were precipitated by adding 
1/5th. volume 20%polyethylene glycol (PEG)/2.5M NaC1 and 
leaving at 4~C. for . 1 hour. These we:r;e spun for 15 
minutes as describ~d above and .the pell.ets resuspended in 
10 iriM Tris/HCl pH .a, 1mM EDTA to 1/100th of the original 
voltime. ·. >Residual bacteria and undissolved material were 
removed: by spinning for 2 minutes in a microc~trifuge. 
Single . stranded DNA for mutagenesis or sequencing was 
prepared .from concentrated phage according to Sambrook, 
J.,. et al:~, 1989,; supra. . 
Index. of ·Examples 
Example 1 .Design of Insertion Point Linkers and 
Construct.:J,.on . of Vectors 

. Thi$ exampl.e covers the construction of two 
· derivativ:es of the pP8ge vector fd-tet: a) fdTPs/Bs for 
the i.nserti9n of VH coding sequences; and b) fdTPs/Xh for 
the insertion· of • scFv coding sequences. The derivative 
vectors. have .. a · new BstEII site for insertion of 
sequences.· . . 
Exampl:e 2 .Insertion of Immunoglobulin Fv Domain into 
Phage ... ·; . · .. · .· . · 

This example covers the insertion of scFv coding 
sequences~ derived · from ·an anti-lysozyme antibody Dl. 3 
into fdTPs/Xh to give the construct fdTscFvD1. 3. · 
Example 3 · Insertion of Immunogl.obuli.n VH Domain into 
Phage •-. · : · ·. 

This example covers ·the insertion of VH coding 
sequen-ces, derived.·· from an anti-lysozyme antibody Dl.3 
into fdTPs/Bs.to.give the.construct fdTVHD1.3. . 
Example· .. :4· .··Analysis. of Binding Specificity of Phage 
Antibodi§S ·. · 

Thi.$:: ·example investigates the binding specificities 
of the c6nstructs_fdTscFvD1.3 and fdTVHD1.3. 
Example 5 Construction of.· fdCAT2 

Thi!3 example covers the construction of the· 
derivative fdCAT2 of the · phage vector fdTPs/Xh. The 
derivative has restriction sites for enzymes that cut DNA 
infrequently. · · 
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All enzymes were supplied by New England Eiolabs (CP
Laboratories,~ Po Box~ 22, Bishop's Stortford, Herts.,
England) gand were used according to manufacturer's
instructions unless otherwise stated.

; The vector fdstet (Zacher, A.N. et al., 1980, supra}
was obtained from the American Type Culture Collection
(ATCC No; 37000) and transformed into competent T61 cells
(genotype;'K126 (lac-pro), sup 8, thi, hsdDS/F traD36,
pro A}B4, Lac Iq, lac 6M15).

‘Viral particles were prepared by growing T61 cells
containing the desired Construct in 10 to 100 mls ZxTY
medium With 15 pg/ml tetracycline for 16-24 hours. The
culture Supernatant-was collected by centrifugation for
10 mins.atj10,000 rpm in an 8 x 50 ml rotor, Sorval RC-SB
centrifuge; :Phege particles were precipitated by adding
l/Sth volume_20% polyethylene glycol (PEG)/2.5M NaCl and
leaving -at~ 43c, for ‘1 hour; These were spun for 15

minutes as described above and the pellets resuspended in
10 mM Tris/3C1 pH 8, lmM EDTA to l/lOOth of the original
volume.ijesidnal_bacteria and undissolved material were
removed by spinning for 2 minutes in a microoentrifuge.
Singlev stranded DNA for- mutagenesisv or sequencing: was
prepared from concentrated phage according to Sambrook,
J.,‘et al,;-1989,;-supra.

Index-of'Examples .
Example 31 .Design of Insertion Point Linkers and
Construction of Vectors

. p This example covers the conStruction of two
derivatives of the phage vector fd-tet: a) dePs/Bs for
the insertion_of VH coding sequences; and b) dePs/Xh for
the insertion of scFv coding seguences. The derivative
vectors ‘have la ‘new BstEII site for insertion of
seqdences; ' ' - '

Example '2 ,Insertion' of Immunoglobulin Fv Domain into
Phage . 3;, :A.‘ V. .

This’ example covers the insertion of scFv coding

sequences ’derived ‘from ‘an anti—lysozyme antibody Dl.3
into dePs/thto give the construct descFle.3;
Example ‘3‘ Insertion of Immunoglobulin VH Domain into
Phage - g“v r j ' I

rhis- example covers Athe insertion of VH coding
sequences ,derived»:from an anti-lysozyme antibody Dl.3
into dePs/ s to give the.construct deVHDl.3.
Example 34‘ Analysis. of Binding Specifiéitz of Phage
Antibodig " p » r

‘ This example inveStigates the binding specificities
of the constructs descFvD1.3 and deVHDl.3.
Example 5 Construction of deATz

This SexaMple covers the construction of the
derivative deAEZ of the phage vector dePs/Xh. The
derivative has restriction sites for enzymes that out DNA
infrequently;
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Example 6 Specific Binding of Phage Antibody (pAb) to 
Antigen 

This example shows the binding of pAb fdTscFvDl. 3 
to lysozyme by ELISA. 

5 Example 7 Expression of FabD1.3 
This example concerns the display of an antibody Fab 

fragment at the phage surface. The VH-CHl chain is 
expressed by fdCAT2 • The VL-CL chain is expressed by 
pUC19 in a bacterial host cell also infected with fdCAT2. 

10 Example 8 Isolation of Specific, Desired Phage from a 
Mixture of Vector Phage · 

This example shows how a phage (e.g. fdTscFvDI. 3 ) 
displaying a binding molecule can be isolated from vector 
phage by affinity techniques. 

15 Example 9 Construction of pAb Expressing Anti-Hapten 
Activity 

This example concerns the insertion of scFv coding 
sequences derived from the anti-oxazolone antibody NOll 
into fdTPs/Xh to generate the construct pAbNOll. The 

20 example shows the binding of pAbNOll to oxazalone by 
ELISA. 
Example 10 Enrichment of pAbDl. 3 from Mixtures of other 
pAbs by Affinity Purification 

This example shows how a phage ( eg. pAbDl. 3) 
25 displaying one sort of biding molecule can be isolated 

from phage (e.g. pAbNOll) displaying another sort of 
binding molecule by affinity techniques. 
Example 11 Insertion· of a Gene Encoding an Enzyme 
(Alkaline Phosphate) into fdCAT2 

30 This example concerns the invention of coding 
sequences for an enzyme into the vector fdCAT2 to give 
the phage enzyme, fdphoAlall6. 
Example 12 Measuring Enzyme Activity Phage - Enzyme 

This example shows the functional! ty of an enzyme 
35 (alkaline phosphatase) when displayed at the phage 

surface (fdphoAlal66}. 
Example 13 Insertion of· Bindina Molecules into 
Alternative Sites in the Phage 

This example covers the insertion of scFv coding 
40 sequences derived from a) the anti-lysozyme antibody 

Dl.3; and b) the anti-oxazalone antibody NOll into a 
BamHl site of fdTPs/Xh to give the constructs fdTBaml 
having an NOll insert. 
Example 14 PCR Assembly of Mouse VH and VLK Repertoires 

45 for Phage Display 
This example concerns a system for the display on 

phage of all VH and VLK repertoires encoded by a mouse. 
The system involves the following steps. 1) Preparation 
of RNA from spleen. 2} Preparation of eDNA from the RNA 

50 3) Use of primers specific for antibody sequences to PCR 
amplify all VH and · VLK eDNA coding sequences 4 ) Use of 
PCR to create a linker molecule from linking pairs of VH 
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· and VLK 5faquerices 5 ) Use of . PCR to assemble continuous 
DNA molecules each comprising a VH sequence~ a linker and 
a VLK se·quence. The specific VH/VLK combination is 
randomly .~erived 6) Use. of PCR to introduce restriction 

5 sites. · .· . · · . · 
Example lS. . Insertion of the Extracellular Domain of a 
Human Receptor for Platelet Derived Growth Factor (PDGF) 
Isoform ·sa:· into fdCAT2 
This example concerns the insertion of coding sequences 

10 for the . extracellular domain of the human receptor for 
PDGF. into·· the vector· fdCAT2 to give the construct 
fdhPDGFBR~ .· . . · . · . 
Example i6. Binding of 125 ·r-PDGF-BB to the Extracellular 
Domain of . the · Human Receptor for PDGF Isoform BB 

15 Displayed on the Surface of fd Phage. Measured using an 
ImmunoprediPitation Assay. 
This ·examP!e shows. that the human receptor PDGF Isoform 
BB is digpiayed on . the surface of the phage in a form 
which has ·the ability to bind its ligand. 

20 Example 17~ Construction of Phagemid Containing Gene III 
Fused with theCoding Sequence for a Binding Molecule. 
This example . concerns the. construction of two phagemids 
based on. pUC119 which separately contain gene III from 
fdCAT2 ang the· . gene III scFv fusion fdCAT2seFvDI. 3 to 

25 generate p¢AT2 and pCAT3 scFvDI. 3 respectively. 
Example 18~ Rescue of Anti-Lysozyme Antibody Specificity 
from pCAT3scFvD1.3 .by.Ml3K07 
This example·describes the rescue of the coding sequence 
for the gene.IIIscFv fusion from pCAT3scFvD1.3 by Ml3M07 

30 helper :ph99e groWth, phage were .:·shown to be displaying 
scFv anti~lypozyme activity by E~ISA. 
Example 19~ Transformation Efficiency of PCAT-3 and pCAT-
3 scFvD1.3.Phagemids 
This example. compared the efficiency of the phagemids 

35 pVCll9,: pCAT-3 and pCAT3scFvD1.3 and the phage fdCAT2 to 
transform E. coli. · 
Example 20 PCR·Assembly of a Single Chain Fv Library from 
an Immuriised Mouse 
This example concerns a system for the display on phage 

40 of scFv (compri.sing VH and VL) from an immunised mouse 
using the ~,basic • technique ··outlined in example 14 (eDNA 
preparation and PCR assembly of the mouse VH and VLK 
repertoires) .. and· ligating the PCR assembled sequences 
into fdCA'1'2 · to create · · a phage library of 105 clones. 

45 Testing of 500 clones showed that none showed specificity 
against phox. . . . 
Example 21. Selection of· Antibodies Specific for 2-
phenyl-5.;.~azolone from a Repertoire from an Immunised 
Mouse. . · .. . ... 

50 This example . sho_ws that llhage grown from the 1 ibrary 
established in example 20 can be subjected to affinity 
selection.:. using . phOX to select those phage ·displaying 
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scFv with the desired specificity. 
Example 22. Generation of Further Antibody Specificities 
by the Assembly of Hierarchial Libraries . 
. This example concerns the construction ·of hierarchial 

5 libraries in which a given VH sequence is combined with 
the complete VLK repertoire and a given VLK· sequence is 
combined with the complete VH repertoire and selection 
from these libraries of novel VH and VL pairings. 
Example 23. Selection of Antibodies Displayed on 

10 Bacteriophage with Different Affinities for 2-phenyl-5-
oxazolone using Affinity Chromatography 

This example . concerns the separation by affinity 
techniques of phages displaying scFv fragments with 
differing binding affinities for a given antigen. 

15 Example 24. Construction of Phagemid pHENl for the 
Expression of Antibody Fragments Expressed on the surface 
of Bacteriophage following Superinfection 

This example concerns the construction of the 
phagemid pHENl derived from· pUC119. pHENl has. the 

20 features shown in Fig. 26. 
Example 25. Display of Single Chain Fv and Fab Fragments 
Derived from the Anti-Oxazolone Antibody NQ 10.12. 5 on 
Bacteriophage fd using pHENl and fdCAT2. 

This example describes the display o£ scFv and .Fab 
25 fragment with a specificity against phOx on the surface 

of a · bacteriophage. For display of scFv the phagemid 
pHENl comprises the sequences encoding scFv (VH and VL) 
for rescue by either the phages VSM13 or fdCAT2. For 
display of Fab the phage fdCAT2 comprises the sequence 

30 for either the H or L chain as a fusion with g3p and the 
phagemid pHENl comprises the sequence for the appropriate 
H or L chain partner. 
Example 26. Rescue of Phagemid Encoding a Gene III 
protein Fusion with Antibody Heavy or Light Chains by 

35 Phage Encoding the Complementary Antibody Displayed on 
Phage and the Use of this Technique to make Dual 
Combinatorial Libraries 

This example covers the use of phage antibodies 
encoding the antibody heavy or light chain to rescue a 

40 phagemid encod.ing a gene 3 protein fusion with the 
complementary chain and the assay of Fab . fragments 
displayed on phage in ELISA. The use of this technique 
in the preparation of a dual combinatorial library is 
discussed. 

45 Example 27 Induction of Soluble scFv and Fab Fragments 
using Phagemid pHENl 

This example covers the generation of soluble scFv 
and Fab fragments from gene III fusions with sequences 
encoding these fragments by expression of clones in pHENl 

50 in an E. coli strain which does not suppress amber 
mutations. 
Example 28 Increased Sensitivity in ELISA of Lysozyme 
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using fdTscFvD1.3 as Primary Antibody compared to Soluble 
scFvD1~3 . 

Thi.s.example covers the use of fdTscFvD1.3 in ELISA 
showing · that .lower amounts of lysozyme can be detected 

5 with · phage · antibody fdTscFvDl. 3 than with soluble 
scFvD1.3 ~ ~., . ·. 
Example 29 . Direct Rescue and . Expression of Mouse 
Monoclonal Antibodies as Single Chain Fv Fragments on the 
Surface of Bacteriophage fd. 

10 This··: example· covers the display on phage as 
functional. scFV fragments of two clones directly derived 
from . cel·l~ · · expressing . monoclonal antibodies directed 
against . o~striol ~ . · .·. Both clones were established to be 
functional:using ELISA. 

15 Example 30 · Kinetic ProPerties of Alkaline Phosphatase 
Displayed·on the Surface of Bacteriophage fd 

·. This, .~ample concerns the demonstration that the 
kinetic properties of an enzyme, alkaline phosphatase, 
dispiayeq on·phage are qualitatively similar to those of 

20 the same enzyme when in solution. 
Example · 31 · Demonstration· using Ultrafiltration that 
Cloned·Al~line :Phosphatase Behaves ·as Part of the Virus 
Particle . .. . . .. 

. This axample concerns the construction of the phage 
25 enzyme. fd9hoArgl66. and the demonstration that both the 

fusion p~teiri made and the catalytic activity observed 
derive from the phage particle. 
Example 32 Affinity Chromatography of Phage Alkaline 
Phosphata• · .· ... 

30 . This . example concerns the binding of alkaline 
phosphatase d.ispiayed on phage to an arsenate-Sepharose 
affinity column and specific elution of these phage using 
the reaction product, phosphate. 
Example.33 PCR Assembly of DNA Encoding the Fab. Fragment 

35 of an Antibody Directed against Oxazolone 
Thi!i,~x~ple covers the construction of a DNA insert 

encoding · a .· Fab fragment by separate amplification of 
heavy and light.chain DNA sequences followed by assembly. 
The. const:i:uct was them inserted into the phage vector 

40 fdCAT2 an~.the phagemid vector·pHENl and the Fab fragment 
displayed.on the surface was shown to be functional. 
Example. 34 Construction. of a Gene III Deficient Helper 
Phage · . · .. · · · . · ·. . . . . 

This example describes the construction of a helper 
45 - phage derf..vecl. . ·from Ml3K07 · by deleting sequences in gene 

III. . Rescue ·of pCAT3-scFvD1.3 is described. The 
scFvD1. 3 . is expressed at a high level as a fusion using 
the· deletion 0 phage, equfvalent to expression using 
fdCAT2-scFVbl ~ 3 •. 

50 Example 35 Selection of bacteriophage expressing scFv 
fragments directed against lysozyme from mixtures 
according:to affinity using a panning procedure 

:.~· - ·. 
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This example concerns the selection of bacteriophage 
according to the affinity of the scFv fragment directed 
against lysozyme which is expressed on their . surface. 
The phage of different affinities were bound to Petri 

·s dishes coated with lysozyme and, following washing, bound 
phage eluted using triethylamine. Conditions were found 
where substantial enrichment could be obtained for a 
phage with a 5-fold higher affinity than the phage with 
which it was mixed. 

10 Example 36 Expression of Catalytically Active 
Staphylococcal Nuclease on the Surface of Bacteriophage 
fd 

This example concerns the construction of a phage 
enzyme which expresses Staphylococcal nuclease and the 

15 demonstration that the phage enzyme retains nuclease 
activity. 
Example 37 Display of the Two Aminoterminal Domains of 
Human CD4 on the Surface of fd Phage 

This example covers the cloning of genes for domains 
20 of CD4, a cell surface receptor and member of the 

immunoglobulin superfamily, into bacteriophage fd. The 
receptor is shown to be functional on the surface of 
phage by binding to the HIV protein gpl20. 
Example 38 Generation and Selection of Mutants of an 

25 Anti-4-hydroxy-3-ni trophenylacetic acid ( NP) Antibody 
expressed on Phage using Mutator strains 

This example covers the introduction of mutations 
into a gene for an antibody cloned in phage by growth of 
the phage in strains which randomly mutate DNA due to 

30 defects in DNA · replication. Several mutations are 
introduced into phage which cari then be selected from 
parent phage. 
Example 39 Expression of a Fv Fragment on the Surface of 
Bacteriophage by Non-Covalent Association of VH and VL 

35 domains 
This example shows that functional Fv fragments can 

be expressed on the surface of bacteriophage by non
covalent association of VH and VL domains. The VH domain 
is expressed as a gene III fusion and the VL domain as a 

40 soluble polypeptide. Sequences allowing expression of 
these domains from the anti-lysozyme antibody Dl. 3 in 
this form were introduced into phage and the resulting 
displayed Fv fragment shown to be functional by ELISA. 
Example 40 A PCR Based Technique for one step Cloning of 

45 Human V-genes as Fab Constructs 
This example gives methods for the assembly·of Fab 

fragments from genes for antibodies. Examples are given 
for genes for antibodies directed against Rhesus-D in a 
human hybridoma and a polyclonal l~~phoblastic cell line. 

50 Example 41 Selection of Phage Displaying a Human Fab 
Fragment directed against the Rhesus-D Antigen by binding 
to Cells displaying the Rhesus D Antigen on their Surface 
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This · example concerns the construction of, and 
display of .phage antibodies from, a phagemid encoding a 
human Fab.fragment directed against the Rhesus D antigen. 
Phage di.spJ.aying this antigen were then affinity selected 
from a • baCkground of phage displaying scFvDl. 3 ·anti
lysozyme ofi:the basis of binding to Rhesus-D positive red 
blood cell-$ • · · · 
Example ·42:-A PCR Based Technique for One Step Cloning of 
Human-scN·constructs 

This example describes the generation of libraries 
of scFv fragments derived from an unimmunized human~ 
Examples are given of the. preparation for phage display 
of libraries-in phagemids of scFv fragments derived from 
IgG and IQM ·· sequences. 
Example43 Isolation of Binding Activities from a Library 
of scFvs .··from an Unimmunized Human 

· This . ·· example describes the isolation, from the 
library of ScFv fragments derived from IgM genes of an 
unimmunized ·human, of clones for phage antibodies 
directed against BSA, lysozyme and oxazolone. Selection 
was by panning or affinity chromatography and analysis of 
binding sp~cificity by. ELISA. Sequencing of the clones 
showed th~ to be of human origin. 
Example.44 Rescue of human IgM library using helper phage 
lacking gene 3 . ( g3 ) .· . 

This.· :example. covers the isolation, from the library 
of scFv .fragments·· of uni.Dull.unized. human IgM genes, of 
clones of.phage antibodies.of clones for phage antibodies 
specific for >thyroglobulin and oxazolone. In this 
example ~scue was with Ml3K07giii No3 (NCTC12478),. a 
helper phage defective in ·gene III. Fewer rounds of 
selection ::.appeared . necessary for a phagemid library 
rescued with this· . phage.·· compared to one rescued with 
Ml3K0.7 •·· .. ·. . . . 
Example 45 Alteration of . Fine SpecificitY of scFvDl. 3 
displayed.::on Phage by Mutagenesis and Selection on 
Immobilized·Turkey LYsozyme 

This.. eXample . covers . the in vitro mutagenesis of 
pCATscFVD1,.3 by replacement; with ;random amino acids, of 
residues ~cnm ·to be of importance in the preferential 
recognition. of·. hen egg lysozyme over turkey egg lysozyme 
by scFvDl. 3 ~ · . Fc:)llowing . selection for phage antibodies 
recognis:d.ng .· turkey egg lysozyme by affinity 
chromatography, ·. clones were ·analysed for specificity by 
ELISA. TWio groups of clones were found with more equal 
recogniti_~n ·. of hen .and· turkey lysozymes, one with 
increased "ELISA signai · with the turkey enzyme and one 
with reduced signal· for the hen enzyme. 
Example 46 ·Modification of the specificity of an Antibody 

_by Replacement.of .the VLK Domain by a VLK Library c:lerived 
.from an.Urii.mmUDised Mouse 

. This~example shows that replacement of the VL domain 

.,·.·._. 
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of scFvD1.3 specific for hen eggwhite lysozyme (HEL) with 
a library of VL domains allows selection of scFv 
fra·gments which bind also to turkey eggwhi. te lysozyme 
(TEL) • The scFv fragments were displayed on phage and 

5 selection by panning on tubes coated with TEL. Analysis 
by . ELISA showed clones with enhanced binding to TEL 
compared to HEL. Those with highest binding to TEL were 
sequenced. 
Example 47 Selection of a Phage Antibody Specificity by 

10 binding to an Antigen attached to Magnetic Beads. Use of 
a Cleavable Reagent to allow Elution of Bound Phage under 
Mild Conditions 

This examples covers the use of a cleavable bond in 
the affinity selection method to alow release of bound 

15 phage under mild conditions. pAbNQll was enriched 
approximately 600 fold from a mixture with pAbDl. 3. by 
selection using biotinylated Ox-BSA bound to magnetic 
beads. The cleavage of a bond between BSA and the biotin 
allows elution of the phage. 

20 Example 48 Use of Cell Selection to provide an Enriched 
Pool of Antigen Specific Antibody Genes, Application to 
reducing the Complexity of Repertoires of Antibody 
Fragments Displayed on the surface of Bacteriophage 

This example covers the use of cell selection to 
25 produce an enriched pool . of genes encoding antibodies 

directed against 4-hydroxy-3-ni trophenylacetic acid and 
describes how this technique could be used to reduce the 
complexity of antibody repertoires displayed on the 
surface of bacteriophage. 

30 Example 1 · . 
Design of Insertion Point Linkers and Construction of 
Vectors 

The vector fd-tet has two BstEII restriction sites 
flanking the tetracycline resistance gene (fig 3). Since 

35 the strategy for inserting the VH fragments was to ligate 
them into a newly inserted BstEII site within gene III, 
it was advantageous to delete the original BstEII sites 
from fd-tet. This was achieved by digesting fd-tet with 
the restriction enzyme BstEII, filling-in the 5' 

40 overhangs and re-ligating to generate the vector fdToBst. 
Digestion of fd-tet with BstEII ( 0. 5 uni ts/}11) was 
carried out in lx KGB buffer (100 mM potassium glutamate, 
23 mM Tris-acetate (pH 7.5), 10 mM magnesium acetate, 50 
pg/ml bovine serum albumin, 0. 5 mM di thiothrei tel 

45 (Sambrook, J., et al., 1989, supra.) with 'DNA at a 
concentration of 25 ng/pl. The 5' overhang was filled 
in, using 2x KGB buffer, 250 pM each dNTP's (Pharmacia 
Ltd. , Pharmacia House, Midsummer Boulevard, Mil ton 
Keynes, Bucks., UK.) and Klenow Fragment (Amersham 

50 International, Lincoln Place, Green End, Aylesbury, 
Bucks. , _ UK) at_ 0 ~ 04 units/pl. After incubating for 1 
hour at room temperature, DNA was extracted with 
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phenol/qhloroform and precipitated with ethanol. 
Ligations were carried out at a DNA concentration of 

50ng/pl). •. · Ligations were transformed into competent TG1 
cells and·: plated onto TY plates supplemented with 15 

5 pg/ml tetr~cycline. · This selects for vectors where the 
gene for tetracycline. resistance protein has reinserted 
into the ~~ctor during the ligation step. Colonies were . 

·picked.· into 25. mls -of 2xTY medium supplemented with 15 
pg/ml tet~cycline and groWn overnight at 37°C. 

10 Double stranded DNA was purified form the resulting 
clones using the gene-clean II kit (BiolOl Inc., PO Box 
2284, ·La J:ol.la, California, 92038-2284, USA.) and 
according .·to ~he small scale rapid plasmid DNA isolation 
procedure described therein. The orientation of 5 of the 

15 resulting clones was checked using the restriction enzyme 
Clal. A clone was chosen which gave the same pattern of 
restrict-ion by Clai as fd-tet, but which had no BstE II 
sites.. · · · .· 

·In vitro mutagenesis ·of.fdToBst was used to generate 
20 vectors,· having appropriate restriction sites that 

facilitate .. • cloning of antibody fragments downstream of 
the gene ·~II signal peptide and in frame with the gene 
III coding sequence. The oligonucleotide directed 
mutagenesis System version 2 (Amersham International) was 

25 used · with· oligo l (figure 4) to· create fdTPs/Bs (to 
facilitate . cloning of VH fragments) • The sequence 
offdTPs/Bs. · ( fi~e 4) was confirmed using the sequenase 
version 2-~.o · .. kit· (USB Corp., PO Box 22400, Cleveland, 
Ohio, 44122, UsA. ) with oligo 3 (figure 4) as a primer. 

30 A second vector fdTPs/Xh (to fac:Lli tate cloning of 
single chain Fv fragments) was generated by mutagenising 
fdTPs/Bs. with oligo 2 according to the method of 
Venkitaranian, · A.R., · Nucl. Acid Res.· 17, p 3314. · The 
sequence of fdTPs/Xh (figure 4) was confirmed using the 

35 sequenase ~version 2.0. kit (USB Corp.) with oligo 3 as a 
primer. · . · · · · .· . 

Cle~~y, alternative constructions will be apparent 
to those skilled in the art~ For example, Ml3 and/or its 
host bacteria. could . be modified .such that its gene III 

40 could. be. disrupted without the onset of excessive cell 
death: · tile modified fd gene III, · or other modified 
proteii1, ·_could be _incorporated into a plasmid containing 
a single· .·stranded phage replication origin, such as 
pUCli9, · siiperinfection with modified phage such· as K07 

45 would · then result in the encapsulation of the phage 
antibody genome in a coat partially derived from the 
helper phage and partly from the phage antibody gene III 
construct~.·. 

The detailed construction of a vector such as 
50 · fdTPs/Bs · i~ only· one way of. achieving the end of a phage 

antibody. ·:- . For example, techniques such as sticky feet 
cloning/mutagenesis ( Clackson, T. and Winter, G. 1989 
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Nucl. Acids. Res., 17, p 10163-10170) could be used to 
avoid use of restriction enzyme digests and/or ligation 
steps. 
Example 2. 

5 Insertion of Immunoglobulin Fv Domain into Phage 
The plasmid scFv 01.3 myc (gift from g. Winter and 

A. Griffiths ) contains VH and VL sequences from the 
antibody 01.3 fused via a peptide linker sequence to form 
a single chain Fv version of antibody Dl.3. The sequence 

10 of the scFv and surrounding sequences in scFvD1.3 myc is 
shown in figure 5. 

The D1. 3 antibody is directed against hen egg 
lysozyme (Harper, · M. et al. , 1987, Molec. Immunol. 24, 
97-108) and the scFv form expressed in E.coli has the 

15 same specificity (A. Griffiths and G. Winter personal 
Communication) • 

Digestion of scFv Dl.3 myc with Pstl and Xhol (these 
restriction sites are shown on Fig. 5 ) , excises a 
fragment of 693 bp which encodes the bulk of the scFv. 

20 Ligation of this fragment into fdTPs/Xh cleaved with Pst1 
and Xhol gave rise to the construct fdTscFvD1.3 encoding 
the gene III signal peptide and first amino acid fused to 
the complete D1.3 scFv, followed by the mature gene .III 
protein from amino acid 2. 

25 The vector fdTPs/Xh was prepared for ligation by 
digesting with the Pst1 and Xhol for 2 hours followed by 
digestion with calf intestinal alkaline phosphatase 
(Boehringer Mannheim UK Ltd. , Bell Lane, Lewes, East 
Sussex, BN7 1LG) at one unit/ul for 30 minutes at 37°C. 

30 Fresh calf intestinal alkaline phosphatase was added to a 
final total concentration of 2 units/ul and incubated for 
a further 30 minutes at 37•c. The reaction was extracted 
three times with phenol/chloroform, precipitated with 
ethanol and dissolved in water. The insert from scFvD1.3 

35 myc was excised with the appropriate restriction enzymes 
( Psti and Xhoi) extracted twice with phenol/chloroform, 
precipitated with ethanol and dissolved in water. 
Ligations were carried out as described in example 1, 
except both vector and insert samples were at a final 

40 concentration of 5 ng/ul each. The formation of the 
correct construct was confirmed by sequencing as 
described in example 1.· 

To demonstrate that proteins of the expected size 
were produced, virions were concentrated by PEG 

45 precipitation as described above. The samples were 
prepared for electrophoresis as described in Sambrook J. 
et al 1989 supra. The equivalent of 2mls of supernatant 
was loaded onto an 18% SDS polyacrylamide gel. After 
electrophoresis, the gel was soaked in gel running buffer 

50 (50 mM tris, 380 mM Glycine, 0.1%SDS) with 20% methanol 
for 15 minutes. Transfer to nitrocell.ulose filter was 
executed in· fresh 1x running buffer /20% methanol using 
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TE70 Sem.i':Phor a semi-dry blotting apparatus (Hoeffer, 
654 Minnesota Street, Box 77387, San Francisco, 
California· 94107, USA. ) • 

AFter transfer,_ the filter was blocked by inCUbation 
5 for 1 hour.·· in a 2% solution of milk powder (Marvel) in 

phosphate buffered saline (PBS) . Detection of scFv and 
VH protein sequences in the phage antibody fusion 
proteins :was effected by soaking the filter for 1 hour 
with. a 1/1000 ·dilution (in 2% milk powder) of a rabbit 

10 polyclorial·. antiserum raised against affinity purified, 
bacterially . expressed scFv fragment (gift from G. 
Winter) ~ · · ::,After ·washing with PBS ( 3 x 5 minute washes ) , 
·boimd.pri~acy: antibody was detected using an anti-rabbit 
antibody. conjugated to horseradish peroxidase ·(Sigma, 

15 Fancy Road," .. Poole, Dorset, BH17 7NH, UK.) for 1 hour. 
The filter _was washed in_ PBS/0.1% triton X-100 and 
developed. with 0. 5 mg/ml 3, 3 '-diaminobenzidine 
tetrahydrochl.oride (DAB), 0. 02% cobalt ch-loride, 0. 03% 
hydrogen peroxide il) PBS. . . . .. 

20 The. results showed that · with clones fdTVHD1. 3 . ( from 
example 3 · · incorppr:ating sequences coding for VH) and 
fdTscFvD1 ~ 3 (i:ncorporating sequences coding for scFv) a 
protein of between 69,000 and 92,500 daltons is detected 
by the anti~Fv serum. This is the expected size for the 

25 fusion · proteins constructed. This product is not 
observed·iil supernatants derived from fd-tet, fdTcSBst or 
fdTPs/Xh. . . 
Example 3. 
Insertion· :of Immunoglobulin VH Domain into Phage Antibody 

30 . The · VH fragment . from 01. 3 was generated from the 
plasmid pSW1-VHD1.3-TAG1 (Ward, E.S. et al., 1989 
supra.) •. ·. ·Digestion of this plasmid with Pstl and BstEII 
generates .·the. fragment shown between positions 113 and 
432 in.fig\Ire 5-. ·Cloning of· this fragment into the Pst1 

35 · and BstEII' sites ·of fdTPs/Bs gave rise to the construct 
fdTVHD1:.3whi.ch encodes a fusion protein with a complete 
VH domain · .. inserted between the first and third amino 
acids of ~e matUre gene III protein (amino acid two has 
been deleted) . 

40 Th~ methods used were exactly as in example 2 ·except 
that·the·~ctor used was fdTPs/Bs digested with Pst1 and 
BstEII. . 
Example 4. · 
Analysis of Binding Specificity of Phage Antibodies 

45 ·The· binding of. the various phage antibodies to the 
specific antigen, lysoz'Yme, was analysed using ELISA 
techniques. Phage antibodies (e.g. fdTVHD1.3 and 
fdTsc/FvDl. 3) • · were • grown in E. coli and Phage antibody 
particles .were precipitated with PEG as described in the 

50 materials and ·. methods. Bound phage antibody particles 
were dete~ed·•us:ing polyclonal sheep serum raised cgainst 
the closely related phage M13. 
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TE7O3SemiTPhor a semi—dry blotting apparatus (Boeffer,
654 .Minnesptartstreet, Box 77387, San Francisco,
California‘94107, USA.).

AFter transfer, the filter was blocked by indubation
for 1 hour in a 2% solution of milk powder (Marvel) in
phosphate_buffered Saline (PBS). Detection of scFv and
VH prdtein sequences in the phage antibody fusion

rproteins‘was effeCted by seeking the filter for 1 hour
with a 1/1000 dilution (in 2% milk powder) of a rabbit
polyClonali'antiSerum raised against affinity' purified,
bacterially .expressed scFv fragment (gift from G.
Winter);?fi%fter'washing with PBS (3 x 5 minute washes),

bound primary: antibody was detected using an anti—rabbit
antibody- fienjugated;*to horseradish peroxidase ‘(Sigma,
Fancy Roadngoole, Dorset, 8317 7NH, UK.) for 1 hour.
The_ filter .was {washed in‘ PBS/0.1% triton x—IOO and
developed‘ with 0.5' mg/ml 3,3'-diaminobenzidine
tetrahydroohloride (DAB); 0.02% cobalt chloride, 0.03%

hydrogen peroxide in PBS. ;_7 “r, -
The results Showed that with clones deVHDl.3.(from

example 3 tincorporating sequences coding for VH) and
descFlelS (incorporating sequences coding for scFv) a
protein of between 69,000 and 92,500 daltons is detected
by the antieFv_serum.' This is the expected size for the

fusion' proteins lconStruCted. This product is not
observed in supernatants derived from fd-tet, deéBst or
dePs/Xh. ~_ g : _' .
Example 3.'1 1 "7 - V ,
Insertion of Immune lobulin VH Domain into Pha e Antibod

_The EH fragment from D1.3 was generated from the
plasmid .pSNl-VHD1.3-TAG1 '(Ward, 3.8. et a1., 1989
suprag).- Digestion of.this-plasmid with Pstl and BstEII
generates the.fragment shown between positions 113 and
432 in figure 5;' Cloning of this fragment into the Pstl

and BstEII sites of dePs/Bs gave rise to the construct
deVHDl 3 which encodes a fusion protein with a complete
VH domain _inserted between the first and third amino
acids.of-the mature gene III protein (amino acid two has
been deleted). ’ _

The methods-used were exactly as in example 2 except
that the Vector used was dePs/Bs digested with Pstl and
BStEIIL

Example 4.‘ - ‘- ‘
Analysis of Binding'Specificity of Phage Antibodies

1The'binding of-the various phage antibodies to the
specific antigen, '1ysozyme; was analysed using ELISA
techniques. " Phage antibodies (e.g. deVHD1.3 and
desc/FVD1.3 : were‘ grown in E.coli and Phage antibody
particles were precipitated with PEG as described in the
materials and methods. Bound phage antibody particles
were detected uSing polyclcnal sheep serum raised against
the clasely‘related phage M13.
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ELISA plates were prepared by coating 96 well plates 
(Falcon Microtest III flexible plate. Falcon: Becton 
Dickinson Labware, 19~0 Williams Drive, Oxnard, 
California, 93030, USA. ) with 200 ul of a solution of 

5 lysozyme (lmg/ml unless otherwise stated) in 50 mm NaHC03 
for 16-24 hours. Before use, this solution was removed, 
the plate rinsed several times in PBS and incubated with 
200 ul of 2% milk.powder/PBS for 1 hour. AFter rinsing 
several times with PBS, 100 ul of the test samples were 

10 added and incubated for 1 hour. Plates were washed ( 3 
rinses in 0.05% Tween 20/PBS followed by 3 rinses in PBS 
alone). Bound phage antibodies were detected by adding 
200 ul/well of a 1/1000 dilution of sheep anti-M13 
polyclonal antiserum ( gift from G. Winter,· . although an 

15 equivalent antibody can be readily made by one skilled in 
the art using standard methodologies) in 2% milk 
powder/PBS and incubating for 1 hour. After washing as 
above, plates were incubated with biotinyl~~ed anti-sheep 
antibody (Amersham International) for 30 minutes. Plates 

20 were washed as- above, and incubated with streptavidin
horseradish peroxidase complex (Amersham International). 
After a final wash as above, 0.5 mg/ml ABTS substrate in 
citrate buffer was added ( ABTS = 2' 2' -azinobis ( 3-
ethylbenzthiazoline sulphonic acid); citrate buffer = 50 

25 mM citric acid, 50 mM tri-sodium citrate at a ratio of 
54:46. Hydrogen peroxide was added to a final 
concentration of 0. 003% and the plates incubated for 1 
hour. The optical density at 405 nm was read i.n a 
Titertek multiskan plate reader. 

30 Figure 6 shows the effect of varying the amount of 
phage antibody. 100 ul of various dilutions of PEG 
precipitated phage were applied and the amount expressed 
in terms of the original culture volume from which it was 
derived. Signals derived from both the scFv containing 

35 phage antibody {fdTscFvD1.3) and the VH containing phage 
antibody {fdTVHD1.3) and the VH containing phage antibody 
were ~igher than that derived from the phage antibody 
vector ( fdTPs/Xh). The highest signal to noise ratio · 
occurs using the equivalent of 1.3 mls of culture. 

40 Figure 7 shows the results of coating the plates 
with varying concentrations of lysozyme or bovine serum 

· albumin ( BSA) . The equivalent of 1 m1 of the origi.nal 
phage antibody culture supernatant was used. The signals 
from supernatants derived from fdTscFvD1.3 were again 

45 higher than those derived from fdTPs/Xh when lysozyme 
coated wells were used. There was no significant 
difference between these two types of supernatant when 
the plates were coated with BSA. Broadly speaking the 
level of signal on the plates is proportional to the 

50 amount of lysozyme coated. These results demonstrate 
that the binding detected is specific for lysozyme as the 
antigen. 
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It would be useful to design vectors that enable the 
use of restriction enzymes that cut DNA .. infrequently, 

5 thus avoiding .unwanted digestion of the antibody gene 
inserts· within their. coding sequence. Enzymes with an 
eight base recognition sequence_ are particularly useful 
in this rE!Spect, for example Notl and Sfil. Chaudhary et 
al (PNAS 8:7 .pl066-1070, 1990) have identified a number of 

10 restriction sites which occur rarely in antibody variable 
genes. . . 'i'he applicant has designed and constructed a 
vector that utilises two of these sites, as an example of 
how this cype of enzyme can be used. Essentially sites 
for the enzymes· ApaL1 and Not1 were engineered ·into 

15 fdTPs/Xh to create fdCAT2. · 
The oligoaucleotide: 
5 'ACT TTC .. MC AGT TTC TGC GGC CGC CCG TTT GAT CTC GAG CTC 
CTG CAG TTG.GAC CTG TGC ACT GTG AGA ATA GAA 3' 
was· synt~esised ( supra fig 4 legend) and used to 

20 mutagenise fdTPs/Xh using an in vitro mutagenesis kit 
from Ame:tsham International as described.in example 1, to 
create fd-CAT2.. . The sequence of fd-CAT2 was checked 
around the. site of manipulation by DNA sequencing. The 
final se~nce around the insertion point within gene III 

25 is shown· .fh figure 8. · 
N.B •. fdCA'f2 is. also referred to herein by the alternative 
terminoiosfj.es·fd~tet-DOG1 and fdDOG1. 
Example_6< 
Specific Binding of Phage-antibody ( pAb) to Antigen 

30 The binding • of pAb Dl. 3 ( fdTscFvDl. 3 of example 2 ) 
to lysozyme was further analysed by ELISA. 
Methods. · · 
1. · Phage· growth •. 

Cultures of phage transduced bacteria were prepared 
35 in 10-100; lnls 2 · x TY medium .with .15 pg/ml tetracycline 

and growri with shaking at 37°C for 16-24 hrs. Phage 
supernatant was.· prepared by centrifugation of· the culture 
( 10 min c:lt 10, 000 rpm, 8 x 50 ml rotor, Sorval RC-5B 
centrifuge). At this stage, the phage titre was 1 - 5 x 

40 1o10;m1 t.J;ansducing. units. The phage were precipitated 
by adding 1/5 volume 20% PEG 2.5 M NaCl, leaving for 1 hr 
at 4°C, and centrifuging (supra). The phage pellets were 
resuspended.in.10 niM Tris-HC1, 1mM EDTA pH 8.0 to 1/100th 
of the· .erigirtal volume, and residual bacteria and 

45 aggregated ppage removed by centrifugation for 2 min in a 
bench micfOceritrifuge. 
ELISA .. 
--.-Plates' were coated with antigen ( 1 mg/ml antigeri) 
and blocked. as described in example 4. · 2 x 1010 phage 

50 transducing units were added to the antigen coated plates 
in phosphate .buffered saline (PBS) containing 2% skimmed 
milk powder (MPBS). .Plates were washed between each step 
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with three rinses of 0. 5% Tween-20 in PBS followed by 
three rinses of PBS. Bound phage was developed by 
incubating with sheep anti-Ml3 antisera and detected with 
horseradish peroxidase (HRP) conjugated anti-goat serum 

5 (Sigma, Poole, Dorset, UK) which also detects sheep 
immunoglobulins and ABTS ( 2 '2'- az inobi s ( 3-
ethylbenzthiazoline sulphonic aqid). Readings were taken 

.at 405 nm after a suitable period. The results (figure 
9 ) show that the antibody bearing-phage had the same 

10 pattern of reactivity as the original 01.3 antibody 
(Harper, M., Lema, F., Boulet, G., and Poljak, F.J. 
(1987) Melee. Immunol. 24, 97-108), and bound to hen egg
white lysozyme, but not to turkey egg-white lysozyme, 
human lysozyme or bovine serum albumin. The specificity 

15 of the phage is particularly illustrated by the lack of 
binding to the turkey egg-white lysozyme that differs 
from hen egg-white lysozyme by only 7 amino acids. 
Example 7. 
Expression of Fab Dl.3 . 

20 The aim of this example was to demonstrate that the 
scFv format used in example . 2 was only one way of 
displaying antibody fragments in the pAb system. A more 
commonly used antibody fragment is the Fab fragment~ 
(figure 1) and this example describes the construction of 

25 a pAb that expresses a Fab-like fragment on its surface 
and shows that it binds specifically to its antigen. The 
applicant chose to express the heavy chain of the 
antibody fragment consisting of the VH and CHl domains 
from coding sequences within the pAb itself and to co-

30 express the light chain in the bacterial host cell 
infected with the pAb. The VH ~d CHl regions of anti
lysozyme antibody Dl. 3 were cloned in fd CAT2, and the 
corresponding light chain cloned in plasmid pUC19. The 
work of Skerra and Pluckthun (Science 240, pl038-1040 

35 ( 1988) and Better et al 1988 supra; demonstrated that 
mul timeric antigen binding fragments of the antibody 
molecule could be secreted into the Periplasm of the 
bacterial cell in a functional form using suitable signal 
sequences.· However, in these publications, special 

40 measures were described as being needed to recover the 
binding protein from the cell, for example Skerra and 
Pluckham needed to recover the Fv fragment from the 
periplasm by affinity chromatography. The present 
applicants have shown that it is possible to direct the 

45 binding molecule to the outside of the cell on a phage 
particle, a process that· requires several events to 
occur: correct secretion and folding of the binding 
molecule; association of the chains of the binding 
molecule; correct assembly of the phage particle; and 

50 export of the intact phage particle from the cell. 
Alternatively, it is possible however, to express 

the light chain from within the pAb genome by, for 
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examp~e, cloning an expression cassette into a sui tab~e 
p~ace in·. tlie phage genome. Such a sui tab~e p~ace wou~d 
be the.· ·inj:ergenic region which houses the mu~ tic~oning 
sites eng~eered into derivative of the re~ated phage M13 
(see,. for·. examPle, Yi:misch..;.Perron, c. et . al·., Gene 33, 
pl03-119 1 :(1985·)) o. . 

: The starting point for this example was the clone 
Fab DL-3 #1·. pUC19, a map of whiCh is shown in figure 10. 
The ~egions · hybridising with the o~igonucleotides KSJ6 
and 7 be~ow are shown underlined in. fig 10. The sequence 
encoding the · VH-CHl region (defined at the 5' and 3 ' 
edges by. the · oligonuc~eotides KSJ6 and 7 be~ow) was PCR 
amplified ·from Fab 01;3 in pUC19 using o~igonuc~eotides 
KSJ 6 and:_ 7, ·. which retain the Pst I site at the 5' end 
and introduce a Xho I site at the 3' end, to faci~itate 
cloni11g •into · fd CAT2. The sequences for the 
oligonuc~eot!-des KSJ6 and 7 are shown be~ow. The 
underlined· region of KSJ7 shows the portion hybridising 
with the sequence for Dl.3. 
KSJ6: 5 ' AGG TGC AGC TGC AGG AGT CAG G 3 ' 
KSJ7: 5 '· GGT GAC. CTC GAG TGA AGA 'l'TT GGG CTC AAC TTT C 3' 
PCR cond~aons .-were as described in· example II, except· 
that. thirtY cyc~es of PCR · amp~ification were performed 
with·. demat:ura:tion at 92°C for 45 seconds, annea~ing at 
ssoc for. l mi.nute and extension at 72°C for 1 minute. 
The temp~a,te :used was DNA from TGl ce~~s containing Fab 
D1.3 in. puC19 ·.resuspended· in water and boi~ed. The 
tempJ.ate : P.NA was prepared rrom the co~onies by picking 
some · colony · ·material · into 100}11 of distil~ed H2o and 
boiling. fqr. 10 nii.ns. 1}11 of this mixture was used in a 
20}11: PCR. :_ .. This regime resulted in amplification of the 
expected :fragment of approximately 600bp. This fragment 
was cut w:ith ·. Pst I and _Xho I, purified from an· agarose 
gel and ligated into Pst 1/Xho 1-cut fdCAT2. The. PCR 
mixture was .extracted with phenol/chloroform and ethanol 
precipitated_ (Sambrook et· al. ·supra.) before digestion 
with·· Pst~:::. and Xho1 . (New_ England Biolabs according to 

. manufacturers recommendations. The fragment was resolved 
on 1% Tris-:Acetate EDTA agarose gel ( Sambrook et al. 
supra) and purified using Geneclean (BIO 101, Geneclean, 
La Joi1a;·_. San Diego, California, USA) according to 
manufacturers recommendations. 

fd-CAT2vector DNA was digested with Pst 1 and Xho 1 
(New England BioLabs) according to manufacturers 
recommendations, extracted with phenol/chloroform and 
ethariol pJi-e:ci.pitated ( Sambrook et al. supra. ) . 

. · 75ng of Pst 1/Xho !-digested vector DNA was ligated 
to 40ng .·of · PCR-amp~ified Pstl /Xho I-digested hEGF-R 
fragment :.~n 12}11 of ligation buffer ( 66mM TrisHCl 
( pH7. 6), ·. $m:M MgCl2, · SmM di thiothrei tol, ( lOOpg/ml bovine 
serum al.btimin, .. 0. SmM ATP, · 0. 5mM Spermidine) and 40C units 
T4 DNA ligase (New England BioLabs) for 16 hours at l6°C. 

· .. : 
.'_:,;,._ ~. 
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example, gcloning an expression cassette into a suitable
place ina‘the‘ phage genome. Such a suitable place would

he the'ingergenic region which houses the multicloning
sites engineered into derivative of the related phage M13
(see, 4 ’for-.;'example, Y'anischéPerron, C_. et _al'. , Gene 33,
13103-119, {1985) ) .- . ‘

i'rhe starting point for this example was the clone
Fab Dl'.«3 pUClQ, a map of which is shown in figure 10.
The ' regions hybridising with the oligonucleotides K536
and '7 below, are" shown underlined in. fig 10. The sequence
encoding the 'VH-CHI region (defined at the 5' and 3'
edges by! the toligonucleotides KSJE and 7 below) was PCR
amplified "from Feb 01.3 in pUC19 using oligonuoleotides
KSJ 5 .and'r'7,'- which retain the Fat I site at the 5' end
and introduce a Xho I site at the '3' end, to facilitate
cloningvi’ntoj fd- CATZV f The sequences for the
oligonucleotides K336 and 7 are shown below. The

underlined}. region of K537 shows the portion hybridising
with the sequence for D1.3. r
KSJE:5‘ AGG 'TGC AGC TGC AGG'AGT CAG G 3' '

K537: 5L 'GAC‘CVTC GAG: TGA AGA TT‘I‘ GGG CTC AAC TT‘I' C 3’
PCR Conditions were as described in- example II, except
that; thirty cycles of PCR amplification were performed
with: denatura'tion. at 92°C for 45 seconds, annealing at
55°C for. 1. minute and extension at 72°C for 1 minute.
The template used was DNA from T61 cells containing Fab
131.3 in. 1:11le '. resuspended ‘ in water and boiled. The
template”; mm 'was prepared from the colonies by picking
some‘col'ony‘ material 1 into 100ul of distilled H20 and
boiling/for. 10 mins. lpl of this mixture was used in a
ZOplvPGRt-‘Q this j.regime resulted in amplification of the
expected fragment of approximately 600E253. This fragment
was cut with “Pet 1 and ,Xho I, pflrified‘ from. an agarose
gel and ligated into _Pst l/Xho l-cut deATZ. The. PCR
mixture was extracted with phenol/chloroform and ethanol
precipitated. (Sambrook5 et” al. supra.) before digestion
withfPStlfigand‘VVkaol. (New. ,England Biolabs according to
manufacturers recommendations. The fragment was resolved
on 1% Tris-Acetate EDTA agarose gel (Sambrook, ‘et al.
supra) purified using Geneclean (BIO 101, Geneclean,
La Jolla',fj.$an Diego, California, USA) according to
manufacturers recommendations. ,

fd—CA’IfZVector DNA was'digested with Pst l and Xho 1
(New England BioLabs) according to manufacturers
recommendations, extracted with phenol/chloroform and
ethan'olzpreicipitated (Sambrook et a1. supra. ). ’

_V 75ng of, Pst ‘l/Xho 'l-digested vector DNA was ligated
to long .‘of- PER-amplified Pstl /Xho .l-digested hEGF-R.
fragment; 31;: 121.11 of ligation buffer (661m Trial-{Cl
(pl-17.16), ‘MgClz, ' SmM dithiothreitol, (100ug/ml bovine
serum albtnnin,..0.‘5n1M ATP,’ 0.5mM Spemidine) and 403 units
T4 DNA ligase (New England BioLahs) .for 16 hours at 16°C.
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Two pl of the ligation mixture was transformed into 
200pl of competent E. coli MC106i cells, plated on 2TY 
agar containing 15pg/ml tetracycline and incubated at 
30°C ·for 20 hours. A portion of the ligation reaction 

5 mixture was transformed into E. coli MC1061 (Available 
from, for example Clontech Laboratories Inc, Palo Alto, 
California) and colonies identified by hybridisation with 
the oligonucleotide D1.3CDR3A as described in ~xample 10. 
The presence of the VHCHl gene fragment was likewise 

10 confirmed by PCR, using oligonucleotides KSJ6 and 7. A 
representative clone was called fd CAT2VHCH1 01.3. The 
heavy chain was deleted from Fab D1.3 in pUC19 by Sph I 
cleavage of Fab Dl. 3 plasmid DNA. The pUC 19 2. 7Kb 
fragment containing the light chain gene was purified 

15 from a TAE agarose gel, and lOng of this DNA self-ligated 
·and transformed into competent E. coli TG1. Cells were 
plated on 2TY agar containing ampicillin (lOOpg/ml) and 
incubated at 30°C overnight. The resulting colonies were 
used to make miniprep DNA ( Sambrook et al. supra) , and 

20 the absence of the heavy chain gene confirmed by 
digestion with Sph I and Hind . III. A representative 
clone was called LCD1.3 DHC. 

An overnight culture of fd CAT2VHCH~ 01.3 cells was 
microcentrifuged at 13,000Xg for 10 minutes and 50pl of 

25 the supernatant containing phage particles added to 50p1 
of an overnight culture of LCD1.3 DHC cells. The cells 
were incubated at 37°C for 10 minutes and plated on 2TY 
agar containing ampicillin ( lOOpg/ml) and 15pg/ml 
tetracycline. Phage were prepared from some of the 

30 resulting colonies and assayed for their ability to bind 
lysozyme as described in example.'·6. 

The results (Figure 11) showed that when the heavy 
and light chain Fab derivatives from. the original 
antibody Dl. 3 were present, the pAb bound to lysozyme. 

35 pAb expressing the fd VHCH1 fragment did not bind to 
lysozyme unless grown in cells also expressing the light 
chain. This shows that a functional Fab fragment was 
produced by an association of the free light chain with 
VHCHl fragment fused to gene III and expressed on the 

40 surface of the pAb. · · 
Example B 
Isolation of Specific, Desired Phage from a Mixture of 
Vector Phage. . 

The applicant purified pAb (01.3) (originally called 
45 fdTscFvDl. 3 in example 2) from mixtures using antigen 

affinity columns. pAb (01.3) was mixed with vector fd 
phage (see table 1) and approximately 1012 phage passed 
over a column of lysozyme-Sepharose (prepared from 
cyanogen bromide activated sepharose 48 ( Pharmacia, 

50 Milton Keynes, Bucks, UK.) according to the manufacturers 
instructions. TGl cells were infected with appropriate 
dilutions of the elutes and the colonies derived, were 
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analysed by probing with an oligonucleotide that detects 
only. the pAb (Dl. 3) see Table 1 and Fig. 12. A thousand 
fold enrichlilent of pAb(Dl.3) was seen with a single 
column pas's. · · By growing·. the enriched phage and passing 

5 it down the column again, enrichments of up to a million 
fold were ·seen •.. 

Enrichment .was also demonstrated using purely 
immunolos#.cal criteria. For example, 1012 phage (at a 
ratio· of 1' pAb _(Dl~3) to 4 x 1,06 fdTPs/Bs) was subjected· 

10 to two rotinds of affinity selection, ·and then 26 colonies 
picked ·and · grown overnight.. The phage was then assayed 
for lysozYD~e binding by ELISA (as example 6). F.ive 
coloni_es yielded phage with lysozyme binding activities, 
see table·\ i; and these were shown to encode the scFv 

15 ( Dl. 3) by:~PCR screening . (example 13, using 30 cycles of 1 
minute at.92oc~· 1 minute at 60°C, 1 minute at.72oc using 
CDR3PCRl arid oligo 3 (fig. 4) as primers). · 

Thus 'very . rare pAbs .. can be fished out of large 
populations, by .using antigen to select and then screen 

20 the phage. • · 
In. this eXample, affinity chromatography of pAbs and 

oligonucleotide probing were carried out as described 
below. · . · ·.· ·. · . 

· Approximately 1012 phage particles in 1ml MPBS were 
25 loaded . onto a 1 ml lysozyme-Sepharose affinity column 

which had }Jeen.prewashed in MPBS. The column was washed 
in turn with 10 ml PBS; then 10 ml 50 mM Tris-HCl, 500 mM 
Nacl pH 7;.:5; then 10inl 50 mM Tris-HCl 500 mM NaCl pH 8. 5: 
then 5 mls.so tOM Tris-HCl, 500 mM NaCl pH 9.5 (adjusted 

30 with triethylaini.ne) and then eluted with 5 ml 100 mM 
triethylani.ine. · . The eluate was neutralised with 0. 5 M 
sodium phosphate buffer pH 6. 8 and the phage plated for 
analysis •. :: • For a second round of affinity chromatography, 
the · first column eluate· was plated to about 30, 000 

35: colonies ·per ·petri dish. After overnight growth, 
colonies. were then scraped .into 5 ml 2 x TY medium, and a 

. 20 1Jl aliquot· diluted into 10 ml fresh medium and grown 
overnight.. The phage was PEG precipitated as described 
above, · resuspended in i nil MPBS and loaded onto the 

40 column, washed and eluted as above. 
Oligonucleotides sythesised: 
CDR3PCR1 5'TGA GGA C(A or T) C(A or T) GC CGT CTA CTA CTG 
TGC 3' . 

· 40 pmole of oligonucleotide VHlFOR (Ward, E. s., et 
45 al (1989) Nature 341, 544-546), specific to pAb (Dl.3) 

was phosphorylated with 100 ]lCi a-32P ATP, hybridised 
(lpmole/m.l) to. nitrocellulose filters at 67°C in 6 x 
saline sQdium . citrate · (SSC) Sambrook et al., supra. 
buffer for 30 minutes and allowed to cool to room 

50 temperature for 3Qmins, washed 3 X 1 min at 60°C in 0.1 
x sse. · 
Example 9 · 
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Construction of pAb Expressing Anti-hapten Activity 
Oxazqlone is a hapten that is commonly used for studying 
the details of the immune response. The anti-oxazalone 
antibody, NQll has been described previously (E. 

5 Gherardi, R. Pannell, C. Milstein, J. Immunol. Method 126 
61-68). A plasmid containing the VH and VL gene of NOll 
was converted to a scFv form by inserting the BstEII/Saci 
fragment of scFvD1.3 myc (nucleotides 432-499 of Fig. 5) 
between the VH and VL genes to generate pscFvNOll, the 

10 seque~ce of which is shown in fig. 13. This scFv was 
cloned into the Pstl/Xhol site of FdTPs/Xh (as described 
earlier) to generate pAb NQll has an internal Pstl site 
and so it was .necessary to do a complete digest of 
pscFvNQll with Xhol followed by a partial digest with 

15 Pstl). 
The specific binding of pAb NOll was confirmed using 

ELISA. ELISA plates were coated at 37°C in 50 mM NaHC03 
at a protein concentration of 200 pg/ml. Plates were 
coated with either hen egg lysozyme (HEL), bovine serum 

20 albumin (BSA), or BSA conjugated to oxazolone (OX-BSA) 
(method of conjugation in Makela o.,, Kartinen M., 
Pelkonen J.L.T., Karjalainen K. (1978) J. Exp. Med.l48 
1644). Preparation of phage, binding to ELISA plates, 
washing and detection was as described in example 6. 

25 Samples were assayed in duplicate and the average 
absorbance after 10 minutes presented in figure 14. 

This result demonstrates that the pAb NQll binds the 
correct antigen. Figure· 14 also shows that pAb Dl.3 and 
pAb NOll bind only to the antigen against which the 

30 original antibodies were raised. , · 
Example 10 
Enrichment of pAb Dl. 3 from Mixtures of Other pAb by 
Affinity Purification 

3 x 1olO phage in 10 mls of PBSM at the ratios of 
35 pAb 01.3 to pAb NOll shown in table 2 were passed over a 

1 rill. lysozyme Sepharose column. Washing, elution and 
other methods were as described in example 8 unless 
otherwise stated. Eluates from the columns were used to 
infect TGl cells which were then plated out. Colonies 

40 were probed with a probe which distinguishes pAb Dl.'3 
from pAb NOll • The sequence of this oligonucleotide 
(Dl.3CDR3A) is:- . 
5'GTA GTC AAG CCT ATA ATC TCT CTC 3' 
Table 2 presents the data from this experiment. An 

45 enrichment of almost 1000 fold was achieved in one round 
and an enrichment of over a million fold in two rounds of 
purification. This parallels the result described in 
example 8. 
Example 11 

50 Insertion of a Gene Encoding an Enzyme (Alkaline 
· · ·phosphatase) into fd-CAT2 

As an example of the expression of a functional 
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enzyme on>the bacteriophage-surface, the applicants have 
chosen bat:terial . alkaline phosphatase,. an enzyme that 
nornially.functions as a dimer (McCracken, S. and Meighen, 
E., J. Biol. ·Chern~ 255, p2396-2404, (1980)). The 

5 oligonucl~otides were designed to generate a PCR product 
with ari .· A.pcl Ll site at the 5' end of phoA gene and a Not 
1 site at:: its 3' end, thus :facilitating cloning into fd
CAT · ·.2 · .. to· create a gene III fusion protein. The 
oligonucleotides synthesised were: 

10 phoAl: 5'. 'fAT·. TCT CAC AGT GCA CAA ACT GTT GAA CGG ACA CCA 
GAA ATG CCT GTT CTG3' and, 
phoA2:5' ACA TGT ACA·TGC GGC CGC TTT CAG CCC CAG AGC GGC 
TTT C3' 
The sequence of . the phoA gene is. presented in Chang C. N. 

15 et al.,.· Gene 44, pl21-125 ( 1986). The plasmid amplified 
(pEK86)_eontains an alkaline phosphate gene which differs 
from the :sequenee of Chang et al, by a mutation which 
converts arginine to alamine at position 166. 

The ·f.CR reaction was carried out in lOOpl of 10 mM 
20 Tris/HC1 . pH . 8. 3 I containing 50 mM KCl, SmMdNTP 2. 5 mM 

MgCl2, 0.'01% gelatin, 0.25 units/pl of Taq polymerase 
(Cetus/Perkin Elmer) and · 0. 5pg/ml template. The template 
was the pEK86 plasmid (described by Chaidaroglou et al., 
Biochemistry 27. p8338-8343, · 1988) • The PCR was carried 

25 out in a< Techne ( Techne, Duxford, Cambridge, UK) PHC-2 
dri-block using thirty ·cycles of 1 min at 92°C, 2 min at 
5o·c, 3.11liriat 72°C. 

The · resultant product was extracted with 
phenol:chloroform, precipitated with ethanol, and the 

30 pellet · .. d±ssol ved in 35pl ·water. Digestion with 0. 3 
uni ts/pl 'of Apa Ll was carried out in lSOpl volume 
according·to·manufacturers instructions for two hours at 
37°C. After· heat inactivation of the enzyme at 65ac I 

NaCl was added to a final concentration of 150mM and 0.4 
35 units/pl ~otl enzyme added. After incubation for 2 hours 

at 37°C, thedigest was. extracted with phenol:chloroform 
and.precipitated·as above, before being dissolved in 30pl 
of water .. · . The . vector · fd-CAT2 was sequentially digested 
with ·Apa ·. Ll ·and ·Not1 aceording to the manufacturers 

40 instructiOns ·and treated with calf intestinal alkaline 
phosphata.Se as _described in example 2. The sample was 
extra.cted . three times with phenol.: chl.oroform I 
precip:i'tated with ethanol . and dissolved· in water. The 
liga:tion:s were performed with a final DNA concentration 

45 of l-2ng/pl·of both the cut fd-CAT2 and the digested PCR 
product. The ligations were transformed ·into competent 
TG1 cel.J.s.and-plated on 2xTY tet plates. Identification 
of clones containing the desired insert was by analytical. 
PCR perf.o;med · using the conditions and primers above, on 

50 boil.ed . sampl.es of the resul. ting col.onies. The correct . 
cl.one con~ining the phoA gene fused in frame to g~ne III 
was·called'fd...:phoAJ.a 166. The sequence at the junction 

- .. .,. 
- .-.:.:. 
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of the cloning region is given in figure 15. 
Example 12 
Measuring Enzyme Activity of Phage-enzyme 

OVernight cultures of TGl or KS272 (E. coli cells 
lacking phoA. Strauch K. L., and Beckwith J. PNAS 85 
1576-1580, ·1988) cells containing either fd-phoAla 166 or 
fd-CAT2 were grown at 37 oc in 2xTY w.i th 15pg/ml 
tetracycline. Concentrated, PEG precipitated phage were 
prepared as described earlier. Enzyme assays (Malamy, 
M.H. and Horecker B.L., Biochemistry 3, p1893-1897, 
(1964)) were carried out at 24°C in a final concentration 
of 1M Tris/HCl pH 8. 0, lmM 4-ni trophenyl phosphate 
(Sigma), lmM MgC12. lOOp! of a two times concentrate of 
this reaction mixture was mixed with lOOpl of the test 
sample in a 96 well plate. Absorbance readings were 
taken every minute for 30 minutes at a wavelength of 
405nm in a Titretek Mk 2 plate reader. Initial reaction 
rates were calculated from the rate of change of 
absorbance using a molar absorbance of 17000 1/mol/cm. 

Standard curves (amount of enzyme vs. rate of change 
of absorbance) were prepared using dilutions of purified 
bacterial alkaline phosphatase (Sigma type III) in lOmM 
Tris/HCl pH 8.0, lmM EDTA. The number of enzyme 
molecules in the phage samples were estimated from the 
actual rates of change of absorbance of the phage samples 
and comparison to this standard curve. 

The results in Table 3 show that alkaline 
phosphatase activity was detected in PEG precipitated 
material in the sample containing fd-phoAla166 but riot 
fd-CAT2. Furthermore, the •level of activity was 
consistent with the expected number of 1-2 dimer 
molecul.es of enzyme per phage. The level. of enzyme 
activity detected was not dependent on the host used for 
growth. In particular, fd-phoAlal66 grown on phoA minus . 
hosts showed alkaline phosphatase activity. 

Therefore, the phage expressed active al.kal.ine 
phosphatase enzyme, from the phoA-gene III fusion, on the 
phage surface. 
Example 13 
Insertion of Binding Molecules into Alternative Sites in 
the Phage 

The availability of an alternative site in the phage 
for the insertion of binding molecul.es would open up the 
possibil.i ty of more easily expressing more than . one 
binding molecule e.g. an antibody fragment in a single 
pAb. This may be used to generate single or multiple 
binding specificities. The presence · of two distinct 
binding activities on a single molecule will greatly 
increase the utility and specificity of this molecule. 
It may be useful in the binding of viruses with a high 
mutational rate such as human immunodeficiency virus. In 
addition, 1 t may be used to bring antigens into close 
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proximity (e.g. drug · targetting or cell fusion) or it 
may act asa "molecular clamp" in chemical, immunological 
or enzymatic processes .• · 

The •:vector fd..:.tet and the derivatives described 
s here, have a sing.ie sama1 site in gene 3. This has 

previously been used ·for the expression of peptide 
fragments:··. on the surface of filamentous bacteriophage 
(Smith GP: (1985.) Science 228 pl315-1317 and de la Cruz 
et · al. · (1988) · J Biol. Chern. 263 p4318-4322). This 

10 provides a potential alternative site for the insertion 
of antipo(iy fragments.· . 

·DNA_:;:ra~ts. encoding scFv's from Dl.3 or NOll were 
generated:'·by PCR using the primers shown below. These 
primers w~re designed to generate a . fragment with BamHl 

15 sites nea,r both .the te:riniriii, to enable cloning into the 
BamHl s~te of gene3 (see figure 16(1)). The 
oligonucl~otides used, also ensure that the resulting PCR 
product lacks Pst1 and ·Xhol restriction sites normally 
used . for·-~ manipulating the scFv' s ( see figure 16 ( 1 ) ) • 

20 This w:Lll :'facilitate subsequent manipulation of a second 
antibody ·. fragmf!i\t in the usual way at the N terminus of 
gene-3 ••• ¢be oligonucleotides used were:-
G3Baml- 5' TTT AAT GAG GAT CCA CAG GTG CAG CTG . CAA GAG 3 r--~ 
G3Bam2 5 'A.AC GAA · TGG ATC CCG TTT GAT CTC AAG CTT 3' . 

25 Preparati6n·of vector and PCR insert 
· The :- PCR . reaction was carried out in an 80 pl 

reaction as · described in example 11 using 1ng/pl of 
template and .0.25U/pl of Tag polymerase and a cycle 
regime of 94°C ·far. 1 minute, 60°C for 1 minute and 70°C 

30 for 2 .mi~tes ·over ·. 30 cycles. The template was· either 
pscFvNQ11.·(example 9) or scFvD1.3 myc (example 2). 
Reaction products were extracted with phenol:chloroform, 
precipita-ted~ dissolved in water and. digested with BamHl 
accordi:ng· to manufacturers· instructions. The digest was 

35 re-extradeed ·.with ·.phenol: chloroform, precipitated and 
dissoived·'' in water. . . . 

The vector fdTPs/Xh was cleaved with BamHl and 
treated with:.calf intestinal phosphatase and purified as 
described···in example 2. Ligations were set up at a 

40 vector ·-ccmceri.tration of approximately 6ng/pl and a PCR 
insert c~c~tration of approximately 3ng/pl. These were 
ligated :for 2. 5 hours. at room temperature before 
transforming into .competent TG1 cells and plating on TY 
tet · piates ~ · --. The resui tant colonies - were probed as 

45 described: in eitample 8 ~ · DNA was prepared from a number 
of colo~ and the correct orientation and insert size 
confirmed-. by restriction · digestion with Hind III in 
isolation or in combination with BamHl. (One Hind III 
site is . c;:ontributed by one of the primers and the other 

-so by the yeetor) ~ . 
. . · 'l'wo ::ciones containing ·a Dl. 3 insert · { fdTBaml ) and 

fdTSam2 ) __ and one containing an NQll insert (NQllBaml) 
.. 
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proximity: (e.g. drug N-targetting or cell fusion) or it
may act asa "molecular clamp" in chemical, immunological
or enzymatic processes, ‘ ~

The gifector 'fd—tet and the derivatives described
here, have a, single Hamill. site in gene 3. This has
previously been used for ' the expression of peptide
fragments: on the surface of filamentous bacteriophage
(Smith GP. (1985.) ScienceZ_2_8_ pl315-l31? and de la Cruz
et' a1." (“1988)ij Biol. Chem. g§_3_ p4318—4322). This
provides a. potential alternative site for the insertion
of antibody fragments.‘ ‘ ‘ n

' 'DNA‘jfr‘agments. encoding scPv's from Dl.3 or NQll were
generated"’by 'PCR using the primers shown below. These
primers were designed to generate a . fragment with BamI-Il
sites near: both the terminii, to enable cloning into the
Bam‘Hl-xsi'te of_ genes (see figure 16(1)). The
oligonuclep‘tides used, also ensure that the resulting PCR
product ~la¢ks Pstl and ’Xhol restriction sites normally
used for-f manipulating the scFv‘s (see figure 16(1)).
This will'.i‘facilitate subsequent manipulation of a second
antibody"‘fra'gment' in the usual way at the N terminus of
gene 3. [anhe poligonucleotides used were:-
GBBaml-SKTTT' AAT GAG GAT CCA CAG GTG CAG CTG‘CAA GAG 3"“:
GSBamZ. rS’AA'C GAA‘ TGG ATC CCG TTT GAT CTC AAG CTT 3' .

Preparation of vector and PCR insert
rThe'ffrPCR: _ reaction was carried out in an 80 pl

reaction .~"as described. in example 11 using lng/pl of
template and ~.0.2,5U/pl of Taq polymerase and a cycle
regime .of,;9_4"C '4'for'r'l minute, 60"C for 1 minute and 70°C
for 2. minutes ’over‘GO cycles. The template was either
pscfvaQllf'j' 1(e'xax'nple .9) or scFvD1.3 myc (example 2).
Reaction products were entracted with phenol:chloroform,
precipitated ;‘ dissolved in water and, digested with BamI-Il
according- to manufacturers instructions. The digest was
re-e'xtrac’ted'. with " phenol: chloroform, precipitated and

dissolved", in water. , r A -
> _The' _'vector dePs/Xh was cleaved with BamHI and

treated with'jvcalf; intestinal phosphatase and purified as
described-gain; example 2. Ligations were set up at a
vector "concentration of approximately Eng/pl and a PCR
insert oohcentration of approximately 3ng/ul. These were
ligatedfjfor'fi'ZrS hours at room temperature before
transforming i'ntoxcompetent T61 cells and plating on TY
tet‘ plates-L pThe resultant colonies were probed as

describediin erampjle 8;; n DNA was prepared from a number
of colonies and .the correct orientation and insert size
confirmed-vb}! restriction digestion with Hind III in
isolation: or in combination with Ba‘mHl. (One Hind III
site is: contributed by one of the primers and the other

by the setter); ' ~ .
. Two_;2olone_s containing *a 131.3 insert ~(deBaml) and

'deB’amZ-x 'Zand one containing an N911 insert (NQllBaml)
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were grown up and phage prepared as described earlier. 
ELISAs were carried out as described in example 6 . No 
specific signal was found for any of these clones 
suggesting that the natural BamHl site is not a suitable 

5 site for insertion of a functional antibody (results not 
shown). · 

It may be possible to clone into alternative sites 
to retain binding activity. The peptide repeats present 
in gene III may provide such a site (figure 16 blocks A 

10 and B). This can be done by inserting a BamHl site and 
using the PCR product described above. To facilitate 
this, the natural BamHl site was removed by mutagenesis 
with the oligonucleotide G3mut6Bam shown below (using an 
in vitro mutagenesis kit (Amersham International)}:-

15 G3mut6Bam 5' CA AAC GAA TGG GTC CTC CTC ATT A 3' 
The underlined residue repiaces an A residue, thereby 
removing the BamHl site. DNA-was prepared from a number 
of clones an.<! several mutants lacking BamHl sites 
identified by restriction digestion. 

20 The oligonucleotide G3 Bamlink was designed to 
introduce a BamHl site at a number of possible sites 
within the peptide linker sites A and B, see figure 
16(2). The sequence of the linker is: 
Bamlink 5'CC (G or A) CC ACC CTC GGA TCC (G or A) CC ACC 

25 CTC 3' 
Its relationship to the peptide repeats in gene III is 
shown in figure 16. 
Example 14 
PCR Assembly of Mouse VH and VL Kappa (VLK) Repertoires 

30 for Phage Display 
The principle is illustrated in figure 17. Details 

are provided in sections A to F below but the broad 
outline is first discussed. 
1. eDNA is prepared from spleen RNA from an appropriate 

35 mouse and the VH and VLK repertories individually 
amplified. Separately, primers reverse and 
complementary to VHlFOR-2 (domain 1) and VLK2BACK 
(domain 2) are used to amplify an existing scFv
containing DNA by PCR. (The term FOR refers to e.g. 

40 a primer for amplification of sequences on the sense 
strand resulting in antisense coding sequences. The
term BACK refers to e.g. a primer for amplification 
of sequences on the antisense strand resulting in 

. sense coding sequences). This generates a 'linker' 
45 molecule encoding the linker. with the amino acid 

sequence (1 letter code} (GGGGS)3 which overlaps the 
two primary (VH and VLK) PCR products. 

2. The separate amplified VH, VLK and linker sequences 
now have to be assembled into a continuous DNA 

50 molecule by use of an 'assembly' PCR. In the 
secondary 'assembly.' PCR, the VH, VLK and linker 
bands are combined and assembled by virtue of the 
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above . referred to overlaps. This generates an 
assembled DNA fragment that will direct the· 
expression of. VH and one VLK domain. ·The specific 
VH/VLK combination is derived. randoml.y from the 

5 separate VH and VLK repertoires referred to above. 
The. assembly PCR is carried out in two stages. 

Firstly, 7. rounds · of cycling with just the three bands 
present in· the PCR, followed by a further 20 rounds in 
the presence of the flanking primers VHlBACK (referring 

10 to domain·l.of VH) and VLKFOR. The nucleotide sequences 
for these ·oligonucleotide primers are provided under the 
section · . entitled 'Primer . Seqliences ' below. This two 
stage process, . avoids the potential problem of 
preferential · amplification of the first combinations to 

15 be assembled.· . · · 
For .·cloning into the phage system, the assembled 

repertoires must · be 1 tagged' with the appropriate 
restriction sites. In the example provided below this is 
illustratea.by.providing an ApaLl restriction site at the 

20 VH end of the continuous DNA molecule and a Not 1 site at 
the VLK end of the molecule. This is carried out by a 
third stage . PCR using tagged primers. The nucleotide 
sequences .· for these oligonucleotide primers are also 
provided. ~nder ·the section entitled 'Primer Sequences' 

25 below. ~ ·are however, 4 possible kappa light chain 
sequences . (whereas a single consensus heavy chain 
sequence ·._can · · be used). Therefore 4 oligonucleotide 
primer seqj.lences are provided for VLK • 

. For ·this • .third stage PCR, sets of primers which 
30 create the . new restriction site and have a further l.O 

nucleotides on the 5' side of the restriction site have 
been used~ ·However·, long tags may give better cutting, 
in which c;:ase 15-20 nucleotide overhangs could be used. 

Scrupulously clean procedures must be used at all 
35 times to.· avoid contamination during PCR. Negative 

controls containing no DNA must always be included to 
monitor ·for contamination. Gel boxes must be 
depurinated .. ·'A dedicated Geneclean kit (BlO 101, 
Geneclean;' La Jolla, San Diego, California, USA) can be 

40 used according · to manufacturers instructions to extract 
DNA from an agarose gel. The beads, Nai and the NEW wash 
should be·.· .aiiquoted. 

All· ·enzymes were obtained from CP Laboratories, P.O. 
Box 22, ·Bishop's · Stortford, Herts CM20 3DH and the 

45 manufacturers. recommended and supplied buffers were used 
unless otherwise stated. 
A. RNA Preparation 

RNA qan be prepared using may procedures well known 
to those · skilled in · the art. As an example, the 

50 followingprotocol (Triton X-100 lysis, phenol/SDS RNase 
inactivation) gives excellent results with spleen and · 
hybr.idoma cells (the addition of VRC { veronal ribosyl 

. . 

· ... '-. 

t 

e 
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complex) as an RNase inhibitor is necessary for spleen 
cells) . Guanidinium isothiocyanate/CsCl procedures 
(yielding total cellular RNA) also give good results but 
are more time-consuming. · 

5 1. Harvest 1 to 5 x 107 cells by centrifugation in a 
bench tope centrifuge at 800xg for 10 minutes at 
4°C. Resuspend gently in 50ml of cold PBS buffer. 
Centrifuge the cells again at 800xg for 10 minutes 
at 4°C, and discard supernatant. 

10 2. On ice, add 1 ml ice-cold lysis buffer to the pellet 
and resuspend it with a lml Gilson pepette by gently 
pepetting up and down. Leave on ice for 5 minutes. 

3. After lysis, remove cell debris by centrifuging at 
1300 rpm for 5 minutes in a microfuge at 4°C, in 

15 precooled tubes. 
4. Transfer 0. 5 ml of the supernatant to each of two 

eppendorfs containing 60pl 10% (w/v) SDS and 250 pl 
phenol (previously equilibrated with 100 mM Tris-HCl 
pH 8.0). Vortex hard for 2 minutes, then microfuge 

20 ( 13000 rpm) for five minutes at room temperature. 
Transfer the upper, aqueous·, phase to a fresh tube. 

5. Re-extract the aqueous upper phase five times with 
0.5 ml of phenol. 

6. Precipitate with 1/10 volume 3M sodium acetate and 
25 2.5 volumes ethanol at 20oc overnight or dry ice

isopropanol for 30 minutes. 
7. Wash the RNA pellet and resuspended in 50 Jll to 

check concentration by 00260 and check 2 Jlg on a 1% 
agarose gel. 40Jlg of RNA was obtained from spleen 

30 cells derived from mice. 

Lysis buffer is [lOmM Tris-HCl pH 7.4, lmM MgC12, 150mM 
.NaCl, lOmM VRC (New England Biolabs), 0.5% (w/v) Triton 
X-100], prepared fresh. 

35 Lysis buffer is [ lOmM Tris-HCl pH 7. 4, 1mM MgCl2 , 
150mM NaCl, lOmM VRC (New England Biolabs), 0. 5% ( w/v) 
Triton X-100], prepared fresh. 
B. eDNA Preparation 

eDNA can be prepared using many procedures well 
40 known to those skilled in the art. As an example, the 

following protocol can be used: 
1. Set up the following reverse transcription mix: 

!!! 
HzO ( DEPC-treated) 20 . 

45 5mM dNTP 10 
10 x first strand buffer 10 
O.lM OTT 10 
FOR primer(s) (10 pmol/J11) 2'(each) (see below) 
RNasin (Promega: 40 U/Jll) 4 

50 NB 
i) DEPC is diethylpyrocarbonate, the function of which 

is to inactivate any enzymes that could degrade DNA 
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or RNA 
ii) dNTP is deoxynucleotide triphosphate_ 
iii} DTT is dithiothreitol the function of which is as an 

antioxidant to create the reducing environment 
5 necessary for enzyme function. 

iv) RNasin is a_ ribonuclease inhibitor obtained from 
Promega Corporation, 2800 woods Hollow Road, 
Madison, Wisbonsin, USA. 

2. Dilute 10 pg: RNA to 40 pl final volume with DEPC-
10 treated :water-~ Heat· at 65°C for 3 minutes and hold 

on ice for one· minute (to remove secondary 
structure) " 

3. Add to the~ the_reverse transcription mix (58 pl) 
and 4 pl:of the cloned reverse transcriptase 'Super 

15 RT' (Anglian Biotech Ltd., Whitehall House, 
Whitehall Road, Colchester, ·Essex) and incubate at 
42 ° C for one hOUr •. 

4. Boil the reaCtion mix for three minutes, cool on ice 
for one minute . and them spin in a microfuge to 

20 pellet debrl.s. -Transfer the supernatant to a new 
tube. 
10 x first strand buffer·is [1.4M KCl, 0.5M.Tris-HC1 

pH 8.1 at 42°C_BOmM MgClz]. · 
The primers anneal to · the 3 ' end. Examples of kappa 

25 light chain primers are.MJKlFONX, MJK2FONX, MJK4FONX and 
MJKSFONX (provided·. under · 1 Pri.mer . Sequences ' below) and 
examples of heavy, ~hain primers are MJ:GGl, 2 ( CTG GAC AGG 
GAT CCA GAG TTC CA) and MIGG3 (CTG GAC AGG GCT CCA TAG 
TTC CA) which ann'Bal · to CHL 

30 Alternatively, any primer ~at binds to the 3' end 
of the variable regions VH, VLK, VL, or to the constant 
regions CHl, CKor CL can be used. · 
C. · Primary PCRs .. · 

For eaQh · PCR .·and negative control, the following 
35 reactions are· set u'p (e.g. one reaction for each ·of the 

four VLKs and four VH PCRs). In the-following, the Vent 
. DNA polymerase. sold . by (C.P. Laboratories Ltd (New 
England Biolabs ) . address given above ) was used. The 
buffers are as proVided by C.P. Laboratories. 

40 .. . 'E! 
H20 32.5 
10 x Vent buffer · · 5 . 
20 x Vent BSA 2.5 
5mM dNTPs 1.5 

45 FOR primer 10 pmol/pl) 2.5 
BACK primer lOpmol/p.l 2.5 

The FOR and BACK primers are given in the section below 
entitled 1 Primer SequEmces ' . For VH, · · the FOR primer is 

50 VH1FOR-2 and the BACK primer is VH1BACK. For VLK the FOR 
primers· are MJKlFONX, · · MJK2FONX, MJK4FONX and MJK5FONX 
(for the four respective kappa light chains) and the BACK 

_'! 
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primer is VK2BACK. Only one kappa ligh--: cna::Ln BACK 
primer is necessary, because binding is to a nucleotide 
sequence common to the four kappa light chains. 

UV this mix 5 m::Lnutes. Add 2.5 ~l eDNA preparation 
(from B above), 2 drops paraffin oil C Sigma Chern::Lcals. 
Poole, Dorset, UK l . Place on a cycling heating block. 
e.g. PHC-2 manufactured by Techne Ltd. Duxford UK. pre
set at 94°C. Add lJ.ll Ven-:: DNA polymerase under t:he 
paraffin. Amplify using 25 cycles of 94°C 1 min, 72°C 2 
min. Post-treat at 60°C for 5 min. 

Purify on a 2% lmp (low melting point agarose/TAE 
(tris-acetate EDTAJgel and extract the DNA .to 20 ~1 H?O 
per original PCR using a Geneclean kit (see earlier1 in 
accordance with.the manufacturers instructions. 
D. Preoaration of linker 
Set up in bulk !e.g. 10 times) 

1:!! 
HzO 34.3 
10 X Vent buffer 5 
20 x Vem: BSA 2.5 
SmM dNTPs ., 

"-

LINKFOR primer 10 pmol/J.ll) 2.5 
LINKBACK primer lOpmol/J.ll 2.5 
DNA from fcFv 01.3 (example 2) 1 
Vent enzyme 0.2 

The FOR and BACK primers are given in the section below 
entitled 'Primer Sequences'. The FOR primer is LINKFOR 
and the BACK primer is LINKBACK. Cover with paraffin and 
place on the cycling heating block (see above) at 94°C. 
Amplify using 25 cycles of 94°C 1 min, 65°C 1 min, 72°C 2 
min. Post-treat at 60°C for 5 m£n. 

Purify on 2% lmp/TAE gel . (using a loading dye 
without bromophenol blue as a 93bp fragment is desired I 
and elute with SPIN-X column C Costar Limited. 205 
Broadway, Cambridge,. Ma. USA.,) and precipitation. Take 
uo in 5 J.ll H?O per PCR reaction. E: Assemblv PCRs 

A quarter of each PCR reaction produc--: ( 5!ll 1 is 
used for eacn assembly. The total volume is 25ul. 

For each of the four VLK primers, the following are 
set: up: 

H.,O 
10 x Vent buffer 
20 X Vent: BSA 
5mM dNTPs 

4.95 
2.5 
:.25 
0.8 

L~ irradiate this mix for 5 min. Add 5ul eacn of Vh and 
50 VK band :from the pr::Lmary PCRs and l . 5 ul c:::: linker as 

isolated ::rom the preparative. gels and ext:ract:ed us::Lng 
tne Geneclean ki~ as described in c and D aoove. Cover 
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with oaraffin. Place on the cycling heating block preset_ 
at 94oc:: Add 1~1 Ven~ under the paraffin. Amplify using 
7 cycleS or 94 .. C. 2 min, 72°C 4 min. Then return the 
temperature to 94 .. C. 

. . Add l. 5ul each of VHlBACK and the appropriate VKFOR 
primers···:. MJK1FONX, MJK2FONX. · MJK4FONX or MJK5FONX ( 10 
pmol/J,ll) a;: 94°C. The primers should have been UV
treated ;. as above. Amplify using 20 cycles of 9 4 .. c 1. 5 
min, 72"C2.5 min. Pos~-treat at 60°C for 5 min. Purify 
on. 2% l.ritp/TAE. gel and extract the DNA to 20J.ll H20 per 
assemb1'y . PCR.. using a Geneclean kit ( see earlier ) in 
accordance with the manufacturers instructions. 
F. · Acldi.ng Resitriction Sites 
For each as_sembly and con~rol set up: 

H20 
10 x Tad buffer 
5mM dNTPs. · · 
FOR_primer C10 pmol/p1) 
BACK pr~mer c 10 pmol/J.ll > 
Assembly product 

u1 
36.5 
5 
2 
2.5 
2.5 
1 

The. FOR. and BACK primers are given in the section below 
entitled ' Primer Sequences ' . The FOR primer is any of 

25 J'KlNOT10, · J'K4NOT10, . JK4NOT10 or J'KSNOTlO (for the four 
respective k_appa light chains) for putting a Not1 
restriction site at the VLK end. The BACK primer is 
HBKAPAI·o for puttirig an ApaL1 restriction site at the VH 
end.· ··.· .· · 

30 · Cover with paraffin and place on the cycling heating 
block preset. at 94 .. C. Add 0.5 J.ll Cetus Taq DNA 
polymerase (Cetus/perkin-Elmer, Beaconsfield, Bucks, UK) 
under . th~ paraffin. . Amplification is carried out using 
11 ,:o .).5 ro¢1ds of cycling (depends on efficiency) at 

35 94°C 1 min, 55°C 1 min, 72°C 2 min. Post-trea~ at 60°C 
for·5-min. 

10 x Tao buffer is [0.1M Tris-HC1 pH 8.3 at 25°C, 
O.SM KCl, 15mM MgC12, 1mg/ml gelatin). 
G. .work-uo 

40 Purify once with CHC13/IAA ( isoamylalcohol}, once 
with phenol. once· with CHC13/IAA and back-extract 
everytlting .. to ensure minimal losses. Precipitate and 
wash twice in 70% EtOH. Dissolve in 70ul H~O. 
Digest overnight at 37°C with Noti: - ~ 

45 DNA (joiried seq) 70 
NEB Noti buffer x ·10 10 ~ 

NEB BSA x 10 10 
Notl (10 U/pll 10 

The ·DNA 1 j o:i.ned sequence l above refers to the assembled ~ 

50 DNA seauerice comprising in the ~· ~o 3' direction 
AoaLl· res"'i:ri.c-:;ion'Site 
VH sequence 

·, 
· .. ~ . 

PFIZER EX. 1502 
Page 3144

PCT/GBQI/OHMWO 92101047

66

with paraffin. Place on the cycling heating block preset;
at 94°C§V Add lul Vent under the paraffin. Amplify using
7 cycles.of Séfcfz min, 72°C 4 min. Then return the
temperature to 94°C._

.Adggl.5ul each of VHIBACK and the appropriate VKFOR
primers: MJKIFONX, MJKZFONX.‘ MJKéFONX or MJKSFONX (10
pmol/ulj"at‘ 94‘C. The aprimers ’should have been UV-
treatedaas above. Amplify using 20 cycles of 94°C 1.5
min,_72°C‘2.5 min. Post-treat at 60°C for 5 min. Purify
on 2%,lmp/TAE.gel and extract the DNA to ZOul H20 per
assembly _PCR“ using a Geneclean. kit (see earlier) in
accordance with the manufacturers instructions.
F. 'Adding Restriction Sites
For each asSemhly and Control set up:

> ‘ri.._.gn>.,' v 2;
H20 ' “ _. v ‘ 6.5
10 x Tag bnffer
SmM dNTPs_”

FOR_primer-(10 pmol/ul)
BACK primer (10 pmol/ul)
Aesemblyjproduct'

The FOR and BACK primers are given in the section below
entitled ‘Primer Sequences'. The FOR primer is any of
JKlNOTlO,‘ .JKZNOTlO, 'JK4NOT1'O or JKSNOTlO (for the four
respectiVe kappa light chains) for putting a Notl
restriction site at the VLK end. The BACK primer is
HBKAPAlD for putting an ApaLl restriction site at the VH
end.’ '” ' m, - '.

- Cover with paraffin and place on the cycling heating
block“ preset- at ‘94”C. Add 015 pl Cetus Taq DNA
polymerase (Cetus/parkin-Elmer, Beaconsfield, Bucks, UK}
under the paraffin.' Amplification is carried out using
11 to is rounds of cycling (depends on efficiency) at
94°C-l’minf~55‘c 1 min, 727C 2 min. Post-treat at 60°C
for 5-min. -, ‘ .

g 10,x Tag buffer is [0.1M Tris-HCl pH 8.3 at 25°C,
O.5M,KC1; 15mm Mgc12, lmg/ml gelatin}.
G- AWork-UO K " ‘ v '

‘ Purify once with CHC13/IAA (isoamylalcohol), once
with phenol, once' with CHC13/IAA and back—extract
everything fto ensure minimal losses. Precipitate and

wash twice in 70% EtOH. ’Dissolve in 70ul H20.
Digest overnight at 37°C with Notl: El

- T ' DNA (joined seq) 70
‘ NEB NotI buffer x‘lO 10

~NEB BSA x 10 10
. 'H, _ ; Notl (lO U/ul) ‘ 10

The DNA rjoined sequence) above refers to the assembled

DNA_seouence comprising in the 5' to 3‘ direction
“_Agazl‘restrictionfisite

Va sequence 5
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Linker sequence 
VLK sequence 
Not 1 restriction site. 
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The VLK sequence may be any one of four possible 
5 kappa chain sequences. 

The enzymes Not 1 above. ApaLl below and the buffers 
NEB Not 1, NEB BSA above and the NEB buffer 4 (below! are 
obtainable from CP Laboratories, New England Biolabs 
mentioned above. 

10 Re-precipitate, take up in BOlll H20. Add to this 
lOlll NEB buffer 4 and lOlll Apal 1. 

Add the enzyme ApaLl in aliquots throughou~ the day, 
as it has a short half-life at 37~c. 

Purify on 2% lmp/TAE gel and extract the DNA using a 
15 Geneclean kit, in accordance with the manufacturers 

instructions. Redigest if desired. 
H. Final DNA product 

The final DNA product is an approximate 700 bp 
fragment with Apa Ll and Not! compatible ends consisting 

20 of randomly associated heavy and light chain sequences 
linked by a linker. A typical molecule of this type is 
the scFvD1.3 molecule incorporated into fdscFvDl. 3 
described in example 3. These molecules can then be 
ligated into suitable fd derived vectors, e.g. fdCAT2 · 

25 (example 5), using standard techniques. 
Primer seauences 

Primary PCR oligos (restrictions sites underlined): 
VHlFOR-2 TGA GGA GAC GGT GAC CGT GGT CCC TTG GCC CC 
VHlBACK AGG TSM ARC TGC AGS AGT CWG G 

30 MJKlFONX CCG TTT GAT TTC CAG CTT GGT GCC 
MJK2FONX CCG TTT TAT TTC CAG CTT GGT CCC 
MJK4FONX CCG TTT.TAT TTC CAA CTT TGT CCC 
MJKSFONX CCG TTT CAG CTC CAG CTT GGT CCC 
VK2BACK GAC ATT GAG CTC ACC CAG TCT CCA 

35 Ambiguity codes M = A or C, R = A or G. s. G or C. 

40 

45 

50 

W = A or T 
PCR oligos to make linker: 
LINKFOR TGG AGA CTC GGT GAG CTC AAT GTC 
LINKBACK GGG ACC ACG GTC ACC GTC TCC TCA 

For adding restriction sites: 
HBKAPAlO CAT GAC CAC AGT GCA CAG GTS MAR 

GG 
JKINOTlO GAG TCA TTC TGC GGC CGC CCG TTT 

GGT GCC 
JK2NOT10 GAG TCA TTC TGC GGC CGC CCG TTT 

GGT CCC 
JK4NOT10 GAG TCA T"''"' TGC G,..,.. CGC ,..,.. .... ......... .. "" \.:1'- ........ \.:! 

TG'l' CCC 
JK5NOT10 GAG TCA TTC TGC G'",.. \.:1'-

c,.. .... 
\.:1'- cc:::; '!'~'!' 

GGT c,...,.. ....... 
Examole 15 

CTG CAG SAG 

GAT TTC CAG 

TAT TTC CAG 

TAT TTC CAA 

CAG CTC CAG 

TCW 

CTT 

C"'"' ... 
CTT 

......... 
'-•• 
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Inserti'onof.the Extracellular Domain of a Human Receptor 
for.plateletDerived Growth Factor (PDGF) soform BB into 
fd CAT2· . 

. A· genE!·t'ragment··encoding the extracellular domain of 
the human . receptor for platelet . derived growth factor 
isoforifi' BB . ( h-PDGFB-R) was isolated by amplification, 
using ~e polymerase chain reaction, of plasmid RP4l, 
(from the American Type Culture collection, Cat. 
No. 50735), .a eDNA clone encoding amino-acids 43 to 925 of 
the· PDGF~B receptor (Gronwald, R.G.K. et al PNAS 85 
p3435-3439 · ( 1988)). Amino acids l to 32 of h-PDGFB-R 
consti'tute · the ·signal peptide. The oligonucleotide 
pr.imers·· were designed to amplify the region of the h
PDGFB:..R,_• gene _corresponding to amino acids 43 to 531 of 

. the .encoded protein. The primer RPDGF3 for the N
terminal. ·· region al.so · i.ncl.uded bases encoding amino acids 
33 to.42 of the h-PDGFB-R protein (corresponding to the 
first ten . amino acids from the N-terminus of the mature 
protein.) . ~9 · enabl.e expression of the compl.ete 
extrac~l.l.ul.ar· dc)main~ The "primers al.so incorporate a 
unique ·~.ApaL1 site at ·the N-terminal end of the fragment 
and a ' unique Xhol site at the C terminal. end to 
facil.itate cl.oning into the vector fdCAT2. The sequence 
of the primers is: 

RPDGr3 5' CAc ·. AGT GCA cTG GTc GTc ACA ccc ccG GGG cCA GAG 
. . . CTT GTC CTC AAT GTC TCC AGC ACC TTC.GTT CTG 3' 

RPDGF2 5 ' GAT· CTC GAG CTT AAA GGG CAA GGA GTG TGG CAC 3' 
P~ . amplification was performed using high fi.del.i ty 

condit~ons (Eckert, K.A.· and Kunkel., T.A. 1990 Nucl Acids 
Research 18 3739-3744). The PCR mixture contained: 20mM 
TrisHCi (pH7.3 at 70°C, SOmM KC1, 4mM magnesium chl.oride, 
0. 01~ · gel.atin, · 1mM . each of dATP 1 dCTP I dGTP and dTTP, 
SOOng/ml. . RP41 DNA, lpM each primer and 50 units/ml Taq 
pol.ym.el';ase . (Cetus/Perkin Elmer, Beaconsfield, Bucks, 
U .• K. j •. : Thirty cycles of PCR were performed with 
denaturation at 92°C for 1 min, anneal.ing at 60°C for 
lmin and extension at 72°C for 1. 5 min. This reaction 
resulted in amplification of a fragment of ca. 1500bp as 
expected. 

fdCAT2 vector DNA (see exampl.e 5) was digested with 
ApaLl . and Xhol ( New . Engl.and Bi.ol.abs ) according to 
manufact.urers recommendations, extracted with 
phenol I chloroform and ethanol precipitated ( Sambrook et 
al, supra) . . Cl.oning of amplified RP41 DNA into this 
vector . and identification of the desired cl.ones was 
performed essentially as in example 7 except that 
d.i.gestion · of the . PCR product was with ApaLl and Xho 1. 
Colonies containing h""'PDGFB-R DNA were identified . by 
probing with 32p l.abelled RPDGF2 and the presence of an 
insert· iri hybridising col.onies was con!irmed by 
analytical PCR using RPDGF3 .and RPDGF2 using the 
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Insertion of the Extracellular Domain of a Human Race tor
for Platelet- Derived Growth Factor (PDGF) soform BB into

fd’CATZ" ~ '. ‘- ' ' ' ‘ '1
a ’Aggene'yfragment encoding the extracellular domain of

the human areceptor for platelet .derived growth factor

isoform" BBQ (h-PDGFB-R) was isolated by amplification,
using the polymerase chain reaction, of plasmid RP41,
(from the American Type Culture collection, Cat.
No.50735). 33 COM clone encoding amino-acids 43 to 925 of
the'_ PDGF—‘B receptor (Gronwald, R.G.K. et al PNAS 85

133435-3439 (1,988)). Amino acids 1 to 32 of h-PDGI-‘B-R
constitute ‘ the signal peptide. The oligonucleotide
primers: were designed to amplify the region of the h-
PDGFB-‘R; gene’jcorresponding to amino acids 43 to 531 of
the .;enc‘oded protein. The primer RPDGF3 for the N-
terminal' region also included bases encoding amino acids
33 to , 4-2 of the h-PDGFBA-R protein (corresponding to the
first ten amino acids from the N-terminus of the mature
protein) gouenable expression of the complete
extracellular- domain; The " primers ' also incorporate a
unique éApaLl site at the N-terminal and of the fragment
and a, =. unique Xhol site at the C terminal end to
facilitate cloning into the vector deATZ. The sequence

of the '4 primers is :

RPDGE'3 .‘5' CAC AG'I‘ GCA CTG GTC GTC ACA CCC CCG GGG CCA GAG
‘ r . 5- CTTI'GTC CTC MT GTC TCC AGC ACC T‘I‘C GTT C138 3'

RPDGFZ» 5' GAT- CTCVGAG CTT AAA GGG CAA GSA GTG TGG CM: 3‘
PC}! amplification was performed using high fidelity

conditions (Eckert, K.A.' and Kunkel, T.A. 1990 Nucl Acids

Research"l_8_ 3739-3744). The PCR mixture contained: ZOmM
Trial-{Cl {pi-17.3 at 70°C, 50mm KCl, 4m magnesium chloride,
0.01% gelatin, lmM‘ each of dATP, dC'l‘P, dGTP and d'I'TP,
SOOng/ml-f RP41 DNA. lpM each primer and 50 units/ml Tag
polymeraser (Cetus/Perkin Elmer, Beaconsfield, Bucks,
U..K. , Thirty cycles of PCR were performed with

denaturation-rat 92°C fer .l min, annealing at 60°C for
1min and extension at 72°C for 1.5 min. This reaction
resulted. in amplification of a fragment of ca. lSOObp as
expected. _ ‘

. deATZ vector DNA (see example 5) was digested with
ApaI-gl, and thl (New England Biolabs) according to
manufacturers recommendations, extracted with
phenol/chloroform and ethanol precipitated (Sambrook et
al, supra)..' Cloning of amplified RP41 DNA into this
vector'gand identification of the desired clones was
performed essentially as in example 7 except that
digesticn'cf the. PCR product was with ApaLl and xho l.

Colonies containing hePDGFB-R DNA were identified‘ by a
probing with 32p labelled RPDGFZ and the presence of an
insert- in hybridising colonies was confirmed by
analytical, 'PCR using RPDGF3 and RPDGFZ using the
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conditions described in example 7. 

Example 16 
Binding of 125I-PDGF-BB to the Extracellular Domain of 

5 the Human Recetn:or for Platelet Derived Growth Factor 
Isoform BB Disclayed on .the Surface of fd Phage. 
Measured using an Immunoorecipitation Assay. 

Phage particles, expressing the extracellular domain 
of the human platelet derived growth factor isoform BB 

10 receptor ( fd h-PDGFB-R )., were prepared by growing E. coli 
MC1061 cells transformed with fd h-PDGFB-R in SOml of· 
2xTY medium with 15ug/ml tetracycline for 16 to 20 hours. 
Phage particles were concentrated using· polyethylene 
glycol as described in example 6 and resuspended in PDGF 

15 binding buffer ( 25mM HEPES, pH7. 4, o .lSmM NaCl, lmM 
magnesium chloride, 0.25% BSA) to l/33rd of the original 
volume. Residual bacteria and undissolved material were 
removed by spinning for 2 min in a mocrocentrifuge. 
Immunoblots using an antiserum raised against gene III 

20 protein ( Prof. I . Rashed, Konstanz, Germany) show the 
presence in such phage preparations of a geneiii-h-PDGFB
R protein of molecular mass 125000 corresponding to a 
fusion between h-PDGFB-R external domain {55000 daltons) 
and geneiii (apparent molecular mass 70000 on SDS-

25 polyacrylamide gel). 
Duplicate samples of 35pl concentrated phage were 

incubated with 125I-PDGF-BB (78.7fmol, 70nCi, BB2Ci!mmol: 
Amersham International plc, Amersham, ·sucks) for 1 hour 
at 37•c. Controls were included in which fdTPs/Bs vector 

30 phage (figure 4) or no phage replaced fd h-BDGFB-R phage. 
After this incubation, 10ul of sheep anti-Ml3 po1yc1ona1 
antiserum (a gift from M. Hobart) was added and 
incubation continued for 30 min at 2o•c. To each sample, 
40u1 C 20u1 packed volume ) of protein G Sepharose Fast 

35 Flow C Pharmacia, Mil ton Keynes) equilibrated in PDGF 
binding buffer was added. Incubation was continued for 
30 min at zo·c with mixing by end over end inversion on a 
rotating mixer. The affinity matrix was spun down in a 
microcentrifuge for 2 min and the supernatant removed by 

40 aspiration. Non-specifically bound 125!-PDGF-BB was 
removed by resuspension of the pellet in 0.5m1 PDGF 
binding buffer, mixing by rotation for 5 min, 
centrifugation and aspiration of the supernatant, 
followed by two further washes with 0.5m1 0.1% BSA, 0.2% 

45 Triton-X-100. The pellet finally obtained was 
resuspended in 100ul PDGF binding buffer and counted in a 
Packard gamma counter. For displacement: studies, 
unlabelled PDGF-BB (Amersham International) was added to 
the stated concentration for the incubation of 125I-PDGF-

50 BB with phage. 
l25l-PDGF-BB bound to the fd h-PDGFB-R phage and was 

immunoprecipi tated in this assay. Specific binding to 
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recepi:or phage was . 3 . 5 .· to 4 times higher than the non
specific binding with vector phage fdTPs/Bs or no phage 
(fig. 19). . · This bind{ng of 125r-PDGF-8B could be 
displaced by the inclusion of unlabelled PDGF-BB in the 
incubation with phage at 37"C {fig. · 20). At SOnM, 
unlabelled PDGF-88 the binding of 125r-PDGF-BB was 
reduced to the. same level as the fdTPs/Bs and no phage 
control. . Figure 21 ·shows the same data, bu1: with the 
non-specifiC binding to vector deducted. 

These results indicate that a specific saturable 
site.for 125r-PDGF-BB is expressed on fd phage containing 
cloned: h-PDGFB-R DNA. Thus, the phage can display the 
funct:f;onal extracellular domain of a cell surface 
receptOr. 

15 Example 17, Construction of Phagemid Containing Geneiii 
·fused with the Coding Seauence for a Bindina Molecule 

·It would be useful to improve the transfection 
efficiency of.the phage-binding molecule system and also 
to have .the ·possibility of displaying different numbers 

20 and specificities of binding molecules on the surface of 
the same . ·bacteriophage. The applicants have devised a 
method.: that achieves both aims. . 

The approach is derived from the phagemid system 
based.on pUC119 [Vieira, J and Messing, J. (1987) Methods 

25 Enzymol. 153:3]. In brief, gene III .from fd-CAT2 
(example 5) and gene III. scFv fusion from fd-CAT2 scFv 
DL 3 (example 2) were cloned downstream of · the lac 
promoter in separate samples of pUC119, in order that the 
inserted gem~ III and gene III fusion could be 1 rescued 1 

30 by Ml3M07 helper phage · [Vieira, J and Messing, J. et 
supra • .] prepared according to Sambrootz et al. 1989 
supra~ The majority of rescued phage would be expected 
to contairi a ·genome derived from the pUC119 plasmid that 
contains· the binding molecule-gene III fusion and should 

3 5 express varying . numbers of the binding molecule on the 
surface up to the normal maximum of 3-5 molecules of gene 
III of the surface of wild type phage. The system has 
been . exemplified below using an antibody as the binding 
molecule .. · . . 

40 AD fdCAT2 containing the single chain Fv form of the 
01.3 .antilysozyme . antibody was formed by digesting 
fdTscEVD1.3 !'example 2) with Pstl and Xhol, purifying the 
fragment containing the scFv fragment and ligating this 
into Pstl and Xhol digested fdCAT2. The appropriate 

45 clone, called fdCAT2 scFvDl. 3 was selected after plating 
onto 2xTY tetracycline ( 15pg/ml) and confirmed by e 
restriction enzyme and sequence analysis. 

Gene. III from fd-CAT2 (example 5) and the gene III 
scFv .fusion from fd-CAT2 scFvD1.3 was PeR-amplified using ~ 

50 the orimers A and 8 shown below: 
Primer A:. TGC GAA GCT TTG GAG CC~ T~T TTT TTG GAG ATT TTC 
AAC G. 
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Primer E: CAG TGA ATT CCT ATT AAG ACT CCT TAT TAC GCA GTA 
TGT TAG C 

Primer A anneals to the 5' end of gene III including 
the ribosome binding site is located and incorporates a 
Hind III site. Primer B anneals to the 3' end of gene 
III at the C-terminus and incorporates two UAA stop 
cedens and an EcoRl site. 100 ng of fd-CAT2 and fd-CAT2 
scFv 01.3 DNA was used as templates for PeR-amplification 
in a total reaction volume of 50lll as described in 
example 7, except . that 20 cycles. of amplification were 
performed: 94°C 1 minute, 5o·c 1 minute, 72°C 3 minutes. 
This resulted in amplification of the expected l.2Kb 
fragment from fd-CAT2 and a 1. SKb fragment from fd-CAT2 
scFv Dl.3. 

The PCR fragments were digested with EcoRl and Hind 
III, gel-purified and ligated into Eco-Rl- and Hind III
cut and. dephosphorylated pUC119 DNA and transformed into 
E.coli TG1 using standard techniques (Sambrook et al., et 
supra J • Transformed cells were plated on SOB agar 
( Sambrook et al. 1989 supra> containing 100llg/ml 
ampicillin and 2% glucose. The resulting clones were 
called pCAT-3 (derived from fd-CAT2) and pCAT-3 scFv 01.3 
(derived from fd-CAT2 scFv 01.3). 
Example 18, Rescue of Anti-Lysozyme Antibody Specificity 
from pCAT-3 scFv D1.3 by M13K07 

Single pCAT-3 and pCAT-3 - scFv 01.3 colonies were 
picked into 1.5ml 2TY containing 100pg/ml ampicillin and 
2% glucose, and grown 6 hrs at 30 • C. 30lll of these 
stationary cells were added to 6mls 2YT containing 
lOOpg/ml ampicillin and 2% glucose in 50ml polypropylene 
tubes (Falcon, Becton Dickinson Labware, 1950 Williams 
Drive, oxnard, CA. USA) and grown for 1.5 hrs at 3o·c at 
380rpm in a New Brunswick Drbi tal Shaker ( New Brunswick 
Scientific Ltd., Edison House 163 Dixons Hill road, North 
Mimms, Hatfield, UK). Cells were pelleted by 
centrifugation at 5, OOOg for 25 minutes and the tubes 
drained on tissue paper. The cell pelle't:s were then 
suspended in 6mls 2TY containing l. 25x10 9 p. f. u. ml -1 
M13K07 bacteriophage added. The mixture was left on ice 
for 5 minu1:es followed by growth at 35•c for 45 minutes 
at 450rpm. A cock't:ail was then added containing 4lll 
100llg/ml ampicillin, O.Slll 0.1M IPTG and 50lll 10mg/ml 
kanamycin, and the cultures grown overnight at 3 5 • c, 
450rpm .. 

The following day the cultures were centrifuged and 
phage particles PEG precipi't:ated as described in example 
6. Phage pellets were resuspended in 100~1 TE Ctris-EDTA 
see example 6) and phage titred on E.coli TGl. Aliquots 
of infected cells were plated on 2TY containing ei the::-
100llg/ml ampicillin to select fc::- pUCl19 phage particles, 
or 50llg/ml kanamycin to select for the Ml3 K07 helpe::
phage. Plates were incubated overnight a"t 37•::: and 
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ant~biotic-resistant colonies counted: 
DNA . . . ·ampR kanR 

pCAT-3 . 1.8xlol1 colonies 1.2xl09 colonies 
pCAT-3scFv DL3 2.4xlo11 colonies 2.0x109 colon~es 

.5 . This shows that the · ampR phagemid particles are 
~nfective and present in the rescued phage populat~on at 
a 100-foid axcess over.kanR Ml3K07 helper phage . 

. Phage were·. assayed for anti-lysozyme activ~ty by 
ELISA ·· as=. descr~bed in example 6, w~ th the follow~ng g 

10 mod~fications: 
1) · ELISA plates were: blocked for 3 hrs w~ th 2% 
Marvel/PBS~ . 
2) 50Jll phage, 400Jll 1xPBS and 50Jll 20% Marvel were 
m~xed end over end for 20 m~nutes at room temperature 

15 before add~n9 150Jll per well. 
3) Phage · were left to b~nd for 2 hours at room 
temper attire. . · 
4) .. Al~ washes post phage bind~g were: 

· 2 qUick rinses PBS/0. 5% Tween 20 
20 3x2,minutewashes PBS/0.5% Tween 20 

2 qUick rinses PBS no detergent 
3x2.minute·washes PBS no detergent 
The: result of this ELISA is shown in figure 22, 

which shows that. the antibody specificity can indeed be 
25 rescued ·efficiently. . . 

It is considered a truism of bacterial genetics that 
when mutant . and wild-type proteins are co-expressed in 
the same··cell, the wild-type proteins are co-expressed in 
same. celi', the .. wild-type protein is used preferentially. 

30 This is anaiogous to. the above situation wherein mutant 
(i.e. antibody ft~sion) and wild-type gene III proteins 
( from . Ml3K07) · .. are competing for assembly as part of the 
pUC119 phagemid.particle. It is therefore envisaged that 
the· majority of the resulting pUC 119 phage particles 

35 will have ·fewer gene III-antibody fusion molecules on 
their sUrface than is the case for purely phage system 
describe~ . for instance in example 2. Such phagemid 
antibod;iE¥i, are therefore likely to bind antigen with a 
lower avidity than fd phage antibodies with three or more 

40 copies of the .antibody fusion on their surfaces (there is 
no wi-1-d-type gene III, in the system described, for 
instance, in ·example 2), and provide a route to 
product~on· of phage ·particles with d~fferent numbers of 
the saJrie.binding molecule (and hence different acidities 

45 for the, ligand/antigen} or multiple different binding 
specificit~es on their .·surface, by using helper phage "! 

such as· 'Ml3K07 to rescue cells expressing two or more 
gene III~antibody fusions~ . 

. It is also possible to derive helper phage that do 
50 not encode a functional gene III in their genomes (by for 

example· .deleting the gene III sequence o:t a portion of it 
or by incorporating an amber · mutation within the gene) . 
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antibiotic—resistant colonies counted:
nun 5y ’2‘ ' fampR kanR
pCAT—B 9;.j, ; 1.8x1011 colonies 1.2x109 colonies
pCAT-BSCFV Dl.3 2.4x101l colonies 2.0x109 colonies

. This shows that the 'ampR phagemid‘ particles .are
infective and present in the rescued phage population at
a lOO-fold‘eXceSs over-kenR M13K07 helper phage.

‘ .Phage “were 'assayed for anti-lysozyme activity by
ELISA-‘asfi deScrihed in example 6, with the following
modifications:- . A
l).' ELISA; plates were‘ blocked for 3 hrs with 2%
Marvel/PESg v f_ -‘ .
2)A‘ 50p; phage, 400ul leBS and soul 20% Marvel were
mixed and over end for 20 minutes at room temperature'
before adding lSOpl per well.’
3) Phage ‘were cleft to bind for 2 hours at room
temperature. ~
4)‘ jAll Washes post phage binding were:

.2 quick rinses PBS/0.5% Tween 20 _
322 minute washes PBS/0.5% Tween 20
2 quick rinses PBS no detergent
3x2 minute washes PBS no detergent
The firesult, of this .ELISA is shown in figure 22,

which Shows that.the antibody specificity can indeed be
rescued efficiently.- ‘

. It is considered a truism of bacterial genetics that
when mutant and wild-type proteins are co-expressed in

the same cell, the wild-type proteins are co-expressed in
same.celI; the wild—type protein is used preferentially.
This-is'analogous to the above situation wherein mutant
(i.e. antibody fusion) and wild-type gene III proteins
(from MI3KO ) are competing far assembly as part of the
pUCllQ phagemid particle. It is therefore envisaged that
the majority of the resulting pUC 119 phage particles
will haye fewer gene III-antibody fusion molecules on
their surface than is the case for purely phage system
described .for instance in example 2. Such phagemid
antibodies are therefore likely to bind antigen with a
lower avidity than fd phage antibodies with three or more
copies of.the antibody fusion on their surfaces (there is
no wild-type- gene III, in the system described, for
instance;f in- example 2), and provide a route to
produCtion of phage particles with different numbers of
the same binding molecule (and hence different acidities

for the gligand/antigen) or multiple different binding
specificities on ‘their fsurface, by using helper phage
such as M13K07 to rescue cells expressing two or more

gene III—antibOdY‘fusions,._
I _'It is also possible to derive helper phage that do

not encode a functional gene III in their genomes (by for
- example deleting the gene III sequence or a portion of it
or by incorporating an amber mutation within the gene).
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These defective phages will only grow on appropriate 
cells (for example that provide functional gene III in 
trans, or contain an amber supressor gene), but when used 
to rescue phage antibodies, will only incorporate the 

5 gene III antibody fusion encoded by the phagemid into the 
released phage particle. 
Example 19. Transformation Efficiency of pCAT-3 and 
pCAT-3 scFv 01.3 phagemids 

pUC 19, pCAT-3 and pCAT-3 · scFv 01.3 plasmid DNAs, 
10 and fdCAT-2 phage DNA was prepared, and used to transform 

E. coli TG1, pCAT-3 and pCAT-3 scFv Dl. 3 transformations 
were plated on SOB agar containing 100pg/ml ampicillin 
and 2% glucose, and incubated overnight at 3o•c. fdCAT-2 
transformations were plated on TY agar containing l5~g/ml 

15 tetracycline . and incubated overnight at 3 7 o C. 

20 

Transformation efficiencies are expressed as colonies per 
~g of input DNA. 

DNA 
pUC 19 
pCAT-3 
pCAT-3scFv D1.3 
fd CAT-2 

Transformation efficiency 
1.109 
1.108 
1.108 
8.105 

As · expected, transformation of the phagemid vector 
25 is approximately 100-fold more efficient that the 

parental fdCAT-2 vector. Furthermore, the presence of a 
scFv antibody fragment does not compromise efficiency. 
This improvement in transformation efficiency is 
practically useful in the generation of phage antibodies 

30 libraries that have large repertoires of different 
binding specificities. · 
Example 20 
PCR Assembly of a Single Chain Fv Library from an 
Immunised Mouse 

35. To demonstrate the utility of phage for the selection of 
antibodies from repertoires, the first requirement is to 
be able to prepare a diverse, representative library of 
the antibody repertoire of an animal and display this 
repertoire on the surface of bacteriophage fd. 

40 Cytoplasmic RNA was isolated according to example 14 
from the pooled spleens of five male Balb/c mice boosted 
8 weeks after primary immunisation with 2-phenyl-5-
oxazolone (ph OX) coupled to chicken serum albumin. eDNA 
preparation and PCR assembly of the mouse VH and VL kappa 

45 repertoires for phage display was as described in example 
14. The molecules thus obtained were ligated into 
fdCAT2. . 

Vector fdCAT2 was extensively digested with Notl and 
ApaL1. , purified by electroelut~on ( Sambrook et al. a989 

50 supra) and 1 pg ligated to 0. 5 pg ( 5 pg for the 
hierarchial libraries: see example 22) of the assembled 
scFv genes in 1 ml with 8000 units· T4 DNA ligase (New 
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England S~olabs). The ligation was carried out overnight 
at 16°C~ Purified ligation mix was electroporated in six 
aliquots· \into MC1061 cel~s ( W. J. Dower, J. F. Miller & 
c. w~ . Ragsdale Nucleic Acids Res. 16 6127-6145 1988) and 
plated on ~zy medium (Sambrook et al. 1989 supra) with 
15pg/ml tetracycline, in 243x243 mm dishes (Nunc): 90-95% 
of clones· contained scFv genes by PCR screening. 
Recombin~t colonies were screened by PCR (conditions as 
in · exaniiHe- 7 .·· using primers VHlBACK and MJKlFONX, 
MJK2FONX, . M.JK4FONX and MJKSFONX (see example 14) followed 
by .digestion with.·. the frequent cutting enzyme BstNl (New 
Eng_la:hd · Eiiolabs, . · used according to the manufacturers 
instructions). The library of 2xl05 clones appeared 
diverse as :judged by the variety of digestion patterns 
seen in Figure 23, · and sequencing revealed the presence 
of most VH groups (R. · Dildrop, Immunol. Today 5 85-86. 
1984) and>VK subgroups (Kabat. E.A. et al. 1987 supra) 
(data not·shown) •. None of·the 568 clones tested bound to 
phOx as:c:ktected byELISA as in example 9 • 

. Thil,~ .. the • ability to· select antibody provided by the 
use of. phage . antibodies ( as in example 21 ) is essential 
to · rei;tdily isolate antibodies with antigen binding 
act.ivity from randomly combined VH and VL domains. Very 
extensiveLscreening would be required to isolate antigen
binding fragments if. the random combinatorial approach of 
Huse et a~. 1989 (supra) were used • 

. Example 2'1 . · ·. · · · . 
Selection of Antibodies Specific for 2-phenyl-5-oxazolone 
from a Repertoire Derived from an Immunised Mouse 

· The •. li.brary prepared in example 20 was used to 
demonstrate· that ability of the phage system to select 
antibodie_s on the basis of their antibody specificity. 

· None pf · the 568 clones tested from the unselected 
library bound t6.ph0x as detected by ELISA. 

Screening •· for binding of the phage to hapten was 
carried out.by ELISA: 96-well plates were coated with 10 
pg/ml .•phOx~BSA . or 10. pg/ml BSA in phosphate-buffered 
sali:ne ·(PBS)·· overnight at room temperature. Colonies of 
phage~tran$duced bacteria were inoculated into 200 pl 2 x 
TY ··wi t_h. ~12 .- 5 pg/ml tetracycline in 96-well plates ( 'cell 
wells' , ~ Nuclort J and grown with shaking ( 300 rpm) for 24 
ho~s-at-37°C. At this stage cultures were saturated and 
phage ti~es were reproduc-ible ( 1olO TU/ml). 50 pl phage 
supernatant, mixed with 50 pl .PBS containing 4% skimmed 
miik . powder, ·was then .added to the coated plates. 
Further detai-ls _as· in example 9. · 

·The- library of phages was passed down a phOx 
affinity .. column . (Table 4A), and eluted with hapten. 
Colonies'·. from the 'library preP.ared in example 22 were 
scraped into50nu·2 x TY medium37 and shaken at 37°C for 
30 min. ~ · .. Liberated phage were precipitated twice with 
polyetbylene~ .·glycol and resuspended to 1012 TU 
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England Biolabs)._ The ligation was carried out overnight
at 16“C; Purified ligation mix was electroporated in six

' aliquotsgintoaMClOSI cells (w. J. Dower, J. F. Miller &
C. W; gRagsdale Nucleic Acids Res. 16 6127-6145 1988) and
plated on NZY medium (sambrOOk'et al. 1989 supra) with
lSpg/mlrtetracyCline, in 243x243 mm dishes (Nunc): 90-95%
of clones contained scFv genes by PCR screening.
Recombinant colonies were screened by PCR (conditions as
in example 7.' using primers VHIBACK and MJKlFONX,
'MJKZFONX.'MJK4FONX and MJKSFONX (see example 14) followed
by.digestion With the frequent cutting enzyme BstNl (New
England gBiolabs,,-used according to the manufacturers
instructionS).“' The .library of 23105 clones appeared
diverse as judged by the variety of digestion patterns
seen in Figure 23l-and sequencing revealed the presence
of moat VH groups (R.'Dildrop, Immunol. Today 5 85-86.

1984) and VK subgroups (Rabat. E.A. et al. 1987 supra)
(data not shown). ,None of the 568 clones tested bound to
phOx as detected by ELISA as in example 9.

vuThus_the ability to select antibody provided by the
use of phage antibodies (as in example 21) is essential
to 'readily isolate antibodies with antigen binding
activity from randomly combined VH and VL domains. Very
extenSive screening would be required to isolate antigen-
binding fragments if the random combinatorial approach of
Ruse et a1; 1989 (supra) were used.

.Exampleizl ‘ '-
Selectionjof'Antibodies specific for Z-Qhenyl-S-oxazclone
from a Repertoire Derived from an Immunised Mouse ‘

‘ The? library" prepared in example 20 was used to
demonstrate that.ability of the phage system to select
antibodies On the basis of their antibody specificity.

‘ None of the 568 clones tested from the unselected
library bound to.ph0x as detected by ELISA.

‘ VScreeningf£Or binding of the phage to hapten was
carried out by ELISA: 96—well plates were coated with 10

ug/ml :phOvaSA 'or 10. pg/ml BSA in phosphate-buffered
saline (PBS) overnight at room temperature. colonies of
phageétransduced bacteria were inoculated into 200 pl 2 x
TY with 12.5 ug/ml tetracycline in 96-well plates (’cell
wellsfnguclon)_and grown with shaking (300 rpm) for 24
hours at 37°C.‘ At this stage cultures were saturated and
phage titres were reproducible (1010 TU/ml). 50 pl phage
supernatant, mixed with 50 pl PBS containing 4% skimmed
milk .powder, ‘was then hadded to the coated plates.
Further details as in example 9. I '

-The§ library .of phages was passed down a phOx
affinity. column '(Table 4A), and eluted with hapten.
Colonies from the‘library prepared in example 22 were
scraped into 50ml'2 x TY medium?7 and shaken at 37°C for
30 mintf' Liberated phage were precipitated twice with

polYetfiylene, glycol Vand resuspended to 1012 TU
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(transducing units)/ml in water (titred as in example 8). 
For affinity selection, a 1 ml column of phOx-BSA
Sepharose (0. Makela, M. Kaartinen, J.L.T. Pelonen and K. 
Karjalainen J. Exp. Med. 148 1644-1660, 1978) was washed 
with 300 ml phosphate-buffered saline (PBS), and 20 ml 
PBS containing 2% skimmed milk powder (MPBS). 1012 TU 
phage were loaded in 10 ml MPBS, washed with 10 ml MPBS 
and finally 200 ml PBS. The bound phage_were eluted with 
5 ml 1 mM 4-E-amino-caproic acid methylene 2-phenyl
oxazol-5-one (phOx-CAP; 0. Makela et al. 1978, supra). 
About 106 TU eluted phage were amplified by infecting 1 
ml log phase E. coli TG1 and plating as above. For a 
further round of selection, colonies were scraped into 10 
m1 2 x TY medium and then processed as above. Of the 
eluted clones, 13% were found to bind to phOx after the 
first round selection, and ranged from poor to strong 
binding in ELISA. 

To sequence clones, template DNA was prepared from 
the supernatants of 10 ml cultures grown for 24 hours, 
and sequenced using the dideoxy method and a Sequenase 
kit (USB), with primer LINKFOR (see example 14) for the 
VH genes and primer fdSEQl _ ( 5' -GAA TTT TCT GTA TGA GG) 
for the Vk genes. Twenty-three of these hapten-binding 
clo~es were sequenced and eight different VH genes (A to 
H} were found in a variety of pairings with seven 
different Vk genes (a to g) (Fig. 24) • Most of the 
domains, such as VH-B and Vk-d were 'promiscuous', able 
to bind hapten with any of several partners. 

The sequences of the V-genes were related to those 
seen in the secondary response to phOx, but with 
differences (Fig. 24) . Thus phOx hybridomas from the 
secondary response employ somatically mutated derivatives 
of three types of Vk genes - Vkoxl. 'Vkox-like' and 
Vk45.1 genes (C. Berek, G. M. Griffiths & c. Milstein 
Nature 316 412-418 (1985).- These can pair with VH genes 
from several groups, from Vkoxl more commonly pairs with 
the VHoxl gene ( VH group 2. R. Dildrop uupra) • Vkoxl 
genes are always, and Vkox-1ike genes often, found in 
association with heavy chains (including VHoxl) and 
contain a short five residue CDR3, with the sequence 
motif Asp-X-Gly-x-x . in which the central glycine is 
needed to create a cavity for phOx. In the random 
combinatorial library however, nearly all of the VH genes 
belonged to group l, and most of the Vk genes were ox
like and associated with VH domains with a five residue 
CDR3, motif Asp/Asn-X-Gly-X-X (Fig. 24). Vkoxl and VHoxl 
were found only once ( Vk-f and VH-E), and not in 
combination with each other. Indeed Vk-f lacks the Trp91 
involved in phOx binding and was paired with a VH (VH-C) 
with a six residue CDR3. 

A matrix combination of VH and VK genes was 
identified in phOx-binding clones selected from this 
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random Comb~ationai library. The number of clones found 
with each•combination are shown in Fig. 25. The binding 
to phOx-:-:BSA, as judged by· the ELISA signal, appeared to 
vary (marked by shading in Fig. 25). No binding was seen 
to BSA al.one. ·. · 

· A second rcn,md of selection of the original, random 
combinational library from immune mice resulted in 93% of 
eluted · c:iiones. binding phOx (Table 4) • Most of these 
clones were Vk-d combinations, and bound strongly to phOx 
in ELISA • (data not shown). Few weak binders were seen. 
This suggested that affinity chromatography had not only 
enriched for ·.binders., but also for the best. 

Florescence quench ti trations determined the Kd of 
.VH-B/Vk-d for phOx-GABA as 10-8 . M (example 23), 
indicating·that antibodies with affinities representative 
of the s¢pondary·response can be selected from secondary 
response/ only ~o (out of eleven characterised) secrete 
antibodiesof·a higher affinity than VH-B/Vk-d (C. Berek 
et aL 1985 .. supra). · ·.The Kd of VH-B/Vk-b for phOx-GABA 
was determined as lo-5 M (example 23). Thus phage 
bearing . scFv fragments with weak affinities can be 
selected with antigen, probably due to the avidity of the 
nultiple·antibody heads on the phage. 

This.·example ·shows that antigen specificities can be 
isolated from libraries derived from immunised mice. It 
will often . be desired to express these antibodies in. a 
soluble form for further study and for use in therapeutic 
and diagnostic .·.applications. Example 23 demonstrates 
determination of the affinity of soluble scFv fragments 
selected . using phage antibodies.. · Example 27 demonstrates 
that soluble· fragments have similar properties to those 
dispiayed.on phage. For many purposes it will be desired 
to • construct .. and express an antibody molecule which 
containS the Fc.portions of the heavy chain, and perhaps 
vary the:~ ilnmunoglobulin isotype. To accomplish. this, it 
is necessary to subclone the antigen binding sites 
identified using the phage selection system into a vector 
for expression in ·mammalian cells, using methodology 
similar to that described by Orlandi, R. et al. (1989, 
supra) . · · For · instance, the VH and VL genes could be 
amplified·. separately by PCR with primers containing 
appropriate . restriction sites and inserted into vectors 
such a~· pSV-gpt HuigGl (L. Riechmann et al Nature 332 
323-327), 19S8.). which allows expression of the VH domain 
as part of a .heavy chain IgG1 isotype and pSV-hyg HuCK 
which allows expression of the VL domain attached to the 
K light chain constant region. Furthermore, ·fusions of 
VH and vi. domains can be made with genes encoding non
immunoglobulin proteins, for example, enzymes. 
Example 22 · 
Generation of Further Antibody Specificities by the 
Assembly,of Hierarchical Libraries 

.. 
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Further antibody specificities were derived from the 
library prepared and screened in examples 20 and 21 using 
a hierarchical approach. 

The promiscuity of the VH-:8 and Vk-d . domains 
5 prompted the applicants to force further pairings, by 

assembling these genes with the entire repertoires if 
either Vk or VH genes from the same immunised mice. The 
resulting 'hierarchical' libraries, ( VH-B x Vk-rep and 
VH-rep x Vk-d), each with 4xlo7 members, were subjected 

10 to a round of selection and hapten-binding clones 
isolated (Table 4). As shown by ELISA, most were strong 
binders. By sequencing twenty-four clones from each 
library, the applicants identified fourteen new partners 
for VH-B and thirteen for Vk-d (Fig. 24). Apart from VH-

15 B and Vk-c, none of the previous partners (or indeed 
other clones) from the random combinatorial library was 
isolated again. Again the Vk genes were mainly ox-like 
and the VH genes mainly group 1 (as defined in Dildrop, · 
R. 1984 supra), but the only examples of Vkoxl {Vk-h, -p, 

20 ~q and -r) have Trp91, and the VH-CDR3 motif Asp-X-Gly-X
X now predominates. Thus some features of the phOx 
hybridomas seemed to emerge more strongly in the 
hierarchial library. The new partners differed from each 
other mainly by small alterations in the CDRs, indicating 

25 that much of the subtle diversity had remained untapped 
by the random combinatorial approach. More generally it 
has been shown that a spectrum of related antibodies can 
be made by keeping one of the partners fixed and varying 
the other, and this could prove invaluable for fine 

30 tuning of antibody affinity and specificity. 
Therefore, again, phage antibodies allow a greater 

range of antibody molecules to · be analysed for desired 
properties. 

This example, and example 21, demonstrate the 
35 isolation of individual antibody· specificities through 

display on the surface of · phage. However, for some 
purposes it may be more desirable to have a mixture of 
antibodies, equivalent to a polyclonal antiserum (for 
instance, for immunoprecipitation). To prepare a mixture 

40 of antibodies, one could mix clones and express soluble 
antibodies or antibody fragments or alternatively select 
clones from a library to give a highly enriched pool of 
genes encoding antibodies or antibody fragments directed 
against a ligand of interest and express antibodies from 

45 these clones. 
Example 23 . 
Selection of Antibodies Displayed on Bacteriophage with 
Different Affinities for 2-phenyl-5-oxazolone using 
Affinity Chromatography 

50 The ELISA data shown in example 21 suggested that 
affinity chromatography had not only enriched for 
binders, but also for the best. To confirm this, the 
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binding ~ffinities ~f a strong binding and a weak binding 
phage ·were· determined and then det;nonatrated that they 
could be separated from each other using affini. ty 
chromatography. . 

5 . Clones VH-B/Vk-b and VH-B/Vk-d were reamplified with 
MJKlFONX, MJK2FONX I MJK4FONX and MJK5FONX (see example 
14) . and .VHiBACK-Sfil ( 5 ' -TCG CGG CCC AGC CGG CCA TGG 
CC(G/C) AGG ·T(C7G)(A/C) A(A/G)C TGC AG(C/G) AGT C(A/T)G 
G), a pr~er that introduces an Sfii site (underlined) at 

10 the 5' end· of the VH gene. . VH-B/Vk-d was cloned into a 
phageni:id 'e.g~ pJM1 (a gift from A. Griffiths and J. 
Marks) · as an ~fii~Notl cassette, downstream of the pelB 
leader · for peri plasmic · secretion ( M. Better at al. 
supra),·._ with .a C-terminal peptide tag for detection (see 

15 example ·24 ·and figure); and under th control of a PL 
promoter (H. Shimatake &M. Rosenberg Nature 292 128-132 
1981)~. 'I'he phagemid should have the following features: 
a) uni~~ Sfil and Notl restriction site&-downstream of a 
pelB leader: -b) a. sequence enc;:od.ing a c-terminal peptide 

20 tag -for detection; and c) a A PL promoter controlling 
expressio)'l. 10 litre cultures· of E.coli N4830-l (M. E. 
Gottesman, s._ Adhya & A. Das J.Mol.B.iol 140 57-75 1980) 
harbouring each phagemid were .induced as .in K. Nagai & H. 
c. Thogersori .(Methods Enzymol 153 461-481 1987) and 

25 supernatants precipitated with 50% ammonium sulphate. 
Th~ resuspended precipitate was dialysed into PBS + 0.2 
mM · EDTA • (PBSE L loaded onto a 1. Sml column of 
phOx:Sepbarose and the column washed sequentially with 
lOOm! PBS: 100 ml 0.1 M Tris-HC1, 0.5 M NaC1, pH ·8.0: 

30 10m! 50 ·mM citrate, pH 5.0: 10 ml 50 mM citrate, pH4.0, 
and. 20 nil. 50 mM · glycine; pH 3.0. scFv fragments were 
eluted w±th 50 mM glycine, pH 2.0,-neutralised with Tris 
base .and dialysed against PBSE. VH-B/Vk-b was cloned 
into a p~gem.id.vector based on pUC119 encoding identical 

35 signal and tag sequences to pJM1, and expression induced 
at 30°C 0 .in a 10 litre culture of E.coli TGl harbouring 
the phagemid as in D. de Bellis & I. Schwartz { 1980 
Nucleic. Acids . Res 18 1311) . The low affinity of clone 
VH..;.B/Vk_;b . made. its purification on phOx-Sepharose 

40 .impossible·. . . Therefore after concentration by 
ultrafiltration (Fi1tron, .Flowgen), the supernatant (lOO 
ml of 600 ml) was loaded onto a.1 ml column of protein A
Sepharos¢. cpoupled (E. Harlow . & D. Lane 19 88 supra y to 
the monoclonal antibody 9El0 (Evan, G. I. et al. Mol.Cell 

45 BioL5 3610~3616 1985) that recognises the peptide tag. 
The·c'bll.imn was washed with 200m! PBS and 50 ml PBS made 
0. 5 .M in. NaCl. . scFv ·fragments were eluted with 100 ml 
0.2M gly¢ine, pH3.0, wi.th neutralisation and dialysis as 
before. . . 

50 ·_The ·Kd (1.0 + 0.2 x lo-8 M) for clone VH-B/Vk-d was 
determined by . fluorescence quench t.i.tration wi 1:h 4-E
amino-butyric acid methylene 2-phenyl-oxazol-5-one (phOx-
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binding affinities of a strong binding and a weak binding
phage were determined and then demonstrated that they
could be separated from each other using affinity

chromatography. V _
Clones VH-B/Vke‘b and VH-B/Vk-d were reamplified with

MJKlFONX-," MJKZFONX, MJK4FONX and MJKSFONX (see example
14)‘and~,fVHlBACK-Sfil 7(5'-TCG CGG CCC AGC CGG CCA TGG
CC(G/C) AGG‘T'(C?G}(A/C) A(A/G)C TGC AG(C/G) AGT C(A/T)G
G), a primer that‘introduces an SfiI site (underlined) at
the 5f Vendof the VB gene._ VH-B/Vk-d was cloned into a
phagemid5fegg. pJMl (a gift from A. Griffiths and J.
Marks)’ as an SfiI-Notl cassette, downstream of the pelB
leader. for periplasmic secretion >(M. Better at al.
supra ).,‘ with ,a Ceteminal peptide tag for detection (see
example ‘24'and figure), and under th control of a PL
promoter (H. Shim'atake &. M. Rosenberg Nature292 128-132

. 1981).] The phagemid should have the following features:
a) unique SfiI and Notl restriction sites—downstream of a
pelB leader; y-b) a_'.seq'uence encoding a _C-terminal peptide
tag for detection; and c) a» ,\ PL promoter controlling
expressidn.u 10 litre cultures of E.coli N4830-1 (M. E.
Gottesman:,j $5.: Adhya &V A. Bee J.Mol.Biol 140 57-75 1980)
harbouring each 'phagemid were induced as in K. Nagai & H.
C. .Thogjerson (Methods Enzymcl 153 451—481 1987) and
supernatants precipitated with 50% ammonium sulphate.
The resuspen'ded precipitate was dialysed into PBS + 0.2
mMiV‘ED'r'A': (jPBSE):, loaded onto a 1.5m1 column of
phOx:Sepharose and the column washed sequentially with

100'ml._PBS: 100ml 0.1 M_.Tris-HCZL, 0.5 M NaCl, pH 8.0:
10m1r50=mM1citrate, pH. 5.0: 10 ml 50 mM citrate, pH4.0,
and. 20 ml 50 mM‘ glycine; pH 3.0. scFv fragments were
eluted with 50‘ mM glycine, pH 2.0, ‘neutralised with Tris
base and? dialysed against PBSE. VH-B/Vk-b was cloned
into a- phagemid. vector based on pUC119 encoding identical
signal and. tag: sequences to pJMl, and expression induced
at 30°C‘ina, 10 litre culture of E.coli TGl harbouring
the phagemi'd as in D. de Bellis & I. Schwartz (1980
Nucleic-Acids [Res 18 1311). The low affinity of clone
VH-iE/Vk‘ib ,made_ its purification on phOx-Sepharose
impossible. HgTherefore after concentration ‘by
ultrafiltr'ation (Filtron, , Flowgen), the supernatant (100
ml of ‘600 ml) was loaded onto a 1 ml column of protein A-
Sepharosel cpoupled (E. Harlow & 13. Lane 1988 supra )' to
the monoclonal-antibody 9310 (Evan, G. I. et a1. Mol.Ce11
Biol’.§ 3610-3616 1985) that recognises the peptide tag.
The column was Washed with 200' m1 PBS and 50 ml PBS made
0.5' ,M. i-n‘__NaC1;. _SCFV fragments were eluted with 100 ml
0.2Mglycin’e, ‘pH 13.0, with neutralisation and dialysis as
before. V. w ..

.-‘Thede (1.01 0.2 x 10"3 M) for clone VH-B/Vk-d was
determined by fluorescence quench titration with 4-2—
amino-butyriq'ac‘id methylene 2—phenyl-oxazol—S-one (phOx—
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GABA Co. Makela et al, 1978 supra) •. Excitation was at 
280 run, emission-was monitored at 340 run and the Kd 
calculated. The Kd of the low affinity clone VH-B/Vk-b 
was determined as 1.8+ 0.3 x 10-5 M (not shown). To 

5 minimise light adsorption by the higher concentrations of 
phOx-GABA required, excitation was at 260 run and emission 
was monitored at 304 nm. In addition the fluorescence 
values were divided by those from a parallel titration of 
the lysozyme binding Fv fragment Dl.3. The value was 

10 calculated as in H. N. Eisen Meth.Med.Res. 10 115-121 
1964. A mixture of clones VH-B/Vk-b and VH-B/Vk-d, 
7x1o10 TU phage in the ratio 20 VH-B/Vk-b : 1 VH-B/Vk-d 
were loaded onto a phOx-BSA~Sepharose column in 10 ml 
MPBS and eluted as above. Eluted phage were used to 

15 reinfect E.coli TGl, and phage produced and harvested as 
before. Approximately 10~1 TU phage were loaded onto a 
second affinity column and the process repeated to give a 
total of three column passes. Dilutions·-of eluted phage 
at each stage were plated .. in duplicate and probed 

20 separately with oligonucleotides specific for Vk-b (5'GAG 
CGG GTA ACC ACT GTA CT) or Vk-d (5'-GAA TGG TAT AGT.ACT 
ACC CT) . After these two rounds, essentially all the 
eluted phage were VH-8/Vk-d (table 4}. Therefore phage 
antibodies can be selected on the basis of the antigen 

25 affinity of the antibody displayed. 
Example 24 
Construction of Phagemid pHEN1 for the Expression of 
Antibody Fragments Expressed on the Surface of 
Bacteriophage following Superinfection 

30 The phagemid pHEN1 (figure 26) is a derivative of 
pUC119 (Vieira, J. & Messing, J. Methods Enzymol 153 pp 
3-11, 1987). The coding region of g3p from fdCAT2, 
including signal peptide and cloning sites, was amplified 

by PCR, using primers G3FUFO and G3FUBA (given below) 
35 (which contain EcoRI and Hindiii sites respectively), and 

cloned as a Hindiii-EcoRI fragment into pUC119. The 
Hindiii~Noti fragment encoding the g3p signal sequence 

·was the replaced by a pelB signal peptide (Better, M. et 
al. Science 240 1041-1043, 1988) with an internal Sfii 

40 site, allowing antibody genes to be cloned as fii-Noti · 
fragments. A peptide tag, c-myc, (Munro, s. & Pelham, H. 
Cell 46 291-300, 1986} was introduced directly after the 
Not! site by cloning an oligonucleotide cassette, and 
followed by an amber codon introduced by site-directed 

45 mutagenesis using an in vitro mutagenesis kit (Amersham 
International) (figure 26b). 

G3FUF0,5'-CAG TGA ATT CTT ATT AAG ACT CCT TAT TAC GCA GTA 
TGT TAG C; 

50 G3FUBA,5'-TGC GAA GCT TTG GAG CCT TTT TTT TTG GAG ATT TTC 
AAC G; 
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Examp1e·2s . . 
Displayof Single Chain Fv and Fab Fragments Derived from 
the Anti-Oxazolone Antibody NQ10.12.5 on Bacteriophage fd 

5 using pHBNl· ·and ·fdCAT2 . - .. 
· ·A range of constructs (see figure 27) were made from 

a clone(essentially construct II in pUC19) designed for 
express16n in bacteria of a soluble Fab fragment (Better 
et · ai •. i988 ·.see above) from the mouse anti-phOx (2-

10 pheny1~5~c)xazolone) antibody NQ10.12.5 (Griffiths, G. M. 
et aL ~ature 312, 271-275, 1984). In construct II, the 
v-regio~> are derived from NQ10.12.5 and attached to 
human· · Ck..:· a1;1d ·. cHi . ( ~ 1 isotype) constant domains. The c
termillai · cysteine residues, which normally form a 

15 covalent_ link between light and heavy antibody chains, 
have. been deleted - from both the constant domains. To 
clone· heaVy and light · chain genes together as Fab 
fragments · ( .. construct I I) or as separate chains 
(constructs III and IV) for phage display, DNA was 

20 amplified ··from construct II by PCR to introduce a Not! 
restri~on site at.the 3' end, and at the 5' end either 
ari ApaLI.~site · (for cloning into fd-CAT2) or Sf.ii sie ( for 
cloning _ into· pHENl ) • The primers FABNOTFOK with 
VHlBI\CI(~PA (or. VH1BACKSFI15) were used for PCR 

25 amplificationof genes.encoding Fab fragments (construct 
II), the - primers FABNOTFOH with VHlBACKAPA (or 
VH1BACKSFI15) for heavy chains (construct III), and the 
primers FASNOTFOK and MVKBAAPA (or MVKBASFI) for light 
chc!ins .. (construct IV) • 

30 The:single-chain.Fv version of NQ10.12.5 (construct 
I ) . has ":the heavy ( VH) and light chain ( Vk) variable 
domains joined by a flexible linker (Gly4Ser)3 (Huston, 
J •. s. :et al •. Pl:oc. Natl. Acad. Sci. USA 85 5879-5883, 
1988):~. was constructed from construct II by 'splicing 

35 by - over].ap· extension 1 
. as in example 14. The assembled 

genes. were reamplified. with primers · VK3F2NOT and 
VHlBACKAl?A (orVHlBACKSFI15) to append restriction sites 
for cl()#ng .into fd-CAT2 · (ApaLI-Noti) or pHENl (Sfii-

. 40 
Noti). • ·· 

VH1BACIQ\PA~5 1 -CAT GAC CAC AGT GCA CAG GT(C/G) (A/C)A(A/G) 
CTG CAGJC/G)AG TC(A/T) GG; 
VH1BACKSFI15, 5 '-:CAT GCC ATG ACT CGC GGC CCA GCC GGC CAT 
GGC C(C/.G)A. GGT (C/G)(A/C)A (A/G)CT GCA G(C/G)A GTC 

45 (A/T)GG.;- ·. . 
FABNOTFOH,S'~CCA CGA TTC TGC GGC CGC TGA AGA TTT GGG CTC 
AAC TTT 'CTT.GTCGAC; 
FABNOTFOK, 5 i.-CCA CGA TTC TGC GGC CGC TGA CTC TCC GCG GTT 
GAA GeT CTT TGT GAC; 

50 MVKBAAPA~ 5 1 -CAC AGT GCA CTC GAC _ATT GAG CTC ACC CAG TCT 
CCA: . -
MVKBASFI, 5 '-CAT GAC CAC GCG GCC CAG CCG GCC ATG GCC GAC 

:·_ ·_: ... ·.·· 

.. 
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ATT GAG CTC ACC CAG TCT CCA; 
VK3F2NOT,5'-TTC TGC GGC CGC CCG TTT CAG CTC GAG CTT GGT 
CCC. 
Restriction sites are under1ined. 

5 Rescue of Phage and Phagemid particles 
Constructs I-IV (figure 27) were introduced into both fd
CAT2 and pHENl. Phage fd-CAT2 (and fd-CAT2-I,II,III or 
IV) was taken from the supernatant of infected E.coli TGl 
after shaking . at 37 o C overni.ght in 2xTY medium with 

10 12. 5p.g/m1 tetracyc1ine, and used direct1y in ELISA. 
Phagemid pHENl (and pHENl-I and II) in E.co1i TGl (supE) 
were. grown overnight in 2 m1 2xTY medium, 100 pg/m1· 
ampici11in, and 1% g1ucose (without g1ucose, expression 
of g3p prevents 1ater superinfection by helper phage) . 

15 lOpl of the overnight cu1ture was used to innoculate 2 ml 
of 2xTY medium, 100p.g/ml ampicillin, 1% glucose, and 
shaken at 37 a C for 1 hour. The cells were washed and 
resuspended in 2xTY, 100 p.g/ml ampicillin, and aphagemid 
particles rescued by adding 2 p.l (l08pfu) VCSM13 helper 

20 phage ( Stratagene) • · After growth for one hour, 4pl 
kanamycin {25 mg/ml) was added, and the culture grown 
overnight. The phagemid particles were concentrated 10-
fold for ELISA by precipitation with polyethylene g1yooa. 
ELI: SA 

25 Detection of phage binding to 2-phenyl-5-oxazolone (phOx) 
was performed as in example 9. 96-well plates were 
coated with 10 p.g/ml phOx-BSA or 10 p.g/ml BSA in PBS 
overnight at room temperature,· and b1ocked with PBSS 
containing 2% skimmed milk powder. Phage (mid) 

30 supernatant ( 50 pl ) mixed with 50 pl PBS containing 4% 
skimmed milk powder was added to the wells and assayed. 
To detect binding of soluble scFv or Fab fragments 
secreted from pHENl, the c-myc peptide tag described.by 
Munro and Pelham 1986 supra, was detected using the anti-

35 myc monoclonal 9El0 (Evan, G. I. et al. Mol Cell Biol 5 
3610-3616; 1985) followed by detection with peroxidase
conjugated goat anti-mouse immonoglobulin. Other details 
are as in example 9. 

The constructs in fdCAT2 and pHENl display antibody 
40 fragments of the surface of filamentous phage. The phage 

vector, fd-CAT2 (figure 8) is based on the vector fd-tet 
(Zacher, A. N. et al. Gene 9 127-140, 1980) and has 
restriction sites (ApaLI and Noti} for cloning antibody 
genes (or other protein) genes for expression as fusions 

45 to the N-terminus of the phage coat protein g3p. 
Transcription of the antibody-g3p fusions in fd-CAT2 is 
driven from the gene III promoter and the fusion protein 
targetted to the peri plasm by means of the g3p leader. 
Fab abd scFv fragments of NOlO. 12. 5 cloned into fd-CAT2 

50 for display were shown to bind to phOx-BSA (but not BSA) 
by ELISA (table 5). Phage were considered to be binding 
if A4os of the sample was at least 10-fold greater that 
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the background in ELISA. 
The phagemid vector, pHENl {fig. 26), is based upon 

pUC119 and.contains restriction sites (Sfii and Noti) for 
cloning the fusion proteins. Here the transcription of 

5 antibody~g3p fusions is driven from the. inducible _lacz 
promo~e~ and the fusion . protein targetted to the 
periplasin · by means of the pelB leader. Phagemid was 
rescued· with VCSM13 ·helper phage in 2xTY medium 
containing no . glucose or IPTG: under . these conditions 

10 there.is,sufficient expression of antibody-g3p. Fab and 
scFv fragments of NQ10.12.5 cloned into pHENl for display 
were · shown· to bind to phOx-BSA (but not BSA) by ELISA 
{Tclble S)using the same criterion as above. 

· An alternative methodology. for preparing libraries 
15 of Fab fragments expressed on the surface of phage would 

be· to: · 
1. Prepare·. a library of phage expressing heavy chain 
(VHCH) g~es from inserts in the phage genome .. 
2. Prepare a·. library of light chain genes in a plamid 

20 expression_ . vector in E. coli, p_referably a phagemi.d, and 
isolate ·. the . soluble protein light chins expresed from 
this library. . 
3. . Bind the . · soluble protein light chains fromt he 
libratY to the heavy chain library displayed on phage. 

25 4. . ·sel~ct. phage with the desired properties of affinity 
and specificity. 
These wi~l encode the heavy chain (VHCH) genes. 
5. I so~ ate . the light· chain genes encoding ight chains 
which. form suitable· antigen binding sites in combination 

30 . with the. selected heavy chains, preferably by using 
superinfectin of bacteria, containing phagemid expressing 
the light chain, with phage expressing the selected heavy 
chain {as described in example 20) and then assaying for 
antigen binding. 

3 5 Example 46 · · · . 
Rescue of Phagemid Encoding a Gene III Protein Fusion 
with Antibody Heavy or Light Chains by Phage Encoding the 
Complementary Antibody Chain Displayed on Phage and the 
Use .. of · this Technique to Make Dual Combinatorial 

40 Libraries• 
· W:ith . random combinatorial libraries there is a 

limitation · on the potential diversity of displayed Fab 
fragments due to the transformation efficiency of 
bacterial • _cells. Described here is a strategy (dual 

45 _ comb±mitorial libraries) to overcome this problem, 
potentiaily-~ncreasing the number of phage surveyed by a 
factor o£ 10.. . . 

· For assembly ·of heavy and light chains expresses 
from different. vectors, phagemid {pHENl-III or IV) was 

50 grown in·. E. coli HB2151 (a nbn-supressor strain) :.o allow 
producti-on of soluble chains, and rescued as above 
(example 27) except that helper phage were used 

... 
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expressing partner chains as fusions to g3p (109 TU fd
CAT2-IV or III respectively) and 2 ~l tetracycline (12.5 
mg/ml) in place of kanamycin. 

Separate Vectors to Encode Fab Heavy and Light 
5 Chains 

The heavy and light chains of Fab fragments can be 
encoded together in the same vector (example 25) or in 
different vectors. To demonstrate this the heavy chain 
(construct III) was cloned into pHENl (to provide soluble 

10 fragments) and the light ch~in (construct IV} into fd
CAT2 {to make the fusion with g3p). The phagemid pHENl
III, grown in E.coli HB2151 (non-supressor) was rescued 
with fd-CAT2-IV phage, and phage(mid) shown to bind to· 
phOx: BSA, but not to BSA (Table 5 ) • This demonstrates 

15 that soluble light chain is correctly associating with 
the heavy chain anchored to the g3p, since neither heavy 
chain nor light chain alone bind antigen (Table 5). 

Similar results were obtained in the reverse 
experiment {with phagemid pHEN-1-IV and fd-CAT2-III 

20 phage) in which the heavy chain was produced as a soluble 
molecule and the light chain anchored to g3p (Table 5}. 
Hence a_Fab fragment is assembled on the surface of phage 
by fusion of either heavy or light chain to g3p, provided 
the other chain is secreted using the same or another 

25 vector (figure 28). 
The resulting phage population is a mixture of phage 

abd rescued phagemid. The ratio of the two types of 
particle was assessed by infecting log phase E.coli TG1 
and plating on TYE plates with either 15 ~g/ml 

30 tetracycline (to select for fd-CAT2) or 100 ~g/ml 
ampicillin (to select for pHENl). The titre of fd-CAT2 
phage was 5 x loll TU/ml and the titre of pHENl 2 x 1010 
TU /ml, indicating a packaging ratio of 25 phage per 
phagemid. 

35 Demonstrated here is an alternative strategy 
involving display of the heterodimeric antibody Fab 
fragments on the surface of phage. One of the chains is 
fused to g3p and the other is secreted in soluble· form 
into the peri plasmic space of the E. coli where it 

40 associates non-covalently with the g3p fusion, and binds 
specifically to antigen. Either the light or heavy chain 
can be fused to the g3p: they are displayed on the phage 
as Fab fragments and bind antigen (Figur~ 28). Described 
are both phage and phagemid vectors for surface display. 

45 Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly 
in view of their higher transfection efficiencies {Two to 
three orders of magnitude higher) , allowing larger 
libraries to be constructed. The phagemid vector, pHENl 

50 also allows the expression of soluble Fab fragments in 
non-suppressor E.coli. 

Also demonstrated here ·is that heavy. and light 
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chains enPoded on the same vector (construct II), or on 
differ·ent vec~ors (constructs III and IV) can be 
displayed·. as Fab fragments. This offers two distinct 
ways of making random· combinatorial libraries for 
display.:· · Libraries of . heavy and light chain genes, 
amplified by PCR, could be randomly linked by a 'PCR 
assembly' .process {example 14) based on ' splicing by 
overlap . extension', cloned into phage(mid) display 
vectors · and expressed from the same promoter as part of 
the sam~ transcript (construct II ) as above, or indeed 
from diff~ent promoters as separate transcripts. Here 
the phage(mid) vector encodes and displays both chains. 
For a ·cortminatorial library of 107 heavy chains and 107 
light Chains 1 · the potential diversity of displayed Fab 
fragments.· ( lo14) is . limited by the transfection 
efficienCy ·of· bacterial cells by the vector (about 109 
clones per pg cut and · ligated. plasmid at best) ( W. J. 
Dower .et al Nucl. ·Acids. Res. 16 6127-6145, 1988). 
Libraries · thus · prepared are analogous to the random 
combinatorial library method described by Huse, W.D. et 
al · Scienee 246 .1275-1281 ( 1989) 1 but have the important 
addi tiorial . feature that· display on the surface of phage 
gives a· powerful method of selecting antibody 
specifi(::ities from the large number of clones generated . 

. Alternatively, ·libraries of heavy and light chains 
could be cloned into different vectors for expression in 
the sam~ cell, with a phage vector encoding the g3p 
fusion ~d a phagem.id encoding the soluble chain. The 
phage ci;cts as a helper'· and the infected bacteria 
produced both packaged phage and phagemid. Each phage or 
phagemid displays both chains but encodes only one chain 
and thus ·only the genetic information for half of the 
antigen":"binding site.- However, the genes for both 
antibody chains can be recovered separately by plating on 
the· selective medium, suggesting a means by which 
mutually·. complementary pairs of antigen binding heavy and 
light . ch8in combinations could be selected from random 
coinbiriati:lrial libraries. For example, a light chain 
reper.to:[re ori fd phage could be used to infect cells 
harbouring . a ... library of soluble heavy chains on the 
phagemid~ ·The affinity purified phagemid library could 
then be·used to infect E.coli, rescued with the affinity 
puri£iedphagelibrary, and the new combinatorial library 
subject~d. to a further round of selection. Thus, 
antibodyheavY' and light chain genes are reshuffled after 
each round. of purification. Finally, after several 
rounds,· infected bacteria could be plated · and screened 
individtially for antigen-binding phage. Such 'dual' 
combinatorial libraries are potentially more diverse than 
those encoded on a single vector. By combining separate 
libraries of 107 light chain phage(mid)s, the diversity 
of displayed Fab fragments (potentially 1014) is limited 
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only by the number of bacteria ( 1012 per litre) • More 
simply, the use of two vectors should also facilitate the 
construction of 'hierarchical' libraries I in which a 
fixed heavy or light chain is paired with a library or 

5 partners (example 22) 1 offering a means of 'fine-tuning' 
antibody affinity and specificity. 
Example 27 
Induction of Soluble scFv and Fab Frc;i9ments using 
Phagemid pHEN1 - ')'r-

10 Further study of antibodies which have been 
expressed on the surface of phage would be greatly 
facilitated if it is simple to switch to expression in 
solution. 

E.coli HB2151 was infected with pHEN phagemid. 
15 (pHEN1-I or II), and plated on YTE, lOO).lg/ml ampicillin 

plates. Colonies were shaken at 37°C in 2xTY·medium, 100 
).lg/ml ampicillin, 1% glucose to 0Dsso•0.5 to 1.0. Cells 
were pelleted, washed once in 2xTY medium, resuspended in 
medium with 100 ).lg/ml ampicillin, 1 mM isopropyl 13-D-

20 thiogalactoside (IPTG), and grown for a further 16 hours. 
Cells were pelleted and the supernatant, containing the 
secreted chains, used directly in ELISA. 

The phagemid pHEN1 has the advantage over phage fd
CAT2, in that antibody can be produced either for phage 

25 display (by growth in supE strains of E. coli ) or as a 
tagged soluble fragment ( by growth in non-suppressor 
strains), as a peptide tag (example 24) and amber codon 
were introduced between the antibody and g3p. Secretion 
of soluble Fab fragments from pHENl-II or scFv fragments 

30 from pHENl-I was· demonstrated after growth in E.coli 
HB2151 and induction with IPTG using Western blots 
(Figure 29). For detection of secreted proteins, · 10).11 
supernatant of. induced cultures were subjected to SDS
PAGE and proteins transferred by electroblotting to 

35 Immobilon-P (Millipore). Soluble heavy and light chain 
were detected with goat polyclonal anti-human Fab 
antiserum (Sigma) and peroxidase conjugated rabbit anti
goat immunoglobulin {Sigma) I each at a dilution of 
1:1000. The tagged VK domain was detected with 9E10 

40 antibody ( 1:1000) and peroxidase conjugated goat anti
mouse immunoglobulin (Fe specific) ( 1: 1000) (Sigma) or 
with a peroxidase labelled anti-human CK antiserum 
( Dako) . 3, 3 ' -diaminobenzidine (DAB; Sigma) was used as 
peroxidase substrate (Harlow E., et al. 1988 Supr). With 

45 the scFv, the fragments were detected using the 9E10 
anti -myc tag antibody (data not shown) . With the Fab, 
only the light chain was detected by 9E10 (or anti-human 
CK) antibody, ·as expected, while the anti-human Fab 
antiserum detected both heavy anJ light chains. Binding 

50 of the soluble scFv and Fab fragments to phOx-BSA (but 
not _ to BSA) was also demonstrated by ELISA (Table SB) • 
Thus scFv and Fab fragments can be displayed on phage or 
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secreted · as soluble fragments from the same · phagemid 
vector. 
Example as 
Increased· Sensitivity in ELISA assay ·of Lysozyme using 

5 FDTscFvDl. 3 as· Primary Antibody Compared to Soluble 
scFvD1~3 .. 

In_ principle the use of phage antibodies should 
al.low. mo~e. sensitive immunoassays to be performed than 
with solubl.e antibodies. Phage antibodies combine the 

10 ability to bind a specific antigen with the potential for 
amplification through the presence of multiple (ca. 2800 ) 
copies o; the· major coat protein (g8p) on each virion. 
This would allow the attachment of several. antibody 
molec:Ul.es-directed•against Ml3 to each virion followed by 

15 the att~chmemt of several molecules of peroxidase
conjugated·anti~species antibody (anti-sheep) IgG in the 
case below) . Thus for every . phage antibody bound to 
antigen . there is the potential for attaching several. 
peroxidase molecules whereas when a soluble antibody is 

20 usecj as the primary antibody this amplification will not 
OCCUr.· . 

· ELI:sA plates were· coated overnight at room 
temperature . using 200pl of 10 fold dilutions of hen egg 
lysozyme (1000; 100, 10, 1, 0.1 and 0.01 pg/ml) in 50mM 

25 NaHC03, pH9 . 6 . . · ELISA was · performed as described in 
exampl.e 4 axcept _that (i) _incubation with anti-lysozyme 
antibody was with either FDTscFvD1.3 (pAb~ 1011 phage per 
well~ L6mol.J or soluble affinity purified scFvD1.3 (18pg 
per well-;· 0. 7nmol ) . ( ii) . incubation with second antibody 

30 was with 1/100 dilution- of sheep anti-Ml3 serum for 
FDTscFvDL-3 samples or with or '1/100 dilution of rabbit 
anti~scFvDl.· 3 serum {from s. Ward) for solubl.e scFvDl. 3 
samples ~- (iii.) peroxidase-conjugated rabbit anti-goat 
immunoglobulin (Sigma~· 1/5000) was used for FDTscFvD1.3 

35 sample-s and -peroxidase-conjugated goat anti-rabbit 
immunoglobulin (Sigma; _ 1/5000) was used for soluble 
scFvDl. 3. samples. Absorbance at 405nm was measured after 
15h. The. res:Uits are shown in Figures 30 and 31. In 
these --figures lysozyme concentrations for coating are 

40 shown on a .log scale . of -dilutions relative to lpg/ml. 
(i.e. ·log = -3 =lmg/ml ·; ·log = 2 = 0.01 pg/ml) 

Higher.signals were obtained with-FDTscFvD1.3 at all. 
concentrations of lysozyme (Fig. 31) but the difference 
was very marked at the greatest dilutions, where antigen 

45 quanti:ties. are most limiting (Figs. 30 and 31) . This 
suggests · that · phage . antibodies may be particularly 
valuable:· for- sandwich type assays where the capture of 
smcill ainounts of antigen - by the primary antibody wil.l. 
generate an amplified signal when phage antibodies 

50 directed· .. against a ·different epitope are used as the 
second-antigen binding antibody. 
Example 29 · · · 

+ 
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secreted :2 as soluble fragments. from the same ' phagemid
vector. ‘ ‘ W l ‘

Example 28 _ V
Increased-.Sensitivi in ELISA assa of LI soz e usin_.__.____£Y_________L__X__L__9.
FDTSCFVD1.3 as Primary Antibody Compared to Soluble
scFle;3g '_A V -

. In principle the use of phage antibodies should

allow more sensitive immunoassays to be performed than
with soluble antibodies. Phage antibodies combine the

ability to bind a specific antigen with the potential for
amplification through the presence of multiple (ca.2800)
copies of the major coat protein (gap) on each virion.
This would allow. the attachment of several antibody
molecules directed-against M13 to each virion followed by
the attachment of' several molecules of peroxidase-

conjugated”anti-'species antibody (anti-sheep) IgG in the-
case below) .V Thus for every phage antibody bound to
antigen ,'.there is the potential for attaching several
peroxidase molecules whereas when a soluble antibody is
used as the primary antibody this amplification will not
occur.'~ ' L 4

_ ELISA plates were' coated overnight at room
temperature being 2001.11 of 10 fold dilutions of hen egg
lysazymeiuooo; 100, 10, 1, 0.1 and 0.01 pg/ml) in SOmM

NaHCO3, ~pH_9*.6.. ELISA was performed as described in
example AgeXCept that (1*) incubation with anti-lysozyme
antibody was with either FDTscFle.3 (pAb:1011 phage per'
well; '1‘.6mcl,)‘ or,soluble affinity purified scFle.3 (18ug
per well: 0,7nmol). (ii) incubation with second antibody
was "with. 1/100 dilution 'of sheep anti-M13 serum for
FDTscFle-.‘3 samples or with or ‘l,{100 dilution of rabbit

anti-lscFle;3_-'serum (from S. Ward) for soluble scFle.3
samples I.'( iii) peroxidase-conjugated rabbit anti—goat
immunoglobulin '(Sigma;' 1/5000) was-used for FDTscFle.3
samples and peroxidase-conjugated goat anti-rabbit

immundglobulin '(Sigma: _1/5000) was used for soluble
scFlesamples; Absorbance at 405nm was measured after
15h. ,The results are shewn in Figures 30 and 31. In
these figures lysozyme concentrations for coating are
shown on... a ,log' scale 'of dilutions relative to lug/ml.
(i.‘e.*log p= -3~ =lmg/ml ‘; ‘log = 2 = 0.01 ug/ml)

‘ Higherjsignals were obtained with-FDTscFle.3 at all'
concentrations. of lysozyme (Fig.31) but the difference
was very marked at the greatest dilutions, where antigen
quantities are most limiting (Figs. 30 and 31). This
suggests '- that vphage‘ antibodies may be particularly
valuable-iii for: sandwich type assays where the capture of
small amounts of antigen by the primary antibody will.
generate: an amplified signal when phage antibodies
directed; against a different epitope are used as the
second antigen binding antibody.
Example 29 f :
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Direct Rescue and Expression of Mouse Monoclonal 
Antibodies as Single Chain Fv Fragments on the Surface of 
Bacteriophage fd. 

The. principle is very. similar to that described in 
5 example 14. It consists of the PCR assembly of single 

chain antibodies from eDNA prepared from mouse 
monoclonals. As an example, the rescue and expression of 
two such antibodies from monoclonals expressing 
antibodies against the steroid hormone oestriol" is 

10 described. 
A. RNA Preparation . 

RNA can be prepared using many procedures well known 
to those skilled in the art. In this example, the use of 
Triton x-100 lysis, phenol/SDS RNase inactivation gave 

15 excellent results. · 
1 • The mouse monoclonal cells that were used here had 
been harvested by centrifugation and resuspended in serum 
free medium. They were then centrifuged and resuspended 
in saline and after a final centrifugation step, 

20 resuspended in sterile water at 1 x 107 cells per ml. 
(Normally cells would be washed in PBS buffer and finally 
resuspended in PBS buffer, but these particular cells 
were supplied to us as described frozen in water.). 
2. To 750pl of cells _was added 250ul of ice cold 4X 

25 lysis buffer ( 40mM Tria HCl pH .7. 4/4mM MgCl2/600mM 
NaCl/40mM VRC (Veronyl ribosyl complex)/2% Triton X-100). 
The suspension was mixed well and left on ice for 5 
minutes. · 
3. Centrifugation was carried out at 4°C in a microfuge 

30 at 13000 rpm for 5 min. 
The supernatant is then phenol extracted three times, 
phenol chloroform extracted three times and finally, 
ethanol precipitated as described in the materials and 
methods. The precipitate-was resuspended in SOul water. 

35 4. The optical density of the RNA at 260nm with a 2.5ul 
sample in 1ml water was measured. The RNA was checked by 
electrophoresis of a 2ug sample on a 1% agarose gel. RNA 
in the range of 32ug to 42ug was obtained by this method. 
B. eDNA Preparation 

40 The method used is the same as that described in 
example 14. Two eDNA preparations were made. These were 
from RNA extracted from the monoclonals known as cell 
lines 013 and 014 which both express antibodies against 
eh steroid hormone, oestriol. 

45 C. Primary PCRs 
The method used is essentially the same as that 

described in example 14. The VH region was amplified 
with the primers VH1BACK and VH1FOR-2. For the Vkappa 
region, four separate reactions were carried out using 

50 the primer VK2BACK and wither MJK1FONX, MJK2FONX, 
MJK4FONX or MJK5FONX. Samples ( 5ul ) were checked on a 
1. 5%- agarose gel. · From this it was observed that for 
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eDNA. prepared from . the two oestriol monoclonals the 
primers VK2BACK and.MJK1FONX gave the best amplification 
of the Vkappa_region .. The VH bands and the Vkappa bands 
ampl£fied with· VK2BACK/MJK1FONX were purified on 2% low 

5 melting point agarose gels for each monoclonals. The DNA 
ba11ds were excised from the gel and purified using a 
dedicated Geneclean kit as described in example 14. 
D. Preparation of linker 

The .metllod . used is essentially the same as that 
10 described in example 14. In this case, the amplified 

linker DNA was purified on a 2% agarose gel and recovered 
from the gel with a dedicated "Mermaid" kit (BIO 101, 
Geneclean,. La Jolla, San Diego, California, USA) using 
the manufactUrers instructions. 

15 E. Assembly PCRs 
The · method used is · essentially . the same as that 

described in example 14. In this case, the assembled PCR 
product was purified on a 2% agarose gel and recovered 
from the gel with·a dedicated "Mermaid" kit. 

20 F. · Adding restriction sites and work-up 
The assembled product was "tagged" with Apa LI and 

Not ·I . restriction sites. The DNA was .then digested with 
Apa LI ;;lrid Not I to give the appropriate sticky ends -far 
cloning · and . tl)en purified on a 2% low melting point 

25 agarose gel and extracted using a Geneclean kit. The 
method used is the same as that described in example 14. 
G. Cloning into Vector fd~CAT2 

A . total . of 15ug of CsCl purified fd-CAT2 DNA was 
digest_ed with 100 units of the restriction enzyme Not I 

30 (New Englarid Biolabs) in a total volume of 200ul lX NEB 
Not i buffer with lX NEB acetylated BSA for a total of 3 
hours at 37°C.·. The vector DNA was the treated twice with 
15ul Strataclean. (a commercially available resin for the 
removal ' of protein l, following the manufacturers 

35 instructions . ( Stratagene, 11099 North Torrey Pines Road, 
La ·Jolla, · California, . USA). The DNA was then ethanol 
precipitat~d and redissolved in TE buffer (Sambrook et 
al.,. 1989 'supra). • The DNA was then digested with 100 
units ·.of·. the . restriction enzyme Apa LI (New . England. 

40 Biolabs ). • in . a total volume of 200ul lX NEB Buffer 4 
overnight at 37°C. The vector was then purified with a 
Chroma: . Spin 1000 column following the manufacturers 
instruct.i,ons (Clontech Laboratories Inc, 4030 Fabian way, 
Palo Alto~ California, USA). This step removes the Apa 

45 LI/Not I £:ragment to giye cut vector DNA for maximum 
ligation efficiency. . 

Ligation.reactions were carried out with 2.5-lOng of 
the DNA .. insert and lOng of vector in a total volume of 
10ul of lX NEB ligase buffer with lul of NEB ligase (New 

50 England Biolabs) at l6°C overnight (approx 16 hours). 
H. Transformation. and growth 

E.coli strain TG1 was made competent and transformed 

• 
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cDNAV prepared ‘from_ the two oestriol monoclonals the
primers VKZBACK and MJKlFONX gave the best amplification
of'the'Vkappa_region, vTheVVH hands and the Vkappa bands
amplified with'VKZBACKfMJKlFONX were purified on 2% low
melting point agarbse gels for each monoclonals. The DNA
bands ‘were excised from the rgel and purified using a
dedicated_Geneclean kit as described in enample 14.

D. Preparation of linker' _
The 'method‘ used is essentially' the same as that

described in example 14, In this case, the amplified
linker DNA was purified on a 2% agarose gel and recovered

from the gel with a dedicated "Mermaid" kit (BIO 101,
Geneolean, La Jolla, San Diego, California, USA) using

the-manufacturers'instructions.
E. Assemblx PCRs _

' The? method used 13‘ essentially ‘the same as that
described in example 14. In-this case, the assembled PCR
product was purified on a 2% agarose gel and recovered
from the gel with a dedicated "Mermaid" kit.
F. ' Adding restriction sites and work-up »

~ The assembled product was "tagged" with Apa LI and

Not I restriction sites. The DNA was then digested with
Apa Ligand Not I to give the appropriate sticky ends‘for
cloning 'andf-then purified on a 2% low melting point
agarose gel and extracted using a Geneclean kit. The
method used_is the same as that described in example 14.

G. ’ Cloning into Vector fd—CATZ
A total.of 15ug of CsCl purified fd-CAT2 DNA was

digested with-100 units of the restriction enzyme Not I
(New England Biolabs) in a total volume of ZOOul 1x NEE
Not I buffer with 1x NEE acetylated BSA for a total of 3
hours at 37°Cgp The vector DNA was the treated twice with
lSul Strataclean.(a commercially available resin for the
removal” of protein),’ following. the manufacturers
instructions (Stratagene, 11099 North Torrey Pines Road,

La Jolla, California, USA). The DNA was then ethanol
precipitated and rediSsolved in TE buffer (Sambrook et
al.L 1989 supra); :The DNA was then digested with 100
units [ofr the .restriCtion enzyme Apa LI (New ~England.
Biolabs) {in .a total volume of ZOOul 1X NEB Buffer 4

overnight at 379C. The vector was then purified with a
Chroma (Spin AlOOO' column following the manufacturers
instructions (Clontech Laboratories Inc, 4030 Fabian way,
Palo Alto; California, USA). This step removes the Apa
LI/Not I 'fragment to give out vector" DNA for maximum

ligation efficiency. ' ‘
, Ligation.reactions were carried out with 2.5—10ng of

the DNAAinsert and long of vector in a total volume of
10ul of 1X NEE ligaSe buffer with lul of NEB ligase (New
England Biolabs) at 16°C overnight (approx 16 hours}. '
H..» TranSformation.and growth

E.coli strain TGl was made competent and transformed

PFIZER EX. 1502

Page 3166

 



W092/01047 PCT/GB91101134 

89 

with the fdCAT2 recombinant DNA as described by Sambrook 
et al, 1989 Supra. The cells were plated out on LBtet 
plates (lOg tryptone, 5g yeast extract, lOg NaCl, 15g 
bacto-agar per litre with 15ug/ul of tetracycline added 

5 just before pouring the plates) and grown overnight. 
Single well isolated colonies were then inoculated 

into 10 ml of LBtet broth ( LB medium with 15ug/ul of 
tetracycline) in 50 ml tubes. After overnight growth at 
35°C/350rpm in a bench top centrifuge. The supernatants 

10 were transferred to 15 ml centrifuge tubes and 2ml 20% 
PEG 8000/2. 5M NaCl added to each. After incubating at 
room temperature for 20-30 minutes, the recombinant phage 
was pelleted by centrifugation at 9000rpm in a Sorval 
SM24 rotor for 30 minutes. The PEG supernatant was 

15 discarded. Any remaining PEG was removed with a pasteur 
pepette after a brief ( 2 minutes ) centrifugation step. 
This last· step was repeated to make sure that no PEG 
remained. The phage pellet was then resuspended in 500ul 
PBS buffer. ---This. was transferred to a microcentrifuge 

20 tube and spun at 13000 rpm to remove any remaining cells. 
The phage supernatant was transferred to a.fresh tube. 
I. Assay for antibody expression 

Bacteriophage fd recombinants were screened for the 
expression of antibody against oestriol by ELISA. This 

25 method is described in example 6. In this case the 
following alterations are relevant. 
1. Microtitre plates were coated overnight with 40ug/ml 
oestriol-6 carboxymethyloxime-BSA ( Steraloids, 31 
Radcliffe Road, Croydon, CRO 5QJ, England). 

30 2. 1st antibody was the putative phage anti oestriol 
antibody. SOul of phage in a final volume of 200ul of 
sterile PBS combining 0. 25% gelatin was added to· each 
well. 
3. 2nd antibody was sheep anti M13 at 1:1000 dilution. 

35 4. 3rd antibody was peroxidase conjugated rabbit anti 
goat immunoglobulin .J 

Recombinants expressing · functional antibody were 
detected by incubation with the chromogenic substrate 
2 1 2 1 axinobis ( 3-ethyl benzthiazoline ·sulphonic acid ) • 

40 The results are shown in figures 32 and 33. 
Example 30 
Kinetic Properties of Alkaline Phosphatase Displayed on 
the Surface of Bacteriophage fd 

This example demonstrates that kinetic properties of 
45 an enzyme expressed on phage are qualitatively similar to 

those in solution. Bacteriophage fd displaying alkaline 
phosphatase fusions of gene 3 with either the native 
arginine (see example 31) or the mutant residue alanine 
at position 166 (see example 1:. ) were prepared by PEG 

50 precipitation as described in the materials and methods. 
The kinetic parameters of alkaline phosphatase 

expressed on the surface of fd phage were investigated in 
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1M Tris)Hcl;. pHS.O at 20°C with. lml 4-nitrophenyl 
phosphate as substrate. The reactions were initiated by 
the addi.tion of. 100J.1l of a phage-alkaline phosphatase 
fusion 'preparation, 50 fold concentrated with respect to 
the-original culture supernatant. The rate of cha~ge of 
absorbance was monitored at 410nm using a Philips 8730 
spectrophotometer and the initial reaction rate 
calcuiated using a molar. absorbance of 16200 1/mol/cm. 
For . ·the : fdphoAla 166 enZyme but not fdphoArgl66 a lag 
phage was seei) following this addition, the reaction rate 
accelerating until a :steady state was obtained after 
approximately 60 to-90 sees. This-steady state rate was 
used ·for· . determination ·· of kinetic parameters. No 
deviation form Michaelis Menten kinetics was apparent for 
either p~age enzyme. Values of Km and kcat were derived 

. from plo~s of .s/v against s and are shown in Table 6. 
Because of the difficulty in establishing the 

relat:ioris}lip between the number of phage particles an the 
number. 6~ _active. enzyme dimers formed on the phage kcat 
values· a:re expressed not as absolute values, but as 
relative values. between. the two enzyme forms. Western 
blots . (carried . out as in example 31 using antig3p 
antiserUril) of · the phage enzYme preparations used in this 
exper:f.mei)t showed approximately equal intensities for the 
full length· _fusion band with the Argl66 and Alal66 
en%ymes 'when · detected using antibody directed against 
gene3 . · ~, · Iri .these preparations the intact fusion 
represen:ts· ·approximately. 30% of the detected material. 
The two·· preparations were therefore assumed to be 
expressing approximately the _same concentrations of 
intact . fUsions. . . . · . . 

Ta:bl.e 6 summarises the kinetic data from this 
experiment. and. compares it with data from Chaidaroglou,. 
A. et a1 (Biochemistry 27., 8338-8343 ( 1988)) obtained 
with solilb1e preparations of the wild type and mutant 
enzyme forms. · The same substrate and assay conditions 
were used . in both experiments. Soluble alkaline 
phosphata~e was also test.ed in parallel in our 
experiments(-Km=8.5J.1M; kcat=3480 mol substrate converted 
mol enzyme-1 min-1). . . 

The effect of mutating arginine at position 166 to 
alanine-is qualitatively similar for-the phage enzyme as 
for the solUble enzyme.. · Km is increased about 15 fold 
and the . relative kcat is decreased to 36% of that for 
wil.d type. . This increased Km would reflect a reduction 
in subs~ate affinity in the phage enzyme on mutation of 
Arg166, ; ·a~ was proposed for the soluble enzyme 
(Chaidaroglou et al, 1988 supra), assuming the same 
kinetic· · ·mechari.ism applies. There are, however, some 
quanti.t~'t:ive differences in the behaviour of Kr.: of the 
phage enzyme. . . The Km of 73J.1M observed for fdphoArgl66 
compares· .with a Km of 12. 7J.1M for the free enzyme; the Km 

. 
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for fdphoAlal66 is 1070~ whereas the free mutant enzyme 
has a Km .of 1620~. One can speculate that the higher Km 
for fdphoArg 166 and the lower Km for fdphoAla166, 
compared to the soluble enzymes result from the 

5 'anchored' alkaline phosphatase fusion molecules 
interacting to form dimers in a different manner to the 
enzyme in. free solution. · 

The relative values of kcat for the Arg166 and 
Alal66 forms are however very similar for both the phage 

10 enzymes and the soluble enzymes, a reduction occurring on 
mutation to 35 to 40% of the value for the native enzyme. 
The rate limiting step, determining kcat• for soluble 
phoArg166 is thought to be dissociation of non-covalently 
bound phosphate from the enzyme (Hull W. E. et al. 

15 Biochemistry 15, 1547-1561 1976). Chaidaroglou et al 
( 1988) supra-suggest that, for the soluble enzyme, 
mutation of Arg166 to alanine alters additional steps, 
one of which may be hydrolysis of the phosphoenzyme 
intermediate. The similarity in the reduction in kcat on 

20 mutation of Arg166 to alanine for the phage enzymes 
suggests that the same steps may be altered in a . 
quantitatively similar manner in the mutant phage enzyme 
as in the mutant soluble enzyme. 

Thus, enzymes displayed on phage show qualitatively 
25 similar characteristics to soluble enzymes. 

Example 31 
Demonstration using Ultrafiltration that Cloned Alkaline 
Phosphatase Behaves as Part of the Virus Particle 

The construct fdphoAla166 (derived in example 11) 
30 was converted back to the wild type residue (arginine) at 

position 166 by in vitro mutagenesis (Amersham 
International) using the printer 
APARG166:5' TAGCATTTGCGCGAGGTCACA 3'. 
This construct with the wild type insert was called 

35 fdphoArg166. 
E.coli TG1 or KS272 cells (cells with a deletion in the 
endogenous phoA gene, Strauch and Beckwith, 1988 Supra) 
containing either fd-phoAla166, fdphoArg166 or fd-CAT2 
were grown for 16 hours at 37°C in 2xTY with 15)lg/ml 

40 tetracycline. Concentrated phage were prepared as 
follows. Phage-enzyme cultures are clarified by 
centrifugation ( 15 min at 10,000 rpm, 8 x 50 ml rotor, 
sorval RC-5B centrifuge). Phage are precipitated by 
adding 1/5 volume 20% polyethylene glycol, 2. 5 M Nacl, 

45 · leaving for 1 hr at 4 • C, and centrifuging (as above) • 
Phage pellets are resuspended in 10 mM Tris-HCl, pH 8.0 
to 1/lOOth of the original volume, and residual bacteria 
and aggregated phage removed by centrifugation for 10 to 
15 minutes in a berich microcentrifuge at 13000 rpm at 

50 4°C. 
SDS/Polyacrylamide gel electrophoresis and western 

blotting ·were basically as described previously (example 
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2). Denatured samples consisting of 161.11 of a 50 fold 
conc_entrate of ·phage were separated using a 10% 
SDS/polyacrylamide gel and detected with polyclonal 
antise:e:·um · raised against either E. coli alkaline 

5 phosphatase.· (Northumbria Biologicals, South Nelson 
Industrial Estate, Cramlington, Northumberland, NE23 9HL) 
or against the minor coat protein encoded by gene 3 (from 
Prof. I.". Rasched; Universitat Konstanz, see Stengele et 
al; 1990.). at 1 iri 1000 dilution. This was followed by 

10 incubation with . peroxidase-conjugated goat-anti-rabbit 
immunoglobulin (Sigma 1 ·in 5000) and detection with the 
ECL Western blotting system (Amersham International) . 

. The· presence of ··fusion proteins was confirmed by 
western olotting·of proteins from phage particles derived 

15 from· fd-ph6Ala166 (phage-enzyme) or fd-CAT2 (vector 
phage). ·.Detection with antiserum raised against the gene 
3 protein -.reveals ·a p~oduct of apparent relative 
molecular.· mass. ( Mr) . of 63, 000 in vector phage (figure 
34e). ..· -:Although ·. this· is different from the predicted 

20 molecular weight · based on the amino acid sequence 
( 42, 000) -~ the natural product of gene 3 has previously 
been reported · tq · exhibit reduced mobility during 
electrophoresis (Stengele et al, 1990). 

· In ·:the. fd-phoAlal66 sample the largest band has an 
25 apparent .. Mr of 115,000, (fig~ 34). Taking into account 

the · aberrant mobility of -the gene 3 portion of the 
fusion,· ' tbis • · is ·approximately the size expected from 
fusing with an· alkaline phosphatase domain of 47 kD. 
This analysis also reveals that a proportion of the Gene3 

30 reactive: material in this phage-enzyme preparation is 
present· at the size· of the· native gene3 product, 
suggesting that degradation is occurring. In the 
preparat:ion. shown in figure 34, approximately 5-10% of 
the· gene 3 fusions are intact. In more recent 

35 preparations and in all . the preparations used in this 
example arid example 32~ approximately 30-60% of fusions 
ar~ full +length. 

· · The' protein of Mr 115, 000 is the major protein 
observed_ ·in Western blots of phage-enzyme derived from 

40 TG1 cells · .when probed with antiserum raised against 
·E. coli a;J.kaline phosphatase (anti -BAP) , confirming the 
assignment of this band to intact fusion. Further, when 
phage-eMyme is prepared using KS272 cells, which have a 
deietion in the endogenous phoA_gene (Strauch & Beckwith, 

45 1988, .·supra.) it is also the major band. There are 
additional · bands at Mr 9 5000 and 60000 reactive with 
anti-BAP.antiserum which may indicate degradation of the 
fusion·pre)duct. 

The ariti-BAP antiserum also reacts wit material 
50 running · with the dye front and with a molecule of Mr 

.. 45, 000 . but . evidence suggests that. this material is not 
alkal.i:ne ·phosphatase. This pattern is detected in PEG 
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precipitated vector phage samples (figure 34c) and is not 
therefore contributed by protein expressed from the 
cloned phoA gene. These . bands are detected in cu1 ture 
supernatants of cells carrying fd-CAT2 but is not 

5 detected in the supernatant of uni.nfected cells (not 
shown) and so either represents cross-reactivity· with 
phage encoded material or with a PEG precipitable 
cellular component leaked from infected cells (Boeke et 
al, Mol. Gen. Genet. 186, 185-192 1982). Although the 

10 fragment of Mr, 45, OO'()'" is close to the size of free. 
alkaline phosphatase ( 47,000), it is present in phage 
preparations from KS272 cells which have a . deletion in 
the phoA locus. Furthermore its mobil! ty is different 

. from purified alkaline phosphatase and they can be 
15 distinguished by electrophoresis (figure 34d). 

Ultrafiltration was used to confirm that the fusion 
protein behaved as though it were part of a larger 
structure, as would be expected for an enzyme bound to a 
phage particle. Phage samples ( lOOpl of a 50 fold 

20 concentrate) were passed through ultrafiltration filters 
with a nominal molecular weight limit of 300000 daltons 
(Ultrafree-MC filters, Millipore) by centrifugation for 5 
to 15 minutes at 13,000 r.p.m. in an MSE microcentaur 

· microfuge. . Retained material was recovered by 
25 resuspending in 100pl of 10mM Tris, pH 8.0. 

Phage-enzyme or free alkaline phosphatase ( 83ng) 
mixed with vector phage were passed through filters with 
a nominal molecular weight limit of 300, 000 dal tons 
{Ultrafree-MC filters, Millipore). Figure 35 A again 

30 shows that the band of Mr, 115,000 is the major product 
reactive with anti-BAP antiserum. This and the other 
minor products reactive with anti-BAP are present in 
material retained by the ultrafiltration membrane. 
Analysis of retained and flow through fractions of phage 

35 preparations derived from KS272 demonstrates that 
different molecular species are being separated by the 
ultrafiltration membranes. Figure 35b shows the protein 
of Mr 115, 000 is retained by the filter whereas the 
putative degradation products of Mr 95,000 and 60,000 

40 found in phage preparations derived from KS272 cells, are 
not retained. 

In mixture of alkaline phosphatase and vector phage 
Figure 35c-f, free alkaline phosphatase ( dimer size of 
94, 000 dal tons) is detected in the flow through as a 

45 monomer band with Mr 47,000 on denaturing polyacrulamide 
gels (figure 35B), while the cross reactive molecule 
found in vector phage preparations { Mr 45, 000 ) is in 
retained on the filter {figure 35B). This suggests that 
the cross reactive molecule is pPrt of the phage particle 

50 and underlines the fact that the ultrafiltration 
membranes are effecting a separation. Thus the expected 
fusion band in this phage-enzyme is present in material 
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reta~ned on ul.trafiitration membranes demonstrating that 
it is p~.of·a·l.arger structure as woul.d be expected for 
viral. bound ·enzyme. . · 

Catalytic activity . has been demonstrated on phage 
5 particl.es··expressing alkaline phosphatase. Tabl.e 7 shows 

that the wil.d type alkal.ine phosphatase gene expressed on 
phage (fq-phoArgi66) has a specific activity (moles of 
substrate ·converted. per mole of viral. particles) of 
3, 700/ni:in, •. · This is close to the turnover value of 

10 4540/mi.n· fo\lnd . for · pur~fied al.kal.ine phosphatase by 
Mal.amy and Horecker; Biochemistry 3, 1893-1897 1964) • 

. Chaidaroglou · · et · al, 1988 supra have shown that 
substituting· alanine· for. arginine at the active site 
(residue 166 )· l.eads to a reduct±on ~n the rate of 

15 cat~lysis ... · Preparations of phage d~splaying alkaline 
phosphatase with this mutation derived from TG1 and KS272 

·show redUced specific. act~vit~es of 380 and 1400 mol 
su:bstr~~ converted/mol. phage/min respectively. Enzyme 
activity 'was· measured ~n the retained and flow-through 

20 fractions: prepared by ul trafil. tration, shown in figure 
35 .. T&e·bul.k of activity :from phage-enzyme was retained 
on the:f±1terswhereas the majority of activity from free 
enzynie passes through. · Therefore, the enzyme activity in 
these · ·fufiions behaved as would be expected for viral.ly 

25 associated en~e . (not. shown) • Little or no catalxtic 
activity ~s measured in preparations of vector phage from 
either . TGl or KS272 cel.ls .( Tabl.e 7) , indication that the 
catal.yti.c; actiVities above are due to phage enzyme and 
not contanunat~on w~ th bacterial. phosphatase. Addition 

30 of :phage: .. paiti.cl.es to soluble enzyme does not have a 
signi.fi:cant effect. on activity·(Tabl.e 7). 

· Therefore,· both the catal.ytic and immunochemical 
activity of al.kal.ine phosphatase have been demonstrated 
to be due.to. enzyme which is part of the phage particl.e. 

3 5 Example 32 · · 
Affinity chromatography of phage al.kal.ine phosphatase 

.·Affinity ·.chromatography, using the speci~ic binding 
properties of· enzymes·. has. proved to be a very powerful 
metho.d ~r ·their··. purification. The purification of 

40 phage-eniymes · by this approach would enabl.e the genetic 
material. · 'encoding the enzyme to be isolated with the 
enzyme .• itself. ·. Thus, mutagenesis of cl.oned enzymes 
expressed· on the surface of filamentous bacteriophage 
will lead to a·whole population of enzyme variants, from 

45 which yariants with desired binding properties could be 
isolated~ · ·. · . 

. Sol.uble al.kal.ine' phosphatase (from cal.£ intestine) 
has been< .purified by binding to immobilised arsenate (a 
competitive inhibitor), and el.uting with inorganic 

50 phosphat~, which·is a product (and competitive inhibitor) 
of the enzyme reaction (Brenna,O. et al, Bioehem. J. 151 
291-296 ·1975)~: · The applicants · have determined that 
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retained on ultrafiltration membranes demonstrating that
it is -p g; --;~of'a:larger «structure as would be expected for
viral humid enzyme. ' y _ ‘

._ Catalytic activity has been demonstrated on phage
particles expressing alkaline phosphatase. Table '7 shows
that the Wild type alkaline phosphatase gene expressed on
phage. (f‘ifphoArgléé) has a specific activity (moles of
substrate-converted. per mole of vviral particles) of
3,-700/m'im. This is close to the turnover value of

4540/min found . for ‘ purified alkaline phosphatase by
Malamy Horecker, Biochemistry g, 1893—1897 1964).
r 3 Chaidaroglou'et- a1", 1988 supra have shown that
substituting” alanine" for. arginine at the active site
(residue. 166') leads to a reduction in the rate of
catalysis‘:, Preparations of phage displaying alkaline
phosphatase with this mutation derived from TGl and K5272

show redhead specific. activities of 380 and 1.400 mol
subatrate" converted/mol phage/min respectively. Enzyme
activity-ffvwasvmeasured in the retained and flow-through
fractions prepared by ultrafiltration, shown in figure
35.. Thefbulk ‘of' activity :from phage—enzyme was retained
on the filters whereas the majority of activity from free
enzyme passes through. ’ Therefore, the enzyme activity in
these fusions behaved as would be expected for virally
associated enzyme, (not. shown). Little or no catalytic
activity'is measured in preparations of vector phage from
either .TGI or £8272 cells K Table '7), indication that the

catalytic: activities above are due to phage enzyme and
not contamination ' with bacterial phosphatase. Addition
of iphage'Kpar'ticles to soluble enzyme does not have a
significant effect; on actiVity' (Table 7).

" Therefore,‘ both the catalytic and immunochemical
activity zof alkaline phosphatase have been demonstrated

to be duexto. enzyme which is part of the phage particle.
Examge 3,2 "‘ '
Affinigi chromatography of phage alkaline phosphatase

Affinity. ;.chromatography,‘ using the specific binding
properties of enzymes has. proved to be a very powerful
method for ~their'r_purific‘:ation. The purification of
phage—mes . by this approach would enable the genetic
material :fencodin‘g the enzyme to be isolated with the
enzyme3 itself. ': Thus, 'mutagenesis of cloned enzymes
expressed on the surface of filamentous bacteriophage
will lead} to -a whole population of enzyme variants, from
which variants with desired binding properties could be
isolated; f5 s - ' V V

,Solufble alkaline phosphatase (from calf intestine)
has been-aparified by binding to immobilised arsenate (a
competitive inhibitor), and eluting with inorganic
phosphate, whichgis a product (and competitive inhibitor)
of the enzyme reaction (Brenna,0.. et a1, Biochem. J. lSl
291-296 1975).? ‘ The applicants ' have determined that
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soluble alkaline phosphatase from E.coli is also retained 
by this matrix (not shown) . · In this example it is 
demonstrated that phage displaying E.coli alkaline 
phosphatase binds to arsenate-Sepharose and can be 

5 specifically eluted. 
Arsenate-Sepharose was prepared by coupling 4- ( p

aminophenylazo) phenyl arsonic acid to tyraminyl
Sepharose according to the method of Breena et al, (1975; 
supra). Affinity chromatography of phage enzyme 

10 fdphoArg166 (example 31) was carried out in a disposable 
chromatography column with a 0. 5 ml column volume. 
Columns were prewashed with 100 volumes of column buffer 
(lOOmM Tris pH 8.4, lmM MgCl2, 0.1 mM ZnCl2, 0.1% Tween 
20, Brenna et al, 1975, supra.) lml of a 40 fold 

15 concentrate of phage-enzyme (in column buffer; prepared 
as in example 31) was loaded and washed through with 100 
volumes of column buffer. Bound phage-enzyme was eluted 
with 5mls of column buffer containing 20mM NaHP04. The 
eluate and wash fractions were quantitated by dot 

20 blotting onto nitrocellulose and comparing with known 
amounts of phage-enzyme. The blots were detected using 
sheep anti-M13 antiserum (gift from M. Hobart), anti
sheep . peroxidase (Sigma) and enhanced chemiluminescent 
substrate (Amersham). A range of exposures were taken. 

25 Table 8 shows the results of affinity chromatography 
of phage displaying alkaline phosphatase on arsenate
Sepharose. In separate experiments phage particles 
expressing either mutant (fdphoAla 166; example 11) and 
or wild type ( fdphoArg 166) forms are retained on 

30 arsenate-Sepharose and eluted ~ th inorganic phosphate. 
Approximately 0.5 to 3% of added phage enzyme particles 
loaded ( ' input phage' ) were specifically eluted with 
phosphate ( 'output phage ' ) compared to only 0. 05% of 
vector particles. Arsenate is a competitive inhibitor 

35 with Ki of 20pM with respect to 4- nitrophenyl phosphate. 
Phage particles antibodies have previously been isolated 
on the basis of interactions with similar affinities 
(example 23). This association is in within the range of 
a large number of enzyme-ligand interactions suggesting 

40 wide applicability for this approach. 
Table 8 also shows that the infect! vi ty of phage 

particles expressing enzyme is reduced with compared with 
vector phage particles. This makes titration of 
infectious particles an inappropriate means of 

45 quantitating the number of phage enzyme particles. For 
this reason the number of phage were measured by dot 
blotting and phage were detected with anti-Ml3 antiserum 
as above. 

Whereas, overall recovery of catalytic activity may 
50 be an important consideration in enzyme purification, 

this is not_ critical with phage-enzymes. Even if only 
low levels of phage-enzyme bind to and are specifically 
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eluted from affinity columns, ·this will generate clones 
which· cari subsequently be grown up in bulk as phage
enzymes . or can ·.be transferred to expression vectors 
yielding soluble products. 
Example 33 · · 
PCR Assembly of DNA encoding Fab Fragments of an Antibody 
directed against · Oxazolone · · 

Example 25 showed that genes encoding Fab fragments 
could be. ·subcloned into vectors fdCAT2 and pHENl and the 
protein. domains displayed on the surface of phage with 
retention of binding function. This example shows that 
the VHCH and VKcK domains can be amplified separately and 
then joined by a ·linker allowing the expression of the 
light .·chain as a geneiii protein fusion and the VHCH 
fragment,· as· a . soluble molecule. A functional Fab 
fragment _ is then . displayed on phage by association of 
these· . domains~ · The assembly process; described in this
example, is required for display of a __ J:_ibrary of Fab 
fragment~. derived from the immune repertoire if both 
heavy and· ligfit chairi domains· are to be encoded within a 
single:yeetor. 

The VHCH1 and VKCK domains of a construct (example 
25; . construct II in pUC19) derived from antibody NQ10 
12.5 directed against 2-phenyl-5-oxazolone were amplified 
using _·. PCR~ · For cloning into the vector fdCAT2 the 
oligonucleotides. VH1BACKAPA (example 25) and HuigG1-4 
CH1FOR •· ·.( exampl,e 40) . were used to amplify the VHCHl 
domains. ' For c1oning into pHENl VH1BACKSFH5 (example 25) 
replaced 'VIilBACKAPA for this amplification. For cloning 
into ·both vec-t;ors the VKGK domains were amplified using 
VK2BACK .. (~ample 25) and CKNOTFOR (example 40). A linker 
oligonucleotide fragment containing the bacteriophage fd 
gene 8 terminator and the fd gene 3 promoter was prepared 
by ampli~ing the region containing them from the vector 
fdCAT2 ._ b?' 'PCR using the oligonucleotides. 
VK-TERM-FoR 
5' TGG AGA CTG GGT GAG .CTC AAT GTC GGA GTG AGA ATA GAA 
AGG 3' <c:Weriappingwith VK2BACK [example 14].) 
and · 
CH1-TERM-BACK 
S'AAG CCC AGC AAC ACC AAG GTG GAC AAG AAA GTT GAG CCC AAA 
TCT- AGC TGA TAA ACC GAT ACA ATT AAA GGC 3' (overlapping 
with HuigGl-4 CHl-FOR) 
Assembl:y _of the FaJ? fragment from the amplified VHCH1 and 
VKCK domii.ns and the linker prepared as above was as 
described in example 14E except that the prime.rs 
VH1BACKAPA ( whep cloning into fdCAT2) or VH1BACKSFH5 
(when cloning into pHENl) and CKNOTFOR were used for the 
final reamplification,. thereby introducing restriction 
sites· for cloning into fdCAT2 ( Apali-Noti) or pHENl 
(Sfii-Noti) the assembled Fab fragment is shown in figure 
34. . ·No •assembled product was seen in the· absence of 
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linker. An assembled scFv prepared according to example 
14 is shown for comparison. 

Phage antibodies were prepared as in example 25 and 
ELISA was performed with oxazolone as antigen according 

5 to example 6. Results were as expected for Fab fragments 
cloned in both fdCAT2 and pHEN1 samples, phage particles 
bound to oxazolone as detected by a positive ELISA 
signal. 
Example 34 

10 Construction of a Gene III Deficient Helper Phage 
To fully realise the potential of the phagemid 

cloning system, a ·helper phage lacking gene III is 
desirable. Rescue of gene III fusions with such a helper 
phage would result in all the progeny phagemids having a 

15 gene III fusion on their capsid, since there would be no 
competition with the wild type molecule. 

· Control over the number of fusion molecules 
contained on each phage will provide particularly useful. 
For example, a gene III deficient. helper phage can be 

20 used to rescue low affinity antibodies from a naive 
repertoire, in which high avidity will be necessary to 
isolate those phage bearing the correct antibody 
specificity. The unmutated helper phage can then be used 
when higher affinity versions . are constructed, thereby 

25 reducing the avidity component, and permitting selection 
purely on the basis of affinity. This will prove a 
surprisingly successful strategy for isolation and 
affinity maturation of antibodies from naive libraries. 

The strategy chosen to construct the helper phage 
30 was to partially delete gene III of M13K07 using 

exonuclease Bal 31. However, :·phage lacking gene III 
protein are non-infective so an E.coli strain expressing 
gene III was constructed. Wild type M13 gene III was 
PeR-amplified with primers giiiFUFO and giiiFUBA, exactly 

35 as described in example 24. The PCR product was digested 
with Eco RI and Hind III and inserted into Eco RI and 
Hind III-cut pUC19 (not a phagemid as it lacks the 
filamentous phage origin of SS DNA replication) under 
control of the lac promoter. The plasmid was transformed 

40 into E.coli TG1, and the resulting strain called 
TGl/pUC19giii. This strain provides giii protein in 
trans to the helper·phage. 

There is a single unique Bam HI site in M13I<07, 
which is approximatlely in the centre of giii. Double-

45 stranded M13K07 DNA was prepared by alkaline lysis and 
caesium chloride centrifugation ( Sambrook et al, et 
supra. 1989): twenty pg of DNA was cut· with Bam Hl, 
phenol extracted and ethanol precipitated then 
resuspended in SOpl of Bal 31 huffer ( 600mM NaC1, 20mM 

50 Tris-HC1 pH 8.0, 12 mM CaCl2, 12mM MgCl2 and 1mM EDTA) 
and digested for 4 minutes with 1 unit of Bal 31 (New 
England BioLabs) . This treatment removed approximatley 
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lKb of. ·PNA·. . EGTA was added to. 20mM and the · reaction 
phenol .. ;E!xtracted and ethanol precipitated prior to 
purification of the truncated genome on an agarose gel. 
The DNA was repaired with klenow enzyme and self-ligated 
with T4 DNA _ligase (New England BioLabs) . · 

· AliqUots of the. ligation reaction were transformed 
into colilp~tent TGl/pUC19giii and plated on SOB medium 
containing ampicillin at lOOpg/ml and kanamycin at 
50pg/m1.- _ Colonies were screened for the· presence of a 
deletion by PCR ·with ·primers giiiFUBA and KSJ12 
( CGGAATAGCCAAMGAACTGG) . 

KSJ .· 12 anneals to gene VI which is immediately 
dowstre~·of giii in the phage genome, so distinguishing 
gil;I · on . the ·helper phage from that resident on the 
plasmid~: . Three · clones. gave tructated PCR products 
corresponding to deletions of ca. 200, 400 and 800bp. 
These clones were called . Ml3K07 . gill /1 Nos 1, 2 and 3 
respectively. . No clones were isolated from the earlier 
Bal. 31 tilrie points; suggesting that these are in some way 
lethal tO the·. host cell. Several clones were isolated 
from later. time . points, but none of these gave a PCR 
product,~~ indicating that the deletion reaction had gQne 
too far •. :. · . .· · 

M13I<07 .gill A No.s 1, 2 and 3 were cultured and the· 
resulting hel.per_phage tested for their ability to rescue 
an antibody gill fusion ( scFv Dl.3 )= by ELISA, exactly as 
deser:i.bed in example 18. - As shown in figure 37, only o~ 
clone,· M13K07. ,giii~No3 was found to rescue the antibody 
well.: in fa,ct the· signal using this helper was greater 
than that ~bserved with the parent Ml3 K07. Ml3K07 giiih 
No3 rescued phagemids should have a much higher density 
of . · antibody -· :fus.ions on their surfaces. That this was 
indeed ~ c·ase · was demonstrated when the phage used in 
this · EL~SA · were analysed by Western blotting with anti 
gill protein. antiserum (fig. 38). This analysis enables 
estimation . of .the amount of giii . fusion protein versus 
free giJ;I protein present on the phage(mid) particles • 

. Only . a minute fraction of the giii protein on the 
Ml3K07 -rescued material is present as an intact fusion 
(fig 38) •. _The fusion protein band is induced by IPTG 1 so 
is· indisputably that synthesised by the phagemid. As 
expected;._ even when the.lac promoter driving giii fusion 
protein . synthesis is ·fully induced ( lOOpM IPTG) 1 wild 
typegiii_protein, at a lower copy number and driven from 
a far w~er promoter, predominates. This is in contrast· 
to the . pattern generated by the same clone rescued with 
Ml3K07 .. glllb_No3, . and the . pattern generated by fd CAT2-
scFv Dl.3 .•. · In both of these latter cases 1 there is no 
competition . with wild-type gill and the fusion protein 
band is-co:r:respondingly stronger. 

. · It· . is . worthy of note that construction of Ml3K07 
giii f). No.3 lflas immensely inefficient: one clone from 20pg 

·., .. ·· 

... 
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11(1) of pNA,‘ EGTA' was added to. 20m and the’reaction
phenol extracted and ethanol precipitated prior to
purification of the truncated genome on an agarose gel.
The DNA was repaired with klenow enzyme and self-ligated
with T4 i'DNAV'ligase (New England BioLabs). '

' Aliquots of the] ligation reaction were transformed
into competent TGI/pUCngIII and plated on 503 medium
containing ampicillin at mung/ml and kanamycin at
SOpg/mlg Colonies were screened for the presence of a
deletion. by ,PCR 'with primers gIIIFUBA and KSJ12
(CGGAATAQCCAAAAGAACTGG).

v KSJ; 12‘ anneals to gene VI which is immediately
downstream of 9111 in the phage genome, so distinguishing
gIII ' on 1 the helper phage from that resident on the

plasmid}; Three Clones. gave tructated PCR products
corresponding to deletions of ca. 200, 400 and BOObp.

‘ These clones. were. called . MlSKO? .9111 A Nos 1,2 and 3
respectively. VNo clones were isolated from the earlier
Bal 31 time points; _V suggesting that these are in some way
lethal the host cell. Several clones were isolated
from later time points, but none of these gave a PCR
product,.gg.gindicating that the deletion reaction had ggge

too'far.j-. - H 2 a v
enl330?__.gIIIA No.3 1,2 and 3 were cultured and the-

resulting helper-phage tested for their ability to rescue
an‘antibody .gIII fusion (scFv 131.3): by ELISA, exactly as
described, in‘example ls. - As shown in figure 37, only one
clone,‘ £1131;sz "gIIIAANo3 was found to rescue the antibody
well: fact the signal using this helper was greater
than that. observed with the parent M13 K07. M13K07 gIIIfl
No3 rescued phagemids should have a much higher density
of-'_antibody;vfusions on their surfaces. That this was
indeed case was demonstrated when the phage used in

this 'ELlSA'. were analysed by Western blotting with anti
gIII protein antiserum (fig. 38). This analysis enables
estimation .2ij the amount of 9111 fusion protein versus
free gill protein present on the phage(mid) particles.

only ,a minute fraction of the 9111 protein on the
M13K07-rescued. material is present as an intact fusion
(fig 38.). jThe fusion protein band is induced by IPTG, so
is indisputably that synthesised by the phagemid. As
expected}, even when the .lac promoter driving gIII fusion
proteini‘: synthesis is fully induced (lOOuM IPTG), wild
type 'gIIIUprotein, at a lower Copy number and driven from
a far weaker pramoter, predominates. This is in contrast-
to the 7 pattern generated by the same clone rescued with
M13K07 ._glII[;N03., and the pattern generated by fd CATZ-
scFvlpl .13.] In both of these latter cases, there is no

- competition with wild-type 9111 and the fusion protein
band is,- correspondingly stronger.

' It-;.is :worthy of note that construction of M13KO7
gIII’A N93 was immensely inefficient: one clone from 20119
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of starting DNA. Moreover, the yield of giii helper 
phage from overnight cultures is extremely low ca.106 
cfu/ml compared with ca. loll cfu/ml for the parental 
phage. Despite this, M13K07 giii No3 rescues the 

5 phagemid as well as the parental phage, as judged by the 
number of phagemid particles produced after overnight 
growth. This indicates that trans replication and 
packaging functions o·f the helper are intact and suggest 
that its own replication is defective. Hence it may be 

10 that inactivation of giii is normally toxic to the host 
cell, and that M13K07 giiiANo3 was isolated because of a 
compensating mutation affecting, for example, 
replication. Phage fd-tet is unusual in that it 
tolerates mutations in structural genes that are normally 

15 lethal to the host cell, since it has a replication 
defect that slows down accumulation of toxic phage 
products; Ml3K07 giiiA No3 may also have such a defect. 

M13K07g III6No 3 has been deposited at the National 
Collection of Type Cultures, 61 Colindale Avenue, London, 

20 NW9 6HT, UK (Accession No. NCTC 12478). On 28 June 1991, 
in accordance with the regulations of the Budapest 
Treaty. It contains a deletion of the M13 genome from 
bases 1979 to 2768 inclusive (see Van Wezenbeek, P.G.M.F. 
et al., Gene II p129-148, 1980 for the DNA sequence of 

25 the M13 genome). · 
Example 35 
Selection of bacteriophage expressing scFv fragments 
directed against lysozyme from mixtures according to 
affinity using a panning procedure 

30 For isolation of an antibody with a . desired high 
affinity, it is · necessary to: be able to select an 
antibody with only a few fold higher affinity than the 
remainder of the population·. This will be particularly 
important when an antibody with insufficient affinity 

35 has been isolated, for example, from a repertoire derived 
from an immunised animal, and random mutagenesis is used 
to prepare derivatives with potentially increased 
affinity. In this example, mixtures of phage expressing 
antibodies of different affinities directed against hen 

40 egg lysozyme were subjected to a panning procedure. It 
is demonstrated that phage antibodies give the ability to 
select for an antibody with a Kd of 2nM against one with 
a Kd of 13nM. 

The oligonucleotides. used in this example are shown 
45 in the list below: 

OLIGONUCLEOTIDES 
VHBHD13APA 5'- CAC AGT GCA CAG GTC CAA CTG CAG GAG AGC 
GGT 

· VHFHD13 5 ' - CGG TGA CGA GGC TGC CTT GAC CCC 
50 HD13BLIN 5'- GGG GTC AGG GCA GCC TCG TCA CCG 

HD13FLIN3 5'- TGG GCT CTG GGT CAT CTG GAT GTC CGA T 
VKBHD13 5'- GAC ATC CAG ATG ACC CAG AGC CCA 
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VKFHD13NCJT : 5 1
- GAG.TCA TTC TGC GGC CGC ACG TTT GAT TTC 

CAC CTT GGT CCC 
MURD13SEQ . . • 5 I- GAG GAG ATT TTC CCT GT 
HUMD13SEQ. . · 5 1

-. TTG GAG CCT TAC CTG GC 
5 FDPCRFOR ·· ·.5 1

- T~G CCC CCT TAT TAG CGT TTG CCA 
FDPCRBAK .. ;_ • 5 1 

- GCG ATG GGT GTT GTC ATT GTC GGC 
. . . . . . 

Phage diSplaying.· scFv fragments directed against lysozyme 
were derived.from cloned Fab fragments in plasmids. 

10 · Heavy and· light chain variable regions were 
amplified· by ··the polymerase chain reaction (PCR) from 
plasmids .. containing humanized VH-CHl or VK-CK inserts 

. suitab.1-e . for production of Fab fragments (gift of J. 
Foote). The .dissociat:Lon constant, Kd for different 

15 combina~ns of .the two plasmids combined as Fabs, are 
sho~ ~low:·. · 
Heavy Ch~n Plasmid L~ght Chain Plasmid Kd 

HuH~l · HuK-3 52 nM 
H\lH.-:-1 HuK-4 180 nM 

20 HuH:..2 H~-:-3 13 nM 
HuH~2 HuK-4 (not determined) 

Primary · PCR .. 
. . The . primary PCR of the variabl.e regions was 

performedby·combining the following: 
25 36.5 p.l Water· 

5 p.l PCR,buffer (lOx) 
2 lll ~- < sniM >· . 
2. 5 p.l Back Ol.igo ( 10 pmol.es/p.l.) . (VHBHD13APA or VKBHD13) 
2. 5 p.1 :'Forward oligo· ( 10 pmoles/p.l) (VHFHD13 or 

30 VKFHD13NOT) .. 
The ···reaction is ·decontaminated by uv irradiation to 

destr~y .. ~orcaign DNA . for. 5. minutes, and l p.l of plasmid 
DNA added (0.1 p.g/p.l). The per mixture was covered with 
2 dz:ops ,of paraffin oil, and placed· on the per block at 

35 94 oc for :5 min~tcas before the addition of 0. 5 p.l of Taq 
DNA · poiym~rase . under .the paraffin. The cycling 
conditions ~sed were 94°C l min, 40°C l min, 72°C 1.5 min 
17 cycl.eS. 

The.l.in.ker (Gl.y4-Ser}3, was ampl.ified from the anti-
40 phOx (2.:.phenyloxazol-5..:one) clone fd-CAT2-scFv NOll, 

usipg th~ oli.gos HD13BLIN and HD13FLIN3, with 0 .lp.g of 
plaSmid QNA. The PCR cycling used was 94°C l min, 25°C 
L 5. m1n, 'for 17 Cycles. 

Amplified DN~ was purified by running the samples on 
45 a 2%.low melting point agarose gel at 90 mA, excising the 

appropri;~te bands _and extracting the DNA using the 
Geileclean II Kit .(BIO 101 Inc.) for the VH and VK, or by 
using · .. Spin;_X filter units (Costar) for the linker. A 
final.:vol:ume.of 10 p.l was used to resuspend the extracted 

50 DNA. . ... 
PeR AsseinblY:. 

Ass~l.y of the four single chain Fv Humanized Dl.3 
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vxmmantéT -"V5'-* GAG TCA TTc TGC GGC ccc ACG TTT GAT TTC
CAC CTT GGT ccc ‘ .
MURnlssEQ ‘ - :p-‘S'I- GAG GAG ATT TTc CCT GT
HUMnlasEQf. : - 5'-‘ TTGAGAG cc'r TAG CTG cc
FDPCRFOR :“,5'- TAG ccc cc'r TAT TAG CGT TTG CCA
FDPCRBAK .: -5.'-- GCG ATG GGT GTT GTC ATT GTC GGC

Phage displaying'scFv fragments directed against lysozyme
were derived from cloned Fab fragments in plasmids.

V W Heayy_‘and' light chain variable regions were
amplified‘ by 'the polymerase chain reaction (PCR) from
plasmids} containing. humanized VH-CHI or VK-CK inserts

.suitablefi,fcr. production of Fab fragments (gift of J.

Boots). ~~-The>,dis$ociation constant, Kd for different
combinations offlthe two plasmids combined as Fahs, are
shaynADelom:z.
Heavy Chain Plasmid‘ Light Chain PlaSmid Kd

V HUHrl‘» “ ' V .‘ HuK-S ' 52 nM

HuHr1.7 * ' . HuK-4 180 nM
Hqu-z Bax-:3 13 nM

V Hufifz, HuK-4 - (not determined)
Prim§£2~PCRuV. ‘ _ V~ .

1. The__primary7 PCR of the variable regions was
performed by combining the following:
36.5 pl Water” -

5 pl PCR buffer (103)
2 “1 dNT?>(5mM)u' -
2.5 pl Back 01190 (10 pmoles/pl)‘(VHBHD13APA or VKEHDlB)
2.5 p1 TForward‘ 01190 ‘(10 pmoles/nl) (VHFHDla or
mmxanqu') V a _

‘ The reaction is decontaminated by UV irradiation to
destroy foreign DNA for SVminutes, and 1 ul of plasmid
DNA added (0.1 ug/pl).--The pcr mixture was covered with
2 dropsgof paraffin oil, and placed on the per block at
94°C for 5 minutes before the addition of 0.5 p1 of Taq
DNA 'polymerase _under _the paraffin. The cycling
conditions'uSed were 949C 1 min, 40°C 1 min, 72°C 1.5 min
17 cycles. < ,

-.

The linker (Gly4-Ser)3, was amplified from the anti-
phOx (zephenyloxazol-Séone) clone fd-CATZ-scFv N911,
using the oligos HD13BLIN and HD13FLIN3, with 0.1ug of
plaSmichNA.V The PCR cycling used was 94°C 1 min, 25°C
1.5 min, for 17 cycles., -, ’ >

_ Amplified DNA was purified by running the samples on
a 2%.low melting point agarose gel at 90 mA, excising the

appropriate. hands vand extracting the DNA using the
Geneclean’ll Kit {BIO 101 Inc.) for the VB and VK, or by
using Spin4x filter units (Costar) for the linker. A
final{VOlume of 10 ul was used to resuspend the extracted
DNA. .3' 'm

PCR Assembly; " 4 -
'Assembly of the four single chain Fv Humanized D1.3
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(scFv HuD1.3) constructs was by the.process of 'assembly 
by overlap extension' example 14. 
The following were combined: 
34.5 pl Water 

5 5 pl PCR Buffer (lOx) 
2 pl dNTP (5 mM) 
2.5 pl Back oligo (10 pmoles/pl) (VHBHD13APA) 
2.5 pl Forward oligo (10 pmoles/pl) (VKFHD13NOT) 

Once again, the reaction is decontaminate by UV 
10 treatment for 5 minutes before the addition of 1 pl of 

the primary PCR products: VH-1 or VH-2, VK-3 or VK-4, 
plus the linker DNA. The reaction was covered with 2 
drops of paraffin, and heated at 94"C for 5 minutes 
before the addition of 0.5 pl of Taq Polymerase. The PCR 

15 cycling conditions used were 94"C 1 min, 60"C 1.5 min, 
72"C 2.5 min for 20 cycles. 

The aqueous layer under the paraffin was extracted 
once with phenol, once with phenol: chloroform, once with 
ether, ethanol precipitated, and resuspended in 36 pl of 

20 water. To this was added, 5 pl of lOx Buffer for Not!, 5 
pl 1 mg/ml BSA, and 4 pl (40 U) of Not! (New England 
Biolabs). The restriction was incubated at 37"C 
overnight. 

The DNA was ethanol precipitated and resuspended in 
25 36 pl of water, and 5 pl lOx NEB Buffer 4, 5 pl 1 mg/ml 

BSA, and 2 pl ( 40 U) of ApaLI (New England · Biolabs) • 
This was incubated at 37"C for 5 hours; a further 2 pl of 
ApaLI was added and the reaction incubated at 37°C 
overnight. 

30 The cut DNA was extracted by gel purification on a 
1.3% low melting point agarose .gel followed by treatment 
with Geneclean, to yield the insert DNA for cloning. 

Vector fd CAT2 (prepared and digested with ApaLI and 
Not! as in exampl~ 20) and the scFv DNA were ligated as 

35 in example 20. 
Analysis Of Clones 

· Colonies from the ligations were first screened for 
inserts by PCR screening. The PCR mixture was prepared 
in bulk by combining 14.8 pL lx PCR Buffer, 1 pl dNTP (5 

40 mM) , 1 pl Back oligo ( FDPCRBAK) , 1 pl Forward oligo 
( FDPCRFOR), and 0. 2 pl Taq polymerase per colony 
screened. 20 pl of this PCR mixture was aliquoted into a 
96 well Techne plate. The top of a colony was touched 
with a toothpick and twirled quickly into the PCR mixture 

45 and the colony rescued by placing the toothpick in a 
Cellwell plate (Nunc) containing 250 pl of 2x TY medium. 
The PCR mixture is covered with 1 drop of paraffin and 
the plate placed on the block at 94"C for 10 minutes 

·before cycling at 94"C 1 minute, 60"C 1 minute, 72"C 2.5 
so minutes. 

The clones thus derived were named as below. The 
affinity of scFv fragments derived the Fab fragments was 
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not determined but previous results suggests that these 
are closE!.J.y related· although not necessarily identical 
(R.E. Bird & B.W. Walker TIBTECH 2_ 132-137, 1991). 

construct· 
Name 

'l'PBl 
TPB2 
TPB3 
TPB4 

Composition 

VH-HuH2-(Gly4-Ser)3-VK-HuK3 
VH-HuHl-(Gly4-Ser)3-VK-HuK4 
VH~HuH2-{Gly4-Ser)3~VK-HuK4 
VH-HuHl-(Gly4-Ser)3-VK-HuK3 

Affinity 
of Fab (Kd) 

13 nM 
180 nM 

{Unknown) 
52 nM 

Preparation • of · phage ·and ELISA was as described in 
example6. The clones generated in fd CAT2 were shown to 
bind lysozyme . as . expected~ . . 
A£finity.$election 
Selectio~of Highest Affinity Binding Phage 

MiXing experiments were performed .in which fd-CAT2 
scFvD1.3 ,.phage (example 19) were mixed with either fd
CAT2 ·. TPBl, . -fd-CAT2 TPB2, or fd-CAT2 TKPB4, and used in 
one round' of .Panning. -

The general method used for aff.ini ty selection by 
panning is that detailed below. Any deviation from this 
protocol _is described at the relevant point. Panning 
plates were placed on a rocking platform between 
manipulation$~ . · 

Falcon 35· mm Tissue Culture dishes were coated 
overnight-with .. 1 .ml of Lysozyme (various concentrations) 
dissolved·in.SO mM.Sodium Hydrogen Carbonate, pH 9.6, and 
blocked \it;Lth 2 ml. 2% MPBS at room temperature for 2 
hours •.. Phage were prepared in 1 m1 2% MPBS and rocked at 
room temper~tUre for 2 hours. Plates were washed for 5 
minutes . ..rl th 2. mi of the . following solut.ions; 5 times 
with PBS/ PBS-':l'ween, SO mM Tris-HCl, pH 7.5; 500 mM 
SodiUm chloride, :50 mM Tris-HCl, pH 8.5; 500 .mM Sodium 
Chloride;._-·50 mM Tris-HCl, pH 9.5; 500 mM Sodium Chloride, 
50 mM Sodium Hydrogen Carbonated, pH 9. 6; 500 mM Sodium 

· Chlor:Lde."' .:Phage were then eluted by adding 1 ml 100 mM 
Triethylamine and rocking for 5 minutes before removing 
the·eluate which.was neutralised with 100 Jll 1.0 M Tr.is
HCl, pH 7.~4. 

· · Plates were coated overnight with Lysozyme at the 
concentration listed below. 

Colonies·. from the single round of panning were 
probed wl th either · MURDSEQ ( for £dCAT2 scFvDl • 3) or 
HUMD13SEQ': (for· £dCAT2 TPB constructs) • . . 

Circles of· nitrocelluiose (Schleicher & Schuell, BA 
85, .· 0.45 .·. Jllll) were labelled in pencil and lowered gently 
onto the colorrl.es derived from the panning experiments 
and ieft .for one minute. · The filters were then pulled 
of£ quickly from one edge .and placed colony side up on a 
piece cif 3MM : paper ( Whatman) soaked in Denaturing 

.. 
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solution (500 mM Sodium Hydroxide: 1.5 M Sodium Chloride) 
for 5 minutes. They were then transferred to 3MM soaked 
in Neutralizing Solution (3.0 M Sodium Chloride; 500 mM 
Tris-HCl, pH 7.5) for 1 minute, and then to 3MM soaked in 

5 5x SSC; 250 mM Ammonium Acetate for 1 minute. The 
filters were then air dried before baking in an 80 ° c 
vacuum oven for 30 minutes. · 

The oligonucleotide probe was prepared by combining 
the following: 

10 2 ~1 oligonucleotide (1 pmoles/~1) . 
2 ~1 ·~ -32P ATP ( 3000 Ci/mmole) ( Amersham International 
plc) 
2 ~1 10 x Kinase buffer (0.5 M Tris-HCl, pH 7.5; 100 mM 
Magnesium Chloride; 10 mM OTT) 

15 12 ~1 Water 
2 ~1 Polynucleotide Kinase (20 Units) 
This was incubated at 37°C for 1 hour. 

Hybridization was performed in the Techne HB-1 
Hybi:idiser. The baked filters . were pre-hybridized at 

20 37°C in 40 ml of Hybridization Buffer (10 ml 100 mM 
Sodium pyrophosphate; 180 ml 5.0 M Sodium chloride: 20 ml 
SOx Oenharts Solution; 90 ml 1.0 M Tris-HCl, pH 7.5; 24 
ml . 250 mM EOTA; 50 ml 10% NP40; made .to 1 litre with 
water; 60.3.mg rATP; 200 mg yeast RNA (Sigma)), for 15 

25 minutes before the addition of the 20 ~1 of the kinased 
oligo. The filters were incubated.at 37°C for at least 
one hour, ·and then washed 3 times with 50 ml of 6x sse at 
37°C for 10 minutes (low stringency wash). Filters were 
air dried, covered with Saran wrap and exposed overnight 

30 with Kodak X-AR film. 
Selection of fd-CAT2 scFv Dl.3 from fd-CAT2 TPB4 

Figure 39, summarizes the results from panning 
experiments using a mixture of the high affinity fd-CAT2 
scFv 01.3 phage (Kd-2 nM) and the fd-cAT2 TPB4 construct 

35 (Kd-52 nM). 
At a coating concentration of 3000 ~g/ml Lysozyme, 

little or no enrichment could be obtained. It was 
however, possible to get enrichment for the scFv 01. 3 
phage when a lower concentration of Lysozyme was used for 

40 coating the plates. The best enrichment value obtained 
was from 1.5% fd-CAT2 scFv 01.3 in the starting mixture, 
to 33% fd-CAT2 scFv 01. 3 in the eluted faction, on a 
plate coated overnight with 30 pg/ml Lysozyme. 
Selection of fd-CAT2 scFv Dl.3 from fd-CAT2 TPBl 

45 Enrichment for the high affinity scFv 01.3 phage 
over the fd-CAT2 TPBl phage (Kd-13) nM, could only be 
shown from experiments where the plates had been coated 
overnight with low concentrations of Lysozyme, as shown 
in Figure 40. 

50 In summary, single chain Fv versions of a series of 
humanized 01.3 antibodies have been constructed in phage 
fd-CAT2. By affinity selection of fd-CAT2 phage 
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mixtUres, ·.·by paruti.ng in small petri dishes, it was shown 
that the high · affi:nity scFv 01.3 phage, could be 
preferentially selected for against a background of lower 
affinity scFv Hu01.3 phage. 
Example.36 
Expression of Catalytically Active Staphylococcal 
Nuclease on the Surface of Bacteriophage fd 

Examples 11 and 12 showed that alkaline phosphatase 
from E.coli can be expressed as a catalytically active 
enzyme on the surface of bacteriophage fd. Here we show 
that StaphyloCoccal nuclease can also be. expressed in a 
catalyti'Cally active form suggesting that this 
methodology·may be general. · 

· The· ~gene for. the enzyme Staphylococcal nuclease 
( SNase) was. amplified from Ml3 mpl8 - SNase (Neuberger, 
M.S .. et cil Nature 312 604-608, 1984) by PCR using primers 
with internal·ApaL!TS'
GGAATTCGTGCACAGAGTGCAACTTCAACTAAAAAATTAC-3') and Not! 
(5'- . 
GGGATCCGCGGCCGCTTGACCTGAATCAGCGTTGTCTTCG-3') restriction 
sites, c1pned into phage vector fd-CAT2 after digestion 
with ApaLt-Noti restriction enzymes and the nucleotide 
sequence .of the. SNase gene and junctions with gene III 
Checked by ·oNA sequencing~ The fd-tet-SNase phage was 
prepared .o.:from the supernatant of infected E. coli TGl 
cultures by three rounds of PEG precipitation, and the 
fusion·· protein demonstrated· by SDS-gel electrophoresis 
and Western blotting using rabbi. t anti-g3p antiserum 
(Prof. ;r. Rasched, Konstanz) and peroxidase-labelled goat 
anti-rabbit antibodies (Sigma) (Fig.4l) as described in 
example .'·.~27. ·As well as the fusion protein band 
(calculated .MJ:' 59749, but runs at a higher position due 
to the aberrant g3p behaviour), a smaller (proteolytic ?) 
product is seen.. . . . . ~ 

. The . fusion protein was shown to be catalytica119 
active by incubation of the fd-tet-SNase phage (4 x 10 
tetracyclin resistant eolonies [TU]) with single stranded 

DNA (l pg·) for l hr at 37°C in the presence. of Ca2+, and 
analysis of the digest by agarose gel electrophoresis 
(Figure 42 ) • Nuclease activity was not detected with the 
parent fd~CA'1'2 (2 x 1010 TU) phage alone or after three 
rounds .. of PEG precipitation of mixtures of fd-CAT2 ( 2 x 
1010 TU) with SNase ( 0. 7 pg} • Thus the nuclease acti. vi ty 
results ~r:om the. display of the·enzyme on the surface of 
the. phage . and not · from co-precipitated or soluble SNase 
set · free\ by .. degradation of the fusion protein. The 
nuclease·activ~ty of.fd-tet-SNase (Figure 42) lies in the 
same order of. magnitude, ( 2 x 108 TU and assuming three 
copies: of SNas~ per TU) as an equimolar amount of SNase 
( 0. 03 ng or 109 particles), and like the authentic SNase 

.was. dep~entori ca2+, since incubation with 40 mM Mgcl2 
and· 25 mM.:EGTAblocked activity (not shown). 
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Example 37: Display of the Two Aminoterminal Domains of 
Human CD4 on the Surface of fd Phage 

The protein CD4, a member of the immunoglobulin 
superfamily, is a cell surface receptor involved in MHC 

5 class II restricted immune recognition. It is also 
recognised by the protein gp120 derived from the hUman 
immunodeficiency virus (AIDS virus) • The first two 
domains (named Vl and V2, residues 1-178) of the surface 
antigen CD4 were amplified from pUC13-T4 (gift from T. 

10 Simon) containing the human eDNA of CD4, by PCR using 
primers with internal ApaLI (5 1 -GGA ATT CGT GCA CAG AAG 
AAA GTG GTG CTG GGC AAA AAA GGG G-3 1 

) and Noti ( 5 ' -GGG 
ATC CGC GGC CGC AGC TAG CAC CAC GAT GTC TAT TTT GAA CTC-
3 ' ) restriction sites. After digestion with these two 

15 enzymes, the PeR-product was cloned into fdCAT2, and the 
complete nucleotide sequence of the CD4-V1V2 DNA and 
junctions with gene III checked by dideoxy sequencing 
using oligonucleotides fd-seq1 (5 1 -GAA TTT TCT GTA TGA 
GG), CD4-seql (5 1 -GAA GTT TCC TTG GTC CC-3') and CD4-seq2 

20 ( 5 '-ACT ACC AGG GGG GCT CT-3 1 
) • In the same way, a fd

CD4-V1 version was made, linking residues 1-107 to the N
terminus of gene III, using previously mentioned primers 
and oligonucleotide 5 '-GGG ATC CGC GGC . CGC GGT GTC AGA 
GTT GGC AGT CAA TCC GAA CAC-3 1 for amplification, PCR 

25 conditions and cloning were essentially as described in 
example 15 except that digestion was with ApaLI and Noti 
(used according to the manufacturers instructions). 

Both fd-CD4-Vl and fd-CD4-V1V2 phages were prepared 
from the supernatant of infected E.coli TGl cultures by 

30 three rounds of PEG precipitat~sn, thereby.concentrating 
the sample 100-fold for ELISA analysis. The fusion 
protein was detected in a Western blot ( resu1 ts not 
shown) with a rabbit anti-gene III antiserum, and 
revealed bands of the expected size. 

35 Binding of the CD4 moiety to soluble gpl20 
(recombinant HIV-IIIB · gpl20 from CHO cells, ADP604, 
obtained · from the Aids Directed Programme, National 
Institute for Biological Standards and Controls, South 
Mimms, Potters Bar, UK) was analysed in an ELISA, using 5 

40 pg/ml gp120 for coating (overnight, in PBS)~ Anti-Ml3 
antiserum was used to detect bound phage; all other 
conditions were as in Example 9. Figure 43 shows the 
ELISA signals of wild-type phage (fd-tet) and both CD4-
phages. Both CD4-phages can bind gpl20, but fd-CD4-V1V2 

45 binds much stronger to gpl20 than fd~CD4-V1. The binding 
competitors, soluble CD4 (recombinant soluble CD4 from 
Baculovirus, ADP 608; from the AIDS Directed Programme) 
( 25 pg/ml) or soluble gpl20 (20 pg/ml), added together 
with the 50 pl phage stock sample during the ELISA, 

50 decreased the signal to background level. These results 
indicate that phage.binding to gp120 is mediated by the 
CD4 molecule displayed at its surface,, and that binding 
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is st;:onger. when the two aminoterminal domains of CD4 are 
presented. . . . 

Thus, CD4 is a cell surface receptor molecule which 
is active· when displayed on bacteriophage 'fd. · · Like· the 
PDGF-:BB ·· receptor, the ·. functional display of which is 
described~ in· examples ·15 and 16, . CD4 is a member of the 
immunoglobulin superfamily and this·result suggests that 
this claSs · ·o£ molecule . may be generally sui table for 
digplay on the ·surface of phage. 
Example 38 Generation and Selection of Mutants of an 
Anti-4-hydroX}i-3-ni trophenylacetic acid ( NP) Antibody 
expressed·on Phage using Mutator strains 

. It . will sometimes be· desirable to increase the 
diversity of a pool of genes cloned in phage, for example 
a pool of antibody genes, or to produce a large number of 
vari.ants. of a single cloned gene. There are many 
suitable in vitro mutagenesis methods.- However, an 
attractive method,_ particulal;'_ly for making a more diverse 
population . of . a library of antibody genes, is to use 
mutator . strains. This has the advantage of generating 
very large~ ··riuoibel:'s of mutants, essentially limited only 
by the ·nUmber • of· phage that can be handled. The phage 
display ~YS1:eJil•allows full advantage to be taken of this 
number to-isolate improved or altered clones. 

Nuc+eotide .·. sequences encoding an antibody scFv 
fragment .··'directed against 4-hydroxy-3..;.ni trophenylacetic 
acid ( NR), scFvB18, derived as in example 14 from a 
moneclona:l· antibody against NP were cloned into fdCAT2 
using ,Apai.r .and Notl restriction sites as in example 11 
to create.fdCAT2scFvB18 or into fdDOGKan (fdCAT2 with its 
tetracycl-ine·. resistance gene removed and replaced by a 
kanamyc:i.:n resistance gene) using P!:!ti and Not! 
restriction sites to create fdDOGKanscFvBl8 or into the 
phagemid. vector pltEN1 using the restriction sites Sfii 
and tlotr· as ·a fusion protein with·· gene III to create 
pHEN1scFVB18. · .. · 

The 'following mutator strains (R. M. Schaaper & R.L. 
Dunn .J •. MoL Biol. 262 1627-16270, 1987; R. M. Schaaper 
Proc •. Natl. · Acad. Sci. U.S.A. 85 8126-8130 1988) were 
used:· 
NR9232: ara, thi~ mutD5-za£13::TnlO, prolac, F'prolac 
NR9670: ara, thi, azi, ·. m1,1tTl, leu: :TnlO, prolac 
NR9292: ara, thi, mutH101, prolac, F'prolac 
NR9084: ·. _ara, thi, mutT1, azi; prolac, F'prolacr-z-_1M15 
M15 . 
NR9046: ara, thi, supE, rif, nalA, metB, argE(am), 
prolac,. F'prolac 
were kind gifts.· of Dr. R. M. Schaaper (Department of 
Health .& Huma.ri ·Services, N1H, PO Box 12233, Research 
Triangle Park, N.c. 27709) 
NR9046mutD5: ·NR9046 mutDS::TnlO 
NR9046mutT1: NR9046 mutTl::TnlO 
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is stronger; when the two aminoterminal domains of CD4 are
presented. j , V » ' 1

Thus, CD4" is a cell surface receptor molecule which
is active. ,when displayed on bacteriophage 'fd. r Like the

PDGF-BB ‘receptorh the 1 functional display of which is
describedis-inx‘exa'mples '15 and 16; .CD4 is a member of the
immunoglobulin superfamily and this ‘ result suggests that
this class of molecule may be generally suitable for
display the surface of phage.
Exam le :38 Generation and Selection of Mutants of an
Anti-4—h 'dro "-Sdnitrc hen lacetic acid (NP) Antibod
ex ressed on Pha e’ usin - Mutator strains

'_ It ywill -.'sometimes be'vdesirable to increase the
diversity of a pool of genes cloned in phage, for example
a pool of antibody genes, or to produce a large number of
variants,“ of a, single cloned gene. There are many

' suitable __in vitro mutagenesis methods.- However, an
attractive method” particularly for making a more diverse
population? of a. library of antibody genes, is to use
mutatorpustrr'alins. _‘This has the advantage of generating
very largefnumber‘s of mutants, essentially limited only
by the number of ‘ phage that can be handled. The phage
display system; allows full advantage to be taken of this
number to‘-isolate improved or altered clones.

Nucleotide?- sequences encoding an antibody scFv
fragment .> directed against 4-hydroxy-Sénitrophenylacetic
acid; (NE), scFvBla,. derived as in example 14 from a
monoclonal antibody against NP were cloned into deATZ
using ApaLIf and NotI restriction sites as in example 11
to createv'deATZSCFvBlS or into deOGKan (deATZ with its
tetracycline" resistance gene removed and replaced by a
kanamycin. resistance gene) using PstI and NotI
restriction; sites to create deOGKanscFvBlB or into the
phagem’idxvector pI-IENl‘ using the restriction sites SfiI

and Not? as ‘a fusion protein with v~ gene III' to create
pHElechBu,‘ . ‘~ g '

The following mutator strains (R. M. Schaaper & R.L.
Dunn-J- Mol‘. ,Biol. 262 1627-16270, 1987,- R. M. Schaaper
Proc. .Nat1.'Acad. Sci. U.S.A. 85 8126-8130 1988) were
used: , i. ‘ ' "

NR9232: arja, thi', mutDS-zafl3::'rn10, prolac, F‘prolac
‘NR9670':' era,- thi, azi,=mutTl, 1eu::Tn10, prolac

NR9292': are, thi, mutHlOl, prolac, F'prolac
NR9084‘:'- are, thi, mut‘l'l, azi,’ prolac, F'prolacl'Z‘AMlS
M15 ‘ ‘ ‘ -

11119046: .ara; thi, supB, rif, nalA, metB, argE(am),
pro'lacr F'prolac ' _
were kind gifts .'of Dr. R. M. Schaaper (Department of
Health .8: Human-Services, NIH, PO Box 12233, Research
Triangle Park, ‘N.C. 27709)
NR9046mutD5: -NR9046 mutDS: :TnlO.
NR9046'mutTl: INRQO‘46 mutTl: :TnlO
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were constructed by Pl transduction according to standard 
procedures. Mutator strains were transfected with 
fdCAT2scFvB18 of fdDOGKanscFvB18 and transfectants 
selected for antibiotic resistance. Transfectants were 

. 5 grown for 24h at 3'7•c before mutant phage was harvested 
by PEG precipitation. The mutant phage were selected on 
a lml NIP (4-hydroxy-3-iodo-5nitrophenylacetic acid)
BSA-Sepharose affinity column (prepared according to the 
manufacturers instructions) prewashed with 200ml of PBS 

10 and blocked by 20ml MPBS. Phage were loaded on the 
column in lOml MPBS ·and unbound material reapplied to 
ensure complete binding. The column was subsequently 
washed with lOml of MPBS and 500ml of PBS. Phage bound 
to the affinity matrix was eluted with 5 column volumes 

15 of 0.33 mM NIP-Cap (example 48). 
Phage eluate was incubated for 30min to lh with log 

phase (2xl08 cells/ml) E.coli mutator strains without 
antibiotic selection. The infected cells were then 
diluted 1: 100 __ . in 2xTY and . grown for 24h with antibiotic 

20 selection ( 15pg/ml tetracyclin or 30pg/ml kanamycin for 
fdCAT2scFvB18. or fdDOGKanscFvB18 respectively). Phage 
from this culture was used for another round of affinity 
selection and mutation. 

Binding of phage antibodies was assayed by ELISA as 
25 in example 9 except that ELISA plates were coated with 

NIP-BSA ( 4-hydrol[y-3-iodo-5-ni trophenylacetyl-BSA; 0. 4 
mg/ml) • Culture supernatants were prepared following 
growth in Cellwells as described in example 21 and 20pl 
of culture supernatant was.added to each well diluted to 

30 200pl with MPBS. 
Phage samples giving signals in ELISA of more than 

twice the background were tested ELISA as above for non
specific binding against lysozyme, BSA or Ox-BSA (example 
9) • Specificity for NIP was further confirmf.\ld by an 

35 ELISA in which serial dilutions of NIP-CAP were added 
_together with phage antibodies. Addition of increasing 
concentrations of NIP-CAP reduced the ELISA signal to the 
background level. 

Phage giving positive signals in ELISA were 
40 sequenced and 2 . different mutants were subcloned into 

pHENl phagemid and transformed into HB2151 for soluble 
expression and TGl for phage display (example 27). 

For expression of soluble scFv . fragments, 
transformants in E.coli HB2151 were grown at 37•c in 1 

45 litre 2xTY, 0.2% glucoe, O.lmg/ml ampicillin to an 00600 
of 1 and expression of soluble scFv fragments induced by 
adding IPTG to lmM. Cultures were shaken at 30 • C for 
16h. 

Soluble scFvB18 was concentrated· from crude 
50 bacterial supernatant in a FLOWGEN ultrafiltration unit 

to a volume of 200ml. 
The concentrate was passed two times over a 2ml 
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column of NIP"':'BSA-Sepharose prewashed with 200ml of PBS. 
The coltimn was washed with 500ml of PBS and 200ml of 0.1M 
Tris pH'i .• s, 0.5M NaC1 and phage antibodies eluted with. 
50mM ·citrate buffer pH2 ~ 3. The eluate was immediately 

5 neutral:l~ed with · 1MTris pHS. The eluate was dialysed 
against ~:two changes of 1 litre PBS, 0. 2mM EDTA, 
Precipi tEited protein was removed by centrifugation at 
10000g ·. arid protein yield was determined by measuring the 
absorbance at 280nm of the supernatant. 

10 · _Aft~ . 4 rounds of mutation and selection, isolated 
clones . were · screened and in one or two rare examples 
strongly positive ELISA signals were obtained from phage 
antibodies·· derived from the mutation of each of· 
fdCAT2scFvB18. and. fdDOGKanscFvB18 in the ELISA. The 

15 ELISA. co,ndi tions were. such that the parent phage 
fdCAT2scFvB18 only generated weak signals. These phage 
antioodie~ giving . strongly positive ELISA signals were 
enriched 1n further rounds by a factor of roughly 2.5 pe~ 
round. . Forty phage . antibodies giving strongly positive 

20 signals were sequenced arid they each diSplayed single 
mutati.ons · in six different positions in the scFvB18 
nucleotide sequences, five of which reside in the light 
chain. . More than 70% of the mutations occurred at 
positions 724 and·725 changing the first glycine in the J 

25 segment of tile light chain (framework 4) to serine (in 21 
cases). ·or . aspartate · (in 3 cases). The mutations found 
are· shown in 'l'abie 9. · The sequence of scFvB18 is shown · 
in Figure 44. 

·The'nucleotide sequences encoding the scFv fragments 
30 of a framework mutant with the above glycine to serine 

.mutation, as well as a mutant where Tyr in the CDR3 of 
the light chain had been ·mutated to aspartate, were 
amplifie.d · by · PCR · from · the phage antibody clones and 
subcloned ·.into pHEN1 phagemid {essentially as in exampl.e 

35 25). · ~his avoids possible probl.ems with geneiii 
mutations·· caused by the mutator strains. The same 
pattern of ELISA signals was ·seen when the mutants were 
displ.ayed on phage foll.owing rescue of the phagemid with 
helper . Phage (as described in example 25) as when the 

40 . mutants \llere assayed when expressed from the phage genome 
as above· .. · . . 

. The: .scFv . fragments from scFvB18 and the scFv 
fragmerits ·.containing the glycine to serine and tyrosine 
to aspartate mutations respectively were expressed in 

45 solution:· (fol.lowing transformation into E.coli HB2151 as 
in eXainp+e 27) ·. at 30°C~. They showed no differences in 
the ELisAsignal.s between wil.d-type B18 and the framework 
mutant. The signai obtained from the phage antibody with 
the.Tyrmutated·to aspartate in CDR3 of scFvB18 was about 

50 lOx str~nger. Expression yields were found to be 
comparable as judged · by Western blotting using an 
antiserum raised against g3p (as described above}. 

• 
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Affinity measurements were periormed using fluorescence 
quenching as described in example 23. Affinity 
measuremen1: oi aifini ty purified scFv fragmem:s however 
showed scFvB18, and the scFvB18 (Gly->SerJ and 

_ scFvB18(Tyr->AspJ mutants all ~o have a comparable 
affinity of 20nM for NIP-CAP. 

A Wes1:ern blot using an an1:i-geneiii antibody showed 
the framework mutant had suffered significan1:1y less 
proteolytic cleavage than scFvB18. 

10 Hence, the use of mutator strains generates a 
diverse range of mu1:ants in phage antibodies when they 
are used as hosts for clones for gene III fusions. In 
this case some of the clones exhibit higher ELISA signals 
probably due to increased stability to proteolyic attack. 

J..5 The mutator strains can therefore be used to introduce 
diversity into a clone or population of clones. This 
diversity should generate clones with ·desirable 
characteristics such as a higher affinity or specificity. 
Such clones may 1:hen be selected following display of the 

20 proteins on phage~ 
Examcle 39 Excression of a Fv Fragment on 'the Suriace of 
Bacterioohaqe bv Non-Covalen1: Association of . VH and·-v-L 
domains 

This example shows that functional Fv fragments 
25 can be expressed on the surface of bacteriophage by non

covalent association of VH.and VL domains. One chain is 
expressed as a gene III fusion and the other as a soluble 
polypeptide. Thus Fv fragments can be used for all the 
strategies discussed for Fab fragments including dual 

30 combinatorial libraries (example. 26) . 
. A useful genetic selection system for stably 

associated Fv fragments could be established if the 
expression of Fv fragment:s as fusion proteins on the 
phage surface would be possible such that one V domain is 

35 fused to the gene III protein and the other V domain is 
expressed separately in secreted form, allowing it to 
assoc.iate with -.:he V domain on the fusion protein 
provided the interaction strengt:h is sufficient:ly high. 
This idea was tested in a model experiment: using t:he V 

40 domains from the anti-hen egg lysozyme antibody Dl. 3 by 
fusing the Dl.3 VK gene to gene III and separately 
expressing the Dl.3 VH domain. 

Experimentally this was achieved as follows: The 
vector fd-DOGl was digested with the· restriction enzymes 

45 Psti and Xhol. From the Fv expression plasmid pSWl
VHD1.3-VKD1.3myc version 3/pUC119 (Ward e~ al., 1989 
supra) a Pst 1/Xho I-digested restriction fragment: was 
isolated tha1: carries the VH domain coding sequence 
(terminat:ed by 2 st:op cedens), a spacer region bet:ween VH 

::o and VK genes :.ncluding a ribosome-binding. site for 
expression of the VK gene, a pelB leader sequence, and, 
following in frame. the VK gene. This ::ragment: was 
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cloned in:to the digested fd-DOG vee-cor -::o genera-ce the 
cons-cruct•·.fd-tet Fv Dl. 3. As shown on the map in Fig. 45, 
the di.cistroni.c VH/VK-gene III operon is "transcribed from 
:the ·gene ···III_ promol:er; secretion of the VH domain is 
achieved :Oy:che gene III protein leader, secre-cion of the 
VK-gemiiii- fusion protein by the pelB leader sequence. 
For control ourooses a second construct with the name fd
tet Fv _- Dl. 3 ~ (LlS-Stuffer) was made by a similar route as 
described above: the VH used in this construct carries an 
insertion· of a- 200 bp fragment in- the Sty I restriction 
site at the junction of VH CDR 3/FR4, thus interrupting 
the VH _with several· in frame stop cedens. It is known 
from previous . work that this insertion sufficiently 
disrupts -·the - vii ·structure to abolish binding to the 
antigen lysozyme when expressed either as a soluble Fv or 
single•ch~in Fv fragment or as a single-chain Fv fragment 
on phage surface~ This cons-eruct was used as a control. 
TGl bac-ceri.a carrying either the fd-tet Fv Dl. 3, fd-tet 
Fv 01.3 (.6S_.StUffer) or as single-chain wild-type control 
fd-tet scFV D1. 3 plasrnids were grown in liquid culture 
(medium_ 2xTY containing 15 tlg/ml· -·te't;racycline l for 24h to 
produce ;phage- particles in the supernatant. After 
removal _ of bacterial cells by centrifugation the phage 
titer in the_ supernatants was determined by re-infect.ing 
exponentiiHly · growing TG1 . cells with dilutions of the 
supernatants arid scoring tetracycline-resistants colonies 
after piating on tetracycline-plates. The infectious 
phage titers achieved were 1x1oll tetR transducing 
uni ts/ml ' for the single-chain - wild-type control fd-tet · 
scFv DL3 and·. 2x1olO tetR transducing units/ml for Fv 
phage· conStructs fd-tet · Fv D1. 3 and fd-tet Fv Dl. 3 (.!,1 s-
Stuffer r ;'-I · · 
ELISA-of :heri egg_lysozyme was performed as in example 2. 

· The r~sults are shown in Fig.46. Phage derived from 
bac-ceria-carrying-and expressing the Fv cons-cruc-c fd-tet 
Fv Dl. 3. hind to the immobilised hen egg lysozyme, and 
when tak:fng the phage titer into account, indeed 
apparently better than ·the_ single-chain Fv bearing phages 
produced -by fd-tet scFv Dl. 3 carrying bacteria. The 
specificity. of . -the· reaction and the requirement for a 
functionai . VH • domain- is demonstrated by the fd-tet Fv 
Dl. 3 CLlS+Stuffer) control in which disruption of the VH 
domain· _at;id · consequently of _the Fv fragment association 
eliminates binding to lysozyme. 

As cf final control Of the expected struc-cure of the 
VK/gener:u fusion protein a Western Blot was carried out·. 
20 Jil of:--phage suspensions concentra-ced 100 fold by two 
sequentiai precipitations with PEG were applied to a 10% 
SDS-:-PAGE._ gel, electrophoretically separated and then 
:transferred-to a PVDF membrane (Immobilon, Millip'lre) in 
a semi-dry -Western :transfer apparatus C Hoefer). 
Remainin~bindi.ng sites on the filter were blocked by lh 

• 
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incubation with 3% BSA in PBS, and detection of the gene 
III· protein accomplished by incubation with a 1:1000 
diluted rabbit anti-geneiii antiserum for 2h, ~everal 
washes in PBS/0.1% Tween 20, incubation with peroxidase
conjugated goat anti-rat immunoglobulin antibodies, 
washes and development with the chromogenic substrate 
diaminobenzidine/CoC12/0. 03% H2o2. · The Fv phage fd-tet 
Fv 01.3 yields a band for the gene III fusion protein 
(data not shown) , that is intermediate in size between 
the bands obtained for a wild~type gene III protein from 
fd-DOGl and the scFv-gene III fusion protein from fd-tet 
scFv D1. 3, thus proving the presence of a single 
immunoglobulin domain covalently fused to the gene III 
product int he .Fv phage. 

In summary, Fv-gene III fusions . in which one V 
domain is fused to the gene III protein and the other v 
domain associates non-covalently can be presented in 
functionally active form on the surface of filamentous 
phage. This opens the possibility to genetically select 

. for stably associated Fv fragments with defined binding 
specificities from V gene libraries ·expressed in phages. 
Examole 40 A PCR Based Technique for one step Cloning of 
Human v-qenes as Fab Constructs 

This example describes a PCR based technique to 
"assemble" human Fabs by splicing together the heavy and 
.light chain DNA with a separate piece of 'linker' DNA. A 
mixture of uni versa! primers is used which should make 
the technique applicable to all human V-genes. 

The_general technique for PCR assembly of human v
genes to create a Fab construct is described. The 
efficiency of this technique was assessed by 
"assembling", cloning and expressing a human anti rhesus
D (Rh-O) Fab from a IgG-K monoclonal hybridoma. We also 
demonstrate the potential to rescue human monoclonal 
antibodies from polyclonal cell populations by 
assembling, cloning, expressing and isolating · an IgG
lambda monoclonal anti-Rh-O Fab from a polyclonal 
lymphoblastic cell line (.LCL). 

The overall strategy for the PCR assembly is shown 
in fig.47 and is described in more detail below. For Fab 
assembly, the VH-CHl and VK-CK or V lambda-c lambda light 
chains are amplified from first strand eDNA and gel 
purified. Heavy and light chain DNA are then combined 
together with linker DNA and flanking oligonucleotides in 
a new PCR reaction. This results in a full length Fab 
construct since the 5 • end of the linker DNA is 
complementary to the 3' end of the CHl domain and the 3' 
end of the linker is complementary to the 5' end of the 
light chain domain. The linker DNA contains ~erminal 
residues of the human . CH1 domain, the bacterial leader 
sequence ( pelB) for the light chain and the initial. 
residues of the VK or V lambda light chain ( fig. 2 ) . 
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Finally, ·.·after • gel purification, the Fab cons1:ruc-c is 
.reamplified with flanking oligonucleotides con-raining 
restriction-sites-for cloning. 
Ol~qonucleo~ide orimers: In order to develop the PCR 

S cloning of human V genes it was necessary to design a new 
range of human sp~cific·oligonuc:ileotide primers. 

The PCR. prilners at the 5' end of the VH and VK and 
Vlauibda gene exon ( BACK primers ) are based on sequence 
data extracted from the Kabat database, (Kabat, E.A. et 

10 al, Sequenc¢s of Proteins of Immunological Interest. 4th 
Edition. ·US . Department of Health and Human Services. 
1987) the' _EMBL database, the literatUre (Chuchana, P., et 
.al, Eur J;; Inuminol. 1990. 20: 1317 ) and unpublished data. 
The.sequence of the VH, VK and Vlambda primers are given 

1.5 in table. 1. • In addition,· extended VH primers with Sfii 
sites . at the 5' end were also designed (Table 10) for 
adding a ··restriction site after assembly. 

. Table 10 also shows the 3' primers (FORWARD primers) 
designed • for the · PCR based cloning of human v genes. 

20 There are two sets of the!se depending on whether a Fab or 
scFv is. to be produced. · For Fab assembly, the forward 
primer was based at the 3' end . of the CHl domain, CK 
domain .. and Clambda. ·domain. In addition, the CK and C2 
FORWARD primers were also synthesized as extended 

25 versions with- Notl sites at their 5' ends. 
Primers complementarY to the CHl forward primers and 

the VkK · and V · Iaumda back primers were synthesized to 
permit_ generation· of linker DNA by PCR amplification of a 
plasmid · templa-te · containing the Fab linker (Table 10) • 

30 To ·ensure . adequate amplification, the primers were 
extended-into the actual linker sequence. 
A RNA. preoaration. · . 

This is-essentially the same as described in Example· 
14, but ·using ma1:erial of human origin. In the results 

.... given: in. "this example human hybridoma and human 
polyclon~l lymphoblas1:ic cell lines were used. 
B cDNA·preparation 

Approxima1:ely 4}lg of total RNA in . 20ul water was 
heated. at 65 oc for 3 minutes, quenched on ice and added 

40 to :a 30 ··ui reaction mixture resulting in a SOul reaction 
mixture. containing 140mM KCl, 50mM Tris, HCl {pHS. 1 @ 
42 o c)> . SmM MgC12, lOmM DTT,. 500uM deoxythymidine 
triphosphate 500 . uM · deoxycy1:osine triphosphate, 500 uM 
deoxyadenosine triphosphate and 500 uM deoxyguanosine 

45 triphosphate, 80 units of human placental RNAse inhibitor 
and ·10pm_ol. of the appropriate Forward pri:mer ( HulgGl-
4CHlFOR; .· HuigMFOR. HuCKFOR, HuCLFOR). Two ul (50 units) 
of avian myeloblastosis virus (AMV) reverse transcriptase 
was . added; · the reac1:ion incubated at 42 o c for 1 hour, · 

50 hea1:ed to ·1oooc for 3 minu1:es. quenched on ice and 
centrifuged-for 5 minu1:es. 
C Primary PCRs · 

• 

PFIZER EX. 1502 
Page 3190



W092/0t047 PCT/GB9110tt34 

113 

For the primary PCR amplifications, an equimolar 
mixture of the appropriate family based BACK and FORWARD 
primers was used. ( See specific examples 40a and 40b 
given later in this example). A SOul reaction mixture 

5 was prepared containing Sul of the supernatant from the 
eDNA synthesis, 20 pmol total concentration of the 
FORWARD primers, 250 uM dNTPs, SOmM KCl, 100mM Tris. HCl 
(pH 8.3), 1.5 mM MgC12, 175ug/ml BSA and 1ul (5 units) 
Thermus aquaticus (Taq} DNA polymerase (Cetus, 

10 Emeryville, CA ). The reaction mixture was over laid with 
paraffin oil and subjected to 30 cycles of amplification 
using a Techne thermal cycler. The cycle was 94°C for 1 
minute (denaturation}, 57°C for 1 minute (annealing) and 
72°C for 1 minute (extension). The product was analyzed 

15 by running Sul on a 2% agarose gel. The remainder was 
extracted twice with ether, .twice with phenol/chloroform, 
ethanol precipitated and resuspended in SOul of H2o. 
D Preparation of linker · 

To make the Fab linker DNA, 13 separate PCR 
20 reactions were performed using HulgG1-4CHlFOR and each of 

the reverse VK or V lambda oligonucleotides. The 
template was approximately lng of pJM~lFab D1.3 (fig.48) 
The PCR reaction reagents were as described above and the 
cycle was 94°:1 min, 45°:lmin and 72":1 min. The linkers 

25 were analyzed on a 4% agarose gel, purified on a 2% 
agarose gel, eluted from the gel on a Spin-X column and 
ethanol precipitated. 
E Assembly PCRs . 

For PCR assembly of a human Fab approximately lug of· 
30 a primary heavy chain amplification and lug of a primary 

light chain amplification were mixed with approximately 
250ng of the appropriate linker DNA in a PCR reaction 
mixture without primers and cycled 7 times ( 94 • : 2 min, 
72°:2.5 min) to join the fragments. The reaction mixture 

35 was then amplified for 25 cycles (94°:1 mi, 68"-72":1 
min, 72 o : 2. 5 min) after the addition of 20 pmol of the 
appropriate flanking BACK and FORWARD primers. 
F Adding Restriction Sites 

The assembled products were gel purified and 
40 reamplified for 25 cycles ( 94 o : 1 mi~, 55 • : 1 min, 72 • : 

25min) with the flanking oligonuceotides containing the 
appended restriction sites. PCR buffers and NTPs were as 
described previously. 
Specific examples of PCR assembly of human immunoglobulin 

45 · genes 
a. PCR assembly of a Fab from a human hybridoma: the 
human monoclonal anti Rh-D cell lines Fog-1 (IgG-k) was 
derived from EBV transformation of the PBLs of a Rh-O 
negative blood donor immunized with Rh-D positive blood 

50 and has been previously described (Melamed, M.D., et al., 
J. ;rmmunological Methods. 1987. 104:245) (Hughes-Jones 
N.C., et al., Biochem. J. 1990. 268:135) (Gorick, B.D. et 
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al., Vox.:;Sang. 1988. 55:165) Total RNA. was prepared 
from·. appi:~xima1:ely- ·_ 107 hybridoina cells. First strand 
eDNA syntHesis was-performed as described above using the 
primers HUlgG1...;.4CH1F:OR and HuCkFOR. Primary PCRs were 
performed · for- ·the VH-CHl· using ·a mixture of the 6 
HuVHBACK - prime::rs -_and HuigG1-4CG1FOR and for the VK-CK 
using a miXture :of the 6 HuVKBACK primers and HuCKFOR. A 
Fab constr-uct was- assembled as described above, 
restricted. w_i_th Sfii and Noti, gel purified and ligated 
into pJM-1Fab · 01. 3' restricted with Sfii and Not!. The 
ligation Mdxture was used to transform competent E.coli 
E.M.G. _ .ce::l1s~ Ninety-six clones were toothpicked into 
media - in -dlicrotitre plate wells, grown to mid-log phase 
at 30°C arid ·then expression of the- Fab was induced by 
hea1: ·shcick'ing at 42°C for 30 min followed by growing for 
4 hours .at 37°C. The ninety-six clones were then 
screened for anti-Rh-O activity as described below. 
b. assenibly . of human. Fabs from a polyclonal ( LCL): A 
polyclonaJ: LCL "OG" was derived from EBV transformation 
of approximately 107 peripheral blood lymphocytes (PBLs) 
from a Rli•D negative donor immunized with Rh-D positive 
r!ad blood ceils. The_ cells ·were pl-a-ted at a 
concentration of ·approximately 105 cells per well. 
Positive. ·wells ·were identified by screening the cells 
harvested and then subclbned once. Typing of the well 
indicated that an IgG-lambda antibody was being produced. 
At~this·stage, total RNA was prepared from approximately 
10° :cells.· First strand eDNA synthesis was. performed as 
describe~· .above_-- us:L:ng _ the primers HulgGl-4CGlFOR and 
HuCLFOR.. _ Primary · PCRs were performed for the VH-CHl 
usirig a mixture. of the 6 HuVHBACK2 primers and HulgG1-4 
CG1FbR -and, -for the· V lambda-C lambda using a mixture of 
the- _ 7 . HuV ·- · · BACK primers _·and Hue FOR. Restriction, 
cloning. and screening proceeded as described. To 
determine· - the diversity of the clones, the VH and V 
lambda genes of 15 ciones were PCR amplified, restricted 
with the · frequent . cutting · restriction enzyme BstNl and 
analyzed.on a 4%·agarose gel (see example 20). 
Assav for anti-Rh-o activity and demons'tration of 
specificity:--- A 5% ( vol/vol) suspension of ei'ther Rh-D 
positive .( OR2R2) · or Rh-D negative ( Orr ) erythrocy'tes in 
phosphate: buffered- saline_ (PBS, pH 7. 3) were incuba'ted 
with· a _papain - solu'tion for 10 min at: 37.,C. The 
erythrocYtes ·were washed three times in PBS and a 1% 
( vol/vol) · suspension of erythrocytes was made up in PBS 
supplemented with_ 1% (vol/vol) of bovine serum albumin 
( BSA).- , ~ Fifty ul of . a papain trea'ted erythrocy1:e 
suspension and_ SOul of phage supernatant were placed in 
the • wells _ 6£ . round bottom inicroti tre plates and · the 
plates Were-placed on a Titertek plate shaker for 2 min. 

·After 15. min incubation at 37°C 100 ul cf PBS/BSA was 
added to __ each well. :'he plates were cent:rifuged a~ 200 g 

... ;;,,-

}' 
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for 1 ·min and the supernatant was discarded. The 
erythrocytes were resuspended in the remaining PBS/BSA 
and the Fab fragments were crosslinked by addition of 
the 9El0 monoclonal antibody (SOul a lug/ml solu~ion in 

5 PBS /BSA) directed against the myc peptide tag (Ward, 
E. S. , et al. , Nature 1989. supra) • The plates were 
placed at room temperature (RT) until sedimentation had 
occurred. Agglutination of erthrocytes caused a diffuse 
button of · erythrocytes and the results were evaluated 

10 macroscopically. Specific! ty was confirmed with a 
standard prepapainized (as above) panel of 9 erythrocyte 
suspensions in PBS ( all suspensions blood group 0, 4 0 
positive and 5 o negative ) known to have homozygous 
expression of all the clinically· relevant erythrocyte 

15 blood group alloantigens. The number of copies of the o 
antigen on the o positive cells varied between 10,000 and 
20,000 per erythrocyte depending on the Rh . genotype. 
Briefly, 50 ul phage supernatant in PBS supplemented with 
2% ( vol/vol) skimmed milk was mixed with 50 ul . of a 2% 

20 erythrocyte suspension in PBS in glass tubes and 
incubated for 15 min at 37°C. After one wash with 
PBS/BSA the erythrocytes were pelleted and resuspended in 
50 ul donkey anti-human lambda light chain (Sigma L9527, 
diluted 1:40 in PBS/BSA). The tubes were centrifuged for 

25 1 min at 200g and agglutination was read macroscopically 
using "tip and roll" method. 

Results 

30 a PCR assembly of ~Fab from a human hybridoma: A single 
band of the correct size was obtained after 
amplification. Thirty-eight of 96 clones (40%) screened 
specifically agglutinated Rh-O positive but not Rh-O 
negative red blood cells. The results demonstrate a high 

35 frequency of successful splicing in the assembly process 
and the potential of this technique for one step cloning 
of human hybridomas. 
b Assembly of human Fabs from a polyclonal lymphoblastic 
cell line CLCL): Analysis of the diversity of ~he clones 

40 indicated that 3 diff~rent heavy chain families and 2 
different light chains families were present. Five anti
Rh-O specific. clones were identified out of 96 screened. 
The VH and v A. chains had identical nucleotide sequences 
in each clone and were typical of anti-Rh-O V-genes 

45 ( unpublished results ) . The results demonstrate the 
potential of this technique to assemble, clone .and 
isolate human antibody fragments from polyclonal cell 
populations (see also section on isolation of specific 
binding activities from an 'unimmunized' human library 

50 (examples 42 and 43}. 
Example 41 
Selection of Phage Oisolaying a Human Fab Fragment 
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directed against the Rhesus-D Antigen bv binding to Cells 
disolav~rtd the Rhesus D Antigen on their Surface 

A. la:J;ge · number . o£ :i.mpor-cant antigens are integral 
components;, of cell surface membranes, i.e. they are cell 
surface antigens. These include tumor specific antigens 
and red and white blood cell surface antigens. In many 
instances, .. it . would be important to isolate antibodies 
againSt these antigens.. For example, antibodies directed 
agains1: t!:le rhesus-D ( Rh~D.) antigen on red blood cells 
are used both diagnostically and therapeutically. Many 
of the~e antigens are difficuit to purify and some, like 
Rh-D, are n.ot. biologically active when isolated from the 
membrane. . Thus , it would be useful to be able to 
affinity ;purify antibody fragments displayed on the 
surface .of ·· bacteriophage directly on cell surface 
antigf:!ris ~· . To test the feasibility of affinity 
purif:t.cation ·.on cell surface antigens, the anti-Rh-D 
human monoclonal antibody Fog-B was displayed as a Fab 
fragment on the surface· of bacteriophage fd. The 
displayed Fog-B Fab fragment bound antigen as determined 
by agglutination assay and could be affinity purified _QQ 
the basisof its binding on the surface of Rh-D positive 
red blood .cells but no1: Rh-D negative red blood cells. 
Materials _and Methods . . 

Construction of a clone encoding an anti-Rh-D Fab 
fragment .. :i.n phagemid pHENI and d:i.sp~ay of the Fab 
fragment on the. surface of bacteriophage fd. 

The human hybridoma Fog-B has been previously 
described. (N.C .. Hughes-Jones et al Biochem, J; 268 135 
( 1990). It produces an IgG-1/lambda antibody which binds 
the Rh-D ~tigen~ RNA was prepared. from 107 hybridoma 
cells· uslil.g a .. modified method of Cathala (as described 
in example .14 .> and lst strand eDNA synthesized using 
specific inimunoglobulin heavy and light chain primer~ 
( HuVHlFOR. [example 40] and HuCi\ FOR ( 5' -GGA ATT CTT ATG 
AAG ATT . CTG TA,G GGG CCA C-3' ) ) as described in example 
14. The · VH. gene· was subsequently amplified from an 
aliquot qf the 1st strand eDNA using HuVH4aBACK and 
HuVHlFOR. The v>-... gep.e was amplified using a vAprimer 
specific . tor. Fog-B ( VAFog~B, 5' -AAC CAG CCA TGG CC AGT 
CTG TGT TGA CGC AGC C-3 ' ). The PCR conditions were as 
describec{ in example 40. The PCR products were analyzed 
by . rw:miqg . 5Jil on a 2% agarose gel. The remainder was 
extractedtwice with ether, twice with phenol/chloroform, 
ethanol wecipitated and resuspended in 50Jil of H20. The 
amplified: VH DNA · was digested with Pstl ~nd BstEII, and 
the amplif.ied VA -c /' DNA with Neal and EcoRl. The 
fragments:, were purified on a 2% agarose gel, extracted 
using· Geneclean, and sequentially ligated into the 

50 ··soluble·· expression vector pJM-1 Fab Dl. 3 (Fig 48). 
Clones containing. ~he correct insert were initially 
identified byrestriction analysis and verified by assay 
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directed a;ai-nst the Rhesus-D Antigen bv binding to Cells
disclaVind. the Rhesus D Antigen on their Surface

A. large 1 number . of important antigens are integral

componentsigof cell surface membranes, 'i'.e. they are cell
surface antigens. These include tumor specific antigens
and red and white blood cell surface antigens. In many
instances,‘ it would be important to isolate antibodies

againSt these antigens, For example, antibodies directed
against the rhesus-D (Rh-D) antigen on red blood cells
are used both diagnostically and therapeutically. Many
of these antigens are difficult to purify and some, like
Rh-D, are not. biologically active when isolated from the-
membrane.'.._ .Thus, it. would be useful to be able to
affinity jpurify' antibody fragments displayed on the
surface of" bacteriophage directly on cell surface
antigens... ,To' test the feasibility of affinity
purification-on cell surface antigens, the anti—Rh-D
human monoclonal antibody Fog-B was displayed as a Fab
fragment zonu the surface ‘1 pof bacteriophage fd. The
displayed zFog-B Fab fragment bound antigen as determined
by agglutination, assay and could be affinity purified Npp:
the basis-of its binding on the surface of Rh-D positive
red blood cells'but not Rh-D negative red blood cells.
Materials and Methods . ‘

{Construction of a clone encoding an anti-Rh-D Fab
fragment 1; in phagemid .pI-IENI and display of the Fab

fragment on the surface of bacteriophage fd. ‘
The-human hybridoma Fog-B has been previously

describedgf(N.C._ Hughes—Jones et al Biochem, J.‘ gig 135
(1990). It produces an IgG—l/lambda antibody which binds
the .‘Rh—Dvantigen. RNA was prepared from 107. hybridoma
cells using a modified method of Cathala (as described

in example 14‘); and 151: Strand cDNA synthesized using
specific immUnOglobulin heavy and light chain primers
(HuVHiFQR‘j [example 401 and HuC}\ FOR (5‘-GGA ATT c'r'r ATG
AAG ATT ‘C‘I‘G TAG GGG CCA C—3'3) as described in example
14. The 'vHV‘ gene was subsequently amplified from an
aliquot :‘of the, let strand CDNA using HuVH4aBACK and
Huvnlpon; The vi gene was amplified using a V}\primer
specific for Fog-B (vAI-‘og-B, 5‘-AAC CAG CCA TGG CC AGT
CTG TGT SEGA}- CGC AGC C-3' ). The PCR conditions were as

describedgin example 40. The PCR products were analyzed
by running jsul on a 2% agarose gel. The remainder was
extractedtwice With ether, twice with phenol/chloroform,
ethanol precipitated and resuspended in soul of H20. The
amplifiedjiw-I DNA'was digested with Pstl and BstEII, and
the amplified VA-C ,‘.' DNA with Ncol and EcoRl. The
fragments; were; purified on a 2% agarose gel, extracted
using' Geneclean, and sequentially ligated into the

"soluble‘expression vector pJM—l Fab 01.3 (Fig 48).
Clones containing the correct insert were initially
identified by‘restriction analysis and verified by assay
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of expressed soluble Fab (see example 23 for induction 
conditions). The Fog-8 Fab cassette was amplified from 
pJM-1 by PCR using HuVH4BACK-Sfi and Hu c;\-Not, digested 
with the appropriate restriction enzymes and ligated into 
pHEN1. Clones containing the correct insert were 
identified initially by restriction analysis and 
subsequently by assay (see example 25 for induction 
conditions ) . 

Assay for soluble Fog-B Fab fragment and phage 
displayed Fog-B Fab fragment for anti-Rh-O activity and 
documentation of specificity. 

Assay of the soluble expressed Fab was performed on 
unconcentrated E. coli supernatant. Assay of . Fog-a 
displayed on the phage surface was performed on phage 
that had been concentrated 10 fold by PEG precipitation 
and then resuspended in PBS. the assays for activity and 
specificity are as described in example. 

Cell surface affinity purification of phage 
displaying Fog-a anti-Rh-O Fab fragment · 

Purified Fog-B phage was mixed with purified phage 
Fd-Tet CAT-1 displaying the anti-lysozyme scFv 01.3 

. ( pAbOl. 3) in a ratio of approximately 1 Fog-B: 50 
scFvDl. 3. Prepapainized erythrocytes ( OR2R2 [Rhesus 
positive] or Orr [Rhesus negative]) were suspended in PBS 
supplemented with 2% skimmed milk powder in a 
concentration of 4xl07/ml. One ml of this suspension was 
mixed with· loll phage suspended in 2 ml of PBS 
supplemented with · 2% skimmed milk and incubated for 30 
min at room temperature under continuous rotation. The 
erythrocytes were washed three times with an excess of 
ice-cold PBS (10 ml per wash) and subsequently pelleted.· 
The phage were eluted from the cells by resuspending in 
200 pl of 76 mM citric acid pH 2.8 in PBS for 1 min. The 
cells were then pelleted by centrifugation for 1 min at 
3000 rpm and the supernatant containing the eluted phage 
was neutralized by adding 200 pl of 240 mM Tris-base, 
22mM Oisodium hydrogen phosphate in 1% w/vol albumin. 
Serial dilutions of the eluate was used to infect TGl 
cells. Fog-8 Fab phage were . selected on ampicillin 
plates and scFv01.3 phage on tetracycline plates and the 
titre of each determined prior to selection, after 
selection on rhesus-o negative cells and after selection 
on rhesus-0 positive cells. · 
Results 

Fog-B Fab fragment displayed on the surface of the 
phage derived from the phagemid pHEN clone specifically 
agglutinated rhesus-0 positive but not rhesus 0-negative 
red blood cells. Affinity purification of the Fog-1 Fab 
phagemid on Rh-O positive red blood cells resulted· in an 
enrichment from 1:50 to 1500:1 (Fog-8 Fab:scFv01.3),. 
whereas purification on Rh-O negative red blood cells 
demonstrated essentially no enrichment (10 fold). 
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TITRE RATIO 
Fog-B Fab scFvD1.3 Fog-B FAb/scFvD1.3 

Prior to selection 1.0 X 108 5.0 X 109 1:50 
selecti.on·on Rh-D 2.0 X 104 1.0 X 105 1:5 
negative cells 

106 103 Selection on Rh-D 6.0 X 4.0 X 1500:1 
positive.cell.s 

Example 42.A PCR Based.Technique for One Step Cloning of 
Human scFv Constructs . 

Assembly of human scFv is similar to the assembly of· 
mouse scFvs described in example 14. To develop the PCR 

15 cloning of human V genes it was necessary to design a new 
range of . human .specific oligonucleotide primers (table 
10) . . Th~ use. of these primers for the generation of 
human Fabs is described in example 40. The assembly of 
human scFvs is essentially the same but requires a set of 

20 FORWARD · primers complementary to the J segments of the 
VH, VK. a%ld ·. V lambda genes. (For Fabs FORWARD primers 
complementary· ·to . the constant region are used. ) · The J 
segment· .spec;ific primers were designed based on the 
published JH, JK and J lambda sequences (Kabat, E.A. et 

25 al, · • seqU.ences · of Proteins of Immunological Interest. 4th 
Edi ti.ori • . US Department of Health and Human Services. 
1987). 

·.In ci,dditicin, a different linker is needed for scFvs 
than for ~abs so for human scFvs a new set of primers was 

30 needed to prepare the linker. Primers complementary to 
the JH. ·:forward primers and the VK . and v lambda back 
primers· Were· synthesized to pernU:t generation of linker 
DNA by PeR.·. amplification of a plasmid· template containing 
the .• scFv· linker · (Table 10, · Fig. 49) . To ensure adequate 

35 ampli.fication, the primers were extended into the actual. 
linker sequenc;:e. ·. Using these primers to make the scFv 
linker· DNA, 52.. separate "PCR reactions were performed 
using each of the 4 reverse JH primers in combination 
with . each of the 13 reverse VK and V lambda 

· 40 oligonucieotides. The template was approximately lng of 
pSW2scD1·.3 (Ward, E.S. 1989 supra) containing the short 
peptide (Gly4Ser)3 (Huston, J.S. et al., Gene 1989. 
77:61) . . . 
A specific · example · of PCR assembly of a human scFv 

45 library .· ·. . 
. This example describes the generation of a human 

library of scFvs made from an unimmunized human: 
500mi of blood, containing approximately 108 a-

cells, was obtained from a healthy volunteer blood donor. • 
50 The white cells were separated on Ficoll and ~A was 

prepared: as·. described in example 14 • 
. · . Twenty percent of the RNA. containing the genetic 
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material from approximately 2 x 107 a-cells. was used for 
eDNA preparation as. described in example 40. Heavy 
chains originating from IgG and IgM antibodies were kept 
separate by priming eDNA synthesis with either an IgG 

5 specific primer ( HuigGl-4CHlFOR) or an IgM specific 
primer ( HuigMFOR) . Aliquots of the eDNA was used t:o 
generate four separate scFv libraries (IgG-K, IgG-lambda, 
IgM-K and IgM-lambda) as described in example 40. The 
resulting libraries were purified on 1. 5% agarose, 

· 10 electroeluted and ethanol precipitated. For subsequent 
cloning, the K and lambda libraries were combined giving 
separate IgG and IgM libraries. · 
Cloning of the library: The purified scFv fragments (1-
4ugJ were digested with the restriction enzymes Noti and 

15 either Sfil or Neal. After digestion, the fragments were 
extracted with phenol/chloroform, ethanol precipitated. 
The digested fragments were ligated into either Sfii-Noti 
or Ncoi-Noti digested, agarose gel electrophoresis 
purified pHENl DNA ( 6ug) (see example 24), in a 100 lll 

20 ligation mix with 2, 000 U T4 DNA ligase (New England 
Biolabs) overnight at room temperature. The ligation mix 
was purified by phenol extraction and ethanol 
precipitated. The ligated DNA was resuspended in 10 lll 
of water, and 2. 5 lll samples were electroporated into 

25 E.coli TGl (50 lll). Cells were grown .in 1 ml SOC for 1 
hr and then plated on 2 x TY medium with 100 llg/ml 
ampicillin and 1% glucose ( AMP-GLU), in 243 x 243 mm 
dishes C Nunc ) . After overnight growth colonies were 
scraped off the plates into 10 ml 2 x TY containing AMP-

30 GLU and 15% glycerol for storage at -70°C as a library 
stock. · 

Cloning into Sfii-Noti and Ncoi-Noti digested pHENl 
yielded libraries of 10? and 2 x 107 clones resp~ctively 
for the IgM libraries and approximately 5 x 10' clones 

35 for each of the two IgG libraries. 

Examole 43 Isolation of binding activities from a library 
of. scFvs from an unimmunized human 

The ability to select binding activities from human 
40 antibody libraries displayed on the surface of phage 

should prove even more important than isolation of 
binding activities from murine libraries. This is 
because the standard way of generating antibodies via 
hybridoma technology has not had the success with human 

45 antibodies that has been achieved with mouse. While in 
some instances it will be possible to make libraries from 
immunized humans, in many cases, it will not prove 
possible to immunize due to toxicity or lack. of 
availability of an appropriate immunogen or ethical 

50 considerations. Alternatively, binding activities could 
be . isolated from libraries made from individuals with 
diseases in which therapeutic antibodies are generated by 
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'the immune.· response. However, in many cases, the 
antibody .~producing cells will be located in the spleen 
and not ~va:ilable in the circulating pool of peripheral 
blood. lYntphocytes (the mos-e easily accessible ma-eerial 
£or generating . the library J. In addition, in diseases 
associated. with immunosuppression, therapeutic antibodies 
may not be produced. 

An alternative approach would be to isolate binding 
activities· from · a library made from an unimmunized 
individual. •. This. approach is based on estimates that a 
primary repertoire of 107 different antibodies is likely 
to recognize _over 99% of epi topes with an affinity 
constarit.·of 10° M-1 or. better. (Pewrelson, A.S. Immunol. 
Rev, (19B9) 110i5). While this may not produce high 
affinity- antibodies, affinity could be boosted by 
mutation --_6f _ the V-genes and/or by using the isolated VH 
domain-> in a hierarchical approach with a library of light 
cha_ins ( 6r vice versa). In this section,, we demonstrate 
the feas_ibili ty of this approach by isolating specific 
antigen. binding . activities against three different 
antigens . from a · library of scFvs from an unimmunized 
human. .-_ 
Materi~l~.and Methods 

The :generation of the human scFv library used for 
the isoiation of binding activities descr~bed in this 
example is detailed in example 42. 
Estimation of diversity of original and selected 
.libraries: Recombinant clones were screened before and 
after selection . by PCR ( example 20) with primers LMB3 
( which. .· sits 5 ' of the · . pe.lB .leader sequence and is 
identical _ to the . reverse sequencing primer ( -40 n) of 
pUC19) and fd~SEQl (see example 37) fol.lowed by digestion 
with the.· frequent-cutting: enzyme BstNl. Analysis of 48 
clones from each unsel.ected library indicated that 90% of 
the c.lories - had · inset, and the libraries appeared to be 
extremeiy diverse as judged by the BstNI restriction 
pattern •.. 
Rescue of Phagemid l.ibraries for enrichment exoeriments: 
To rescue. phagemid particles from the l.ibrary, 100 ml 2 x 
TY contai-ning AMP-GLU (see example 42) was inocul.ated 
with • 109 bacteria taken from the library (prepared in 
example 42).(approx. 10 Ji.l) and grown for 1.5 hr, shaking 
at •37°C• Cell.s were spun down (IEC- centrifuge, 4 K, 15 
min) q.nd • resuspended in 100 m.l prewarmed ( 37 o c ) 2 x TY
AMP (see example 41) medium, 2 x _ 1010 pfu of VCS-Ml3 
(Stratagene) par~icles added and incubated 30 min at 37° 
without·shaking. Cells·were·then transferred to 900 rill 2 
x TY containing ampi.cill.±n ( 100 ).lg/ml.) and kanamycin ( 25 
J,lg/ml) (.AMP-KAN), and grown overnight, while shaking at 
37~C. · Phage particles were purified and concentrated by 
three • PEG-precipi ta-eions !~see materials and methods ) and 
resusp(;!ilded .in PBS 1:0 .10.1.3 TU/ml ( ampicill.in resistan1: 

• 
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the immune; response. ,However, in_ many cases, the
antibody "_;producing Cells will be located in the spleen
and; not ._-available in the circulating pool of peripheral
blood. lymphocytes (the 'most easily accessible material

for generating the library). In addition, in diseases
associated, with immunosuppression, therapeutic antibodies

may notfbe' produced. . .
An alternative approach would be to isolate binding

activities from a library made from an unimmunized
individual_."jv Thisapproach is based on estimates that a
primary repertoire of 107 different antibodies is likely
to recognize '_over 99% of epitopes with an affinity
constantgof 103 I‘ll-'1 orvbetter. (Pewrelson, A.‘S. Immunol.
_Rev,” (1989) 110:5). While this may not produce high
affinity‘l'anti‘bodies, affinity could be boosted by
mutation-bf ‘ the} V-genes and/or by using the isolated VH
domainirin. a5 hierarchical approach with a library ‘of light
chains (or vice yersa). In. this section, , we demonstrate
the feasibility of ‘ this approach by isolating specific
antigenflbin'ding- activities against three different
antigensf from. a' library of scFvs from an unimmunized
humans; i ' . - v ‘
Materialsand Methods V

> The: ;‘generation of the human scFV library used for
the isolation/of binding activities described in this
example is detailed in example 42.
Estimation of diversity of original and selected
libraries"; 5 ‘ Recombinant clones were screened before and
after selection by PCR (example 20) with primers LMB3
(which ,A sits 57 of the" pelB leader sequence and is
identical _'to the reverse sequencing primer (-40- n) of
pUCl’B) and fd-SEQl (see example 37) followed by digestion
with thevlfrequent-cutting? enzyme BstNl. Analysis of 48

clones from {each unselected library indicated that 90% of
the cloneshad- inset, and the libraries appeared to be
extremely diverse as judged by the BstNI restriction
patternrflu ‘, W V ‘_ ' '
Rescue of Phagemid libraries for enrichment exoeriments:
To rescue; pha'gemid particles from the library, 100 ml 2 x
TY containing AMP-GLO (see example 42) was inoculated
with ; 109 bacteria taken from the library (prepared in
example,'4~2)x(appro'x. 10 pi) and grown for 1.5 hr, shaking
at :3'7°C;"l Cells were spun down (IEC- centrifuge, 4 K, 15
min) "and" re'suspended in 100 ml prewarmed (37°C) 2 x TY-

AME} ‘(see example 41) medium, 2 x_101Lo pfu of VCS-M13
(Stratagene) particles added and incubated 30 min at 37°

without shaking. Cells-were then transferred to '900 ml 2
x TY containing ampicillin (100 pg/ml) and kanamycin (25
ug/ml) {AMP-KAN), and grown overnight, while shaking at
377C- “Phage particles Were purified and concentrated by

- three? PEG-precipitations (,see materials and methods) and
resuspended in PBS to _10*3 TU/ml (ampicillin resistant
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clones). 
Enrichment :for ohOx: BSA binders bv selection on tubes: 
For enrichment. a 75.x 12 mm Nunc-immunotube (Maxisorp; 
Cat. ·No. 4-44202) was coated with 4 ml phOx:BSA (1 mgtml; 
14 phOx per BSA in 50 mM NaHC03 pH 9.6 buffer) overnight 
at room temperature. After washing three times with PBS, 
the tube was incubated for 2 hr at 37°C Nith PBS 
containing 2% Marvel (2% MPBS) for bloqking. Following 
three PBS washes, phagemid particles (10~3 TU) in 4 ml of 
2% MPBS were added, incubated 30 min at room temperature 
on a rotating turntable and left for a further 1.5 hours. 
Tubes were then washed with 20 washes of PBS, 0.1% Tween 
20 and 20 washes PBS (each washing step was performed by 
pouring buffer in and out immediately) . Bound phage 
particles were eluted from the tube by adding 1 ml 100 mM 
triethylamine pH 11.5 and rotating for 15 min. The 
eluted material was immediately neutralised by adding 0.5 
ml 1.0 M Tris-HCl, pH 7.4 and vortexed. Phage was stored 
at 4°C. 

Eluted phage (in 1. 5 ml) was used to infect 8 ml 
logarithmic growing E.coli TG1. cells in 15-ml 2 x TY 
medium, and plated on AMP-GLU plates as above yielding on 
average 107 phage infected colonies. 

For selection of · phOx: BSA binders, the rescue-tube 
enrichment -plating cycle was repeated 4 times, after 
which phagemid clones were analysed for binding by ELISA. 
Enrichment for 1 vsozyme binders by . panning and on 
columns: A petri dish ( 35 x 10 mm Falcon 3001 ·Tissue 
culture dish) was used for enrichment by panning. During 
all steps, the plates were rocked on an A600 rocking 
plate (Raven ·scientific). Plates were coated· overnight 
with 1 ml turkey egg white lysozyme (3 mg/ml) in 50 mM 
sodium hydrogen carbonate (pH 9. 6), washed three times 
with 2 ml PBS, and blocked with 2 ml 2% MPBS at room 
temperature for 2 hours. After three PBS washes 

· approximately 1012 TU phage particles in 1 ml 2% MPBS 
were added per plate, and left rocking for 2 hr at room 
temperature. Plates were washed for 5 min with 2 ml of 
the following solutions: 5 times PBS, PBS-Tween (0.02% 
Tween-20), 50 mM Tris-HC1 (pH 7.5) + 500 mM NaC1, 50 mM 
Tris-HCl (pH 8.5} + 500 mM NaCl, 500 mM Tris-HCl (pH 9.5) 
+ 500 mM NaCl and finally 50 mM sodium hydrogen carbonate 
pH 9.6 Bound phage particles were then eluted by adding 
1 ml 100 mM triethylamine pH 11.5 and rocking for 5 min 
before neu-cralising with l M Tris-HC1 (pH 7. 4) (as 
above,. Alternatiyely, 1 ml turkey egg white lysozyme
Sepharose columns were used for affinity purification 
(McCaffer-cy, ~ •• et al., Nature 1990. 348: 552) Columns. 
were washed ex-censively with PBS, blocked with 15 ml 2% 
:-tPBS, and phage ilol2 TU) in 1 ml 2% MPBS loaded. After 
washing with 50 ml PBS, lO ml ?BS- Tween {PBS + 0. 02% 
Tween-20), 5 ml of 50 mM Tris-HCl (pH 7:5) + 500 mM NaCl, 
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5 mM Tris;_HCl 9pH 8.5) + 500 mM NaCl, Sml of 50 mM Tris
HCl (pH 9 ~ 5 )· + . 500 mM NaCl and finally 5 ml of so mM 
sodium hydrogen carbonate pH 9.6. Bound phage was eluted 
using 1. 5 ml 100 nlM triethylamine and neutralised with 1 
M Tris_;HCl . (pH 7. 4) • . 

For selection_ of turkey egg white lysozyme binders, 
the rescue-tube enrichment-plating cycle or rescue
column-plating . cycle was repeated 4 times, after which 
phagemid clones were analysed for binding by ELISA. 
Rescue· of· individual phagemid clones for ELISA: Clones 
resulting from reinfected and plated phage particles 
eluted after 4 rounds of enrichment, were inoculated into 
150 pl of '2 x. TY-AMP-GLU in 96-well plates· (cell wells, 
Nunclon),;gr6wn with shaking (250rpm) overnight at 37oc.
A 96-well plate replicator ('plunger') was used to 
inoculate:approximately 4 pl of the overnight cultures on 
the i:naster plate into 200 pl fresh 2 x·TY-AMP-GLU. After 
1 hr; 50 pl 2 x·TY-AMP-GLU containing 108 pfu of VCS-Ml3 
was added·. to· each well, and the plate incubated at 37°C 
for 45 Min, followed by shaking the plate at 37°C for 1 
hr. Glucose was then removed by spinning down the cells 
( 4K, 1·5 min), and aspirating the supernatant with a drawn 
out glaSs pasteur pipet. · ·Cells were resuspended in 200 
JJl 2 x. TY:-AMP-KAN (Kanamycin 50 ug/ml) and grown 20 hr, 
shaking · 37.°C. Unconcentrated supernatant containing 
phage wastaken for analysis by ELISA. 
ELISA ·. . 
Analysis 'for binding to phOx:BSA, BSA or lysozyme was 
performed·~, by ELISA (see example 9), _ with 100 }lg/ml 
phOx:BSA. or. BSA~ or· 3 mg/ml turkey egg white lysozyme 
used for coating •. Determination of cross reactivity to 
unrelated antigens· with the isolated clones was also 
determined by ELISA on plates coated with 100 ug/ml of an 
irrelevant .. antigen (keyhole limpet haemocyanin ( KLH), 
ovalbumin~ chymotrypsinogen, cytochrome c, thyroglobulin, 
GAP-DH · ( glyceraldehyde-3-phosphate dehydrogenase), or 
trypsin inhibitor). . 
Characterization of ELISA positive clones: All antigen 
specific.·.· clones isolated were checked for cross 
reactivi ey · against · a panel of irrelevant antigens as 
described above. The diversity of the clones was 
determined . by. PCR . screening as described above and at 
least. · tWO ... clones from · each restriction· pattern were 
sequenced by.thedideoxy chain termination method. 

Results.·_:.. . · 
Isolation ·arid characterization of phOx:BSA binders: 
After .4 · rounds of· selection, ELISA-positive clones were 
isolated .·for phOx:BSA. All clones originated from the 
IgM ·. library. · Of· 96 clones analysed, 43 clon£..3 were 
binding: to ·both phOx:BSA and BSA, with ODs ranging from 
0. 4 ·. to · 1. 3 { bCl,Ckground 0.125). These clones are 
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designa~ed as BSA binders. ~he o~na~ng ~o 3SA seemed to 
be specific. since none of the 11 c~ones ana~ysed gave a 
signal above background when used .!.n an ELISA with KLH. 
ovalbumin, ::hymotrypsinogen •. cytochrome ..... lysozyme. 
thyroglobulin. GAP-DH, or trypsin inhibitor. a~l BSA 
binding clones had the same BstNI res~riction pattern, 
and 14 clones were completely sequenced. Thirteen of the 
fourteen clones had the same sequence, the VH was derived 
from a human VH3 family gene and the VL from a human V 
lambda 3 family gene (Table 1). The other BSA binder was 
derived from a human VH4 family gene and a human Vkl 
family gene (data not shown). 

One c~one was isolated which bound to phOx:BSA only 
( OD 0. 3), and bound phage could be completed off 
completely by adding 0. 02 mM 4-E-amino-caproic acid 
methylene 2-phenyl-oxazol-5-one (phOx-CAP) as a 
competitor. · Also no binding above background could be 
detected to the panel of irrelevant proteins described 
above. The sequence revealed a VH derived from a human 
VH1 family gene and a VL derived from a human V lambda 1 
family gene (Table 11). 
Isolation and characterisation of lysozvme binders: 
After 4 rounds of selection, 50 ELISA-positive clones 
were isolated for turkey lysozyme. The majority of the 
clones, greater than 95%, were from the IgM library. The 
binding to lysozyme seemed to be specific, since none of 
the clones analysed gave a signal above background when 
used in an ELISA with KLH, ovalbumin, chymotrypsinogen, 
cytochrome C, thyroglobulin, GAP-DH, or trypsin 
inhibitor. !he lysozyme binding clones gave 3 different 
BstNI restriction patterns, and at least 2 clones from 
each restriction pattern were comp~etely sequenced. The 
sequences indicated the presence of 4 unique human VH-VL 
combinations. CTable 11). 
Conclusion 

The results indicate that antigen binding activities 
can be isolated from repertoires of scFvs prepared from 
IgM eDNA from human volunteers that have not been 
specifically immunized. 
Examole 44 
Rescue of human laM librarv using heloer :>haae lackina 
aene 3 coa3l 

This example describes the rescue of gene 3 fusions 
from a human library using a helper phage with a gene 3 
deletion. 

100 p.l of bacterial stock of the . IgM phagemid 
library prepared as described ( examp~e 42 l . containing 
5xl08 bacteria, was used to inoculate lOOmls of 2xTY 
medium containing lOOp.gtml ampicillin. 2% glucose 
(TY/Amp/Glul. This was grown at 37°C for :..5 hours. 10 
mls of this cu.l ture was added to 90 m~s of prewarmed 
TY/Amp/Glu and infection carried out by adding lOmls of a 
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200 ··fold ·concen:cra:t:e. of K07 helper phage lacking gene 3 
C Ml3KO?glfl ti Np~ 3 J (example 34) and incubating for 1 hour 
at 37°C withoutshaking. Preparation of M13K07giii No.3 
was as descr1bed in example 34. After centrifugation at 
4, 000 r~p.,in. for 10 minutes. the bacteria were resuspended 
in 100 .riHs of · 2 · x TY . medium containing ·100 pg/m1 
ampicil1i~ (with no glucose). Titration of the culture 
at· this point revealed that there were .i. 9xl0a infected 
bacteria. ~as judged by their ability to grow . on plates 
containing both ampicillin ( 100}lg/ml) and kanamycin 
( 50}lg/ml). .. Incubation was continued for 1 hour with 
shaking before transferring to 2.5 litres of 2xTY medium 
containi~g 100}.tg'/ml ampicillin, 50}lg/ml kanamycin, 
contained· in five 2·.5 litre flasks. This culture was 
incubated' for 16 hours and the supernatant prepared by 
centrifugation .. (10~15 minutes at 10,000 r.p.m. in a. 
SorVal1 RC5B ·. centrifuge at 4 ~C) . Phage particles were 
harvested· by adding l/5th volume of 2'G% polyethylene 
glycol:, . 2~5 M:...NaCl, standing- at 4°C for 30 minutes and 
centrifuging as · above. The resulting pellet was 
resuspended in.40mls of lOmM Tris, O.lmM EDTA pH 7.4 and 
bacterial debris. removed. by centrifugation as above. The 
packaged ·phagemid preparation was then re-precipitated, 
collected as.above and resuspended in 10mls of 10mM Tris, 
0. lm,M EDT~ pH · 7. 4. The litre of this preparation was 
4.1xlol3 transducing units/ml (ampicillin resistance). 

Tube$ coated with OX-BSA were prepared as described 
in . exampie ·. ·4 5 ·. for panning the phagemid library from 
example 42. The rescued library was also panned against 
tubes · coated ·. with bovine thyroglobulin ( Sigma) . These 
were coated at a concentration of lmg/ml thyroglobulin in 
50mM NaHC03 .PH9.6 at 37°C, overnight. Tubes were blocked 
with PBS containing 2% milk powder (PBS/M) and incubated 
with lml· of the rescued phagemid.library (the equivalent 
of 250mls of· cul.ture supernatant) mixed with 3mls of 
PBS/M for .. 3 hours • . Washing, elution, neutralisation and 
infection were ·as described in example 45. • 
Results: ... · Pannina . aa~:linst. oxazalone - BSA 

· · The . first round of panning against OX-BSA yieldeg 
2. Bx106 ·. ·phage. · A large bacterial plate with 1. 4x10° 
colonies .-derived from this eluate· was scraped into 10mls 
of 2xxTY, 20% glycerol, shaken for 10 minutes, aliquoted 
and stored. This was also used to inoculate a fresh 
culture for rescue with M13K07giii No.3. (Bacteria and 
rescued phage derived ·from first round panning against 
OX-BSA . are. named OXPANl. Bacteria or rescued phage 
derived · £rom · second and third round pannings are named 
OXPAN2 ·and·OXPAN3. respectively) Rescue of phagemid with 
Ml3K07giii . No .. ·3 after ·each round of panning was 
essentially as described above but using 5ml volumes for 
the initial cultures in TY/Amp/Glu, using lml of helper 
phage · and ~ransferring · t:o 100-500mls of 2xTY medium 

_ ... !. 
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containing lOOpg/ml ampic~llin. 50pg;ml kanamycin. 
Second and third round pann~ng steps were as described 
above for the first round. bu1: using 0.8-l.Omls of 100 
fold concentrated phage (the equivalent of 80-100 mls of 

5 culture supernatant) . The elua'te . from 'the second round 
panning contained 8xl0a infectious part~cles and the 
elua'te from the third round panning com:ained 3. 3xl09 
infectious particles. 
Panning against thyroglobulin 

10 The first _round panning against thyroglobulin 
yielded 2. 52xlO:l infectious partiq_les. Half of the 
elua'te was used to generate 1. 26xlQ::l bacterial colonies 
on a large plate. These colonies were scraped into lOmls 
of 2xTY, 20% glycerol, shaken for 10 minutes, aliquoted 

15 and stored. These bacteria and rescued phage derived 
from them are termed THYPANl, and used to inocula'te a 
fresh culture for rescue with Ml3K07giii No.3 to give a 
polyclonal rescued phage preparation. Material similarly 
derived from second and third round pannings are termed 

20 THYPAN2 and THYPAN3 respectively. Second and their round 
pannings with thyroglobulin were as described for second 
and. third round OX-BSA panning. The eluate from the 
second round panning contained 8xl0 7 transducing units 
and the eluate from the third round panning contained 

25 6xlo7 infectious particles. 
ELISA screening of clones derived by pannina 

40 colonies derived form the third round of panning 
against thyroglobulin ( THYPAN3) were picked into a 96 
well plate and grown overnight at 37°C in 200ul of 

30 TY/Amp/Glu. Similarly 48 colonies from two rounds and 48 
colonies from three rounds of panning agains't OX-BSA were 
grown ( OX-PAN2 and OX-PAN3). Polyclonal phage were 
prepared at the same time. Next day 5}.11 from each 
culture was transferred to lOOpl of fresh prewarmed 

35 TY/Amp;Gl~ grown for 1.5 hours and Ml3K07giii No.3 added 
(2 x 10° infectious phage per well ~n 100}.11 of 
TY /Amp/Glu). these were incubated for l hour at 37°C 
without shaking, centrifuged at 4,000 r.p.m. for 10 
minutes, resuspended in 150}.11 of 2xTY medium containing 

40 lOOpg/ml ampicillin and incubated for a further hour with 
shaking before adding to 2mls of medium containing 
lOOpgtml ampicillin, 50pg;ml kanamycin. After overnight 
growth the cultures were cen'trifuged at 4,000 r.p.m. for 
10 minutes and the supernatants collected. ELISA plates· 

45 used to screen THYPAN3 clones were . coated at 37 o c 
overnight with 200pg /ml thyrogl.obulin in 50mM 
NaHC03pH9. 6. Plates used for OXPAN2. and OXPAN3 were 

.coa"ted at lOOpgiml OX-BSA in PBS at 37°C overnight. 
120pl of culture supernatant was mixed with 30ul of 

50 5x PBS, 10% milk powder and incubated at room temperature 
for 2 hours at room ·tempera'ture. ELISAs were carried out 
as described in example 18. 
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For thyroglobulin, 18 out of 40 clones were positive 
(0.3-2.0. o.D. after 30 minutes). (A phage control 
(vector pCAT3} gave a reading of 0.07 O.D.). In 

· addition, positives were also seen on the polyclonal 
5 phage preparations THYPANl { 0. 314 0. D. ) and THYPAN2 

{0.189 O.D.) compared with phage derived from the 
_original non-panned phagemid library ( 0. 069 O.D.). All 
polyclorial phage were PEG precipitated and used at a 10 

· fold concentration. · 
10 PeR :r;-eactions and BstNl digests were carried out on 

the positive cl:ones as described above and six different 
patterns of. DNA fragments . were obtained showing that at 
least six different clones had been isolated. 

For OX ... BSA after two rounds of panning, 30 of 48 
15 clones were positive by ELISA and after three rounds , 42 

of 48were positive. In a separate experiment, positive 
signal was obtained from the polyclonal phage 
preparations OXPANl ( 0. 988 OD} and OXPAN2 { 1. 717 OD) 
compared .·.with phage derived from the. original non-panned 

20 phageinid iibrary (0~186 O.D.) after 30 minutes. 
Speclfici'EY of clones for thyroglobulin or OX-BSA , 

Selec.ted clones ( 11· anti-thyroglobulin, 5 anti-OX
BSA) representing each of the different BstNI restriction 
digest patterns . were assayed for binding to a panel of 

25 irrelevant antigens. ELISA plates were coated with 
antigen (100 }11/ml in 50 mM NaHC03, pH 9.6) by overnight 
incubatioil. at 37°C ... The panel of antigens consisted of 
keyhole. limpet haemocyanin, hen egg lysozyme, bovine 
serum -albumin~ ovalbumin, ·cytochrome c, chymotrysinogen, 

30 trypsin inhibitor, · GAP-Dl1 ( glyceraldehyde-3-phosphate 
dehydrogenase) , _ bovine · thyroglobulin and oxazolone-BSA. 
Duplicate samples of phage supernatant (80 }ll + 20 }ll 5 X 
PBS, 10% inilk powder) were added to each antigen and 
incubated for 1 hour at room temperature. the ELISA was 

35 carried out as described in example 18 . 
. Each of . the thyroglobulin specific clones (11 from 

11) were· .positive- for thyroglobulin (CD 0.12 - 0. 76) but 
after 60 •. rninutes showed no binding ( OD<O. 03) to any of 
the . 9 . irrelevant -antigens~ Similarly of the 5 OX-BSA 

40 specific clones 3 had an OD. 0.07 - 0.52 compared to ODs < 
0. 02 for the irrelevant antigens. None of. the 5 clones 
had any binding to BSA alone. 

Thus. positive clones can be iso·lated after only two 
rounds of.'panning by rescuing with Ml3K07giii No.3. In 

45 . addition: there is a greater likelihood with this helper 
of generating phage particles with more than one intact 
antibody molecule. This will potentially increase the 
avidity of phage-antibodies and may enable isolation of 
clones of weaker affinity .. 

50 Examole 45: · Alteration of fine soecifici tv of sc~v. Dl. 3 
disolayed· on chage bv mutagenesis and selection on 
immobilisad tUrkev lvsozvme 
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The D1. 3 antibody binds hen egq lysozyme ( HEL) 
·;~i th an affinity constant: oi 4. 5 :{ 10 'M-~ whereas it 
binds_ t:'l,lrkey egg lysozyme (TEL) •;~i th an affini t:y of 
<lx10°M-~. (Harper et: al (1987) Molecular Immunology 24 
o97-l08, Amit et: al (1986) Science 233 p747-753). 
· It has been suggested that: -this is because the 
glutamine residue present: at: position 121 oi HEL igln121) 
is representat:ed by histidine residue at: the same 
position in TEL. Thus mut:agenising the Dl.3 antibody 
.residues which interact with gln121 of HEL may facilitate 
binding to TEL. 

According to Amit et al, supra, tyrosine at: amino 
acid position 32, phenylalanine at: position 91 and 
trypt:ophan at . position 92 of the light chain interact: 
with glnl21 of HEL. In addition tyrosine at: position 101 
of the heavy chain also interact:s. None of these 
residues are predicted to be involved in determining the 
main chain conformation of the antibody variable regions 
( Chothia and Lesk ( 1987) Journal of Molecular Biology 
196, p901-917). 
Mutaaenesis of pCAT3SCFvD1.3 

The oligonucleotides mutL91, 9 2, was prepared tQQ 
randomise phenylalanine at position 91 ( L91) and 
t:ryptophan at position 92 (L92) of the light chain. The 
oligonucleotides mutL32, was prepared t:o randomise 
tyrosine at light chain position 32 { L32) and the 
oligonucleotides mutHlOl was prepared t:o randomise 
tyrosine at position 101 of the heavy chain ( Hl01). 
mutL91,92: 
5 1 CGT CCG i\GG AGT ACT NNN NNN ATG TTG i\Ci\ GTA ATA 3 1 

mutL32: 
5' CTG ATA CCA TGC TAA NNN ATT GTG ATT ATT CCC 3' 
mutH101: 
S' CCA GTA GTC AAG CCT NNN ATC TCT CTC TCT GGC 3' 
iN represents a random· insertion of equal amounts of 
A,C,G or T) in vitro mutagenesis of the phagemid vector, 
pCAT3scFvD1. 3 (example 17) with the oligonucleotide 
mutL91,92 was carried out: using an in vitro mut:agenesis 
kit ( Amersham ) . The resultant DNA was -:ransiormed by 
electroporation into TGl cells using a Bio-Rad 
electroportor. 78, 000 clones were obtained and these 
were scraped into 15mls of 2xTY/20% glycerol. This pool 
was called D1.3L91L92. Single stranded DNA was prepared 
by rescue with Ml3K07 as described in Sam.brook et al, 
1989 supra, and sequenced with the primer FDTSEQ1, .using 
a Sequenase sequencing kit (United States Biochemical 
Corporation l. 

This revealed -<::hat the DNA had been successfully 
mutagenised as judged by the presence of !:lands in all 
::our DNA sequencing "'::racks at the nucl.eot:ide :;osi tions 
encoding L91 and L92. This mutagenised s~ngle st:randed. 
DNA was subject:ed -<::o a £urt:her round of mut:agenesis as. 
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above us:Ulg . either mutL32 . or mutHlOl oligonucleotides. 
Mutagen~sis with mutL32 gave rise to 71,000 clones (pool 
called DL 3L32) while mutHlOl gave 102, 000 clones (pool 
called Dl~3Hl01). These clones were scraped into 15mls 

5 of 2xTY/20% glycerol. Single stranded DNA derived from 
each pool was sequenced with the oligonucleotides D1.3L40 
and LINKSEOl_respectively, as described above, and shown 
to be.correctly randomised. 

Dl.3L40: . ·•·· .·· 
10 5' CAG GAc:; CTG AGG AGA TTT TCC 3' 

LINKSEQl: . . 
5' TCC GCC TGA ACC GCC TCC.ACC 3' 
Preparation of rescued ohage for affinity purification 

10-20Jil of ·bacteria derived from each mutagenised 
15 pool (plate scrapes) was used to inoculate 5mls of 

TY/Glu/AmP.· _All bacterial growth was at 37°C. After 2-3 
hours growth~ lml was diluted in 5mls of prewarmed 
TY/Glu/Ainp and infected by addition of 0. 5 mls of a 200 
fold concentrate. of· the Ml3K07giii ,6 No.3 preparation 

20 described in examp~e 34. After- 1 hour of infection the 
cultures-Were centrifuged at 4,000 ::t.p.m. for 10 minutes, 
resuspended in.2xTY, lOO}lg/ml ampicillin, incubated for a 
further hour, · transferred to 500 mls of 2xTY medium 
containing 100 }lg/ml ampicillin, 50 }lg/ml kanamycin and 

25 grown ·for 16 ·hours. The remaining steps of phage 
preparation· were as described in example 44. Phage were 
finally dissolved in lOmM Tris, lmM EDTA pH7.4 at 1/lOOth 
the.orig~al culture volume. 
Affinity purification 

30 . lOmls · of ·-turkey egg lysozyme at a concentration of 
lOmg/ml in 0. 1M NaHC03, o·. 5MNaCl pHS. 3 was mixed with an 
equal volume. of swollen Cyanogen Bromide Activated 
Sepharose .4B ( Pharmacia), covalently linked and washed 
according· to manufacturers instructions. ·Before use this 

35 matrix: (TEL-Sepharose) was washed with 100 volumes of PBS 
followed· by 10 volumes of PBSM. The TEL-Sepharose was 
resuspended inan equal volume of PBSM and lml was added 
to · lml of a 50 fold concentrate of. phage in PBSM and 
incubated. on· a rotating platform for 30 minutes at room 

40 temperature. The actual phage used for this step was 
prepared· .. by ·mixing equal volumes of the independent 
preparations · of .the three randomised pools (Dl. 3L9192, 
Dl. 3Hl0.1 · and Dl. 3L32) . After this binding step, the 
suspensions were_ loaded onto a disposable polypropylene 

45 colulnri. (Poly-Prep columns, Bio-Rad) and washed with 200 
volumes of PBS containing 0.1% Tween 20. Bound phage 
were eluted with lml ·of lOOmM triethylamine and 
neutralised with· 0.5ml 1M Tris (pH7.4). A dilution 
series was . prepared from the eluate and used to infect 

50 TGl ce,lls and plated out on TY plates containing 100}lg/ml 
am~icilliri; .. 2% glucose. Plates carrying approximately 
10° colonies were scraped into 3mls of 2xTY, 20% glycerol 
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and s~ored at -70°C. 10~1 of this was used ~o ini~iate a 
second round cul ~ure which was rescued with M13K07giiiL:l 
No.3 as described above (using a final culture volume of 
lOOmls 1. Second and third round affinity column 
purifica~ion steps were carried ou~ as described above 
for the firs~ round. 
Analvsis bv ELISA 

40 colonies derived from the third round of column 
purification on TEL-Sepharose were picked into a 96 well 
plate and grown overnight at 37°C in 200~1 of TY/Amp/Glu. 
Phagemid particles were rescued and prepared for ELISA as 
described in example 18. ELISA plates were coated 
overnight a~ 37°C with hen egg lysozyme (HEL) or turkey 
egg lysozyme (TEL) at a concen~ration of 200~g/ml in 50mM 
NaHC03 pH9. 6 ELISAs were carried out as described in 
example18. 

After 15 minutes incubation in substrate, 13 clones 
were found to be negative (00<0.05 on HEL and TEL). In 
all positives, a signal of 0.1-0.78 was scored on HEL 
with the exception of one where signal on HEL was 0.078 
but signal on TEL (OD 0.169) brought it in to the 
positive group. The control phagemid preparation had a 
percentage ratio of signal TEL:HEL of 22%. Clones were 
deemed to have an unaltered bind-ing if the ra~io of 
'l'EL: HEL was less than 40%. 9 clones fell into this 
ca~egory. 18 samples were scored as having altered 
binding with a ratio of signal on TEL:HEL of be~ween 40-
200%. 

A dilution series was made on 10 clones which were 
analysed by ELISA in 6 of these clones the profile of 
binding to HEL was the same· as the original clone 
(pCAT3SCFvD1.3) while the signal with TEL was increased 
fsee figure SO clone Bl). In the remaining 4 clones, the 
increased signal ~ith TEL was accompanied by a decrease 
in signal on HEL (see figure 50 clone A4). 
Comoetition with soluble antiqen 

All of the ~solated clones retained binding to HEL 
to varying extents. In order ~o determine whether a 
soluble antigen could compe~e with the immobilised 
antigen, a parallel experiment was carried out, as above, 
but with the addition of hen egg ·lysozyme ( 1mg/ml) to 
TEL...;.Sepharose before incubating with -::he phage 
preparation. This experiment was carried through 3 
rounds of column purification and 40 colonies were 
picked. None of these clones bound HEL or GEL 
demonstrating that the soluble antigen ha,d been 
successful .:.n competing ou~ binding to the immobilised 
antigen. 
Examole 46 
Modifica~ion of the Soecifici tv of an .;ntibodv by 
Reolacemen~ of the 'ILK Doma~n bv a VLK :..ibrarv derJ. ved 
from an UnimmunJ.sed Mouse 
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When ·an antibody specific! ty is isolated it will 
often_·. be desirable to alter some of its properties 
particularly its· affinity· or specificity. This example 
demonstrates that the specificity of an antibody·can be 
altered by use of· a different VL domain derived form a 
repertoire of such domains. This method using display on 
phage would · __ be applicable to improvement of existing 
monoclonal.-.. antibodies as well as antibody specificities 
derived us{ng phage antibodies. This example shows that 
replacement of the VL domain of scFvD1.3 specific for Hen 
eggwhi.te.:lysozYme (HEL) with a library of VL domains 
allows. selection · of scFv fragments with bind also to 
Tur_key .· eggwhi te lysozyme . (TEL) . More generally this 
experimental approach shows that specifi.ci ties of 
antibodie_s can be: modified by replacement of a variable 
domain· iind gives.-_a further example of the hierarchical 
approach;,to isolating antibody specificities. 

The _· b1. 3 · heaVY chain· was amplified from an existing 
construct 0( pSW1.;.VHDl. 3, ward et al. , 1989 supra) by PCR 
using the ·primers VH1BACK. and VH1FOR, the light chain 
library· .was amplified from a eDNA library derived from 
the spleen, of an unimmunised mouse, which was synthesized 
by using the MJKFONX primers 1,2,4,5 for the first.strand 
as in . example 14. Th~ subsequent amplification was 
performeq with.the same forward primers and the VK2BACK 
primer. : ' The. PCR assembly of the 01.3 . heavy chain with 
the light .·chain library ·was mediated by the signal chain 
Fv linker as described in example 14. 

Cloning the . assembled PCR products ( scFv sequences) 
was . done <after·. an additional PCR step (pull-through) 
using a BACK primer providing an ApaLI site and forward 
primers which contained a Not 1 si. te as described in 
example · 14. ApaL1 /Not 1 digested PCR fragments were 

·cloned . into the s.:i:_milarly digested vector fdCAT2 as in 
example _11. · 5xlo=> transformations were obtained after 
electropOration of the. ligation reaction into MC1061 
cells·. · • . · .• · · . 

Scr~ening of the phage library for TEL binders was 
performe~ by panning. Polystyrene Falcon 2058 tubes were 
coated Cl6 hrs) with 2 ml of TEL-PBS (3 mg/ml) and 
blocked ror 2 hrs with 4 ml MPBS (PBS containing 2% 
skimmed ·milk powder) . · Phage derived from the library 
( 5x1ol0 transducing unites) in 2 ml of MPBS ( 2%) were 
incubated · in ·these tubes . for 2 hrs ·at room temperature. 
The tub¢$ were washed 3x with PBS, 1x with 50 mM Tris
HCl, ·pH.'.7.5, 0 .. 5 M. NaCl_; 1x with 50mM Tris-HCl, pH8.5, 
0.5 M NaCl, 50 mM Tris-HCl, pH 9.5 M NaCl. Finally phage 
were eluted with 100 mM · triethylamine. Eluted phages 
were · t·aken · to infect TGl _cells, the cells were plated on 
2xTY plates containing 15 pg/ml tetracycline ar_J grown 
for 16h. · The. colonies were scraped into 25ml of 2xTy 
medium·. and the phages were recovered by PEG 
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. When an antibody specificity is isolated it will

oftenr‘be desirable to alter some of its properties
particularly its. affinity or specificity. This example
demonstrates that the specificity of an antibody can be
altered use'of -'a different VI. domain derived form a
repertoire of such domains. This method using display on
phage would be applicable to improvement of existing
monoclonal;antibodies as well as antibody specificities
derived using phage antibodies. This example shows that
replacement of the VL domain of schDl.3 specific for Hen
eggwhit’ejjlys‘ozyme (HEL) 'with a library of VL domains
allows, sélection' of scFv fragments with bind also to
Turkey: eggwhite‘ 'lysozyme. (TEL) . More generally this
experimental" approach shows that specificities of
antibodies can be? modified by replacement of a variable
domain" and givesga further example of the hierarchical
approach '.;,to isolating antibody specificities.

‘ The 7131.3 heavy chain' was amplified from an existing
construct;l'(psw1&VHDl.3, Ward et al., 1989 supra) by PCR
using dth‘é‘ primers VHlBACK. and VHlFOR, the light chain
library - was amplified from a cDNA library derived from
the, spleeniof an unimmunised mouse, which was synthesized
by using the MJKFONX primers l,2,4,5 for the firstistrand
as in. example 14. The subsequent amplification was
performed with the: same forward primers and the VKZEACK
prinlerfi 1: The. PCR assembly of the Dl.3_heavy chain with
the light [chain library was mediated by the signal chain
Fv linker as described in example 14.

Cldning. the assembled PCR products (scFv sequences)

was done ‘Zafter. an additional PCR step (pull—through)
using a BACKprimer providing an ApaLI site and forward

primers -;whioh contained a Not 1 site as described in
example-{14. ApaLl/Not l digested PCR fragments were
'cloned into the similarly digested vector deATZ as in
example all. ' 511103 transformations were obtained after

electropcratio‘n ‘.Of the ligation reaction into MC1061
cells. - '

screening of the phage library for TEL binders was
performed by panning. Polystyrene Falcon 2058 tubes were

coated -(‘16 hrs). with 2 ml of TEL-PBS (3 mg/ml) and
blocked for 2 hrs with 4 ml MPBS (PBS containing 2%
skimmed, "milk powder). Phage derived from the library
(5111010 'transducing unites) in 2 ml of MPBS (2%) were
incubated in these tubes for 2 hrs at room temperature.
The tubes were washed 3x with PBS, 1x with 50 mm Tris-
HCl, {DH/7.5, 701.5 M' NaCl; 1x with 50m Tris-HCl, pH8.5,
0.5 M NaCl, SO'mM‘Tris—HCl, pH 9.5 M NaCl. Finally phage
were eluted with 100 mM ‘ triethylamine. Eluted phages
were 't'aken'to infect TGl .pcells, the cells were plated on
2xTY plates containing .15 pg/ml tetracycline and grown
forléh.’ Thejcolonies were scraped into 25ml of ZxTy
medium‘ and the phages were recovered by PEG
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precipitation. After a second round of se~ection for TEL 
binders ELISAs were performed as described (examp~e 2}. 

Analysis of 100 clones from the library · before 
affinity selection by ELISA on plates coated w:!. th TEL 

5 showed no binders. In contrast, after two rounds of 
selection for TEL binding phages about 10% of the phage 
clones showed positive ELISA signals. ELISA signals were 
scored positive with values at least two fold higher than 
the fdCAT2 vector without insert. A more detailed 

10 analysis of binding properties of TEL binding phages is 
shown in figure 51. 

As shown in figure 51, several cl.ones were found 
which bind equa~ly to TEL and HEL in contrast to the 
origina~ D1.3 scFv, which binds almost exc~usively to 

15 HEL. None of the clones bound to BSA. These findings 
indicate that the specificity of these scFvs was broader 
in comparison to 01.3, since both lysozymes (HEL and TEL) 
are recognized, but specificity for lysozyme was retained 
since other BSA was not recognized. The deduced amino 

20 acid sequences (derived by DNA sequencing) of two light 
chains from clones MFl and M21, which correspond to 
clones 3 and 9 in figure 51 are shown in figure 52. 

In the case of isolated antibodies the experimental 
approach as described in this study may be particularl.y 

25 useful if recognition of a wider range of different but 
closely related antigens is desired. For ·example, 
monoclonal antibodies against viral antigens viral 
antigens l.ike V3 loop of HIV-1 gpl20 are in most cases 
quite specific for one particular virus . iso~ate because 

30 of the variabil.ity in this part of the HIV-1 env gene. 
The modification of such antibodies in the way described 
in this example may lead to antibodies which cross react 
with a wider range of HIV-1 isolates, and would 
therefore be of potentially higher therapeutic or 

35 diagnostic val.ue. 
A similar approach could be taken in which a light 

chain variable domain of desired properties is kept fixed 
and combined with a library of heavy chain variable 
domains. · Some heavy chains, for example VHDl • 3 retain 

40 binding activity as single domains. . This may allow a 
strategy where VH domains are screened for binding 
activity when expressed on phage and then binding domains 
combined with a library of VL domains ·for se~ection of 
suitable light chain partners. 

45 Examcle 47 
Selection of a Phage Antibody Scecificity by Binding to 
an Antigen attached to Magnetic Beads. Use of a 
Cleavable Reagent to allow elution of Bound Phage under 
Mild Conditions 

50 When a phage antibody binds to its antigen with high 
affinity or avidity it may not be possible to elute the 
phage antibody from ·an affinity matrix with a molecule 
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related to the antigen. Alternatively, there may be no 
sui table specific eluting molecule that can be prepared 
in suffic{ently high concentration. In these cases it is 
necessary ·:to use an elution method which is not specific 

5 to the antigen-:-antibody complex. Unfortunately, some of 
·the non-specific .. elution methods disrupt phage structure, 
for instadee. phage viability is reduced with time a~ pHl2 
(Rossomando, E.F. and Zinder, N.D. J. Mol.. Biol.. 36 387-
399 1968). . A method was therefore devised which allows 

10 elution of bound phage antibodies under mild conditions 
(reduction of a dithiol group with dithiothreitol) which 
do not-disrupt phage structure. 

Target antigen · · was biotinylated using a cleavable 
biotinylation • reagent. BSA conjugated with 2-phenyl-5-. 

15 oxazolone ( ci. Makela et al. supra) was modified using a 
· biotinylation ·-reagent with a cleavable di thiol group 
(sulphti~ucc~nimidyl 2-(biotinamido) ethyl-1,3-
di thiopropionate from Pierce) according to the 
manufacturers·. instructions. This biotinylated antigen 

20 was · bound - tb · st~eptavid.in coated magnetic beads and the 
complex used to bind phage. Streptavidin coated magnetic 
beads _ ( Dynal) were precoated with antigen by· mixing 650J.lg 
of bioti.riy.lated OX-BSA in 1 ml PBS, with 200J.ll of beads 
for at least 1 hour at room temperature. Free antigen 

25 was . removed _ by washing in PBS. . One fort.ieth of the 
complex (equivalent to 5J.1l of beads and an input of 17.5 
).19 of OX~BSA). was added to 0. 5ml of phage .in PBSM (PBS 
containi.ng 2% skimmed milk powder) containing 1. 9xlo10 
phage ·particles mixed at the ratios of pAbDl. 3 directed 

30 against· iysozyme (example 2) to pAbNOll directed against 
2-phenyl-:-5-oxazolone (example ll) shown in Table 12. 

After. 1 hour · of incubation with mixing at room 
temperature, magnetic beads were recovered using a Dynal 
MPC-E magnetic desperation device. They were then washed 

35 in PBS containing 0.5% Tween 20, (3xl0 minutes, 2xl hour, 
2x 10 minutes) - and phage eluted by 5 minutes incubation 
in SPJ.ll · PBS containing lOmM di thiothre.i to.l. The eluate 
was · used .. to ·infect TGl cells and the resulting colonies 
probed-with the oligo NOllCDR3 

40 ( 5' AAACCAGGCCCCGTAATCATAGCC 3 ' ) 
derived. froni CDR3 of the NQll antibody (This hybridises 
to pAbNOll but not ·pAb Dl.3). 

· A 670 fold enrichment of pAbNQll (table 12) was 
achieved fo~ a background of. pAbD1.3 in- a single round 

45 of purification using the equivalent of 17. 5J.lg of 
biotinylated ox~esA. 

· Thi:f·::elution .·procedure is just one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 

50 sequer:lce ·encoding amino acids constituting a recognition 
site -for -cleavage by a highl.y speci.fic protease between 
the foreign gene inserted, in this instance a gene for an 
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antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific pro~eases are 
Factor X and thrombin. After binding of the phage to an· 
affinity matrix and elution to remove non-specific 
binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions sui table for digestion at ~he 
cleavage site. This would cleave the antibody fragment 
from the phage particle eluting the phage. These phage 
would be expected to be infective since the only protease 
site should be the.one specifically introduqed. Strongly 
binding phage could then be recovered-by infecting e.g. 
E.coli TG1 cells. 
Examole 48 
Use of Cell Selection to orovide an Enriched Pool of 
Antiaen Soecific Antibody Genes. Aoplication to reducing 
the Complexity of Repertoires of Antibody Fragment 
displaved on the Surface of Bacterioohaqe 

There are approximately 1014 different combinations 
of heavy and light chains derived from the spleen of an 
immunised mouse. If the random combinatorial approach is 
used to clone heavy and light chain fragments into a 
single vector to display scFv, Fv or Fab fragments on 
phaae, it is not a practical proposition to display all 
101~ combinations. One approach, described in this 
example, to reducing the complexity is to clone genes 
only from antigen selected cells. (An alternative 
approach, which copes with the complexity is the dual 
combinatorial library described in example 26). 

The immune system uses the -binding of antigen by 
surface immunoglobulin to select the population of cells 
that respond to produce specific antibody. This approach 
of selecting antigen binding cells has been investigated 
to reduce 1:he number of combinatorial possibilities and 
so increase the chance of recovering the original 
combination of heavy and light chains. 

The immunological response to the hapten 4-hydroxy-
3-nitrophenylacetic acid (NP) has been extensively 
studied. Since the primary immune response to NP uses 
only a _ single light chain the applicants were able to 
examine the use of the combinatorial method using a fixed 
light chain and a library of heavy chains to examine the 
frequencies genes that code for antibodies binding to NIP 
(4-hydroxy-3-iodo-5-nitrophenylacetic acid). The 
applicants have thus used this system to inves1:iga1:e the 
merits of selecting cell populations prior to making 
combinatorial libraries for display on phage. 
Methods 
2.1 Haoten conjuaa1:es 

Chick gamma globulin ( CGG, Sigma, Poole, UK) and 
Bovine serum albumen (BSA, Boehringer, Mannheirn, Germany) 
were conjugated with NP-0-succinimide or NIP-caproa~e-0-
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succinimiqe (Cambridge Research -Biochemicals, Northwich, 
UK) based-· on ·the ·method described by Brownstone 
( Browmircone; >.A. , Mi tchison, N. A. and Pi tt~Ri vers, R. , 
Immunology i966~ · 10: 465-492). The activated compounds 

5 were•d:issolved.::..n dimethylformamide and added to proteins 
in-0.2 M·sodiumhydrogen carbonate. They were mixed with 
constant c;igitation for 16 ho_urs at 4oc and then dialysed 
agains'!= f?everal changes of 0. 2 M sodium hydrogen 
carbonate~ .. __ .They were finally dialysed into phosphate 

10 buffered sal;ine (PBS). The conjugates made were NP12CGG, 
NIPioBSA .. -.··_.The NIP1oBSA · .. derivative was subsequently 
biot;inylated _ •. u;:;ing a biotinylation kit purchased from 
Amersham (AIIiersham International, Amersham, UK). 
2. 2 Animal.:.S ·. and immunisation 

15 Mice. of._ the strain C57BL/6 were immunised by 
intraperi ~oneal injection . of . lOOpg NP-CGG in Complete 
Freunds Ad;juvant·at 10 _weeks of age. 
2. 3 Spleen . preparation . . . . . 

Seven days after·· immunization cells from the spleen 
20 were prepared -.as described by Galfre and Milstein 

(Gal.fre,.c;.-.and Milstein, C. Methods Enzymol. 1981. 73:3-
46).-· Red:cells were lysed with ammonium chloride (Boyle, 
w. Transplantation 1968.6:71) and when cell selection was 
performed:_,dead cells were removed by the method described 

25 by ., von . Boehme~ . and Shortman (von Boehmer, H. and 
Shortman,. K~ J •. Immunol, Methods 1973:1:273). The cells 
were ·suspended in . phosphage buffered saline (PBS) , 1% 
Bovine s~-a;lbumen, 0.01% sodium azide; throughout all 
cell selection procedures the cells were kept at 4°C in 

30 _this· meditJ.m. _ . · · 
2.4 Cell Solution 

Biotinylated NIP-BSA · · was .. coupled to streptavidin · 
coupled .. 111e19netic beads ( Dynabeads M280 Streptavidin, 
Dynal,. Oslq, Norway) by incubating 108 beads with lOOpg 

35 of . bioti~ylated. protein for 1 hour, with occasional 
agitation, and then washing five times to remove unbound 
antigen ... ·._ The coupled beads were stored at 4°C in medium 
until .required.-_ · For selecti.on of antigen bindi.ng cells 
the cells·. ( 2~4xl07 /ml) were first incubated for 30 

40 m:i..nu_tes- :with uncoupled . beads, at a bead: cell ratio of 
1:1, to. e.Xamine the degree of non-specific bindi.ng·. The 
beads w$:-e them ·separated by placi.ng the tube in a 
magnetic -device ( MPC-E Dynal) for 3-5 minutes. The 
unbound· cells were removed and then incubated with NIP-

45 .BSA · coup;led magnetic beads, at a bead:cell ratio of 
0. 1: 1 ~ for . 60 minutes, with occasional agitation. The 
beads and . rosetted . cells were separated as described 
above. The-beads were then resuspended in 1 ml of medium 
and the ~eparation repeated: this process was repeated 5-

50 7 times . iintil no unbound cells could be detect.c:d when 
counted.on a.li.aemocytometer. 

Foi. :the depletion o:; surface immunoglobulin posi.tive 

> ··:~ ... 
. ;.... 
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sucdinimide {Cambridge ResearchBiochemicals, Northwich,
UK) ,basedfi on :the "method described by Brownstone
(BroWnSto'neh ffA"., Mitchison, N.A. and Pitt-Rivers, R.,
Immunology 1966$ 10: 465-492). AThe activated compounds
were: dissolved in dimethylformamide and added to proteins
in‘0.2 M sodium" hydrogen carbonate. They were mixed with
constant" agitation for 16 hours at 4°C and then dialysed
against", several changes of 0.2 M sodium hydrogen
carbonate; , fl‘hey' were finally dialysed into phosphate
bufifiered saline (PBS), The conjugates made were NPIZCGG,
NIPIOBSA._=“I'The NIPIOBSA derivative was subsequently
biotinylated fusing», a biotinylation kit purchased from
Amersham (Mersjham International, Amersham, UK) .
2.2 Animals and immunisation _

» _Mice_l ofnjthe strain C57BL/6 were immunised by
intraperitoneal injection . of . lOOug NP-CGG in Complete
Freunds Adjuvantfat 10 weeks of age. .,-.

2.3 Sple'enp‘reparation . _ ._ _
"Seven days after'immunization cells from the spleen

were prepared~f-,as described by Galfre and Milstein
(Gal‘fre-,3.§..and Milstein, 0. Methods Enzymol. 1981. “73:3-
46) ,‘Red?c‘ells were lysed. with ammonium chloride (Boyle,

W. Transplantation 1968.6:71) and when cell selection was
performedfl‘dead Cells were removed by the method described
by .Vivon ,Boehz‘mr and Shortman (von Boehmer, H. and
Shortma‘n‘n-K, J'. ,Inununol, Methods 1973:1:273}. The cells
were ‘suspended_'in‘ phosphage buffered saline (PBS), 1%
Bovine albumen, 0.01% sodium azide; throughout all
cell selection procedures the cells were kept at 4°C in
this medium. - ,
2.4 Cell Solution ‘ _ _ - r I

Biotinyl‘ated NIP-BSA was ., coupled to streptavidin
coupledlma‘gnetio beads '(Dynabeads M280 Streptavidin,
Dynal,, Oslo, Norway) by incubating 108 beads with lOOug
of ,“biotinyl‘ated protein for 1 hour, with occasional
agitation j." and then washing five times to remove unbound
antigen}. :,-The coupled beads were stored at 4°C in medium
until required-.- For selection of antigen binding cells
the cells} (274x107/ml) were first incubated for.30
minutes with uncoupled beads, at a bead: cell ratio of
1:1, to. examine the degree of non-specific binding. The
beads- were then separated by placing the tube in a
magnetic device‘_ ‘(MPC—E Dynal) for 3—5 minutes. The
unbound cells * were removed and then incubated with NIP-

.BSA' coupled magnetic heads, at a bead:cell ratio of
0.1:1,’Xfor .60 minutes, with occasional agitation. The
beads and V_rose_tted cells were separated as described
above. The beads were then resuspended in 1 ml of medium
and the separation repeated: this prooess was repeated 5-
7 times- until no unbound cells could be detected when
counted on afhaemocytometer. ' '

' Fortheldepletion of. surface immunoglobulin positive
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cells the cells were incubated with 20J,Ig biotinylated 
goat anti-mouse polyvalent immunoglobulin (Sigma, Poole, 
UK). The cells were then washed twice with meciium and 
added to streptavidivin coupled magnetic beads at a bead 
to cell ratio of 30:1. After 30 minutes incubation the 
beads and rosetted cells were separated by applying the 
magnetic device three times - taking the superna~ant each 
time. 
2.4 DNA/eDNA preparation, PCR amplification and cloning 

DNA was prepared by a simple proteinase-K digest 
method that was particularly convenient for small numbers 
of cells ( PCR Protocols: A Guide to Methods and 
Applications. Ed Innis M.A., Gelfand D. H., Sninsky J.J. 
and White T. J. Academic Press) . RNA preparation and 
subsequent eDNA synthesis was performed as described by 
Gherardi et al (Gherardi E., Pannell R. and Milstein c. 
J. Immunol. Methods, 1990. 126:61-68}. PCR and cloning 
of the heavy ···chain libraries was performed using the 
primers and conditions described by Ward et al ( Ward, 
E.S., GUssow, D., Griffiths, A.D., Jones, P.T. and 
Winter, G., Nature, 1989. 341: 544-546); 40 cycles of 
PCR amplification were performed. The VH and Fv 
expression vectors used were adapted from those 
previously described by ward et al. They were both 
subcloned into pUCll9 (Veira and Messing see later) and 
the Fv expression vector was modified to include a 
gerrnline lambda-! light chain (obtained as a gift from T. 
Simon (originally cloned by Siegfried Weiss, Basel 
Institute of Immunology)). THe vector is shown in Figure 
53. 
2.5 Expression and ELISA 

For screening single colonies were picked into 
individual wells of microtitre plates (Bibby) in 200~1 2 
x TY/Ampicillin lOO~g/ml/0.1% glucose and then incubated 

35 at 37"C for 5-6 hours with agitation, Isopropyl-~-D-
. thiogalactopyranoside ( IPTG, Sigma, Poole, UK) was then 
added to a final concentration of 1 mM and the incubation 
continued for a further 16 hours at 30"C before 
harvesting the supernatants. The wells of Falcon ELISA 

40 plates (Becton Dickenson, N.J., USA) were coated 
overnight at room temperature with NIP1o-BSA (40~g/ml in 
PBS) and then blocked with 2% skimmed milk powder in PBS 
for 2 hours at room temperature. The bacterial 
supernatants were added and incubated at room temperature 

45 for 1 hour and then the plates were washed three times 
with PBS. Peroxidase conjugated-Goat anti-mouse lambda
chain (Southern Biotechnology, Birmingham, USA) was added 
and again incubated for 1 hour a~ room temperature before 
washing six times with PBS and then developing with 2,2'-

50 . Azino-bis (3-ethyl.benzthiazoline-6-sulfonic acid) (Sigma, 
Poole, UK) as the peroxidase substrate. The optical 
density at 405·nm was measured using a Thermomax 
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micr~pla~.e .. ·reader··. ( Molecular Oevices, Menlo Park, USA) 
after 30 zninutes ~ •. Western · blotting using the . c-terminal 
myc tag ·~~·d.:escribed in example 27. 
3.l.Comuarison of RNA/DNA and antigen selected cells· 

The .. resu:l ts of antigen selection are shown in Table 
13. Less than l%.of cells bind to NIP-BSA coated beads 
and· ·the Qpn.:..specific binding is very low. Assessment of 
the propQl:'tion of. expressed genes from each VH library 
using w.eS.~ern blotting showed that full length VH ·domains 
were expressedin 95% (19/20) of all clones when RNA was 
used as· the starting material but only 60% ( 12/20) of 
clones when DNA (either selected cells or from total 
spleen) ·was used as the starting material. This 
difference.· probably results from the fact that many re
arranged ·.pseudqgenes could be amplified with our primers 
and it · ·appears · that ·there must be some degree of 
selection,· at the level of.transcription, for functional 
genes~.· 

A v~riable number of clones from each type of 
library were screened for the production of Fv fragments 
that bound· to NIP. Initial screening ELISAs were 
performed and positives taken to include those with an 
opticai density of at least twice the background. The 
in.i 1:ial · positives were · retransformed and the binding 
checked :i,.n duplicate: .it was confirmed that the binding 
was specifie' to NIP and · not to BSA. The frequency of 
confirmed. positive NIP binding clones for each starting 
material •. are . shown in . Table 14. . Using DNA as the 
starting' . material for . the PCR amplification is 
approximately.equivalent to sampling the cells present as 
there is oniy one functional re-arranged heavy chain gene 
and at · most one re-arranged pseudogene per B-cell. 
Amplifying from the RNA of an animal of course biases the 
reperto,ire· ·to the reacting B-cells and in a recently 
immunised animal this would be expected to give some bias 
towards ·the. iriununogen. The data .in Table 14 clearly 
shows ho~ powerful this selection .is with the number of 
antigen.· ~ecific · genes being enriched at least 96 fold 
When RNA :_made one week after primary immunisation is used 

. as . the starting material. . The data also show that 
selection . for. . antigen binding cells also provides an 
alternatiye powerful method of selection for the required 
genetic starting material. 
3. 2 Comriarison of Total· Soleen/surface immunoglobulin 
depleted Soleen - - . 

To .. ·examine the cellular basis of the selection 
achieved by ·. using · RNA as the starting material we 
depleted . the spleeri of surface immunoglobulin positive 
cells using. biot.inylated anti-polyvalent immunoglobulin 

-and .. streptav.id.in conjugated magnetic beads. Prior FACS 
analysis had. demonstrated that this method removed over 
96% of ~urface . .immunoglobulin positive cells. RNA was 
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‘micrcplate‘ issderf-fiMcledular Devices, Menlo Park, USA)
after .30f'minutes1; 'Western'blotting using the C-terminal
myc tag vas‘de3cribed in example 27.
3.1." Comparison of RNA/DNA and antigen selected cells

rheuresults of antigen selection are shown in Table
13. A Less than'l% of cells bind to NIP-BSA coated beads
and'thegjnpn—specific binding is very low. Assessment of
the proportion ofgexpressed genes from each VB library
using western blotting showed that full length V'Hdomains
were expressed‘in 95% (19/20) of all clones when RNA was
used as the starting material but only 60% (12/20) of
clones DNA ' (either selected cells or from total
spleen) .was ‘used as the starting material. This
difference I probably results from the fact that many re-

arranged Ipseudogenes could; be amplified with our primers
and it-‘appear‘s that 'there must be some degree of
selection, at the level of transcription, for functional
genes... ': ‘ ~

_ A Variable. number of clones from each type of
library were screened for the production of Fv fragments

that bound to NIP. ‘ Initial screening ELISAs were
performed and, positives taken to include those with an
optical density of at least twice the background. The
initial positives were retransformed and the binding
checked in'fduplicate; it was confirmed that the binding
was specific-to gNIP and' not to BSA- The frequency of
confirmed-j. pesitive NIP binding clones for each starting
mater'ial‘jare ’ shown in ' Table l4.' Using DNA as the
starting material for '_ the PCR amplification is

approximately. equivalent to sampling the cells present as
there is only one functional re-arranged heavy chain gene
and; at faucet" one re-arranged pseudogene per B-cell.
Amplifying from the RNA of an animal of course biases the
repertoire to the reacting B—cells and in. a recently
immunised animal this would be expected to giVe some bias
towards ' the. inuuunOgen. The data in Table 14 clearly
shows powerful this selection is with the number of
antigenispecific gene's being enriched at least 96 fold
when RNA :_made3 one week after primary immunisation is used

‘as. the starting material. ‘The data also show that
selection. .for. antigen binding cells also provides an
alternative powerful method of selection for the required
genetic starting material.

3.2 Comparison of: Total f Soleen/surface immunoglobulin
depleted ‘Sole'en'

To. .’examine the cellular basis of the selection
achieved .by' ,‘using' RNA as the starting material we
depleted the spleen of surface innitunoglobulin positive
cells using ‘ biotinylated ‘anti—polyvalent immunoglobulin
.and..streptavidin conjugated magnetic beads. Prior FACS
anal?sisj,h_ad_ demonstrated that this method removed over
96% of-lsurfaceimunoglobulin positive cells. RNA was
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prepared from both surface immunoglobulin depleted and 
non-depleted factions of a spleen and VH libraries made 
from each. The ELISA results {Table 14) show that the 
number of positives is cer'tainly not decreased by this 

5 depletion suggesting that the major ·portion of the 
selective effec't of using RNA may come from surface 
immunoglobulin negative G-cells (probably plasma cells). 
Conclusions · 

The applicants have demonstrated the importance of 
10 the amplification of specific RNA produced by 

immunisation to enable binding activity to be obtained 
with any reasonable frequency from a combinatorial 
library. The applicants · have also demonstrated an 
alternative strategy which mimics that of the immune 

15 system itself. Using a simple method of selecting for 
antigen binding cells gave comparable enrichment and has 
the added advantage of using a broader range of genes. 
At first sight the random combinatorial approach would 
appear unlikely to produce the original combination of 

20 heavy and light chain because of the vast diversity of 
the immunoglobulin genes. The applicants show here, 
however, that following immunisation, with a go_o_d 
antigen, 10% of the VH genes from total splenic RNA 
isolated come from antigen specific cells so the 

25 effective size of the repertoire is greatly ·reduced. 
This together with the fact that promiscuity of the heavy 
and light chains occurs (examples 21 and 22} accounts for 
the fact that combinatorial system does produce antigen 
binding clones with reasonable frequency. .The data also 

30 suggests that the bulk of the antigen specific RNA comes 
from surface immunoglobulin negative cells which are most 
likely plasma cells. 

The data also show that this simple method of 
antigen selection may be useful in reducing the 

35 complexity of the combinatorial library. In this case an 
enrichment of antigen specific genes of at least 56 fold 
has been achieved which in the normal case where heavy 
and light chains are unknown would result in a reduction 
of the complexity of the combinatorial library by a 

40 factor of over 3000. A further advantage of using 
antigen selected cells (and amplifying from DNA to reduce 
any bias due to the state of the cell) is that this 
results in a broader range of antibody genes amplified. 
It may be that a simple cell selection such as that the 

45 applican'ts have described here in combination with phage 
selection would be ideal. From this example it can be 
seen that by combining cell and phage selection methods 
one could reasonably expec-<: to screen all the 
combinations of heavy and light chain (approximately· 

50 4x1ol0) and would thus be able to screen all binding 
·combinations although this would not, at present, be 
possible from whole spleen (approximately 4xlol4 
combinations, assuming 50% B-cells). 
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·Table 1. Enri~ent of pAb (D1.3) from vector population 

INPUT RATio•· · 'OUTPUT RATIO ENRICHMEN'r' 

..Oligob ELISAC 

pAb: fd-CATi. pA}):total phage pAb:total 
' 
.. 

phage .. 

Single Rotmd. ' 

1: 4x103 43/124 1.3xl03 

1:4xl04 : 2/82 l.Oxl03 

Two Rotinds 

-1:4x104 197/372 2.lxl04 

l:4x105 .. > 90/356 .3/2.4- l.Ox105 

.::-

1:4xl06 :27/183 5/:1.6 5. 9xl05 

l:4xl07 13/278 1. 8xl06 

.. 

Footnotes: aApproximately 1012 phage with the stated 

ratio ·of PAl>. {D1~3) FDTPs/Bs were applied to 1 m1 
. .· . . 

lysozyme-sepharose columns, washed and eluted. 

cells . were infected with the eluted specific binding 

phage · and plated onto TY -tet plates. After overnight 

incubation 'at 30-37°C, the plates were analysed by 

hybridisati.¥·to the 32p, labelled oligonucleotide VHlFOR 

(Ward .et a.r~ op· cit) which is specific· to pAb Dl.3. ·c 
. . . . 

Single colo~es f~om overnight plates were grown, phage 

purified, aild. tested for lysozyme binding. dEnrichment 

was calculated from the oligonucleotide probing data. 
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‘Table l. of? pAb (111.3) from vector population

'" . “SI ‘ _ ii...__mm mm

pAbzfd-CATI ‘

———

v
1:4x106' ' fin/1‘83, ' ’?

—

Footnotes: apaapproximatelf 1C):L2 phage with the stated
ratio {of paras-(1917.3), :AFDTPsi/Bs were applied to 1 3111
lysozymeesepharose‘. columns, washed and eluted. bTGl
cells With the eluted specific binding
phage-rand _ plated’vldonto: fi-tet plates. After overnight

,1ncubratioai3'at still-37°C, the plates were analysed by
hybrids-an? to the 32p, labelled oligonucleotide VHlFOR

(Ward et~ai op cit)'which is specific to pAb Dl.3. ‘c
Single: froni overnight plates, were grown, phage
purified, tested-for I Ilyso'zyme binding. dEurichmen‘k:
was calculated from the oligonucleotide probing data.
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Table 2 Enrichment of.pAb (D1.3) from mixed pAb population 

Input Ratiol Output Ratio2 Enrichment 
.( pAbDl. 3: pAbNQll) (pAb Dl.3:Total phage) 

Single Round 

1 : 2.5 X 104 18/460 0.98 X 103 

1 : 2.5 X 105 3/770 0.97 X 103 

1 : 2.5 X 106 0/112 -
pAb NOll only 0/460 -
Second Round 

1 : 2.5 X 104 119/170 . 1. 75 X 104 

1 : 2.5 X 105 101/130 1.95 X 105 

1 : 2.5 X 106 102/204 1.26 X 106 

1 : 2.5 X 107 0/274 -
1 : 2.5 X 108 0/209 -
pAb NOll only 0/170 -

Notes 

1. · 1010 phage applied to a lysozyme column as in table 

.1. 

2. Plating of cells and probing with oligonucleotide as 

in table 1, except the oligonucleotide was 

Dl.3CDR3A. · 
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. . 

Table 3: Enzym~,. acti vi. tY of phage-enzyme 

Input· .. rtg of enzY"me Rate No. of 
or No. of phage (OD/hr) molecules 

of Enzyme 
equivalent 

. ' = ( x1o-ll) 

Pure Enzyme 335 '34 24.5 

Pure Enzyme . 177.5 17.4 12.25 

Pure Enzyme· 88.7 8.7 6.125 

Pure Enzyme 44.4 4.12 .3.06 

Pure Enzyme 22.2 1.8 1.5 
.. 

11~1 0.86 Pure Enzyme 0.76 

No Enzyme 0 0.005 0 
. " 

fd-pho.Ha166/TG1. 1.83x1011 5.82 4.o2 

fd-CAT2/TG1 l.Ox1012 0.155 0.112 
' . 

fd-phoA1a166/KS27::i . 7 .lx1010 10.32 7.35 

fd-CAT2/KS272 ·. · · 8.2x1012 0.038 0.027 
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I1 4

Table 3: Enzyme-,lacti’v'ity ef phage-enzyme

rig of enzyme - of
.or No. of phage molecules

~ of Enzyme
equivalent

(xlo’n)

“m
,' - 177.5 12.25 A

6-125

Momma/Te: m
" -2
I
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T;lhlt• 4, 1\l'linifl st•lt'l'linn ul' hn1Jh.'n-himlin~ pha~l'. 

•••·••. ('IIIII IIIII lhinl rntmd 

t\ ltunclnm ( 'mnhiuulnriul l.lhrurit•s 

phOx-inmmnisl~d mice 

l lnimmuniscll mkl' 

n llit•nu-c-hh·ul l.ihntrit•s 

Vll-n I Vt.::.-rt·p lihtary 

VII-rtf' I VK·d lilmu-y 

( · Jt"nu:ticmuliun ul' f·II-UIVK-cl 

und \'11-IU.\'K-h 11hanc 1' 

Mixture uf clulll'S 

0/568 (0%) 

8811896 (4.6%) 
j4-tll740 (2.5%)"1 

t In panel C. nunthL~rs rdl'r 111 VH-I:JIVK-J culunks. 

( 'lmws hinrlinl! In 11hf h 1· 

\l'h•t' rirsl rmuul :\l'h•r ~•·c·uncl rumul 

481.\76 ( 13%) 

.l·IH/JHO («J2%) 

2.l/.l8() (7%) 

551<)5 I 57.9%) 

1751188 (93%) 

0/.188 (0%) 

1152/1156 (Q1).7%) 

* Numhcrs aflcr tJucc rcinfcl·tiuns and cycles ul gmwlh. Thinconlrnl,mnilling lhc column Slt'pl-, ('tllllinns llml il spurious ,;rowlh or 
inf,•ctivily ath-unla!!c was 11111 rc!\lmnsihlc lin· the •.'Ill idunl!nl l'ur dont• VII·IJIVK·d. 

• 

,\l'fc•r 
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Table 41 M'linily svlm-Iiml ul' IIupIt-II—liimliuu phage.

I‘lom's binding: [0 |)|I()\"

I’rr-wlunm .\l'lrr first-mum] MM .wmml rmlml 1 M10:-
Illil'll rumml . [#0101760M 

A Ilumlmn ('mnhilmlm-ial Librarivs

phOxvimmunisedmicu 0/568 (0%) 48/376 (I395) l75/I88 (03%|

llnimnmnisul mice - 01388 (0%
 

ll. llivrnrrlliral Lilu'urivs

VII-II I VIc-rrplilmny moo (3%) ‘ 3-ifl/.i8()(‘i2%i

VH-n'p I le Iilmll'y «mo (0%) 23/380 (7%)

(' I’rnclimmliun ul’ VII—IHVK—il

uml \‘ll-lll-VK-l» pliant-1'

Mixlurcufcloncs . 88/!896 (4.6%) ssmsmsm llSZ/ll56(9‘l7%) nomuzwnoqm

‘ mum (2.5%)"I ’

i In panel C, numbers refer In VH-BIVK-d L'nlunics.
.‘k A a u u u u - - l

Numhcrs :Illcr llll'm: rcmlcclinns and cycics u! gmwth. “11:; wmml. nnullmg the column sun-m. mnln-ms Illle 3! spurtuus gruwlll ur
inl'cctivily advantage wax ml rcspnnsihlc for the cm icluucul l'nr clum- VI l ‘HIVK-(I . PSI[0/IGHDIJDJ
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~ .. ···---~ .... --···- . .... ~ ~· _ ...... --... ·-· --... ----··- .. -...,.--- ... --··----
I l'hat:dl'h:q:•·mi•ll Ill: I pH plmt:•· IIi 1111 iu t: In ('hainh) C :tmiu us Suluhll! 

t•h(h:. 11 istlla)·•:•l" Ill lu~iuull d~:~in(s)ll Ut!lll! 

-----·--·--· -------·- ...... ___ .... ,.;, ..... - --... u .. -
Itt 111111 hillllitlll C.: AT:::! IIIIIIC 
lit CAT2-I hhHiiiiH !•.• Fv :mllv It I CAT2-IJ hhuliug bh Jighldlilill, lu:avy t:haiu l'llf:NI .. VCSt.IH 111111 hirulint: lllllil:' 

,Jliii!NH . VCSl\IU llhutii•g. !irFv scFv · ... 
. tiiiENUI VCSMi l hhuling. · l:al• li~;ht chaiu f1cavy ciHiiu · · 

.~ ----··---·- .... .. ···- --- -·-· ·---·-·- _.;...._..;_, 

i•llt:NI I (I Ill'..! IS I l llitulint: :it:l.-v!i piiEUI II IIIH2151) llillllillt: F;,J,§ 
······. ·-- ... ....- .. - ----····· -·----· 

Iii C A 'I' <! - I I I 111111 hilulinu heavy • h01i11 hcuvy d~aiu 
Iii CAT2- IV 111iu hhulinc lighl c ham lighl rhain 
I'III!Nl-111 liiU2151) VCSMil 111111 binding IIOIIt: hciiVy chuin 
l'lll~tH ·Ill (IIIJ 2151) r•Hct-(U)( i I -IV hhuling Fah Iicht chain hcnvy chnin JIIIENIIV (IIIJ2151) VCSt-.111 111111 hincling IICJIIt: liglltt'hlliiJ . pllllUIIV (11112151) fcl 11:!-IH )IiI Ill hincllnt: l·.th ht:11vy l'llilin lit:ht dmln 

( )vervicw of phOx-USA El.ISA results uf phage ami phagemid constructions . 

... Phage were considered to he 'binding' if0Dt105 of snmple was at least Ill-fold grcntcr than 

hackgrouwl iu EI.ISA; 't E.coli TO 1 was used fu~ the g111wth uf the phage unless the usc of 

E.coli I Hl2151 is spccitically indicatc(l; lltnfonmuiun deduced from genetic su ucamc ami in 

accordanc~ with hinding llala; § Hcsult t:onlinncd experimentally hy Wcstem hlo1 (fm Fah, sec 
Figntc. 2!1. 
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Plungell'hngruntidI

.thATZ
“ICAT2~1
hICATa-ti
pHENI.

- nliliNH ..
r ‘p’lllitllzll

' ptnn-nt (nn'zlsn
pin-1m n nnmst)

til (:A'I'z—l ll ‘
thATz—Iv
nltENHll (llll2l5

IIIII‘IHIW (IIII2IS
plililll IV (llll2l5

U

plllil‘ll'lll (llli2l5l)l
I)

.~ -mm-..“ ilk—.7...“ -... ..-—_.......

littllitit‘ liltngl- llitttlittg in (’llniuh)
|tll”.\' '

. nun binding

VCSM n
vtiSMtJ
VCSMH

VCSMII
l'd-lct-llniilw
VCSMH
I'll luI-lNMii Ill

'~ ‘ binding. -

binding
bnnltng . ’
nun binding

binding r"

binding
binding

nnn binding
min binding
ttnn binding
binding
nnn binding
binding

displayed”

mun:

:zt l’v

I‘ub _
nnnti ‘

,eet‘l’v, '
' 'liztb

hunvy l hnin
lighl ( Innlt"Dill:
Fab
lltmt‘.
lath

i
(Slntin as

gene Ill lilbillll"
..Mn...“n...0.. m

snliv

light Cllflilh

A scl‘v ‘

light chain

hcnvy L‘ltilitl
light chain

light chitin

Inmvy rhnitt

Snlnblc

ulminbii"
rh—W

Inmvy clutin

inn-ivy chitin"

:.’t;|"vi
l‘nlt§

heavy chain
heavy chain
light t'httiti ,
light chain

()Vlil'VlCW of phUx-BSA ELISA results (if phage and phngcmid constructions.

* Phage were considered to be 'hinding' if~Ol).|()5 of smnplc‘was at least Iii-fold greater than ‘
background in ELISA; l Ecoli 'I'GI was used fnr tin: gmwth ufthc phage unless the use of
licoh' l “121 5| is specifically indicated; ll lnfnnnzniun dudnccd [mm genetic sttncnn‘c and in

accordnncc with binding dam; § Result cnni'n'mistl cxpclitncntnlly by Westuxn hlut (fur Fab. Sui:
Figtnc EU .

L7010/Z6OM

VEIIOIIGHD/Dd
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\4-':l 

Soluble enz~me Phage enz~me 
(Data from Chaidaroglu · fData from this study) 
et al 19881 

phoArgl66 phoAlal66 phoArgl66 phoAlal66 

Km (llM) 12.7 1620 73 1070 

Relative Km 1 127 14.6 

Relative 0.397 0.360 
kcat 

Relative 0.0032 1 0.024 
kcat/Km 

Table 6. Kinetic parameters of soluble and phage-bound 
alkaline phosphataSe. Relative values of kcat and Km for the 
soluble. enzyme and for the phage enzyme were derived by 

··comparing with the values for wild type enzyme {phoArg 166) and 
the phage-wild type enzyme {fdphoArgl66). 
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. . . . 

. Enzvme Activlt:v. of Phage Samples 

SAMPLE INPUT PHAGE RATE SPECIFIC 
(Construct: host) PARTICLE (pmol substrate ACTIVITY 

. :{pmol_: converted/min) (mol substrate 
converted/mol 
phag:e/min) 

fdphoArg 166 · 2.3·. 8695 3700 
:TGl 
fdphoAla166 · S.6 2111 380 
:TGl 
fdphoAlal66 . 1.8 2505 1400 
:KS272 

fdCAT2: ' 3.3 <1 <0.3 
TGl 
fdCAT2: 5.6 . 70 12 
KS272 

Table. 1-
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Table 8~ Affinity chromatoeraphv of phaee-enzvmes 

SAMPLE INFECTIVITY INPliT PHAGE OUTPliT PHAGE 
(Percentage of PARTICLE PARTICLE 
phage panicles (xl09) (X 1 09) 
which are 
infectious ) 

fdphoArj! 166 0.37% 5160 30 
fdphoAla 166 0.26% 3040 90 
fdCAT2 4.75% 4000 2 
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Nucleotide .. mutation · Amino acid mutadon Number 
(base . position) 

PCf/GB91/0tt34 

30~ .··. Ala->Val (VH FR3) 3. 

703··.·. · ·. Tyr->Asp (VL CDR3) 

706 Ser-> Gly (VL CDR3) 

724 Gly-> Ser (VL FR4) 21 

725 Gly-> Asp (VL FR4} 3 

734 Thr-> Ile (VL FR4) 

Table 9 Mutations ·in scFvBl8 selected by display on phafle 
followin~ growth in mutator strains 
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Nucleotide‘1myitétibn Afiiino acid mutafibn Number
(basespos’itiongflf, ‘ = ‘. -

3Q$fi _ I Ala->Val. (VH FR3) ‘ 3;

.703 j- :Tyr—>Asfi (VL CD123) ‘ 1

'706' ‘V ' 1 1 sex» Gly (VL CDR3) 1 *‘

724 ‘ “ ~' G!y-> Ser (VI. FR4) 21 3

725‘  GIy-> Asp (VL m4) 3

734 .. Thr->[1e(VL FR4) 1

Table 9 Munitions 'in scFvB'ls selected by display on phage
following growth in mutator strains

\P‘
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Table k>Q)Oiigonuclwide primers used for PCR of human immunoglobulin genes 

Oligo Name Sequence 

lluman VII Back Primers 

lluVIIhBACK 
lluVII2aBACK 
lluVH3aBACK 
HuVH4aBACK 
lluVH5aBACK 
lluVII6aBACK 

lluVIIIaBACKSfi 
lluVIJ2aBACKSfi 
HuVH3aBACKSfi 
lluVH4aBACKSfi 
lluVII5~tBACKSfi 

·lluVH6aBACKSfi 

5 I -c.AG GI'G CAG CI'G Gl'G CAG TCI' GG-3 I 
5 I -CAG GrC Me 'l"I'A ACG GAG rcr GG-J I 

5 I -GAG GI'G CAG CTG GTG GAG TCl' GG-3 I 
5 I -CAG GI'G CAG CTG CAG GAG TC."G GG-3 I . 

5 I -GAG GIG CAG CTG 'ITG CAG TCT GC-3 I 
5 I -c:I¥:; GI'A 'CAG erG CAG CAG TC'A GG-3 I 

5 1 -GTC ere a::A ACT GCG GCC CAG CCG GCC ATG C£C CAG GI'G CAG C.."l'G Gl'G CAG TCT CJ3-J' 
5 1 -GI'C ere c£A ACf GCG GCC CAG CCG GCC ATG GC..'C CAG GI'C MC 1"I'A AGG GAG TCI' C,G-3 1 

5' -GI'C ere . a::A ACT GCG GCC CAG CCG GCC ATG GCC GAG Gl'G CAG CI'G Gl'G GAG TCf CG-3 1 

5 1 -GI'C ere a::A ACT GCG . GCC CAG CCG GCC ATG GCC CAG GI'G CAG CI'G CAG GAG · TCG GG-3 1 

5 I -GTC ere a::A ACT GCG Gee CAG CCG GCC ATG r;x CAG GI'G CAG erG TI'G CAG Tcr r,c-J I 
5 1 -:-GTC CI'C G::A ACT GCG GCC CAG CCG CIT ATG ere CAG GTA CN~ CTG C'J\G CAG TCl\ (1~-V 

I Iuman JH Forward Primers 

HujH1-2FOR 
Hu)H3FOR 
Hu)H4·5FOR 
Hu)H6FOR 

5' -TGA GGA GAC GGT GAC CAG GGT GCC-3 I 
s '-TGA AGA GAC GGr GAC CAT TGT CCC:-3 I 
5 '-TGA GGA GAC GGT GAC CAG GGT TCC-3 I 
5 '~TGA GGA GAC GGr GAC CGT GGT CCC-3' 

I Iuman Heavy Chain Constant Region Primers 
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I IulgG1-4CI IlFOR 5' -GTC CAC C'I"f mr GTT GCT GGG CTT-3 1 

IIuigMfOR 5' -TGG MG AG:J C'AC Grr err TTC TIT-3 I 

I Iuman VK Back Primers 

lluVKlaUACK 5'-GAC A'l'C CAG ATG ACC CAG 'fCT CC-3 1 

lluVK2aBACK 5 1 -GAT GTT Gl'G A1'G AC'T CAG TCT CC-3 1 

IluVK3aBACK 
1 luVK4aBACK 
iluVKSaBACK 
lluVK6aBACK 

5 1 -GAA ATT G1'G TD3 ACG CAG TCT CC-3 1 

5'-GAC ATC GTG A1'G ACC CAG TCT.CC-3 1 

5 I -GAA ACG ACA ere ACG CAG TCT cc-3 I 
5 1 -GAA ATT GD3 CTG ACT CAG TCT CC-3 1 

,. 

:::J} lluman }K Forward Primers 
·.~ 

. llu)KlFOR 
. HuJK2fOR 
.lh.IJK:}f0R 
·.1 IuJ K4FOR 
llujKSFOR 

. JiuJiclBA.<:;J<Not 
lluJK28ACKNot 

·I I~jKJBACKNot 
lluJK48ACKNot 
I I uJ KSUACKN ol 

5 I -AcG TTT GAT ·rrc CAc crT GGT ccc-3 I 
5 I -ACG TTT . GAT CTC CAG CTT GGT CCC-3 I . 

5' ..:.ACG ·1'TT Gl\TATC CAC TT'f GGT CCC-3 I 
5 1.-ACG TTT GAT CTC CAC CTT GGT CCC-3 1 

· 

. . 5 I -ACG. TTT MT CTC CAG TCG TGT CCC-3 I 

$'~GAG 1t.A rn: 1CG ACT TQ: mc·CGC AC.'G 11·r c;AT 1'1~ CAC err GGI' cc.:c~3~ .·· · 
. · • s ~~GAG· 'I'CA 1'Tc rCG Acr · 'tGc · w::. CGC· ACG ;rrr c.AT ·.ere cAG. err · c;c;;r ccc-3 I · 

. 5 1 -GAG TCA ·1'TC TCG ACT. 1'GC W::. CGC ACG TIT GAT ATC CAC Tl"l' GGT ·ccC-3 1 
• 

s I -GAG TCA TTC ·reG ACT 1'GC w::. cGc ACG · ·rr.r Gl\T ere cAc cTr GGT ccc-3 I 
5 I -GAG TCA TTC ·reG ACT TGC err. cGC ACG ·t·t·r MT ere CJ\G TO~ T<~T ere-3 I 

llnm.an K Constant Regibn Primers 

· .. : . 
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woazlmw'ff_i'j’fj

Table. I0 C33" Y”

lIngGl-4CI IIFOR

llngMFOR

IluVKlaBACK

HuVKZaBACK

IIuVK3aBACK

lIuVKIlaBACK

“IV-IUVKSQB'ACK
‘ IILIVKfiaBACK

1:45
2“

' IlulerOR

,,I~ln]K2FOR ‘

. _1"1u1x3FOR
,IIIuJK4'FOR . '

2 11151617012

,. V , .» -,7.I;1u1i<li BACKW
f. Tglmjkzn'ACKNo't

KliluleiBACKNot
‘ HullgilBACKNot

llu] KSBACKNot

5'—-GTC CAC C'I'I‘CGT G’I‘T GCT GGG err—3'
sums m3 AGG cm: rm CTT TTC TIT-3'

Human Vic Back Primers

5'-GI\C 1m; CAG A'I‘G Acc CAG TCT cc—3'
5'-GAT GTT G'I‘G A'IC ACT CAG TCT cc~3'

5'~GAA ATI‘ GTG T‘I‘G ACG CAG TCT cc—3'

5'»GAC ATC G'I‘G ATG ACC CAG TC]? cc-3'
5'-GAA ACG ACA C'I‘C ACG CAG TCT cc~3'

5'-GAA ATT G'I‘G CTG ACT GAG TCI‘ CC~3'

‘l Iumanjlc Forward Primers

5'—ACG TT'I‘ GAT T'I‘C (SAC 01"]: GGT ccC—3r
5'—ACG 'I'TT GAT CTC CAG CTT GGT ccc—3"

‘5‘-'ACG-'1"I"I“ GAT‘ATC CAC 'IT'I' GGT CCC~3'
5',_—ACG-TTTT- GAT CTC CACch GGT ccc—3' -

S'y—ACG‘fI‘TT AAT‘C’iC cAG TCG_TG1‘VCC.C-j3' , .

Human ’x Constant Region Primers

= TOG ACT,_TGC GCC CGC ‘AC‘G :m' um. Tic CIj'Gtgyi (1&3' g
- [Sf—GAG TCA ri‘Tc TCG AC1: ,CGC’ ACG TIT iGAT'CTC GAG. C‘l‘F-"GGT (“Cc—3'5

5"—GAG TCA T'I‘C TCG Ac'r' TGC GGC OGC ACG TIT GAT ATC CAC 'm'r GG'I‘ (EC-3" '
‘ ‘5'—GAG TCA TTC 'I‘CG ACT m‘c GGC ch Acct-tr cm CTC CAC C'I'l‘ GGT core—‘3'

S‘-GAG TCA TTC 'I‘CIG ACT TGCGGC can: ACG '1'I"I‘ N\'I‘ CI‘C (“AG 'I'CG 'm'r (“LII-3"
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... 
C "' To..b\.e.. \0 ) 

IluC~~:FOR 5 '-AGA ere TCC c:cr GTT CJV\ GC.."l' crr-3 1 

I h'aCKFORNotl 5 '--('J\G TC/\ TIC To; NT TCX.: cx:;c ccr:. T'J'l\ TTl\ ill 'if\ ( ~I'C TCC: () :'J' GI"J' ( itv\ CC[' C'J''J'-J I 

lluCKHlRNot2 5 '-(~l\(; 'I'( 'l\ T'J'C 'J'('(; 1\f :r 'J'!r nx~ ccx: N 'u'\ ( "('(. '('I'(. 0 "(' ( ;rT I ".IV\ 0 "(' ( "("J'-'P 

I hamt~n A Back prinwrs 

lluAIUACK 

lluA2BACK 

I luA.3aBACK 

lluA3bBACK 

lluA4BACK 

lluA5BACK 

JluA6BACK 

5 '-CAG TC'l' Gl'G 'l"I'G ACG CJ\G Cl'G CC-3' 
5 '-CAG TCT GCC CrG AC'I' CAG CCT GC-3' 
5 '-TCC TAT GrG C'I'G ACT CAG CCA CC-3' 
5 I -'l'CT 'I'Cf GAG CTG AC'l' CAG GAC CC-3 I 
5 I -cAc m·r A'I'A CTG A.cr CM cm cc-3' 
5 '-<.:AG oc·r Gl'G CTC ACI' C:AG CCG TC-3' 
5. 1 -MT '11"f ATG CTG ACT r'.AG CCC CA-3' 

I Iuman A Fbrward Primers 

llu )AlFOR 

llu )A2-3FOR 

llu JM-SFOR 

llu jAIFORNOT 

Ilu jA2-3FORNOT 

· flu }A4-5FORNOT 

· 5 I -Ace TAG GAc GGT cil\c ct·r GGT ccc-J I 
5 I -Acc TAG GAC GGl' eN; CI"r GGT ca::-3 I 
5 1 -ACC TM MC 03'1' C·J\f~ C'IG GG"'T CCC-3' 

5 1 -GI\G TCl\ 'I"l'C 'I'CG ACT T< :;c ax:: CCC ACC Ti\1 ; ' 'v\C ci ;T Gl\C CIT CCiT en:-v 
5 '-GAG TCA TIC TCG l\C'l' TGC ax:: CGC AO~ 'I'N:~ 1 'J'\C~ CGT CAG CTT c;t:;T Ct X :-J 1 

5 1 -Gl\G TeA TTC TCG ACT T<X: CT.:C CGC l\CY 'I'M MC F{;T GAG CTG GGT CO~-3 1 

llumi.ln A. C·msti.lnl Region Primers 

... 
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11• 

I luCA.FOR 5 ' -'I'l~ AC'J\ 'I" l'C '.l'GT l\C¥3 GGC CAC 'IGI' Cl"l'-3 ' 
I JuCA.FORNot I 
11uCA.FORNot2 

5 1 -GAG TCA TTC 'l'CG ACl' 'IQ.: GGC CGC 'l"l'A 'l"l'A TC:'J\ 1\GA 'l.lX'~ 'l'Gl' N?J; O.iC Cl\C ·n;T CJ''I'- 31 

5 1 ~'1\G TCl\ 'I1'C TCf; Ar:r TC'£ GGC CGC 'l'GC N-;J\. 'l"I'C TGI' AFJ; C-t:C 'r(:;T CTT-'3 1 

Lin kcr oli gos 

Reverse JII for scFv linker 

RlluJI ll-2 
Rilu}ll3 
IUiujll4-5 
Rllu}II6 

5'-o::A CCC TGG 'I'CA CCG TC'l' ccr CAG Gl'!; G- 31 

5 ' --('£;A CM 'l'GG 'I'CA CCG Tcr err CAG · GrG G-3 ' 
5 • --GAA ccc 'ff'.:>G 'l'CA ccG TCT CCT CAG Gn; G-3 I 
5 I -c-c,A CC'A eGG TC'A ccc; TCr CCT CAG GT<~ c-3 I 

Rcycrse JgG1-4Clll primer for Fab linker 

RllulgGl-4CIIlFQR 5'-MG CCC NX MC AlX:. MG GI'G GAC-3' 

Reverse V K for scFv linker . 
. . .· . . . 

RIIuVK:laDACKFv 5 1 -GC3A GAC TGG Gl'C ATC 'l'GG A'IG 'l'CC GAT ~U.i I 'l:-3 1 

RiluVK:2aDACKFv 5 1 -GGA GAC TGA GTC P.:rc ACA ACA TC"C GA'·i· C:X.:r; cc-3 1 

RlluVK3aBACKPv 5':-GGi.\ GAC TGC G'l'C AAC ACA ATT TCC Gl\T CCG CC-3' 
RlluVK4aDACKPv .. 5·,~ ·GAC 'l'GG GrC ATC AcG A.i'G 'J.'C<:.GAT cc:G cc:-31 

RlluVKSaDACKPv 5'-GC'.:Jl. GAC 'l'GC Gl'G AGT G'fC GIT TCC GAT co.; 0:- "3' 
RiluVK6aDACi<Fv 5'-GGA GAC TGA GTC AGC AC'A A'IT 'l'CC GAT ccn n:-3' 

Reverse VK for Fab linker 
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Table. \o~ " ' *>
g. l

E lluCM‘OR _ 5'-TGA AGA 'l‘lC '.l‘GT AGG GGC CAC TGT CIT—3' , ‘
E IluCMTORle 5'-GAG TCA 'l"l‘C ’l'CG ACT '10: GGC CGC 'l"l‘A 'I"l‘1\ 'l‘lSA ASA 'l'll',‘ 'l'Gl‘ AGG CU.) (SAC '113'1' (.TI"l'-3'

YE lluCM’ORNolZ 5'4G7\G TC‘A TIC 'I‘CG Nf'l' TGC GGC CGC 'l‘Gt“. NRA ‘l"l‘C TG'I‘ AGO (WI? ’l‘G’l‘ ("Tl-'3' '
U ’ 4\

l.’ k l' .Q m or 0 13m

Reverse III for scFv linker

RIIuJIII—Z 5'-GCA CCC 'I‘GG 'I‘CA CCG 'I'C'l‘ CCI‘ CAG G'l‘G (3*3'
Rllulll3 ' 5'-GGA CNX TGG TCA CCG TCT CTT CAGG'I‘G G~3’

RllullM-S 5'—GAA CCC TGG 'I‘CACCG 'I‘C‘I‘ CCT CAG G'IG G-3'

RlILIIIlG 5'-GGZ~\ CC‘A CGG TCA CCG TCI‘ CCT CAG G'I‘G C~3'

Reverse IgGJ—4Cl 1'] primer for Fab linker
" r.)

RI lulgc21-4cnurok 5'—I\AG cu: AGC MC ACC‘ Am; GIG GAG-3‘

‘ Reverse VK: for scFv linker ~

- RllqulaBACKl‘v swam GAC we are ATC"1‘GG ATG 'ICCGA’I‘ m; .xt—3'
RIIuVKZaBACKFv 5'—GGA' GAC GI‘C A'I‘C 'ACA ACA TCC Cw; c1:—-3'
RIIWK3_aBACI<Fv.. GAC rec ,Grc :AAc-AQA .chm'r way-3" .
‘Rl'luVK4aBACKFv “'5"—GGA 'GAC "lac; 'GTC A'rc 'AOG Air; TCC'JGATcd; lit—3'"
RlIuVKSaBACKFv 5‘—GGA GAC 'IGC GI'G AGT GTC GTT ch GA'I' (xx; (arr—3' ‘ -
Rr‘mvlcaaB‘AcKFv S'-GGA GAC fI’GA GTCAGC ACA ATT TCC GAT (gm (13‘3"

 

Reverse VK for Fab linker

n
'9
Gu—

EN,
O\

3
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. \a..ble.. lO 

~ -C: RlluVKlaB/\CKFab 5'-{;(~ CJ\C TGG GTC l\TC TGG l\TG TCG G:C: ATC n.~l' <J'i-3' ..... 
~ RIIuVK2aBACKFab 5 1 -GC;?\ <.:~C 'l'GC Gl'C l\TC AC'J\ ACA TCG n :c l\'IC q :T c~ ;-v 
c Rl IuVK3aD/\CKFab 5 1 -t:;t:;.l\ Gl\C ·n:;c GTC MC l\CA l\'IT 1'CG GCC l\'IC o :T G ;- 3' 
~ i5:: RIIuVK4aBACKFab 5' -{·;c;A GAC TGG GTC l\'I'C l\CG l\TG TCG ere l\T! · r rT n ;-·~' 

'J' 

RlluVt\SaB/\CKFab 5' -():.::7\ Cl\C TGC GI'G l\Gl' GI'C Grr TCG Cl.:r: l\'1'(' 0 ''I' c;! ;-'3' 
RlluVK6a13/\CKFab 5 1 -GGl\ Gl\C ·n:;r..::: Gl'C A<?C AC'A l\'I"r Tffi GCC 1\'l'< · n :T n~-:3' 

Reverse VA. for svFv linker 

RlluV"A.BACKlFv 
RlluV"ABACK2Fv 

RIIuV"ABACK3aFv 
IU luV"A.BACK3bFv 

5 I -GC':C t?GC TGC GI'C MC l\CA GAC 'I'CC GNI: CCG CC:l\ CC:G CCA C'.J\G-3 I 

5 '-GC'A GGC TGA Gl'C AGA a..::A Gl\C TGC Gl\T ax; CCI\ CCG CC'J\ Gl\G-l' 

5 1 -GGT GGC TGA GTC AG: ACA TAG GAC GA'l' CCG CCA <.X:G CCA GAG-3' 
5 I -GGG TCC TGA GJ'C AC:£: TCA GAA GAC GAT co; ('(:A ( :c :c; CCA GAG-3 I 

IUiuV"A.BACK4Fv 5'-<T£ GGT TGA Gl'C AGr NrA ACG TGC GAT en; CC'l\ CCG l"C'J\ GAG-3' 
HlluV"ABACK5Fv 5'-Gl\C eTC TCJ\ GTC AGC ACA GA.C TGC GAT CC!; CCA 'CCG ("{'J\ Gl\G-3 1 

.1UhtV"A.B/\CK6F\' 5'-TCG Cl.r 'Ir'J\ t:;'l'C ArJ:'. 1\Tl\ NV\ TI'C (7\T 0'(; ('f'l\ co; C:C'J\ CJ\G-V 

l{everse VA. for Fab linker 

RlluV"A.BACKlFab 5'-GGC: GGC TGC G1'C AAC ACA GAC TGG GCC ATC U.T GGI' 'lt~_; GCA-3' 
RHuV"ABACK2Fab 5'-GCA en::; TGA GTC AGA G..:::A GAC TGG GCC ATC cr:r GGT TGG IXA-3' 
RlluV"A.BACK3aFab 5'-GGT GC'£ '1\:J\ GI'C AGC'.. ACA TAG GAG GCC l\TC o.:T o:::;r TG3 G.:A-3' 
RlluVA.BACK3bFab 5'-GCG TCC TGA GfC AC£ TCA GAA GAG GC'C ATC CIT c;r;r 'J'G.J CCA-'3 1 

.RIIuV"A.I3ACK4Fab 5'-GGC ffi'f 'l'C..A GTC AGI' A'l'l\ ACG Tffi GCC l\'l'C 0..:'1' CGT 'l'CG GCA-3' 

RlluVA.BACK5Fab 5 '-(".J\C O::C TGA GTC NT. 1\Cl\ C'J\C 'I'Q; CX:.C l\TC r r:T C;<~T '!'(); c;cl\-3' 
RlluVA.B/\CK6Fab 5'-T\£ CfX:'. 'l'CJ\ GTC N1~ 1\Tl\ JIM 'ITG 1-.CC l\'1~: I ~:T Cl;'f' 'I'Cn <Tl\-V 

.• 
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RIIIIVKIHBACKFflb 5'-GGA GAC "

RIIIIVKZaBACKITnb 5'-GGA GAG

RHuVKBaBACKl’nb 5'—G(ll\ GAG

RIIUVMaBACKFnb 5'—GGA GAC

RlIuVKSaBACKFab’ 5"(331‘. GAG '
RIIuVKfyaBACKFab 5'—-GGI\ GAG

Reverse VA for stv linker

RIIuVMJACKva 5"GGC

RIIuVABACKZFv 5'~GCA

RIIuVlBACKBaFv 5'*GGT

RI InVlBACK3va 5 '-G{'3G

RHuVlBACKdFv 5'-GGC

REIIIVABACKSFV 5'-GI\C A

,RlluVlBACKfiFv 5'41”; M

Reverse VA for Fab linker

RImVABACKIFab 5'~G(3C

RHuVlBACKZFab S'-—GCA GGC

RIIuVABACKsaFab S'-GG'I‘ GGC

RlluvaCKstab 5'-GGG ch
,RnuvABACKurab 5'-GGC GGT

RIIuvaACKSFab 5'—GAC GGC

RIIuVlBACKGFab 5'~TGG CGC

" (3'11: A'l'c: TOG A’I‘G TCG GCC

Grc M‘C AC‘A ACA TCG m:
(3'11: MC Am A'IT TCG GIIC

G'I'C A'I‘C ACG MG ’ICG cm:

‘ , am [\(3‘1' arc GIT 'ICG (U:

m: Am AC‘A ATI‘ TCG 6(ij

I . 'I'GC GI’C AAC ACA GAC TGC GAT CCG (TC'A (KEG

. TGA GTC AGA GCA GAC TGC GA'I' CCG (TCA CCG

‘ TGA G'I'C AGC ACA TAG GAC GA'I' (KEG (YC‘A C(TG

‘ TGA GI'C AGC TCA GAA GAC GA'I' (.1113 (FA (2(‘(3
TGA GI'C AGT A'I'A ACG TGC GAT CCG (TA CCG

‘ TGA G’I‘C AGC ACA GAC TGC GA'I‘ m; (137s,

' “53‘ Gm AGC 1‘11?“ MA TIC GA’I' ("Hi (T'A (XI;

'I‘GC G'IC AAC ACA‘ GAC TGG GCC A11: (151‘ (3GP

TGA GTC AGA GCA GAC TGG GCC ATC GUT GG'I‘

TGA GK: AGC ACA TAG GAG GCC A'I'C (m cm"

TGA GI‘C AGC TCA GAA GAG (m A'l‘C my mt

'IGA GTC AGI‘ ATA‘ ACG TGG Gcc me my GG'I‘

'I'GA G'rc AGC‘. ACA GAC me (In A'I'C txrrr (171‘

'wa arc m: ATA AAA m; m: m: H‘T'I' (m

GAG“ 3 '

GAG-73 '

GAG-3 '

GAG~3 '
GAG-3 '

GAG—3 '

GN‘E- '3 '
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Tahle I I. Deduced protein sequences of heavy and light chains selected from unimmunized library 

Oxazolune binder 

HEAVY CHAIN 
VH15 .4 · QVQLVQSGAEVKKPGASVKVSCKASGYTFT SYGIS WVRQAPOQGLI!.»fl WISA"ffiGNTKYAQKLQa RV'l'Mt'l'I71'STA'fMEL!Un.,RSDM'AVYYCVR LLPKRTATLH 

LIGHT CHAll~ 
VL15.4 

BSA B lrrders 

HEAVY CHAllfS 

NNYVS WYQHLPGTI\PNLLIY DNNKRPS GIPDRFSGSI<SGTSATLGI'IUJ.QroDEADYYC <11WDGR 

"13. 5 QVQLVQSOOGVVQPGRSLRLSCAASOF'I'FS S~ WVRQAPGKGI.oBWVA VISYOOSNIYYADSVKIJ RFTISRDNSKlfi'LYl.Q•lNSI...R.AEDTAVYYCAJ.t 'IUYSSGWGY 

LIGHT CHAINS 
VLJ. 5 SSii:L'l'QDPAVSVALGQI'VR~ QGDSLRSYYAB WYQQKPOQAPVLVIY GKNNRPS GIPDRFSGSSSGNTASLTI'l'OAQAEDEADYYC HSRDSSGNH 

Ly!iuzyme ~inders: 

YYTDVWOKat' 

N HEAVY CHAINS 
1.1' VHl 0.1 ~SGDSIS SGGYS , WIRQPSGKaL.EWIG S11HHSGPTY'llNPSLitS RV'IMS\IJ::m311NQFSLltLltSV'l'AN.71'.1\MVFCI\R l'XJGSTWRSLYKH YYMDVWOK 

VHU .1 QVQLQESGPGLVKPSin'l.BLVCTVSQGSIB FSY'NJ, WIRQPPGIOLI!MIG YISHRm'DYNSSLQS RVTISI\I1l'SIINQFSLKLSSV"'NUJJ'AVYYCI\R SFSNSFFFGY HOQClT 
VH13 .1 QVQLVQSG11BVKKPGQSI.MISCQGSCJYSFS NYKIG WVRCJU'GKIJLJ!Htl IIYPGDSDJ'RYSPSFQCJ QVTISADitSISTAYLHWSSLIWIM'ALYYCAA LVOOI'PAY WGQC1l' 
Vlll6.l .QVQLVQSQABVKKPOQSLRISCROAGYSFS TYHIG WVRQMPG~ IIYPODSDTRYSPSFEG QVTISVOitSITTAYLHWSSLKA 

LIGHT CHAINS 
VK10.1 ElVLTQSPSSLSASVODRVTITC 
VL14.1 SSii:L'l'QDPAVSVAFOQTVRITC 
VLll.l HVILroQPASVSOSPOQSITISC 
VL16.1 QSALTQPASVSGSPGQSITISC 

RASQSISNYLN WYQQKPGKAPKLLIY Al\BI'1.QS GVPSRFSGSGSG'l'DFI'LTINSLQPBDFATYYC OOinSFP 
QCJDSLRSSYAS WYQQKPGQAPLLVIY GENSRPS - OIPDRFSOSSsaNTASl.II'I'J\lJ\QAEDEADYYC . NSRDSRat'HL 
'roSSR.DVOOYNYVS WYQHHPGJWIKLLIS Bll'mRPS GVSNRP'SOSitEICN1'2\Slii'ISGI.QAEDEADYFC ASYTSSKT 
BGSSSDIORYDYVS WYQHYPDKAPKLLIY . BVKHRPS GISHRFSASKOONTASlii'ISELQPGDEADVYC ASYT 

L'1'FOOO 
BVFOO 
YVFGG 
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Table II. Deduced protein sequences of heavy and light chains selected from unimmunized Iihrary

Oxazolone hinder'

HEAVY CHAIN

VHISA ' QVQLVQSGAEVKKPGASVKVSCKASGY'I’E‘T SYGIB WV‘RQAPGQGLW WIQAYNGN'I‘KYAQIQQG Rmnmmmmmcm WMTA'IU’I WIDVWGKG'I‘
LIGH’I‘ CHAIN
VLISA NNYVS mommmuzv DNNICRPS GIPDRFSGSKSGI‘BNI’IGIWGDEADWC G'IWLX3R

BSA Bindersper/0391101134
WW CHARM ~ l ’

“43.5 QVQLVQWVQPGRSLRLSCAABGF‘I‘FB Em
LIGHT CHAINS '
VL3.5 SSEUIODPAVSVW‘VRI'IC OBDSLRHYYAE WYQQKPWAPVLVIY GKNNRPS GIPDRFSGSBSGIWASLTI‘IEAQAEDEADWC HERDSSGNH VVFGG

WRQAPGKGLEWVA VIEWme RETISRDNSKIHLWISWDI’AWYCAX 'IUYBSGWG‘!

Lys‘uzynw hinders:
HEAVY CHAINS
VHIDJ WEEDSIE SGG’YS, WIRQPWIG EVHHSGPTYYNPSLKS RV’IMSVDISWFSLWAAD’I‘W mammvm WMDVWGK
V'Hldul QVQLQBSGPGLVKPfiWLVGI‘VBGGBIB ram, HIRQPPGWIG ummmm Rmsmmmmmmm BF’BNBFFFUY WGQGT
VHIJJ. QVQLWKWIWBFB NYWICI WWW IIYPGIE‘DIRYBPEFDG OWXWKSISTAWIMDWJYYCAR LVGG'I‘PAY WGQGI‘
WHEJ OVQLVQSGAEVKKFOQSLRISCWBFS MIG WWW IIYPDWUIRYBPSFEX’! QWIBVDKSI'I'I‘AWLKA
LIGHT CHAINS
VKID . .l EIVL'IQSPSSLSAHVGDRWI’I‘C RABQSISNYLN WYQOKPGWIUJLIY‘ W GVPBRFBGSGSGI'DFILTINMPWFNI’YYC WINSFP mm
Vle . l BBEZUIQDPAVHVAMIVRI'IC WYM WKMAPIL‘IIY GENBRPB r GIPWWTUMAEEADWC. NSRDGRG'I‘HL moo
VL13 . 1 HVIIWPABVBGSPGQBITISC WINNIE WNWKILIB mm wmmmmwmm ASY'IBSK‘I‘ W500

_ V1116, 1 QSAL'IOPASVBGSPGQSI‘I'ISC BGSBSDIGRYDWS MQWPDKAPKILIY > EVMPS GISIMBSWUPISELDPGDEADYYC MT1

WO92101047

PFIZER EX. 1502

Page 3230

 



W092/01047 
15 3 PCT/GB91101134 

Table 12 

Enrichment of pAbNQll from pAbD1.3 background by 

affinity selection using Ox-BSA biotinylated with a 

cleavable reagent and binding to streptavidin magnetic 

beads 

Input Ratiol 
__lP.AbDI.3:pAbNQll l 

1235:1 

~350:1 

Output Ratio:! 
<pAh NQll: Total pbaszel 

611197 

5f2f12 

Enrichment 

690 

544 

I. 1.9xiOl0 phage in 0.5ml mixed for !hour with 5J,Jl streptavidin-magnetic 
heads precoated with antigen (QX-BSA). 
2. Colonies prohed with the oligonucleotide NQIICDR3 
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Table : Results ofantigenic cell selection . 

Number % of total . 

of Cells cells 

Total spleen cells 4xl07 

cells bound to 0.8xl04 0.02 

uncoated beads 

Cells bound to NIP~BSA · 22xl04 0.55 

coated beads 
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Table : '. ults of agtigenj; cell selection.

Number ‘70 of totai ‘

of Cells cells ' a

. . . I
Total spleencells -, i. V ‘ a 4x107v —

Cellsboundto . . _. 0.8x104' 0.02

Ceflsboundto NIPfiBSA T > >- 22x104 055

coatedbeads _ “7' H V ' wfi
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14-
Table . : Results of Fv NIP binding EilSAs from selected cell populations: 

· CeH Population 

DNA from total spleen 

RNA from total Spleen 

DNA from antigen 

binding cells 

Surface Ig Selection 

RNA fromSurface Ig 

negative fraction 

RNA from total Spleen 

Positives 

·o/94o 

29/282 

17/282 

8194 

4/94 

... Degree of enrichment compared to total DNA. 

*Degree of 

Enrichment 

>96 

>56 
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5 

10 

15 

20 

25 

CLAIMS 

1.- A method .. qf producing a mul timeric member of a 
speCific __ binding pair· ( sbp), which method comprises: 
express±Oif:<"- in - a - recombinant host organism a first 
polypeptide chain.-. c.£ said -"sbp member or a genetically 
diverse-population of that type of sbp member fused to:a 
component of a secreted replicable genetic display package 
( rgdp) which thereby displays said polypeptide at the 
surface of_. the package, and expressing in a recombinant 
host organism a_ second polypeptide chain of said multimer 
and causing - or -allowing the polypeptide chains to come 
together to form said multimer as part of said rgdp, at 
least' one of said polypeptide chains being expressed from 
nucleic acid that is capable of being packaged using said 
component ~herefor, whereby the genetic material of each 
said rgdp encodes a said polypeptide chain. 

- . . . 

2. i>. method according to claim 1 wherein both said chains 
are expres~ed irl the same host organism. 

3.- -A method _ according to claim 2 wherein said first and 
second chains of said multimer are expressed as separate 
chains _from a single vector containing their respective 
nucleic acj.d. · . .·. . '-

4. A method -according to any one of claims 
wherein · at - least one of said polypeptide 
expressed from a phage vector. 

1, 2 and 3 
chains is 

3 0 5 . A method according to any one of claims 1 to 4 wherein 
at least one of said polypeptide chains is expressed from 
a phagemid-- vector, -the· method including- using a helper 
phage, or a plasmid expressing complementing phage genes, · 
to help p~(;:kage sai.d phagemid g~ome, and said component 

35 of the rgdp is a capsid protein therefor. 

40 

45 

50 

55 

6. A method according to - claim 5 wherein said capsid 
protein _is•·absent, ·defective or conditionally defective in 
the helper phage. -

7. A mett,.od according to any one of the preceding claims 
which comprises·introducing a vector capable of expressing 
said first· ·polypeptide· chain into a host organism which 
expresses-said _second polypeptide chain in free form, or 
introducing a vector capable · of expressing said second 
polypeptide - in · . free form into a host organism which 
expresses said first polypeptide chain. 

8 . A method--_- according to-_ any one the preceding claims 
wherein each said. polypeptide chain is expresse~ from 
nucleic acid which is capable of being packaged as a rgdp 
using said -component fusion product, whereby encoding 
nucleic acid for~ both said polypeptide chains are packaged 
in respective rgdps. 
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9. A method according to any one of the preceding claims 
wherein the nucleic acid encoding at Ieast one of said 
first and second ·polypeptide chains is obtained from a 
library of nucleic acid including nucleic acid encoding 

5 said chain or a population of variants of said chain. 

10 

10. A method according to claim 9 wherein both the first 
and second polypeptide chains are obtained from respective 
said libraries of nuc~eic acid. 

11. A method of producing a member of a specific binding 
pair {sbp) from a nucleic acid library including nucleic 
acid encoding said sbp member or a genetically diverse 
population of that type of sbp member, which method 

15 comprises: 
expressing in recombinant host cells polypeptides encoded 
by said ·library nucleic acid fused to a component of a 
secreted replicable genetic display package (rgdp) or in 
free form for association with a polypeptide component of 

20 said sbp member which is expressed as a fusion to said rgdp 
component, so that the rgdp displays said sbp member in 
functional form at the surface of the package, said library 
nucleic acid being contained within the host ce11s in a 
form that is capable of being packaged using said rgdp 

25 component, whereby the genetic material of an rgdp 
displaying an sbp member contains nucleic acid encoding 
said sbp member or a polypeptide component thereof. 

12. A method of producing a member of a specific binding 
30 pair ( sbp) , which method comprises: 

expressing in recombinant host ce11s nucleic acid encoding 
said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 

35 with a component of a secreted replicable genetic display 
package ( rgdp) which displays said sbp member at the 
surface of the package, nucleic acid encoding said sbp 
member or a polypeptide component thereof being contained 
within the host ceil in a form that is capable of· being 

·40 packaged . using said rgdp component, whereby the genetic 
material of the rgdp displaying said sbp ·member encodes 
said sbp member or a polypeptide component thereof, said 
host organism being a mutator strain which introduces 
genetic diversity into the sbp member to produce said mixed 

45 population. 

13. A method of producing a member of a specific binding 
pair (sbp), which method comprises: 
expressing in recombinant host ce11s nucleic acid encoding 

50 said sbp member or a genetically diverse population of that 
type of sbp member, wherein the or each said sbp member or 
a polypeptide component thereof is expressed as a fusion 
with a component of a secreted replicable genetic display 
package ( rgdp) which displays said sbp member in functional 

55 form at the surface of the package, nucleic acid encoding 
said sbp member or a polypeptide component thereof being 
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co~tained wi:thin the. post' ce~~ j_~'a form that is capable 
of being'packageci using said rgdp component, whereby the 

· genetic rnate.riai · ot the rgdp displaying an sbp member 
encodes sa~d sbp.rnember or a polypeptide component thereof, 

5 said.fusions being with bacteriophage capsid protein and 
the rgdps. being. forined ·with s~lid fusions in the absence of 
said capsid protein expressed in wi~d-type form. 

10 

15 

20 

25 

14. A method of producing a member of a specific binding 
pair (sbp) which method comprises: 
expressingin recombinant host ce~ls nucleic acid encoding 
said sbp m~er or a genetica~~Y diverse popu~ation of that 
type of sbP ·member, wherein the or each said sbp member or 
a po~ypeptide:coniponent thereof is expressed as a fusion 
with a component of asecreted replicable genetic display 
package ( X"gdp} which displays said sbp member at the 
surface of. the package, nucleic acid encoding said sbp 
member or a po~ypeptide component thereof being contained 
within the . host cell in a form that is capable of being 
packaged using ·said· rgdp component, whereby the . genetic 
material of the.rgdp di.splaying an sbp member encodes said 
sbp member · or a polypeptide component thereof, said sbp 
member. ()r polyPeptide component thereof being expressed 
from a.phageDdd as a capsid fusion, and a he~per phage, or 
a plasmid expressing complementing phage genes, is used. 
a~ong with.· said capsid fusions to package the phagemid 
nucleic .· aci.d. 

15. ·A metQod according to. claim 14, wherein said capsid 
30 protein is absent, defective or condition~~ly defective in 

the helper.:~ phage. · · 
:' ~· 

16. ·A method according to any one of claims 13 to 15 
wherein the host ce~l is a mutator strain which introduces 

35 genetic diversity into the sbp member nuc~eic acid. 

40 

45 

50 

55 

17. A . method according to any one of claims 9 to 16 
wherein i;;aid librarY or genetically diverse population is 
obtained from: . . . 

{ i} . the repertoire of rearranged immunoglobulin genes 
of. an . animal immunised with complementary sbp 
member,· · . 

( ii ) · · the ·repertoire of rearranged immunoglobulin genes 
of. ari~animal not immunised with complementary sbp 
member, 

(iii) ~· repertoire of an artificially rearranged 
· imm\moglobtilin gerie or genes, 

( i v) .. a repertoire of an immunog.lobu~in homolog gene 
:Or genes, or. 

( v) a mixture of any of ( i ) , ( ii ) , ( iii } and ( i v) . 

18. A ~e:tb6d according to any one of the preceding c~aims 
· wherein sai.d sbp member comprises a domain which is, or is 
.homologou~., to, , ~ immunoglobulin domain. 

19. ·A me~o9acqQrdirig to any one of the preceding claims 
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contained within the host cell in’a form that is capable
_of being packaged.nSing said-rgdp component, whereby the
genetic _,mate;1a1‘ 'of: the, rgdp displaying an sbp member '
encodes said sbp member or a pelypeptide component thereof,
said fusions being with banteriophage capsid protein and
the rgdps‘beinggformed with said fusions in the absence of
said capsid—protein expressed in wild-type form.

14. A methOd of producing a member of a specific binding
pair (sbp) which method comprises:
expressing in recombinant host cells_nucleic acid encoding
said sbp member or a genetically diverse population of that
type of sbp member, wherein the or each said sbp member or
a polypeptide component thereof is expressed as a fusion
with a component'of a secreted replicable genetic display
package (rgdp)‘ywhich displays said sbp member at the
surface as the package, nucleic acid encoding said sbp
member or a polypeptide component thereof being contained

within the host cell in a form that is capable of being
packaged using'said rgdp component, whereby the.genetic
material of the rgdp displaying an sbp member encodes said
sbp member or a polypeptide component thereof, said sbp
member'or polypeptide component thereof being expressed
from a phagemid as a capsid fusion, and a helper phage, or
a plasmid expreSSing complementing phage genes, is used.
along with said capsid fusions to package the phagemid

nucleicacid. ' ‘

15. 'A-method according to claim 14, wherein said capsid
protein is abSent, defective or conditionally defective in
the.helper;phage; '

16. »A'method according to any one of claims 13 to 15
wherein the host cell is a mutator strain which introduces

genetic diversity into the sbp member nucleic acid.

17. A method according to any one of claims 9 to 16
wherein said library or genetically diverse population is
obtained from: ' . ,7 p

(i) , the repertoire of rearranged immunoglobulin genes
, of an animal immunised with complementary sbp

- - member. ' V ' '
(ii )j : the repertoire of rearranged immunoglobulin genes

‘ of an,animal not immunised with.complementary sbp
.; member,‘ .

(iii), a' repertoire of an artificially rearranged
‘~ “.immhnoglobulin gene or genes,

(iv) VVa_repertoire of an immunoglobulin homolog gene
. -. or genes,'Or ‘ V

(v}v “Aa mixture of any of (i), (ii), (iii) and (iv).

18. VA'methodjaccording to any one of the preceding claims
‘wherein_said sbp member Comprises a domain which is, or is

“homologouséto, an immunoglobulin domain.

19. ‘A method according to any one of the preceding claims
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wherein the rgdp is a bacteriophage, the . host is a 
bacterium, and said component of the rgdp is a· capsid 
protein for the bacteriophage. 

5 20. A method according to claim 19 wherein the phage is 
a filamentous phage. 

21. A method according to claim 20 wherein the phage is 
selected from the class I phages fd, M13, f1, If1, 1ke, 

10 ZJ/Z, Ff and the class II phages Xf, Pf1 and Pf3. 

22. A method according to claim 20 or claim 21 wherein 
said sbp member or polypeptide chain thereof is expressed 
as a fusion with the gene III capsid protein of phage fd 

15 or its counterpart in another filamentous phage. 

23 . A method according to claim 22 wherein said sbp member 
or polypeptide chain thereof is inserted in the N-terminal 
region of the mature capsid protein downstream of a 

20 secretory leader peptide. 

24. A method according to any one of claims 19 to 23 
wherein the host is E.coli. 

25 25. A method according to any one of the preceding claims 
wherein nucleic acid encoding an sbp member polypeptide is 
linked downstream to a viral capsid protein . through a 
suppressible translational stop codon. 

30 26. A.method according to any one of the preceding claims 
wherein the rgdps formed by said expression are selected 
or screened to provide an individual sbp member or a mixed 
population of said sbp members associated in their 
respective rgdps with nucleic acid encoding said sbp member 

35 or a polypeptide chain thereof. 

40 

27. A method according to claim 26 wherein the rgdps are 
selected by affinity with a member complementary to said 
sbp member. 

28. A method according to claim 27 which comprises 
recovering any rgdps bound to said second member by washing 
with an eluant. 

45 29. A method according to claim 28 wherein the eluant 
contains a molecule which competes with said rgdp for 
binding to the complementary sbp member. 

30. A method according to any one of the claims 27 to 29 
50 wherein the rgdp is applied to said complementary sbp 

member in the presence of a molecule which competes with 
said package for binding to said complementary sbp member. 

31. A method according to any one qf claims 26 to 30, 
55 wherein nucleic acid derived from a selected or screened 

rgdp is used to express said sbp member or a fragment or 
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5 

10 

derivative thereof in a recombinant host organism. 

32. A method according to claim 31 wherein nucleic acid 
from . one· qr more rgdps is · taken and used to provide 
encoding • n\l,cleic acid .· in a further said method to obtain 
an individual sbp member or a mixed population of sbp 
members;·or-ericoding.nucleic acid therefor. 

33. A metbPd according to claim 31 or claim 32 wherein the 
expression end product is modified to produce a derivative 
thereof.· .· 

34. A. method according to any one of claims 31, 32 and 33 
wherein.th~ axpression end product or derivative thereof 

15 is used to prepare a therapeutic or prophylactic medicament 
or a diagnOstic product. 

35. Recombinant host cells harbouring a library of nucleic 
acid fragments co~~~Prising fragments encoding a genetically 

20 diverse popUlation • of a type . of member of a specific 
binding. pa:Lr ( sbp), each sbp member or a polypeptide 
component · · thereof being. expressed as a fusion with a 
component ·.~of · ·. a . secretable replicable genetic display 
package {rgdp L so that said sbp members are displayed on 

25 surface of the rgdps in functional form and the genetic 
material o~ ·the rgdps encode the associated sbp member or 
a polyPep~.de component thereof a 

. . 

36. Recqmbinant host cells according to claim 35, wherein 
30 said·. tYP:e . · of· sbp · member are immunoglobulins or 

immt.moglobyiin homoiogs, a first polypeptide chain of which 
is express$d as a said fusion with a component of the rgdp 
and a second polyPeptide chain of which is expressed in 
free form.and associates .with the fused first polypeptide 

35 chain in the rgdp. 

37. A helper phage whose · genome lacks nucleic acid 
encoding· qpe of its capsid proteins, or whose encoding 
nucleic acid therefor is conditionally defective, or which 

40 encodes said capsid protein in defective or conditionally 
defective forni •.. 

38. A bacterial host cell containing a filamentous phage 
genome defective' for a· capsid protein thereof and wherein 

45 the host .. cell is capable of expressing capsid protein 
complemen~ng said defect such that infectious phage 
particles can be obtained therefrom. . 

39. ·.A b9.cterial host cell_ according to claim 38 wherein 
50 said Cotllpl~enting capsid protein is expressed in said host 

from anottier v~ctor· contained therein_ ... 

40. A baeterial.host cell according to claim 38 or claim 
39 wl'lerein the defective capsid protein is gene III of 

55 phage fd qr its. counterpart in another filamem:ous phage. 
·- ! : 

.. 
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derivative thereof in a recombinant host organism“

32. TA method socording to claim 31 wherein nucleic acid
from _cne 'or- more ‘rgdps is 'taken and used to provide
encoding nucleic acid-inra further said method to obtain

an individual sbp member or a mixed population of sbp
members; or-encoding nucleic acid therefor.

33. A method according to claim 31 or claim 32 wherein the
expression and product is modified to produce a derivative
thereof.-e,

34. A method according to any one of claims 31, 32 and 33
wherein the eipression'end product or derivative thereof
is used to prepare a therapeutic or prophylactic medicament
or a diagnostic product. ‘ '

35. Recombinant host cells harbouring a library of nucleic
acid fragments comprising fragments encoding a genetically
diverse~ populations of a type. of member of a specific
bindingf pair r(Shp), each sbp member or a polypeptide
component jthereof being. expressed as a fusion with a
component {of- a .secretable replicable genetic display

package {rgdp);'so that said sbp members are displayed on
surface of the rgdps in functional form and the genetic
material of the rgdps encode the associated sbp member or
a polypeptide component thereof. ' .

36. Recombinant host cells according to claim 35, wherein
said‘ type Lof- shp 'member are’ immunoglobulins or
immunoglobglinuhomologs, a first polypeptide chain of which
is expressed as,a said fusion with a component of the rgdp
and a second polypeptide chain of which is expressed in
free form and associates with the fused first polypeptide
chain in the rgdp. "

37. A Shelperfiphage_ whose -genome lacks nucleic acid -
encoding'one of its capsid proteins, or whose encoding
nucleic acid therefor is conditionally defective, or which
encodes said capsid protein in defective or conditionally

defeCtive_form.d. _ I

38. A bacterial_host cell containing a filamentous phage
genome defective for a capsid protein thereof and wherein
the host cell.is capable cf expressing capsid protein
complementing said .defect such that infectious phage_
particles can be Obtained'therefrom.

39. .A bacterial host cell according to claim 38 wherein
said complementing capsid protein is expressed in said host
from.ancther vector contained therein,

40. A_hacterial host cell according to claim 38 or claim
39 wherein the defective capsid protein is gene III of‘
phage id or its counterpart in another filamentous phage.
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41 • Recombinant E. coli TGl M13K07 
12478). 

giii No. 3 ( NCTC 

42. A phage having the form of a replicable genetic · 
5 display package displaying on its surface in functional 

form a member of a specific binding pair or a binding 
domain thereof. 

43. A kit for use in carrying out a method according to. 
10 any one of claims ·1 to 34, said kit including: 

( i ) at least one vector having an origin of 
replication for single-stranded bacteriophage, 
a restriction site for ~sertion of nucleic·acid 
encoding said sbp member or a polypeptide 

15 . component thereof in the 5 ' end region of the 
mature coding sequence of a phage capsid protein, 
and with a secretory leader sequence upstream of 
said site which directs a fusion of the capsid 
protein and sbp polypeptide to the periplasm.ic 

20 space of a bacterial host; and 
(ii) ancillary components required for carrying out 

the method. 
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Fig.4.t 

Fig.4.2 

(1653) 
Oligo 1 ACA ACT TTC MC AGT TGA GGA GAC GGT GAC CGT AAG CTT CTG CAG TTG GAC CTG AGC 

GGA GTG AGA ATA (1620) 
(1653) 

Oligo 2 ACA ACT TTC AAC AGT TTC CCG TTT GAT CTC GAG CTC CTG CAG TTG GAC CTG 

(1704) 
Oligo 3 GTC GTC TTT CCA GAC GTT AGT 

GENE III 

SIGNAL 
CLEAVAGE SITE 

(1624) 
A TCT C AC TCC GCT 

GENE III 

{1650) 
· GAA ACTGTT GAA AGT 

av aLa v r v s s 
8 TCT CAC TCC GCT CAG GTC CAA CTG CAG AAG CTT ACG GTC ACC GTC TCC TCA ACT GTT GAA AGT 

Pstl BstEII 

Q V Q l Q L El K.R 
C TCT CAC TCC GCT CAG GTC CAA CTG CAG GAG CTC GAG ATC AAACGG GAA ACTGTTGAA AGT 

I 
Psti J Xhoi 
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(1653) '

r Oligo 1 ACA ACT TTC AACAGT TGA GGA GAC GGT GAC CGT AAG CTT CTG CAG TTG GAC CTG AGC
GGA GIG AGA ATA (1620) '

(1653)

Oligo 2 ACA ACT TTC AAC AGT TTC CCG TTT GAT CTC GAG CTC CTG CAG TTG GAC CTG

(1701+) ‘

Oligo 3 GTC GTC TTT CCA GAC GTT AGT

LWIO/ZéOM

GENE III GENE III

SIGNAL

CLEAVAGE SITE

(162k) _ v (1650]
A TCT CAC TCC GCT ‘

A.\

Ié‘é

' GAA ACTGTT GAA AGT

'QVQLCI VTVSS

B TCT CAC TCC GCT CAG GTC CAA CTG CAG AAG CTTACG GTC ACC GTC TCC TCA ACT GTT 6AA AGT
' ‘ ' Pst Bst II

0 V 0 L O L E v | K ‘ R

C TCT CAC TCC GCT CAG GTC CAA CTG CAG GAG CTC GAG ATC AAA CGG GAA ACT GTT GAA AGT
F’st J Xhol

WIN/16831.12“
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Fig.5. 
~s M K Y L L p T A A 

~TI'Cl'A~CAGTCATAA'roAAATACCI'ATroCCI7\CGGCAGCC 
10 20 30 40 50 60 

Sphi 
PelB leader 

A G L L L L A A 0 P A M A Q V Q L Q E S 
OCWIOOATIGri?\TrAC!I'CGC'roCCCAACCru3CGA'IUGCCCA!JG"Jtt;C:AQ~~~W:rcA 

10 eo 90 100 110 120 
Psti. 

G P G L V A P S Q S L S I .T C T V S G F 
GGACC'roGCCIOOrccrcACAGAGCCim'CCA'ICACA'IUCACcc:m::TCAGGGM\' 

130 140 150 160 170 180 

S· L T G Y G V N W V R Q P P G K G L E W 
TCA~'IOOml'AAAC'roGGITCGCCAGCCTOCAC:mJ~GGJ['Cll:;GAcm:;a 

190 200 210 220 230 240 

VHD1.3 
L G M I W G D G N T D Y N S A L K S R L 
C'roGGAA'I'GATrroGGGroA'IGGAAACACAGACI'AT.AA~~CAGACTG 

250 260 270 280 290 300 

S I S K D N s. K S Q V F L K M N S L H T 
'AGCATCAGCAAOOACAA~ mAACAGreroCACACI' 

310 320 330 340 350 360 

D D T A R Y Y C A R E R D Y R L D Y W G 
GA'IGACACAGCCAOOI'ACTAcroTGCCAGAGAGAGTrATl\GGCI'roACI'ACI'3GGGC 

370 380 390 400 410 420 

Linker Peptide 
Q G T T V T V S S G G G G S G G G G S G 
~~~cc~~~~~~~~~ggaggcggttcaggcggaggtggctctggc 

43f: 440 450 460 470 480 
BstEII 

G G G S D I B L T Q S P A S L S A S V G 
ggtggcggatcgGAC1.~~~ 

490 500 510 520 530 540 
sac I 

S'}E' ':.,..ITfJTE SHEET 
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Fig.S.cont 

E T V T I T C R A S G N I H N Y L A W Y 
GAAA.Citm:ACCATCACA~'m'ITCACAATI'ATITAGCA'roGrAT 

550 560 570 580 590 600 

0 Q K 0 G K S P 0 L L V Y Y T T T L A D 
CAGCAGAAACAGGGAAAATCTCCTCAGCTCc-roGI'Cr.AT:mTACAACAACCTI'AGCAGAT , 

610 620 630 640 650 660 

VICD1.3 
G V P S R F S G S G S G T Q Y S L K I N 
GGIUroC~ TCAGGAACACAATA'ITCI'CTCAAGATCAAC 

670 680 690 700 710 720 

S L 0 P E D F G S Y Y C Q H F W S T P R 
AGCc-rocAACc-roAAGA~Tl'AC'IOTCAACATI'ITrGGAGI'ACTCc-rcGG 

730 740 750 760 770 780 

Myc Tag (TAG!) 
T F G G G T K L E I K R E 0 K L I S E E 

ACG'I'I'CGG"'IO~~CGGGAACAAAAA~~ 

790 800 810 820 830 840 
Xhoi 

D L N 1r 1t 

GATCrGAATmATAA'roATCAAACGGI'AATAAGGATC~ 

850 860 870 880 
EcoRI 
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5conf.

E T V T I T C R A S G N I H N Y L A. W Y

GAAACPGTCACCAHI3K3¥R3PCGAGCAN3F3GGAAHEETCACAAETfiJTTEGCATGGTQT

550 560 570 590 590 I 600

QQKQGKSPQLLVYYTTTLAD
CAGCAGAAACAGGGAAAA3CHTKHt3KIHIKHCEHCHEHTEHECAACAACCTTAGCAGAT

' 610 620 630 640 650 660

. VKD1.3 '

G V P S R F S G S G S G T G Y S L K N
GGn3R3X3flt$AGGETCAGfl3R3EHGGNn3KKHUKBKHVHEHTYHYHCAAGATCAAC

670 680 690 700 ' 710 r 720

S L ‘Q P rE D F G S Y Y 7C Q H F W S T P R
AGCCTGCAACCfl3AAGNTTTfl333N3TENTENCRSTCAACAETTTTGGAGTECTCCTCGG

730 ?40 - 750 760 770 780

Myc Tag (TAGI)

T F G G G T K L E I K R E_JQ__K__L__L_Ji_£L_E

ACGTTCGGEGGAGGGACCAAGQICEAGATCAAACGGGAACAAAAACTCASCTCAGAAGAG

790 800 810 820 I 830 840
31101

D I N i *

GATCTGAASqmfiHflASGATCAAACGGTANTAAGGATCCAGCTCQAAIIS
850 860 870 880

' EcoRI

SUBfiflTHIEShfi'a

PFIZER EX. 1502

Page 3245

 



W09l/01047 

0.0. 
40Snm 

2 

1 

Fig.6. 

PCf/GB91/0tl34 

---e- FDTSCFVD1·3 
~ FDTVHD1-3 
--tz-- FOTPs I Xh 

0~----~~~--~~----~~~ 
0 1 2 3 4 5 

1· 2 0.0. 
405nm 

1·0 

0·8 

0·4 

Volume of phage supernatant (mls) 

Fig.-7 

---e- FDTSCFVD1-3(lys} 
FDTPs/Xh {lys} 

• FDTSCFVDl3 (BSA) 

FDTPs/Xh ( BSA) 

0·0 +---.---r---.-~----..---~-..---r----.--..---..---. 
0 200 . 400 600 800 1000 1200 

Coating concentration ( j.Jg/ml) 

SUBSTiTUTE SHEET 

PFIZER EX. 1502 
Page 3246

WO 92/01047 I ‘ . PCT/GB91I01134

3.26

Fig. 6.
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fd-geneiii f-- -- --- --fd-CAT2 -- --- - - --- -1 fd-geneiii 
leader polylinker 

-1 +1 +2 
H SA Q V Q L Q E LEI K R A A AE TV 

~-CACAGTGCAcaggtccaactgcaggagctcgagatcaaacgggcggccGCAGAAACTGTT--

ApaLI Psti Sac! Xhol Noti 
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Fig.10. 
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M K y L L p T A A 
GCA'IGCAAATICTA~TAA'IGAAATAC'C'm.~ 

10 20 30 40 50 60 

A G L L L L A A Q p A M A Q v Q L Q E s 
~ 

70 80 90 100 110 120 

G p G L v A p s Q s L s I T c T v s G F 

130 l40 150 160 170 180 

s L T G y G v N w v R Q p p G K G L E w 

190 200 210 220 230 240 

L G M I w G D G N T D y N s A L K s R L 
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1 ....:t 
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Fig.13. 
Q V Q L Q E S G G G L V Q P G G 

CAG GTG CAG CTG CAG GAG TCA GGA GGA GGC TTG GTA CAG CCT GGG GGT 
Psti · 

S L R L S C A T S G F T F S N ·y 
TCT CTG AGA CTC TCC TGT GCA ACT TCT GGG TTC ACC·TTC AGT AAT TAC 

Y M G W V R Q P P G K A L E W L 
TAC ATG GGC TGG GTC CGC CAG CCT CCA GGA AAG GCA CTT GAG TGG TTG 

G S V R N K V N G Y T T .E Y S A 
GGT TCT GTT AGA AAC AAA GTT AAT GGT TAC ACA ACA GAG TAC AGT GCA _ 

S V K G R F T. I S R D N F Q S I 
TCT GTG AAG GGG CGG TTC ACC ATC TCC AGA GAT AAT TTC CAA AGC ATC 

L Y L Q I N T L R T E D S A T Y 
CTC TAT CTT CAA ATA AAC ACC CTG AGA ACT GAG GAC AGT GCC ACT TAT 

Y C A R G Y D Y G A W F A Y W G 
TAC TGT GCA AGA GGC TAT GAT TAC GGG GCC TGG TTT GCT TAC TGG GGC 

Q G T LV Tv s s ggggsggggs 
CAA GGG ACC CTG GTC ACC gte tee tea ggtggaggcggttcaggcggoggtggctct 

8stEII 
ggggsd i E L T Q T P L S L P V 

ggcggtggcggatcggae ate GAG CTC ACC CAA ACT CCA CTC TCC CTG CCT GTC 
saei 

S L G D Q A S I S C R S S Q S I 
AGT CTT GGA GAT cAA GCC TCC ATC TCT TGC AGA TCT AGT CAG AGC ATT 

V H 5 N G N T Y L E W Y L Q K P 
GTA CAT AGT AAT GGA AAC ACC TAT TTA GAA TGG TAC CTG CAG AAA CCA 

Psti 
G Q S P K L L I Y K V S N R F S 

GGC CAG TCT CCA AAG CTC CTG ATC TAC AAA GTT TCC AAC CGA TTT TCT 

G V P D R F S G S G S G T D F T 
GGG GTC CCA GAC AGG TTC AGT. GGC AGT GGA TCG GGG ACA GAT TTC ACA 

L K I S R V E A E D L G V Y Y C 
CTC AAG ATC AGC AGA GTG GAG GCT GAG GAT CTG GGA GTT TAT TAC TGC 

F Q G & H V P Y T F G G G T K L 
. TTT CAA GGT TCA CAT GTT CCG TAC ACG TTC GGA GGG GGG ACC AAG ~ 

E I K R 
GAG ATC AAA CGG 
Xhoi 
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Fig.15 

51 END 
R T P EM PV L 

TCT CAC AGT GCA CAA ACT GTT GAA CGG ACA CCA GAA ATG CCT GTT CTG 
Apal1 

31END 
K A A L G L K 

AAA GCC GCT CTG GGG CTG AAA GCG GCC GCA GAA ACT GTT GAA AGT etc. 
Not I 
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5' END
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m [AC AGT GCA CAA ACT cm 6AA C66 ACA CCA 6AA Am ccr can cm

Aan

3' END

K A A L G L K - .

AAA 50: GET [TS 666 cm AAA (3:5 GCC GCA 6AA ACT GTT 6AA AGT etc

Not I
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Psti/X.hoi 

signal cleavage 
site 

Bam HI . I 

f%e 
FJg.16(1) 

Bam HI 

ScFv PCR product 

Bam HI 
I 

0 YO LOE KLE K R 
TTT AAT GAG GAT CCA CAG GTG ~ CAA GAG--------- AAG CIT GAG ATC AM CGG GP {'CA -:--:-.: 

BamHI Pvulf · Hind Ill Samtil 

Fig.16(2) 

A c 18341 .5· GAG GGT GGT GGC T~; 
"C .. 

· .. "C .. 
"C .. ACT 3t 18391 

B (2284) 5' - GGC GGC GGC TCT 

i-~everse complement of mutagenic 
oligo G38amHn!( -· 

GGT GGT GGT 
.. GGC GGC 

GAG .. .. GGC .. 
.. GGT .. 
" GGC .. 
.. GGT .. 
.. GGC .. "S C379l 

GAG GGT GGC GGA TCC 

T 
GAG GGT GGC GG 3' 
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Fig. 76(7)
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A

signal cleavage
si’re '

,BarnHI ' BamHI

ScFvPCR pmducr' .

o'voLOE KLE¥KR_
TTT AAT GAQQALCQA CA6 ewe mm W GAG------- —— 559311 GAG ATC AAA cemrm 7:;

BamHi Pqu ' Hindlll 5amHt

Fig—76(2)
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..C ..
"C ' ACT 3'0839)

(2234) '5‘ - 660 660 GGC TCT
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GAG " " GGC " ,
.. .. .. 6m ..

. 66C ..
' GGT "

- " ‘ " GGC " 3(2379)
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°”9° 9338mm" J GAG GGT sec GGA rcc
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GAG GGT (360 66 3'
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en c m 
!!l 
-f c 
-f 
m 
{/) 
:c a 

VH sequences 

from comblneforlel library: 

... . OV\':!LQQSCIABLARPOAIJVItHSCJCABOYTFT 
II QVItLQQSOAII.LAICPOAIJVItHSCJCMCJYTFT 
c QVQLQQSOPBLVItPOABVKMSCJCASOYTFT 
D QVQLQQSCJPJ!I,VItPOABVK IBCJCASOYSFT 
II: QVQLQESCJPOLVIIPSQBLS ITCTVSCJFSLT 
p QVQLQQsCJPELAkPOABVItMBCKASOYTFT 
a QVItLQQ80ABLVRPOABVlLSCJCABOYTF'1' 
B QVQLQOBCJPBLMKPCJASVKISCitASOYSPS 

from hietatchicllll library VH-rep .11 Voc-d: 

r· QVItLQOBCJPBLARPOV&VItMSCitASOYTFT 
J OVXLQQSCJABLARPCJAB~CICASOYTFT 

IIC QVICLQQBOABLAKPOABVKHSCitABOYTFT 
L ovt!LQQSOLBLAKPOASVUCSCICASOYTPT 

• QVItLQQBCJABt..AitPOABVKMSCJCASOYTFT 
R QVQt.QQSOABLVJ:POASVKLSCJCTBOYTFT 
0 OVOLQQSOABLAIPCJAIJVItHSCRASCJYTFT 
l' QVKLQQSOABLAICPOASVlMSCXASCJYTPT 

0 QVXLQQSOABLAKPCJA8VIMBCXATOYTFT 
R QVQl~CJABLAitPCJASVXHSCXABOYTPT 
8 OVQLOQSQABLAJCPOAS~CXASOYTFT 

T QVItLQQBOABLAIU'OASVItMSCJCASOYTFT 
0 QVXLQQSOABLAitPCJASVUCSCXASOYTFT 
B QVX1.JQQSaABLAl!:POASVKH!JC7<ASCIYTFT 

CORt 
SYTMH IIVI:QIU>OQCJLBWICJ 
RD'NMH WX.JCQRPOQCJLBWIO 
BYV'Hif. IIVI:QkPOQCJLBWIO 
OYFHII IIVI:QSH<n:SLBW ICJ 
BlCOVH lfiiRQPPOit!JLJnfLCJ 
BYLHH IIVI:QIU>OQCJLJCIIICJ 
RYLKH IIVI:QRPOQCJLBifla 
Rli'YMH IIVI:QSHOICBLBIIIO 

SYAHN WVICQSQSX8L8WICJ 
RYTMH IIVI:QilPOQCJLB'IftCJ 
RDIIMH WVKQRPQQQLEifiCJ 
IITLMK WV"ItQRPOQOLB'If Ill 
tiYlQIH IIVI:QRPOQOLB'If l<J 
SYTNtl IIVI:QJU>OQCJLB'If ro 
SHLMH IIVXQIU>OQOLIIW IO 
SY1o!KH IIVI:QRPCJQGJ,B'If IO 
BYLMH IIVI:QIU>OQCJLBIUO 
BYVMH IIVI:QIU>QQQLIIW 10 
TPLKH IILXQIU>OQOLB'IflO 
ST'Jllli WV"ItQRPCJQOl.aNIO 
SY'I:MK lfVKQIU>OQOLB'IflCJ 
R!MMH HLKORJ>aQOLBHia 

Fig.24. 

CDR2 CDR3 
YUIPSSCJYTNYNQJCFitD ICATLTADkBSBTAYMQLSSLTBBDSAVYYCNI IUOAY t!CJQCJ'M'V'l'VSS X4 
Y IIIPB'l'QY'l'BYNQJC PltD ICATLTADICSSBTAYMQLSSLTBRDBAVYYCAR tiYOLY t!CJQCJ'M'V'l'VSB X9 
YliiPYIIOOTI.YNBICFitO ltATLTBDitSSBTAYMELBSLTBBDBAVYYCAI YRBI'PY t!CJQCJ'M'V'l'VSS X3 

. Rl tlPYUODTFYIIQitl"lt<l XATLTVDXSSBTAHMBLLSLTSBDBAVYYCVO I'l'TRPAY IIOQQ'M'V'l'VBS X1 
VIIIAQQS'l'IMISALMS RioS J BIU>IIBitBQVFLIIMNSLQTDIJT AMYYCAR DROOY IIOQCI'M'V'l'VSS a VHoxl 
Y liiP IITCIY'l'BYliQitFitD ltATLTAOKSSSTAYMQLSSLTSBOSAVYYCAR OYOYY IIOQ(n'TVTVBS 

l\) YI tiPB'l'QY'l'EYIIQitf'ltO BATLTADitSSNTAYMQLSBLTSEDBAVYYCJI.R DYOY1' IICJQIJ'I.'1.'Vl.'VBS 
YIAPFIIOO'l"l'YtiQXFII:O ICATLTVDRSSBTAYMKLSSLTSEOBAVYYCAT OYORD lfCIQCJTTvrvSS &~ 

VUITltUON'mYNQXFitO XATHTVDitBSSTAYHBLARLTBI!DBAIYYCAR DYODY IICJQa'M'V'l'VSS 
YIIIPBSOY'ltiYtiQKFICD XATLTADXSSBTJI.YMQLSSLTSBDSAVYYCAR IJROAY IICJQO'M'VTVSB 
YIIIPSTOlrTBYNQKPitD XATUTADICSBSTAYHQLSSLTSEDBAVYlrCAR UYOLY ~SXJ 
Y IIIPBTQY'l'EY'IIQit PKD ltATLTADitBSBTA YMQLSSLTSEIJSI\VYY.CAR OYCJYY HOQG'l'l'IITVSS X2 
Y IIIPBTQYTBY!IQKFKD KATLTADKSSSTAYHQLSSL'l'SDDSAVYYCAR DYOYF H'3QCJ'M"'ITVSS I 
YIIIPSSOY'DIYtiQitFkD XATLTADkBSBTAYHQLSSLTSBDSAVYYCAR DYCJYY IICJQO'M'VI'VSS 1· 
Y IIIPRTOY'I'BYHQKPKD ltATPTADitSSSTAYHQLSSLTSBOSAVYYCAR DYOAr tiQQO'M'V'l'VSS 1 
Y ltiPBTQYTBYUQitl'ltD XATLTADXSSSTAYMQLSSLTSBDBAVYYCAR DYOYY tiCJOO'M'VI'VBB 1 
li:IriPIIT'OYTEYliQitFitD ltATLTADXSSSTAYMQLSSLTSBDSAvYYCAR OYOYY IICIQ<J'M'VI'VSS 
Y IIIPS80Y'DIYMQXPKD ltATLTADit8SSTAYMQLSSLTSBD8AVYYCAR IIYCJU IICJOO'M'VI'VSS 
Y IIIPIIT'OlrTEYliQitPitD KATLTADJCSSSTAYHQLSSLTSBDSAvYYCAR DYOli'Y IICJOOTTVrl/98 X2 
Y IIIPS801"DIYtiQKPKD XATurADJCSSSTAYMQLBSLTSBDSAVYYCAR DYOY1' IIOQOTTVrl/88 XII 
YIIIP'J:"l'(JYTEniQitPKO XATLTADitBSBTA YMQLBSLTSEDSAIIYYCAR OYOYY IICJQO'l'T\I'1'VSS 
YINPS~YNQJ!:PXn KATl.TADKSSSTA YHQl,S8LTSEP6AVYYCAR NYOloY HUQaTTV'JVSS 
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BGBIHO‘OIIE‘IHH

VH soquencea

from combinatorial library:

‘ mmmmmmnemwcxmm
qvxhoeemxnnponavnmcxmam
ommoaapawxpanavuuaunaavm
uwmauwxvokavnacxmvm
nvumaaavamneaawmmsapam
owmaeapnnxvaumcxwm
ovxhooaanawnmnmwmnsmm
ovumuvsnnxpanavxmcxnamavs

IOIIOGI’
from hierarchch library VH-rep x VI-d.’

OWEPSLMIPOVBVKIBCKMOYTFT
OVKZDDWABLARPOIBWCKAEWT
OMEGABlah!POWCKABUY‘I'P'I‘
awmqsanmummvmcnsovm
QVKIQQBGAELAKPOIKBVKWCKABGXTFT
OWIQQBGAELVKPGAHVKIBUKTBOYTFT
QWWGABLIIMASVMCIABOYTPT
QVKXQQGGAMKPGABVKMSCKIBGYTI’T
QVKDQQBOABLAK WABVKHECKI'I‘OYTPT
OWIQQBOABLAK PGIBVKHSCRABOYTPT
QVDDQQSGABLIKPGAGVWCKABUYTPT
QVKWokBLARWABWWCKW
QVKIQQSOABLAKPGASVWCKAEWT
OVKDOOSGAB’LAKWAHWWSUYTFT

MORPGQOLBWIG
mxonmoanmtm
MQKDGQGLEWIO
MOHHGIBLKNIG
WRON’GKULIWLG
MONK"!!!
MORPmBflla
MQBHGXEL SWIG

wxqsoexsuwm
mmoounzwm
mum; Bum
mommmvm
MOP-POQODB'NIO
mommnhm
WKQRFOQOLBII m
mammmnm
MORPGGULEIIIG
MORPOWLBIIIG
nxqmemm
MQRPGQGI-Glm
wxummwm
unnotzpaoomum

Fig. 24.

can:
VXIIPBDGY‘I‘NYNQKPXD
nurmmmcxnn
yummw'rxmaxrxa

111 HP HIGD’PF‘INDKFKO
VI"10081"?!le
nmmmnmnnn
Y1 IIPENYTS‘INQKFKD

‘ VIA? KIWIDKFKC!

VIBTYNGN'INYNQK FRI!
YIIWHSOY'IIIYHQR PKD
Y Iupmarme: 'KD
YIIIPQI‘GWIOKFKD
YIHPSI‘GYTEYNOKFKD
YIIIPBBGY'HJYHOK PKD
Y IHPRTGY'I'BYNQKFKD
YIHPE'X‘QYTBYHQK PKD
YIHPE'I'GYTBYHQK FKD
Y "198502111qu FKD
Y IIIPBTOXTEYHQKPKD
YIIIPEGOY‘GIYNQKPKD
Y lllefl10KFKD
1'1NPSNYTEYNOKPKD

KATE-TM KEBBTII INCLBBLTBBDBAWYWJ
IhTL’l'NJ KHBB'PKYMQLBBLTBBDBAVYYGIR
KATLTBDKEBBTA WELBBLTBEDBAWYCA X
K ATL’IVDKESBTAIMB’LMLTSRDBAW Y EVE
RLHISKDHBKBGVFLKMNBWI‘DDTMYYCRR
tA'I'b’I‘AD KBBBT’:mnaauraanenmcaR
swarmKBSNTAHOLESLTBEDBAVW CAR.
KATL'I'VDREQE’K‘h “ll-{LQSLTBEDBAVYYCAT

KAWWDKBBHTAYHRLARLTBsDEAI YYCAR
KITLTADKBBBTAmannaLTBBDBAVYYCAR
xnmmxsaanmusamaznan/wean
xwarmusanmuaawaaosnwvmn
xA's-moxassnmomuursnnsnmcnn
RATLTADKEaB‘i'hYHQLBaLTsBDaAmCAR
xwrrrmxemnmobaamaammnvcan
xnmwmmasnmqwaursananmcm
KATLTADKEBHTAWLBGLTHEDHAW‘I CAR
Kk'l'UJ'ADKBEB'I‘A YMOLBHLTBEDE RWY CAR
Kh'rln'wlasanmohaaLTsEuaAWYCAP.
xmvrmxaaenmnasmeanaumcm
Kmmmxass'mvmhaameanamncm
KATLTADKSSETA WLSHLTSEDSAVYYCAR

CDM
axon
mam
YREPP'I
1m?”
DRODY,
DYCIYY
DYa‘lY
DYGRD

DYGDY
DNAY
HYGLY
DYGYY
DYGYF
DYO YY
DYOAX
DYOIY
DYGY‘I
N 10 I Y
DYOYY
DYGYY
DYOYY
NYOLY
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Fig.24 cont. 
VK sequences 

from combinatorial library: 
CDRJ CDR2 CDR3 

• 0 I ELTQBPSSL.:~SLOBRVSL'l'C RASQEISOYLS WLQQICPD08IItRLIY AIISTLBS ovPICRPSOBRSOBDYSLTISSLESBDFADYYC LQYASYPT FOIICJl'ICLEl KRA xl v ax·like 
(J) b 0 I BL'I.'QS PA I till A BPOBICV'l'MTC RASSSVBBBYLH lfYQQitSCJASPKVIfiY 8TSNLA8 OVPIIRFSOSUSOTBYBLTISSVBIIEDAATYYC QQYSOYPLT FOACJl'ICLIU ICRA Xl IV o.x ·l1.ke 

c a 0 I BLTQBP'I"'HIIABPOBIC l TI'l'C SA98819811YLH lfYQQICPOPSPitLLt Y .RT911LA8 OVPARP809080TBYSLTIOTMBABOVATYYC QQOBBIPLT FOACJl'ICLEIJCRA :112 IV ox·like 
4 OIBLTQSPTTMAASPOBICITITC 9A889I8811YLH WPQQII:POFBPII:LLIS R'l'SIILAS OVPARFSOSOSOTSYSLTIOTMBABDVIITYYC QQOBTIPP'T FOSCJl'ltLEI ICRA x9 IV ox··Hke r] • DIBLTQBPAIMSABPOBKVTITC SABBBVNYMH lfPQQICPCJl'SPitLiflY 9'1'911LA8 OVPTRJ'SOSOSOTSYSLTISRHBABDAATYYC OQRSSYPPT P'06Cft'ltLBiltRA XC VI ox·l11te? 

CJ) t: DIB~PAIMSAFPOBKVTMTC SA88SVSY1411 lfYQQICB<Jl'SPICRiflY DTSICLAS OVPARPS08CJBOTSYSLTIBSMBAI!:DAATYYC QQFBBI'IPLT FOAI7l'ICLBLitRA VI VlcOXl 
II DIELTQBPAIMSASPOBICVTHTC SASSSINYMH lfYQQKPOASPICRiflY OTBII:LAB OVPARPSOSOSOTSYSUTIBSMBABOAATYYC HQRIISYPIIT FCIQQTICLEIKRA Vl ox·l1ke? -; I\) 

-·J from hierarchical library VH·B .x VK·tep: ~~ 
c (j) 

-s h OIELTQSPAIMBASPOBKVTMTC SASSSVBYMH lfYQQitSaTSPICRiflY DTSltLAS OVPARPSOSOSOTSYSLTIBSMEIIBOAATYYC QQNSSIIPLT FOACJl'ICLBIKRA x4 IV/VI Vlcoxl 
• 1 OIBLTQBPAIHSASPOSICVTITC BIISSSVSYIH lfPQQICPQTSPKLif I Y STSIILA8 ovPARPSOSOSOTSYBLTIBRHBIIBOAATYYC QQYJIBYPLT FOACJl'ICLIUICRA v ruc·l1ke? 
m~ DIBLTQBPTTMAASPQEKITITC BABSSIBBIIYLH lfPQQICPQPSPKLL tY RTBtiLAB OVPARF909080'1'8YBLTIOTHEABDVATYYC QQOBSIPLT FOOCJTICLEI KRA v ox·l1Jce 

m~ DIBLTQBPTTMAABPODMJTITC BATBBIBBIIYLH lfYQQICPOFSPKLLI Y RTBIILAS OVPPRFSOSOSOTSYSLTIOANEABDVATYYC QQ(JBBIPYT FOACJl'ICLBIICRA v ox·l1ke 
DIBLTQBP'I"'HAABPOBICITITC 8AB88I SSIIYLH NYQQIPOFSPKLLlY RTSIILAS QVPARFSQSOSOTBYSLTIOTMBABOVATYYC QQ(JBSIPYT FCJCIO'J'ItLEIKRA v ox·l1ke 

:~ . DIELTQBP'I"'HAASPGBKITITC SASSSISSUHLH lfYQQKPOFSPitLLIY RTSIILAS QVPARF808090TBYBLTIOTHBABDVATYYC QQOSOIPYT FIJCIOTICLBIKRA v ruc·Hke 

r~ n DIBUTQSPTTHAASPQSKITITC SAB98ISSNYLH lfYQQICPOPSPILLIY RTSIILAS OVPARFBOSOSOTBYSLTIOTMBASDVATYYC QQOBSJPFT FCIQQTII:LBIKRA v ruc·like 

(l) : 
DIELTQBPAIHAABPOEKITJTC SABSSISBliYLH lfYQQICPOFBFitLLIY RTSIILAS QVPARF8080SOTSYSLT10TMEABDVATYYC QQOSSIPYT FIJCIOTICLEJICRA X2 v o:x·11ke 
DIBLTQBPAIMBASPOB~ 8ABSBVSYHH lfYQQKSOTSPlRtfi Y DTBitLAB OVPARFSOSOSOTSYSLTISSHBABDVATYYC QQIISSIIPLT FaAOTICLElKRA X2 IV/VI Vlco>el 

i-~ q DIBUTQSPAIMBASPODICVTUTC SABSSVRYVN lfFQQICBQTSPJCRifiY DTSKLAS OVPARFSQSOSOTSYSLTISBMBAEDAIITYYC QQWl'SliPPT FOOCJ'l'ltLBIII:RA IV/VI VlcOXJ 
1:" DIBLTQBPAIMBASPOBKVTMTC 9AS8SVBYHH lfYQQICBaTSPICRifl Y DTBICLJ.S CIV'I>ARFSGSQEICJT'EIYSLTISBMBAEOAATYYC'; QQifB'niALT FCJACJl'ltLE I ICRA IV/VI Vlco>el 

• D ISLTQBPA IHSASPOBICVTMTC RASSBVTSSYLII .lfYQQKSOABFJI'.LIIVY BTSIILAS QVPARFSOBOSOTSYSLTIS9VBAEDAATYY~ QQYSOYPLT FOAQTitLBIKRA IV/VI ox·lJJce 
t D I Bt.TQSPA IHSASPOEICVTMTC RASSBV9SSYUI lfYQQICSGABPKLifiY STSIILAS QVPARFSOBOSQTSYSLTISRHBABDAATYYC QQRSSYPLT FOAQTII:LEI KRA. IV/VI ruc·l ike 
u 0 l BLTQSPA IMSASPOBICVTMTC RASSSV988YLH lfYQQKSOASPKLlU Y STSIILAS OVPARFSQSOBQTSY/ifLTISSVEABDAIITYYC QQYSOYPLT FOAQTICLBIICRA IV/VI ruc·l1ke "C:: 
... DIBLTQBPAIMSASPOBICVTMTC RASSSVBSSYLH lfP'QQitSOABPitLifiY STS!ILPS· OVPARP'9080SOTSYSLTISSVEABDAATYYC QQYSCJYPLT FOOQTICLSIICRA IV/VI ox·U/ce 8 e DIBL~S~9PORKlTl~ SM19!1 I 99NYLH lfYQOI'C.POFSf'KLLI Y RT'SM.A~ GVl>AIIFSOS09C:'I'9Y9l.1'l0'lMF.ABPVA'l'YYC ooassrPLT F'GAOTI!LI!'IJICRA x.J 

c;') 

= 10 -;:; --~ 
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Fig. 24 cont

Vx sequences

from combinatorial library: !
cam CUR: , CDIIJ

D IELTQBPEELJABLGBRVBLTC meanwas nmxpmszmxt MUTLBH mammanaaaowmwauaswnmvc Lanst FOAMKLBI ma . ax ' 1 Ike
D Iamqsm [MBAamaxm masweaarw wmxaanspmt Y mmm MARrBaBumvBmlammo“?!vc aquampr mum‘an an ax ‘1 Ike
D IBL'I‘QBPI'IHAABPGBKITITC anasamsmm uooxpumvum Y nmmw mmrmmwmvamxmsnanvnhvc mesa: PL‘I‘ FOAMKLEI m ox I 1 1 kc
nxummunnvuaxx'mm ansaamamtm wrooxpavavmu a m‘mmns MARFBGBGBOTEYBLTIUNEIBDVIWYC moan PET securing!an ax ~~ 1 1kg
mamavnmaaamsmch steam "norm-r5911.“ Y avenue smurmeyammmunnuwvc mmavpn'r FMKLEIKRA ox -J Um?
DIWnAmnrposm‘c swam! wanna-mpmun manna mmoammmmzammunvc ooraawm mmanm ‘ W911
DIEL'I‘OSPA maAsvaBKvnm: magnum WQQKPGAEPKRHI Y DTBKLM awmraasamYBmIBsHBMDAA'WYc normal!va Emma! Km nx » 1 near' i

HHIOQU.
. M

. ‘ ' £4.»
from hierarchical library VIM! .x Vx-mp: m

' t
DIEL'I‘QEPAmews)an unaasvmnm nymxsmapmwx Y me[his BVPARPHGNBOI‘BYELTIHBMEABDAATYYC ounaawux' PGAGTKLBIKRA Woxl
mamas»IHHAsvosxv'rI'rc anasavan , IPQQKPcn'avwau swarm“; mnavmmmavsunamananuflvc QQYHSY our FOAWRIKRA ox ~11ke?
nmbmamunapoaxl'rtm skewnesle neonate»K14. I v menus man?sesameYBLTIGTHEABDVATYYC 00088: mgr mourns: KRA
nmbrqapmanspcmulflm auras:awn-u wmuarsvmu Y mame mvnrsoaomarsmamananvnnm noose:PW mammalm
DIBWWBMBKITFN: BABBHIHEIWLH WOQKPOFBPKLLI x mam.“ mnummvamxmnsovxnxc OOGBBIPYT room‘lmmma
memoemunnaposnmm sAaasl 98mm! "mummymun! R'rstm mmrmaumaysuI-Imumanvnnvc (100301va POOUI‘KLEI IRA ox 11 Re
nxsmvsmunmvoaxr'rlw sAasalasuvm nmxmvsnmhxv R'I‘EIHLAB avvnnrmsamsuwmmusnvnwvc OQGHEIPPI‘ FOOUI‘KLEIKRA oat-like
maanIwapoEKrTx-rc BA 535x asnyw uooxmrat:um." RTBIILAS MARFBGBOMSYELTIO'IHEAKDVATYYC noose! PY’r rmmmmn on: - 1 Ike
DI ELTDB PA manapasxvmrc SAHBEVBYHH newsmanlaw: 1 DTBKLAH manrmmaysm'!asusnmmnvc QQIBSHPUI‘ FOAMLEIKRA VI: 0x1
Drsmnlmnsmxvrm-c aussswurvn ququpmwx! menus manrmoam'svan-n amammryvc mam” manna Wax:
orznmspumnamaxmc BABWW “mm?me Y manna mmmraasasm‘aysmlamnsnnmvvu; ooue’nmm l-‘CIAUI'RLEIKRA V'K mu
DIBL'I‘QSPAIMSMJPOEKVTHTC RABEBVTEBYLII ‘WQQKSDAEFKLM mamas avnnraaaomsyammmnzmnwm mvsorpm rchcrrKLBunA nx- like
In BL’I‘OEPAmammame masavsasyw mmlaonsvuun wanna owmmoscmaveLTIsRHEA mnnwyc OQRBBIPL'I' FOAUI‘KLEI “a ax' 1 11m
D I sums"IHBABPGIKV‘IHI‘C maesvsaoyw nooxaoaspxnwn swam.“ awnnraasamammxamn BDAATYYC' 00mm FLT FOAG'X'KLB l um um: ~ 1 Ike-
Dmmoapn mammawm-rc massvaaavm uvmxsmavuun s-ramoa- awxnvaosumayawaamnmuwvc coma! PL'I' PGOGTKLB! mm or 1 Ike
DIEL'IDSP’I‘WSPGBKXTI TC smagxssmm woomrsr-nm v n'rsuus c:va ursosasm'g YSI.'I'IGW.AEDVA 'rnrc mssznrm marnmm_ :13

ox—Uke
ox-Mka
air-like

ndflflINnUOBIl-‘FHDB’
vsuolleawma
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Not! 
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-1 +1 
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10 

SPECIFIC BINDING AGENTS 

This invention relates to specific binding agents, 

15 and in particular to polypeptides containing amino acid 
sequences that bind specifically to other proteinaceous or 
non-proteinaceous materials. The invention most 

particularly concerns the production of such specific 
binding agents by genetic engineering. 

20 

Antibody structure 

Natural antibody molecules consist of two identical 

heavy-chain and two identical light-chain polypeptides, 

25 which are covalently linked by disulphide bonds. Figure 
14 of the accompanying drawings diagramatically represents 

the typical structure of an antibody of the IgG class. 

Each of the chains is folded into several discrete 
domains. The N-terminal domains of all the chains are 

30 variable in sequence and therefore called the variable 

regions (V-regions). The v-regions of one heavy (VH) and 

one light chain (VL) associate to form the antigen-binding 
site. The module formed by the combined VH and VL domains 
is referred to as the Fv (variable fragment) of the 

35 
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_antibody. The c-terminal ends of both heavy and light 

chains are more conserved in sequence and therefore 

referred to as the constant regions. Heavy chain constant 

regions are composed of several domains, eg. the heavy 
I 

chain .constant region of the gamma-isotype (IgG) consists 

of three domains (CH1, CH2, CH3) and a hinge region which 

connects the CH1 and CH2 domains. The hinges of the two 

heavy chains are covalently linked together by disulphide 

bridges. Light chains have one constant domain which 

packs against the CH1 domain. The constant regions of the 

antibody molecule are involved in effector functions such 

as complement lysis and clearing by Antibody Dependant 

Cell Cytotoxicity (ADCC). Classical digestion of an· 

antibody with the protease papain yields three fragments. 

One fragment contains the CH2 and CH3 domains and, as it 

crystallises easily, -was called the Fe fragment. The 

other two fragments were designated the Fab 

(antigen-binding) fragments, they are identical and 

contain the entire light chain combined with the VH and 

CH1 domain. When using pepsin, the proteolytic cleavage 

is such that the two Fabs remain connected via the hinge 

and form the (Fab) 2 fragment. Each of the domains is 

represented by a separate exon at the genetic level. 

The variable regions themselves each contain 3 

clusters of hypervariable residues, in a framework of more 

conserved sequences. These hypervariable regions interact 

with the antigen, and are called the Complementarity 

Determining Regions (CDRs). The more conserved sequences 

are called the Framework Regions (FRs). See Kabat et al 

(1987). X-ray studies of antibodies have shown that the 

CDRs form loops which protrude from the top of the 

molecule, whilst the FRs provide a structural beta-sheet 

framework. 
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Modified antibodies 

In one embodiment, the invention relates to so-called 

"reshaped" Or tlalteredfl human antibodies 1 ie o 

immunoglobulins having essentially human constant and 
framework regions but in which the complementarity 

determining regions (CDRs) correspond to those found in a 

non-human immunoglobulin, and also to corresponding 

reshaped antibody fragments. 

The.general principles by which such reshaped human 
antibodies and fragments may be produced are now 

well-known, and reference can be made to Jones et al 

(1986), Riechmann et al (1988), verhoeyen et al (1988), 
and EP-A-239400 (Winter). A comprehensive list of 
relevant 1iterature references is provided later in this 

specification. 

Reshaped human antibodies and fragments have 

particular utility in the in-vivo diagnosis and treatment 

of human ailments because the essentially human proteins 
are less likely to induce undesirable adverse reactions 

when they are administered to a human patient, and 
the desired specificity conferred by the CDRs can be 

raised in a host animal, such as a mouse, from which 

antibodies of selected specificity can be obtained more 

readily. The varia~le region genes can be cloned from the 
non-human antibody, and the CDRs grafted into a human 

variable-region framework by genetic engineering 
techniques to provide·the reshaped human antibody or 

fragment. To achieve this desirable result, it is 

necessary to identify and sequence at least the CDRs in 

the selected non-human antibody, andpreferably the whole 
non-human variable region sequence, to allow 

PFIZER EX. 1502 
Page 3293



W092/04380 PCf/GB91101511 · 

5 

10 

15 

20 

25 

30 

35 

- 4 -

identification of potentially important CDR-framework 

interactions. 

Antibodies raised against the human milk fat globuie 

(HMFG), generally in a delipidated state, can exhibit a·· 

broad spectrum of reactivity with epithelial origin 

neoplasms, particularly carcinomas of the breast, ovary, 

uterus and lung. See Ta~lor-Papadimitriou et al (1981) 

and Arklie et al (1981). _One well-characterised antibody 

(designated HMFG1) is known to bind to a component of the 
HMFG, also found in some body tissues, .some cancer tissues 

. and urine, which has been designated polymorphic 

epithelial mucin (PEM) (Gendler·et al, 1988). Binding is 

thought to involve the peptide core of the PEM. 

Corresponding useful specificity can be achieved by 

raising antibodies against cancer cells, for example 

breast cancer cell lines. 

EP-A2-0369S16 {The University of Melbourne, Xing et 

al) describes monoclonal antibodies specific for human 

polymorphic epithelial mucin, which bind to a defined 

amino acid sequence. It is suggested in EP-A2-0369816 

that the described antibodies may be "humanised" according 

to the method of Riechmann et .al (1988). However, Xing et 

al do not describe the actual preparation of any such 

reshaped anti-PEM antibodies .. 

Summary of the invention 

The invention provides, as one embodiment, a 

synthetic specific binding polypeptide having specificity 

for a polymorphic epithelial mucin (PEM), and especially a 

synthetic specific binding polypeptide having anti-human 

milk fat globule (HMFG) specificity, containing one or 

more of the CDRs depicted in Figures 1 and 2 of the 
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accompanying drawings. By synthetic, we particularly mean 

that the polypeptide is produced by recombinant DNA 

technology, and to that extent at least is different from 

a naturally-occurring or naturally-induced specific 

binding agent.having identical specificity. 

Alternatively, the synthetic polypeptide has been produced 

by artificially assembling a sequence of amino acids to 

produce a novel or nature-identical molecule. The 

synthetic polypeptide can be equivalent to an intact 
conventional antibody, or equivalent to a multiple or 

single-chain fragment of such an antibody, or can be 
simply a material that includes one or more sequences that 
confer the desired specific bind~ng capability. 

The invention provides as an important embodiment a 

reshaped human antibody, or a reshaped human antibody 

fragment, having anti-PEM specificity, and especially 
having anti-HMFG specificity, containing one or more of 

the CDRs depicted in Figures 1 and 2 of the accompanying 

drawings. Preferably, the reshaped antibody or fragment 
of the invention contains all 3 of the CDRs depicted in 

Figure 1 of the accompanying drawings, in a human heavy 

chain variable region framework. Alternatively, or in 
addition, the reshaped antibody or fragment of the 

invention contains all 3 of the CDRs depicted in Figure 2 

of the accompanying drawings, in a human light chain 

variable region framework. 

Another embodiment of the invention is a reshaped 
antibody or reshaped antibody fragment containing a 
protein sequence as depicted in Figure 12 and/or Figure 13 

of the accompanying drawings. 

Other important embodiments of the invention are an 

expression vector incorporating a DNA sequence as depicted 
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in Figure 12 andjor Figure 13 of the accompanying 

drawings, and an expression vector incorporating a DNA 

sequence encoding one or more of the protein sequences 
designated as being a CDR in Figure 1 andjor Figure 2 of 

the accompanying drawings. 

An important aspect of the invention is a stable host 

cell line containing a foreign gene that causes the host 

cell line to produce a specific binding agent according t~ 
the invention. This can be a stable host cell line 

containing a foreign gene that encodes at least one of the 

amino acid sequences designated as being a CDR in Figure 1 
arid/or Figure 2 of the accompanying drawings, together 

with a protein framework that enables the encoded amino 
acid sequence when expressed to function as a CDR having 

specificity for HMFG. 

The invention also provides an immortalised mammalian 
cell line, or a·yeast, or other eukaryotic cell, or a 

prokaryotic cell such as a bacterium, producing a reshaped 

antibody or fragment according to the invention. 

Another important aspect of the invention is a 

synthetic specific binding agent, reshaped human antibody 

or reshaped human antibody fragment, having specificity 

equivalent to that of the gamma-1, kappa anti-HMFG 

monoclonal antibody 11HMFG1 11 • 

The invention also provides two novel plasmids, 

pSVgpt-HuVHHMFG1-HuigG1 and pSVneo-HuVkHMFG1-HuCk, and 

these plasmids can be used in the production of a 

synthetic specific binding agent, reshaped human antibody 

or reshaped human antibody fragment. 
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These plasmids are contained in novel E.coli strains 

NCTC 12411 and NCTC 12412, respectively. 

a) 

b) 

c) 

d) 

Other aspects of the invention are: 

A DNA sequence encoding a reshaped human antibody 

heavy-chain.variable region having specificity for 

HMFG, as contained in E.coli NCTC 12411. 

A DNA sequence encoding a reshaped human antibody 

light-chain variable region having specificity for 

HMFG, as contained in E.coli NCTC 12412. 

A reshaped human antibody heavy-chain variable region 

having specificity for HMFG, producible by means of 

the expression vector contained in E.coli NCTC 12411. 

A reshaped human antibody light-chain variable region 

having specificity for HMFG, producible by means of 

the expression vector contained in E.coli NCTC 12412. 

e) A reshaped human antibody or reshaped human antibody 

fragment, comprising at least one variable region 

according to c) or d) above. 

A particular embodiment of the invention is therefore 

a reshaped human antibody or reshaped human antibody 

fragment possessing anti-HMFG specificity and 

incorporating a combination of CDRs (which may, for 

example, be cloned from a murine anti-HMFG immunoglobulin) 

having the amino acid sequences i~entified as CDR!, CDR2 

and CDR3 respectively in Figures 1 and 2 of the 

accompanying drawings, which respectively represent the 

heavy chain variable region (VH) and light chain variable 

region (Vk) of a murine anti-HMFG monoclonal antibody that 
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we have cloned and sequenced. In the case of an intact 

antibody, or a fragment comprising at least one heavy 

chain variable region and at least one light chairi 

variable region, the reshaped antibody or fragment 

preferably contains all six CDRs from the non-human 
source. To be most effective in binding, the CDRs should 

preferably be sited relative to one another in the same 

arrangement as occurs in the original non-human antibody, 

e.g. the VH CDRs should be in a human VH framework, and in 

the order in which they occur naturally in the non-human 
antibody. 

As will be apparent to those skilled in the art, the 

CDR sequences and the surrounding framework sequences can 
be subject to modifications and variations without the 
essential specific binding capability being significantly 

reduced. Such modifications and variations can be present 
either at the genetic level or in the amino acid sequence, 

or both. Accordingly, the invention encompasses synthetic 

(reshaped) antibodies and fragments that are functionally 

equivalent to those described herein having precisely 

defined genetic or amino acid sequences. 

The invention can also be applied in the production 
of bi-specific antibodies, having two Fab portions of 

different specificity, wherein one of the specificities is 

conferred by a reshaped human variable chain region 

incorporating one or more of the CDRs depicted in Figures 

1 and 2 of the accompanying drawings. 

The invention can also be applied in the production 

of so-called single-chain antibodies (for example, as 

disclosed in Genex EP-A-281604}, and also to 

polysaccharide-linked antibodies (see Hybritech 

EP-A-315456}, and other modified antibodies. 
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Any human constant regions (for example, gamma 1, 2, 
3 or 4-type) can be used. 

Antibody fragments retaining useful specif~c binding 
properties can be (Fab) 2 , Fab, Fv, VH or Vk fragments. 

These can be derived from an intact reshaped antibody, for 

example by protease digestion, or produced as such by 
genetic engineering. 

Practical applications of the invention 

An important aspect of ~e invention is a reshaped 
human anti-HMFG antibody or fragment, as defined above, 

linked to or incorporating an agent capable of retarding 

or terminating the growth of cancerous cells, or to an 
imaging agent capable of being detected while inside the 
human body. The invention also includes injectable 

compositions comprising either of such combinations in a 

pharmaceutically acceptable carrier, such as saline 

solution, plasma extender or liposomes. The invention 

also includes the use, in a method of human cancer therapy 

or imaging, of a reshaped huma~ anti-HMFG antibody _or 
fragment as defined above. The invention further. includes 

the use of such an antibody or fragment for the 

25 manufacture of a medicament for therapeutic applicat~on in 

the relief of cancer in humans, or the use of such an 

antibody or fragment in the manufacture of a diagnostic 

30 

composition for in-vivo diagnostic application in humans. 

The Fe region of the antibody, itself using pathways 

an~ mechanisms available in the body, such as complement 
lysis and antibody dependent cellular cytotoxicity, can be 

used to affect adversely the growth of cancerous cells. 

In this embodiment, no additional reagent need be linked 

3 5 to the reshaped antibody.· 
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Examples of agents capable of affecting adversely the 

growth of cancerous cells include radioisotopes, such as 

Yttrium 90 and Iodine. 131; drugs such as. methotrexate; 

toxins such as ricin or parts thereof; and enzymes which 

may for example turn an inactive drug into an active drug 

at the site of.antibody binding. 

Examples of imaging agents include radioisotopes 

generating gamma rays, such as Indium 111 and Technet~um 

99; radioisotopes generating positrons, such as Copper 64; 
and passive agents such as Barium which act as contrast 

agents for X-rays, and Gadoli~ium in nmrjesr scanning. 

In order to link a metallic agent, such as a 

radioisotope, to a specific binding agent of the 

invention, it may be necessary to employ a coupling or 

chelating agent. · Many suitable chelating agents have been 
developed, and reference can be made for example to us 
4824986, us 4831175, US 4923985 and US 4622420. 

Techniques involving the use of chelating agents are 

described, for example, in us 4454106, us 4722892, Moi et 

al (1988), McCall et al (1990), Deshpande et al (1990) and 

Meares et al (1990). 

The use of radiolabelled antibodies and fragments in 

cancer imaging and therapy in humans is described for 

example in EP 35265. It may be.advantageous to use the 

radiolabelled·cancer-specific antibody or fragment in 

conjunction with a non-specific agent radiolabelled with a 

different isotope, to provide a contr~sting background for 

so-called subtraction imaging. 

The antibody reagents of the invention can be used to 

identify, e.g. by serum testing or imaging, andjor to 

treat, PEM-producing cancers. Such cancers can occur as 
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for example, carcinomas of breast, ovary, uterus and lung, 
or can manifest themselves as liquids such as pleural 

effusions. 

Modified antibody production 

The portions of the VH and VL regions that by 
convention (Kabat, l.987) are designated as being the CDRs 

may not be the sole features that need to be transferred 
from the non~human monoclonal antibody. Sometimes, 

enhanced antibody performance, in terms of specificity 

and/or affinity, can be obtai~ed in the reshaped human 

antibody if certain non-human framework sequences. are 

conserved in the reshaped human antibody. The objective 
is to conserve the important three-dimensional protein 
structure associated·with the CDRs, which is supported· by 
contacts with framework residues. 

The normal starting point from which a reshaped 

antibody in accordance with the invention can be prepared, 

is a cell (preferably an immortalised cell line), derived 
from a non-human host animal (for e~ample, a mouse), which 
expresses an antibody having specificity against HMFG or 

PEM. such a cell line can, for example, be a hybridoma 

cell line prepared by conventional monoclonal antibody 
technology.· Preferably, the expressed antibody has a high 

affinity and high specificity for HMFG, because it should 

be anticipated that some loss ~f affinity and/or 

. spe~ificity may occur during the transfer of these 

properties to a human antibody or fragment by the 

procedures of the invention. By selecting a high 

specificity antibody as the parent antibody, the 

likelihood that the final reshaped antibody or fragment 
will also exhibit effective binding properties is 
enhanced. 
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The next stage is the cloning of the eDNA from the 

cell expressing the selected non-human antibody; and 

sequencing and identification of the variable region genes 

including the sequences encoding the CDRs. The 

experimental procedures involved can now be regarded as 

routinelin the art, although they are still laborious. 

If the object is to produce a reshaped complete human 

antibody, or at least a fragment of such an antibody which 

will contain both heavy and light variable domains, it 

will be necessary to sequence the eDNA associated with 

both of· these domains. 

Once the relevant eDNA sequence or sequences have 

been analysed, it is necessary to prepare one or more 

replicable expression vectors containing a DNA sequence 

whic.h encodes at least a variable domain of an antibody, 

which variable domain comprises human framework regions 

together with one or more CDRs derived from the selected 

non-human anti-HMFG antibody. The DNA sequence in each 

vector should include appropriate regulatory sequences 

necessary to ensure efficient transcription and 

translation of the gerie, particularly a promoter and 

leader sequence operably linked to the variable domain 

sequence. In a typical procedure to produce a reshaped· 

antibody or fragment in accordance with the invention, it 

may be necessary to produce two such expression vectors, 

one containing a DNA sequence for a reshaped human light 

chain and the other, a DNA sequence for a reshaped human 

heavy chain. The expression vectors should be capable of 

transforming a chosen cell line in which the production of 

the reshaped antibody or fragment will occur. Such a cell 

line may be for example, a stable non-producing myeloma 

cell line, examples (such as NSO and sp2-0) of which are 

readily available commercially. An alternative is to use 
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a bacterial system, such as E.coli, as the expression 

vehicle for the reshaped antibody or fragment. The final 

stages of the procedure therefore involve transforming the 

chosen cell line or organism using the expression vector 

or vectors, and thereafter culturing the transformed cell 

line or organism to yield the reshaped human antibody or 

fragment. 

By way of example only, detailed steps by means of 

which appropriate expression vectors can be prepared are 

given later in this specification. The manipulation of 

DNA material in a suitably eq~ipped laboratory is now a 

well-developed art, and the procedures required are well 

within the skill of those versed in this art. Many 

appropriate genomic and eDNA libraries, plasmids, 

restriction-enzymes, and the various-reagents and media 

which are required in order to perform such manipulations, 

are available commercially from suppliers of laboratory 

materials. For example, genomic and eDNA libraries can be 

p~=chased from Clontech Laboratories Inc. The steps given 

by way of example below are purely for the guidance of the 

reader of this specification, and the invention is in no 

w~y critically dependant upon the availability of one or 

more special starting materials. In practice, the skilled 

person has a wide range of materials from which to choose, 

and can exploit and adapt the published technology using 

acquired experience and materials that are most readily 

available in the scientific environment. For example, 

many plasmids fall into this category, having been so 

widely used and circulated within the relevant scientific 

community that they can now be regarded as common-place 

materials. 

Examples 

PFIZER EX. 1502 
Page 3303



W092104380 PCf/GB91/0t51 1 

5 

10 

15 

20 

25 

30 

35 

- 14 -

The procedure used to prepare reshaped anti-HMFG 

human antibodies is described in detail below, by way of 

example only, with reference to the accompanying drawings, 

of which: 

Figure 1 shows the eDNA sequence coding for a murine 

hea~ chain variable region having anti-HMFG specificity. 

The 3 classical CDRs are indicated, together with an amino 

acid sequence matching the eDNA code. 

Figure 2 shows the eDNA sequence coding for a murine 

light chain variable·region h~ving anti-HMFG specificity. 

Figure 3a shows a design for a synthesic reshaped 

human VH gene with HMFG1 specificity (HuVHiconHMFGl gene 

cassette) containing 3 fragments. 

Figures 3b.to 3d show the sequence of the respective 

fragments in Figure 3a, and also the oligonucleotides used 

in the assembly of each fragment. 

Figures 4a, 4b and 4c together show a route by which 

an expression vector encoding a reshaped human heavy chain 

·incorporating the CDRs of Figure 1, can be prepared. 

Figures 5a and 5b together show a similar 

transformation route to obtain an expression vector 

encoding a reshaped human light chain incorporating the 

CDRs of Figure 2, can be prepared. 

Figure 6 shows the plasmid pUC12-IgEnh, which 

contains an enhancer sequence used· in the routes of 

Figures 4a to 5b. 
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Figure 7 shows the source of plasmid pBGS18-HulgG1 

used in the route of Figure 4c. 

Figure 8 shows the source of plasmid pBGS18-HuCk used 

in the route of Figure 5b. 

Figure 9 shows two synthetic oligonucleotide 

sequences·I and II used in cloning the eDNA sequences of 

Figures 1 and 2. · 

Figure 10 shows two synthetic oligonucleotide 

sequences III and IV used to ~ntroduce the Kpn I and Sal I 

restriction sites in M13mp9HuVHLYS respectively, in the 

route depi~ted in Figure 4a. 

Figure 11 shows three synthetic oligonucleotide 

sequences VI, VII and VIII used to graft the Vk HMFG1 CDRs 

onto the human VK REI framework regions in the route 

depicted in Figure Sa. 

Figures 12 and 13 show the eDNA and amino acid 

sequences of the resulting reshaped human heavy and light 

chain variable regions respectively. 

Figure 14 depicts in diagramatic form the structure 

of a typical antibody (immunoglobulin) molecule. 

Figure 1.5 shows in graphical form the relative 

specific anti-HMFG1 binding activity of the resulting 

reshaped human antibody. 

The experimental procedures required to practice the 

invention do not in themselves represent unusual 

technology. The cloning and mutagenesis techniques were 

performed as generally described for example in Verhoeyen 
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et al (1988); Riechmann et al (1988) and EP-A-239400 

(Winter). The "de novo" synthesis of a reshaped human 

heavy chain variable region gene (see Figures 3a - 3d) was 

done by conventional techniques, using a set of long 

overlapping oligonucleotides (see also Jones et al, 1988). 

Laboratory equipment and reagents for synthesising long 

oligonucleotides are.readily available, and as techniques 

in this field develop it is beco~ing practicable to 

synthesise progressively longer sequences. 

Detailed laboratory manuals, covering all basic 

aspects of recombinant DNA te?hniques, are available, e.g. 

"Molecular Cloning" by Sambrook et al (1989). 

By means of the invention, the antigen binding 

regions of a mouse anti-HMFG antibody (HMFG1) were grafted 

onto human framework regions. The resulting reshaped 

human antibody (designated HuHMFGl) has binding 

characteristics similar to those of the original mouse 

antibody. 

Such reshaped antibodies can be used for in vivo 

diagnosis and treatment of human cancers, eg. ovarian 

cancers and breast cancers, and are expected at least to 

reduce the problem of an immune response in the patient 

often seen upon administration of non-human antibody. A 

similar benefit has been shown for reshaped CAMPATH-1 

antibody in Hale et al (1988). 

PFIZER EX. 1502 
Page 3306



W092/04380 PCf/GB9l/01511 

5 

10 

15 

20 

25 

35 

- 17 -

Methods: 

1. Cloning and sequence determination of the mouse 

variable region genes 

Messenger RNA was isolated from a murine hybridoma 

line which secretes the gamma-1,'kappa anti-HMFG antibody 

"HMFG1" (see Taylor-Papadimitriou et al, 1981 and Arklie 

et ·al, 1981}. First strand eDNA was synthesised by 

priming with-oligonucleotides I and II (see_Figure 9) 

complementary to the 5' ends .of the CH1 and Ck exons 

respectively. Second strand eDNA was obtained as 

described by Gllbler and Hoffmann (1983). 

Kinased EcoRI .linkers were ligated to the heavy chain 

_double-stranded eDNA and Pst1 linkers to the light chain 

double-stranded eDNA (both were first treated with EcoRI 

or Psti methylase to protect possible internal sites),. 

followed by cloning into EcoRI or Psti-cut pUC9 (Vieira et 

al, 1982) and transformation. of E.coli strain TG2 _(Gibson, 

1984}. 

Colonies containing genes coding for murine HMFGl VH 

(MoVHHMFG1) and for·murine anti-HMFG Vk (MoVkHMFGl)" were 

identified by colony hybridisation with 2 probes 

consisting respectively of 32P-labelled first strand eDNA 

of HMFGl VH and Vk. Positive clones were characterised by 

plasmid preparation, followed by EcoRI or Psti digestion 

and 1.5% agarose gel analysis. Full-size inserts (about 

450bp) were subcloned in the EcoRI or Psti site of M13mp18 

(Norrander et al, 1983). This yielded clones with· inserts 

in both orientations, facilitating nucleotide sequence 

determination of the entire insert, by the dideoxy chain 

termination method (Sanger et al, 1977). 
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The nucleotide sequences, and their translation into 
amino acid sequences, of the mature variable region genes 

MoVHHMFGl and MoVkHMFGl, are shown in Figures 1 and 2. 

The 450 bp inserts included a signal sequence and 5' 

untranslated sequences and linkers, not shown in the 

Figures~ 

2. Grafting of the mouse HMFGl CDRs onto human framework 

regions 

The general techniques necessary to achieve this have 

been described very adequately in Jones et al (1986), 

Verhoeyen et al (1988), Riechmann et al (1988) and in 

EP-A-239400 (Winter). 

a) Light chain: 

The basic construct used for reshaping a human light 

chain was M13mp9HuVkLYS (Riechmann et al, 1988), which 

contains framework regions with sequences based on those 
of the light chain variable regions of the human 

Bence-Janes protein REI (Epp et al, 1974). 

The CDRs in this construct (Figure Sa) were replaced 

by site-directed mutagenesis with oligonucleotides VI, VII 

and VIII encoding the HMFGl kappa chain CDRs flanked by 12 
nucleotides at each end encoding the corresponding human 

framework residues. These oligonucleotides are shown i~ 

Figure 11. The mutagenesis was done as described in 

Riechmann et al (1988). The resulting reshaped human 

light chain variable region gene (HuVkHMFGl) is shown in 

Figure 13. 
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b) Heavy chain: 

A reshaped human heavy chain variable region gene- was 

obtained by "de novo" synthesis. In the experiments 
published by Jones et al, etc, mentioned above 1 rodent 

-heavy chain CDRs were grafted onto the framework regions 
of the human NEW heavy chain variable region. It was 

shown by Verhoeyen et al (1988) and by Riechmann et al 

(1988) that it is impqrtant that the human framework can 

support the rodent CDRs in a conformation similar to the 

one occurring in the original_rodent antibody, and that 
certain CDR-framework interactions can be critical. It 
follows thus that the more dissimilar the rodent and the 

human framework sequences are, the less the chance will be 

for the CDR graft to· "take". 

Comparison of the heavy chain variable region amino 
acid sequence of the mouse HMFG1 (FigUre 1) to that of the 
human NEW (as used in Verhoeyen et al, _1988), revealed 44% 

differences between their respective framework regions. A 

much better homology was found when comparing to human 

heavy chain variable regions of subgroup I (Kabat et al, 

1987); human VHNEW belongs to subgroup II. 

We therefore decided to synthesise a human heavy 

chain variable region gene of subgroup I, containing the 

HMFGl heavy chain CDRs. We designed a consensus sequence 

for human heavy chain subgroup I variable regions, based 

on sequence information on this subgroup in Kabat et al, 

1987. Optimal codon usage was taken from the sequences of 
mouse constant region genes (the genes are expressed in a 

mouse myeloma line). 
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There are only 14% differences between the framework 

sequences of the HMFGl VH and the VH of this human VH 

subgroup I consensus sequence (HuVHicon). The resulting 

reshaped gene was designated the name HuVHI~onHMFGl, and 

is depicted in Figure 12. The gene synthesis is described 

separately in section (c) below. The newly synthesised 

gene HuVHiconHMFG1 was used to replace HuVHLYS in the 

construct M13mp9HuVHLYS (Verhoeyen et al, 1988), yielding 

the vector M13mp9HuVHiconHMFG1 (see Figure 4a). 

3. Assembly of reshaped human antibody genes in 
expression vectors 

The next stage involved the use of a murine heavy 

chain enhancer IgEnh, described in Neuberger et al (1983) 
where the enhancer is contained in a 1kb Xbal fragment of 

plasmid pSV-V~1. The 700bp XbalfEcoRI subfraqment of this 
1kb Xbal fragment is sufficient to confer enhancer 

activity. 

An alternative source of this enhancer is plasmid 

pSVneoHuVkPLAP (see Fig. Sa), a variation of which has 

been deposited in an E.coli strain under the Budapest 
Treaty on 19 April 1990 as NCTC 12390. As deposited, the 

plasmid also contains a human kappa-chain constant region 

gene (cloned in the BamHl site). 

'The reshaped human genes as prepared in sections 2(a) 

and 2{b) above, were excised from the M13 vectors as 

Hindiii - BamHI fragments. The heavy chain variable 

region genes were cloned into a vector based on pSV2gpt 

(Mulligan et al, 1981) and the light-chain variable region 

genes cloned into a vector based on pSV2neo (Southern et 

al, 1981) expression vectors, both containing the 

immunoglobulin heavy chain enhancer IgEnh. In the pSV2gpt 
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based antibody expression vector (see Fig. 4b ~ 4c), the 

XbaljEcoRI enhancer containing fragment was cloned in the 

unique EcoRI site of the pSV2gpt vector (after ligating 

EcoRI linkers to the filled in Xbal end of the fragment). 

5 In the pSVneo based antibody expression vector (see 

Fig. sa- 5b), the lkb Xbal enhancer containing fragment 

was first cloned into pUC12 (Vieira et al, 1982), yielding 

the plasmid pUC12-IgEnh, see Figure 6. The enhancer can 

then be cut out as a 700bp EcoRI/Hindiii fragment (either 

10 orientation of the enhancer will work). This 700bp 

EcoRI/Hindiii fragment is present in the-plasmid 

pSVneoHuVkPLAP, that we used to clone the. 

HuVkHMFG1-containing fragment described in section 2a, see 

15 

20 

25 

35 

Fig. Sa and 5b. The Hindiii site in the original pSV2neo 

had been removed. It is possible to use pSV2gpt as an 

alternative vector for light chain expression, as in 

practice there is no need for neo selection. 

The HuVHiconMFG1 gene was linked to a human gamma 1 

constant region (Takahashi et al, 1982), cloned initially 

as a Bkb Hindiii fragment into the H~diii site of pBGS1B 

(Spratt et al, 1986), and then in the pSV2gpt expression 
vector as a BamHI fragment (see Figures 4c and 7). It 

should be noted that in the Takahashi et al (1982) 

reference there is an error in Figure 1: the last (J I) two 

sites are BamHl followed by Hindiii, and not the converse. 

This was confirmed by Flanagan et al (1982). 

The HuVkHMFG1 gene was linked to a human c kappa 

constant region (Hieter et al, 1980) also cloned in as a 

BamHI fragment (see Figures Sb and 8). The source of the 

human ck used in Figure 8 is given in Hieter et al (1980). 

The 12 kb BamHl fragment from embryonic DNA (cloned in a 
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gamma Ch28 vector system) was subcloned in the BarnH1 site 

of plasmid pBR322. 

4. 11 de novo 11 synthesis of the HuVHiconHMFGl gene 

5 We decided to synthesise a gene encoding a human 
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25 
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35 

variable region gene of subgroup I (Kabat et al, 1987), 

and with the CDRs of VHHMFG1 (Figure 1). In summary, the 

synthetic gene is designed in s~ch a way that it can 

substitute the HuVHLYS gene in the existing M13mp9HuVHLYS 

vector. The M13mp9HuVHLYS was mutagenized to contain a 

Kpni and Sali site at the appropriate places (see also 

Figure 4a), to enable cloning· of the newly synthesized 

gene as a Kpni-Sali fragment. 

The gene sequence was designed as described above in 

section 2(b) and is depicted in Figure 12. To facilitate 

the substitution of this gene for the HuVHLYS gene in 

M13mp9HuVHLYS (Verhoeyen et al, 1988, see also Figure·4a), 

5' and 3 1 extensions were added to the gene. The 5' 

extension contains 37 bp of the leader intron and 11 bp of 

the second half of the leader exon (as in M13mp9HuVHLYS), 

and has a Kpni site at the very 5' end. The 3' extension 

contains 38 untranslated nucleotides. (as in M13mp9HuVHLYS) 

and ends in a Sali site. 

M13mp9HuVHLYS was modified by site directed 

mutagenesis with oligonucleotides III and IV to contain a 

Kpni and Sali site at the appropriate places (see Figure 

4a and Figure 10). This vector was named 

M13mp9HuVHLYS(K,S). This enabled cloning of the 

HuVHiconHMFGl gene as a Kpni-Sali fragment in Kpni-Sali 

cut M13mp9auVHLYS(K,S) vector. 
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For practical reasons it was decided to synthesise 

the gene as three fragments (cassettes), which were then 

assembled in one complete gene. 

Each fragment contains one of the three VHHMFG1 CDRs, 
and can easily be cloned or removed by using the (existing 

or newly introduced) unique restriction sites (see Figure 

3a). Each fragment was elongated at the 5' and 3' end to 

create a Hindiii and BamHI site respectively, to enable 

cloning in pEMBL9 (Dente et al,. 1983.). The coding strand 

of each fragment was divided in oligonucleotides with an 

average length of 33 bases. The same was done for the 

non-coding strand, in such a way that the oligonucleotides 

overlapped approximately 50% with those of the coding 

strand. 

The sequences of each fragment and of the 

oligonucleotides used for assembly, are shown in Figures. 

3b, 3c·and 3d. 

Before assemblin.9 the fragments, :the 5 1 ends of the 

synthetic oligonucleotide~ had to be phosphorylated in 

order to facilitate ligation. Phosphorylation was 
performed as follows: equimolar amounts (50 pmol) of the 

oligonucleotides were pooled and kinased in 40 ~1 reaction 
' buffer with 8 units polynucleotide kinase for 30-45 

minutes at 37°C. The reaction was stopped by heating for 

5 minutes at 70°C and ethanol precipitation. Ann~aling 

was done by dissolving the pellet in 30 ~1 of a buffer 
containing: 7 mM TrisCl pH 7 .5, .10 mM 2-mercapto-ethanol, 

5 mM ATP were added. Subsequently the mixture was placed 

in a waterbath at 65°C for 5 minutes, followed by cooling 

to 30°C over a period of 1 hour.· MgC12 was added to a 

final concentration of 10 mM. T4 DNA-ligase {2.5. units) 

was added and the mixture was placed at 37°C for 30 min. 
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(or overnight at 16°C). After this the reaction mixture 

was heated for 10 minutes at 70°C. · After ethanol 

precipitation the pellet was dissolved in digestion buffer 

and cut with Hindiii and BamHI. The mixture was separated 

on a 2% agarose gel and the fragment with a length 

· corresponding to the correctly assembled cassette was 

isolated by electro-elution. 

The fragments (1, 2, 3} were ligated in pEMBL9 (cut 

with Hindiii/BamHI), yielding.the vectors pUR4107, pUR4108 

and pUR4109 respectively. The sequence of the inserts was 

checked by sequence analysis Sin both orientatio~s). 

Fragment 1 was isolated from pUR4107 by Kpni/Xhoi 

digestion, whilst fragment 2 was isolated from pUR4108 by 

Xhoi/Saci digestion, after which they were ligated in 

Kpni/Saci cut pUR4109 in a three~fragment ligation. The 

resulting plasmid was named pUR4110 (see Figure 4a). 

Sequencing analysis showed that the insert contained t~e 

desired HuVHicoTIHMFG1 gene. This gene was cloned in a 

pSV2gpt-derived expression vector as depicted in Figures 

4b and 4c. The vector pSVgptMoVHLYS~MoigGl (Verhoeyen et 

al, 1988) was used as the source of a pSVgpt-based vector 

containing the IgEnh enhancer. 

5. Expression in myeloma cells 

Co-transfection of the expression plasmids 

pSVgptHuVHiconHMFG1-HuigG1 and pSVneoHuVkHMFG1-HuCk 

(Figures 4c and 5b) into NSO myeloma cells was done by 

electroporation (Potter et al, 1984), after linearisation 

with Pvui. Transfectomas were selected in mycophenolic 

acid containing medium to select for cells expressing the 

gpt gene product, and screened for antibody production and 

anti-HMFG activity by ELISA assays. 
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Clones positive for both assays were obtained and 
subcloned by limiting dilution and pure clones were 

assayed again for anti-HMFG activity, and the best 

producing clones were grown in serum-free medium for 

antibody production. 

6. Deposited plasmids 

E. coli strains containing plasmids used in the a.bove 

procedure have been deposited, in accordance with the 

provisions of the ·Budapest Treaty, in the National 

Collection of Type Cultures on 11 July 1990 as follows: 

NCTC 12411: K12, TG1 E.coli containing plasmid 
pSVgptHuVHiconHMFGl-HuigGl (identified 

for the purposes of deposition simply as 

pSVgpt-HuVHHMFG1-HuigG1) 

NCTC 12412: Kl2, TGl E.coli containing plasmid 
pSVneo-HuVkHMFG1-HUCk 

7. Binding ability of the reshaped human antibodies 

A useful way of demonstrating binding ability of the 

reshaped antibody is to show that it has a similar 
antibody dilution curve when binding to antigen adsorbed 

on a solid surface. such curves were generated as 

follows, using the parent murine anti-HMFG antibody and a 

reshaped human antibody prepared by the foregoing 

procedure. 

0.5ml of 10% w;v M280 tosyl activated magnetic beads 
(Dynal, Wirral, UK) were coupled to ~ilk mucin (106 units 

as determined in an immunoassay for HMFGl in which normal 

human serum registers 100-200 units per ml). Milk mucin 
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was prepared from human breast milk according to the 

method of Burchell et al (1987). The level of mucin was 

chosen to provide suitable activity for the assays in 

which the beads were used. The coupling was in 2.5ml of 

0.5M borate buffer at pH 9.5 plus 2.5 ml of mucin in 

5 phosphate-buffered saline pH 7.2 (PBS) for 22hrs at 37°C 

with gentle rotation. Blocking of remaining active sites 

was accomplished by adding 1ml of 10% bovine serum albumen 

(BSA; Sigma) in PBSA (PBS + 0~02% sodium azide followed by 
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a further 7 hr incubation at 37°C. The excess protein was 

washed away after using a samarium cobalt magnet to pellet 

the beads. Further washing was Jx in wash buffer (0.1M 

potassium phosphate pH 8 .o, o-.1% Tween 20, 0. 5% BSA) and 

4x in rinse buffer (PBS+ 0.1% BSA, 0.1% merthiolate). 

Beads were stored in rinse buffer at 10% w/v (estimated by 

dry weight analysis). 

Antibody binding was measured from a series of 

doubling dilutions of antibody samples (prepared by 

weighing in critical cases). 50~1 samples were incubated 

in replicate in microtitre wells with 50~1 Of 0.05% W/V 

suspension of beads in 1% BSA/PBSM (PBS + 0.01% 

merthiolate) at room temperature for 1 hr on a plate 

shaker. Small cobalt samarium magnets, embedded in a 

plastic base, were used to sediment the beads to the sides 

of the wells of the plate_to allow liquid removal and 

washing once with 150~1 PBSTM (PBSM + 0.15% Tween 20). 

This was followed by detection,of bound antibody with 50~1 

of alkaline phosphatase coupled goat anti-human IgG (H+L) 

(Jackson} used at 1/1000 dilution in 1% BSA in PBSTM for 1 

hr at room temperature. The beads were washed 3x in 

PBSTM. Colour development was with 200~1 of nitro phenyl 

phosphate (Sigma alkaline phosphatase substrate tablets) 

in 1M diethanolamine buffer at pH 9.8. Optical densities 

were read in a Dynatech plate reader at 410nm after 
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transferring fixed volumes of supernatant (usually 150~1) 

to a flat bottom well microtitre plate. For examination 

of mouse antibodies the conjugate used was rabbit 

anti-mouse IgG (Sigma). 

Antibody dilution curves for the murine and reshaped 

HMFGl antibodies are shown in Figure 15. Maximum binding 

was determined with a large excess of antibody and 

negative controls had none. Antibody concentrations, in 

~gjml, were determined by UV absorption measurements at 

10 280nm. For both antibodies a dilution of 1 has been set 
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equivalent to 1~g/ml. The two curves are similar, 

indicating a significant and useful level of binding 

effectiveness for the r~shaped antibody of the. invention. 
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CLAIMS 

1. A synthetic specific binding agent having specificity 

for human polymorphic epithelial mucin (PEM), conferred by 

5 the presence of one or more of the amino acid sequences: 

i) Ala Tyr Trp Ile Glu 

ii) Glu Ile Leu Pro Gly Ser Asn Asn Ser Arg Tyr Asn Glu 

. 10 Lys Phe Lys Gly 
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25 

30. 

35 

iii) Ser Tyr Asp Phe Ala Trp Phe Ala Tyr 

iv) Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn Gln Lys 

Ile Tyr Leu Ala 

v) Trp Ala Ser Thr Arg Glu Ser 

vi) Gln Gln Tyr Tyr Arg Tyr Pro Arg Thr 

2 A reshape~ human antibody, or a reshaped human 

antibody fragment, having specificity for human 

polymorphic epithelial mucin (PEM) conferred by the 

presence of one or more of the amino acid sequences: 

i) Ala Tyr Trp Ile Glu 

ii) Glu Ile Leu Pro Gly Ser Asn Asn Ser Arg Tyr Asn Glu 

Lys Phe Lys Gly 

iii) Ser Tyr Asp Phe Ala Trp Phe Ala Tyr 

iv) Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn Gln Lys 

Ile Tyr Leu Ala 
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.. v) Trp Ala Ser Thr Arg Glu Ser 

vi) Gln Gln Tyr Tyr Arg Tyr Pro Arg Thr 

3. A reshaped human antibody or reshaped human antibody 

5 fragment according to claim 2, having at least one 

heavy-chain variable region incorporating the following 

CDRs: 

10 

15 

20 

25 

30 

35 

CDRl: Ala Tyr Trp Ile Glu 

CDR2: Glu Ile Leu Pro.Gly Ser Asn Asn Ser Arg Tyr 

Asn Glu Lys Phe Lys Gly 

CDR3: Ser Tyr Asp Phe Ala Trp Phe Ala Tyr 

4. A reshaped human a~tibody or reshaped human antibody 

fragment according to claim 2, having at least one 

light-chain variable region incorporating the following 

CDRs: 

CDRl: Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn 

Gln Lys Ile Tyr Leu Ala 

CDR2: Trp Ala Ser Thr Arg Glu Ser 

CDR3: Gln Gln Tyr Tyr Arg Tyr Pro Arg Thr 

5. A reshaped human antibody or reshaped human antibody 

fragment. according to claim 2 and having at least one 

heavy-chain variable region according to claim 3 and at 

least one light-chain variable region according to claim 

4. 
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6. A reshaped human antibody or reshaped human antibody 

fragment according to claim 2, incorporating at least one 

heavy-chain variable region comprising the entire amino 

acid sequence depicted in Figure 12 of the accompanying 

drawings. 

7. A reshaped human antibody or reshaped human antibody 

fragment'according to claim 2, incorporating at least one 

light-chain variable region comprising the entire amino 

acid sequence depicted in Figure 13 of the accompanying 

drawings. 

8. A synthetic specific binding agent, reshaped human 

antibody or reshaped human antibody fragment, according to 

any one of the preceding claims, wherein the PEM is human 

milk fat globule (HMFG). 

9. A synthetic specific binding agent, reshaped human 

antibody or reshaped human antibody fragment, having 

specificity equivalent to that of the gamma-1, kappa 

anti-HMFG monoclonal antibody "HMFGl". 

10. A stable host cell line producing a synthetic 

specific binding agent, reshaped human antibody or 

reshaped human antibody fragment according to any one of· 

claims 1 to 9, resulting from incorporation in the cell 

line of a foreign gene encoding the synthetic speqific 

binding agent, reshaped human antibody or reshaped human 

antibody fragment. 

11. A stable host cell line according to claim 10, 

wherein the foreign gene includes one or more of the 

nucleotide sequences: 

i) GCC TAC TGG ATA GAG 
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ii) GAG ATT TTA CCT GGA AGT AAT AAT TCT AGA TAC AAT GAG 

AAG TTC AAG GGC 

iii) TCC TAC GAC TTT GCC TGG TTT GCT TAC 

iv) AAG TCC AGT CAG AGC CTT TTA TAT AGT AGC AAT CAA AAG 

ATC TAC TTG GCC 

v) TGG GCA TCC ACT AGG GAA TCT 

vi) CAG CAA TAT TAT·AGA TAT CCT CGG ACG 

12. A stable host cell line according to claim 10, 

wherein the foreign gene includes the entire nucleotide 

sequence depicted in Figure 12 of the accompanying 

drawings. 

13. A stable host cell line according to claim 10, 

wherein the foreign gene includes the entire nucleotide 

sequence depicted in Figure 13 of the accompanying 

drawings. 

14. A stable host cell line according to claim 10, 

wherein the foreign gene encodes: 

a) at least one of the amino acid sequences: 

i) Ala Tyr Trp Ile Glu 

ii) Glu Ile Leu Pro Gly Ser Asn Asn Ser Arg Tyr Asn Glu 

Lys Phe Lys Gly 

iii) Ser Tyr Asp Phe Ala Trp Phe Ala Tyr 

iv} Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn Gln Lys 
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Ile Tyr Leu Ala 

v) Trp Ala Ser Thr Arg Glu Ser 

vi) Gln Gln Tyr Tyr Arg Tyr Pro Arg Thr 

and b) a protein framework that enables the encoded amino 

acid sequence when expressed to function as a CDR having 

specificity for PEM .. 

15. A stable host· cell line according to claim 10, 

wherein the foreign gene encodes the entire amino acid 

sequence depicted in Figure 1~ of the accompanying 

drawings. 

16. A stable host cell line according to claim 10, 

wherein the foreign gene encodes the entire amino acid 

sequence depicted in Figure 13 of the accompanying 

drawings. 

17. Plasmid pSVgpt-HuVHHMFG1-HuigG1. 

18. Plasmid pSVneo-HuVkHMFGl-HuCk. 

19. Use of plasmid according to claim 17 or claim 18 in 

the production of a synthetic specific binding agent, 

reshaped human antibody or reshaped human antibody 

fragment. 

20. E.coli NCTC 12411. 

21. E.coli NCTC 12412. 
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22. A DNA sequence encoding a reshaped human antibody 
heavy-chain variable region having specificity for HMFG, 

as contained in E.coli NCTC 12411. 

·23. A DNA sequence encoding a reshaped human antibody 

light-chain variable region having specificity for HMFG, 

as contained in E.coli NCTC 12412. 

24. A reshaped human antibody heavy-chain variable reg~on 
having specificity for HMFG, producible by means of the 

expression vector contained in E.coli NCTC 12411. 

25. A reshaped human antibody light-chain variable region 
having specificity for HMFG, producible by means of the 

expression vector contained in E.coli NCTC 12412. 

26. A reshaped human antibody or_reshaped human antibody 

fragment, comprising at least one variable region 

according to claim 24 or claim 25 .. 

27. A synthetic specific binding agent, reshaped human 

antibody or reshaped human antibody fragment, according to 
any one of claims 1 to 9 or claim 26, linked to or 

incorporating an agent capable of retarding or terminating 

the growth of cancerous cells, or linked to an agent 

capable of being detected while inside the human body. 

28. An injectable composition comprising a synthetic 
specific binding agent, reshaped human antibody or 

reshaped human antibody fragment, according to claim 27, 

in a pharmaceutically acceptable carrier. 

29. Use of a synthetic specific binding agent, reshaped 

human antibody or reshaped human antibody fragment, 

according to any one of claims 1 to 9 or claim 26, for the 
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manufacture of a medicament for therapeutic application in 

the relief of cancer in humans, or for the manufacture of 

a diagnostic compqsition for in-vivo diagnostic 

application in humans. 

5 30. Use of a· synthetic binding agent, reshaped human 

antibody or reshaped human antibody fragment, according to 

claim 27, in a method of human cancer therapy or imaging. 

10 

J.5 
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Fig.t 
MoVBBMFGl 

5 10 15 20 
CAG GTT CAG CTG CAG CAG TCT GGA GCT GAG CTG ATG AAG CCT GGG GCC TCA GTG AAG ATA 60 
Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Met Lys Pro Gly Ala Ser Val Lys Ile 

25 30 CDR1 35 40 
TCC TGC AAG GCT ACT GGC TAC ACA TTC AGT GCC TAC TGG ATA GAG TGG GTA AAG CAG AGG 
Ser Cys Lys Ala Thr Gly Tyr Thr 'Phe Ser Ala Tyr Trp Ile Glu Trp Val Lys Gln Arg 

45 SO 52 A 55 CDR2 
CCT GGA CAT GGC CTT GAG TGG ATT GGA GAG ATT TTA CCT GGA AGT AAT AAT TCT AGA TAC 
Pro Gly His Gly Leu Glu Trp Ile Gly Glu Ile ·Leu Pro Gly Ser Asn Asn Ser Arg Tyr 

60 65 70 75 
AAT GAG AAG TTC AAG GGC AAG GCC ACA TTC ACT GCT GAT ACA TCC TCC AAC ACA GCC TAC 
Asn Glu Lys Phe Lys Gly Lys Ala Thr Phe Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 

120 

180 

240 

so a2 A a c as· 90 95 
ATG CAA CTC AGC AGC CTG ACA TCT GAG GAC TCT GCC GTC TAT TAC TGT TCA AGG r-r'"""c~C-TA-.C- 300 
Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ser Arg Ser Tyr 

CDR3 100 A 105 110 
GAC TTT GCC TGG TTT GCT TAC TGG GGC CAA GGG ACT CCG GTC ACT GTC TCT GCA 
Asp Phe Ala Trp Phe Ala Tyr Trp Gly Gln Gly Thr Pro Val Thr Val Ser Ala 

354 

....... 
'N 

N 

., 
g 
c:"l = 10 
·~ = -lA --
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Fig. 7...

S

CAG GTT CAG CTG CAB CAG TCT GGA

Gln Val Gln Leu Gln Gln Ser Gly

25

Tee TGC AAG GCT ACT GGC TAC ACA

Ser Cys Lys Ala Thr Gly TYr Thr

45

OCT GGA CAT GGC CTT GAG TGG ATT

'Pro Gly His Gly Leu Glu Trp Ile

60 65

AAT GAG AAG TTC AAG GGC AAG GCC
Asn Glu Lys Phe Lys Gly Lys Ala

80-82ABC‘
ATG CAA CTC AGC AGC CTG ACA TCT

Met Gln Leu Ser Ser Leu Thr Ser

CDR3 100 A
GAC TTT GCC TGG TTT GCT TAC TGG

Asp Phe_Ala Trp Phe Ala Tyr Tip

MOVHHMFGl

v10 15 20

GCT GAG CTG ATG RAG CCT GGG GCC TCA GTG BAG ATA

Ala Glu Leu Met Lys Pro Gly Ala Ser Val Lys Ile

30 CDR1 35 LO
TTC AGT GCC TAC TGG ATA GAG TGG GTA AAG CAG AGG

:Phe Ser Ala Tyr Trp Ile Glu Trp Val Lys Gln Axg

SO 52 A 55 CDRZ

GGA GAG ATT TTA CCT GGA AGT AAT AAT TCT AGA TAC

Gly Glu Ile Len Pro Gly Ser Asn Asn Ser Arg Tyr

70 7S .
ACA TTC ACT GCT GAT ACA TCC TCC AAC ACA GCC TAC

Thr Phe Thr Ala Asp Thr Ser Ser_Asn Thr Ala Tyr

85= 90 95

GAG GAC TCT GCC GTC TAT TAC TGT TCA AGG TCC TAC

Glu Asp Ser Ala Val Tyr Tyr Cys Ser Arg Ser Tyr

105 j 110 ‘
GGC CAA GGG ACT CCG GTC ACT GTC TCT GCA

Gly Gln Gly Thr Pro Val Thr Val Ser Ala

DSflHV26CMh

“Em/16:19am!
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Fig.2 
MoVkRMFGl 

5 10 15 20 
GAC ATT GTG ATG TCA CAG TCT CCA TCC TCC CTA GCT GTG TCA GTT GGA GAG AAG GTT ACT 60 

·Asp Ile Val Met Ser Gln Ser Pro Ser Ser Leu Ala Val Ser Val Gly Glu Lys Val· Thr 

25 27 A 8 C 0 E F 30 CDR1 
ATG AGC TGC AAG TCC AGT CAG AGC CTT TTA TAT AGT AGC AAT CAA AAG ATC TAC TTG GCC 

Met Ser Cys Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn Gln Lys Ile Tyr Leu Ala 

35 40 45 so CDR2 
TGG TAC CAG CAG AAA CCA GGG CAG TCT CCT AAA CTG CTG ATT TAC TGG GCA TCC ACT AGG 

Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thr Ar 

55 60 65 70 
GAA TCT GGG GTC CCT GAT CGC TTC ACA GGC GGT GGA TCT GGG ACA GAT TTC ACT CTC ACC 

Glu S~r Gly Val Pro Asp Arg Phe Thr Gly Gly Gly Ser Gly Thr Asp Phe Thr Leu Thr 

75, 80 85 90 CDR3 

120 

180 

240 

ATC AGC AGT GTG AAG GCT GAA GAC CTG GCA GTT TAT TAC rGT CAG CAA TAT TAT AGA TAT 300. 

Ile Ser Ser Val Lys Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr Arg Tyr 

95 100 105 
CCT CGG ACG TTC GGT GGA GGC ,ACC AAG CTG GAA ATC AAA CGG 

Pro Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg 
342 

N -N 
N 
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Fig.2.
MoVkHMFGl 088170!Z601“

5 ' 10 A 15 20
GAC ATT GTG ATG TCA CAG TCT CCA TCC TCC CTA GCT GTG TCA GT'I‘ GGA GAG AAG GTT ACT '60 I

,~Asp Ile Val Met Ser Gln Ser Pro Ser Ser Léu Ala Val Ser Val Gly Glu Lys Val Thr

25'27ABCDEF 30 [DR]
ATG AGC TGC AAG TCC AG’I‘ CAG AGC CTT TTA TAT AGT AGC AAT CAA AAG ATC TAC ‘I‘TG GCC 120

Met Ser Cys Lys Ser Ser Gln Ser Lou Leu Tyr Ser Ser Asn Gln Lys Ile Ty: Leu Ala

35 LO ‘ as 50 CDRZ

TGG TAC CAG CAG AAA CCA GGG CAG TCT CCT AAA CTG CTG‘ATT TAC TGG GCA TCC ACT AGG 180

Trp Ty: Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thr Ar

55 60 65 7O 4

GAA TCT GGG GTC CCT GAT CGC TTC ACA GGC GGT GGA TCT GGG ACA GAT TTC ACT CTC ACC 240

Sin Ser Gly val Pro Asp Arg Phe Thr Gly Gly Gly Ser Gly Thr Asp Phe Thr Len Thr

75, , 80 BS . . 90 CDR3

ATC AGC AGT GTG AAG’GCT GAA GAC .CTG GCA GT‘I‘ TAT TAC TGT CAG CAA TAT TAT AGA TAT 300‘

Ile Ser Se: Val Lys Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr Arg Tyr I

95 "100 105

CCT CGG ACG TTC GGT GGA GGC .Acc AAG CTG GAA ATC AAA CGG _ V 342
Pro Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg

‘ZZIZLam-Is'aLnLusans
"U

E3O
W\a
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m
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.Fig.3b 
FRAGMENT 1 

10 20 30 40 50 60· 
acagtagcag gcttgaggaa agcttctata tatgggtacc aatgacatcc actttgcctt 
tgtcatcgtc cgaactcctt tcgaagatat atacccatgg ttactgtagg tgaaacggaa 

70 80 90 100 110 120 
tctctccaca gGTGTCCACT CCCAGGTGCA GCTGGTGCAG TCTGGGGCAG AGGTGA.AAJI..A 
agagaggtgt cCACAGG1.'GA GGGTCCACG1.' CGACCACGTC AGACCCCGTC TCCACTIITT 

130 140 150 160 170 180 
GCCTGGGGCC TCAGTGAAGG TCTC·..:TGCAA GGCTTCTGGC 'l'ACACCTTCA GTGCCTAC'l'G 
CGGA.CCCCGG. AGTCA.CT1'CC ACAGGACGTT CCGAAGACCG A'l'GTGGlv .. GT CACGGATGAC 

190 200 210 220 230 240 
GATAGAGTGG GTGCGCCAGG CTCCAGGAAA GGGCCTCGAG TGGGTCGGAT CCAGGGAGAT 
CTATCTCACC CACGCGGTCC GAGGTCCTTT CCCGGAGCTC ACCCAGCCTA GGTCCCTCTA 

OLIGONUCLEOTIDES 
CODE LENGTH s' ~:'--- SEQUENCE --- 7 3' 

VHP.l-!lA (32) age ttc tat ata tgg gta cca atg ac.J. tee ac 
VHHMlB (33) ttt gee ttt etc tee aca gGT GTC CAC TCC CAG 
VHHM1C (36) GTG CAG CTG GTG CAG TCT GGG GCA GAG GTG AAA A.AG 
VHHM1D (33) CCT GGG GCC TCA GTG AAG GTG TCC TGC AAG GCT 
VHHM1E (36) TCT GGC TAC ACC TTC AGT GCC TAC TGG ATA GAG TGG 
VHHM1F (37} GTG CGC CAG GCT CCA GGA AAG GGC CTC GAG TGG GTC 

G 
VHHM1G ( 40) gag aaa ggc aaa gtg gat gtc att ggt ace cat ata 

tag a 
VHHM1H (36) CTG CAC CAG CTG CAC CTG GGA GTG GAC ACe tgt gga 
VHHM1I (33} TGA GGC CCC AGG CTT TTT CAC CTC TGC CCC AGA 
VHHM1J (33) GGT GTA Gee. AGA AGC CTT GCA GGA CAC CTT CAC 
VHHMlK (36) AGC CTG GCG CAC CCA CTC TAT CCA GTA GGC ACT GAA 
VHHMlL (29) GAT CCG ACC CAC TCG AGG CCC TTT CCT GG 

POSITIVE STRING: 
VHHM1A (21-52) 
VHHM1B (53-85) 
VHHM1C (86-121) 
VHHM1D (122-154) 
VHHM1E (155-190) 
VHHM1F. (191-227) 

NEGATIVE STRING. 
VHHMlG (25-6.4) 
VHHH1H (65-100) 
VHHHli (101-13~) 
VHHMlJ (134-166) 
VHHMlK (167-202) 
VHHMl.L (203-:!31) 
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Fig.3c. 
FRAGMENT 2 

10 20 30 40 50 60 
GACAGCCGTA GAGTGGGTGC AAGCTTCTCC AGGACTCGAG TGGGTCGGAG AGATTTTACC 
CTGTCGGCAT cTCACCCACG TTCGAAGAGG TCCTGAGCTC ACCCAGCCTC TCTAAAATGG 

70 80 90 100 
TGGAAGTAAT AATTCTAGAT ACAATGAGAA GTTCAAGGGC 
ACCTTCATTA TTAAGATCTA TGTTACTCT'l' CAAGTTCCCG 

130 140 150 160 
CACA'l'CCACA AACACAGCCT ACATGGAGC'l' CAGCAGCCTG 
GTGTAGGTGT TTGTGTCGGA TGTACCTCGA GTCGTCGGAC 

OLIGONUCLEOTIDES 
CODE LENGTH s' ~--- SEQUENCE 

VHHM2A (25) AGC TTC TCC AGG 
· VHHM2B (27) GGA GAG ATT TTA 
VHHM2C (39) TCT AGA TAC AAT 

GTC 
VHHH2D (30) ACT AGA GAC ACA 
VHHM2E (20) ATG GAG CTC AGC 
VHHM2F (36} AGG TAA AAT CTC 
VHHM2G (39) GCC CTT GAACTT 

TCC 
VHHM2H (24) TGT GTC TCT AGT 
VHHM2I (42) GAT CCT CAG GCT 

TGT GGA 

POSITIVE STRING: 
VHHM2A 
VHHM2B 
VHHM2C 
VHHM2D 
VHHM2E 

. . (22-46) 
(47-73) 
(74-112) 
(113-142) 
(143-162) 

NEGATIVE STRING: 
VHHM2F 
VHHM2G 
VHHM2H 
VHHM2I 

(26-61) 
(62-100) 
(101-124) 
(125-166) 

ACT CGA GTG 
CCT GGA AGT 
GAG AAG TTC 

TCC ACA AAC 
AGC CTG AG 
TCC GAC CCA 
CTC ATT GTA 

GAC TGT CAC 
GCT GAG CTC 

110· 120 
CGAGTGACAG TCACTAGAGA 
GCTCACTGTC AGTGATCTCT 

170 180 
AGGATCCAGC AGCCTGAGG'l' 
TCCTAGGTCG TCGGACTCCA 

---7 3' 

GGT C 
AAT AAT 
AAG GGC CGA GTG ACA 

ACA GCC TAC 

CTC GAG.TCC TGG AGLO. 
TCT AGA ATT ATT ACT 

TCG 
CAT GTA GGC TGT GTT 
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Fig. 3d 
FRAGMENT 3 

10 20 30 40 
CACATCCACA AGCTTAAACA CAGCCGAGCT CAGCAGCCTG 
GTGTAGGTGT TCGAATTTGT GTCGGCTCGA GTCGTCGGAC 

70 so 90 100 
CTATTACTGT GCAAGATCCT ACGACTTTGC CTGGTTTGCT 
GATAATGACA CGTTCTAGGA TGCTGAAACG GACCAAACGA 

130 140 150 160 
GG'l'CACAGTC TCCTCAggtg agtccttaca acctctctct 
CCAGTGTCAG AGGAGTcca~ tcaggaatgt tggagagaga 

190 
acgtggatcc 
tgcacctagg 

OLIGONUCLEOTIDES 
CODE LENGTH. 51 of---- SEQUENCE 

VHHMJA (39} AGC TTA AAC ACA GCC GAG 
GAG 

VHHM3B (27) GAC ACA GCC GTC TAT TAC 
VHHM3C (39) TCC TAC GAC TTT GCC TGG 

GGG 
VHHMJD (39) ACT CTG GTC ACA GTC TCC 

cct 
VHHMJE (31) etc tct tct att cag tcg 
VHHMJF (17) GAG CTC GGC TGT GTT TA 
VHHM3G (33) ATA GAC GGC TGT GTC CTC 
VHHM3H (39) GTA AGC AAA CCA GGC AAA 

GTA 
VHHMJI (36) ace TGA GGA GAC TGT GAC 
VHHMJJ (29) tga ata gaa gag aga ggt 
VHHMJK (21) gat cca cgt ate tat gtc 

POSITIVE STRING: 
VHHMJA 
VHHMJB 
VHHMJC 
VHHM3D 
VHHM3E 

(l.l.-49} 
(50-76} 
(77-11.5) 
(1.16-154) 
(155-185) 

NEGATIVE STRING: 
VHHM3F 
VHHM3G 
VHHMJH 
VHHMJI 
VHHM3J 
VHH.'13K 

(1.5-31) 
(32-64) 
(65-103) 
(1.04-1.39) 
(140-"1.68) 
{1.69-1.89) 

CTC 

TGT 
TTT 

TCA 

aca 

AGA 
GTC 

CAG 
tgt 
gac 

SUBSTITUTE SHEET 
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50 60 
AGGTCTGAGG ACACAGCCGT 
TCCAGACTCC TGTGTCGGCA 

110 120 
TACTGGGGCC AAGGGACTCT 
ATGACCCCGG TTCCCTGAGA 

170 180 
tctattcagt cgacatagat 
agataagtca gctgtatcta 

--:-~31. 

AGC AGC CTG AGG TCT 

GCA AGA 
GCT TAC·TGG GGC CAA 

ggt gag tee tta caa 

tag ata cgt g 

CCT CAG GCT GCT 
GTA GGA TCT TGC ACA 

AGT CCC TTG GCC CCA 
aag gac tc 
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J introduce Kpni and Sali · 

Kpni Sal! 
L BamHI 

HuVHLYS 

M13mp9HuVHLYS(K,S) 

Sal I 
Bam HI 

ligate 

h I S . I Sali 
X 0 ac BamHI 

HuVHI c onHMFG 1 

M13mp9HuVHiconHMFG 1 

PCf/GB91/0JSJ 1 

Xhoi Sad Sati 

pUR4110 

.... ·. -~. :.·. 
R 

Amp 

! +Kpni/Sali 
isolate HuVHiconHMFG 1 
containing fragment 

KpnJ Xhoi Saci Sal! 

~~Blears ~ 
HuVHiconfjMFG 1 

FJg.4a. 

Bam HI 
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HuVHiconHMFG1 

Mi3rnp9HuVHI conHMFG1 

+ Hindiii/BamHI 
isolate HuVHiconHMFG1 
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'0" documeal re!erring to 111 oral disclosure, uSe, exhlllltloa or diiCIIIIIent is camblaed wltb o11e or mare otller sucb docu-
otber me:ans mats, such cambiaatloa being obvloiiS to a person skllled 

"P"' docament published prior to tbe international filing dare but Ia tbean. 
later tblll tbe priority dale daimed • &!' dOCIIIDent member of the same patent family 

IV. CER11FICATION 

.;ate of rbe Actual Complctloa of tile IDteroatiDDal Sarcb Dare of Mailing of tbls Iaternatlonal Search Report 

02-12-1991 2 1. 01. 92 
lllternatioaal Sarcblag Autborlty -NT, ~~ EUROPEAN PATENT OFFICE 

-
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INTERNATIONAL SEARCH REPO RT

D International Applinatinn No PC 9 5 1 1
1. CLASSIFICATION OF SUBJECT MATTER (if sacs-a} classification symbols apply, indium all)“
According to lmenational Patent damnation arm or to both National animation and [PC

Int.CT;5 C 07 K 15/28 C 12 P 21/08 C 12 N 1/21
C 12 N 15/13 A 61 K 39/395

II. FIELDS SEARCHED ,
Minimum Dowmenmion Satan“?

Classiflmtion System V Classiflutlon Symbols

Int.C1.5 C 07 K C 12 P A 61 K

. Documemation 5mg: othe! than Minimum Dmmtatiotl
to the gum um such Dawmems are Inde In the fields Satchd' V

m. DOCUMENTS CONSIDERED TO BE RELEVANT9

Category " Citation of Document, 11 with inflation, when appropriate, of the relevant pangs ‘1 Relevant :9 Chin: Na.“

NATURE, vol. 332, 24th March 1988, (London, GB),
L. RIECHMANN et a1.: "Reshaping human antibbdies
for therapy", pages 323-327, see page 325,
right-hand column, The S - page 326, left-hand
co'lumn, Hne 40 (cited in the application)

E?.A,0369816 (THE UNIVERSITY OF
EleBDURNE) 23 May 1990, see the whoTe document
(cited in the appTication)

W0,A,8907268 (JOHN MUIR CANCER &
AGING INSTITUTE) 10 August 1989, see‘the whoTe
document

W0,A.9005142 (IMPERIAL CANCER ' '

RESEARCH TECHNOLOGY LTD) 1? May 1990, see claims
14-23

_..- _/-

° Spatial engulfs of cited Meats : m '1’" wandering-kt. puiflfidinaftunélhe iatrgt‘mnfl filing dgte
'A" doumtddlnlngthegeaerflmadthemwhidxlsm 0” a q n m a a" ‘gag “an” atcommand to be of Panin 1 a cited {taxade the ptindpie or theory wishing the V
'3' agile! document hilt Md 1- or 138 the mini! Ix: document “-mmmm m dam“ “wantonminim mmbamuifiadnwdoranmbemsuerdto

"1! times: which may tin!!! mm on pflcrlty dun-1(3)“ law". an inventive sup
"ma '5 cued.“ 5"?“ fl“ “mum!” “‘3 0‘ “am” ’1" document of particular relevant: the claimd invention
am!“ " cm" W“. m (’5 W) mot be minted to involve an inventive step when the

'0' denim! relating In at: uni disde use, exhibition or down-em is combined with one or more mite: such dom-
nthet mans ments, such combination being envious to : pet-sen skilled

'9' dpcnman published pm to the international filing an: m l“ m "'-lata tun tie printfly (It; claimed '&' amen! member of the same [mat family

A N. CERTIFICATION
gate a! the Actual Completion of the International Said: Date of Malling of this Intention-i Said: Regen

02-12-1991" 21. m. 92
biennium smug Annuity Signature at A .1 amu- '

EUROPEAN PATENT 0mm: ‘ .I 4 (

For. rcmsmm inane mm (Jun-y nut '
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IDterllatloaal Application No PCT /GB 91/01511 

m. DOCUMENTS CONSIDERED TO BE RELEVANT (CONllNUED FROM THE SECOND SHEET) 

Category 0 Otatlon of DOCIIIDellt, wftb ladlcatloo, wbere appropria!e, of tbe relev:mt passages ~to Claim No. 

A WO,A,8809344 (CREATIVE BIOMOLECULES, 1-30 
INC.) 1 December 1988, see the claims 

---
P,Y WO,A,9107500 (UNILEVER PLC) 30 May 1-30 

1991, see the whole document ---
P,Y WO,A,9012319 (JOHN MUIR CANCER & 

AGING INSTITUTE) 18 October 1990, see the claims ·' . -----
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lntamatlor \ppllcatlon No. PCT/ GB91/01511 
----------------------~~~~ FURTHER INFOAMAliON CONliNUED FROM THE SECOND SHEET 

V. i]J OBS~RVAliON WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 1 

Tills lmm.tlonal surch ,.pan has nolllftn atallllsheclln rapect of certain claims undw Arllcla 17(2){a) for 1111 fallowing fAIOIIs: 

1. 0 Claim numbers bacaunlnyralatalo subjKI matt.,. not raqutiWt to ba saarchecl bythll 
Authority, namely. 

Remark: Although claim 30 1s directed to a method of 
treatment of, and the d1agnost1c method practised on, the 
human body, the search has been carried out and based on 
the alleged effects of the compound/compos1t1on. 

2. D Claim numbars bacausa 1ny r.lata to parts of lila International application lllal do not comply 
With tha pnSCIIbecl ,_quirwlMIIts to such an mclaftl that no murringful lnt...nallonal snrch can ba carriacl out, specifically. 

3. D Claim numbers becaun they are ~ant claims and are not dral'llld In acconlancawilh 
tha ncond and thinlnmncas of PCT Rula6.4(a). 

VIO OBSERVATIONS WHERE UNITY OF INVENliON IS LACKING 2 

Thlslntamallonal Searching Authority found multlplaliMIIIIons in this lntamatlonalappllcation as folkMI: 

1. 0 AI all raquiracl eclditiOnal llarcb r .. s warellmaly paid by the applicant, this lntamltional saan:h ,.pan -. all surd!abla claims 
or the lntsrnatlonal application 

2. 0 As only soma of the raqulrwd additional surc11 r-- tlmaly paid by till applicant, this intamatlonal sun:ll rwpart c:owr. only 
lhasa claims of tile lntamatlonal application for wlllcll faeswwa paid, 1paclflcslly claims: 

3. D :o raqlliml additional sun:ll fils wara tlmaty paid by the applicant Connquantly, thll tntematlonal surchraport 11 rastnclecl to 
tha 1nvantlon first manlloneclln the claims; 11 Is c-.d by claim numbarr. 

4. 0 As all surchabla claims could ba aun:hacl witlloutlllrort juatlfying an additional r ... the lnllmatlonal Surchtno Authority did no1 
iJMtl payment of any additional fa 

Remark on Pro•.t 

Dna additional aurc11 fils w- accompanied by applicant's prot .. t. 

0 No pratut accompantacltha payment or additional surch f-. 

Form PCT/ISA/210 (supplemental sheet (2))- P94128 05/81. 
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ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. GB 9101511 

SA 51125 

This IIIIDCX lisls the patent family members relating to the patent doauneors cited in the above-mentioned international search report. 
Tbe members are as contained in tbe European Patent Ollke EDP file on 30/12/91 
1be European Patent Office is in no way liable for these particulars wbicb are merely given for tbe purpose or information. 

Patent doauneot 
cited iD searcb report 

EP-A- 0369816 

WO-A- 8907268 

WO-A- 9005142 

WO-A- 8809344 

WO-A- 9107500 

WO-A- 9012319 

I Publication 
date 

23-05-90 

10-08-89 

17-05-90 

01-12-88 

30-05-91 

18-10-90 

I Patent family 
memha(s) 

CA-A-

AU-A
EP-A
JP-T-

EP-A-

AU-8-
AU-A
EP-A
JP-T-

AU-A
EP-A-

None 

2003211 

3049189 
0401247 
3503120 

0442926 

612370 
1804988 
0318554 
2500329 

6736990 
0429242 

I Publication 
date 

17-05.-90 

25-08-89 
12-12-90 
18-07-91 

28-08-91 

11-07-91 
21-12-88 
07-06-89 
08-02-90 

13-06-91 
29-05-91 

:I! 
!!! 
;: 
c~---------------------------------------------------------------------------~ 
~ For more details about this aunex : see Official Journal of the European Patent Olfiee, No. 12/82 

PFIZER EX. 1502 
Page 3351



• • if-A!J/J 
[~ 

Patent Docket P0709P1 /0/7/9) 
C) FFi Q.y1 L-

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE fLeJc1~ 

In reApplication of Group Art Unit: 1816 

Paul J. Carteret al. Examiner: P. Nolan 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and listed on 

the attached Form PT0-1449} of which they are aware, which they believe may be material to the examination 

of this application and in respect of which there may be a duty to disclose in accordance with 37 CFR §1.56. 

This Information Disclosure Statement: 

(a) [ ] accompanies the new patent application submitted herewith. 37 CFR §1.97(a). 

{b) [ ] is filed within three months after the filing date of the application or within three months after 
the date of entry of the national stage of a PCT application as set forth in 37 CFR§1.491. 

{c) [ 1 as far as is known to the undersigned, is filed before the mailing date of a first Office action on 
the merits. 

(d) [X] is filed after the first Office Action and more than three months after the application's filing date 
or PCT national stage date of entry filing but, as far as is known to the undersigned, prior to 
the mailing date of either a final rejection or a notice of allowance, whichever occurs first, and 
is accompanied by either the fee ($230> set forth in 37 CFR §1.17(p) or a certification as 
specified in 37 CFR §1.97(e), as checked below. Should any fee be due, the U.S. Patent and 
Trademark Office is hereby authorized to charge Deposit Account No. 07-0630 in the amount 
of $220.00 to cover the cost of this Information Disclosure Statement. Any deficiency or 
overpayment should be charged or credited to this deposit account. A duplicate of this sheet 
is enclosed. 

e:Me:lL 
f~N· 

to4-11 
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(e) [ ] is filed after the mailing date of either a final rejection or a notice of allowance, whichever 
occurred first, and is accompanied by the fee ($130) set forth in 37 CFR §1.17(i)(1) and a 
certification as specified in 37 CFR §1.97(e), as checked below. This document is to be 
considered as a petition requesting consideration of the information disclosure 
statement. The U.S. Patent and Trademark Office is hereby authorized to charge Deposit 
Account No. 07-0630 in the amount of $130.00 to cover the cost of this Information Disclosure 
Statement. Any deficiency or overpayment should be charged or credited to this deposit 
account. A duplicate of this sheet is enclosed. 

Pf either of boxes (d) or (e) is checked above, the following "certification" under 37 CFR §1.97(e) may 

need to be completed.] The undersigned certifies that: 

[ ] Each item of information contained in the information disclosure statement was cited in a 
communication mailed from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this information disclosure statement. 

[ ] No item of information contained in this information disclosure statement was cited in a 
communication mailed from a foreign patent office in a counterpart foreign application or, to 
the knowledge of the undersigned after making reasonable inquiry, was known to any 
individual designated in 37 CFR §1.56(c) more than three months prior to the filing of this 
information disclosure statement. 

A list of the patent(s) or publication(s) is set forth on the attached Form PT0-1449 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

[x] each [ 1 none [ ] only those listed below: 

Those patent(s) or publication(s) which are marked with an asterisk (*) in the attached PT0-1449 form are not 

supplied because they were previously cited by or submitted to the Office in a prior application Serial No. _ 

_ ,filed and relied upon in this application for an earlier filing date under 35 USC §120. 

A concise explanation of relevance of the items listed on PT0-1449 is: 

[x] not given 

[ ] given for each listed item 

[ ] given for only non-English language listed item{s) [Required) 

[ 1 in the form of an English language copy of a Search Report from a foreign patent office, 
issued in a counterpart application, which refers to the relevant portions of the references. 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior art "may 

be nothing more than identification of the particular figure or paragraph of the patent or publication which has 

some relation to the claimed invention," MPEP §609. 

PFIZER EX. 1502 
Page 3353



h 

• 
08/146,206 Page3 

While the information and references disclosed in this Information Disclosure Statement may be 

"material" pursuant to 37 CFR §1.56, it is not intended to constitute an admission that any patent, publication 

or other information referred to therein is "prior art" for this invention unless specifically designated as such. 

In accordance with 37 CFR §1.97(g), the filing of this Information Disclosure Statement shall not be 

construed to mean that a search has been made or that no other material information as defined in 37 CFR 

§1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance with 37 CFR §1.98 

and MPEP §609 and the Examiner is respectfully requested to consider the listed references. 

Date: October Jo_, 1997 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 

sp tfully submitted, 

G ECH, NC. 
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Sheet 1 -- of --

I FORM PT0-1449 V.J,I./ U.S. Dept. of Commerce Atty Docket No. 

I 
Serial No. 

P0709Pl 08/146,206 
Patent and Trademark Office 

Applicant 
LIST OF DISCLOSURES CITED BY APPLICANT Carter and Presta 

(Use several sheets if necessary) Filing Date I= - 17 Nov 1993 18-/1, 
U.S. PATENT DOCUMENTS 

~xaminer 
nitials Document Number Date Name Class Subclass Filing Date 

* 'VfV 1 4,816,567 28.83.89 Cabilly et al. 

.$-~-81 FOREIGN PATENT DOCUMENTS 

Examiner Translation 
nitials Document Number Date Country Class Subclass Yes No 

li £711 2 0 239 400 ~-3 -rr38. 89. e-t EPO 
1~ ~j'fV 

/a-n ~ t9.:1:8.!1~ -I 
3 0 620 276 EPO 

4 wo 89/01783 J-9 ~ '179.83.8-9- PCT -~, ti UJJ.~· i) U'-' U UJL=. ~~ 

5 wo 89/06692 7--Z; 1-B7 ~1 . Oi :'89 PCT -
6 wo 90/07861 7~ ~'26.89.96" PCT ---___ l..iJ 

~J.L ILm 
7 wo 91/09967 --;J.-1/ ~) 11 9::' Ill PCT - --

92/22654"'l::'~ -9223.%2.!12 {['-;; !·~~' ~ ~ ';; ~· :.':! Gv.'' 8 wo PCT ,·; 

v 1v,;AI 9 wo 93/0219J.91--!t ~1.82.9~ PCT 
.-::;::::::::==== - - ___.-:? 

OTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.) 

r1 ~p)J Amzel and Poljak, "Three-dimensional structure of immunoglobulins• linn Be:;z: l:li2~bem 48:961-967 (1979) 
10 

Bindon et al. , "Human monoclonal IgG isotypes differ in complement activating function at the level of 
11 C4 as well as Clq" J:Qlli:Dal 2f ~edmen;;.al Medi~ine 168111 :127-142 (July 1988) 

Boulianne, G. L. et al., "Production of functional chimaeric mouse/human antibody" ~ 312(5995):643-
12 646 (December 1984) 

Brown et al. , "Anti-Tac-H, a humanized antibody to the interleukin 2 receptor, prolongs primate cardiac 
13 allograft survival• fl::Q~ llatl A~<!d S~i USA 88:2663-2667 (1991) 

Bruccoleri, "Structure of antibody hypervariable loops reproduced by a conformational search algorithm" 
14 ~ (erratum to article in Nature 335(6190):564-568 and) 336:266 (1988) 

Bruggernann, M. et al., "Comparison of the effector functions of human immunoglobulins using a matched 
15 set of chimeric antibodies• J:Q~I:D<!l 2f E~erimental Medi~ine 166:1351-1361 (1987) 

Burgess et al. , "Possible Dissociation of the Heparin-binding and Mitogenic_ ActiVities of Heparin-
16 binding (Acidic Fibroblast) Growth Factor-1 from Its Receptor-binding Activities by Site-directed 

Mutagenesis of a Single Lysine Residue• .'Tn,..-n,.1 of Cell . ·' 111:2129-2138 (1990) 
Carter et al., 'Humanization of an anti-pl85~ antibody for human cancer therapy• Proc llatl 

17 li!::i:!Q S~::i 89:4285-4289 (1992) 

Cheetham, J., 'Reshaping the antibody combining site by CDR replacernent-tailoting or tinkering to fit?' 
18 er:ct~in Engineering 2(3):170-172 (1988) 

Chothia and Lesk, •canonical Structures for the Hypervariable Regions• J: M!:!l Di2l 196:901-917 (1987) 
19 

tl 

?N 
Chothia et al., "The predicted structure of immunoglobulin Dl.3 and its comparison with the crystal 

v 20 structure• ~ 233:755-758 (Aug. 15, 1986) 

'\ Examiner LL dMJ_ I Date Considered 
fZ/ ;y _,_..;z 12//t/'ft 

•Examiner: Initial if reference cdr(sidered, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 

USCOMM-DC 80.398. 
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" FORM PT0-1449 ~\.. lfO~ .u.s. Dept. of Commerce Atty Docket No. 

I 
Serial No. 

P0709Pl 08/146,206 
37 APR atent and Trademark Office 

LIST OF DISCLOSURES CITED BY APP~ ~NT 17 I 
Applicant 

Carter and Presta 

~995~ Filing Date I Group (Use several sheets if necessary) IIADEI\. 
17 Nov 1993 1806 

(\. 
OTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.) 

10 Chothia, c. et al., "Conformations of immunoglobulin hypervariable regions" ~ 342(6252):877-883 
rr 21 (1989) 

Chothia, Cyrus, "Domain association in immunoglobulin molecules: The packing of variable domains" lJ........... 
22 MQl B;i,QJ, 186:651-663 (1985) 

Clark et al. , "The improved lytic function and in vivo efficacy of monovalent monoclonal CD3 - 23 antibodies• !::J.u;:QI:!s:;;;n J:Qllrn;;;l Qf Ill!!!lYnQJ,Qgy 19:381-388 (1989) 

Co et al., "Humanized antibodies for antiviral therapy" PrQ!;; N;;;t.l li,!;;Q,Q Sd, US8 88:2869-2873 (1991) 
-~ 24 

Coussens et al. , "Tyrosine Kinase Receptor with Extensive Homology to EGF Receptor Shares Chromosomal 
-z5 Location with neu Oncogene" S!;;iS:ll!;;S: 230:1132-1139 (1985) 

Daugherty, BL et al., "Polymerase cha~n react~on fac~l~tates the clon~ng, CDR-graft~ng, and rapid 

- 26 expression of a murine monoclonal antibody directed against the CD18 component of leukocyte integrins" 
Nll!;;leic 8Qids Bese;;;~!;;h 19(9):2471-2476 (May 11, 1991) 
Davies, D. R. et al., "Antibody-Antigen Complexes" 8nn Be:!l !UQ!;;bs:m 59:439-473 (1990) 

·--- ----.... 27 

Epp et al., "The molecular structure of a dimer composed of the variable portions of the Bence-Jones 
28 protein REI refined at 2.0-A resolution• ~;i,Q!;;hemist~ 14(221 :4943-4952 (1975) 

Fendly et al., "Characterization of murine monoclonal antibodies reactive to either the human epidermal - 29 growth factor receptor or HER2/neu gene product" !:;an!;;~~ Bess:;;;~!;;h 50:1550-1558 (1990) 

Furey et al. , "Structure of a novel Bence-Jones protein (Rhe) fragment at 1.6 A resolution• J. MQJ, 
--='"""' 30 ~ 167(3) :661-692 (July 5, 1983) 

Gorman, SD et al., "Reshaping a therapeutic CD4 antibody" Proc Nat.l Acad. Sci USA 88(10):4181-4185 
31 (May 15, 1991) 

Gregory et al . , "The solution conformations of the subclasses of human IgG deduced from sedimentation 
- -~- 32 and small angle X-ray scattering studies" M;QJ,e!;;Jlli>,~ ImmunQ]Qgy 24(8):821-829 (August 1987) 

Hale et al., "Remission induction in non-hodgkin lymphoma with reshaped human monoclonal antibody 
-......._ ~ 33 campath-1H" ~ 1:1394-1399 (1988) 

Harris and Emery, "Therapeutic antibodies - the coming of age• Tibt,ech 11:42-44 (February 1993) 
... 34 

Huber et al. , "Crystallographic structure studies of an IgG molecule and an Fe fragment" ~ 264:415-.- -35 420 (December 2, 1976) 

-~· 
Hudziak et al., "p185HER2 Monoclonal Antibody Has Antiproliferative Effects In Vitro and 

.-· 
36 Sensitizes Human Breast Tumor Cells to Tumor Necrosis Factor" MolS:!;;Yl;;;~ ~ Cs:llYl9~ ~iology 9(3):1165-

1172 (1989) 
Jaffers, G. J. et al., "Monoclonal antibody therapy. Anti-idiotypic and non-anti-idiotypic antibodies 

~ ---= "'- ::-_ -3-7 to OKT3 arising despite intense immunosuppression" T~gns:Ql;;;n!;.;;;!;.;i,Qn 41(5):572-578 (May 1986) 

·-~- .. Jones, P. T. et al., "Replacing the complementarity-determining regions in a human antibody with those 
3~8 from a mousen ~ 321(6069):522-525 (1986) 

.- ·- - Junghans et al. , "Anti-Tac-H, a humanized antibody to the interleukin 2 receptor with new features for 
39 immunotherapy in malignant and immune disorders" C;;;n&e~ Be~s:s~!;;h 50(5) :1495-1502 (Mar 1' 1990) 

v .40 
Kabat et al. s~g]Jen~~§ Qf f~QtS:iDS Qf ImmYDQlQgi!;;sl Ints:rs:2t. Bethesda, MD:National Institutes of 

~ 
Health pps. iii-xxvii, 41-176 (1987) 

Examiner 

~;II> I 
Date Considered 

;o;z.t )1f 
•Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 

USCOMM-DC 80-398. 
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King et al., "Amplification of a Novel v-erbB-Related Gene in a Human Mammary Carcinoma• ~ 

PJV 41 229:974-976 (1985) 

I 
Lazar et al., "Transforming Growth Factor a: Mutation of Aspartic Acid 47 and Leucine 48 Results in 

42 Different Biological Activities• MQle~:;ula:: ~ Celll.lhu:: 1HQ1Qgy 8(3) :1247-1252 (1988) 

I Love et al, "Recombinant antibodies possessing novel effector functions• MetbQQS in En~~QlQgy 178:515-
43 527 (1989) 

Lupu et al., "Direct interaction of a ligand for the erbB2 oncogene product with the EGF receptor and 
44 p185erb~ence 249:1552-1555 (1990) 

Margni RA and Binaghi RA, "Nonprecipitating asymmetric antibodies• ADD Be~ lillllll.lDQl 6:535-554 (1988) 
45 

Margolies et a1., "Diversity of light chain variable region sequences among rabbit antibodies elicited 
46 by the same antigens.• f&:Q~ l'i~tl A!;;~Q S~i !!SA 72:2180-84 (Jun 19751 

Marquart et al., •crystallographic refinement and atomic models of the intact immunoglobulin molecule 
47 Kol and its antigen-binding fragment at 3.0 A and l.OA resolution• J. M2l lli2l 141(4):369-391 (Aug 

25, 1980) 
Mian, IS et al., •structure, function and properties of antibody binding sites• J. M2l IU2l 

48 217(1) :133-151 (Jan 5, 1991) 

Miller, R. et al., "Monoclonal antibody therapeutic trials in seven patients with T-cell lymphoma• 
49 ~ 62:988-995 (1983) 

Morrison, s. L. et al., "Chimeric human antibody molecules: mouse antigen-binding domains with human 
50 constant region domains• fl.:Q~ l'ii:!tl A~i:!Q S~i USA 81(21):6851-6855 (Nov. 1984) 

Neuberger et al., "Recombinant antibodies possessing novel effector functions• ~ 312(5995):604-608 
51 (December 1984) 

Neuberger, M. s. et al., "A hapten-specific chimaeric IgE antibody with human physiological effector 
52 function• ~ 314(6008) :268-270 (March 1985) 

Novotny and Haber, •structural invariants ot antigen binding: comparison of immunoglobulin v~.-
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Patent Docket P0709P~ \ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of 

Paul J. Carteret al. 

Serial No.: 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1816 

Examiner: P. Nolan 

SUPPLEMENTAL AMENDMENT UNDER 37 C.F.R. §1:111."'.?1"':\: "'·"' .,..., 
t-·l::->( ~;' ~~(;~-;--, 
ti ~s-J~L'-...:..""' \ ·1 •• _, 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 1111r..'111.n,. 1 , , 
~v wu~ """·""'~ • \., .::~ 

Applicants respectfully request reconsi9eration of the above-identified appli€attCb•r-~1Jin'!.viewJ0f.:.the 

following amendments and remarks. 

IN THE SPECIFICATION: 

On page 8, lines 25-27 and page 15, lines 23-24, please replace the sequence in its entirety with 

the following sequence -

EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEWVAVISENGSDTYY ADS 

VKGRFTISRDDSKNTL YLQMNSLRAEDTA VYYCARDRGGAVSYFDVWGQGTL VTVSS--

On page 9, line 30, please replace "huKI" with --hulll--. 

IN THE CLAIMS: 

1011011997 
~ ~r bilil~erw~ humanize antibody variable domain having a non-human 

01 FCil03 CompM~~arity Determining Reg.ion (C ) incorporated into a human antibody variable 

domain, wherein an amino acid resid \~:6:: been substituted for the human amino acid residue 

~ at a site selected from the group c sisfn'"g'\f: 

4L, [36L], 38L, 43L, 44L, 46L, 5 , 62L, 65L, 66L, 67L, 68L, 69L, [70L,] 73L, 85L, [87L,] 98L, 2H, 

;u/ 7/9) 
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• • 
.);f) 4H, [24H,]36H, [37H,]39H, 43o/~. [49H, 68H,]69H, 70H, (73H,]74H, 75H, 76H, 78H and 

92H. / \-

JJ}-

· Please add the following claims: 

--39. A humanized heavy chain variable domain comprising FR1- DR1-FR2-CDR2-FR3-CDR3-

FR4, wherein FR1-4 comprise the four framework regions of a c sensus human variable 

domain of a human heavy chain immunoglobulin subgroup an CDR1-3 comprise the three 

complementarity determining regions (CDRs) of a nonhuma import antibody, and further 

wherein consensus human framework region (FR) residue have been replaced by nonhuman 

import residues where the FR residue (a) noncovalently inds antigen directly; (b) interacts with a 

CDR; (c) comprises a glycosylation site which affects e antigen binding or affinity of the 

antibody; or (d) participates in the VL- VH interface. 

40. The humanized heavy chain variable d ain of claim 39 wherein the human heavy chain 

immunoglobulin subgroup is VH subgroup Ill. 

41. The humanized heavy chain vari le domain of claim 40 wherein: 

FR1 of the consensus human variable amain comprises the amino acid sequence: 

EVQLVESGGGLVQPGGSLRLSC 

FR2 of the consensus human var' ble domain comprises the amino acid sequence: 

ariable domain comprises the amino acid sequence: 

RFTISRDDSKNTLYLQMN RAEDTAVYYCAR (SEQ ID N0:29); and 

FR4 of the consensus hu an variable domain comprises the amino acid sequence: 

42. The huma zed antibody of claim 22 which lacks immunogenicity upon repeated 

administration t a human patient in order to treat a chronic disease in that patient.--
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A. Amendments 

• • 
REMARKS 

The undersigned confirms having met with Examiners Nolan and Eisenschenk in the interview 

7/23/97 and takes this opportunity to thank the Examiners for the courtesies extended in the 

interview. Claims 39-41 have been added herein which use language as proposed by Examiner 

Nolan in the interview. Independent claim 39 is similar to a combination of presently pending 

claims 22 and 23. Basis for the language "FR1-COR1-FR2-COR2-FR3-COR3-FR4, wherein FR1-

4 comprise the four framework regions of a consensus human variable domain of a human heavy 

chain immunoglobulin subgroup and COR1-3 comprise the three complementarity determining 

regions (CORs) of a nonhuman import antibody" in claim 39 is found on page 1, lines 28-30 and 

page 25, lines 28-29,· for example. Claim 40 finds specification basis on at least page 15, line 

18. Claim 41 finds specification support in Figure 1 B with respect to the framework regions of 

the HUVHIII consensus sequence therein. Claim 42 has also been added and finds specification 

basis on at least page 60, lines 25-32 and page 70, lines 6-8. With respect to the amendments 

to the specification, the sequence on pages 8 and 15 has been corrected (see Section B of this 

amendment) and the typographical error with respect to the Fig. 5 sequence has been corrected 

herein. In that the amendments do not introduce new matter, their entry is respectfully 

requested. 

B. Substitute Sequence Listing 

A further substitute sequence listing is submitted herewith. Applicants have found that SEQ 10 

N0:4 in the previous sequence listings did not correspond to the HUVHIII consensus sequence of 

Fig. 1 B (see page 9, lines 1-2) and hence SEQ 10 N0:4 in the attached substitute sequence 

listing has been corrected accordingly. Furthermore, SEQ 10 N0:4 is hereby corrected on pages 

8 and 15 of the application. In addition, separate sequence identifiers (SEQ 10 NO's 27-30) have 

been given to the FR1-4 sequences in claim 41 added herein. In accordance with 37 C.F.R. 

§§1.821 (f) and (g), the undersigned hereby states that the content of the paper and the computer 

readable sequence listings is the same. I further state that this submission includes no new 

matter. 
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C. Antibodies humanized according to the teachings of the instant application 

As discussed in the interview, the consensus human variable domain of the instant claims has 

been used to humanize a number of antibodies, including: 

1. Anti-p18dfER2 antibodies. See Example 1 of the application, including Table 3 on page 72 

(which describes humanized variants huMAb405-1-8) and page 65, lines 1-4 (concerning the use 

of a consensus human variable domain as recited in the claims herein). huMAb405-6 and 

huMAb405-8 had binding affinities which were suprisingly superior to that of the nonhuman 

antibody (muMAb405); see second to last column of Table 3. Repeated administration of the 

humanized anti-p185HER2 antibody huMAb405-8 has not lead to an immunogenic response in 

cancer patients treated therewith. See abstract of Baselga eta/., J. Clin. Oneal. 14(3):737-744 

(1996), of record. 

2. Anti-CD3 antibodies. See Example 3 on pages 79-88 of the application; and Fig. 5 as 

well as page 9, lines 25-31 concerning the use of a consensus human variable domain as 

claimed herein. [Note: In the Fig. 5 VH consensus sequence (hull I}, the last residue of FR2 isS, 

i.e. A-S, and eighth residue of FR3 is N, i.e. 0-N, because of changes in 1987 to 1991 

consensus sequence of Kabat et a/.; such an equivalent consensus sequence and other 

changes in consensus sequences that result from the addition of further human antibody 

sequences to subsequent antibody compilations by Kabat et a/. are clearly encompassed by the 

claims herein]. Humanized anti-CD3 variant (v1) was found to enhance the cytotoxic effects of 

activated human cytotoxic T lymphocytes (CTL) 4-fold against SK-BR-3 tumor cells 

overexpressing p185HER2 (page 81, lines 1-4). Variants of the humanized v1 antibody were made 

(v6 to v12; see page 82, line 22 and page 84, line 17 through to page 85, line 2 and page 86, 

lines 17-31), including the most potent variant, v9, which bound Jurkat cells almost as efficiently 

as the chimeric BsF(ab'h (page 86, lines 20-22). 

3. Anti-CD18 antibody. See Example 4 on page 89 of the application and Figs. 6A and 68 

with respect to a consensus human variable domain as claimed in the instant application. The 

binding affinity of the humanized anti-CD18 antibody (pH52-8.0/pH52-9.0; see Figs. 6A and 68 of 
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the application) was similar to the nonhuman H52 antibody; i.e. the humanized antibody has an 

affinity of 3.9 ± 0.9nM and murine H52 antibody has an affinity of 1.5 ± 0.3nM. 

4. Anti-lgE antibodies. See Presta eta/. J. lmmunol. 151(5)2623-2632 (1993), of record. 

Use of a consensus human variable domain of the claims of the instant application is disclosed 

on page 2624 (column 1, first and third full paragraphs) and in Fig. 1. A number of humanized 

variants were made (see full paragraph 2 in column 1 on page 2624), including F(ab)-12 with only 

five framework region substitutions which exhibited binding comparable to the murine antibody 

(paragraph 2 on page 2631). Multidose administrations of full length anti-lgE variant 12 did not 

induce a human antihuman antibody response in allergic patients treated therewith (see column 

1, last paragraph on page 311 of Shields eta/., Int. Arch Allergy lmmunol. 107:308-312 (1995), 

of record). 

5. Anti-CD11a antibodies. See Werther eta/. J. lmmnol. 157:4986-4995 {1996), of record. 

Use of a consensus human variable domain as taught and claimed in the instant application is 

discussed in the first sentence of the Results section on page 4988 and in Fig. 1 (see note in 

paragraph·2 above, with respect to changes in 1987 to 1991 consensus sequences. Eight 

humanized variants were made (see Table 1 on page 4989), including HulgG1 which had an 

apparent Kd similar to the parent murine antibody and comparable activity to the murine antibody 

in the cell adhesion and mixed leukocyte reaction (MLR) assays (see paragraph briging columns 

1-2 on page 4993). 

6. Anti-VEGF antibodies. See Presta eta/. "Humanization of an anti-VEGF monoclonal 

antibody for the therapy of solid tumors and other disorders" Cancer Research, in press, pps. 1-

32 of the manuscript, of record. The first paragraph on page 12 refers to the use of a consensus 

human variable domain as in the claims of this application. With respect to the consensus 

sequence in the figure on page 32 of the manuscript, see note in paragraph 2 above concerning 

change in 1987 to 1991 consensus sequences. As shown in Table 1 on page 29, twelve 

humanized anti-VEGF antibodies were made. The humanized antibody 12-lgG1 acquired the 

binding properties and biological activities of a high-affinity murine anti-VEGF MAb (see page 16, 

PFIZER EX. 1502 
Page 3364



Serial No. 08/146,206 
Page6 

• 
last paragraph of this reference). 

D. FR substitutions by Queen eta/. 

• 

With respect to pending claim 10 herein reciting substitutions at specified sites in the VH and VL 

framework regions, as discussed at the interview, Queen eta/. PNAS, USA 86:10029-10033 

(1989) and US Patent 5,530,101 (the "1 01 patent") (cited by the office in the previous office 

action} use sequential numbering for the variable domain residues of the antibodies described in 

these references, whereas the claims of the instant application use Kabat numbering for the 

framework region residues (see page 14, lines 6-22 of the instant application}. As requested by 

the Examiner in the interview, alignments of heavy chain variable domain (Exhibit A) and light 

chain variable domain (Exhibit 8} sequences of the 101 patent (including the sequences for the 

murine and humanized anti-Tac antibody of Queen eta/.) with sequential and Kabat residue 

numbering are attached. "murx" refers to the murine antibody sequence; "hzx" refers to the 

humanized antibody sequence; "H" is used for heavy chain variable domain sequences and "L" 

for light chain variable domain sequences. The sites at which the 101 patent refers to FR 

substitutions are: 

I Anti-Tac antibod~ {Figs. 1A and 18 of 101 ~atent} 

VH FR substitions VL FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

27H 27H 48L 48L 

30H 30H 60L 60L 

48H 48H 63L 63L 

67H 66H 

68H 67H 

93H 89H 

95H 91H 

98H 94H 

I 
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107H 

108H 

109H 

111H 

• • 
103H 

104H 

105H 

107H 

Fd79 antibody (Figs. 2A and 28 of 101 patent} 

VH FR substitions VL FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

82H 81H 9L 9L 

97H 93H 45L 41L 

112H 103H 46L 42L 

53L 49L 

81L 77L 

83L 79L 

I Fd138-80 antibod~ {Figs. 3A and 38 of 101 ~atent} 

VH FR substitions VL FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

27H 27H 36L 36L 

30H 30H 48L 48L 

37H 37H 63L 63L 

48H 48H 87L 87L 

67H 66H 

68H 67H 

93H 89H 

98H 94H 

I 
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111H 

112H 

113H 

115H 

• • 
103H 

104H 

105H 

107H 

I M195 anti bod~ {Figs. 4A and 48 of the 101 ~atent} 

VH FR substitions VL FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

27H 27H 10L 10L 

30H 30H 40L 36L 

48H 48H 52L 48L 

67H 66H 67L 63L 

68H 67H 74L 70L 

93H 89H 110L 106L 

95H 91H 

98H 94H 

106H 103H 

107H 104H 

108H 105H 

110H 107H 

I mik-~1 anti bod~ {Figs. 5A and 58 of the 101 ~atent} 

V H FR substitions V L FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

1H 1H 13L 13L 

29H 29H 41L 42L 

I 

I 
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30H 

49H 

72H 

73H 

84H 

89H 

90H 

• • 
30H 70L 71L 

49H 

72H 

73H 

82bH 

86H 

87H 

I CMV5 anti bod~ {Figs. 6A and 68 of the 101 ~atent} 

V H FR substitions V L FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

5H 5H 49L 49L 

24H 24H 

27H 27H 

28H 28H 

30H 30H 

69H 68H 

SOH 79H 

97H 93H 

I AF2 anti bod~ (Figs. 44A and 448 of the 101 ~atent} 

VH FR substitions VL FR substitutions 

Sequential Kabat numbering Sequential Kabat numbering 

numbering numbering 

27H 27H 48L 48L 

28H 28H 63L 63L 

30H 30H 70L 70L 

I 

I 
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93H 

95H 

98H 

107H 

108H 

109H 

111H 

• • 
89H 

91H 

94H 

103H 

104H 

105H 

107H 

Should the Examiner have any comments or questions concerning this amendment, he is invited 

to call Wendy Lee at (650) 225-1994 concerning these. 

Date: October _i_, 1997 

1 ONAWay 
So. San Francisco, CA 94080-4990 
Phone: (650} 225-1994 
Fax: (650} 952-9881 

Respectfully submitted, 

G NTECH, INC. 
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EXHl:Bl:T A 

Alignment of heavy chains from '101 patent 
sequential 1 10 20 30 40 

40 
50 
50 Kabat 1 10 20 30 

murxTacH 
hzxTacH 
EuH 
murxMikH 
hzxMikH 
LayH 
murxAF2H 
hzxAF2H 
murxCMVSH 
hzxCMVSH 
murxFd138H 
hzxFd138H 
murxFd79H 
hzxFd79H 
murxM195H 
hzxM195H 

sequential 
Kabat 

murxTacH 
hzxTacH 
EuH 
murxMikH 
hzxMikH 
LayH 
murxAF2H 
hzxAF2H 
murxCMVSH 
hzxCMVSH 
murxFd138H 
hzxFd138H 
murxFd79H 
hzxFd79H 
murxM195H 
hzxM195H 

• • • • 
QVQLQQSGAELAKPGASVKWSCKASGYTFTSYRMHWVKQRPGQGLEWIGX 
QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYTMHWVRQAPGQGLEWIGY 
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSRSAIIWVRQAPGQGLEWMGG 
QVQLKQSGPGLVQPSQSLSITCTVSGFSVTSYGVHWIRQSPGKGLEWLGV 
EVQLLESGGGLVQPGQSLRLSCAASGFTVTSYGVHWVRQAPGKGLEWVGV 
AVQLLESGGGLVQPGGSLRLSCAASGFTFSASAMSWVRQAPGKGLEWVAW 
QVQLQQPGADLVMPGAPVKLSCLASGYIFTSSWINWVKQRPGRGLEWIGR 
QVQLVQSGAEVKKPGSSVKVSCKASGYIFTSSWINWVRQAPGQGLEWMGR 
EVQLQQSGPELVKPGASMKISCKASVYSFTGYTMNWVKQSHGQNLEWIGL 
QVQLVQSGAEVKKPGSSVRVSCKASGYSFTGYTMNWVRQAPGKGLEWVGL 
QVQLQQSDAELVKPGASVKISCKVSGYTFTDHTIHWMKQRPEQGLEWFGY 
QVQLVQSGAEVKKPGSSVKVSCKASGYTFTDHTIHWMRQAPGQGLEWFGY 
EMILVESGGGLVKPGASLKLSCAASGFTFSNYGLSWVRQTSDRRLEWVAS 
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYGLSWVRQAPGKGLEWVAS 
EVQLQQSGPELVKPGASVKISCKASGYTFTDYNMHWVKQSHGKSLEWIGY 
QVQLVQSGAEVKKPGSSVKVSCKASGYTFTDYNMHWVRQAPGQGLEWIGY 

a 
60 

60 
70 

70 
80 90 

80 abc 90 
• 

INPSTGYTEYNOKFKDKATLTADKSSSTAYMQLSSLTFEDSAVYYCAR~ 

INPSTGYTEYNQKFKDKATITADESTNTAYMELSSLRSEDTAVYYCARG 
IVPMFGPPNYAQKFQGRVTITADESTNTAYMELSSLRSEDTAFYFCAGG 
IW-SGGSTDYNAAFISRLTISKDNSKSQVFFKVNSLQPADTAIYYCARA 
IW-SGGSTDYNAAFI3RFTISRDNSKNTLYLQMNSLQAEDTAIYYCARA 
KYENGNDKHYADSVNGRFTISRNDSKNTLYLQMNGLQAEVSAIYYCARD 
IDPSDGEVHYNQDFKDKATLTVDKSSSTAYIQLNSLTSEDSAVYYCARG 
IDPSDGEVHYNQDFKDRVTITADESTNTAYMELSSLRSEDTAVYYCARG 
INPYNGGTSYNQKFKGKATLYVDKSSNTAYMELLSLTSADSAVYYCTRR 
INPYNGGTSYNQKFKGRVTVSLKPSFNQAYMELSSLFSEDTAVYYCTRR 
IYPFDGHTRYSEKFKGKATLTADKSASTAYMHLNSLTSEDSAVYFCARG 
IYPRDGHTRYAEKFKGKATITADESTNTAYMELSSLRSEDTAVYFCARG 
ISRGGGRIYSPDNisKGRFTIS~EDP~fLYLQMSSLKSEDTALYYCLRE 

ISRGGGRIYSPDNLKGRFTISRNDSKN'l'LYLQMNSLQAEDTAL YYCLRE 
IYPYNGGTGYNQKFKSK.'\.TLTVDNSSSTAYMDVRSLTSEDSAVYYCARG 
IYPYNGGTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARG 
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sequential 
Kabat 

rnurxTacH 
hzxTacH 
EuH 
rnurxMikH 
hzxMikH 
LayH 
rnurxAF2H 
hzxAF2H 
rnurxCMVSH 
hzxCMVSH 
rnurxFd138H 
hzxFd138H 
rnurxFd79H 
hzxFd79H 
rnurxM195H 
hzxM195H 

• 
EXHIBIT A 

(cont.) 

110 
103 110 

• 
GGV------FDYWGQGTTLTVSS 
GGV ------FDYWGQGTl·VTVSS 
YGIYS----PEEYNGGLVTVSS 
GDYNYDG--FAYWGQGTLVTVSA 
GDYNYDG--FAYWGQGTLVTVSS 
AGPYVSPTFFAHWGQGTLVTVSS 
FLPW-----FADWGQGTLVTVSA 
FLPW-----FADWGQGTLVTVSS 
GFRDYS---MDYWGQGTSVTVSS 
GFRDYS---MDYWGQGTSVTVSS 
RDSRERNG-FAYWGQGTLVTVS
RDSRERNG-FAYWGQGTLVTVSS 
GIYYADYGFFDVWGTGTTVIVSS 
GIYYADYGFFDVWGQGTLVTVSS 
RPA------MDYWGQGTSVTVSS 
RPA------MD~NGQGTLVTVSS 

• 
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r • • 

EXB:IB:IT B 

Alignment of light chains from '101 patent 

sequential 1 
Kabat 1 

10 
10 

20 
20 

30 
30 

40 
40 

murxTacL 
hzxTacL 
EuL 
murxMikL 
hzxMikL 
LayL 
murxAF2L 
hzxAF2L 
murxCMV5L 
hzxCMV5L 
murxFd138L 
hzxFd138L 
murxFd79L 
hzxFd79L 
murxM195L 
hzxM195L 

sequential 
Kabat 

murxTacL 
hzxTacL 
EuL 
murxMikL 
hzxMikL 
LayL 
murxAF2L 
hzxAF2L 
murxCMV5L 
hzxCMV5L 
murxFd138L 
hzxFd138L 
murxFd79L 
hzx.Fd79L 
rnurxM195L 
hzxM195L 

• • • • 
QIVLTQSPAIMSASPGEKVTITCSASSSIS-----YMHWFQQKPGTSPKL 
DIQMTQSPSTLSASVGDRVTITCSASSSIS-----YMHWYQQKPGKAPKL 
DIQMTQSPSTLSASVGDRVTITCRASQSINT----WLAWYQQKPGKAPKL 
QIVLTQSPAIMSASPGEKVTMTCSGSSSVS-----FMYWYQQRPGSSPRL 
DIQMTQSPSSLSASVGDRVTITCSGSSSVS-----FMYWYQQKPGKAPKL 
DIQMTQSPSSLSVSVGDRVTITCQASQNVNA----YLNWYQQKPGLAPKL 
NIVMTQSPKSMYVSIGERVTLSCKASENVDT----YVSWYQQKPEQSPKL · 
DIQMTQSPSTLSASVGDRVTITCKASENVDT----YVSWYQQKPGKAPKL 
DIVLTQSPATLSVTPGDSVSLSCRASQSISN----NLHWYQQKSHESPRL 
EIVLTQSPGTLSLSPGERATLSCRASQSISN----Nl.HWYQQKPGQAPRL 
DIVMTQSHKFMSTSVGDRVSITCKASQDVGS----AvvwHQQKSGQSPKL 
DIQMTQSPSTLSASVGDRVTITCKASQDVGS----AVVWHQQKPGKAPKL 
DIVLTQSPASLAVSLGQRATISCRASQSVSTSTYNYMHWYQQKPGQPPKL 
EIVMTQSPATLSVSPGEl'ATLSCRASQSVSTSTYNYMHWYQQKPGQSPRL 
DIVLTQSPASLA\TSLGQRATISCRASESVDNYGISFMNWFQQKPGQPPKL 
DIQMTQSPSSLSASVGDRVTITCRASESVDNYGISFMNWFQQKPGKAPKL 

50 
50 

• 

60 
60 

• 

70 
70 

• 

80 
80 

90 
90 

• 
WIYTTSNLASGVPARFSGSGSGTSYSLTISRMEAEDAATYYCHORSTYPL 
LIYTTSNLASGVPARFSGSGSGTEFTLTISSLQPDDFATYYCHQRSTYPL 
LMYKASSLESGVPSRFIGSGSGTEFTLTISSLQPpDFATYYCQQYNSDSK 
LIYDTSNLASGVPVRFSGSGSGTSYSLTISRMEAEDAATYYCQQWSTYPL 
LIYDTSNLASGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQWSTYPL 
LIYGASTREAGVPSRFSGSGSGTDFTFTISSLQPEDIATYYCQQYNNWPP 
LIYGASNRYTGVHDRFTGSGSATDFTLTISSVQAEDLADYHCGQSYNYPF 
LIYGASNRYTGVPSRFSGSGSGTDFTLTISSLQPDDFATYYCGQSYNYPF 
LIKYASQSISGIPSRFSGSGSGTDFTLSVNGVETEDFGMYFCQQSNSWPH 
LIKYASQSISGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSNSWPH 
LIYWASTRHTGVPDRFTGSGSGTDFTLTITNVQSEDLADYFCQQYSIFPL 
LIYWASTRHTGVPSRFTGSGSGTEFTLTISSLQPDDFATYFCQQYSIFPL 
LIKYASNLESGVPARFSGSG~GTDFTLNIHPVEEEDTVTYYCQHSWEIPY 

LIKYASNLESGIPARFSGSGSGTEFTLTISRLESEDFAVYYCQHSWEIPY 
LIYAASNQGSGVPARFSGSGSGTDFSLNIHPMEEDDTAMYFCQQSKEVPW 
LIYAASNQGSGVPSRFSGSGSGTDFTLNISSLQPDDFATYYCQQSKEVPW 
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sequential 
Kabat 

murxTacL 
hzxTacL 
EuL 
murxMikL 
hzxMikL 
LayL 
murxAF2I. 
hzxAF2L 
murxCMVSL 
hzxCMVSL 
murxFd138L 
hzxFd138L 
murxFd79L 
hzxFd79L 
murxM195L 
hzxM195L 

•• 
100 

100 

TFGSGTKLELK 
TFGQGTKVEVK 
MFGQGTKVEVK 
TFGAGTKLELK 
TFGQSTKVEVK 
TFGQGTKVEVK 
TFGSGTKLEIK 
TFGQGTKVEVK 
TFGGGTKLEIK 
TFGQGTKVEIK 
TFGAGTRLELK 
TFGQGTKVEVK 
TFGGGTKLEIK 
TFGQGTRVEIK 
TFGGGTKLEIK 
TFGQGTKVEIK 

EXB:IB:IT B 
(cont.) 

• 
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• • 
SEQUENCE LISTING 

{1) GENERAL INFORMATION: 

{i~APPLICANT: Carter, Paul J. 
. ~ Presta, Leonard G. 

(ii) TI LE OF INVENTION: Method for Making Humanized Antibodies. 

(iv) CORRES 
(A) SSEE: Genentech, Inc. 
(B) : 1 DNA Way 
{C) outh San Francisco 
(D) STATE: alifornia 
(E) COUNTRY: USA 
(F) ZIP: 9408 

(v) COMPUTER 
(A) 
(B) 
(C) 
(D) 

.5 inch, 1.44Mb floppy disk 
C compatible 

: PC-DOS/MS-DOS 
(Genentech) 

(vi) CURRENT APPLICATION D A: 
(A) APPLICATION NUMBER: 08/146206 
(B) FILING DATE: 17-Nov- 993 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/7 
(B) FILING DATE: 14-JUN-1991 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
(B) REGISTRATION NUMBER: 40,378 
(C) REFERENCE/DOCKET NUMBER: P0709P1 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 650/225-1994 
(B) TELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser 
1 5 10 

Leu Ser Ala Ser 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val 
20 25 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro 
35 40 

Asn 
30 

Lys 
45 
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• • 
Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 

50 55 60 

Ser Arg Ser Gly Thr 
65 

Ser Ser Leu Pro Glu Asp Phe Ala 
80 

His Tyr Thr T Pro Thr Phe Gly 

Ile Lys Arg 

(2) INFORMATION SEQ ID N0:2: 

(i) SEQUENCE C 
(A) LENGTH: 0 amino acids 
(B) TYPE: Amin Acid 
(D) TOPOLOGY: L·near 

Asp 
70 

Thr 
85 

Gln 
100 

(xi) SEQ ID N0:2: 

Glu Val Gln Leu Val Gly Gly Gly 
1 5 10 

Gly Ser Leu Arg Leu Ser 
20 25 

Asp Thr Tyr Ile His Ala 
35 40 

Glu Trp Val Ala Arg Asn 

Phe Thr Leu Thr Ile 
75 

Tyr Tyr Cys Gln Gln 
90 

Gly Thr Lys Val Glu 
105 

Leu Val Gln Pro Gly 
15 

Gly Phe Asn Ile Lys 
30 

Pro Gly Lys Gly Leu 
45 

Gly Tyr Thr Arg Tyr 

rf\l Ala 

50 55 60 

Asp Ser Val Lys Ser Ala Asp Thr Ser 

(ffiy 65 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn 
80 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp 
95 

Ala Met Asp Val Trp Gly Gln Gly Thr 

(2) 

110 

INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

Leu 
115 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Leu Arg Ala Glu 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 
1 5 10 

Asp 
90 

Tyr 
105 

Ser 
120 
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Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 

20 25 30 

Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
85 90 

Tyr Asn Ser Leu Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 
100 105 

Ile Lys Arg Thr 
109 

(2) INFORMATION FOR 

(i) SEQUENCE CHARACTE ISTICS: 
(A) LENGTH: 120 a no acids 
(B) TYPE: Amino Aci 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: ID N0:4: 

~ Gl~ Val Gln Leu Val Glu Ser 
5 

Gly Leu Val Gln Pro Gly 
10 15 

fY'}:: Ser Leu Arg Leu 
20 

Ser Gly Phe Thr Phe Ser 
25 30 

Tyr Ala Met Ser 
35 

Glu Trp Val Ala Val Ile Ser Glu Asn 
50 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile 
65 70 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser 
80 85 

Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg 
95 100 

Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu 
110 115 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

Pro Gly Lys Gly Leu 
45 

Tyr 
60 

Ser 
75 

Asp 
90 

Ser 
105 

Ser 
120 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
1 5 10 15 

Gly Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
20 25 30 

Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
35 40 45 

Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
55 60 

Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
70 75 

Ser Ser Val Gln Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
85 90 

His Tyr Thr Thr Gly Gly Thr Lys Leu Glu 
100 105 

Ile Lys Arg Ala 
109 

(2) INFORMATION FOR 

Ala Ser Leu Lys Leu 
20 

Asp Thr Tyr Ile His Trp Val Lys Gln 
35 

Glu Trp Ile Gly Arg Ile Tyr Pro Thr 
50 

Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile 
65 70 

Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg 
80 85 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly 
95 100 

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser 
110 115 

(2) INFORMATION FOR SEQ ID N0:7: 

Leu Val Lys Pro Gly 
15 

Gly Phe Asn Ile Lys 
30 

Pro Glu Gln Gly Leu 
45 

y Tyr Thr Arg Tyr 
60 

Ser 
75 

Asp 
90 

Tyr 
105 
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• 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:?: 

TCCGATATCC 

(2) INFORMATION SEQ ID N0:8: 

(i) SEQUENCE 
(A) LENGTH: 31 base pairs 
(B) TYPE: Nu leic Acid 
(C) STRANDED SS: Single 
(D) TOPOLOGY: Linear 

GTTTGATCTC CAGCTTGGTA 

(2) INFORMATION 

(i) SEQUENCE CHARACTER! 
(A) LENGTH: 22 base airs 
(B) TYPE: Nucleic Ac d 

)J 
(C) STRANDEDNESS: Sin 
(D) TOPOLOGY: Linear 

l r (xi) SEQUENCE DESCRIPTION: 

V'f\:1 
~ AGGTSMARCT GCAGSAGTCW GG 22 

(2) INFORMATION FOR SEQ ID NO:lO: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 'base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: 

31 

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 

(2) INFORMATION FOR SEQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11: 

• 
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(i) 

(xi) 

• 
SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
( ) TOPOLOGY: Linear 

SEQ ID N0:16: 

• 
Asp 

1 
Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu 

5 10 15 

Gly Ile Ser Cys Arg Ala Ser Gln Asp Ile Arg 
25 30 

Asn Tyr Leu Asn Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys 
40 45 

Leu Leu Ile Tyr His Ser Gly Val Pro Ser 
55 60 

Lys Phe Ser Gly Ser 
65 

Asp Tyr Ser Leu Thr Ile 
70 75 

Ser Asn Leu Glu Gln 
80 

Thr Tyr Phe Cys Gln Gln 
85 90 

Gly Asn Thr Leu Pro 
95 

Gly Gly Thr Lys Leu Glu 
100 105 

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID N0:1 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino 

'l {B) TYPE: Amino Acid 
{D) TOPOLOGY: Linear 

v;'~(xi) SEQUENCE DESCRIPTION' SEQ 

Asp Ile Gln Met Thr Gln Ser Pro Ser 
1 5 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala 
20 25 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro 
35 40 

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu Glu 
50 55 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp 
65 70 

Ser Ala Ser Val 
15 

Arg 
30 

Lys 
45 

Ser 
60 

Ile 
75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln 
90 80 85 

Gly Asn Thr Leu Pro Trp Thr Phe Gly Gln 
95 100 

PFIZER EX. 1502 
Page 3379



• 
GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID NO:l2: 

(i) SEQUEN 
(A) LENG H: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRAN EDNESS: Single 
(D) TOPOLO Y: Linear 

GTAGATAAAT CCAAATCT C AGCCTATCTG CAAATG 36 

(2) INFORMATION ID NO:l3: 

(i) SEQUENCE CHARAC 
(A) LENGTH: 36 b se pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: 
(D) 

(xi) SEQUENCE DESCRIPTION SEQ ID NO:l3: 

(2) INFORMATION 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 68 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

CAAATG 36 

~ 
(11~ (xi) SEQUENCE DESCRIPTION' SEQ \'14· 

~~CTTATAAAGG TGTTTCCACC TATAACCAGA AATT~~GA 
ATATCCGTAG ATAAATCC 68 

(2) INFORMATION FOR SEQ ID NO:l5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l5: 

CTATACCTCC CGTCTGCATT CTGGAGTCCC 30 

(2) INFORMATION FOR SEQ ID NO:l6: 

• 

TCGTTTCACG 50 

7 
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Ile Lys 

107 

(2) INF FOR SEQ ID N0:18: 

(i) CHARACTERISTICS: 
acids 

(xi) SEQ ID N0:18: 

Asp 
1 

Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
10 15 

Gly Asp Arg Val Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser 

Asn Tyr Leu Ala 

Leu Leu Ile Tyr Ala 
50 

25 30 

Pro Gly Lys Ala Pro Lys 
40 45 

Glu Ser Gly Val Pro Ser 
55 60 

Arg Phe Ser Gly Ser 
65 

r Gly Thr Asp Phe Thr Leu Thr Ile 
70 75 

Ser Ser Leu Gln Pro 
80 

Thr Tyr Tyr Cys Gln Gln 
85 90 

Gln Gly Thr Lys Val Glu 
100 105 

Lys 
107 

INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu 
1 5 10 

Ala Ser Met Lys Ile Ser Cys Lys Ala Ser 
20 25 

Gly Tyr Thr Met Asn Trp Val Lys Gln Ser 
35 40 

Glu Trp Met Gly Leu Ile Asn Pro Tyr Lys 
50 55 

Asn Gln Lys Phe Lys Asp Lys Ala Thr Leu 
65 70 

Gly 
15 

Thr 
30 

Leu 
45 

Tyr 
60 
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Ser Ser Thr Ala 

Ser Ala Val Ty 

Asp Trp Tyr Phe 

Ser Ser 
122 

(2) INFORMATION 

• 
Tyr Met Glu Leu Leu 

80 

Cys Ala Arg Ser 

Val Trp Gly Ala 

(i) SEQUENCE CHARACTE ISTICS: 
(A) LENGTH: 122 a 'no acids 
(B) TYPE: Amino Aci 
(D) 

• 
Ser Leu Thr Ser Glu Asp 

85 90 

Gly Tyr Tyr Gly Asp Ser 
100 105 

Gly Thr Thr Val Thr Val 
115 120 

(xi) SEQUENCE DESCRIPTION: ID N0:20: 

Glu Val Gln Leu Val Gly Gly Leu Val Gln Pro Gly 
1 5 

Gly Ser Leu Arg Leu 
20 

Gly Tyr Thr Met Asn 
35 

Glu Trp Val Ala Leu 
50 

Gln Lys Phe Lys Asp Arg Phe Thr 
65 

Lys Asn Thr Ala 

Thr Ala Val Tyr 

Asp Trp Tyr Phe 

Ser Ser 
122 

Tyr Leu Gln Met Asn 
80 

Tyr Cys Ala Arg Ser 
95 

Asp Val Trp Gly Gln 
110 

(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

10 15 

Ser Gly Tyr Ser Phe Thr 
25 30 

Gly 
100 

Gly 
115 

Pro Gly Lys Gly Leu 
45 

Gly Val Ser Thr Tyr 
60 

Ser Val Asp Lys Ser 
75 

Asp 
90 

Tyr Gly Asp Ser 
105 

Val 
120 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro 
1 5 10 
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Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 

20 25 30 

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ser Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
55 60 

Ala Asp Ser Val Ile Ser Arg Asp Asn Ser 
70 75 

Lys Asn Thr Leu Tyr 
80 

Ser Leu Arg Ala Glu Asp 
85 90 

Thr Ala Val Tyr Tyr 
95 

Arg Val Gly Tyr Ser Leu 
100 105 

Ser Gly Leu Tyr Asp 
110 

Gly Thr Leu Val Thr Val 
115 120 

Ser Ser 
122 

(2) INFORMATION FOR SEQ ID N0:2 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 454 amino 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

\ ~ (xi) SEQUENCE DESCRIPTION: SEQ 

{Y\ 1« Gln Val Gln Leu Gln Gln Ser Gly Pro 
~I 1 5 

Ala Ser Val Lys Ile Ser Cys Lys Thr 
20 

Glu Tyr Thr Met His Trp Met Lys Gln Ser 
35 40 

Glu Trp Ile Gly Gly Phe Asn Pro Lys Asn 
50 55 

Asn Gln Arg Phe Met Asp Lys Ala Thr Leu 
65 70 

Thr Ser Thr Ala Tyr Met Glu Leu Arg Ser 
80 85 

Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arg 
95 100 

Val Lys Pro Gly 
15 

Thr 
30 

Leu 
45 

His 
60 

Ser 
75 

Asp 
90 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr 
110 115 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro 
125 130 
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Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 

va~s 
140 145 150 

Cys Leu Tyr Phe Pro Glu Pro Val Thr Val Ser Ti:p 
160 165 

Thr Ser Gly Val His Thr Phe Pro Ala Val 
175 180 

Leu Gln Ser Ser Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
190 195 

Pro Ser Ser Ser Tyr Ile Cys Asn Val Asn 
205 210 

His Lys Pro Ser Asn Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr r Cys Pro Pro Cys Pro Ala Pro Glu 
230 235 240 

Leu Leu Gly Gly Pro Phe Pro Pro Lys Pro Lys 
245 250 255 

Asp Thr Leu Met Ile Glu Val Thr Cys Val Val 
260 265 270 

Val Asp Val Ser His Glu Asp Pro Lys Phe Asn Trp Tyr 
275 285 

~ 
Val Asp Gly Val Glu Thr Lys Pro Arg Glu 

290 300 

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Ser Val Leu Thr Val 

m~\r 305 315 

Leu His Gln Asp Trp Leu Asn Gly Lys r Lys Cys Lys Val w 320 330 

Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys 
335 340 345 

Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Pro 
350 355 360 

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Leu 
365 370 375 

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Ser 
380 385 390 

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr 
395 400 

Asp Ser Asp Gly ser Phe .Phe Leu Tyr Ser Lys Leu Thr Val 
410 415 

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val 
425 430 

,, 
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His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu 

Ser Pro Gly Lys 
454 

(2) INFORMATI 

(i) 

(xi) 

Met Gly Trp Ser 
1 

Gly Val His Ser 

Val Gln Pro Gly 

Tyr Thr Phe Thr 

Gly Lys Gly Leu 

Gly Thr Ser His 

;;, Val Asp Lys Ser 

""(} 
/I 

Arg Ala Glu Asp 

Leu Asn Tyr Gly 

Gly Thr Leu Val 

Val Phe Pro Leu 

Ala Ala Leu Gly 

Thr Val Ser Trp 

Phe Pro Ala Val 

Val Val Thr Val 

440 445 450 

SEQ ID N0:23: 

acids 

SEQ ID N0:23: 

Cys Leu Phe Leu Val Ala Thr Ala Thr 
5 10 15 

Glu Glu Ser Gly Gly Gly Leu 
20 25 30 

Gly Ser Cys Ala Thr Ser Gly 
35 40 45 

Glu Trp Met Arg Gln Ala Pro 
50 55 60 

Glu Ile Asn Pro Lys Asn Gly 
65 70 75 

Asn Arg Phe Thr Ile Ser 
80 90 

Thr Ser Thr Ala Tyr Gln Met Asn Ser Leu 
95 105 

Thr Ala Val Tyr Tyr a Arg Trp Arg Gly 
110 120 

Phe Asp Val Arg Tyr Phe Gln 
125 130 135 

Thr Val Ser Ser Ala Ser Ser 
140 145 150 

Ala Pro Cys Ser Arg Ser Thr 
155 160 165 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Val 
170 175 180 

Asn Ser Gly Ala Leu Thr 
185 190 

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser 
200 205 

Thr Ser Ser Asn Phe Gly Thr Gln Thr Tyr 
215 220 

/'L 
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Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Thr 

230 235 240 

Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 
245 250 255 

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
260 265 270 

Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
275 280 285 

Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr 
295 300 

Val Asp Gly Met Val His Asn Ala Lys Thr Lys Pro Arg Glu 

Glu Gln Phe Asn 

Val His Gln Asp Trp 
335 

Ser Asn Lys Gly Leu 
350 

Thr Lys Gly Gln Pro 
365 

Ser Arg Glu Glu Met 
380 

Lys Gly Phe Tyr 
395 

Gly Gln Pro Glu Asn Asn Tyr Lys 
410 

310 315 

Val 'ser Val Leu Thr Val 
325 330 

Glu Tyr Lys Cys Lys Val 
340 345 

Glu Lys Thr Ile Ser Lys 
355 360 

Val Tyr Thr Leu Pro Pro 
370 375 

Val Ser Leu Thr Cys Leu 
385 390 

Val Glu Trp Glu Ser 
405 

Thr Pro Pro Met Leu 
420 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Asp 
435 425 430 

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe 
440 445 

His Glu Ala Leu His Asn His Tyr Thr Gln 

Ser Pro Gly Lys 
469 

455 460 

(2) INFORMATION FOR SEQ ID N0:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 214 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24: 

Met 
450 

Leu 
465 
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Asp Val Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu 

1 5 10 15 

Gly Asp Thr Ile Asn Cys Arg Ala Ser Gln Asp Ile Asn 
20 25 30 

Asn Tyr Leu Tyr Gln Gln Lys Pro Asn Gly Thr Val Lys 
40 45 

Thr Ser Thr Leu His Ser Gly Val Pro Ser 

Arg Phe Ser Gly 

Ser Asn Leu Asp G1n 
80 

Gly Asn Thr Leu Pro 
95 

Ile Lys Arg Thr Val 
110 

Ser Asp Glu Gln Leu 
125 

Leu Asn Asn Phe Tyr Pro Arg Glu 
140 

\ 

Asp Asn Ala Leu Gln 
155 

/)1 ~ Gln Asp Ser Lys Asp Ser Thr Tyr Ser 

CAU 170 

55 60 

Asp Tyr Ser Leu Thr Ile 
70 75 

Thr Tyr Phe Cys Gln Gln 
85 90 

Gly Gly Thr Lys Val Glu 
100 105 

Val Phe Ile Phe Pro Pro 
115 120 

Ala Ser Val Val Cys Leu 
130 135 

Val Gln Trp Lys Val 
150 

Glu Ser Val Thr Glu 
165 

Thr 
180 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Glu 
195 185 190 

Val Thr His Gln Gly Leu Ser Ser Pro Val 

Arg Gly Glu Cys 
214 

200 205 

(2) INFORMATION FOR SEQ ID N0:25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 233 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

Asn 
210 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 
20 25 30 
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Ser Al Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser 

35 40 45 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly 
50 55 60 

Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser 
65 70 75 

Thr Leu Thr Ile 

Tyr Cys Gln Gln 

Thr Lys Val Glu Ile 
125 

Ile Phe Pro Pro Ser 
140 

Val Val Cys Leu Leu 
155 

Gln Trp Lys Val Asp 
170 

ser Val Thr Glu Gln 
185 

Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr 
85 90 

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr 
100 105 

Pro Thr Phe Gly Gln Gly 
115 120 

Ala Ala Pro Ser Val Phe 
130 135 

Lys Ser Gly Thr Ala Ser 
145 150 

Pro Arg Glu Ala Lys Val 
160 165 

Gly Asn Ser Gln Glu 
180 

Thr Tyr Ser Leu Ser 
195 ~ 

IV\\ Ser Thr Leu Thr Leu Ser Lys Ala Asp 
I I •. ~ 200 

Val 
210 

~l Tyr Ala Cys Glu Val Thr His Gln Gly Leu 
215 220 

Lys Ser Phe Asn Arg Gly Glu Cys 
230 233 

(2) INFORMATION FOR SEQ ID N0:26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:26: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro 
1 5 10 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe 
20 25 

Thr 
225 

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

!5 
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Glu Trp Val Ile Asn Pro Tyr 

Ala Asp Ser Val Gly Arg Phe Thr 

Lys Asn Thr Ala Leu Gln Met Asn 

Thr Ala Val Tyr 

Asp Trp Tyr Phe Asp 
110 

Ser Ser 
122 

(2) INFORMATION 

{i) SEQUENCE 
(A) LENGTH: 25 amino a 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: 

Glu Val Gln Leu Val Glu Ser 
1 5 

Gly Ser Leu Arg Leu 

~ (2) INFORMATION F0:

0

SEQ ID N0,2B' 

yvJ~r (i) 

SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

Lys Gly Val Thr Thr 
55 

Ile Ser Val Asp Lys 
70 

Ser Leu Arg Ala Glu 
85 

Gly Tyr Tyr Gly Asp 
100 

Gly Thr Leu Val Thr 
115 

Gly Leu Val Gln Pro 
10 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:28: 

Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
1 5 10 

(2) INFORMATION FOR SEQ ID N0:29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

Ala 
14 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 

Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr Leu Tyr 
1 5 10 

Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr 
20 25 

Tyr 
60 

Ser 
75 

Asp 
90 

Ser 
105 

Val 
120 

Gly 
15 

{(, 
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,, 
Ala Arg' 

32 

• 
(2) FOR SEQ ID N0:30: 

(i) 

(xi) 

Trp Gly Gln Gly Thr 
1 5 

acids 

SEQ ID N0:30: 

Thr Val Ser Ser 
10 11 

• 

l7 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

--> dl- 27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

• 
RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206B 

• 1816 ~ 

DATE: 10/08/97 fl!. ... 
TIME: 13:19:'7\J/ 

INPUT SET: S20851.raw f!'/~ 

This Raw Listing contains the General 
Information Section and up to the first 5 pages. 

SEQUENCE LISTING 

(1) General Information: 

(i) APPLICANT: Carter, Paul J. 
Presta, Leonard G. 

(ii) TITLE OF INVENTION: Method for Making Humanized Antibodies 

(iii) NUMBER OF SEQUENCES: 26 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Genentech, Inc. 
(B) STREET: 1 DNA Way 
(C) CITY: South San Francisco 
(D) STATE: California 
(E) COUNTRY: USA 
(F) ZIP: 94080 

( v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: 3.5 inch, 1. 44 Mb floppy 
(B) COMPUTER: IBM PC compatible 
(c) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 08/146206 
(B) FILING DATE: 17-Nov-1993 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/715272 
(B) FILING DATE: 14-JUN-1991 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
(B) REGISTRATION NUMBER: 40,378 
(C) REFERENCE/DOCKET NUMBER: P0709P1 

(ix) TELECOMMUJICATION INFORMATION: 
(A) TELEPHONE: 650/225-1994 
(B) .iELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQqENCE CHARACTERISTICS: 
(A)~LENGTH: 109 amino acids 

: - : 
'. 

disk 
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PAGE: 2 
• • 

RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206B 

DATE: 10/08/97 
TIME: 13:19:49 

INPUT SET: S20851.raw 
47 (B) TYPE: Amino Acid 
48 (D) TOPOLOGY: Linear 
49 
50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:!: 
51 
52 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
53 1 5 10 15 
54 
55 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 
56 20 25 30 
57 
58 Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
59 35 40 45 
60 
61 Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
62 50 55 60 
63 

Arg Phe ser Gly Ser Arg Ser Gly Thr 
65 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

ser Ser Leu Gln Pro Glu Asp Phe Ala 
80 

His Tyr Thr Thr Pro Pro Thr Phe Gly 
95 

Ile Lys Arg Thr 
109 

76 (2) INFORMATION FOR SEQ ID N0:2: 
77 
78 (i) SEQUENCE CHARACTERISTICS: 
79 (A) LENGTH: 120 amino acids 
80 (B) TYPE: Amino Acid 
81 (D) TOPOLOGY: Linear 
82 

Asp 
70 

Thr 
85 

Gln 
100 

83 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
84 

Phe Thr Leu Thr Ile 
75 

Tyr Tyr Cys Gln Gln 
90 

Gly Thr Lys Val Glu 
105 

85 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
86 1 5 10 15 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

Gly Ser Leu Arg 

Asp Thr Tyr Ile 

Glu Trp Val Ala 

Ala Asp Ser Val 

Leu Ser Cys Ala Ala 
20 

His Trp Val Arg Gln 
35 

Arg Ile Tyr Pro Thr 
50 

Lys Gly Arg Phe Thr 
65 

Ser Gly Phe Asn Ile Lys 
25 30 

Ala Pro Gly Lys Gly Leu 
40 45 .. 

Asn Gly Tyr Thr Arg Tyr 
55 .. 60 

Ile ,[3er Ala Asp Thr Ser 
70 -~· 75 

. 

. 
., 
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• • 
RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206B 

DATE: 10/08/97 
TIME: 13:19:52 

INPUT SET: S208Sl.raw 
100 
101 
102 
103 
104 
105 
106 
107 
108 

Lys Asn Thr_Ala Tyr Leu Gln Met Asn 
80 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp 
95 

Ala Met Asp Val Trp Gly Gln Gly Thr 
110 

109 (2) INFORMATION FOR SEQ ID N0:3: 
110 
111 (i) SEQUENCE CHARACTERISTICS: 
112 (A) LENGTH: 109 amino acids 
113 (B) TYPE: Amino Acid 
114 (D) TOPOLOGY: Linear 
115 

Ser 
85 

Gly 
100 

Leu 
115 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Asp Ile Gln Met Thr Gln Ser Pro Ser 
1 5 

Gly Asp Arg Val Thr Ile Thr Cys Arg 
20 

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys 
35 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu 
50 

Arg Phe Ser Gly Ser Gly Ser Gly Thr 
65 

Ser Ser Leu Gln Pro Glu Asp Phe Ala 
80 

Tyr Asn Ser Leu Pro Tyr -Thr Phe Gly 
95 

Ile Lys Arg Thr 
109 

( 2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

ser 
10 

Ala 
25 

Pro 
40 

Glu 
55 

Asp 
70 

Thr 
85 

Gln 
100 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Leu Arg Ala Glu Asp 
90 

Gly Asp Gly Phe Tyr 
105 

Val Thr Val Ser Ser 
120 

Leu Ser Ala Ser Val 
15 

Ser Gln Asp Val Ser 
30 

Gly Lys Ala Pro Lys 
45 

Ser Gly Val Pro Ser 
60 

Phe Thr Leu Thr Ile 
75 

Tyr Tyr Cys Gln Gln 
90 

Gly Thr Lys Val Glu 
105 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 

1l 
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 

1 5 10 15 

C> 
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RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206B 

DATE: 10/08/97 
TIME: 13:19:54 

INPUT SET: S20851.mw 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

Gly Ser Leu Arg 

Asp Tyr Ala Met 

Glu Trp Val Ala 

Ala Asp Ser Val 

Lys Asn Thr Ala 

Thr Ala Val Tyr 

Leu Ser Cys Ala Ala 
20 

Ser Trp Val Arg Gln 
35 

Val Ile Ser Glu Asn 
50 

Lys Gly Arg Phe Thr 
65 

Tyr Leu Gln Met Asn 
80 

Tyr Cys Ser Arg Trp 
95 

Ser Gly Phe Thr Phe Ser 
25 30 

Ala Pro Gly Lys Gly Leu 
40 45 

Gly Gly Tyr Thr Arg Tyr 
55 60 

Ile Ser Ala Asp Thr ser 
70 75 

Ser Leu Arg Ala Glu Asp 
85 90 

Gly Gly Asp Gly Phe Tyr 
100 105 

172 Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
173 110 115 120 
174 
175 (2) INFORMATION FOR SEQ ID N0:5: 
176 
177 (i) SEQUENCE CHARACTERISTICS: 
178 (A) LENGTH: 109 amino acids 
179 (B) TYPE: Amino Acid 
180 (D) TOPOLOGY: Linear 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

Asp Ile Val Met Thr 
1 5 

Gly Asp Arg Val Ser 
20 

Thr Ala Val Ala Trp 
35 

Leu Leu Ile Tyr Ser 
50 

Arg Phe Thr Gly Asn 
65 

Ser Ser Val Gln Ala 
80 

His Tyr Thr Thr Pro 
95 

Ile Lys Arg Ala 

Gln Ser His Lys 

Ile Thr Cys Lys 

Tyr Gln Gln Lys 

Ala Ser Phe Arg 

Arg Ser Gly Thr 

Glu Asp L&U Ala 

<e 
Pro Thr Phe Gly 

$ 

~' 

' . ...... ,.~:.tJ:. ~ ._ :t .. 
~~:1.- -~ 

~ . ~ i 
:: p : 

• .:.: ; i 

,; 

' 

. ' 

Phe Met Ser Thr Ser 
10 

Ala Ser Gln Asp Val 
25 

Pro Gly His Ser Pro 
40 

Tyr Thr Gly Val Pro 
55 

Asp Phe Thr Phe Thr 
70 

Val Tyr Tyr Cys Gln 
85 

Gly Gly Thr Lys Leu 
100 

Val 
15 

Asn 
30 

Lys 
45 

Asp 
60 

Ile 
75 

Gln 
90 

Glu 
105 

PFIZER EX. 1502 
Page 3394



PAGE: 5 

• • 
RAW SEQUENCE LISTING 
PATENT APPLICATION US/08/146,206B 

DATE: I 0/08/97 
TIME: 13:19:56 

206 109 
207 
208 (2) INFORMATION FOR SEQ ID N0:6: 
209 
210 (i) SEQUENCE CHARACTERISTICS: 
211 (A) LENGTH: 120 amino acids 
212 (B) TYPE: Amino Acid 
213 (D) TOPOLOGY: Linear 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

Glu Val Gln Leu Gln Gln Ser Gly Pro 
1 5 

Ala Ser Leu Lys Leu Ser Cys Thr Ala 
20 

Asp Thr Tyr Ile His Trp Val Lys Gln 
35 

- Glu Trp Ile Gly Arg Ile Tyr Pro Thr 
50 

Asp Pro Lys Phe Gln Asp Lys Ala Thr 
65 

Ser Asn Thr Ala Tyr Leu Gln Val Ser 
80 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp 
95 

Ala Met Asp Tyr Trp Gly Gln Gly Ala 
110 

241 (2) INFORMATION FOR SEQ ID N0:7: 
242 
243 (i) SEQUENCE CHARACTERISTICS: 
244 (A) LENGTH: 27 base pairs 
245 (B) TYPE: Nucleic Acid 
246 (C) STRANDEDNESS: Single 
247 (D) TOPOLOGY: Linear 
248 

Glu 
10 

Ser 
25 

Arg 
40 

Asn 
55 

Ile 
70 

Arg 
85 

Gly 
100 

Ser 
115 

249 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
250 
251 
252 TCCGATATCC AGCTGACCCA GTCTCCA ~ 
253 
254 (2) INFORMATION FOR SEQ ID~0:8: 
255 
256 ( i) SEQUENCE CHARACTERI~TICS :, 
257 (A) LENGTH: 31 base:pairs 
258 (B) TYPE: Nucleic A~id 

., 

' ·u ,• . 
-· .. ~ . . ' 
' 

- < 
'' 

INPUT SET: S20851.raw 

Leu Val Lys Pro Gly 
15 

Gly Phe Asn Ile Lys 
30 

Pro Glu Gln Gly Leu 
45 

Gly Tyr Thr Arg Tyr 
60 

Thr Ala Asp Thr Ser 
75 

Leu Thr Ser Glu Asp 
90 

Gly Asp Gly Phe Tyr 
105 

Val Thr Val Ser ser 
120 
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Line 

27 

Error 

• • 
SEQUENCE VERIFICATION REPORT 
PATENT APPLICATION US/08/146,206B 

Original Text 

DATE: I 0/08/97 
TIME: 13:19:59 

INPUT SET: S20851.raw 

Wrong application Serial Number (A) APPLICATION NUMBER: 08/146206 

-
.; 
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I JANET E. HASAK 
GENENTECH, INC. 
460 POINT SAN BRUNO 
SOUTH SAN FRANCISCO 

UNITED STA ~EPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

18Ml/1223 

BOULEVARD 
CA 94080-4990 

12/2:3/97 
DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner of Patents and Trademarks 

PT0·90C (Rev. 2/95) 
ti"U.S.GOVERNMENT PRINTING OFFICE 1~11-518/40275 

1· FUe Copy 
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• 
Office Action Summary 

Application No. 

08/146,206 

Examiner 

Patrick J. Nolan 

• 
Carteret al. 

Group Art Unit 

1816 

lXI Responsive to communication(s) filed on -=6c..:-2::..:7'---=9..:..7L.., -=9--.:...1--=9-=-7_,a:..:.n.:..:d:......:....10=--...:.7_-9::..:.._7 ______________ _ 

lXI This action is FINAL. 

0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed 
in accordance with the practice under Ex parte Quayle, 1935 C. D. 11; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire 3 month(s), or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 

Disposition of Claims 

IXJ Claim(s) 1-8, 10-12, 15, and 22-42 is/are pending in the application. 

Of the above, claim(s) ------------,----------is/are withdrawn from consideration. 

0 Claim(s) ---------------------------is/are allowed. 

IXJ Claim(s) 1-8, 10-12, 15, and 22-41 is/are rejected. 

lXI Claim(s) 42 is/are objected to. 

0 Claims are subject to restriction or election requirement. 

Application Papers 

0 See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

0 The drawing(s) filed on is/are objected to by the Examiner. 

0 The proposed drawing correction, filed on is Qpproved O:lisapproved. 

0 The specification is objected to by the Examiner. 

0 The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

0 Acknowledgement is made of a claim for foreign-priority under 35 U.S.C. § 119(a)-(d). 

0 All 0 Some* 0 None of the CERTIFIED copies of the priority ·documents have been 

0 received. 

0 received in Application No. (Series Code/Serial Number) _______ _ 

0 received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 

*Certified copies not received: -------------------------------

0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 

Attachment(s) 

lXI Notice of References Cited, PT0-892 

0 Information Disclosure Statement(s), PT0-1449, Paper No(s). ___ _ 

0 Interview Summary, PT0-413 

0 Notice of Draftsperson's Patent Drawing Review, PT0-948 

0 Notice of Informal Patent Application, PT0-152 

--- SEE OFFICE ACTION ON THE FOLLOWING PAGES--

U. S. Patent and Trademar1< Office 

PT0-326 (Rev. 9~95) Office Action Summary Part of Paper No. 34 
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Serial No. 08/146,206 

Art Unit 1816 

1. Claims 1-8, 10-12, 15 and 22-42 are pending. 

Double Patenting 

2. The non-statutory double patenting rejection, whether of the 
obviousness-type or non-obviousness-type, is based on a judicially 
created doctrine grounded in public policy (a policy reflected in 
the statute) so as to prevent the unjustified or improper timewise 
extension of the "right to exclude" granted by a patent. In re 
Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969); In re Vogel, 
422 F. 2d 438, 164 USPQ 619 (CCPA 1970); In re Van Ornum, 686 
F.2d 937, 214 USPQ 761 (CCPA 1982); In re Longi, 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); ·and In re Goodman, 29 USPQ2d 2010 (Fed. 
Cir. 1993). 

A timely filed terminal disclaimer in compliance with 37 
CFR 1. 321 (b) and (c) may be used to overcome an actual or 
provisional rejection based on a non-statutory double patenting 
ground provided the conflicting application or patent is shown to 
be commonly owned with this application. See 37 CFR 1.78(d). 
Effective January 1, 1994, a registered attorney or agent of record 
may sign a te.rminal disclaimer. A terminal disclaimer signed by 
the assignee must fully comply with 37 CFR 3.73(b). 

3. Claims 1-12, 15 stand 19-25 are provisionally rejected under 
the judicially created doctrine of obviousness-type double 
patenting as being unpatentable over claims 1-).2, 15 and 19 of 
copending application Serial No. 08/439,004. ~~~-

Applicant's request these rejection be held in abeyance until 
the prosecution of the two pending cases are completed. 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs 
of 35 u.s.c. § 102 that form the basis for the rejections under 
this section made in this Office action: 

A person shall be entitled to a patent unless --
e) the invention was described in a patent granted on an 
application for patent by another filed in the United States 
before the invention thereof by the applicant for patent, or 
on an international application by another who has fulfilled 
the requirements of paragraphs (1), (2), and (4) of section 
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371 (c) of this title before the invention thereof by the 
applicant for patent. 

5. Claims 1-8, 10-12, 15 and 22-24 stand. rejected under 35 U.S.C. 
§ 102(e) as bein~ anticipated by U.S. Patent 5,530,101 (82). 

Applicant's arguments filed 6-.23-97 have been fully considered 
but are not found persuasive. 

6. Applicant argues that the '101 patent does not teach the 
determination of residues which will disrupt the VL-VH interface as 
part of their method to make a humanized antibody. 

However, Applicant's claims are drawn to using one of the 
following effects recited in claim 1 and 23, part (f), not all 
three. 

7. Applicant argues that the determination of residues being 
exposed to the CDR region is not the same as the '101 teaching of 
whether the residue "interacts with a CDR". 

Protein chemistry dictates that for an amino acid residue to 
interact with another amino acid residues it needs to be exposed to 
it. 

8. Applicant argues that ·Since the '101 patent does not 
specifically teach glycosylation of the residue being a factor for 
selection it cannot be used as a prior art reference. 

The teaching of glycosylation effects o~ amino acid residues, 
is of record, as taught by Roitt et al., submitted in the last 
office action. Roi tt is an educational textbook demonstrating 
concepts well known to those in the art. 

9.. Applicant argues that claims drawn to specific residue changes 
have been amended to distinguish the claims from the '101 patent. 
Applicant has also demonstrated the numbering difference between 
the '101 patent and the current application. 

If applicant wishes to distinguish over the prior art, they 
may do so by claiming the actual numbering system used in the 

· actual claim. 

The following new grounds of rejections are necessitated by the 
amendments filed 6-27-97, 9-1-97 and 10-7-97. 
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10. Claims 22-25, 38, and 39 are rejected under 35 U.S.C. § 102(e) 
as being anticipated by U.S. Patent 5,693,762 (A). 

The '762 patent teaches the aligning of heavy chain 
immunoglobulin regions for the creation of a consensus sequence to 
be used in making a humanized antibody (column 13, lines 4-26 and 
claims 7-9 and 20, in particular) . The '762 patent also teaches 
that in selecting which consensus framework sequence to be used, 
the acceptor immunoglobulin most likely should be as homologous to 
the donor sequence as possible (i.e. same isotype) (column 13). 

The prior art teachings anticipate the claimed invention. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. § 103 which forms 
the basis for all obviousness rejections set forth in this Office 
action: · 
A patent may not be obtained though the invention is not 
identically disclosed or described as set forth in section 102 of 
this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as 
a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 
Subject matter developed by another person, which qualifies as 
prior art only under subsection (f) or (g) of section 102 of this 
title, shall not preclude patentability under this section where 
the subject matter and the claimed invention were, at the time the 
invention was made, owned by the same person or subject to an 
obligation of assignment to the same person. 

This application currently names joint inventors. In 
considering patentability of the claims under 35 U.S.C. 103{a), the 
examiner presumes that the subject matter of the various claims was 
commonly owned at the time any inventions covered therein were made 
absent any evidence to the contrary. Applicant is advised of the 
obligation under 3 7 CFR 1. 56 to point out the inventor and 
invention dates of each claim that was not commonly owned at the 
time a later invention was made in order for the examiner to 
.consider the applicability of 35 U.S.C. 103(c) and potential 35 
U.S.C. 102(f) or (g) prior art under 35 U.S.C. 103(a). 

11. Claims 26-36 and 40-41 are rejected under 35 U.S.C. § 103 as 
being unpatentable over U.S. Patent 5,693,762 (A), in view of 
Kabat et al. · 

The '762 patent has been discus·sed supra. The claimed 
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invention differs from the prior art teachings only by the 
recitation the Ig gamma isotype sequences used to make a consensus 
heavy chain framework region. 

However, Kabat et al., teach the sequences or all known Ig 
gamma subtypes.-

Therefore it would have been prima facie obvious to one of 
skill in the art at the time the invention was made to use the 
teachings of the '762 patent and align all of the known Ig gamma 
heavy chains for the creation of a consensus sequence with the 
expectation that said consensus sequence immunoglobulin would have 
a smaller chance of changing the an amino acid near the CDR's that 
distorts their conformation, as taught by the '762 patent (column 
13) . 

12. Applicant's amendment necessitated the new ground(s) of 
rejection presented in this Office action. Accordingly, THIS 
ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is reminded 
of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for response to this final action 
is set to expire THREE MONTHS from the date of this action. In the 
event a first response is filed within TWO MONTHS of the mailing 
date of this final action and the advisory action is not mailed 
until after the end of the THREE-MONTH shortened statutory period, 
then the shortened statutory period will expire on the date the 
advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 ~ 136 (a) will be calculated from the mailing date of the 
advisory action. In no event will the statutory period for 
response expire later than SIX MONTHS from the date of this final 
action. 
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13. If attempts to reach the examiner are unsuccessful, the 
examiner's supervisor, Christina Chan, can be reached at (703) 305-
3973. The·FAX number for our group, 1816; is (703) 305-7939. Any 
inquiry of a general nature relating to the status of this 
application or proceeding should be directed to the Group 
receptionist, whose telephone number is (703) 308-0196. 

Patrick J. Nolan, Ph.D. F~~~~ 
December 19, 1997 Primary Examiner 

December 19, 1997 
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Patent Docket P0709P 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1644 

Paul J. Carteret al. Examiner: P. Nolan 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

NOTICE OF CHANGE OF ADDRESS AND AREA CODE 

Assistant Commissioner ofPatents 
Washington, D.C. 20231 

Sir: 

Please direct all future communications in connection with the above referenced patent application 
to: 

9,-enentech, Inc. 
1 DNA Way 

South San Francisco, CA 94080-4990 

Please also note the change in area code from 415 to 650 (see below). 

Date: April ..2::'1998 

1 DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

Respectfully submitted, 

n= 
By:---~~---=--~=~--

WendyM. Lee 
Reg. No. 40,378 
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Patent Docket P0709Pl # 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carteret al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

to claim 42. 

The Commissioner is hereby a 

Group Art Unit: 1644 

Examiner: P. Nolan 

and Inter erences from the decision dated 23 

laims 1- , 10-12, 15, and 22-41 and objecting 

charge Deposit Account No. 07-0630 in the amount 

of $310 to cover the fees for this appeal and to charge the deposit account for any further fees in regard 

to this patent application. A duplicate copy of this Notice is enclosed for this purpose. 

07/0111998 SSA11DARA 00000105 070630 01146206 

01 FCa119 310.00 at 

Date: June 23, 1998 

1DNAWay 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

Respectfully submitted, 

GENENTECH, INC. 

By:~ 
Richard B. Love 
Reg. No. 34,659 

R. ~- tl ,_ t ~- \ 
\(.' ~. t' .• ~· ~-
·--~ ~ . ..!/ ... 

. JUL 6 \99B 
GROLH·' I 0f .. :~ 

Revised (10/11/95) 
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In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

• 
Patent Docket P0709P1 

Group Art Unit: 1644 

Examiner: P. Nolan 

PETITION AND FEE FOR THREE MONTH EXTENSION OF TIME 
(37 CFR 1.136(a)) 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for response 

to the FINAL OFFICE ACTION dated 23 December 1997 for three month(s) from 23 March 1998 to 23 

June 1998. The extended time for response does not exceed the statutory period. 

Please charge Deposit Account No. 07-0630 in the amount of $950.00 to cover the cost of the 

extension. Any deficiency or overpayment should be charged or credited to this deposit account. A 
duplicate of this sheet is enclosed. 

07/01/1998 SSIIIDARA 00000105 070630 · 01146206 Respectfully submitted, 

GENENTECH, INC. 02FCI117 950.00 Cll 

Date: June 23, 1998 

1 DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

I 

By:~ 
Richard B. Love 
Reg. No. 34,659 

JUL _6 1998 
GR/('· 

L \,.__l ~'- ~ ~&)(._ ..... 

Revised !10/17/951 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE OFFICE OF ENROLLMENT AND DISCIPLINE 

LIMITED RECOGNITION UNDER 37 CFR § 10.9(b) 

Wendy M. Lee is hereby given limited recognition under 37 CFR § 1 0.9(b) as an 
employee of Genentech, Inc. to prepare and prosecute patent applications and to 
represent patent applicants wherein Genentech, Inc. is the assigneed of record of the 
entire interest. This limited recognition shall expire on the date appearing below, or when 
whichever of the following events first occurs prior to the date appearing below: (i) Wendy 
M. Lee ceases to lawfully reside in the United States, (ii) Wendy M. Lee's employment 
with Genentech, Inc. ceases or is terminated, or (iii) if Wendy M. Lee ceases to remain 
or reside in the United States on a H-1 visa. 

This document constitutes proof of such recognition. The original of this document is on 
file in the Office of Enrollment and Discipline of the U.S. Patent and Trademark Office. 

EXPIRES: DECEMBER 9, 1995 
Cameron Wei bach. Director 
Office of Enrollment and Discipline 
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PaJ.ent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of 

Paul J. Cuter et al. 

Serial No.: 081146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODffiS 

Group Art Unit: 1644 

Examiner: P. Nolan 

~Rflf!CAT~ Qf IM4a~ 
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PETITION ANP FEE fOR THREE MONTH EXTENSION OF TIME 
(37 CFR 1 136faU pt.tJttsc 

EAJTE"!?
p..w. 
&---11-'lg' 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: __ , 

Applicant petitions the Cou:unisSionei' OfP;n.ents and TradeJllarks to e~tend the time far response 

f.O the FINAL OFFICE ACTION da-c;ed 23 Dece.Q:lber 1997 for three m.omh{s) from 23 March 1998 to 23 

June 1998. The exten.ded ti111e for response does not exceed the statutoey penod. 

Please charge Depofiit AccoQnt No. 07·0630 in the amount of $950.00 to cover the c:ost of the 

exten51ion. Any deficiency or overpayment should be charged or credited to this deposit acco~nt. ,a 

duplicate nf tbJR RhPPt ja .sed 
08/19/1998 DLYONS 00000007 070630 081 

01 FC:117 
02 FC:119 

950.00 CH 
310.00 CH 

Date: June 23, 1998 

!ONAWay 
So. San Francisco, CA 94080-4990 
Phone: (650) 225·1994 
Fax: (650) 952-9881 

RespectftUly submitted, 

GENENTECH, INC. 
I 

By:~ 
Ricluu'd B. Love 
Reg. No. 34,659 
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Patent Docket P0709P 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146.206 

Filed: November 17, 1993 

For: METHOP FO!t MAKING 
HUMANIZED ANTIBODIES 

Group Art Unit: 1644 

Examiner: P. Nolan 

~lfi~Tii Qf ~R.IMG 
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114 ta: £~111& ~=~~~~Ill' QJ ~llll'~ "'f~ll!Qn. DC 20231 on 

NOTICE OF APPEAl: 

Assistant Coma.isaioner of Patents 
WashingtOn, D.C. 20231 

Sir: 

Apphcant hereby appeals to the Boa.Td of AppeQ}.s aud In~rferences from the d.ee1s1on dated 23 

December 1997. ofthe Primary Exammer finally rejecting claims 1·8, 10·12, 15, and. 22-41 and objecting 

t.odaim"l2. 

The Commissioner is be.reby au.thorized to charge Deposu Account No. 07-0630 in the amo~.IDt 

of $!HO to cover the fees for this appeal and to charge the deposit accol.Ult for any tlu-the:r fees in regard 

to this patent application. A duplicate copy ohhis Notice is enclosed for this purpose. 

Date: J1me 28, 1998 

1DNAWay 
So. San Francisco, CA 94080·4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

Respectfully s\lbmitted, 

GENENTECH, INC. 
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.t:. ·- UNITED STA. DEPARTMENT OF COMMERCE 

Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKETT NO. 

EXAMINER 

ART UNIT PAPER NUMBER 

DATE MAILED: 

EXAMINER INTERVIEW SUMMARY RECORD 

All participants (applicant, applicant's representative, PTO personnel): 

(1) --~M:.......;~:;;.._,'"""~"'---""+----'/,;;._e._;:t:..-=:;_· _______ (3) ______________ _ 

k-uek- /J'dL (2)-----'-'-="=...,;;;;,.=.. ______________ (4)--------------------

Date of interview ___ 6-_-_/_3_-....::;1--=~'-----------
Type: ~Telephonic ~Personal (copy is given to 0 applicant Vapplicant's representative). 

/'\' I. / . II f if J~~ d..- /J 
Exhibit shown or demonstration conducted: Jz(ves 0 No. If yes, brief description: ___ l-1/-'-~'etA;;..;;_'""LI_----'S'--....;.yv, ____ -=--=~;.....o.,:::..::;..::....L..:..:~"'-----

Agreement 0 was reached with respect to some or all of the claims in question. Uwas not reached. 

Claims discussed: ----'M'---'-euA~),________,/be__,._tJ_J _ _____,L'~=-=~' ,____~...=:;;.:o?U<oo::::..J____;:;,o__ __ f-.-_J_tJ____.-f~Y"----
~~~doo~~~~~~$~=----~~....;.~~~~-~~-~~~~--~~~~~6~~~3~,~·~~-~~~~------------

lJ/J-~ Description of the general nature of what was agreed to if an agreement was reached, or any other comments: ---..:::.....----~-----

~,_/ ~ ~ t?v~ ~ /o3 tq;'-L-&f-~ 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be 
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.) 

9(1. It is not necessary for applicant to provide a separate record of the substance of the interview. 

Unless the paragraph below has been checked to indicate to the contrary, A FORMAL WRITIEN RESPONSE TO THE LAST OFFICE ACTION IS NOT 
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the last Office 
action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview. 

0 2. Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and 
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the 
response requirements of the last Office action. Applicant is not relieved from providing a separate record of the substance of the interview unless 

box 1 above is also checked. ~ (#7.t( 
PTOL-413 (REV. 2 -93) Examiner's Signature 

nRtr.INAI ~nR IN~~RTinN IN Rlr.I·IT I-IANn R 4P nl= a::au: WRAPPER 
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Patent Docket P0709P10 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of Group Art Unit: 1644 AEC~:: 

J. Carteret al. Examiner: P. Nolan 
1StP v l 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

AMENDMENT TRANSMITTAL 
Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Transmitted herewith is an Amendment under 37 C.F.R. § 1.129(a) in the above-identified application. 

Total 72 35 37 x22= $814.00 

Independent 7 10 0 X 78= $0.00 

_ First Presentation of Multiple Dependent Claims + 250= 

X 

X 

X 
X 

Total Fee Calculation $814.00 

Amendment under 37 C.F.R. § 1.129(a) submitted with fee of $750.00 pursuant 
to 37 C.F.R. § 1.17(r) 
The Commissioner is hereby authorized to charge Deposit Account No. 07-0630 
in the amount of $1,564.00 pursuant to 37 C.F.R. § 1.17(r). A duclicate copy of 
this transmittal is enclosed. 
A Declaration of Steven Shak with Exhibits A-F is enclosed. 
A Supplemental Information Disclosure Statement PT0-1449 Form. and copies 
of Refs. 218-224 are enclosed. 

The Commissioner is hereby authorized to charge any additional fees required under 37 CFR 1.16 and 
1.17, or credit overpayment to Deposit Account No. 07-0630. A duplicate copy of this sheet is enclosed. 

Date: August 24. 1998 

1 ONAWay 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 

Revised 11 0/13/96) 

PFIZER EX. 1502 
Page 3413



• i 

Patent Docket P0709P1 

THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING 
HUMANIZED ANTIBODIES 

Group Art Unit: 1644 

AMENDMENT UNDER 37 C.F.R. §1.129(a) 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

This paper is being filed in response to the Office Action mailed 

December 23, 1997. In the Office Action, the Examiner issued a 

final rejection of claims 1-8, 10-12, 15 and 22-41 and objected to 

claim 42. Applicants filed a Notice of Appeal on June 23, 1998. 

Applicants have not yet filed an Appeal Brief. Accordingly, the 

present response is being submitted under Section 1.129(a) along 

with the fee set forth in Section 1.17(r). In that August 23, 1998 

fell on a Sunday, this amendment is timely filed. 

Entry of the following amendment is respectfully requested: 

E CLAI,MS :f ,. / 
c~ CY~ ../ 

01/31/1998· GOOCIOOJ2<t106i0C ltai4686 1-8 1 

._./"/ 
10-12, 15 and 22-42 without prejudice or 

:A ~:ffl discllt..llnCHr of the subject matter claimed therein. no.oo 01 

1 

P 1&-QO 
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Please add the following claims: 

--43. (New) A umanized antibody variable domain comprising V non

human Compleme arity Determining Region (CDR) incorporated into a 

human antibod~ variable domain, and further comprising an amino 

acid substitu ion at a site selected from the group consisting of: 

4L, 3 SL, 

98L, 2H, 

44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 

36H, 39H, 43H, 45H, 69H, 70H, 74H and 92H, utilizing 

the number'ng system set forth in Kabat. 

variable domain of claim 43 wherein the 

corresponding 

location of the non-human antibody 

obtained. 

A--y. (New) 
~ 

The humanized variable domain of claim ~wherein no 

human Framework Region (FR) residue other than those set forth in 

the group has been substituted. 

u 
(New) The humanized variable domain of claim ~wherein the 

human antibody variable domain is a consensus human variable 

domain. 

r t 
yr. (New) The humanized variabl'e domain of claim Ji5"wherein the 

residue at site 4L has been substituted. 

t: 
Y· (New) The 

t 
humanized variable domain of claim_~wherein the 

residue at site 38L has been substituted. 

r 
(New) The humanized variable domain of claim ~wherein the 

residue at site 43L has been substituted. 

J. (New) 
I _,. . 

The humanized variable domain of claim ~ where1n the 

2 
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residue at site 441 has been substituted. 

~ (New) The humanized variable domain of claim ~wherein the 

residue at site 581 has been substituted. 

t~ I 
j1. (New) The humanized variable domain of claim~ wherein the 

residue at site 621 has been substituted. 

~ 
(New) The humanized variable domain of claim t? wherein the 

residue at site 651 has been substituted. 

tL I 
~· (New) The humanized variable domain of claim ~wherein the 

residue at site 661 has been substituted. 

(f 
(New) The humanized variable domain of claim t1. wherein the 

residue at site 671 has been substituted. 

(New) 
!t 

The humanized variable domain of claim ~wherein the , 
residue at site 681 has been substituted. 

'{ 

The humanized variable domain of claim ~ wherein the 

" residue at site 691 has been substituted. 

l /{/:. 

~. (New) The humanized variable domain of claim ~ wherein the 

residue at site 731 has been substituted. 

' (New) The humanized variable domain of claim fo1 wherein the 

residue at site 851 has been substituted. 

~N l 
~. (New) The humanized variable domain of claim ~wherein the 

residue at site 981 has been substituted. 

11 I. 
j1. (New) The humanized variable domain of claim f§ wherein the 

3 

r 
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residue at site 2H has been substituted. 

(New) ' The humanized variable domain of claim ~wherein the 

residue at site 4H has been substituted. 

I 
(New) The humanized variable domain of claim ~wherein the 

residue at site 36H has been substituted. 

(New) The humanized variable domain of claim ~wherein the 

residue at site 39H has been substituted. 

N. 
r 

(New) 
v 

The humanized variable domain of claim ~wherein the 

residue at site 43H has been substituted. 

tt I 
(New) The humanized variable domain of claim J1 wherein the 

residue at site 45H has been substituted. 

I 
The humanized variable domain of claim the ~·~(New) ~ wherein 

~ ~esidue at 

I 

site 69H has been substituted. 

~ I 
~· ¢wherein (New) The humanized variable domain of claim the 

residue at site 70H has been substituted. 

u. I 
(New) The humanized variable domain of claim j;i{" wherein the 

residue at site 74H has been substituted. 

&i 1 
}6. (New) The humanized variable domain of claim ~wherein the 

residue at site 92H has been substituted. 

11. (New) 

claim 9/f!. 
p 

72. (New) 

An antibody comprising the humanized variable domain of 

An which binds p185HER2 and comprises a 
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• 
humanized antibody 

Complementarity Determining 

domain comprising ® non-human 

incorporated into a human 

;:1 antibody variable domain, further comprises an amino acid 

"'~V substitution from the group consisting of: 

4L, 38L, 43L, 44L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 

85L, 98L, 2H, 4H, 36H, 43H, 45H, 69H, 70H, 74H, 75H, 76H, 78H 

and 92H, utilizing the ering system set forth in Kabat. 

The antibody of claim 72 wherein the substituted 

~~~~dU~~~rrd~~~Qe~£C~o~r~r~e~s~p~onding location of the 

non-human antibody from which the non-human 

(New) 
$.D 

The antibody of claim jlf _wherein no human Framework 

Region (FR) residue other than those set forth in the group has 

been substituted. 

11 !~ 
?5. (New) The antibody of claim }1 wherein the human antibody 

variable domain is a consensus human variable domain. 

~9 ~0 
~·. (New) The antibody of claim ~wherein the residue at site 4L 

~~~ has been substituted. 

-\ \ 11,-

n. (New) 
5_tlJ 

The antibody of claim i2wherein the residue at site 

38L has been substituted. 

!I 1ZD ;.r-(New) The antibody of claim wherein the residue at site 
" 

43L has been substituted. 

~~ f;dl 
' 

(New) The antibody of claim ;r2 wherein the residue at site 

44L has been substituted. 

(New) 
fiOJ 

The antibody of claim ~wherein the residue at site 

46L has been substituted. 

5 
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H_ 1o 
~- (New) The antibody of claim ~wherein the residue at site 

58L has been substituted. 

{New) 
$}> 

The antibody of claim rL wherein the residue at site 

62L has been substituted. 

J§J 
(New) ·The antibody of claim ;rz wherein the residue at site 

65L has been substituted. 

{New) 
l«D 

The antibody of claim j{ wherein the residue at site 

66L has been substituted. 

J-a 
{New) The antibody of claim 72 wherein the residue at site 

67L has been substituted. 

)r (New) 
~ 

The antibody of claim Jf wherein the residue at site 

68L has been substituted. 

Ltr 
8;f. (New) The antibody of 

~~'0 
claim~ wherein the residue at site 

Ur~ ~~ · 69L has been substituted. 

1' ~ s}_(D 
~ (New) The antibody of claim }1 wherein the residue at site 

73L has been substituted. 

t((J) 

(New) The antibody of claim .. 72 wherein the residue at site 

85L has been substituted. 

!J.Y 
;f6. (New) 

j;.-o 
The antibody of claim;y2' wherein the residue at site 

98L has been substituted. 

>a 
(New) The antibody of claim"-yiwherein the residue at site 2H 

has been substituted. 

6 
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• 
;P$J 
V. (New) The antibody of claim ~wherein the residue at site 4H 

has been substituted. 

fl. ~e 
(New) The antibody of claim }? wherein the residue at site 

36H has been substituted. 

~ 
~- (New) 

go 
The antibody of claim ~wherein the residue at site 

39H has been substituted. 

r~ 1~ gs. (New) The antibody of claim ~wherein the residue at site 

43H has been substituted. 

(New) 
~ 

The antibody of claim ~ wherein the residue at site 
" 

45H has been substituted. 

P.(New) The antibody of claim 

J.~~ 
y{ wherein the residue at site , 

69H has been substituted . 

.;:~ 
.i'· (New) 

$8 
The antibody of claim .~ wherein the residue at site 

70H has been substituted. 

~· rr 
,':)Y~ r. (New) The 

~a 
~,;( antibody of claim r~ wherein the residue at site 

T\ 74H has been substituted. 

rl 
~· (New) 

§;<a 
The antibody of claim.J1 wherein the residue at site 

75H has been substituted. 

~- (New) 

J:a 
The antibody of claim/~ wherein the residue at site 

76H has been substituted. 

~ 
yt2. (New) 

~jJ) 
The antibody of claim/~ wherein the residue at site 

78H has been substituted. 

7 
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it 
1~. (New) 

}f!i 

The antibody of claim p_· ~herein the residue at site 

92H has been substituted. 

104. (New) umanized antibody variable domain comprising a non

tarity Determining Region (CDR) incorporated into a 

n variable domain, and further comprising an amino 

acid substit ion at a site selected from the group consisting of: 

4L, 38L, 44L, 46L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 

85L, 98L, 4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, 75H, 76H, 78H 

and 92H, ut lizing the numbering system set forth in Kabat. 

105. (New) An antibody which lacks significant immunogenicity upon 

repeated admin · stration to a human patient in order to treat a 

chronic 

'0J6 { Complementari t 

-:Yvl 

in that patient and comprises ~ non-human 

Determining Region (CDR) incorporated into a human 

and further comprises an amino acid 

substitution t a site selected from the group consisting of: 

4L, 38L, 

85L, 98L, 

44L, 46L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 

4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, 75H, 76H, 78H 

and 92H, ut'lizing the numbering system set forth in Kabat. 

106. (New) An antibody which lacks significant immunogenicity upon 

repeated administratio to a human patient in order to treat a 

chronic disease in 

variable domain 

patient and comprises a consensus human 

uman heavy chain immunoglobulin subgroup, 

wherein amino acid r sidues forming Complementarity Determining 

Regions (CDRs) 

residues, and 

substitution where 

binds antigen dire 

comprise non-human antibody amino acid 

comprising a Framework Region (FR) 

substituted FR residue: (a) noncovalently 

(b) interacts with a CDR; (c) comprises a 

glycosylation site affects the antigen binding or affinity of 

the antibody; o (d) participates in the VL-VH interface by 
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affecting the proximity or orientation of the VL and VH regions with 

respect to one another. 

107. (New) The antibody of claim 106 comprising a non-human FR 

h noncovalently binds antigen directly. 

claim 106 comprising a non-human FR 

a CDR. 

(New) antibody of claim 106 comprising a non-_h_Y..man FR 

residue mprises a g_lyc~ylat_~_or.L site which ~~fectV the 

antigen binding o affinity of the antibody. · / 

110. (New) ibody of claim 106 comprising a non-human FR 

residue which parti 

proximity or 

one another. 

111. (New) A humani 

variable domain 

interface by affecting the 

VH regions with respect to 

comprising a consensus human 

I I I, wherein amino acid 

residues forming Complem ntarity Determining Regions (CDRs) thereof 

comprise non-human amino acid residues, and further 

comprising a Framework Region (FR) substitution where the 

substituted FR residue: noncovalently binds antigen directly; 

(b) interacts with·a CDR; ) comprises a glycosylation site which 

affects the antigen 

participates in the VL-VH 

orientation of the VL and 

or affinity of the antibody; or (d) 

erface by affecting the proximity or 

egions with respect to one another. 

112. (New) humanized antibody of claim 111 which lacks 

significant irnm nogenicity upon repeated administration to a human 

patient in ord r to treat a chronic disease in that patient. 

9 
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01 113. 

which antigen 

variant of a non-human parent antibody 

with better affinity than the parent 

non-human 

Framework 

residue: (a) 

omprises a consensus human variable domain of a human 

unoglobulin subgroup wherein amino acid residues 

ntarity Determining Regions (CDRs) thereof comprise 

amino acid residues, and further comprising a 

(FR) substitution where the substituted FR 

valently binds antigen directly; (b) interacts 

with a CDR; (c) co prises a glycosylation site which affects the 

antigen binding or a finity of the antibody; or (d) participates in 

affecting the proximity or orientation of the 

~~ · _v_L __ a_n __ d __ v_H __ r_e~g~l-·o_n __ s __ w_i_t_h~rr_e_s~p_e_c_t ___ t_o __ o_n_e __ a __ n_o_t_h_e_r __ . ______________________ __ 

114. (New) claim 113 which binds the 

~~ antigen at least 3-fold more tightly than the parent 

~~ antibody.--

REMARKS 

The undersigned confirms having met with Examiner Nolan in the 

personal interview on August 13, 1998 and thanks the Examiner for 

the courtesies extended in the interview. In the interview, the 

undersigned pointed out that claim 42 was not rejected, but was 

objected-to in the above-noted final Office Action. However, the 

basis for the objection was not elaborated in the body of the 

Office Action. The· ~xaminer indicated that claim 42 was objected to 

for depending on a rejected claim (i.e. claim 22). Other issues 

discussed in the interview will be mentioned herein-below where 

appropriate. 

Amendments 

The previously pending claims are cancelled herein without 

prejudice and without disclaimer of the subject matter claimed 
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therein and without acquiescing in any rejection or objection 

raised by the Office. Applicants reserve the right to pursue 

continuing application(s) directed to cancelled claims. The claims 

herein correspond to those discussed in the interview and are 

believed to be allowable. 

Former claim/specification basis for each of the claims added 

herein can be found at least as follows: 

C~aims 43 and 47-70 - claim 10 as amended 10-7-97; and page 6, 

lines 21-22 for "utilizing the numbering system set forth in Kabat" 

C~aim 44 - original claim 11 

C~aim 45 - original claim 12 

C~aim 46 - language from claim 1 

C~aim 71 - page 11, lines 3-4 

C~aims 72 and 76-103 -claim 10 as amended 10-7-97; page 63, line 

21 for "antibody which binds p185~R2 "; and page 6, lines 21-22 for 

"utilizing the numbering system set forth in Kabat" 

C~aim 73 - original claim 11 

C~aim 74 - original claim 12 

C~aim 75 - language from claim 1 

C~aim 104 - claim 10 as amended 10-7-97; claim 1 for "consensus 

human variable domain"; and page 6, lines 21-22 for "utilizing the 

numbering system set forth in Kabat" 

Claim 105- claims 10 and 42 from the amendment 10-7-97; and page 

6, lines 21-22 for "utilizing the numbering system set forth in 

Kabat" 

C~aim 106 - combination of claims 22, 23 and 42 

Claims 107-110 - claim 23 

Claim 111 - combination of claims 22, 23 and 26 

Claim 112 - claim 42 

C~aim 113 - claims 22 and 23; page 71, lines 1-2 and Table 3 on 
11 
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page 72 showing humanized variants with improved binding affinity 

compared to the murine parent antibody. 

c~aim 114 - page 71, lines 1-2 

In that the claims do not introduce new matter, their entry is 

respectfully requested. 

Information Disclosure 

1. In the above-mentioned interview, the undersigned inquired as 

to the status of the IDS carried to the PTO September 1997 citing 

references 100-207. The Examiner indicated he had this IDS and the 

references and would consider them with respect to the above 

application. Applicants await receipt of a copy of the initialed 

PT0-1449 form indicating consideration of the cited art. 

2. A further supplemental IDS is submitted herewith. Applicants 

respectfully request consideration of the art cited in this 

supplemental IDS with respect to the instant application. 

Provisional Double Patenting Rejection 

Claims 1-12, 15 and 19-25 are provisionally rejected under the 

judicially created doctrine of obviousness-type double patenting as 

being unpatentable over claims 1-12, 15 and 19 of copending 

application Serial No. 08/439,004. This rejection is moot as USSN 

08/439,004 is now abandoned. 

Section 102(e) -US Patent 5,530,101 

Claims 1-8, 10-12, 15 and 22-24 are rejected under 35 USC §102(e) 

as being anticipated by US Patent 5, 530,101 ("the '101 patent") 

With respect to claim 10, the Examiner states in item 9 of the 

Office Action that the claim may be distinguished over the prior 

art by claiming the actual numbering system used in the actual 
12 
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claim. In order to expedite prosecution, Applicants have followed 

the Examiner's suggestion and recite the numbering system of Kabat 

in independent claims 43, 72, 104 and 105 herein for claim 

precision. 

Further patentable features in these claims and the claims which 

depend thereon include, without limitation: the target antigen 

p185HER2 in claim 72 (which is not taught in the '101 patent); a 

consensus human variable domain which, as will be explained below, 

is not taught or enabled by the '101 patent; and the antibody which 

lacks significant immunogenicity upon repeated administration to a 

human patient in order to treat a chronic disease in that patient 

(see comments below) . 

Applicants submit that independent claims 43, 72, 104 and 105 

herein as well as the claims which depend thereon are patentable 

over the cited art. 

Reconsideration and withdrawal of the Section 102 rejection is 

respectfully requested. 

Section 102(e) -US Patent 5,693,762 

Claims 22-25, 38 and 39 are rejected under 35 USC §102(e) as being 

anticipated by US Patent 5,693,762 ("the '762 patent"). 

The Examiner asse~ts that the '762 patent taught the aligning of 

heavy chain immunoglobulin regions for the creation of a consensus 

sequence to be used in making a humanized antibody and that the 

acceptor immunoglobulin most likely should be as homologous to the 

donor sequence as possible (i.e. same isotype). 

Applicants submit that the '762 patent does not anticipate the 

instant invention. 
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Importantly, the 

human variable 

application. 

'762 patent did not 

domain as the term 

• 
in fact teach a consensus 

is used in the present 

Applicants contend that the phrase "consensus framework from many 

human antibodies" in line 7 of column 13 in the '762 patent which 

is cited by the Office, was not intended to refer to a "consensus 

human variable domain" as in the present application (i.e. a 

sequence representing the most frequently occurring amino acid 

residues at each location in all immunoglobulins of any particular 

subclass; see page 14, lines 29-31 of the instant application). 

Applicants submit that the '762 patent was using the phrase 

"consensus framework from many human antibodies" synonymously with 

a framework "from a particular human immunoglobulin that is 

unusually homologous to the donor immunoglobulin to be humanized". 

If one reads lines 4-26 in column 13 of the '762 patent and, 

indeed, the entire patent, it becomes clear that the method for 

humanizing advocated therein involved· selecting an immunoglobulin 

framework sequence from a single human immunoglobulin which was 

unusually homologous to the donor immunoglobulin to be humanized 

and this is what was actually done in the working examples. It is 

apparent then that the phrase "consensus framework from many human 

antibodies" was used in the '762 patent as another way of saying "a 

framework from a particular human immunoglobulin that is unusually 

homologous to the donor immunoglobulin to be humanized", i.e., a 

framework from a particular human immunoglobulin which "agrees" 

with the donor immunoglobulin when the sequences are aligned. 

Thus, Applicants submit that the '762 patent did not teach or 

enable a consensus human variable domain as described in the 

present application, much less a "consensus human variable domain 

of a human heavy chain immunoglobulin subgroup." Accordingly, 
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reconsideration and withdrawal of the rejection is respectfully 

requested. 

As to rejected claim 38, this relates to the method of "veneering" 

or "resurfacing" an antibody. As discussed in the above-mentioned 

interview, this approach was not taught in the '762 patent. 

Applicants respectfully request reconsideration and withdrawal of 

the Section 102(e) rejection in view of the above. 

Section 103 

Claims 26-36 and 40-41 are rejected under 35 USC §103 as being 

unpatentable over the '762 patent in view of Kabat et al. 

The Examiner asserts that the claimed invention differs from the 

prior art teachings only by recitation of Ig gamma isotype 

sequences used to make a consensus heavy chain framework region. 

The Examiner cites Kabat as teaching the sequences of all known Ig 

gamma subtypes and contends that it would have been prima facie 

obvious at the time the invention was made to use the teachings of 

the '762 patent and align all of the known Ig gamma heavy chains 

for the creation of a consensus sequence with the expectation that 

such consensus sequence immunoglobulin would have a smaller chance 

of changing an amino acid near the CDRs that distorts their 

conformation as allegedly taught in column 13 of the '762 patent. 

Applicants submit that the instant invention is patentable over the 

cited art. 

With respect to the Examiner's combining of the '762 patent and 

Kabat, Applicants submit that the rejection is made impermissibly 

using hindsight reconstruction of the present invention. "One 

cannot use hindsight reconstruction to pick and choose among 

15 

PFIZER EX. 1502 
Page 3428



• • 
isolated disclosures in the prior art to depreciate the claimed 

invention." In reFine 837 F2d 1071, 1075 {Fed. Cir. 1988). 

In particular, as noted above, the term "consensus framework from 

many human antibodies" in the '762 patent was not intended to refer 

to a sequence representing the most frequently occurring amino acid 

residues at each location in all immunoglobulins of any particular 

subclass as in the present application. Thus, Applicants submit 

that the '762 patent would not have provided any motivation to make 

a consensus human variable domain as in the present application. 

With respect to the Examiner's assertion that "the claimed 

invention differs from the prior art teachings only by recitation 

of Ig gamma isotype sequences used to make a consensus heavy chain 

framework region", Applicants believe that the Examiner has 

misunderstood the· selection invention involving a "VH subgroup III" 

consensus sequence. As opposed to a collection of antibodies with 

the same "isotype" due to the amino acid sequence of their heavy 

chain constant region (page 11 of the application), VH subgroup III 

represents a subclass of antibodies grouped together because of 

their heavy chain variable domain sequences. For this reason alone, 

Applicants submit that the Examiner has failed to establish a prima 

facie case of obviousness. 

Moreover, Applicants submit that there was nothing in the cited art 

to suggest combining Kabat with the '762 patent. In particular, the 

term "consensus" is not used in Kabat. Kabat refers to 

"occurrences of most common amino acid" for various heavy or light 

chain immunoglobulin subgroups. Without knowing about the 

invention of the present application, Applicants contend that those 

skilled in the art would not have been motivated to combine the 

mention of "consensus framework from many human antibodies" in the 

'762 patent with Kabat's disclosure of "occurrences of most common 
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amino acid", especially since, as elaborated above, the '762 patent 

did not intend the term "consensus framework" to refer to 

"occurrences of most common amino acid". 

This further illustrates that the Examiner is using impermissible 

hindsight to combine the references. 

Moreover, Applicants are able to show that the '762 patent would 

have taught away from the instantly claimed invention. In 

particular, the '762 patent states that one must select a framework 

from a particular human immunoglobulin that is unusually homologous 

to the donor immunoglobulin in· order to reduce the chance of 

distorting the conformation of the CDR's (see column 13 of the '762 

patent). This has been termed the "best-fit" method of 

humanization. 

On the contrary, the instant invention does not rely on selection 

of an unusually homologous framework from a single human antibody; 

a consensus human variable domain comprising the most frequently 

occurring amino acid residues at each location in human 

immunoglobulins is used as the framework region. 

Whereas the '762 patent requires at least 65% homology between the 

human "acceptor" framework region (FR) sequence and murine "donor" 

FR sequence (see column 13, lines 33-36) to avoid distorting the 

conformation of the CDRs, Applicants have generated humanized 

antibodies using the VH subgroup III consensus sequence having low 

FR homology to murine donor antibody FR sequences. 

For example, in contrast to the teachings of the '7 62 patent, 

Applicants have shown that FR homologies as low as 53% for an anti

CD18 antibody (Example 4 on page 89 of the present application); 

57% for an anti-IgE antibody [Presta et al. J. Immunol. 
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151 (5): 2623-2632 (1993) (of record)]; 57% for an anti-CD11a 

antibody [Werther et al. J. Immunol. 157:4986-4995 (1996) (of 

record) ] ; 61% for an anti -VEGF antibody [Presta et al. Cancer 

Research 57 ( 20) : 4593-4599 ( 1997) (copy attached) ] and 63% for an 

anti-HER2 antibody1 (Example 1 herein} have resulted in humanized 

antibodies with strong binding affinities. 

Applicants submit that the '7 62 patent would have lead those 

skilled in the art away from the instantly claimed invention 

because they would have feared that this would result in 

"distortions in the CDR's" of the humanized antibody so produced. 

In further support of the patentability of the instant claims, 

Applicants will now show that the claimed invention can produce 

humanized antibodies with at least three unexpected and useful 

properties. Unexpected results provide objective evidence of non

obviousness. Specialty Composites v. Cabot Corp., 845 F. 2d 981, 6 

USPQ 2d 1601 (Fed. Cir. 1988}. 

The unexpected properties to be demonstrated include: lack of 

significant immunogenicity of the claimed humanized antibodies upon 

repeated administration to a human patient, e. g., to treat a 

chronic disease in the patient; binding affinities superior to 

those of the non-human parent antibody; and the ability to use the 

same consensus human variable domain to make many strong affinity 

antibodies, thus avoiding tailoring each human FR to each non-human 

antibody to be humanized. 

In order to demonstrate that lack of significant immunogenicity 

upon repeated administration of the humanized antibody to a human 

I In the case of the anti-HER2 antibody, surprisingly, the humanized antibody 
had improved binding affinity relative to the murine parent antibody. This 
unexpected result will be discussed in more detail below. 
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patient could not have been predicted for the instantly claimed 

humanized antibodies, Applicants refer to Isaacs et al. The Lancet 

340:748-752 (1992) (of record). Isaacs et al. demonstrate that 

three out of four patients treated with humanized CAMPATH-lH 

antibody {i.e. the antibody humanized in Riechmann) developed 

antiglobulins that were able to inhibit the binding of CAMPATH-lH 

to its antigen (see first paragraph of the discussion on page 751 

of this reference) . 

On the contrary, the instant application describes humanized 

antibodies which lack significant immunogenici ty upon repeated 

administration to a human patient in order to treat a chronic 

disease in that patient. Therefore, the instantly claimed 

antibodies are useful, among other things, for treating chronic 

disorders such as cancer. 

As suggested by the Examiner in the interview, Applicants attach a 

Declaration under 37 C:::FR §1.132 by Dr. Steven Shak. In his 

declaration, Dr. Shak discusses human clinical data which 

demonstrates the lack of significant immunogenicity of humanized 

antibodies of the present application. Dr. Shak is a very 

experienced clinician with over 20 years experience as is evident 

from his curriculum vitae attached as Exhibit A to his declaration. 

Dr. Shak explains in paragraph 2 of his declaration that the 

instant application 

anticipated to lack 

describes humanized antibodies which were 

significant immunogenicity upon repeated 

ad.n.tinistration to a human patient in order to treat a chronic 

disease in that patient. 

Dr. Shak further states that the humanized anti-HER2 antibody, 

huMAb4D5-8 (HERCEPTIN®) , disclosed in Example 1 of the above-
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identified patent application has been repeatedly administered to 

patients in breast cancer clinical trials (paragraph 3 of the 

declaration) . Using an ELISA to detect antibodies to HERCEPTIN® 

antibody in the serum of treated patients, Dr. Shak reports in 

paragraph 4 that only one patient out of the 885. patients evaluated 

as of December 31, 1997 had detectable human antihuman antibodies 

(HAHA} • 

Dr. Shak further reviews in paragraphs 5-7 of his declaration human 

clinical data relating to a humanized variant of a murine anti-IgE 

antibody which was humanized according to the teachings of the 

present application. Dr. Shak explains that human patients 

suffering from allergic rhinitis and asthma (both chronic diseases} 

have received repeated administrations of the humanized anti-IgE 

antibody (rhuMAb-E25}, but no patients were found to have HAHA to 

rhuMAb-E25. This is particularly impressive given that the 

patients who were treated with rhuMAb-E25 were hyper-reactive to 

foreign antigens. 

Dr. Shak states in the final two paragraphs of his declaration that 

no significant immunogenic response has been observed in patients 

treated with two further antibodies which were humanized according 

to the teachings of the present application; i.e., anti-VEGF and 

anti-CD11a (paragraphs 8 and 9 of the declaration} . The patients 

received multiple doses of these two antibodies. 

Accordingly, Applicants submit that it is apparent that the instant 

specification describes humanized antibodies which lack significant 

immunogenicity upon repeated administration to a human patient in 

order to treat a chronic disease in that patient. 

In accordance with a recommendation of the Examiner in the 

interview, for clarity reasons, independent claim 106 herein 

20 

PFIZER EX. 1502 
Page 3433



~ ,. • 
includes functional language concerning the unexpected lack of 

significant immunogenicity of the antibody claimed therein. 

In addition to the above-discussed unexpected result pertaining to 

lack of immunogenicity of the humanized antibodies of the present 

invention, binding affinity is essentially retained and in some 

instances is surprisingly improved in the humanized antibody 

compared to the non-human parent antibody. As shown, for example, 

in the second to last column of Table 3 on page 72, anti-HER2 

humanized variants huMAb4D5-6 and huMAb4D5-8 had binding affinities 

which were superior to the non-human parent antibody. This could 

not have been predicted from the prior art, especially from the 

'762 patent, which advocated the best-fit method (see above) to 

generate a "high affinity" humanized antibody. The above-mentioned 

anti-HER2 variants on the other hand were not generated using the 

"best-fit" method said to be essential in the '762 patent. 

As suggested by the Examiner in the interview, claim 113 herein 

refers to this unexpected property of the humanized variant in that 

claim (i.e. a variant which binds an antigen with better affinity 

than the non-human parent antibody) . 

The '762 patent fails to teach humanized antibodies which bind 

antigen with better affinity than the parent antibody. The 

reported affinity comparisons in the '762 patent are summarized 

here for the Examiner's convenience: 

• The humanized anti-Tac antibody in Example 1 of the '762 patent 

allegedly had "approximately the same" binding affinity as the 

murine parent anti-Tac antibody (lines 25-31 in column 41). The 

corresponding scientific publication, Queen et al. PNAS (USA) 

86:10029-10033 (1989) (of record) states that the humanized 
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anti-Tac antibody actually had an affinity about 1/3 that of 

murine anti-Tac (see the abstract). 

• The humanized mik-~1 humanized antibody of Example 5 had a 

binding affinity 2-fold worse than the mouse mik-~1 antibody 

(lines 50-52 in column 52 and Figure 28) . 

• The humanized Fd79 antibody of the '762 patent apparently 

displayed a 2-fold decrease in affinity and the affinity of the 

humanized Fd138-80 antibody was apparently "comparable" to that 

of the murine antibody (lines 42-46 in column 56). 

• The humanized M195 antibody is stated to have an "affinity the 

same as the mouse M195 antibody to within experimental error" 

(lines 31-32 in column 60). 

• In the line bridging columns 63-64, the humanized CMV5 antibody 

is stated to have "approximately the same binding affinity as 

mouse CV5". 

• Finally, lines 9-11 in column 67 state that "Mouse AF2 and 

humanized AF2 will compete similarly, showing that their binding 

affinities for y-IFN are approximately the same". 

Hence, the '7 62 patent, in addition to its deficiencies with 

respect to the use of a consensus human variable domain as in the 

present application, fails to report any humanized antibody with 

better binding affinity than the non-human parent antibody. 

With respect to another unexpected feature of the present 

invention, Applicants have shown that a consensus human variable 

domain of a human heavy chain immunoglobulin subgroup can be used 

to generate many different strong affinity humanized antibodies, 

including the following: 
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(a) anti-HER2 (4D5) [see Example 1 of the application]; 

(b) anti-CD3 [see Example 3 of the application]; 

(c) anti-CD18 [see Example 4 of the application]; 

(d) anti- IgE [see Presta et al. J. Immunol. 151 ( 5) :2 62 3-2 632 

(1993) (of record)]; 

(e) anti-CD1la [see Werther et al. J. Immunol. 157:4986-4995 

(1996) (of record)]; and 

(f) anti-VEGF [see Presta et al. Cancer Research 57(20): 4593-4599 

(1997) (copy attached] 

This could not have been predicted based on the teachings of the 

'762 patent, since this reference taught that an individual human 

framework region needed to be tailored to each non-human antibody 

to be humanized (see comments above) . 

In summary then, Applicants submit that the cited art is deficient 

in teaching the instantly claimed humanized antibodies and the 

unexpected results of the present invention. 

Turning now to claim 111 herein, this claim recites the selection 

invention concerning a "VH subgroup III" consensus sequence. 

Applicants submit that this claim is independently patentable. 

In particular, there is no suggestion in the cited art to use the 

particular VH subgroup III consensus sequence. 

In fact, the '762 patent taught away from this consensus sequence 

by advocating the: "best-fit" method of humanization using the most 

homologous human framework for humanization. As noted above, the 

VH subgroup III consensus sequence lacks significant homology to 

the various non-human antibodies humanized according to the 

teachings of the present invention. 
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denied), the '762 patent had intended the phrase "consensus 

framework from many human antibodies" in column 13 thereof to mean 

a consensus human variable domain as contemplated in the present 

application, there is nothing in the '762 patent to indicate that 

a useful consensus sequence is that of a human heavy chain 

immunoglobulin subgroup in Kabat, let alone VH subgroup III. For 

example, even though the VH subgroup I FR in Kabat was more 

homologous (67% homology) to the murine anti-HER2 antibody 4D5 in 

Example 1 than the VH subgroup III FR (63% homology), the inventors 

did not use the more homologous consensus sequence. Notwithstanding 

this, humanized anti-HER2 antibodies produced using this low 

homology human FR bound target antigen with better affinity than 

the non-human parent antibody (see comments above). 

Moreover, Applicants have subsequently found that VH subgroup III 

consensus sequence surprisingly has the same amino acid sequence as 

the human germline sequence YAC-5 in Fig. 2 of Cook et al., Nature 

Genetics 7: 162-168 ( 1994) (of record) . This subsequent finding 

supports Applicants' observations that antibodies humanized using 

this FR sequence are non-immunogenic in humans. 

In summation then, Applicants submit that there is nothing in the 

cited references to teach selection of a VH subgroup III consensus 

sequence as in claim 111 for forming the VH FR template of the 

humanized antibody, much less the advantages associated with such 

a consensus sequence. Accordingly, reconsideration and withdrawal 

of the rejection is respectfully requested. 

Applicants believe that this case is now in condition for allowance 

and look forward to receiving early notification of same. If there 

are outstanding issues however, Applicants invite the Examiner to 

call the undersigned at the number noted below. 
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PATENT 
Docket P709P1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Carter et al. 

Serial. No. 08/146,206 

Filed: 17 November 1993 

For: Method for Maki~g Humanized 
Antibodies 

Group Art Unit: 1644 

Examiner: P. Nolan 

DECLARATION UNDER 37 . CFR §1. 132 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

I, STEVEN SHAK, do hereby declare and say as follows: 

1. I obtained my M.D. degree in 1977 from New York 

University (NYU) School of Medicine. Following this, I was a 

Teaching Assistant and then an Assistant Professor of Medicine and 

Pharmacology at NYU School of Medicine. Since 1986, I have been 

employed as a Scientist at Genentech, Inc. Presently, I am the 

Clinical Team Leader for the therapeutic antibody, anti-HER2. A 

complete listing of my professional experience, project management 

experience, education, postdoctoral training, certification and 

licensure, honors and awards, and publications is found in my 

curriculum vitae attached as Exhibit A. 

2. In my capacity as anti-HER2 Clinical Team Leader, I am 

familiar with human clinical data relating to the humanized anti

HER2 antibody, huMAb4D5-8 (HERCEPTIN®), disclosed in Example 1 of 

the above-identified patent application. As explained on page 70, 
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lines 7-9 of the above application, a humanized variant of the 

murine anti-HER2 antibody was made which was intended to lack 

significant immunogenicity upon repeated administration to a human 

patient in order to treat a chronic disease in that patient. 

3. The HERCEPTIN® antibody has been administered to patients 

in breast cancer clinical trials using a dosing protocol which 

involves an initial loading dose of 4mg/kg of intravenous (IV) 

HERCEPTIN® antibody then weekly doses of 2mg/kg {IV) each. Patients 

have been treated with HERCEPTIN® antibody as a single agent or 

HERCEPTIN® antibody concomitantly with either (a) cyclophosphamide 

and doxorubicin or epirubicin (AC) or (b) paclitaxel (TAXOL®). 

4. The presence of antibodies to HERCEPTIN® antibody in the 

serum of treated patients has been determined by enzyme-linked 

immunosorbent assay {ELISA). As of December 31, 1997, there is 

only one case of human antihuman antibodies (HAHA) in 885 patients 

evaluated. This one patient received nine weekly infusions of 

HERCEPTIN® antibody and discontinued the study on day 65 due to 

disease progression. At the termination evaluation, antibody 

measurements were suggestive of antibody formation against the 

F(ab') 2 portion of the HERCEPTIN®- antibody. Antibody formation in 

this one case was not associated with severe allergic symptoms. 

5. I have also reviewed human clinical data in relation to 

a humanized variant of the murine antibody MaEll which binds IgE. 

MaEll was humanized using a consensus human variable domain of a 

human heavy chain immunoglobulin subgroup [see Figure 1 of Presta 

et al. J. Immunol. 151{5) :2623-2632 (1993), Exhibit B attached]. 

6. Recombinant humanized 

administered intravenously (IV) 

MaEll (rhuMAb-E25) 

or subcutaneously (SQ) 

has been 

to human 
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patients suffering from allergic rhinitis and asthma. One hundred 

eighty one subjects with a documented history of seasonal allergic 

rhinitis or rhinoconjunctivitis received an initial IV loading dose 

followed by SQ or IV administrations of rhuMAb-E25 on days 7, 14, 

28, 42, 56, 70 and 84 [Abstract of Casale et al. J. Allergy Clin. 

Immunol. 100(1}:110-121 (1997}; Exhibit C attached]. Nineteen 

allergic asthmatic subjects received rhuMAB-E25 IV the day after 

the baseline airway allergen challenge and at weekly intervals for 

eight weeks [Abstract and Figure 1 of Fahy et al. Am J. Respir. 

Crit. Care Med. 155:1828-1834 (1997}; Exhibit D]. Potential HAHA 

in the serum of treated patients were assayed as described in 

Casale et al. and Fahy et al. 

7. As reported on pag~ 116 of Casale et al. and page 1830 of 

Fahy et al., no patients were found to have HAHA to rhuMAb-E25. 

8. I am also aware that we have not observed a significant 

immunogenic response in patients receiving multiple doses of a 

humanized anti-VEGF antibody for inhibiting VEGF-induced 

angiogenesis. The humanized antibody is question is a variant of 

murine anti-VEGF antibody A. 4. 6 .1, and was humanized using a 

consensus human variable domain of a human heavy chain 

immunoglobulin subgroup [Figure 1 on page 4596 of Presta et al. 

Cancer Research 57(20} :4593-4599 {1997); Exhibit E attached]. 

9. Finally, I have been told that no significant 

immunogenicity has been associated with repeated administration of 

a humanized anti-CDlla antibody to psoriasis patients. The 

humanized anti-CDlla antibody with which the psoriasis patients 

have been treated was prepared from the murine MHM24 antibody using 

a consensus human variable domain of a human heavy chain 

immunoglobulin subgroup [Figure 1 of Werther et al. J. Immunol. 

157{11) :4986-4995(1996), Exhibit F attached]. 
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I declare further that all statements made herein of my own 

knowledge are true and that all statements made on information and 

belief are believed to be true; and further that these statements 

were made with the knowledge that willful false statements and the 

like so made are punishable by fine or imprisonment, or both, under 

Section 1001 of Title 18 of the United States Code and that such 

willful false statements may jeopardize the validity of the 

application or any patent issuing 

Dated: 

thereon. 

/~/Li_ ;£mE:: -Hi 
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CURRICULUM VITAE 

Steven Shak, M.D. 

Current Addresses: 

Home: Work: 

1133 Cambridge Road 

Burlingame, CA 94010 

Genentech, Inc. 

460 Pt. San Bruno Blvd. 

Tel. No.: (650} 375-8122 

Fax No.: (650) 548-1589 

E-mail: StevenS 18@aol.com 

S. San Francisco, CA 94080 

Tel. No.: (650) 225-2476 

Fax No.: (650) 225-5335 

E-mail: shak@gene.com 

Professional Experience: 

1998-

1996-98 

1989-96 

1986-89 

1984-86 

1978-80 

Project Management: 

1996-

1996-97 

1996-

1993-96 

1993-

1991-96 

1995-96 

1992-94 

Staff Clinical Scientist, Genentech, Inc. 

Senior Clinical Scientist, Genentech, Inc. 

Director, Departments of lmmunobiology, Pulmonary 

Research, and Pathology, Genentech, Inc. 

Scientist, Genentech, Inc. 

Assistant Professor of Medicine and Pharmacology 

New York University School of Medicine 

Teaching Assistant, Department of Medicine 

New York University School of Medicine 

Anti-HER2 Clinical Team Leader 

Anti-VEGF Clinical Team Leader 

Chair, Clinical Assessment Committee 

Chair, Genentech-GenVec Research Committee 

Board of Directors, Genentech Endowment for Cystic 

Fibrosis 

Research Representative on Clinical Research Advisory 

Committee 

DNase SLE Biology Team Leader 

DNase Pulmozyme Chronic Bronchitis Team Leader 

- 1 -
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' 1988-91 DNase Pulmozyme Project T earn Leader 

Education: 

1973-77 

1969-73 

Postdoctoral Training: 

Research: 

1981-84 

Fellowship: 

1980-84 

Residency: 

1977-80 

M.D., New York University School of Medicine 

B.A., Amherst College 

University of California, San Francisco 

Cardiovascular Research Institute 

Rosalyn Russell Arthritis Research Laboratory 

Chief: Ira M. Goldstein, M.D. 

University of California, San Francisco 

Cardiovascular Research Institute 

Subspeciality: Pulmonary Medicine 

Chairmen: John F. Murray, M.D. and Jay A. Nadel, M.D. 

Bellevue Hospital 

Specialty: Internal Medicine 

Chairman: Saul J. Farber, M.D. 

Certification and Licensure: 

1982 

1980 

1980 

1978 

Honors and Awards: 

1995 

1995 

1993 

Diplomate, Pulmonary Disease 

Diplomate, American Board of Internal Medicine 

Licensed, California (current) 

Licensed, New York State 

Prix Gallien, Portugal for "Pulmozyme Discovery and 

Development" 

"Parenting Achievement Award," Parenting Magazine 

Distinguished Corporate Scientist Award, Cystic Fibrosis 
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1992 

1985 

1980 

1977 

1974 

1973 

1973 

1973 

1973 

Personal: 

• • 
Foundation 

CF Achievement Award, Cystic Fibrosis Research, Inc. 

J. Burns Amberson Award, NY Lung Association 

Medical School Pulmonary Faculty Training Award 

National Institutes of Health 

Alpha Omega Alpha 

Valentine Mott Award in Anatomy and Cell Biology 

Summa Cum Laude 

Phi Beta Kappa 

Sigma Xi 

Howard Waters Doughty Prize in Chemistry 

Born: July 21, 1950, Elizabe~th, NJ 

Married, two children 

Social Security No.: 145-42-8006 

Publications: 

I. Book Chapters. 

1. SHAK S, Goldstein IM: The major pathway for leukotriene B4 catabolism in 
human polymorphonuclear leukocytes involves co-oxidation by a cytochrome P-
450 enzyme. In PROSTAGLANDINS. LEUKOTRIENES. AND LIPOXINS. (JM 
Bailey, ed.) Plenum Publishing Corporation, New York, 1985. 

2. SHAK S: Leukotriene B4 catabolism: Quantitation of leukotriene B4 and its co
oxidation prducts by reversed phase high-performance liquid chromatography. 
METHODS IN ENZVMOLOGY. Vol. 141. Cellular Regulators (AR Means and 
PM Conn, eds.) Academic Press, Florida, pp. 355-371, 1987. 

3. SHAK S: Molecular mechanisms for the catabolism of leukotriene B4. In 
ADVANCES IN INFLAMMATION RESEARCH. Vol. 12. (A Lewis, ed.) Raven 
Press, Ltd., NewYork, pp. 111-124, 1988. 

4. Goldstein IM, SHAK S: Humoral and cellular mediators of host defenses. In 
TEXTBOOK OF RESPIRATORY MEDICINE. (JF Murray and JA Nadel, eds.) 
W.B. Saunders Company, Philadelphia, pp. 358-373, 1988. 
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5. Goldstein IM, SHAK S: Host defenses in the lung: Neutrophils, complement, 

and other humoral mediators. In TEXTBOOK OF RESPIRATORY MEDICINE. 
{JF Murray and JA Nadel, eds.) W.B. Saunders Company, Philadelphia, pp. 
402-418, 1994. 

6. S SHAK: Mucins and lung secretions. In THE LUNG--SCIENTIFIC 
FOUNDATIONS. (RG Crystal, JB West, ER Weibel, and PJ Barnes, eds.) 
Lippincott-Raven Publishers, Philadelphia, pp. 479-486. 

II. Articles 

1. SHAK, S, Perez HD, Goldstein IM: A novel dioxygenation product of 
arachidonic acid posseses potent chemotactic activity for human 
polymorphonuclear leukocytes. THE JOURNAL OF BIOLOGICAL 
CHEMISTRY, 258:14948-14953, 1983. 

2. Perez HD, Bissell DM, Roll FJ, SHAK S, Goldstein IM: A possible explanation 
for leukocytic infiltration of the liver in acute alcoholic hepatitis: Ethanol
induced generation by hepatocytes of a lipid chemotactic factor. 
TRANSACTIONS OF THE ASSOCIATION OF AMERICAN PHYSICIANS. 
96:56-64, 1983. 

3. Charo, IF, SHAK S, Darasek MA, Davison PM, Goldstein IM: Prostaglandin l2 
is not a major metabolite of arachidonic acid in cultured endothelial cells from 
human foreskin microvessels. THE JOURNAL OF CLINICAL INVESTIGATION. 
74:914-919, 1984. 

4. Perez HD, Roll JF, Bissell DM, SHAK S, Goldstein IM: Ethanol induces 
isolated rat hepatocytes to generate chemotactic activity for 
polymorphonuclear leukocytes. THE JOURNAL OF CLINICAL 
INVESTIGATION. 74:1350-1357, 1984. 

5. SHAK S, Goldstein IM: ro-Oxidation is the major pathway for the catabolism of 
leukotriene B4 in human polymorphonuclear leukocytes. THE JOURNAL OF 
BIOLOGICAL CHEMISTRY. 259:10181-10187, 1984. 

6. SHAK S, Goldstein IM: Carbon monoxide inhibits ro-oxidation of leukotriene B4 
by human polymorphonuclear leukocytes: Evidence that catabolism of 
leukotriene B4 is mediated by a cytochorme P-450 enzyme. BIOCHEMICAL 
AND BIOPHYSICAL RESEARCH COMMUNICATIONS. 123:475-481, 1984. 

7. SHAK S, Reich N, Goldstein IM, Ortiz de Montellano PM: Leukotriene B4 ro
hydroxylase in human polymorphonuclear leukocytes: Suicidal inactivation by 
acetylenic fatty acids. THE JOURNAL OF BIOLOGICAL CHEMISTRY. 
260:13023-13028, 1985. 
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8. SHAK S, Goldstein IM: Leukotriene B4 ro-hydroxylase in human 
polymorphonuclear leukocytes: Partial purification and identification as a 
cytochrome P-450. THE JOURNAL OF CLINICAL INVESTIGATION. 76:1218-
1228, 1985. 

9. SHAK S, Goldstein IM: The leukotriene B4 ro-hydroxylase in human . 
polymorphonuclear leukocytes is a membrane-associated, NADPH-dependent 
cytochrome P-450 enzyme. TRANSACTIONS OF THE ASSOCIATION OF 
AMERICAN PHYSICIANS. 48:352-360, 1985. 

1 0. Kruskal BA, SHAK S, Maxfield FR: Spreading of human neutrophils is 
immediately preceded by a large increase in cytoplasmic free calcium 
concentration. PROCEEDINGS OF THE NATIONAL ACADEMY OF THE 
SCIENCES USA. 83:2919-2923, 1986. 

11. Davitz MA, Hereld D, SHAK S, Krakow JL, Englund PT, Nussenzweig V: A 
glycan-phosphatidylinositol-specific phospholipase D in human serum. 
SCIENCE. 238:81-4, 1987. 

12. SHAK S, Davitz MA, Wolinsky ML, Nussenzweig V, Turner MJ, Gurnett A: 
Partial characterization of the cross reacting determinant, a carbohydrate 
epitope shared by decay accelerating factor (DAF) and the variant surface 
glycoprotein (VSG) of the african Trypanosoma brucei. THE JOURNAL OF 
IMMUNOLOGY. 140:2046-2050, 1988. 

13. SHAK S, Capon OJ, Hellmiss R, Marsters SA, Baker CL: Recombinant human 
DNase I reduces the viscosity of cystic fibrosis sputum. PROCEEDINGS OF 
THE NATIONAL ACADAMY OF SCIENCES. USA. 87:9188-9192, 1990. 

14. Aitken ML, Burke W, McDonald G, SHAK S, Montgomery AB, Smith A: 
Recombinant human DNase inhalation in normal and patients with cystic 
fibrosis: A phase I study. THE JOURNAL OF THE AMERICAN MEDICAL 
ASSOCIATION. 267:1947-1951, 1992. 

15. Hubbard RC, McEivaney NG, Birrer P, SHAK S, Robinson WW, Jolley C, Wu M, 
Chernick MS, Crystal RG: A preliminary study of aerosolized recombinant 
human deoxyribonuclease I in the treatment of cystic fibrosis. THE NEW 
ENGLAND JOURNAL OF MEDICINE. 326:812-815, 1992. 

16. Ramsey BW, Astley SJ, Aitken ML, Burke W, Colin AA, Dorkin HL, Eisenberg 
JD, Gibson RL, Harwood IR, Schidlow DV, WilmottRW, Wahl ME, Myerson LJ, 
SHAK S, Fuchs H, Smith AL: Efficacy and safety of short-term administration of 
aerosolized recombinant human deoxyribonuclease in patients with cystic 
fibrosis. AMERICAN REVIEW OF RESPIRATORY DISEASE. 148:145-151, 
1993. 
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17. Ranasinha C, Assoufi B, SHAK S, Christiansen D, Fuchs H, Empey D, Geddes 

D, Hodson M: Efficacy and safety of short-term administration of aerosolised 
recombinant human DNase I in adults with stable stage cystic fibrosis. THE 
LANCET. 342:199-202, 1.993. 

18. Chamow SM, Kogan TP, Venuti M, Gadek T, Harris RJ, Peers DH, Mordenti J, 
SHAK S, Ashkenazi A: Modification of CD4 immunoadhesin with · 
monomethoxypoly(ethylene glycol) aldehyde via reductive alkylation. 
BIOCONJUGATE CHEMISTRY. 5:133-140, 1994. 

19. Sinicropi D, Baker DL, Prince WS, Shiffer K, SHAK S: Colorimetric 
determination of DNase I activity with a DNA-methyl green substrate. 
ANALYTICAL BIOCHEMISTRY. 222:351-358, 1994. 

20. · SHAK S: Aerosolized recombinant human DNase I for the treatment of cystic 
fibrosis. CHEST 107:65S-70S, 1995. 

21. Zahm JM, Girod de Bentzmann S, Deneuville E, Perrot-Minnot C, Dabadie A, 
Pennaforte F, Roussey M, SHAK S, Puchelle E: Dose-dependent in vitro effect 
of recombinant human DNase on rheological and transport properties of cystic 
fibrosis respiratory mucus. EUROPEAN RESPIRATORY JOURNAL. 8:381-6, 
1995. 

22. Puchelle E, Zahm JM, de Bentzmann S, Grosskopf C, SHAK S, Mougel D, Polu 
JM: Effects of rhDNase on purulent airway secretions in chronic bronchitis. 
EUROPEAN RESPIRATORY JOURNAL. 9:765-9, 1996. 

23. Macanovic M, Sinicropi D, SHAK S, Baughman S, Thiru S, Lachmann PJ: The 
treatment of systemic lupus erythematosus (SLE) in NZB/W F1 hybrid mice; 
studies with recombinant murine DNase and with dexamethasone. CLINICAL 
AND EXPERIMENTAL IMMUNOLOGY. 106:243-252, 1996. 

24. Ulmer JS, Herzka A, Toy KJ, Baker DL, Dodge AH, Sinicropi D, SHAK S, 
Lazarus RA: Engineering Actin Resistant Human DNase I for Treatment of 
Cystic Fibrosis. PROCEEDINGS NATIONAL ACADEMY OF SCIENCE. USA. 
93:8225-8229, 1996. 
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Patent Docket P-07091?1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1644 

ul J. Carteret al. Examiner: P. Nolan 

I No.: 08/146,206 

November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and 

listed on the attached Form PT0-1449) of which they are aware, which they believe may be material 

to the examination of this application and in respect of which there may be a duty to disclose in 

accordance with 37 CFR § 1 .56. 

This Information Disclosure Statement: 

(a) [] accompanies the new patent application submitted herewith. 37 CFR § 1.97(a). 

(b) [] is filed within three months after the filing date of the application or within three 
months after the date of entry of the national stage of a PCT application as set forth 
in 37 CFR§ 1.491. 

(c) [] as far as is known to the undersigned, is filed before the mailing date of a first Office 
action on the merits. 

(d) [] is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as far as is known to the 
undersigned, prior to the mailing date of either a final rejection or a notice of 
allowance, whichever occurs first, and is accompanied by either the fee f$2401 set 
forth in 37 CFR § 1.17(p) or a statement as specified in 37 CFR § 1.97(e), as checked 
below. Should any fee be due, the U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amoynt of $240.00 to cover 
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the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A ducllcate of this sheet Is 
enclosed. 

(e) [] is filed after the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first, and is accompanied by the fee ($130) set forth in 37 CFR 
§ 1.17(i) and a statement as specified in 37 CFR § 1.97(e), as checked below. This 
document is to be considered as a petition requesting consideration of the Information 
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to 
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of 
this Information Disclosure Statement. Any deficiency or overpayment should be 
charged or credited to this deposit account. A duplicate of this sheet Is enclosed. 

(f) [x] is filed after the mailing date of a final rejection, but a request to withdraw the finality 
thereof under 37 CFR § 1.129(a) is submitted herewith. The U.S. Patent and Trademark 
Office is hereby authorized to charge Deposit Account No. 07-0630 to cover the cost 
of this Information Disclosure Statement in the event that any fees are due. A 
duplicate of this sheet Is enclosed. 

(If either of boxes (d) or (e) is checked above, the following statement under 37 CFR § 1.97(e) 

may need to be completed.] The undersigned states that: 

(] Each item of information contained in the information disclosure statement was cited 
in a communication mailed from a foreign patent office in a counterpart foreign 
application not more than three months prior to the filing of this information disclosure 
statement. 

[] No item of information contained in this information disclosure statement was cited 
in a communication mailed from a foreign patent office in a counterpart foreign 
application and, to the knowledge of the undersigned after making reasonable 
inquiry, was known to any individual designated in 37 CFR § 1.56(c) more than three 
months prior to the filing of this information disclosure statement. 

A list of the patent(s) or publication(s) is set forth on the attached Form PT0-1449 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

[] each [] none [x] only those listed below: 

5,677,171 

5,772,997 

Brown. Jr. et al. 

Mathieson et al. 

Presta et al. 

Casale et al. 

Fahy et al. 
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A concise explanation of relevance of the items listed on PT0-1449 is: 

[x] not given 

n given for each listed item 

[] given for only non-English language listed item(s) [Required] 

[J in the form of an English language copy of a Search Report from a foreign patent 
office, issued in a counterpart application, which refers to the relevant portions of the 
references. 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior 

art "may be nothing more than identification of the particular figure or paragraph of the patent or 

publication which has some relation to the claimed invention," MPEP § 609. 

While the information and references disclosed in this Information Disclosure Statement may 

be "material" pursuant to 37 CFR § 1 .56, it is not intended to constitute an admission that any patent, 

publication or other information referred to therein is "prior arf' for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § l.97(g), the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as 

defined in 37 CFR § 1.56(a) exists. It is submitted that the Information Disclosure Statement is in 

compliance with 37 CFR § 1.98 and MPEP §609 and the Examiner is respectfully requested to consider 

the listed references. 

Date: August 24, 1998 

1 DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: {650) 952-9881 
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UNITED STATEL-1·jEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washinoton. DC 20231 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. ) 

EXAMINER 

; : .• ' . . : ' :; ! 
ART UNIT PAPER NUMBER 

DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner of Patents and Trademarks 

PT0-90C IAEV. 2/95! 1-File Copy 
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APPUCATION NUMBER FILING DATE 

' ; ...; 

UNITED slAiES DEPARTMENT OF COMMERCE 
Pa::ent and Trademark Office 
Addl'ess: aJMMISSIONER OF PATENTS AND TRADEMARKS 

Washington. D.C. 2D231 

FIRST NAMED APPLICANT ATTORNEY DOCKET NO. 

~'"'" 41 
ART UNIT PAPER NUMBER 

DATE MAILED: 
INTERVIEW SUMMARY 

All participants (applicant, applicant's representative, PTO personnel): 

!/.1'·1 ~ ...... A_. 
(1 >_+jll_l-·.._t ( ...... IY"""--+t....~..t_·_-· ..~..·lfL~;:_Ivt_,_· ____.))""'"· L.Jrr'-'t=L-'-·> _____ _ 

(2) _ _.4='-. '=·L .... ...z..::....__l'-=<"'"'-"-r-¥.· w ..... 1..,.7 _________ _ 

II' . ) 
(3) __ -"-()...;_~-=' e..t='"""L...:..'f'::..:r· '---<L.e.P--=,___ ______ _ 

(4) _____ ..J.J.,L_'---------------
Date of lnterview _ __.__/..:::0--1/,'--'/,'-'~"-1' /<--c&-(,LJI _________ _ 

'l 
Type: 0 Telephonic 0 Personal (copy is given to 0 applicant ~pplicant's representative). 

Exhibit shown or demonstration conducted: 0 Yes 0 No If yes, brief description: ___________________ _ 

Agreement 0 was reached. 0 was not reached. 

Claim(s) discussed: (i i!J ;1 r'/.(,1 ciu71 b L-: ,. { ~ r (' 
~~fica~n~~m~~~~e/ _____ 6~1--------------------------------
Description of the general nature of what was agreed to if an agreement was reached, or any other comments:_'f-1~'+'-r~~"'-,--L.;.....:..!~"---" 

' ·) 

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable 
must be attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be 
attached.) 

1. 0 It is not necessary for applicant to provide a separate record of the substance of the interview. 

Unless the paragraph above has been checked to indicate to the contrary. A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION 
IS NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Section 713.04). If a response to the last Office 
action has are ready been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A STATEMENT OF THE 
SUBSTANCE OF THE INTERVIEW. 

2. 0 Since the Examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, 
rejections and requirements that may be present in the last Office action, and since the claims are now allowable, this completed form 
is considered to fulfill the response requirements of the last Office action. Applicant is not relieved from providing a separate record of 
the interview unless box 1 above is also checked. 

Examiner Note: You must sign this form unless it is an attachment to another form. 

FORM PTOL-413 (REV.1·96) 

)Y-cuu J)a~~ 

1 
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Qjficial Document 

\ 

GENENTECH, INC. 

1 DNA W~v. Snuth San FrancL~m. CA 94080-4990 Tel: 650-225-1994 Fax: 6.50-952-9881 

Date; 

To: 

Re; 

Suuler: 

No11embcr 6, 1998 

Etanziaw' nt. f'_ emu 

0~9'/ 
(703)308~ 

U.S. Sr.r. No 08/146,206 

Wm~yM.Lce 

FAX TRANSMISSION COVER SHEET 

Group Art U11it: 1642 of US 1 ''J'U 

jikti November 17, 1993 (Attnrnry n(l(:l:et No.: PD709Pl) 

CMTiflcit\'IISlN 01' 1-'ACSJMH..F.TR.ANSMJSSION 
I h•my mnJ[y dwat dW pllpn'l.r hmlff-imJI4 'ITrllUndfled to the ,._and Trrulerruvi 0~ "" rite tiMe tlw""' hrluw. 

Ae SfrrW 

YOU Sl JOULIJ R£CEIVF. S l'AGfi.C\, TNr.l.l IWNC 1'fl/S COVER SHF.T:T. lP YOU JJO N01' RECEIVE AU THE PAGES, PLEASE CALI. 
650-225-7039 

Comments: 

CONP!Q§N'UAI ITT NQJE 
.l l~e.du:uttn'l~.ac.mrr,-~ chJ& f~ USJlllna,n l.'Ulllolin infomu~ from CBNE!NTBt..1i, INC. wh.ir:h is confulr.ntiat n,. rrtvlk£cd Jbi, Wonn;al.iun i!o inlnlrlrd nnty far tllo:: lnd.N1d~ ur- en til)' 

n:annJ un llilil lr.u~o" ~l It )"XI alP. nnt. rht: lnt~:Nlcd ra:i~l\. lM! awaft: Uut any dl-.·louitr, ~ .. diatnbu.Uun. m ucr. of thr. c.nntr.nfa nf tbls f1xtLI U&funm.Wn is 1t.rictly pmhihtlt:t). If }'ml 

1~ nrr.il.ftl thil taninD-.1n ~, j*.w.tW)(if)' U. by~ ilrunrdiatr.ly In \M' Wt c-an ur.ongc for the P:OJrn of thr. nrig\Nl dtCUllttiU ttl us 31-.i tile mnnnnissinn nf then\ 1J) tlar i.n~·.J~ reclfle.il~ 
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Patent Docket PU"/U!:IPl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Paul J. Carter et al. 

~erial No.: OS/146,lU6 

f"iled: November 17, 1993 

E"or: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Onit: 1644 

Examiner: Tam Davis 

SUPPLEMENTAL AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Further to the amendment dated August 24, 1998, Applic::-'lnts 

request that the above-identified application be amended as 

follows: 

IN THE CLAIMS: 

Please 43, 72, 104-106 and 112 as follows: 

43. variable domain comprising a 

non-human mplementarity Determining Region (CDR) which binds an 

~ \ antigen inco orated into a human antibody variable domain, and 

Y ;.:Lher compri ing an amino acid substitution at a site selected 

J\~ om the group 41, 381, 43L, 44L, 581, 62L, 65L, 

0/( 66L, 67L, 68L, 98L, 2H, 4H, 36H, 39H, 43H, 45H, 

) / 69H, 70H, H, utilizing the numbering system set forth 

in Kabat. 

72. (Amen~1 An antibody which binds p185HeRz and comprises a 

-\Y" humanized ":~;~dy variable domain comprising a non-human 

.Y Complementarity ~rmining Region (CDR) which binds pl8511b"2 

c~~rporated into a ·~antibody variable domain, and further 

G3Y ~ 
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7BH and 

il- u-uo •lL.•t.J"i"lltl ' /Uu uUO ULv~·~ ul 0 

0 

acid substitution at a site selected from the 

SBL, 62L, 65L, 66L, 67L; 6BL, 69L, 73L, 

74H, 75H, 76H, 

the numbering system set forth in Kabat. 

~~~101. (Amended) A humanized antibody variable domain comprising a 

0<G non-hum Complementarity Determining Region (CDR) which bi~ds a~ 
antigen inc orated into a consensn~ hllman variable domain, and 

I . 

~Y0J further compris' g an amino acid substitution at a site ~~l~cled 

trom the group cons· ting of: 

4L, 38L, 43L, 44L, 46L, 58L, 62L, 6SL, 661, 67L, 6BL, 69L, 73L, 

851, 98J., :;lff, 4H, 36H, 39~3H, 45H, 69H, 70H, 74H, 75H, 76H, 

7BH and 92H, utili. zing the n~ering system set forth ln Kabat-

ended) ~ antibody which lacks [significant] 

'city compared to a non-human parent antibody upon 

incorporated 

comprises an 

4L, 3BT,, 4:11, 

85L, 98L, 2H, 

·7 BH and 92H, 

to a human patient in order to treat a 

in that patient and comprises a non-human 

Determining Region (CDR) whir:h hinds an antigen 

variable domain, and furthet· 

substitution at a site selected from the 

46L, 58L, 62L, 6SL, 66L, 67L, 6BL, 69L, 73L, 

39H, 43H, 45H, 69H, 70H, 74H, 75H, 76H, 

ng the numbering system set forth in Kabat. 

\ . 
~06. (Ame~d~d) ~ ant~body which lacks [significant] 

lrrmmlluyf:!n.icJ.ty c m ared to a non-human parent antibody upon 

repeated administ ·ation 

~~vo disease in\t 

J 

to a human patient in order to treat a 

patient and comprises a consensus human 

2 
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~-:2.206 \ xq ,z.:::~le domai~f a human heavy chain immunoglobulin subgroup, 

) ,/ wherein amino acid residues forming Complementarity Determining 
1 Regions (CDRs) hereof comprise non-human antibody amino acid 

~~ ~residues, and f ther comprising a Framework Region (FR) 

~ substitution whe\e the substituted FR residue: (a) noncov~.lent.ly 
binds antigen di~cctly; (b) interacts with a CDR; (c) comprises a 

glycosylation sit~hi.ch affects the anUgen binding or affinity 

of the antibody; o (d) participates in the VL-VH interface by 

affecting the prox mity or orientation of t:he VL and V 11 regions 

with respect to one another. 

112. (Amended) The humani4e of claim 111 which lacks 

[significant] immunogen~ y compared to a non-human parent 

antibody upun repeatecy'adi!J"nistration to a human patient in order 

to treat a chronic dYsease in that patient. 

---

I 
----------------~;t--------------------------------------

1 REMARKS 

The undersigned confirms having met with Examiners Davis and 

Feisee in the interview October 16, 1998. In that interview, the 

Examiners suggested Lhat independent claims 43, 72, 104 and 105 

be amended tor claim precision to refer to a CDR which binds an 

antigen. Without acquiescing in any objection or rejection ~nrl 

purely to facilitate allowance, claims 43, 104 and lOS have been 

revised herein as recommended by the Office to refer to a CDR 

"which binds an antigen" and claim 72 refers to a CDR "which 
binds pl85Hga~,. 

Moreover, the Examiners proposed in the interview that, for 

clarity reasons, claims lOS, 106 and 112 (refering to antibodies 

with diminished immnnogentcity) be revised to refer to an 

antibody which "lacks immunogenicity cumpared to a non-human 

3 
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parent antibody". Without acquiescing in any objection or 

rP-jP.r.tion and purely to facilitate allowance, Applicants have 

adopted the language propu.sed by the Office. Hence, the 

instantly claimed antibodies display significantly reduced 

immunogenicity upon repeated administration to a human patient in 

order to treat a chronic disease in that patient (sec page 70, 

liue::; 6-8 of the instant application), as·opposed to the 

immunogenicity observed with the prior art humanized antibody in 

Isaacs et al., The Lancet 340:748-75?. (1992} (see first paragraph 

on page 19 of the amendment dated August 24, 1998) . 

Applicants look forward to ear.ly receipt of a notice of allowance 

in the above application. 

Date: November 6, 1998 

1 DNA Way 
So. San Francisco, CA 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

Respectfully submitted, 

GENEN'j~'0,INCn 
By:~7~~~~~------------

Wendy M. Lee 
Reg. No. 40,378 

94080-4990 

4 

PFIZER EX. 1502 
Page 3458



Fram-Genentsch L• ·' +6509529882 T-368 P.OI/15 

Official Document - GENENTECH, INC. 

1 DNA Way, Sor.ch Sun Frallcisco, CA 94080-4990 Te/; 650-225-7039 Fax: 650-952-9881 

fAX TRANSMISSION COVER SHEET 

Dar~: Janr.t<ry J 5. 1999 

To: Gro~cp An Umr: 1 64;< of US PTO 

(703) 308-4426 

Rr: US. Srr_ No 08/ I "16,206 fii~d Ntmmbcr 1 7. 1993 (ArrorMy Dorta No.: P0709PJ) 

Srnda: Wm~M-ut 

CUDF/9\TION OF FACSIMILE fRANSMJ.<;.<;I()N 
l lurch). rrrtijy that chi. f'lPt:F is M~tg fan•mi" rTQn>mittcJ <0 W Plltmt JUa.1 T r..Jmu.rk Ojf~t D1f rhc ~ >hu>tm ~low. 

Ann Sllv./11 

YOU SHOUW RECEIVE ~PACE(S),/NCLUDJNG THIS COVER SHEET. IF YOU DO NOT RECEIVE ALL THE PAGES. 
PLEASE CALL 650-225-7039 

Comments: 

Trw~"' .IICa:lntp.il•1"\':: u"-J~nW ".anm,~an amu..1 uelunn.oloM fton, CD"totN'I't.Cn. JNC . ...tt:.cn;. con64dlu...t- Jm~d~C'<l, n .. , .. form.a.wl' .t ~uc.l(k,1 ant, (or tAC a.c.-..1...t 01 rutot; 

ft.4l1cQ ~~ Uu tul&k.n.a••OH"""'"" If ~A'.: 1""'- rJ\C' .hln«c. u•-ctp.cnl. De ... 1o1C U\al .,,1 n,""-~•. cv¥1'lllb. Chalr,o..t.on. cr w.:c IGl u...: .. "-,\Cllt• oittu• u.cc .N...rlf~t.vh ·• .llld!J pr~ .. w~a lf ;n
n;. .. c lo::t'o .. ~ U\.J WllnWc d\ dltoll'. ~ •lOLlY • ft\. tckpr~ ..UtmN&at:dy 110 lf\n- an~·»= to. tk &("J.A1'1. au .. ""'Y'JIUI ~"WIW:.rb to - :.J4 u.c '"'StUo.lb...;on Of tAcm ""'tilC U:ltc.Uk4 ti'CI.ptdd 
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Parenr Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OffiCE 

In re ApplicaTion of Group ArT Unit: 1642 

Paul J. CarTeret ol. Exomtner: J. Reeves 

Serial No.: 08/146.206 

Filed: November 17. 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

AMENDMENT TRANSMITTAL 

Assistant Commissioner of Patents 
Wasnington, D.C. 20231 

Transm.nea nerewith is an amenament '"!he aDove·iaentif,ed applicat.on. 

Tne fee has been calculated as snown oeto w 

Claims Highest No. Present E4ra 
Remaining PreviouSly Pa.a 

Aller For 
Amendment 

Total 86 . 72 14 

Independent 9 . 7 2 

Multiple dependent ctaim(s). •f any 

Rate 

$18 

$78 

$260 

Total Fl!tl Calculation 

No addttional fee is required. 

Aaa•tional 
Fees 

$252.00 

$156.00 

$000 

$408.00 

The Commi$$ioner is hereDy autnorizea to charge Deposit Account No. 07-0630 in 
me amount of $408.00. A dyplicate coev of this transmittal is enclosed. 
Petll•on tor EX'lens.on of Ttme is enclosed. 

Tne Commissioner is nereby aulhOrtZed to cnarge any addttional fees required under 37 CFR 1.16 and 1. 1 7. 
or credit Overpayment to Deposit .Account No. 07-0630. A duplicate copy of this sheet js enclosed. 

Date: Janual)r 15. 1999 

1 ONAWay 
So. San Francisco. CA 94080-4990 
Pnone: (f?SOJ 225-1994 
Fax: (650) 952·9881 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art un1r: 1642 

Paul J. Carrer et al. Examiner: Juhe Reeves 

Serial No.: 08/146.206 

Filed: Novemcer 17. 1993 
... 

·'!•: 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

SUPPLEMENTAL AMENDMENT 

ASSIStant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

. . 

·-. .. 

.. 

.. . .. 
'· : 

Please amend the claims as 1ndicated below. Pending claims which are not amended herein are 

marked "(Reiterated)" for the Examiner's convenience. 

~ p{ {lWICE AMENDED) A humanized antibody variaole aomain comprising [a} non-human 

Complementarity Determining Region {CDR) amino acid residues wh_i~h bind(~) ~n a~ti!ierL,,, 
.;:& h'\I'I'ICW.:.q;;. ,o~ . . (fl"•) 

incorporated into a human antibody variable oomain. and further compnsingA 4itft o ac~::l 

substitution at a site selected from me group consisting of: 4L, 38L, 43L, 44L. 58l, 62L, 65L, 66L, 

67L, 68L. 69L. 73L, 85L, 98L, 2H. 4H, 36H. 39H, 43H. 45H. 69H, 70H, 741'1 and 92H, utili:zmg tne 

numbenn_g svstem sat fonh in Kabat. 

-- ·-.--·-- -·-- -------- ,-
{AMENDED) The humanized variable domain of claim~wnere1n the subsututed residue 

is the residue found at the corresponding location of the non-human anliOody from which the 

non-human CDR amino acid reS•dues are (was] obtained. 

45. (Reiterated) The humanized vari~ domain of claim 43 wherein no human Frameworl\ 

Region (FR) ""''""" olhe' than li\OS) :;"g·~'""P nas been substituted. 

\ Zt.. ; . -J 
._ .. ____ ... ___ , _ _.,...--
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46. (Reiterated) Tne tlumaniZed variable doma1n of claim 43 wherein the human ant1llody 

vanable domain IS a consensus human vanaDie domain. 

47. (Reiterated) Tne humanized variable domain of c1a1m 43 wherein the res1due at S1te 4L nas 

lleen substituted. 

48. (Reiterated) The humanized vanallle domain of claim 43 wherein me residue at site 38L nas 

· oeen substituted. 

49. (Reiterated) The humanizea vanaDie domain of claim 43 wherein the res1due at site 43L has 

been suDstitutea. 

50. {Reiterated) The humaniZed variable domain of claim 43 wherein the residue at site 44L nas 

been substituted. 

51. (Reiterated) The humanized variable domain of claim 43 wherein the residue at site 58L nas 
been suDStituted. 

52. (Reiterated) The humanized variable domain of claim 43 wnerein me residue at site 62L has 

been substituted. 

53. (Reiterated) The humanized vanable domain of claim 43 wherein me residue at site 65L has 

been substituted. 

54. (Reiterated) The humanized vanable domain of claim 43 wherein tne residue at site 66L has 

been substituted. 

55. (Retterated} The humanized vanable domain of claim 43 wherein tne residue at site 67L nas 

been substituted. 

56. (Reiterated) The humanized vanable domain of claim 43 wherein the res1due at site 68L has 

been substituted. 

2 
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57. (Rerterate<:l) The humanized variable domain of claim 43 wnerein the residue at site 69L has 

been substituted. 

58. (Reiterated) The humanized variable domain of claim 43 wherein the residue at site 73L has 

been substituted. 

59. (Reiterated) The humanized variable domain of daim 43 wherein the residue at site SSL has 

been substituted. 

60. (Rerterated) The humanized variable aomain of c1arm 43 wherein the residue at srte 98L nas 

been substituted. 

61. (Reiterated) The humanized variable domain of claim 43 wherein the residua at site 2H has 

been substituted. 

62. (Reiterated) The numanizecl variable domain of claim 43 wherern the residue at srte 4H has 

been substituted. 

63. (Reiterated) Tne humanized variable domain of claim 43 wnerein the residue at site 36H has 

been substituted. 

64. (Reiterated) The humanized vanable domain of claim 43 wherein the resrdue at site 39H nas 

been substrtuted. 

65. (Reiterated) The humanized varrable domain of claim 43 wherein the residue at site 43H has 

been Substituted. 

66. (Reiterated) The humanized variable domain of claim 43 wherein the resraue at site 45H has 

been substituted. 

67. (Reiterated) The humanized variable domain of claim 43 wherein the residue at site 69H has 

been substituted. 

3 
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68. (Retteratad) The humantzed variable doma1n of claim 43 wherein the residue at site 70H has 

been substituted. 

69. (Reiterated) The humanized van able domain of claim 43 wnerein the residue at site 7 4H has 

been substituted. 

70. (Reiterated) Tne humanized variable domain of claim 43 wherein the residue at site 92H has 

been substituted. 

71. (Reiterated) An anttbody comprising the humanized variable doma1n of claim 43. 

72. (TWICE AMENDED) An antiDOdy WhiCh billQs p18511
ER2 and comprises a humantzed 

antibody variable domain wherein the humanized antibOdy variable domain comprises [compnsing 

a} non-human Complementarity Determining Region (CDR) amino acid restdues which bind[s] 

p185"Efl2 incorporated into a human antibody variable domain, and further comprises an amino acid 

substitution at a site selected from the group consisting of: 

4L, @43L, 44L. 46L,@ 62L, 65L. 66L@ 68L, 69L, 73L, 8SL,@ 2H, 4H. 36H, 39H, 43H, 

45H, 691-1. 701-1, 74H, 75H, 76H.~ and 92H, utilizing the numbenng system set forth in Kab<:t· ... ·-

73. (AMENDED) The antibody of claim 72 where1n tne subStituted residue is the residue found 

at the corresponding locatton of tne non-human antibody from which the non-human CDR amino 

acid residues are [was] obtained. 

74. tReiterated) The antibody of claim 72 wherein no numan Framework Region (FA) residue 

other than those set forth in the group has been substituted. 

75. (Reiterated} The antibody of claim 72 wherein the human antibody variable domain is a 

consensus human variable domatn. 

76. (Retteratea) The antibody of claim 72 wherein the residue at site 4L has been substituted . 

. 77. (Reiterated) The anttbOCiy of claim 72 wherein me residue at site 38L has been substitutea. 

4 
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78. (Rerterated) The antJDOdy of claim 72 wherein the residue at site 43L has been substituted. 

79. (Reaterated) Tne antibody of Claim 72 wherein the residue at sne 44L nas been substituted. 

80. (Reaterated) The antibody of claim 72 wherein tne residue at site 46L nas been sut>statuted. 

81. (Reiterated) Tne antibody of claim 72 wherein the residue at site 58L nas been substituted. 

82. (ReiterateCI) The antibody of claim 72 wherein the residue at site 62L nas been substituted. 

83. (Reiterated) The antibOCiy of claim 72 where1n tne residue at sate 65L nas been substituted. 

84. (Reiterated) The antibody of claim 72 wherein tne residue at site 66L has been substituted. 

85. (Reiterated) The antibody of claim 72 wherein the residue at site 67L has been substituteCI. 

86. (Reiterated) The antit:lOdy of claim 72 wherein tne residue at site 68L has been substituted. 

87. (Reaterated) The antibody of claim 72 whereto tne residue at sate 69L has been subStituted. 

88. (Reiterated) The antibody of claim 72 wnerein the tesidue at Site 73L has been subStituted. 

89. (Reiterated) The antit:lOdy of claim 72 wherein the residue at site 85L has been substituted. 

90. (Reiterated) The antibody of craim 72 wherein tne residue at site 98L nas been substituted. 

91. ·(Reiterated) The antabody of claim 72 wherein tne residue at srte 2H has been subStituted. 

92. (Reiterated) The antit:lOdy of claim 72 wherein the residue at Stte 4H has been suostituted. 

93. {Reiterated) Tne antibOdy of claim 72 wherein the res1due at site 36H has been substitutetl. 

94. (Reiterated) The antibody of claim 72 wherein the residue at site 39H has been substituted. 

5 
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95. (Reiterated) Tile antibody of claim 72 wherein the residue at site 43H nas been substituted. 

96. {Reiteratea) The antiDOdy of claim 72 wherein the residue at site 45H has been substituted. 

97. (Retterated) The antibOdy of claim 72 wherein the restaue at site 69H nas been subStituted. 

98. (Reiterated} Tne antibody of claim 72 wherein tne residue at site 70H has been substituted. 

99. (Reiterated} Tne antibody of claim 72 wnerein ltle residue at sne 74H has been substituted. 

100. {Reiterated) The antibOdy of claim 72 wherein the restdue at site 75H has been subst1tuted. 

101. (Reiterated) The antibody of claim 72 wherein tne residue at site 76H has been substituted. 

102. (Reiterated) The antibody of claim 72 wherein tne residue at s1te 78H has been substituted. 

103. (Reiterated) The antibody of claim 72 wherein the residue at site 92H has been substituted. 

104. (TWICE AMENDED) A humanized antibody variable domain comprising (a] non-human 

Complementarity Oetermintng Region {COR) amino acid residues which bind[s] an ant1gen 

incorporated into a consensus human variable domain, ana further compris1ng an amino acid 

substitutton at a site selected from me group cons1st1ng of: 

~--~~-~a~~--~~a~~~~~-
45H. 69H, 70H, 74H, 75H, 76H, 78H and 92H, utiliZing the numbering system set fortn in Kabat. 

105. (TWICE AMENDED) [An] A humanized antibOdy which lacks immunogenicity compared to 

a non·human parent antibody upon repeated administration to a numan patient in order to treat a 

chronic disease in that patient [anal wherein the humanized antibody comprises [a] non·numan 

Complementarity Determining Region (CDR) amino acid residues which bind[s] an anttgen 

tncorporated into a human antibody variable domain, and further compnses an amino acid 

substitution at a site selected from the group consisting of: 

4L. 38L, 43L, 44L, 46L, 58L. 62L, 6SL, 66L. 67l, 68L. 69L. 73L, 85L, 98L, 2H, 4H. 36H, 39H, 43H, 

45H, 69H, 70H. 74H, 75H, 76H, 78H and 92H, uttliZing the numbenng system set forth in KaOat. 

6 
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106. (TWICE AMENDED) [An) A humaniZed amibocly wnicn lacks immunogen~it{compared to 

a non-human parent antibody upon repeated admanistration to a numan pat•er;tin order to treat a 
/ 

cnron1c disease in mat patient[ andl wherein the numanized ant,DOdy 7prises a consensus 

. human vaflable domain of a numan heavy chain immunoglobulin subg~9up, wnerein amino acid 

res1dues forming Complementarity Determining Regions {CDRs) mefeot comprise non-human 
/ . 

antibody amino acid residues, and further [comprising] compOseS a Framework Region (FR) 

substitution where the subStituted FA residue: {a) noncovalentt7hds antigen dtrectly; {b) inte~ 
witn a CDR; {c) [comprises] introduces a glycosylation s1te wnich affects the antigen binding or 

affinity of the antibOdy; or (d) participates in the V~,·zi"erface by affecting the prox,mity or 

onentation of the V~, and V" regions with respect to one another. 

/ -

107. {AMENDED) The numanized antib~dy ol'taim 106 comprising·a non-h1.1man FA residue 

which noncovalently binds antigen directly. 

108. (AMENDED) Tne humanized antibody of claim 106 comprising a non-human FR residue 

which interacts with a CDR. / 

109. (AMENDED) The hymaniL antiDOdy of claim 106 compns.ng a non-human FR residue 
I 

which [comprises] introduces ',glycosylation site wnich affects the antigen binding or. affinity of tne 

antibOdy. I 
11 0. {AMENDED) ,;ne humanized antibody of claim 106 comprising a non-human FA residue 

which participates ill'the V~,·VH interface by affecting the proximity or orientation of me Vl·V" regions 
I 

with respect /e another. 

111. (A~NDED) A hum~oized. antio_ooy comprising_ a consensus human variable domain of 

human V ,.,subgroup Ill, where1n ammo ac1d res1dues formmg Complementarity Determining Regions 

(CDRs thereof comprise non-numan antibOdy am1no acid residues, and tunher comprising a 

Fram work Region {FR) substitution where the substituted FR residue: {a) noncovalentty binds 

ant en directly; (D) interacts with a CDR; (c} (comprises] introauces a glycosylation site which 

at ects the antigen bindmg or affinity of the antibody; or (d) participates in the vL.vH interface by 

.affecting the prox1mity or orientation of the V L and V H regions with respect to one another. 

7 
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112. (Reiterated) The humanized antiDOdy~tm 111 wh1cn lacks immunogenicity compared 

to a non-human parent antibody upon re7e eel aaminlstrat1on to a human patient in order to treat 

a chronic disease 1n tnat patient. 

113. (AMENDED) A humanized variant of a non-numan parent antibOdy wnich binds an antigen 

with better affinity than the parent antibody and compr1ses a consensus human variable doma1n of 

a human neavy chain immunoglobulin subgroup wherein amino acid residues forming 

Complementarity Determ1ning Regions (CD As) thereof comprise non-numan ant1body amino acid 

residues. and further [comprising] comprises a Framework Region (FA) substitution where the 

substituted FA residue: (a) noncovalently binds antigen directly; (b) interacts with a CDR; (c) 

(comprises] introduces a glycosylation site Which affects the antigen Dinding or atftnity of the 

antibody; or {d) participates in the VL-V,.. interface by affecting me proXimity or orientation of the VL 

and VH reg1ons with respect to one anotner. 

114. (AMENDED} The humanized variant of claim 113 whtcn binds the antigen at least about 

3-fold more tightly than the parent antibody binds antigen. 

Please add the following cla•ms to the above-identified application: 

--115. (NEW) A humanized antibody heavy chain variable domain compnstng non-human 

Complementarity Determining Region (CDR) amino acid residues which bind antigen incorporated 

into a human antibOdy variable domain, and further compristng an amino ac1d substitution at a site 

selected from the group consisting of: 24H, 73H, 76H, 78H, and 93H. utilizing me numbering system 

set forth in Kabat. 

116. (NEW) The humanized variable domain of claim 1 15 where1n the subStituted residue is the 

restdue found at lhe corresponding location of the non-human antibOdy from which the non-numan 

CDR amino acid residues are obtained. 

117. (NEW) The humanized vanable domain of claim 115 wherein no human Framework Region 

(fA) residue other man mose set fortn in the group nas been substituted. 

118. (NEW) The humaniZed variatue domain of claim 115 whereto the human antibOdy vanable 

domain is a consensus human variable aomain. 

8 
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119. (NEW) Tne humanized variable doma1n of claim 115 wl'\erein the residue at site 24H has 

been substituted. 

120. (NEW) The humanized variable doma1n of claim 115 wherein the residue at site 73H has 

Dean substituted. 

121. (NEW) The humanized variable domain of claim 115 wherein the residue at site 76H has 

been subStituted. 

122. (NEW) The humanized vanaola domain of claim 1 15 wherein tne residue at S1te 78H nas 

been substituted. 

123. (NEW) The humanized variable domain of claim 115 wherein the residue at site 93H has 

been substituted. 

124. (NEW) The humanized variable domain of claim 1 15 which further comprises an amino acid 

substitution at site 71 H. 

125. (NEW) Tne humanized variable doma1n of claim 115 whicn further comprises amino ac1d 

substitutions at sites 71 Hand 73H. 

126. (NEW) The humanized vanaole domain of claim 115 which further comprises amino ac1d 

substitutions at Sites 71 H, 73H and 78H. 

127. (NEW) An antibody comprising the humanized variable domain of claim 115. 

128. (NEW) A humanized vanant of a non-human parent antibOdy which binas an antigen. 

wherein the humaniZed variant comprises Complementartty Determining Region (CDR) amino acid 

residues of the non-human parent ant1body incorporated into a human antibody variable doma,n, 

and further comprises a Framework Region (FA) suostitution where tne suostituted FR residue: (a) 

noncovalently Dinds antigen directly; (b) interacts with a COR; or (c) participates in the V~-V" 

interface by affect1ng tne proxim1ty or orientation of tne V~ and \(. regions with respect to one 

another. and wnerein the humanized variant Dines the antigen more tightly than tne parent antibody 

l}\ NL (]') . 9 
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Celltech Antibody Technology Platform Further Strengthened Through New Patents in US and Europe 

,. 

SLOUGH, U.K., Sept. 26/PRNewswire/ -- Celltech announced today that the U.S. 
Patent Office has allowed one of its key patent applications covering engineered · 
human antibodies. The grant of this "Adair" patent will occur in early 1997 and 
will expire in 2014. This broad product patent covers a key approach to the 
construction of new human antibodies which is essential in order to achieve full 
therapeutic activity. It covers all antibodies which have been constructed 
using this approach. A corresponding patP.nt has already been granted in Europe, 
although it is anticipated that the financial benefit to Celltech from the U.S. 
patent will be more significant in the near term because of the numbers of 
antibodies in late-stage development in the U.S. 

The aAdair" patent is an important new element in Celltech's technology 
platform, and complements previous Celltech patents in the field of antibody 
engineering. It covers all of Celltech's own antibodies currently in clinical 
development, thus substantially extending their period of patent protection. In 
addition the patent covers a range of antibodies under development by other 
companies. This would result in royalty revenues should these products reach 
the market. 

There are already a number of process patents covering the manufacture of 
engineered antibodies including those granted to Celltech, Genentech, the 
Medical Research Council and Protein Design Laboratories. Celltech has 
agreements in place with Genentech and the Medical Research Council relating to 
the commercial exploitation of some of these patents. Celltech pursues the 
strategy of licensing its existing antibody patents to any interested party for 
products which are not directly competitive with Celltech's own products. This 
policy will be pursued with the new "Adair" patent and all licensees who have 
directly licensed pre-existing patents from Celltech (in particular the "Boss" 
antibody engineering patents) will be offered favorable terms for the "Adair" 
patent. 

Commenting on the news today, Dr. Peter Fellner, CEO, said, "Celltech has 
built a very valuable platform technology in the field of antibody engineering 
and the grant of this patent will further strengthen our position. We expect a 
continued growth in royalty revenues from our licensed patents which will make a 
significant contribution to the profitability of the company. The potential in 
this area can be seen from the growing success of ReoPro(TM) (Lilly/Centocor). 
Royalties on the sales of this product are paid to both Genentech and Celltech." 
SOURCE Celltech Therapeutics Ltd. 

!NOTE TO EDITORS: 

1. The Adair product patent covers any antibody in which the antigen binding 
regions from a donor antibody have been transferred to the framework of a human 
antibody, and specifies certain requirements in specific amino acid residues 
within the product which are necessary to recover full antigen binding activity 
of the newly created antibody. 

2. Antibodies are natural proteins which bind tightly and specifically to 
antigens. This binding property is particularly important in providing a 
defense mechanism against infectious organisms such as bacteria and viruses. 
For some time, scientists have been able to produce antibodies in the 
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laboratory and their availability has had a profound impact on diagnostic 
medicine. In contrast, they· have had little impact on therapeutic medicine. 
The reason for this is that the first antibodies were derived from animal 
sources. When these animal antibodies were injected into humans they induced · a 
significant immune response which led to either adverse reactions or a rapid 
loss of therapeutic efficacy. More recently techniques have been developed to 
produce engineered human antibodies which are virtually identical to natural 
human antibodies. The main advantage of these antibodies is that they do not 
cause a significant immune response in man and they are very well tolerated. 
Because of their good tolerance, their binding properties are being used in a 
wide variety of therapeutic applications in areas such as blockade of receptor 
functions in heart disease, neutralization of cytokine in rheumatoid arthritis 
and killing of cancer cells./ 

/CONTACT: Dr. David Bloxham, Chief Executive of Celltech Therapeutics 
ltd., or Peter Allen, Finance Director of Celltech Group pic, 0-1753-534655; 
or Jon Coles of Brunswick, 0-171-404-5959; or Rich Tammero of Noonan/Russo 
Communications, Inc., 212-696-4455 ext. 222, e-mail: news@ noonanrusso.com/ 
08:52 EDT 

0624 09/26/96 08:52 EDT HT 
:TICKER: CEL.GB 
:SUBJECT: BlOT PTNT ENGL USA 
Copyright (c) 1996 PR Newswire 
Received by NewsEDGE/LAN: 9/26/96 6:50 AM 
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NOVEL IL-~PIOR-SPECIFIC HYMAN IMMUNOGLQ8ULINS 

field of the Invention 

The present invention relates generally to the 

combination of recombinant DNA and monoclonal antibody 

technologies for developing novel therapeutic agents and, 

more particularly, to the proauction of non-immunogenic 

antibodies specific for the human interleukin-2 receptor and 

their uses. 

Background of the Invention 

In mammals, the immune response is mediated by two 

types of cells that interact specifically with fors~3n 

material, i.e., antigens. One of these cell types, B-cells, 

are responsible for the production of antibodies. The second 

cell class, T-cells, incl~de a wide variety of cellular 

subsets controlling the in vivo function of both B-cclls and 

a wide variety of other hematopoietic cells, including T

cells. 

One way in which T-cells exert this control is 

through the production of a lymphokine known as interleukin-2 

(IL-2), originally named T-cell growth factor. IL-2's prime 

function appears to be the stimulation and mainten~nce of T

cells. Indeed, ~orne immunologists believe that IL-2 may be 

at the center of the entire immune response (see, :arrar, J., 

et al., Immunol. Rev. 2l:12~-166 (1982), which is 

incorporated herein by reference) . 

To exert its biological effects, IL-2 interacts 

with a speci~ic high-affinity membrane receptor (Greene, W., 

30 et al., Progress in Hematoloay XIV, E. Brown, Ed., Grune and 

Statton, New York (1986), at pgs. 283 ff). The human IL-2 

receptor is a complex multichain glycoprotein, with one 

chain, known as the Tac peptide, being about 55kD in size 

(~, Leonard, W., et al., J. Biol. Chern. 260:1872 (1985), 

35 which is incorporated herein by reference). A gene encoding 

this protein has been isolated, and predicts a 272 amino acid 

peptide, including a 21 amino acid signal peptide (see, 
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Leonard, w., et al., Nature 311: 626 {1984)). The 219 NH~

terminal amino acids of the p55 Tac protein apparently 

comprise an extracellular domain (see, Leonard, W., et al., 

Science, 230:633-639 (1985), which is incorporated herein by 

reference). 

5 Much of the elucidation of the human IL-2 

receptor's structure and function is due t~ the development 

of specifically reactive monoclonal antibodies. In 

particular, one mouse monoclonal antibody, known as anti-Tac 

(Uchiyama, et al., J. Immunol. 126:1393 (1981}} has show~ 

10 that IL-2 receptors can be detec.ted on T-cells, but also on 

cells of the monocyte-macrophage family, Kupffer cells of the 

liver, Lungerhnns' cells of the skin and, of course. 

activated T-cells. Importantly, resting T-cell~, B-cells or 

circulating machrophages typically do not displ•t the IL-2 

15 receptor (Herrmann, et al., J. Exp. Med. 162:1111 (1985)). 

20 

The anti-Tac monoclonal antibody has also been used 

to define lymphocyte functions that require ·rL-2 interaction, 

and has been shown to inhibit v~rious T-cell functions, 

including the generation of cytotoxic and suppressor T 

lymphocytes in cell culture. Also, based on studies with 

anti-Tac and other antibodies, a variety of disorders are now 

associated with improper IL-2 receptor expression by T-cells, 

in particular adult T-cell leukemia. 

More recently, the IL-2 receptor has been shown to 

25 be an ideal target for novel therapeutic approaches to T-cell 

mediated diseases. It has been proposed that IL-2 receptor 

specific antibodies, such as the anti-Tac monoclonal 

antibody, can ue used either alone or as an immunoconjugate 

(~, with Ricin A, isotopes and the like) to effec~ively 

30 remove cells bearing the IL-2 receptor. These agents can, 

for example, theoretically eliminate IL-2 receptor-expressins 

leukemic cells, certain B-cells, or activated T-cells 

involved in a disease state, yet allow the retention of 

mature normal T-cells and their precursors to ensure the 

35 capability of mounting a normal T-cell immune response as 

needed. In general, most other T-cell specific agen~s can 

destroy essentially all peripheral T-cells, which limits the 
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agents' therapeutic efficacy. Overall, the use of 

appropriate monoclonal antibodies specific for the IL-2 

receptor may have therapeutic utility in autoimmune diseases, 

organ transplantation and any unwanted response by activated 

T-cells. Indeed, clinical trials have been initiated using, 

5 ~. anti-Tac ~ntibodies (~, generally, Waldman, T., et 

al., Cancer Re~. ~:625 (1985) and Waldman, T., Science 

232:727-732 (1986), both of which are incorporated herein by 

reference}. 

Unfortunately, the use of the anti-Tac and other 

ro non-~uman monoclonal antibodies have certain drawbacks, 

particularly in repeated therapeutic regimens as explained 

below. Mouse monoclonal antibodies, for example, do not fix 

human complement well, and lack other important 

immunoglobulin functional characteristics when used in 

15 humans. 

Perhaps more importantly, anti-Tac and other non

human monoclonal antibodies contain substantial stretches of 

amino acid sequences that will be immunogenic when injected 

into a human patien~. Numerous studies ha~e shown that, 

20 after injection of a foreign antibody, the immune response 

elicited by a patient against an antibody can be quite 

strong, essentially eliminating the antibody's therapeutic 

utility after an initial treatment. Moreover, as increasing 

numbers of different mouse or other antigenic (to humans) 

25 monoclonal antibodies can be expected to be developed to 

treat various diseases, after the first and second treatrr.ents 

with any different non-human antibodies, subsequent 

treatments even :or unrelated therapies can be ineffective or 

even dangerous in themselves. 

30 While the production of so-called "chimeric 

35 

antibodies" (~, mouse variable regions joined to human 

constant regions) has proven somewhat successful, a 

significant immunogenicity problem remains. In general, the 

production of human immunoglobulins reactive with the human 

IL-2 receptor, as with many human antigens, has been 

extremely difficult using typical human monoclonal antibody 

production te~hniques. Similarly, utilizing recombinant DNA 
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technolo<;y to· produce so-called "humanized" antibodies (see, 

~. EPO Publication No. 02~9400}, provides cncertain 

results, in part due to unpredi=table binding affinitiP3. 

Thus, there is a need for improved forms of human

like immunoglobulins specific for the human IL-2 receptor 

5 that are substontially non-immunogenic in humans, yet easily 

and economically produced in a manner suitable for 

therapeutic formulation and other uses. The present 

invention fulfills the~e and other needs. 

IO Summary of the Invention 

The present invention provides novel compositions 

useful, for P.Xample, in the treatment of T-cell mediated 

human diso~ders, the compositions containing human-like 

immunoglobulins specifically capable of blockin~ the binding 

15 of human IL-2 to its receptor and/or capable of binding to 

the p55 Tac protein on human IL-2 receptors. The 

immunoglobulins can have two pairs of lighc chain/heavy chain 

complexes, typically at least one pair having chains 

com?rising mouse complementarity determining regions 

20 functionally joined to human frco.mework reg ion segments. For 

exumple, mouse c~mplementarity determining regions, with or 

without additional naturally-associated mouse amino acid 

residues, can be used to produce human-like antibodies 

ca?able of binding to tne human IL-2 rece?tor at affinity 

25 levels strcnger than about 108 M" 1
• 

The immunoglobulins, in~l~ding bindi~g fragments 

and other derivatives thereof, of the present invention nay 

be produced readily by a variety of recombinant DNA 

techniques, with ultimate expression in transfected cells, 

3:0. preferably immortalized eukaryotic cells, such as myeloma or 

hybridoma cells. Polynucleotides comprising a first sequ~nce 

codir1g for human-like immunoglobulin framework regions and a 

second sequence set coding for the desired immunoglobulin 

35 
complementarity determining regions can be produced 

synthetically or by combining appropriate eDNA and ge~omic 

DNA segments. 
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The human-like immunoglobulins may be utilized 

alone in substantially pure form, or complexed with a 

cytotoxic agent, such as a radionuclide, a ribosomal 

inhibiting protein or a cytotoxic agent acti~e at cell 

surfaces. All of these compounds will be partic~larly useful 

5 in treating T-cell mediated disorders. The human-like 

10 

15 

2Q 

25 

30 

35 

immunoglobulins or their complexes can be prepared in a 

pharmaceutically accepted dosage form, which will vary 

depending on the mode of administration. 
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BRIEF D~SCRIPTION OF THE FIGURES 

Figure 1. Comparison of sequences of anti-Tac 

heavy cha:n (upper lines) and Eu heavy chain (lo~er lines). 

The 1-let~er code for amino acids is used. The first amino 

acid on each line is nu~bered at the left. Identical amino 

5 acids in the t~o sequences are connected by lines. The 3 

CDRs arc underlined. Other amino acid positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in the humanized anti-Tac heavy chain are denoted by 

an * 
10 Figure 2. Comparison of sequences of anti-Tac 

light chain (upper lines) and Eu light chain -(lower lines). 

The single-letter code for amino acids is used. The first 

amino acid on each line is numbered at the left. Identical 

amino acids in the two sequences ar~ connected by lines. The 

15 3 CDRs are underlined. Other amino acid positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in the huma~ized anti-Tac heavy chain are denoted by 

20 

an * 
Figure 3. Nucleotide sequence of the gene for the 

humanized anti-Tac heavy chain variable region gene. The 

translated amino acid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence. 

The nucleotides TCTAGA at tLe beginning and end of the gene 

are Xba I sites. The mature heavy chain sequence begins with 

25 amir.o acid #20 Q. 

30 

35 

Figure 4. Nucleotide sequence of the gene for the 

humanizLd anti-Tac light chain variable region gene. The 

translated amino acid sequence for the part of the gene 

encoding prote:n is shown underneath the nucieotide sequence. 

The nucleotides TCTAGA at th~ beginning and end of the gene 

are Xba I sites. The mature light chain sequence begins with 

amino acid #21 D. 

Figure 5. A. Sequences of the four 

oligonucleotides used to synthesize the humanized anti-Tac 

heavy chain gene, printed 5' to 3'. B. Relative positions 

of the oligonucleotides. The arrows point in the 3' 

direction for each oligonucleotide. 
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Figure 6. ( 1>.) Sequences of the four 

oligonucleotides used to sync.hesize the humanized anti-Tac 

light chain gene, printed 5' to 3'. (B) Relative positions 

of the oligonucleotides. The arrows point in the J' 

direction for each oligonucleo~ide. The position of a Hind 

III site in the overlap of JFD2 and J:03 is s~own. 

Figure 7. Schematic diagram of the plasmid 

pHuGTACl used to express the hu~anized anti-Tac heavy chain. 

Relevant r~striction sites are shown, and coding regions of 

the hea~y chain are displayed as boxes. The direction of 

10 transcription from t!:::; immunoglo!Julin ( Ig) promoter is shown 

by an arrow. E" = heavy chain enhancer, Hyg = hygromycin 

resistance gene. 

Figure 8. Schematic diagram of the plasmid pHuLTAC 

used to express the humanized anti-Tac light chain. Relevant 

15 restriction sites are shown, and coding regions of the light 

chain are displayed as boxes. The direction of transcription 

from the Ig promoter is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-102 and Jurkat 

cells stained with anti-Tac antibody or humanized anti-Tac 

20 antibody followed respectively by fluorescein-conjugated goat 

~nti-mouse Ig antibody or goat anti-human Ig antibody, as 

labeled. In each panel, the dotted curve shows the results 

when the first antibody was omitted, and tr~ solid curve the 

results when first and second (conjugated) antibodies were 

25 included as described. 

Figu::-e 10. (A) Flnorocytometry of HUT-102 cells 

stained with 0-40 ng of anti-Tac as indicated, then with 

biotinylated anti-Tac, and then with phycoerythrin-conjugated 

avidin. (B) Fluorocytometry of HUT-102 cells stained with 

30 the indicated antibody, then with biotinylated anti-Tac, and 

then with phycoerythrin-conjugated avidin. 

35 
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DETAILED DESCRIPTION OF THS Ih~ENTION 

In accordance with the present invention, human

like immunoglobulins specifically reactive with the IL-2 

receptor on human T-cells are provid~d. These 

imnunoglobulins, which have binding affinities of a~ least 

5 about 108 M" 1
, and preferably 109 ·M· 1 to 1010 M. 1 or stronger, 

are capable of, ~, blocking the binding cf IL-2 to human 

IL-2 receptors. The human-like immunoglobulins will have a 

human-like framework and can have complementarity determining 

regions (CDR's) from an immunoglobulin, typically a mouse 

10 im.-•tnoglobnlin, specifically reactive with an epitope on p55 

Tac protein. The immunoglobulins of the present invention, 

which ca~ be produced economically in large quantities, :ind 

use, for example, in the treatment of T-cell mediated 

disorders in human patients by a variety of techniques. 

15 The b~sic antibody structural unit is known to 

comprise a tetramer. Each tetramer is composed of two iden

tical pairs of polypeptide chains, each pair having one 

"light" (about 25kD) and one "heavy" ct.ain (about 50-70kD). 

The NH2-terminus of each chain begins a variable region of 

20 about 100 to 110 or more amino acids primarily responsible 

for antigen recognition. The COOH terminus of each chain 

defines a constant region primarily responsible for effec~or 

function. 

Light chains are classified as either kappa or 

25 lambda. Heavy chains are classified (and subclassified) .as 

gamma, mu, alpha, delta, or epsilon, and define the 

antibody's isotype as IgG, IgM, IgA, IgD and IgE, 

respectively. Within light and heavy chains, the variable 

30 

35 

and constant regions are joined by a "J" region of about 12 

or more amino acids, with the heavy chain also including a 

"D" region of about 12 more amino acids. (See, generallv, 

Fundamental Immunology, Paul, w., Ed., Chapter 7, pgs. 131-

166, Raven Press, N.Y. (1Y84), which is incorporated herein 

by reference..) 

The variable regions of each light/heavy chain ?air 

form the antibody binding site. The chains all exhibit the 

same general structure of relatively conse~red framework 
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regions joined by three hypervariable regions, also cal~~d 

CDR 1 s (~, "Sequences of Proteins of Immunological 

Interest," Kabat, E., et al., U.S. Department of Health and 

Human Services, (1983); and Cholthia and Lesk, J. Mol. Biol., 

196:901-917 (1987), ~hich are incorporated herein by 

5 reference). The CDR's from the t~o chains of each pair are 

aligned by the fra~ework regions, enabling binding ~o a 

specific epitope. 

As used herein, the term "immunoglobulin" refers to 

a protein consisting of one or more polypeptides 

10 substan~ially encoded by immunoglobulin genes. The 

recognized immunoglobulin genes include the kappa, lambda, 

alpha, gamma, delta, epsilon and mu consLant region genes, as 

~ell as the myriad immunoglobulin variable region g~nes. The 

immunoglobulins may exist in a variety of forms besides 

15 antibodies: including, for example, Fv, Fab, and F\ab) 2 , as 

~ell as in single chains(~, Huston, et al., Proc. Nat. 

Acad. Sci. U.S.A., 85:5879-5883 (1988) and Bird, et al., 

Sci2r.c~, 242:423-426 (1988), ~hich are incorporated herein by 

reference). (See, aenerallv, Hood, et al., "Immunology", 

20 Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood, 

Nature, 323:15-16 (1986), which are incorporated herein by 

reference) . 

Chimeric antibodies are anti~odies ~hose light and 

heavy chain genes have been constructed, typically by genetic 

25 engineering, from immunoglobulin gene segment~ belonging to 

different species. For example, the variable {V} segments of 

the genes from a mouse monoclonal antibody may be joined tu 

human constant (C) segments, such as 1 1 and IJ· A typical 

therapeutic chimeric antibody is thus a hybrid protein 

30 consisting of the V or antigen-binding domain from a mouse 

antibody and the C or effector domain from a human antibody 

(~, A.T.C.C. Accession No. CRL 9688 secretes an anti-~ac 

chimeric antibody), although other mammalian species may be 

used. 
35 As used herein, the term "frame~ork region" refers 

to those portions of immunoglobulin light and heavy c~ain 

variable regions that are relatively conserved {i.e., other 
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than the CDR's) among different immunoglobulins in a single 

s~ecies, as defined by Kabat, et al., QQ. £it. As used 

herein, a "human-like framework region" is a framework region 

that in each existing chain comprises at least about 70 ~r 

more aoino acid residues, typically 75 to 85 or more 

5 residues, identical to those in human immunoglobulins. 

As used herein, the term "human-like 

immunoglobulin" refers to an immunoglobulin comprising a 

human-like framework and in which any constant region present 

is substantially homologous to a human immunoglobulin 

10' constant region, ~. at least about 85-90%, p:-eferably 

about 95\ identical. Hence, all parts of a human-like 

immunoglobulin, except possibly the CDR's, are substantially 

homologous to corresponding parts of one or more native human 

immunoglobulin sequences. For example, a human-like 

15 immunoglobulin would not encompass a chimeric mouse variable 

region/human constant region antibody. 

20 

25 

3.0 

35 

Human-like antibodies have at least three potential 

advantages over mouse or and in some cases chimeric 

antibodies for use in human therapy: 

1) 

2) 

because the effector portion is hum~n. it may 

interact better with the other parts of the 

human immune system (~. destroy the target 

cells more efficiently by complement-dependent 

cytotoxicity (CDC) or antibody-dependent 

cellular cytotoxicity (ADCC)). 

The human immune system should not recognize 

the framework or C region of the human-like 

antibody as foreign, and therefore the 

antibody response against such an injected 

antibody should be less than against a totally 

foreign mouse ant1body or a partially foreign 

chimeric antibody. 

3) Injected mouse ~ntibodies have been repor~ed 

to have a half-life in the human circulation 

much shorter than the half-life of normal 

antibodies (Shaw, D., et al., J. Immunol. 

~:4534-4538 (1987)). Injected human-like 
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antibodies will presumably h~va a halt-lifP 

essentially identical to naturally occurring 

human antibodies, allowing smaller and l~ss 

frequent doses to be given. 

In one aspect, the present invention is directed to 

recombinant DNA segments encoding the heavy and/or light 

chain CDR's from an immunoglobulin capable of binding to a 

desired epitope on the human IL-2 receptor, such as the anti

Tac monoclonal antibody. The DNA segments encoding these 

regions will typically be joined to DNA segments er.~~ding 

10 appropriate human-like framework regions. The preferred DNA 

sequences, which on expre~sion code for the polypeptide 

chains comprising the anti-Tac heavy and light chain 

hypervariable regions (with human-like framework regions), 

are shown in Figures 1 and 2, respectively. Due to codon 

15 degeneracy and non-critical amino-acid substitutions, other 

DNA sequences can be readily substituted for those sequences, 

as detailed below. 

The DNA segments will typically further include an 

expression control DNA sequence operably linked to the human-

20 like antibody c~ding sequences, including naturally

associated or heterologous promot:r regions. Preferably, the 

expression control sequences will be eukaryotic promoter 

systems in vectors capable of transforming or transfecting 

eukaryotic host cell5, but control sequences for prokartotic 

25 hosts may also be used. Once the vector has been 

incorporated into the appropriate host, the host is 

maintained under conditions suitable for high level 

expression of the nucleotide sequences, and, as desired, the 

collection and purification of the light chains, heavy 

3.0 chains, light/heavy chain dimers or intact antibodies, 

binding fragments or other immunoglobulin forms may follow. 

35 

Human constant region DNA sequences can be isola~ed 

in accordance with well known procedures from a variety of 

human cells, but preferably immortalized B-cells (see, Kabat 

QQ. cit. and WP87/02671). Th: CDR's for producing the 

immunoglobulins of the present invention will be similarly 

derived from monoclonal antibodies capable of binding to the 

_, 
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hun.ar. 'lJ.--2 rec-er!:-:r and produced in any convenient mammalian 

sourc~, including, mice, rats, rabbits, or other veterbrate 

capabl2 of producing antibodies by well known methods. 

Suitable source cells for the DNA sequences and host cells 

for immunoglobulin expression and secretion can be obtained 

from a number cf sources, such as the American Type Culture 

Collection ("Catalogue of Cell Lines and Hybridomas," Fifth 

edition (1985) Rockville, Maryland, U.S.A., which is 

incorporated herein by reference). 

In addition to the human-like immunoglobulins 

specifically described herein, other "substantially 

homologous" modified immunoglobulins can be readily designed 

and manufactured utilizing various recombinant DNA techniques 

well known to those skilled in the art. For example, the 

framework regions can vary from the sequences in Figures 3 

and 4 a~ the primary structure level by several amino acid 

substitu~ions, terminal and intermediate additions and 

celetions, and the like. Moreover, a variety of different 

human framework regions may be used singly or in combination 

as a basis for the human-like immunoglobulins of the present 

20 invention. In general, modifications of the genes may be 

readily accomplished by a variety of well-known techniques, 

25 

such as site-directed mutagenes5.s (see, Gillman and Smith, 

Gene ~:81-97 (1979) and Roberts, S. et al, Nature 328:731-734 

(1987), both of which are incorporated herein by reference}. 

Alternatively, polypeptide fragments comprising 

only a portion of the primary antibody structure m~y be 

produced, which fragments possess one or more immunoglobulin 

activities (~, complement fixation activity). Also 

because like many genes, the immunoglobulin-related genes 

30 contain separate functional regions, each having one or more 

distinct biological activities, the genes may be fused to 

35 

functional regions from other genes \~, enzymes, see, 

commonly assigned U.S.S.N. 132,387, filed Dec. 15, 1987, 

which is incorporated herein by reference) to produce fusion 

proteins (~, immunotoxins} having novel properties. 
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The nucleic acid sequences cZ the p~~~en~ i(Wt·H•tiOil 

~ capable of ultimately expressing the desired human-likt 

antibodies can be formed from a variety of different 

polynucleotides (genomic or eDNA, RNA, synthetic 

oligonucleotides, etc.) ar.d components (~, V, J, D, and C 

5 regions}, as well as by a variety of different techniques. 

Joining appropriate genom1c sequences is presently the most 

common method of production, but eDNA se~~ences may also be 

utilized (~, European Patent Publication No. 0239400 and 

Reichmann, L., et al., Nature 332:323-327 (1988), both of 

10 which are incorporated herein by reference) . 

As stated previously, the DNA Gequences will be 

expressed in hosts after the sequences have been op2rably 

linked to (i.e., positioned to ensure the functioning of) an 

expression cvntrol sequence. These expression vectors are 

15 typically replicable in the host organisms either as episomes 

or as an integral part of the host chromosomal DNA. 

20 

25 

Commonly, expression vectors will contain selection marker~, 

~. tetracycline or neomycin, to permit detection of those 

cells transformed with the desired ~NA sequences (agg, ~. 

U.S. Patent 4,704,362, ~hich is incorporated herein by 

reference). 

b· coli is one prokaryoti~ host useful particularly 

for cloning the DNA sequences of the present invention. 

Other microbial hosts suitable for use include bacilli, such 

as B~cillus subtilus, and other enterobacteriaceae, such as 

Salmonella, Serratia, and various Pseudomonas species. In 

these prokaryotic hosts, one can also make expression 

vectors, which will typically contain expression control 

sequences compatible with the host cell (~, an origin of 

30 replication) . In addition, any number of a variety of well-

35 

known promoters will be present, such as the lactose promote~ 

system, a tryptophan (trp) promoter system, a beta-lactamase 

promoter system, or a promoter system from phage lambda. The 

promoters will typically control expression, optionally with 

an operator sequence, and have ribosome binding site 

sequences -3-nd the like, for initiating and completing 

transcription and translation. 

~,.-~ .. - ~~~~~--
~~::~::, 

.. ;:.· 
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Other microbes, such as yeast, may also be used for 

expression. Saccharomyces is a preferred host, with suitable 

vectors having expression control sequences, such as 

promoters, including )-phosphoglycerate kinase or other 

glycolytic enzymes, and an origin of replication, te=mination 

sequences and the like as desired. 

In addition to microorganisms, mammalian tissue 

cell culture may also be used to express and produce the 

polypeptides of the present invention {see, Winnacker, "From 

Genes to Clones, 11 VCH Publishers, N.Y., N.Y. (1987), which is 

incorporated herein by refere~ce}. Eukaryotic cells are 

actually preferred, because a number of suitable host cell 

lines capable of secreting intact immunoglobuli~s have been 

developed in the a4t, and include the CHO cell lines, various 

cos cell li~es, HeLa cells, myeloma cell lines, etc, but 

IS preferably transformed B-cells or hybridomas. Expression 

vectors for these cells can include expression control 

sequences, such as an origin of replication, a promoter, an 

enhancer (Queen, c., et al., Immunol. Rev. 89:49-68 (1986), 

which is incorporated herein by refere~ce), and necessary 

20 processing information sites, such as ribosome binding sites, 

RNA splice sites, polyadenylation sites, and transcriptional 

terminator sequences. Preferr~d expression control sequences 

are promoters derived from immunoglobulin genes, SV40, 

Adenovirus, .Bovine Papilloma Virus, and the 1 ike. 

25 The vectors containing the DNA segments of interest 

30 

35 

(~, the heavy and light chai~.~ncoding sequences and 

expression control sequences) can be transferred into the 

host cell by well-known methods, which vary depending on the 

type of cellular host. For example, calcium chloride 

transfection is commonly utilized for prokaryotic cells, 

whereas calcium phosphate treatment or electroporation may be 

used for other cellular hosts. (See, generally, Maniatis, et 

al., Molecular Cloning: A Laboratory Manual, Cold Spring 

Harbor Press, (1982), which is incorporated herein by 

reference.} 

Once expressed, the whole antibodies, their dimers, 

individual light and heavy chains, or other immunoglobulin 
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forms of the present invention can be purified according to 

standard procedures of the art, including ammonium sulfate 

precipitation, affinitv columns, column chromatography, gei 

electrophoresis and the like (see, generally, Scopes, R., 

Protein Purification, Springer-Verlag, N.Y. (1982)). 

5 Substantially pure immunoglobulins of at least about 90 to 

95% homogeneity are preferred, and 98 to 99% or more 

homogeneity most preferred, for pharmaceutical uses. Once 

purified, partially or to homogeneity as desired, the 

polypeptides may then be used therapeutically (including 

10 extracorporeally) or in developing and performing assay 

procedures, immunofluorescent stainings, and the like. (See, 

generally, Immunological Methods, Vol$. I and II, Lefkovits 

and Pernis, eds., Academic Press, New York, N.Y. (197Y and 

1981)). 

15 The antibodies of the present invention will 

20 

25 

30 

35 

typically find use individually in treating a T-cell mediated 

disease state. Generally, where the cell linked to a disease 

has been identified as IL-2 receptor bearing, then the human

like antibodies capable of blocking the binding of IL-2 to 

the human IL-2 receptor are suitable (see, U.S.S.N. 

085,707, entitled "Treating Human Malignancies and 

Disorders," which is incorporated herein by reference). 

For example, typical disease states suitable for 

treatment include graft versus host disease and transplant 

rejection in patients undergoing an organ transplant, such as 

heart, lungs, kidneys, liver, etc. Other diseases include 

autoimmune diseases, such as Type I diabetes, multiple 

sclerosis, rheumatoid arthritis, systemic lupus 

erythematosus, and myasthenia gravis. 

The human-like antibodies of the present invention 

may also be used in combination with other antibodies, 

particularly human monoclonal antibodies reactive with other 

markers on cells responsible for the disease. For example, 

suitable T-cell markers can include those grouped into the 

so-called "Clusters of Differentiation," as named by the 

First International Leukocyte Differentiation Workshop, 
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~ Leukocyte Typing, Bernard, et al., Eds., Springer-Verlag, 

N.Y. (1984), which is incorporated herein by reference. 

The ~ntibodies can als~ be used as separately 

administered compositions given in conjunction with 

chemotherapeutic or immur.osuppressive agents. Typically, the 

5 agents will include cyclosporin A or a purine analog (~, 

methotrexate, 6-mercaptopurine, or the li~e), but numerous 

additional agents (~, cyclophosphamide, prednisone, etc.) 

well-known to those skilled in the art may also be utilized. 

A preferred pharmaceutical composition of the 

lC present invention comprises the use of the subject antibodies 

in immunotoxins. Immunotoxins are characterized by t\·o 

co~ponents and are particularly useful for killing selected 

cells .in vitro or in vivo. One component is a cytotoxic 

agent which is usually fatal to a cell when attached or 

15 absorbed. The second component, known as the "delivery 

vehicle," provides a means for delivering the toxic agent to 

a particular cell type, such as cells comprising a carci~oma. 

The two components are commonly chemically bonded together by 

any of a variety of well-known chemical procedures. For 

20 example, when the cytotoxic agent is a protein and the second 

component is an in~act immunoglobulin, the linkage nay be by 

way of heterobifunctional cross-linkers, ~. SPDP, 

carbodiimide, glutaraldehyde, or the like. Production of 

various immunotoxins is well-known with the art, and can be 

25 found, for example in "Monoclonal Antibody-Toxin Conjugates: 

Aiming the Magic Bullet," Thorpe et al, Monoclonal Antibodies 

jn Clinical Medicine, Academic Press, pp. 168-190 (1982), 

which is incorporated herein by reference. 

A variety of cytotoxic agents are suitable for use 

30 in immunotoxins. cytotoxic agents can include 

radionuclides, such as Iodine-131, Yttrium-90, R.."lenium-188, 

and Bismuth-212; a number of chemot~terapeutic drugs, such as 

vindesine, methotrexate, adriamycin, and cisplatinm; and 

35 
cytotoxic proteins such as ribosomal inhibiting proteins like 

pokeweed antiviral protein, Pseudomonas exotoxin A, ricin, 

diphtheria toxin, ricin A chain, etc., or an agent active at 

the cell surface, such as the phospholipase enzymes (~, 

·- '~-.. :~- ·-. ... . . . ..... 
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(~, generally, commonly assigned 

(Townsend and Townsend Docket No. 11823-

7-2) filed concurrently herewith, "Chimeric ToYins," Olsnes 

and Phil, Pharmac. Ther., 12:355-381 (1982), and "Monoclonal 

Antibodies for Cancer OetE~tion and Therapy," eds. Baldwin 

5 and Byers, pp. 159-179, 224-266, Academic Press (1985), all 

of which are incorporated herein by reference.) 

The delivery component of the immunotoxin will 

include the human-like immunoglobu!ins of the present 

invention. Intact immunoglobulins or their binding 

!0 fragments, such as Fab, are preferab~y used. Typically, the 

antibodies in the immunotoxins will be ot the human IgM or 

IgG isotype, but other mammalian constant regions may be 

utilized as desired. 

The human-like antibodies and pharmaceutical 

15 compositions thereof of this invention are particularly 

useful for parenteral administration, i.e., subcutaneously, 

intramuscularly or intravenously. The compositions for 

parenteral administration will co~monly comprise a solution 

of the antibody or a cocktail thereof dizsolved in an accept-

20 able carrier, preferably an aqueous carrier. A variety of 

aqueous carriers can be used, ~. water, buffered water, 

0.4% saline, 0.3% glycine and the like. These solutions are 

sterile and generally free of particulate matter. These 

compositions may be sterilized by conventional, well known 

25 sterilization techniques. The compositions may contain 

pharmaceutically acceptable auxiliary substances as required 

to approxicate physiological conditions such as pH adjusting 

and buffering agents, toxicity adjusting agents and the like, 

fo~ example sodium acetate, sodium chloride, potassium 

30 chloride, calcium chloride, sodium lactate, etc. The 

35 

conce ~ration of antibody in these formulations can vary 

widely, ~~. from less than about 0.5%, usually at or .at 

least about 1% to as much as 15 or 20% by weight and will be 

selected p~imarily based on fluid volumes, viscosities, etc., 

in accordance with the particular mode of administration 

selected. 
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Thus, a typical pharmaceutical co~position for 

intramuscular injection could be made up to contain 1 ml 

sterile buffered ~ater, and 50 mg of antibody. A typical 

composition for intravenous infusion could be made up to 

contain 250 ml of sterile Ringer's solution, and 150 mg of 

5 antibody. Actual methods for preparing parenterally 

administrable compositicns ~ill be kno~n or apparent to those 

skilled in the art and are described in more detail in, fo~ 

example, Remington Is Pharmaceutical Science., 15th ec. I Mack 

Publishing Company, Easton, Pennsylvania (1980), which is 

10 incorporated-herein by reference. 

The antibodies of this invention can be lyophilized 

for storage and reconstituted in a suitable carrier prior to 

use. This technique has been shown to be effective with 

convention3l immune globulins and drt-kno~n lyophilization 

15 and reconstitution techniques can be employed. It will be 

appreciated by those skilled in the art that lyophilization 

and reconstitution can lead to varying degrees of antibody 

activity loss (~, with conventional immune globulins, lgM 

antibodies tend to have greater activity loss than IgG 

20 antibodies} and that use levels may have to be adjusted to 

compensate. 

The compositions containing the ;'resent human-like 

antibodies or a cocktail thereof can be admi~istered for 

prophylactic andjor therapeutic treatments. In therapeutic 

25 application, compositions are administered to a ?atient 

already sufferir.g from a disecse, in an amount sufficient to 

cure or at least partially arrest the disease and its 

complications. An amount adequate to accomplish this is 

30 

35 

defined as a "therapeutically effective dose." Amounts 

effective for this use will depend upon the severity of the 

infection and the general state of the patient's own immune 

system, but generally range from about 1 to about 200 mg of 

antibody per dose, with dosages of from 5 to 25 mg per 

patient being more commonly used. It must be kept in mind 

that the materials of this invention may generally be 

employed in serious disease stat~s, that is life-threatening 

o~ potentially life-threatening situations. In such cases, 
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in view of the minimization of extraneous substances ~~d tr.c 

lower probability of "foreign substance" rejections which are 

achieved by the present human-like antibodies of this in

vention, it is po~sible and may be felt desirable by the 

treating physician to administer substantial excesses of 

5 these antibodies. 

In prophylactic applications, compositions 

containing the present antibodies or a cocktail thereof are 

administered to a patient not already in a disease state to 

enhance the patient's resistance. such an amount is defined 

10 to be a "prophylactically effective dose." In this use, the 

precise amounts again depend upon the patient's state of 

health and general level of irr~unity, but generally range 

from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per 

patient. A preferred prophylactic use is for the prevention 

15 of kidney transplant rejection. 

20 

Single or multiple administrations of the 

compositions can be carried out with dose levels and pat~ern 

being selected by the treating physician. In any event, the 

pharmaceutical formulations should provide a quar.tity of the 

antibody(ies) of this invention sufficient to effectively 

treat the patient. 

Human-like antibodies of the present invention can 

further find a wide variety of utilities in vitro. By way of 

example, the antibodies can be utilized for T-cell typing, 

25 for isolating specific IL-2 receptor bearing cells or 

fragments of the receptor, for vaccine preparation, or the 

like. 

For diagnostic purposes, the antibodies may either 

be labeled or unlabeled. Unlabeled antibodies can be used in 

30 combination with other labeled antibodies (second antibodies~ 

that are reactive with the human-like antibody, such as anti

bodies specific for human immunoglobulin constant regions. 

Alternatively, the antibodies can be directly labeled. A 

wide variety of labels may be employed, such as 

35 radionuclides, fluors, enzymes, enzyme substrates, enzyme co

factors, enzyme inhibitcrs, ligands (particularly haptens), 
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~ etc. Numerous types of immunoassays are available and are 

w~ll known to those skilled in the art. 

Kits can also ce supplied for use with the subject 

antibodies in the protection against or detection of a 

cellular activity or for the presence of a selected antigen. 

5 Thus, the subject antibody composition of the present 

invention may be provided, .usually in a lyophilized fa~ in a 

10 

container, either alone or in conjunction with additional 

antibodies specific for the desired cell type. The 

antibodies, which may be conjugated to a label or toxin, or 

unconjugated, are included in the kits with buffers, such as 

Tris, phosphate, carbonate, etc., stabilizers, biocides, 

inert proteins, ~. serum albumin, or the like, and a set 

of instructions for use. Generally, these materials will be 

present in less than about 5% wt. based on the amount of 

15 active antibody, and usually present in total amount of at 

least about 0.001% wt. based again on the antibody 

concentration. Frequently, it will be desirable to include 

an inert extender or excipient to dilute the active 

ingredients, where the excipient may be present in from aoout 

20 1 to 99% wt. of the total co1nposition. Where a second 

antibody capable of binding to the chimeric antibody is 

employed in an assay, this will usually be present in a 

separate vial. The second antibody is typically conjugated 

to a label and formulated in an analogous manner with the 

25 antibody formulations described above. 

30 

35 

The following examples are offered by way of 

illustration, not by limitation. 
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EXPERIMENTAL 

Design of ger.es for human-like light and heavy chains 

The sequence of the human antibody Eu (Sequences of 

Proteins of Immunological Interest, Kabat, E., et al., u.s. 

Dept. of Health and Human Services, 1983) was used to provide 

5 the framework of the humanized antibody, because the ~mino 

acid sequence of the heavy chain of anti-Tac is more 

homologous to the heavy chain of this antibody than to any 

other heavy chain sequance in the National Biomedical 

Foundation Protein Identification Resource. 

10 To select the sequence of the humanized heavy 

chain, ths anti-Tac heavy chain sequence (~, commonly 

assigned u.s.s.N.'s 186,862 and 223,037, which are 

incorporated herein by reference) was aligned with the 

sequence of the Eu heavy chain (Figure 1). At each 

15 position, the Eu amino acid was selected for the humanized 

sequence, unless that position fell in any one of the 

following categories, in which case the anti-Tac amino acid 

was selected. 

(1) The position fell within a complementarity 

20 determining region (CDR), as defined by Kabat, 

et al., QQ. cit. (amino acids 31-35, 50-66, 

99-106); 

(2) The Eu amino acid was unus~al for human heavy 

chains at that position, whereas the anti-Tac 

25 amino acid was typical for human heavy chains 

at that position (amino acids 27, 93, 95, 98, 

107-109, 111} : 

(3} The position was immediately adjacent to a CDR 

in the amino acid sequence of the anti-Tac 

30 heavy chain (amino acids 30 and 67}. 

35 

(4} 3-dimensional modeling of the anti-Tac 

antibody suggested that the amino acid was 

physically close to the antigen binding region 

(amino acids 48 and 68). 

Some amino acids fell in more than one of these categories 

but are only listed in one. 
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·rC" ~~ lect the sequence of the humanizeP. light 

chain, the anti-Tac light chain sequence was aligned with the 

sequence of the Eu light chain (Figure 2). The Eu amino 

acid was selected at each position, unless the position again 

fell into one of the categories (1) - (4), (with light chain 

5 replacing heavy chain in the category definitions): 

(1) CDRs (amino acids 24-34, 50-56, 89-97). 

(2) Anti-Tac amino acid more typical than Eu 

(amino acids 48 and 63). 

(3) Adjacent to CDRs (no amino acids; Eu and 

10 anti-Tac were already the same at all these 

positions). 

(4) Possible 3-dimensional proximity to binding 

region (amino acid 60). 

The actual nucleotide sequence of the heavy 

15 (Figure 3} and light chain (Figure 4) genes were selected as 

follows: 

(1) the nucleotide sequences code for the amino 

acid sequences chosen as described above. 

(2) 5' of these coding sequences, the nucleotide 

20 sequences code for a leader (signal) sequence, 

namely the leader of the light chain of the 

antibody MOPC 63 and the leader of the heavy 

chain of the antibody PCH 108A (Kabat et al., 

QQ. cit.). These leader sequences were chosen 

25 as typical of antibodies. 

30 

35 

(3) 3' of the coding sequences, the nucleotide 

sequen~es are the sequences that follow the 

~ouse light chain J5 segment and the mouse 

(4) 

heavy chain J2 segment, which are part of the 

anti-Tac sequences. These sequences are 

included because they contain splice donor 

signals. 

At each end of the sequence is an Xba I site 

to allow cutting at the Xba I sites and 

cloning into the Xba I site of a vector . 

... 
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Construction of humanized light and heavy c-ha~n ger;es 

To synthesize the heavy chain, four 

oligonucleotides HES12, HES13, HES14, HES15 (Figure SA) were 

synthesized using an Applied 8iosystems 3808 DNA synthesizer. 

Two of the oligonucleotides are p~rt of each strand of the 

5 heavy chain, and each oligonucleotide overlaps the next one 

by about 20 nucleot~des to allow annealing (Figure 58). 

Together, the oligonucleotides cover the entire hum~nized 

heavy chain (Figure 3) with a few extra nucleotides at each 

end to allow cutting at the Xba I sites. The 

10 oligonucleotides were purified from polyacrylamide gels. 

Each oligonucleotide was phosphorylated using ATP 

and T4 polynucleotide kinase by standard procedures (~, 

Maniatis, QQ· cit.). To anneal the phosphorylated 

oligonucleotides, they were suspended together in 40 ul of TA 

15 (33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM 

magnesium acetate) at a concentration of about 3.75 uM each, 

heated to 95 deg for 4 min. and cooled slowly to 4 deg. To 

synthesize the complete gene from the oligonucleotides by 

synthesizing the opposite strand of each oligonucleotide 

20 (Figure 58}, the following components were added in a final 

volume of 100ul: 

25 

30 

35 

10 ul 

0.16 mM each 

0.5 mM 

0.5 mM 

100 ugjml 

3.5 ugjml 

25 ugjml 

25 ugjml 

annealed oligonucleotides 

deoxyribonucleotide 

ATP 

OTT 

8SA 

T4 g43 protein (DNA polymerase) 

T4 g44/62 protein (polymerase 

accessory protein) 

45 protein (polymerase accessory 

protein) 

The mixture was incubated at 37 deg for 30 min. 

Then 10 u of T4 DNA ligase was added and incubation at 37 deg 

resumed for 30 min. The polymerase and ligase were 

inactivated by incubation of the reaction at 70 deg for 
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15 m~n. ; Tc ~ige~t the gene with Xba I, to the reaction was 

~ added SO ul of 2x TA containing BSA at 200 ugjcl and OTT at 1 

mM, 43 ul of water, and 50 u of Xba I in 5 ul. The reaction 

was incubated for 3 hr at 37 deg, and run on a gel. The 431 

bp Xba I fragment was purified from a gel and cloned into the 

5 Xba I site of the plasmid pUC19 by standard methods. Four 

plasmid isolates were purified and sequenced using the 

dideoxy method. One of these had the correct sequence 

(Figure 3). 

To synthesize the light chain, four 

10 oligonucleotides JFDl, JFD2, JFD3, JFD4 (Figure 6A) were 

synthesized. ~wo of the oligonucleotides are part of each 

strand of the light chain, and each oligonucleotide overlaps 

the next one by about 20 nucleotides to allow annealing 

(Figure 68). Together, the oligonucleotides cover the entire 

15 humanized light chain (Figure 4) with a few extra nucleotides 

at each end to allow cutting at the Xba I sites. The 

oligonucleotides were purified from polyacrylamide gels. 

The light chain gene was synthesized from these 

olignucleotides in two parts. 0.5 ug each of JFDl and JFD2 

20 were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH 

7.5, 20 mM magnesium chloride, 50 mM sodium chloride), heated 

at 70 deg for 3 min and allowed to cool slowly to 23 deg in 

order for the oligonucleotides to anneal. JFD3 and JFD4 were 

treated in the same way. Each reaction was made 10 mM in OTT 

25 and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase 

(US Biochemicals) was added, in a final volume of 24 ul, and 

incubated for 1 hr at 37 deg to synthesize the opposit~ 

strands of the oligonucleotides. Xba I and Hind III were 

30· 

35 

added to each reaction to digest the DNA (there is a Hind III 

site in the region where JFD2 and JFD3 overlap and therefore 

in each of the synthesized DNAs; Figure 68). The reactions 

were run on polyacrylamide gels, and the Xba I - Hind III 

fragments were purified and cloned into pUC18 by standard 

methods. Several plasmid isolates f~r each fragment were 

sequenced by the dideoxy method, and correct ones chosen. 
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Construction of plasmids to express humanize¢ 1 igl]t 1n<l~~Y.Y 

_, chains 

The heavy chain Xba I fragment was isolated from 

the pUC19 plasmid in which it had been inserted and then 

inserted into the Xba I site of the vector pV;l (see, 

commonly assigned U.S.S.N. 223,037) in the correct 

orientation by standard methods, to produce the plasmid 

pHuGTACl (Figure 7). This plasmid will express high levels 

of a complete heavy chain ~hen transfected into an 

appropriate host cell. 

The two light chain Xba I - Hind III fragments ~ere 

isolated from the pUClS plasmids in which they had been 

inserted. The vector plasmid pV~l (~, commonly assigned 

U.S.S.N. 223,037) was cut with Xba I, dephcsphorylated and 

ligated with the t~o fragments by standard methods. The 

15 desired reaction product has the circular form: vector - Xba 

I - fragment 1 - Hind III - fragment 2 - Xba I - vector. 

Several plasmid isolatPs were analyzed by restriction mapping 

and sequencing, and one with this form chosen. This plasmid, 

pHuLTAC (Figure 8), therefore contains the complete humanized 

20 light chain (Figure 4) and will express high levels of the 

light chain when transfected into an appropriate host cell. 

Synthesis and affinity of humanized antibody 

The plasmids pHuGTACl and pHuLTAC were transfected 

25 into mouse Sp2/0 cells, and cells that integrated the 

plasmids were selected on the basis of resistance to 

mycophenolic acid andf~; hygromycin B conferred by the gpt 

and hyg genes on the plasm~ds (Figures ·7 ,8) by standar·d 

methods. To verify that these cells secreted antibody that 

30 binds to the IL-2 receptor, supernatant from the cells was 

incubated with h~T-102 cells that are known to express the 

IL-2 receptor. After washing, the cells ~ere incubated •ith 

fluorescein-conjugated goat anti-human antibody, washed, and 

analyzed for fluorescence on a FACSCAN cytofluorometer. The 

35 results (Figure 9A), clearly show that the humanized an~ibody 

binds to these cells, but not to Jurkat T-cells that do no~ 

express the IL-2 receptor (Figure 90). As controls, the 
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original mouse anti-Tac antibody was also used to stain these 

cells (Figure 9B,C), giving similar results. 

For further experiments, cells producing the 

humanized antibody were injected into mice, and the res~ltant 

ascites collected. Humanized antibody was purified to 

substantial homogeneity from the ascites by passage through 

an affinity column of goat anti-human immunoglobulin 

antibody, prepared on an Affigel-10 support (Bio-Rad 

Laboratories, Inc., Richmond, CA) according to standard 

techniques. To determine the affinity of the humanized 

10 antibody relative to the original anti-Tac antibody, a 

competitive binding experiment was performed. About 5 x 105 

HUT-102 cells were incubated with known quantities {10 - 40 

ng) of the anti-Tac antibody and the humanized anti-Tac 

antibody for 10 min at 4 deg. Then 100 ng of biotinylated 

15 anti-Tac was added to the cells and incubated for 30 min a~ 4 

deg. This quantity of anti-Tac had previously been 

determined to be sufficient to saturate the binding sites on 

20 

25 

30 

35 

the cells, but not ~o be in large excess. Then the cells 

were washed twice with 2 ml of phosphate buffered saline 

(PBS) containing 0.1% sodium azide. The cells were then 

incubated for 30 min at 4 deg with 250 ng of 

phycoerythrin-conjugated avidin, which bound to the 

biotinylated anti-Tac already bound to the cells. The cells 

were washed again as above, fixed in PBS containing 1% 

paraformaldehyde, and analyzed for fluorescence on a FACSCAN 

cytofluorometer. 

Use of increasing amounts (10 - 40 ng) of the 

anti-Tac antibody as competitor in the first step decreased 

the amount of biotinylated anti-Tac that could bind to the 

cells in the second step, and therefore the amoun~ of 

phycoerythrin-conjugated avidin that bound in the last step, 

thus decreasing fluorescence (Figure lOA). Equivalent 

amounts (20 ng) of anti-Tac, and humanized anti-Tac used as 

competitor decreased the fluorescence to approximately the 

same degree (Figure lOB). This shows that these antibodies 

have approximately the same affinity, because if one had 

greater affinity, it would have more effectively competed 
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