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10 20 30 40 50 60
GATCCCGAGGTTATGCTGGTTGAATCTGGTGCGAGTACTGATGGAACCTGGTGGGTCCCTG
D P E VvV M L V E S G GG V L M E P G G 8§ L

Scal . Eco0

70 80 90 100 110 120
AAGCTGAGCTCETGCTGCTAGCGGCTTCACGTTCTCTCCTTACGCCATGTCTTGGGTCCGT
XK L 8 ¢ A A 8 G FTUV F S R Y A M S W VR

EspI NheIX PLIMI

130 140 150 160 170 180
CAGACTCCGGAGAAGCGTCTAGAGTGGGTCGCGACGATATCTTICTGGTGGTTCGAACACT
Q T P E XK RLEWUV ATI S S GG S NUT
BspMIl Xbal Nrul  EcoRV Asull

190 200 210 220 230 ) 240
TACTATCCAGACAGTCTGAAGGGTCGATTCACGATCTCTCGAGACAACGCTAAGAACACS
Y Y P DSV XGRV FTISUBRDN AT KNT

Xhol

250 260 270 280 2980 300

T TGTACCTGCAAATGTCTTCTCTACGTAGTGAAGATACTGCTATGTACTACTGTGCACGT

L ¥ L QM S S L R S E DT AMY Y C A R
BspMI+ SnaBl ApalLI

310 320 330 - 340 350 ‘360
CCTCCACTGATCTCACTAGTTGCTGATTATGCCATGGATTATTIGGGGTCATGGTGCTAGC
P P L I 8 L V A D Y A MDVY WG HG A s

sSpel Ncol Nhel

370 380 390 400 410 - 420
GTTACTGTGAGCTCTGGTGGCEGETGGETCGGGCEGTGGTGGCTCGGETGGCGGCEGGATCG
VT VS S G 666 6 8 66 G G S GG 6 G G s

Sacl : ’

430 440 450 460 470 480
- GATATCGT TATGACTCAGTCT CATAAGT TCATGTCCACTTCTGTTGGTGACCGTGTTICT
DI vV M T Q §S H XK FM 85 T S8 V GG D R V s

ECORY : BstEII

490 500 ) 510 520 530 - 540
ATCACTTGTAAGGCCAGCCAGGATGTGGGTGCTGCTATCGCATGGTATCAGCAGAAGCCC
I T C K A 8 Q DV G a A I A W Y Q Q@ K P

PEIMI Sma

550 560 570 580 590 600
GGGCAGTCTCCTAAGCTGCTGATCTACTGGGCGTCGACTCGTCATACTGGTGTCCCGGAT
¢ Q §$ P KLLI Y WA ST TIRUHTGUV P D

I Sall .

610 620 €30 640 650 660
CGTTTCACTGGGTCCGGATCAGGTACTGATTTCACTCTGACTATTTCGAACGTTCAGTCT
R F TG S G SG&GTDF TLTTISNVA QS

BspMII Asull

- 670 680 690 700 - 710 720

GATGACCTGGCTGATTACTTCTGCCAGCAATATTCCGGGTACCCTCTGACTTTCGGTGCC

b DL ADYU FOCQ QY S G Y PL TTV F G A
SspI - Kpnl Nae

730 740 750
GGCACTAAACTCGAGCTGAAGTAACTGCAG FiG. qE
G T K L E.L K *

I - Xhol Pstl
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10

20

Met Lys Ala Ile Phe Val Leu Lys Gly Ser Leu Asp Aryg Asp Leu Asp Ser Arg Lau Asp
ATG AAA GCA ATT TTC GTA CTG AAA GGT TCA CTG GAC AGA GAT CTG GAC TCT CGT CTG GAT

BglIx
30

40

Leu Asp Val Arg 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 GIT CTG GTC GAC CTG GCT .

50

Bell Sall

60

Arg Asn Asp Leu Ala Arg Ile Val Thr Pro Gly Ser Arg Tyr Val Ala Asp leu Glu FPhe
CGT AAC GAC CTG GCT CGT ATC GTT ACT CCC GGG TCT CGT TAC GTT GCG GAT CTG GAA TTC

- . Smal

asp FlGr. 10A

b GAT

EcoRI
SspIt

Pst1

AfIII

FIG.

EcoRI

10 B
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9?/3/

10 20 30 40 50 60
GAATTCATGGCTGACAACAAATTCAACAAGGAACAGCAGAACGCGTTCTACGAGATCTTG
E FM A DNIEKT FNIKE QW QN ATFVYETIL
EcoRl Mlux BgllI

Xmnl ‘

- 70 . 80 90 lc0 110 120
CACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAAAGCTTGAAGGATGAG
H L PNULNEEU QI RNUGT FTIOGQSULI KTDE

BspMI+ HindIII

130 140 150 160 170 180
CCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAACGATGCGCAGGCACCG
P S Q S A N L L A D A KX L NUDAUGQA AP

Nhel Fspl

150 200 210 220 230 . 240
AAATCGGATCAGGGGCAATTCATGGCTGACAACAAATTCAACAAGGAACAGCAGAACGCG
K s D Q 6 Q FM A DIDNI KV FNI KEGQOGQNA- A

Mlul
Xmnl

250 260 270 280 290 300
TTCTACGAGATCTTGCACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAA
F Y E I L HL P NLNUEEUGQURWNUGT FTIOQ

BglII BspMI+ H

310 320 330 340 350 360
AGCTTGAAGGATGAGCCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAAC
S L XK D E P 8 Q@ § A NL L A DA KI KULN

indIIX Nhel

370 380 F’\Gﬂo ‘¢4 -

GATGCGCAGGCACCGAAATCGGATCC
D AQ A PI K STDP
FspI BamHI
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24(3(

10 20 30 40 50 60 70
GGATCCGGTAACTCTGACTCTGAATGCCCGCTGAGCCACGACCCGTACTGCCTGCACGACGGTGTTTGCATGTAC
G S GNSDSETCTPTLSUHDGTYT CLEHUDTGTVTC CHMSZY

BanHI BsaI+ - Espl

N 85 95 105 115 125 1385 145
ATCGAAGCTCTGGACAAATACGCATGCAACTGCGTTGTAGGCTACATCGGTGAGCGCTGCCAGTATCGCGATCTG
I EALDI KYAUCNTZGCV VGG YIGERGCGQYURDL
sphl ' - Nrul

160 170
AAATGGTGGGAGCTGCGTTAACTGCAG F l Cn . ! 5 A
K W W E L R ¢+
Hpal PstI

{BABS)~-
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25/3(
(BABS) -

10 20 30 40 50 60
GGATCCGGTGGCGACCCETCCAAGGACTCCARAGCTCAGGTTTCTGCTGCCCAAGCTGGT
G S 6 G D PS KD S KAQV S A AEAG

BamHI

70 80 90> 100 110 120

ATCACTGGCACCTGGTATAACCAACTGGGGTCGACTTTCATTGTGACCGCTGGTGCGGAC

I T 6T WJUYNGQULG STV FTIVTA BAGA ATD
Sall

130 140 150 160 i70 180
GGAGCTCTGACTGGCACCTACGAATCTGCGGTTGGTAACGCAGAATCCCGCTACCGTACTG

G AL TGT Y E S AV GHNAE S RY VL
SacI SnaBI

150 200 210 220 230 240
ACTGGCCGTTATGACTCTGCACCTGCCACCCATGGCTCTGGTACCGCTCTGGGCTGGACT
T G R Y DS APATT DTG SGTA ATLTGTWT

BSpMI+ KpnI

250 260 270 280 290 300
GTGGCTTGGAAAAACAACTATCGTAATGCGCACAGCGCCACTACGTGGTCTGGCCAATAC
V AW KNUNZY®RNAHSA ATTUWS G Q Y

Fspl Dralll BalIl
PLIMI BstXT .
310 320 330 340 350 360

GTTGGCGGTGCTGAGGCTCGTATCAACACTCAGTGGCTGTTAACATCCGGCACTACCGAA
VGG A E A RINTAGQQWULILTS G TTE
DralIll Hpal

- 370 k3103 390 400 410 420
" GCGAATGCATGGAAATCGACACTAGTAGGTCATGACACCTTTACCAAAGTTAAGCCTTCT
A N AW K S T LV G H DT TV FTI XKV K P S

BsmI+ spel
Nsil

430 440 450 460 470 480
GCTGCTAGCATTGATGCTGCCAAGAAAGCAGGCGTAAACAACGGTAACCCTCTAGACGET
A A S I DA AKI KA AGV YVYNNGNUPIULUDA

Nhel . BstEII Xbal
490 500
GTTCAGCAATAACTGCAG ’
V Q Q =* FlCa. 158
Pstl
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(BABS)- N/
10 20 30 40 - 50 60

" GGATCCGGTGTACGTAGCTCCTCTCGCACTCCGTCCGATAAGCCGGITGCTCATGTAGTT
G S G VRS S S RTUPSDIKUPV A BV UV

BamHI SnaBI

70 80 90 100 - 110 120
GCTAACCCTCAGGCAGAAGGTCAGCTTCAGTGGCTGAACCGTCGCGCTAACGCCCTGCTG
A NP Q A E G Q L Q WL NIRUIRANAGAULL
MstIl BglX

130 140 150 160 170 180
GCAAACGGCGTTGAGCTCCGTGATAACCAGCTCGTGGTACCTTCTGAAGGTCTGTACCTG
A NGV ELRUDNAG QULUVYVY P S EGULUYUL

SacI P£IMI Kpnl .

190 200 210 220 230 240
ATCTATTCTCAAGTACTGTTCAAGGGTCAGGGCTGCCCGTCGACTCATGTTCTGCTGACT
I ¥ s @ vV L F K 6 Q G € P S THV L L T

Scal sall

250 260 270 280 ' 290 300
CACACCATCAGCCGTATTGCTGTATCTTACCAGACCAAAGTTAACCTGCTGAGCGCTATC

H T I s R I AV S Y Q T K VYV NLIL S ATI
HpaIBspMI+ Eco47III
Espl

310 320 330 340 350 360
AAGTCTCCGTGCCAGCGTGAAACTCCCGAGGGTGCAGAAGCGAAACCATGGTATGAACCG
K 8§ P C Q R ETUPEG AZEAI K DPWYETP

Necol

370 380 390 400 410 420
ATCTACCTGGGTGGCGTATTTCAACTGGAGAAAGGTGACCGTCTGTCCGCAGAAATCAAC
I ¥ L GGGV FQULEI KSGUDU RULSATETIN

BstEII

430 440 450 460 470 480
CGTCCTGACTATCTAGATTTCGCTGAATCTGGCCAGGTGTACTTCGGTATTATCECACTG
R P D YLDV FAESGOQV Y F I I alL

Xbal Ball :

490 | -
TAACTGCAG FIG, 15C
*
PstI

PCT/USS8/01737

PFIZER EX. 1502

Page 3009



WO 88/09344 PCT/US88/01737

87|31

(>4

(BABS) -

10 20 30 40 S0 60
GGATCCGGTGCTGATCAGCTGACTGACGAGCAGATCGCTGAATTTAAAGAGGCTTTCTCT
G S G A DQULTTDEGQTIOAEUPIKEATF 8

BamHI BelIPvull Dral

70 80 90 100 110 120
CTGTTTGACAAAGACGGTGACGGTACCATCACTACCAAAGAGCTCGGCACCGTTATGCGC

L FDXDGDGTTITTI KTETLGTV MR
KpnI SacI Fspl

130 140 150 160 170 180
AGCCTTGGCCAGAACCCGACTGAAGCTGAATTGCAGGACATGATCAACGAAGTCGACGCT

S L ¢ @ N P T EAUEULGQQUDMTINDNEU VDA
Ball ’ . Bell Sall

190 200 210 220 230 240

GACGGTAACGGCACCATCGATTTTCCGGAATTTCTGAACCTGATGGCGCGCAAGATGAAA
D G NG T I DVF P E F L N L M ARI KMIK
Clal BspMII BssHII

250 260 270 280 290 300
GACACTGACTCTGAAGAGGAACTGAAAGAGGCCTITCCGTGTTTTCGACAAAGACGGTAAC
D T D S E EEL K E AV F RV F DI KDGN
stul

310 320 330 340 350 360

GGTTTCATCTCGGCCGCTGAACTGCGTCACGTTATGACTAACCTGGGTGAAAAGCTTACT

G F I S A A ELRHV M TNILGTEI KHLT
Eagl ; . HindIII

370 380 3s0 400 410 , 420
GACGAAGAAGTTGACGAAATGATTCGCGAAGCTGACGTCGATGGTGACGGCCAGGTTAAC
bDEEV D EMIREA ADUVYVYDGDGGQ VN

XmnI Nrul AatII Hpal
430 440 450
TACGAAGAGTTCGTTCAGGTTATGATGGCTAAGTAACTGCAG F | Cn ] 5 D
Y E E F V. @ V. M M A K =» M
Pstl
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o) - 237/

: 10 : 20 30 40 50 60
GGATCCGGTGGAGGCTCTCTGGGCTCTCTGACTATTGCCGAACCGGCAATGATTGCTGAA
G S G G G 8 L. G 8 L T I A E P A M I A E
BamHI BglIl Bsm

70 80 20 100 110 120
TGCAAGACTCGTACCGAAGTCITCGAGAT CTCTCGTCGTCTGATCGATCCCACTAATGCC
¢ K T R T E UV F EI S RRULIDU RTNA
I+ BglIl Clal . -

: T Pvul

130 140 1s0 160 170 is0
AACTTCCTGGTATGGCCGCCGTGCGTCGAGGTACAACGCTGCTCCGGGTGTTGCAACAAT
N F L vV W&PPCV EVYV Q RCS G CCNN

tXI '

190 200 210 220 230 240
CGTAACGTTCAATGTCGACCGACTCAAGTCCAGCTGCGTCCGGTCCAAGTCCGCAAAATC
R NV Q €C R PTOQV QL RUPV Q VR RIK1I

Sall Pvull -

250 260 270 280 290 300
GAGATTGTACGTAAGAAACCGATCTTTAAGAAGGCCACTGTTACTCTGGAAGACCATCTG
EI VRIKTZKTPTITFTZ KT KA ATTVTTLTETDEHL

SnaBI

310 320 330 340 350
GCATGCAAATGTGAGACTGTAGCGGCCGCACGTCCAGTTACTTAACTGCAG
A C K C ETV A A A RPV T *
SphI Eagl Pstl

Notl
Finh ISE.
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f 29/«
(BABS) -

10 20 30 40 50 60
GGATCCGGTATATTCCCCAAACAATACCCAATTATAAACTTTACCACAGCGGGTGCCACT
G S 6 I F P XK QVYPIZINVFTTA ATGA AT
BamHI

70 80 90 100 110 120
GTGCAAAGCTACACAAACTTTATCAGAGCTGTTCGCGGTCCTTTAACAACTGGAGCTGAT
vV g §s ¥ T NP FIURAV.RGRULTTGA AD

150 140 . 150 160 170 180
GTGAGACATGAAATACCAGTGTTGCCAAACAGAGTTGGTTTGCCTATAAACCAACGGTTT
VR HETIUPV L PNURVYVYGUL PI NOQRZRTF

190 200 210 220 230 240
ATTTTAGTTGAACTCTCAAATCATGCAGAGCTTTCTGTTACATTAGCGCTGGATGTCACC
I LV EVLSNU HATELSUVTULATLDUWVVT

' Eco471I1I

: 250 260 270 : 280 290 300
AATGCATATGTGGTCGGCTACCGTGCTGGAAATAGCGCATATTTCTTTCATCCTGACAAT
N A Y V vV 6 Y R A G N 8 A Y F FH P D N

NdeIl
Nsil

310 320 330 340 ‘ 350 360
CAGGAAGATGCAGAAGCAATCACTCATCTTTTCACTGATGTTCAAAATCGATATACATTC

Q E D A EAI THULU FTUDUVQNZRUYTTF
ClaI

370 380 380 400 410 420
GCCTTTGGTGGTAATTATGATAGACTTGAACAACTTGCTCGGTAATCTGAGAGAAAATATC
A F G G N Y D RL EQULAGNIULRENITI

430 440 450 . 460 470 480
GAGTTGGGAAATGGTCCACTAGAGGAGGCTATCTCAGCGCTTTATTATTACAGTACTGGT
E L G NG PULETEA ATIS ALY Y ¥ 8§ T G

Eco47III Scal

490 500 510 - 520 530 540
GGCACTCAGCTTCCAACTCTGGCTCGTTCCTTTATAATTTGCATCCAAATGATTTCAGAA
G T Q LPTLATRTGST FTITITCTIOGQMTISE

550 560 570 580 590 - 600
GCAGCAAGATTCCAATATATTGAGGGAGAAATGCGCACGAGAATTAGGTACAACCGGAGA
A A RF Q YI EGEMUPBRTI RTIUZRYNDZRHR R

FspI i Bgl

€lGn, \SF

PFIZER EX. 1502
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383

10 . 20 30 40 S0 60
GGATCCGGTGCTCCGACTTCTAGCTCTACTAAGAAAACTCAGCTTCAGCTGGAACACCTG
G 8§ GA PT S S 8 T K KTOQULGQULEIU& BRTL

BamHI : Pvull

(BABS) -

70 80 20 100 110 120
CTGCTGGACCTTCAGATGATCCTGAACGGTATCAACAACTACAAGAACCCGAAACTGACT
L LDLQMTITLNTGTININTYT KNTPTE KTLT

130 140 150 160 170 180
CGTATGCTGACTTTCAAATTCTACATGCCGAAGAAAGCTACCGAACTGAAACACCTTCAG
R M L T F KU F Y M P K KATETULI KU HULOQ

190 200 210 220 230 240

- TGCCTGGAAGAAGAACTGAAGCCGCTGGAGGAAGTACTGAACCTGGCTCAGTCTAAAAAC

¢ L E E E L K P L E E V L NL A Q § K N
Scalx

250 260 270 280 290 300

TTCCACCTGCGTCCGCCTGACCTGATCAGCAACATCAACGTAATCGTTCTAGAACTTARA.

F HLRUPIRUDIULTISNINJU VIUVVILEULK
Bell Xbal

310 320 330 340 350 360
GGCTCTGAAACTACCTTCATGTGCGAATACGCTGACGAAACTGCTACCATCGTAGAATTT
G S ETTTFMGCTE Y ADETA ATTIVTETF

370 380 390 400 410 420
CTGAACCGTTGGATCACCTTCTGCCAGTCTATCATCTCTACTCTGACTTAACTGCAG

L NR W I TP F CQ 8§ I I 8 T UL T =*
Pstl

Fltn, 15GCr
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(BABS) - , : g//gj

10 - 20 30 40 . S0 60
GGATCCGGTGCTGACAACAAATTCAACAAGGAACAGCAGAACGCGTTCTACCAGATCTTG
G 8 G A DNI KTV FNI KEUGQUQNATFUYETIWL
BamHI Mlul BglII

. ‘ XmnI

70 80 90 100 110 120
CACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAAAGCTTGAAGGATGAG

H L PNUILNUEEU QU RNUGU FTIOQSULI KTDE.
BSpMI+ HindIIIX

130 140 150 160 170 180
CCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAACGATGCGCAGGCACCG
P § @ S A N L L A D AI KU KULNDA AUGQA AY?P

Nhel Fspl

- 190 200 210 220 230 240
AAATCGGATCAGGGGCAATTCATGGCTGACAACAAATTCAACAAGGAACAGCAGAACGCG

K 8 D Q G Q FM A DNI XU F NKZE OQUG QN A
Mlul

XmnI

250 260 270 280 290 - 300
TTCTACGAGATCTTGCACCTGCCGAACCTGAACGAAGAGCAGCGTAACGGCTTCATCCAA
F Y E I L H L P NL NEEUOGQIR NGV F I Q

BglIlI BspMI+ H

310 320 330 340 350 360
AGCTTGAAGGATGAGCCCTCTCAGTCTGCGAATCTGCTAGCGGATGCCAAGAAACTGAAC
) S L XK D E P S Q §S A N L L A DA XK K L N
indIII - Nhel '

370 380 Fl G'l '5“

GATGCGCAGGCACCGAAATAACTGCAG
D A Q A P K *»
Fspl : Pstl
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I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) ®

According to International Patent Classiflcation (IPC) or to both National Classification and IPC

IPC(4)- CO7K 13/00, C12P 21/00, Ci2N 15/00, CO7H 15/12
U.S. CL.: 530/287, 435/68, 435/172 3, 536/27

. FIELDS SEARCHED

Minimum D lion Searched 7

Classification System | Classification Symbois
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to the Extent that such Documents are Included in the Fields Searched &
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b4 U.S., A, 4,642,334 (MOORE ET AL) 1-48
10 February 1987. See abstract
and columns 2, 3, 25 and 26.

Y BIOCHEMISTRY, Volume 17 issued 1-48
1978, September (Washington, D.C.,
U.s.a.), (M.S. ROSEMBLATT ET AL.)
"Isolation of an active variable-
domain fragment from a homogeneous
rabbit antibody heavy chain,
physiochemical and immunological
properties"”, See pages 3877-3882,
See particularly page 3877.

Y BIOCHEMISTRY, Volume 19, issued : 1-48
1980, August (Washington, D.C. -
U.S.A.), (P.H. EHRLICH ET AL),
"Isolation of an active heavy-chain
variable domain from a homogeneous
rabbit antibody by cathepsin
B digestion of the aminocethylated
heavy chain" See pages 4091-4096.
See particularly page 4091.
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which ig cited to the date of uyn decument of parﬂcular 1 : the claimed
or other special (as specified) be ive step when the

d to

document is combfned wm\ one or ‘mare other such docu-
ments, such being o 3 to a p skilled
in the art.

“4" document member of the same patent family
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latar than the priority date claimed
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PROCEEDINGS NATIONAL ACADEMY OF
SCIENCES, U.S.A., Volume 81,

issued 1984, November (Washington,
p.C., U.S.A.), (MORRISON ET AL.),
"Chimeric human antibody molecules:
mouse antigen binding domains with
human constant region domains®,

See pages 6851-6855.-

See particularly pages

6851 and 6855.

PROCEEDINGS NATIONAL ACADEMY OF
SCIENCES U.S.A., Volume 84,
issued 1987, January (Washington,
D.C., U.S.A.), (L.K. SUN ET AL
"Chimeric antibody with human
constant regions and mouse
variable regions directed against
carcinoma-associated antigen
17-A", See pages 214-218. See
particularly page 214.

PROCEEDINGS NATIONAL ACADEMY
SCIENCES U.S.A., Volume 82,

issued 1985, May (Washington,

D.C., U.S.A.), (S. OHNO ET AL),
"Antigen-binding specificities of
antibodies are primarily determined
by seven residues of Vg", See pages
2945-2949, See particularly page
2945. :

CHEMICAL ABSTRACTS, Volume 107,

No. 5, issued 1987, August 3
(Columbus, Ohio, U.S.A.), A.P,
RICHARDSON ET AL., "The radiolabeling
of antibodies for use in tumor
location and treatment”, See page 330
column 1, the abstract no. 35697n,
Med. Sci. Res. 1987, 15(7),

343-7 (Eng.)

CHEMICAL ABSTRACTS, Volume 105,
No. 5, issued 1986, August 4
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SPECIFIC BINDING AGENTS

This invention relates to epecificzbinding eQents,
and in particular to polypeptides containingjeminb acid
sequences that bind specifically to other proteinaceous or
non-proteinaceous materials. The invention hoéﬁ
particularly concerns the productlon of such Spec1f1c
binding agents by genetic englneerlng. s

ntibody structure

Natural antibody molecules con51st of two ldentlcal
heavy-chain and two identical llght-chaln polypeptldes,
which are covalently linked by dlsulphlde ‘bonds. ‘Figure
13 of the accompanying draw1ngs dlagramatlcally represents
the typlcal structure of an antlbody of the IgG class.
Each of the chains is folded into several dlscrete
domains. The N-terminal domains of all the. chains are
variable in sequence and therefore called the varlable
regions (V-regions). The V—reglons of one heavy (VH) and .
one light chain (VL) associate to form the antigen-binding
site. The module formed byitheAcombined VH and VL*domains
is referred to as the Fv (va:iable fragmentj ofvthe’
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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 (CHl1, 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 Fc 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 i
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 "altered" human antibodies, ie. ‘
immunoglobulins having essentially human constant and
framework regions but in which the complementérity
determining regions (CDRs) correspohd.tohtho$é found in a
non-human immunoglobulin, and also‘to-cbrresﬁqnding
reshaped antibody fragments. h o

The general principles by which such’réShaped~human
antibodies and fragments may be produced are now '
well-known, and reference can be ma@é'to‘JonesAet al
(1986), Riechmann et al (1988), Verhoeyen et al (1988),
and EP-A-239400 (Winter). A comprehensive'lisﬁ of
relevant literature references is provided later in this

specification.

Reshaped human antibodies and f:agmentsfhavé'
particular utility in the in-vivo'diagnoéis.and treatment
of human ailments because the essentially'huﬁaﬁ'prbteins
are less likely to induce undesirable adversefrééctions
when they are administered to a human patient,~and '
the desired specificity conferred by the CDRs éan be
raised in a host animal, such as a mouse, from which
antibodies of selected specificity can be 6btaiﬁed'more
readily. The variable region genes can be cloned from the
non-human antibody, and the CDRs grafted into a human
variable-region framework by genetic engineefing
techniques to provide the reshaped hﬁman 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:prefétébly the whole
non-human variable region segquence, to'allcw
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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 segquence of
amino acids to produce a novel or naturefidentical
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 binding
capability. '

The invention provides as an important embodiment, a
reshaped human antibody, or a reshaped human antibody
fragment, having anti-human placental alkaline phosphatase
(PLAP) specificity.

More particularly, the invention provides a reshaped
human antibody or reshaped human antibody fragment, having
anti-human placental alkaline phosphatase specificity, :
céntaining one or more of the CDRs depicted in Figures 1
and 2 of the accompanying drawings. Preferably, the 4
reshaped antibo&y 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
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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 embodzment of the 1nventlon is a reshaped
antibody or reshaped antibody fragment. cantainlng a
protein segquence as depicted in Flgure 10 and/or Figure 11

of the accompanying drawlngs.

Other important embodiments of'the'ihyeﬁtibneare an

- expression vector incorporating a DNA sequence as depicted -

in Figure 10 and/or Figure 11 of the. accompanylng
drawings, and an expression vector. 1ncorporating a DNA
sequence encodlng one or more of the proteln sequences
designated as being a CDR in Flgure 1 and/or Flgure 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 eccording to-
the invention. This can be a stable host cell line '
containing a foreign gene that encodes at least one of the
amino acid sequences designéted'as beiﬁé a“CDR in Figure"l
and/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 PLAP.

- The invention particuleriy provides'enfimmortalised
mammalian cell line, or a yeast, or other eukaryotic cell,
or a prokaryotic'cell such es a bacterium, producing a
reshaped antibody or fragment according to the invention.
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Another important aspect of the invention is a
synthetic sﬁecific 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-HulgGl and pSVneoHuUVKPLAP~HuCk, and these
plasmids can be used in the production of a synthetic
specific binding agent, reshaped human antibody or
reshaped human antibody fragment.

These plasmids are contained in novel E.coli strains
NCTC 12389 and NCTC 12390, respectively.

Other aspects of the invention are:

a) 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.

b) 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.

c) A reshaped human antibody heavy-chain variable region
having specificity for human plécental alkaline :
phosphatase, producible by means of the expression
vector contained in E.coli NCTC 12389. 5

d) A reshaped human antibody light-chain variable region
having specificity for human placental alkaline

SUBSTITUTE SHEET

PFIZER EX. 1502
Page 3026



WO 91/07500

10

20

25

30

35

PCT/GB90/01755

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

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 fragment posséSéing’anti-PLAP
specificity and incorporating a comblnatlon ‘of . ‘CDRs (which
may, for example, be cloned from a murine antl-PLAP
immunoglobulin) having the amino acid sequences didentified:
as CDR1, CDR2 and CDR3 respectlvely in Flgures 1 and 2 of ,A
the accompanying drawings, which respectlvely represent
the heavy chain variable region (VH) andllight‘chain
variable region (Vk) of a murine anti-PLAP monoclonal
antibody that we have cloned and sequenced; In the case
of an intact antibody, or a fragment comprlslnq at least
one heavy chain variable region and at least one 1lght
chain variable region, the reshaped antlbody or fragment
preferably contains all six CDRs from the non-human
source. To be most effective in blndlng, the CDRs should
preferably be sited relative to one another 1n 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-f#amewerk,seqdences can
be subject to minor modifications and variations'without
the essential specific binding capability beiné
significantly reduced. Such minor modificatione and
variations ¢an be present either at the genetid'level'or '
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 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.

Any human constant regions (for example, gamma 1, 2,
3 or 4-type) can be used.

Antibody fragments retaining useful specific binding
properties can be (Fab)z, 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 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
human body. The invention also includes injectable

SUBSTITUTE SHEET

PCT/GB90/01755

PFIZER EX. 1502

Page 3028



WO 91/07500

10

15

20

25

30

35

PCT/GB90/01755

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 human antl—PLAP antlbody or
fragment as defined above. The 1nventlon further 1nc1udes
the use of such an antibody or fragment for the -
manufacture of a medicament for therapeutlc applléation in
the relief of cancer in humans, or the use of such an
antibody or fragment in the manufacture of a’ dlagnostlc
composition for in-vivo diagnostic appllcatlon in humans.

The Fc region of the antibedy, iﬁsélf‘ﬁsing path&ays
and mechanisms available in the bédy,'such'és complement
lysis and antibody dependent cellular cyﬁqtoxicity} can be
used to affect adversely the growth of cancercus cells.

In this embodiment, no additional reagent need be linked

to the reshaped antibody.

Examples of agents capable of affectlng adversely the
growth of cancerous cells include radzo;sotopes, such as
Yttrium 90 and Iodine 131; drugs such as methotrexate;
toxins such as ricin or parts thereof; and enéymes‘which
may for example turn an lnactlve drug 1nto an active drug

at the site of antibody bzndlng.

Examples of imaging agents include radibisotopes
generating gamma rays, such-as Indium 111'énd Technetium
99; radioisotopes generating positrons? such as Copper 64}
and passive agents such as Barium which act as'cqntrast
agents for X-rays, and Gadolinium in nmr/esr 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
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chelating agent.'.Hany 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 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 1iqﬁids such as
pleural effusions.

Modified antibody production

The portions of the VH and VL regions that by
convention (Kabat, 1987) ére 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 obtained in the reshaped human
antibody if certain non-human framework sequences are s

. conserved in the reshaped human antibody. The objective

is to conserve the important three-~dimensional protein
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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
antibody in accordance with the invention can be p;epared,
is a cell (preferably an immortalised ceil line), derived
from a non-human host animal (for example, a mouse), which
expresses an antibody having'specificity‘agaihSt“human
PLAP. Such a cell line can, for example,'beia'hYbfidoma
cell line prepared by conventional monoclonal antibody -
technology. Preferably, the eipressed'antibcdy.has a high .
affinity and high specificity for PLAP, because it should ’
be anticipated that some 10Ss of'affinity ahd/or o
specificity may occur durlng the transfer of these
properties to a human antlbody or fragment by the
procedures of the invention. By selectlng a hlgh afflnlty
and high specificity antibody as the parent antlbody, the
likelihood that the final reshaped antlbody or fragment
will also exhibit effectlve binding properties is.

enhanced.

The next stage is the cloning cf the CDNA from the
cell expressing the selected non-human’ antlbody, and
sequenc1ng and 1dent1f1catlon of the varlable reglon genes
including the sequences encoding the CDRs.A The procedures

involved can now be regarded as routlne in the ‘art,

although they are st111 laborlous.,-

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. llght varlable domalns, it
will be necessary to sequence the cDNA assocxated with

both of these. domains.

SUBSTITUTE SHEET

PFIZER EX. 1502
Page 3031



WO 91/07500 PCT/GB90/01755

10

15

20

25

30

35

- 12 -

Once the relevant cDNA 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 gene, 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 inventioh, 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
a bacterial systen, 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 ;
éiven later in this specification. The manipulation of
DNA material in a suitably equipped laboratory is now a
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 cDNA libraries, plasmids,
restriction enzymes, and the various reagents and media
which are required in order to perfdrm Such,ﬁanipulations,
are available commercially from suppliers of laboratory
materials. For example, genomic and cDNA 1ibra:ies can be
purchased 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
way critically dependant upon the aﬁailabiii;yLof'one or
more special starting materials. In practice;ithe skilled
person has a wide range of materials from which to choose,
and can exploit and adapt the pubiished'techhélogy using -
acquired experience and materials thaf_are mos£ feadily
available in the scientific environmentf priexample,
many plasmids fall into this categbry;.having,been-éo; ,
widely used and circulated within the reievantiSCientific‘
community that they can now be regarded,as,éémmon~place

materials.

Examples

The procedure used to'prepare‘:éshaped anti-PLAP
human antibodies is described in detail below, .by way of
example only, with reference to the accompanying drawings,

of which:

Figure 1 shows the cDNA sequence coding for a murine
heavy chain variable region having‘antié?LAP spécificity;
The 3 classical CDRs are indicated, togéthervwith an amino
acid sequence matching the cDNA code. A

“Figure 2 shows the cDNA sequencé_codinglfOr 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
expreséion vector encoding a reshaped human heavy chain
incorporating the CDRs of Figure 1, can be prepared.

Figures 4a and 4b 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 5 shows the plasmid pUl2-IgEnh, which contains
an enhancer sequence used in the routes of Figures 4a and
4b. )

Figurevs shows the source of plasmid pBGS18-HulgGl
used in the route of Figure 3b.

Figure 7 shows the source of plasmid pBGS18-HuCk used
in the route of Figure 4b.

Figure 8 shows two synthetic oligonucleotide
sequences I and II used in cloning the cDNA 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 c¢cDNA and amino acid
sequences of the resulting reshaped human heavy and light
chain variable regions respectively.

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 depicts in diagrammatic form the structure

of a typical antibody (immunoglobulin) molecule.

The experimental procedures required to_practice the
invention do not in themselves represent:uhusual
technology, and they involve straightfdryard-eloniﬁg’and
mutagenesis techniques as generally described qu‘eﬁampleA
in Verhoeyen et al (1988); Riechmann et al (1988) and
EP-A-239400 (Winter). Alternatively, if an appropriate
DNA sequence is already known in detail (fhe drawings
accompanying thls spe01flcatlon includes. a sequence
associated w1th anti-PLAP Sp&lelClty), the reshaped human
variable region genes can be synthesxsed in v1;ro (see
Jones et al, 1986). Laboratory equipmenf ana'reagents'for
synthesising long ollgonucleotldes are readily available,
and as techniques in this field develop it is becomlng
practicable to synthesise progresslvelg.lengerisequences.

Detailed laboratory manuals, eovering'ell*basid
aspects of recombinant DNA techniques, are. available, e.qg.
"Molecular Cloning" by Sambrook et -al (1989).-

By means of the invention, the antigen binding
regions of a mouse anti-PLAP antibody were'grafted onto
human framework regions. The resulting reshaped human
antibody (designated Hu2PLAP) has blndlng characterlstzcs
similar to those of the orlglnal mouse antlbody.

Such reshaped antibodies can be ﬁsed{fér‘in vivo
diagnosis and treatment of human canéefS)'eq.fpvarian
cancers and seminoma, and are'expected'et4lees£vto reduce
the problem of an immune response in the'patient eften
seen upon administration of non-humah'antibedy;‘“A similar
benefit has been shown for reshaped CAMPATH—l ant;body in
Hale et al (1988). : ) : :

SUBSTITUTE SHEET

PFIZER EX. 1502
Page 3035



WO 91/067500 PCT/GB90/01755

10

15

20

25

30

35

Methods:

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

Messenger RNA was isolated from the murine hybridoma
line "H17E2" which secretes a gamma-1, kappa anti-PLAP
antibody, described in Travers et al (1984). First strand
cDNA was synthesised by priming with oligonucleotides I
and II (see Figure 8) complementary to the 5' ends of the
CH1 and Ck exons respectively. Second strand cDNA was
obtained as described by Glibler and Hoffmann (1983).

Kinased EcoRI linkers were ligated to the now
double-stranded cDNA (which was first treated with EcoRI
nmethylase, to protect possible internal EcoRI sites),
followed by cloning into EcoRI-cut pUCS (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 cDNA
of anti-PLAP VH and Vk. Positive clones were
characterised by plasmid préparation, followed by EcoRI
digestion and 1.5% agarose gel analysis. Full-size
inserts (about 450bp) were subcloned in the EcoRI site of
M13mpl8 (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).

The nucleotide sequences, and their translation into
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 bp inserts included a signal 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
been described very adequately in Jones - et-el (1986),
Verhoeyen et al (1988), Rlechmann et al (1988) and in

EP-A-239400 (Winter).

The basic constructs used for reshaplng were
M13mp9HuUVHLYS (Verhoeyen et al, 1988) and M13mp9HquLYS
(Riechmann et.al, 1988), which respectlvely_contaln 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
thoroughly characterised and reported (Saul et al, 1978;
and Epp et al, 1974, respectively). :

" The CDRs in these constructs (Figures 3a and 4a) were
replaced by site-directed mutageneszs w1th
ollgonucleotldes ‘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 Figqure 9,,in'which the
sequences corresponding to the CDRs$ are underlined.

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-vil. The 700bp Xbal/EcoRI subfragment of this
1kb Xbal fragment is sufficient to confer enhancer
activity.

The reshaped human genes as prepared in section (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 pSvV2gpt (Muiligan et al,
1981), and the light chain variable region genes were
cloned into a vectqr based on pSvV2neo (Southern et al,
1981). Both cpntained 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
PSVgptMoVHLYS~MoIgGl (Verhoeyen et al, 1988) was used as
the source of a pSVgpt-based vector contaihing the IgEnhl
enhancer.

In the pSvneo based antibody expression vector (see
Fig. 5a - 5b), the 1kb Xbal enhancer containing fragment
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‘was first cloned into pUCil2 (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
pSV2neo-derived vector-(pSVneoMSN469 as shoWnrin.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 1n practxce there 'is no need

for neo selection.

 The Hu2VHPLAP gene was linked to a hﬁﬁanvgamma 1
constant region (Takahashi et al, 1982), cloned 1n1t1a11y
as a 8kb HindIII fragment into the HindIII site of pBGS18
(Spratt et al, 1986), and then in the pSVngt expre551on
vector as a BamHI fragment (see Flgures 3b and 6). It
should be noted that in the Takahashi et al ‘1982),.
reference there is an error in Fiéure 1: the'laSt”(3') two .
sites are BamH1l followed. by HlndIII, and not the converse.
This was confirmed by Flanagan et al (1982) ‘ '

The HuVKPLAP gene was linked to a_humen C"keppav
constant region (Hieter et al, 1980) also cloned in as a
BamHI fragment (see Flgures 4b and 7). The source of the
human Ck used in Figure 7 is glven ‘in Hieter et . al (1980).
The 12 kb BamHl fragment from embryonlc DNA - (cloned in a
gamma Ch28 vector system) was subcloned.;n_the BamHl1 site

of plasmid pBR322. .

d) Expression in myeloma cells

o—transfectlon of the expre551on plasmlds
PSVgptHU2VHPLAP-HuIgGl and pSVneoHquPLAP-Huck (Flgures 3b

and. 4b)  into NSO myeloma cells was done by electroporatlon
(Potter et al, 1984), after llnearlsation with PvuI.
Transfectomas were selected in mycophenollc 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

Thé 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
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. ‘

Multiwell plates (Costar 6595, PETG) were coated with
placental alkaline phosphatase (5 gg/ml in phosphate
buffered saline pH 7.4, 37°C, 2 hours). The plates were
rinsed in phosphate buffered saline before blocking with
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.
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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 (anﬁirhuman IgG for
the reshaped antibody and anti-mouse igG’for the parent
molecule). The conjugate (Slgma) in buffer (1:1000) was
incubated for one hour at room temperature, ‘followed ‘by
four washes as above. Colour development (45 mlnutes) was
with tetramethyl benzidene (0. 01%) and hydrogen percx1de‘
(1:200 or 100 vols) in citrate buffer pH6.5. The reaction
was stopped with 2M hydrochloric acid. - o ‘

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 percentaqe'cf the maximum colour (binding)
seen. The two curves are Similer,'indicatingfé
significant and useful level of binding effectiveness for
the reshaped antibody of the invention.

£) Deposited plasmids

E.coli strains contalnzng plasmlds used in the above
procedure have been deposited, in accordance wlth the
provisions of the Budapest Treaty, in the Natlonal '
Collection of Type Cultures on 19 April.1990 as follows:

NCTC 12389: K12, TGl E. col; contalnlng plasmld
pSVgptHuZVHPLAP-HngGl :

NCTC 12390: K12, TGl E;go;i_contaiping plasmid
PSVneoHuvVkPLAP-HUCk '
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for human placental alkaline phosphatase.
2. A synthetic specific binding agént according to claim

1, wherein the anti-PLAP specificity is cqnféried by the
presence of one or more of the amino acid sequences:

i) Ser Tyr Gly Val Ser

ii) vVal Ile Trp Glu Asp Gly Ser Thr AsnffyrAHis Ser Ala

Leu Ile Ser

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

. iv) Arg Ala Ser G;u 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 human antibody, or a reshaped human
antibody fragment, having specificity for human placental

alkaline phosphatase.

4. A reshaped human antibody or reshaped human antibody
fragment according to clalm 3, whereln the antl-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 Tyr His Ser Ala
Leu Ile Ser
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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: - '

CDR1: Ser Tyr Glu Val Ser

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

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

6. 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: :
CDR1: 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 ahtibody

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

6.

8. A reshaped human antibody or reshape&'human antibody

fragment according to claim 3, incorporatiné at least one
heavy-chain variable region comprising the’entire'amino'

acid sequence depicted in Flgure 10 of the accompanylng

drawings.

9. A reshaped human antlbody or reshaped human antibody 4
fragment according to claim 3, 1ncorporat1ng at least one' 1
light-chain variable region comprising the entzre amino - .
acid sequence deplcted in Flgure 11 of the accompanylng

drawings.

10. A synthetic spec1f1c blndlng agent reshaped human
antibody or reshaped human antlbody fragment hav1ng
specificity equivalent to that of the gamma—l kappa

anti- PLAP monoclonal antlhody secreted by murine hybrldoma

cell llne H17E2.

11. A stable host cell line producing a synﬁhetic‘_
specific binding agent, reshaped human antibody or :
reshaped human antibody fragment accordlng to any one of
claims 1 to 10, resultlng from 1ncorporat10n 1n the cell
line of a foreign gene encoding the- synthetlc spec1f1c
binding agent, reshaped human antlbody or reshaped human

antibody fragment.

12. A stable host cell 11ne accordlng to claim 11,
wherein the foreign gene 1ncludes one ‘or more of the

nucleotide sequences:

i) AGT TAT GGT GTA AGC
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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
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
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

drawings.

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) vVval 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
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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 a CDR having

-specificity for human placental alkaline phosphatase.

16. A stable host cell line accordiné to claim 11,
wherein the foreign gene encodes the entire amino acid
sequence depicted in Fiqure 10 of ﬁhevaccompanYing
drawings. L T .
17. A stable host cell 1ine-accordin§ to claim 11,
wherein the foreign gene encodés the entire amino acid
sequence -depicted in Figure 11 of the accompanying

drawings.

18. Plasmid pSVgptHu2VHPLAP-HuIlgGl.
19. Plasmid pSVneoHuVKPLAP-HuCk.

20. Use of plasmid according to claim 18 or claim 19 in
the production of a synthetic specific binding agent,
reshaped human éntibodonr reshaped human antibody

fragment.
21. E.coli NCTC 12389.

22. E.coli NCTC 12390.

23. 'A DNA sequence encoding a reshaped human‘éntibody
heavy-chain variable region-having'specifigitylfor human
placental alkaline phosphatase, as contained in E.coli

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-chain 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 1i§ht—chain variable region
having specificity for human alkaline phosphatase,
producibie 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.

28. 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, 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.

29. An injectable composition comprising a synthetic
specific binding agent, reshapedyhuman antibody or
reshaped human antibody fragment, according to claim 28,
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
the manufacture of a medicament for therapeutic
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applicaticn 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,vaccbrding to
claim 28, in a method of human cancer therapy or imaging.
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AMEMDED CLAIMS
[received by the International Bureau
on 07 May 1991 (07.05.91); .
original claims 1 and 2 replaced by new claim 1;
claims 3 and 4 replaced by new claim 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 aminoc 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 Vval 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 TYyr
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:
CDR1: Ser Tyr Gly Val Ser

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

'CDR3: Pro His Tyr Gly Ser Ser Tyr Val‘Glylﬁla Met Glu
Tyr o

4. A reshaped human antibody or'reshaped human entibody
fragment according to claim 2, hav;ng at least one
light-chain variable region 1ncorporat1ng the follow1ng

CDRs:
CDR1: Arg Ala Ser Glu Asn Ile iyr.Ser'Ty:iValvAla
CDR2: Asn Ala Lys Ser i.eq Ala Glu " |
CDR3: Gln His His Tyr Val Serlpro'érp Thff11-"’

5. A reshaped human antibody or reshaped human antlbody
fragment according to claim 2 and having at .least one
heavy-chain variable region aqcordlng to clalﬁ 3 and at
least one light-chain variable region accofdihg'tdvciaim

4.

" 6. A reshaped human antibody_or reshaped human ahtibody
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.

8. 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 8, resulting from incorporation in the cell
line of a foreign gene enceding the synthetic specific
binding agent, reshaped human antibody or réshaped 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 accompanylng draw1ngs.

12. A stable host cell line according to claim 9, whereln
the foreign gene includes the entire nucleotide sequence.
depicted in Figure 11 of the accompanyzng drawxngs,

13. A stable host cell 11ne accordlng to clalm 9, whereln

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 Lo

iii) Pro His Tyr Gly Ser Ser Tyr Val _ély 1;1"a;»14l1.et- Glu Tyr
iv) Arg Ala Ser Glu Asn Ile Tyr Ser‘Tfr Va} Alé |

v) Asn Ala Lys Ser Leu Ala Gig | |

vi) Gln His His Tyr Val Ser Pro T?é Thrt

and b) a protein framework that enablesithé ehcoded amino

acid segquence when expressed to function as é,cDR having
specificity for human placental alkaline phosphatase.
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14. 2 stable host cell line according to claim 9, wherein
the foreign gene encodes the entire amino acid segquence
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-HuIgGl.
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 feshaped human antibody
fragment.

19. E.coli NCTC 12389.
20. E.coli NCTC 12390.

21. A DNA sequence encoding a reshaped human antibody
heavy-chain variable region having specificity.fbr 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.

23. 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.
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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 antibody fraément'“aCCOrding-to
any one of claims 1 to 8or claim 25, linked to or
1ncorporat1ng an agent capable of retardlng or termlnatlng
the growth of cancerocus cells, or linked to. an_agent
capable of being detected while inside the human body.

27. An injectable composition comprising a‘syhthetic
specific binding agent, reshaped human antibody qf
reshaped humantantibody fragment, accﬁrding to claim 26,
in a pharmaceutically acceptable carrier. o :

28. Use of a synthetic specific binding agent,‘feShaped
human antibody or reshaped human antibody' fragmernt,
'according to any one of claims 1 to 8 or élai@ 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 dlagnostic

application in humans.

29. Use of a synthetic binding agent, rééhaped‘human
antibody or reshaped human antibody fragment, according to
claim 26, in a method of human cancer therapy or imaging.
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Oligonucleotides used for cloning variable r;egi'ori genes

I : mouse constant gammal primer

5' GAT AGA CAG ATG GGG GTG.TCG TTT 3'

II : mouse constant kappa primer

5' AGA TGG ATA CAG TTG GIG CAG CAT 3'
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(54) Title: METHODS FOR PRODUCING MEMBERS OF SPECIFIC BINDING PAIRS

(57) Abstract

A member of a specific binding pair (sbp) is identified by
expressing DNA encoding a genetically diverse population of such
sbp members in recombinant host cells in which the sbp members
are displayed in functional form at the surface of a secreted recom-
binant genetic display package (rgdp) containing DNA encoding
the sbp member or a polypeptide component thereof, by virtue of
the sbp member or a polypeptide component thereof being ex-
pressed as a fusion with a capsid component of the rgdp. The dis-
played sbps may be selected by affinity with a complementary sbp
member, and the DNA recovered from selected rgdps for expres-
sion of the selected sbp members. Antibody sbp members may be
thus obtained, with the different chains thereof expressed, one
fused to the capsid component and the other in free form for asso-
ciation with the fusion partner polypeptide. A phagemid may be

used as an expression vector, with said capsid fusion helping to

package the phagemid DNA. Using this method libraries of DNA
encoding respective chains of such multimeric sbp members may
be combined, thereby obtaining a much greater genetic diversity in
the sbp members than could easily be obtained by conventional
methods.
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METHODS FOR PRODUCING MEMBERS OF
SPECIFIC BINDING PAIRS

) The present invention relates to methods for producing
members of specific binding pairs. The present invention
also relates to the biological binding molecules produced by
these methods.

Owing to their high specificity for a given antigen,
the advent of monoclonal antibodies (Kohler, G. and Milstein
10 C:; 1975 Nature 256: 495) represented a significant technical

break~-through with important consequences both

scientifically and commercially.

. Monoclonal antibodies are traditionally made by

establishing an immortal mammalian cell 1line which is -
15 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 1line is immortal, the
characteristics of the antibody are reproducible from batch
20 to batch. The key properties of monoclonal antibodies are
their specificity for a particular antigen and the
reproducibility with which they can be manufactured.
' Structurally, the simplest antibody (1gG) comprises
four polypeptide chains, two heavy (H) chains and two light
25 (L) chains inter-connected by disulphide bonds (see figure
1). The light chains exist in two distinct forms called
kappa (K) and lambda (A). 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,
30 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 (VL 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 (ABS). In even more detail, each V region is made up
40 from three complementarity determining regions (CDR)
separated by four framework regions (FR). 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
45 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

50 VL, VH, CL and CHl domains; (ii) the Fd fragment consisting
of the VH and CH1l domains:; (iii) the Fv fragment consisting

of the VL and VH domains of a single arm of an antibody,

(iv) the dAb fragment (Ward, E.S. et al., Nature 341, S544-

546 (1989) wnich consists of a VH domain; (v) isolated CDR

(3]

(3]
(8]
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regions; ‘and (vi) F(ab'), fragments, a bivalent <Iragment
comprising two Fab fragments linked by a disulphide bridge
at the hinge region.

Although the two domains of the Fv fragment are coded
for by seoarate .genes, it has proved possible to make a
synthetic llnker that enables them to be made as a single £
protein chain { known as single chain Fv (scFv); Bird, R.E.
et al., '‘Science 242 423-426 (1988) Huston, J.S. et al.,
Proc. Natl._Acad.z Sci.,. UsAa 85, 5879-5883 (1988)) by
10 recombinant methods. 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
15- 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

20 antibodies produced by human immortal cell lines holds great
promise for ‘the treatment of a wide range of diseases

(Cl:.nlcal Applicat:.ons of Monoclonal Antibodies. Edited by
- E. S. Lennox. British Medical Bulletin 1984. Publishers

Churchill' Livingstone). Unfortunately, immortal antibody-
25 producing human cell lines are very difficult to establish

: and they . give low vyields of antibody (approximately 1
pg/ml). . In contfast -equ:.valent rodent cell 1lines yield
high amounts of - ‘antibody (approximately 100 ug/ml).

However, . -the repeated administration of these foreign
30 rodent pi‘dteins to humans can lead to harmful

hypersensitiv:.ty reactions. In the main therefore, these

rodent-derived monoclonal antibodiés have 1limited
therapeutic use.

Secondly, a key aspect in the isolation of monoclonal

35 antibodies is how many different clones of antibody
producing cells with different specificities, can be
practically established and sampled compared to how many
theoretically need to be sampled in order to isolate a cell
produc:.fxg antibody with the desired specificity

40 characteristics (Milstein, C., Royal Soc. Croonian Lecture,

Proc. R.- Soc. London B. 239:; 1-16, (1990)). For example,

the number of different specificities expressed at any one

time by lymphocytes of the murine immune system is thought
to be approximately 10/ and this is only a small proportion

45 of the potential repertoire of specificities. However,

during the isolation of a typical antibody producing cell
with a des:.red spec:.flcity, the investigator is only able to
sample. 10° to 10% individual specificities. The.problem is

worse in- the human, where one has approximately 10

lymphocyte: sp'e'_:':'_ificities, with the limitation on sumpling of

103 or 10% remaining. -

This problem has been alleviated to some extent in
laboratory- animals by ‘the use of immunisation regimes.
Thus, where one wants to produce monoclonal antibodies
having a specificity against a particular epitope, an animal

(3,8

L.l
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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 cases, as a
suitable immunogen may not be available. Furthermore, where
one wants to produce human monoclonal antibodies (eg for
10 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

15 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.

20 Furthermore, 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
25 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

(¢]}

30 (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,

35 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.
40 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,

45 some of these technigques 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,

50 W0S0/14443; 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.) do nOt surfer this drawback. However, bpecause not
all antibouy VH domains are’ ‘capable of banlnG antigen, more
have -to be screened. In addition. the Dronlem of directly
screening . 'many. different specificities :in prokaryotes
remains- tg: be solved.’

Thus, . there is a need for a screening system which §£
amellcrates ‘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 10° and higher), rapid
10 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

screenlng, would be prokaryotic organisms (because they grow
15 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, . receptor, enzyme etc. In the UK patent GB
2137631B methods for the co-expression in a single host cell
20 of the ‘variable H and L chain genes of immunoglobulins were
disclosed. - - However, the protein was expressed
intracellularly -and was insoluble. Further, the protein
required extensive processing to generate antibody fragments
with binding activity and this generated material with only
25 a fraction of the binding activity expected for antibody
fragments -at this concentration. It has already been shown
that antlboay 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
30 al 1988, Science 240 1041-1043) with a consequent increase

in the . binding ‘activity of antibody fragments. These

methods require ‘screening of individual clones for binding
actzvxty ‘in. the same way as do mouse monoclonal antibodies.

It has not been shown however, how a functional binding

35 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. clones with desirable properties. In

large .part, - this ;s "because the bacterial surface is a
40 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

will: fold .correctly when expressed as a fusion with a

. surface protein of bacteria or bacteriophage.
45 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 'lnvolved in many potential mass screening
programmes, and they carry genetic information for their own
svntheszs within a ‘small, simple package. The difficulty
has been’ to practlcally solve the problem of how to use
,bac:erlophages in this manner. A Genex Corporation patent
application number W088/06630 has proposed +that the
bacteriophage .lampbda would be '@ suitable vehicle for the

W

-
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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 W088/06630 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 suitable 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. Bass et al., in December 1990 (after the earliest
priority date for the present application) describe deleting
part of gene III of the filamentous bacteriophage M13 and
inserting the coding sequence for human growth hormone (hGH)
15 into the N-terminal site of the gene. The growth hormone
displayed by M13 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 Mi3.
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 M13 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 dc 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 productiocon
of scFv molecules. )

55 In each of the above discussed patents (W088/06630 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 & dimeric molecule by expression of one

monomer - -as a fu51on with a capsid protein and the other

protein in a free form
Another disclosure publlshed in May 1991 (after the

earliest“,priority 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 v

10 antibody with co-expression of the other from a plasmid.
The two chains were  demonstrated as being expressed as a
functional Fab fragment 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

i5 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

20 protein gag -into the N-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 .shown - whether or not the protein was expressed in a
functlonal form (Tsunetsugu—Yokota Y et al. (1991) Gene 99

25 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 .undermined, and the protein itself should be

30 functionalfretaining its bioclogical activity with respect to
antigén binding. . Thus, where the protein of choice is an
antibody, it should fold efficiently and correctly and be
presented - for -antigen binding. Solving the problem for
antibody molecules and fragments would alsoc provide a

35 general method for any biomolecule which is a member of a
specific binding pair e.g. receptor molecules and enzymes.

Surprisingly, .the applicants have been able to

construct:a bacteriophage that expresses and displays at its
surface a large biologically functional binding molecule (eg

40 antzbody fragments, and enzymes and receptors) and which
remains intact and infectious. The applicants have called
the structure which comprises a virus partlcle and a binding
molecule- é;splayed at the viral surface a 'package'. Where
the binding molecule is an antibody, an antibody derivative

45 or - fragment,  or a domain that is homologous to an -
immunoglobulin domain, the applicants call the package a
'phage antibody' (pAb). However, except where the context
demands otherwise, where the term phage antibody is used
generally,” it should also be interpreted as referring to any

30 package . comprising ‘a virus particle and a bidlogically
functlonal blndlng ‘molecule displayed at the viral surface.

n
o

A

: pAbs have a range of applications in selecting antibody
genes encodxng ‘antigen .binding activities. For example,
pAbs could be used for the cloning and rescue of hybridomas

(9]]
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PFIZER EX. 1502
Page 3084



WO 92/01047 ' PCT/GB91/01134 -

-

{Orlandi, R., et al (1989) PNAS 86 p3833-3837), and in the
screening of large combinatorial libraries (such as found in
Huse, W.D. et al., 1989, Science 246, 1275-1281). In
‘particular, rounds of selection using pAbs may help in
rescuing the mnigher affinity antibodies £from the latter
libraries. It may be preferable to screen small libraries
derived from antigen-selected cells {(Casali, P., et al.,
(1986) Science 234 p476-479) to rescue the original VH/VL
pairs comprising the Fv region of an antibody. The use of
10 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
15 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
20 libraries lose the original pairing between the chains. It
is difficult to make 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 10/ possible L chains. Therefore,
25 there are 10% 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 10

.

clones. This has not previously been a practical
possibility.
30 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 practicallx
possible is created which expresses as many of the 10l

a5 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
technigues (see later for description of selection formats).

40 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 inveolves the creation of: (i) a

45 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’ e.g. L chains in which the

. coding sequences for these light chains are within a plasmid
30 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 =to provide 10}4 combinations of H and L

(%]}
w
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cha:.ns on the surface of the resultlng phage in the
bacterial supernatant.
. "The - advantage of this approach is that two separate
libraries of eg 10/ are created in order to produce 10
S combinations. Creating a -107 library is a practical
possibility.
The 101 14 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 H 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. either the phage or- phagemid). The sample
15 eluate containing 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 chains which are involved in the desired antigen binding.
A second portion is grown on e.g. ampicillin plates to
20 select those ‘bacteriophage 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 and L chains .which can then be assayed for antigen
binding.
In a third apprcach (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.
35 In a fourth approach (called a hierarchrical approach

by the ‘present applicants, see examples 22 and 46) both
chains are cloned into the same vector. However, one of the
chains which is already known to have desirable properties
is kept f:.xed. A library of the complementary chain is
40 inserted into the same vector. Suitable 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 of recovering original pairs, the complexity of the
45 combinatorial libraries can be reduced by using small B
populations of B-lymphocytes selected for binding to a
desired antigen. The cells provide e.g. mRNA or DNA, for
preparing libraries of antibody genes for display on phage. i
This technique can be used in combination with the above
50 mentioned. four approcaches for selection of antibody
pec:.f:.c:.ties. .

‘Phagemids have been mentioned above. The applicants
have realised and demonstrated that in many cases phagemids
will be preferred 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

the number of gene  III binding moecule fusion proteins

displayed on the surface of the bacteriophage (see example

17). For example, in 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 1II protein displayed

15 by the assembled phage.

Expressing a single fusion protein per virion may aid
selection of antibody specificities on the basis of affinity
by avoiding the ‘'avidity' effect where a phage expressing
two copies of a low affinity antibody would have the same

20 apparent affinity as a phage expressing one copy of a higher
affinity 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
epitope 1libraries built - into the surface of the protein,
could be made and readily selected for binding activities.
In effect, other protein architectures might serve as

40 "nouvelle" antibodies. '

The technique provides the possibility of building
antibodies from 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
alternative loop combinations and by diverse side chains.
Recent successes in modelling antigen binding sites augurs
well for de novo design. In ary 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 transition state of <the
substrate, put also to participate directly in bond making
and breaking. The only question is whether the antibody

(81}
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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 more suitable. Like antibodies, TIM enzymes also have a

framework . structure - (a barrel of B-strands and a-helices)

and loops to- bind. substrate. Many enzymes with a diversity
of catalytic ‘properties are based on this architecture and
the . loops might be manipulated independently on the
frameworks for design of new catalytic and binding

10 propertles.j 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 framework or a TIM barrel framework. Loops
placed on a e.g. a TIM barrel framework could be further

15 modified by mutagenesis and subjected to further selection.
Thus, there is no need to select for high affinity binding
activities in a single stép. The strategy of the immune
system, in which low affinity evolves to high affinity seems
more realistic and can be mimicked using this invention.

20 One class ' of molecules that could be useful in this
type of application are receptors. For example, a specific
receptor could be displayed on the surface of the phage such
that it would bind its ligand. The receptor could then be
modified by, for example, in vitro mutagenesis and variants

25 having higher. binding 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 w1th a phage receptor and the antigen with a ligand

30 1.

(S]]
£

Alternat;vely,‘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
advantagés of this system namely of simple cloning,

35 convenient expression, standard reagents and easy handling
makes ' the drug screening application particularly

attractive In. the context of this discussion, receptor
means va_.molecule'vthat'Abinds a specific, or group of
specific, - ligand(s). The natural receptor could be

40 expressed on the surface of a population of cells, or it
could be the extracellular domain of such a molecule
{whether. such a form exists naturally or not), or a soluble
molecule- performing a natural binding function in the
plasma, or within a cell or organ.

45 Another possibility, is the dlsplay of an enzyme
molecule or active site of an enzyme molecule on the surface
of a phage (see examples 11,12,30,31,32 and 36). Once the
phage enzyme is expressed, it can be selected by affinity .
chromatography, for instance on columns derivatized with

50 transition state analogues. If an enzyme with o different

or modified specificity is desired, it may be possible to
mutate an enzyme displaved as a fusion on bacteriophage and
then select on a column derivatised with an analogue

,selected -to - have .a hlgher afflnlty for an enzyme with the

desired modified specificity.

w
(81}
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Althougn throughout this applicaticn, the applicants

-discuss the possibility of screening for higher affinity

variants of pAbs, they recognise that in some
applications, Ior example low affinity chromatography
(Ohlson,. S. et al Anal. Biochem. 169, p204-208 (1988)),
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). 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 therapeutic or
diagnostic purposes, increased stability 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 will 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 technigue of displaying binding molecules on the
phage surface can also be used as a primary cloning
system. For example, a cDNA library can be constructed
and inserted into the bacteriophage and this 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. recej_:tdr/l:.gand enzyme/substrate (or
analogue), nuclelc acid binding prote:.n/nucle:.c acid etc.
If one member of the - complementary pair is available,.
this may be a preferred way of 1solat1.ng a clone for the
5 other member of the pair.
_ It will often be necessary to increase the d:.versrty 4
of a populat:.on of genes cloned for the display of their
prote:.ns on phage or to mutate an individual nucleotide
sequence. Although in vitro or in vivo mutagenesis ¢

10 technlques ..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 mutated w:.th respect to its parent DNA. Hence if a

15 pcpulation 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 strajin, if desired,
for display and selection. Example 38 covers the use of
mutator strains with phage antibodies (an example of in.

20 vitro mutagenes:.s and selection of phage antibodies is
given in’ example 45). -
Targeted ‘gene transfer

A useful and novel set of applications makes use of
the b:.nding protein on the phage to target the phage

25 genome .to a particular cell or group of cells. For
example, .8 pAb specific for a cell surface molecule could
be used "‘to bind to the target cell via the surface
molecule.” The phage could then be internalised, either
through .‘the. action of the receptor itself or as the

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

35 useful if the phage genome contained a sequence whose
expressicn was desired in the target cell (along with the
appropriate 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,
Techniques 2(4), pl94-201 (1990)), or confer a particular
property .on the. target cell (e.g. if the target cell was
a tumour 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
designed ‘to ' be toxic to the target cell.

. Alternatlvely, the 'sequence whose expression is

50 desired in the target cell can be encoded on a phagemid.
The phagemid- - DNA may then be incorporated intc a phage
displaying an ‘antibody specific for a cell surface
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receptor. For example, incorporation may be by
superinfection of bacteria containing the phagemid, with
a helper phage whose genome encodes the antibody iragment
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 ‘specific 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, Ulitzer, 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 alsc 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 terminoclogy discussed in this section
has been mentioned in the text where approprlate.
Specific 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-substrate, lgG-protein A.
Multimeric Member

This describes a first polypeptide which will
-associate with at least a second polypeptide, when 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 bacteriophage.: Where there are two associated

polypeptides, - the associated polypeptide complex is a

dimer, where there are three, a trimer etc. The dimer,

trimer, multimer etc or the multimeric member may
comprise .a member of a specific binding pair.

" Example. multimeric members are heavy domains based
on an. immonoglobulin molecule, light domains based on an
immunoglobulin molecule, T-cell receptor subunits.

10 Replicable Genetic Display Package (Rgdp)

- This  describes a biological particle which has
genetic information providing the particle with the
ability to replicate. The particle can display on its
surface at . least part of a polypeptide. The polypeptide

15 can  be .encoded by genetic information native to the
partlcle 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 immunoglcobulin molecule, an

20 enzyme or-'a receptor etc.

- The partlcle may be a v;rus eg. a bacteriophage such
as fd or M13. ) ——
Package ’

This" describes a repllcable genetic display package

25 in which. the particle. is displaying a member of a
specificﬁbinding-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 antlbody (pAb)

30 Antibody . )

"~ .This. descrlbes an lmmunoglobulln whether natural or
partly. or wholly synthetically produced. The term also
covers  any protein having a binding domain which is
homologous to an' immunoglobulin binding domain. These

35 proteins ¢an be derived from natural sources, or partly

' or wholly synthetically produced.

Example antlbodzes are the immunoglobulin isotypes
and. the Fab, F(ab )2, scFv, Fv, dAb, Fd fragments.
Immunoglobulin Superfamily.

40 This describes a family of nolypeptldes, the members
of which have at least one domain with a structure
related. ‘to that of the. variable or constant domain of
immunoglobulin molecules. . The domain contains two 8-
sheets'and ‘usually a conserved disulphide bond (see A.F.

45 Williams: and A. N Barclay 1988 Ann. Rev Immunol. 6 .
381-405). ;

dxamplevmembers of an immunoglobulin superfamily are
CD4, . platelet derived growth factor receptor (PDGFR), .
intercellular adhesion ‘molecule. (ICAM). Except where

50 the <context otherwise dictates. refereuace to
immunoglobulins' and A immunoglobulin homologs in ' this
application "includes members of the immunoglobulin

m

in
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superfamily and homologs thereof.
Homologs

This term indicates polypeptides having the same or
conserved residues at a corresponding position in their
primary, secondary or tertiary structure. The term also
extends to two or more nucleotide sequences encoding the
homologous polypeptides.

Example homologous peptides are the lmmunoglobulin
isotypes.
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
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
determined by the complementary members with which they
may be contacted.
Genetically diverse population I

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

Mutation in vitro may for example, involve random
mutagenesis using oligonucleotides having random
mutations of the sequence desired to be varied. 1In 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
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
B -strand and/or B-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
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
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 set. . an example is a gene with a temperature
sensitive mutation. . '
Suppressible Translational Stop Codon
5 This describes a codon which allows the translation
of nucleotlde sequences downstream of the codon under one 2
set of cqnditions, but under another set of conditions
translation- erids at the codon. Example of suppressible ‘
translational stop. codons are the amber, ochre and opal .
10 codons. -
Mutator Strain
. This is a host cell 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 B
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 phagemid or a phage with some function encoding gene
sequences removed. Examples of ‘helper phages are M13KO07,
M13KO7 - gene III no. 3; and phage displaying or encoding
a binding molecule fused to a capsid protein.
Vector ‘
25 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 '
) " This- is a vector derived by modification of a phage
30 genome, . .containing an origin of replication for a
bacterlbphage ‘but not one for a-plasmid.
Phagemid ‘Vector :
: This. ‘is a vector derived by modlflcation of a
plasmid genome, containing an origin of replication for a
35 bacteriophage as well ‘as 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
40 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 ~which encoded expressed immunoglobulin
45 genes in -an animal. The sequences are generated by the
in v1vo 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 in vitro and in which the rearrangement in

50 response to immunisation occurs intracellularly.

Library

A;eqllecticn of nucleotide eg DNA, sequences within

I3
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clones.
Repertoire of Artificially Rearranged Immunoglobulin
Genes

A collection of nucleotide eg DNA, sequences derived
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
J segments.

Part or all of the DNA sequences ‘may be derived by
oligonuclieotide synthesis.

Secretory Leader Peptide

This is a sequence of amino acids joined to the N-
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
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
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
the encoded polypeptide may be a Fab fragment which is

.then linked to an Fc 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
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

within a viral genome;

b) culturing the virus contalnmng 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

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 epitope so that individual rgdps with the desired
specificity may bind to said epitope. The method may
comprise one or more of the additional steps of: (i)
separating any bound rgdps from the epitope; (ii)

PFIZER EX. 1502

Page 3095



WO 92/01047 * PCT/GB91/01134

- 18

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 2
rbeing expressed in association with the surface of the
virus in wtu.ch 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), which method comprises:
expressing in 'a recombinant host organism a first
polypeptidée 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
recombinant host orgam.sm a second polypeptide chain of
said multimer and causing or allowing the polypeptide
20 chains. ceme 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 material of - each said rgdp encodes a said
25 polypeptide 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 poiypeptide chains may be
expressed from a phage vector.
At 'least one of said polypeptide chains may be
expressed from a phagemid vector, the method including
35 using a: helper ‘phage, or a plasmid expressing
complementlng phage genes, to help package said phagemid
genome, and said component of the rgdp is a capsid
.protein - therefor. The capsid protein may be absent,
defective or. cond:.tlonally defective in the helper phage.
40 The method may comprise introducing a vector capable
of expresszng said first polypeptide chain, into a host
organism:which expresses said second polypeptide chain in
free fom or -introducing a vector capable of expressing
said second polypeptide in free form into a host organism
45 which expresses said first polypeptide chain. .
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 ’
50 - packaged in respective rgdps.
‘The nucleic acid encoding at least one of said first
. and . second polypeptide chains may be obtained from a

(L]
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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 respective said libraries of nucleic acid.

The presert invention also provides 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
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
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 member 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:
expressing in recombinant host cells nucleic acid
encoding said sbp member or a genetically diverse

. population of said type of sbp member wherein the or
35 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 component 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 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

(¢]}
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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) . .
‘wh:.ch dlsplays 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 form that
10. is capable of being packaged using said rgdp
) combonent whereby the genetic material of the rgdp
displaying an sbp member- encodes said sbp member or
‘a- polypeptide component thereof, said fusions being
~with, bacterlophage capsid protein and the rgdps
15 . be:mg formed with said fusions in the absence of
said. caps:.d expressed in wild-type form. )
The present invention also provides a method of
nroducing a member of a specific binding pair (sbp) which
. method comprises:
20 . expressing in recombznant host cells nucleic acid
encod:.ng sa1d sbp member or a genetically diverse
—— ) "‘populatlon of said type of sbp member or a
polypeptide- component thereof fused to a component
of a. secreted replicable genetic display package
25 ) (rgdp) which displays said sbp member in functional
" form-'at the surface of the package, nucleic acid
encodxng said sbp member or a polypeptide component
thereof belng'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 displaylng an sbp member or a polypeptide
component ‘thereof encodes said sbp member or a
pclypept:.de component thereof, said sbp member or’
'polypeptide component thereof being expressed from a
35 - phagemld as a capsid fusion, and a helper phage, or
a plasmld expresszng complementing phage genes, is
~used along with said capsid fusions to package the
" phagemid nucleic acid.
: The library or genetlcally diverse populatzon may be
40 obtained “from:
(1) . the reperto;re of rearranged immunoglobulin
g_fgenes of an animal immunised with complementary
, ° - sbp member,
. (ii) - the repertoire of rearranged immunoglobulin
45 . .‘genes of an animal not immunised with *
.~ 7 complementary sbp member,
(iii)  a Tepertoire of artificially rearranged

wm

.

. . immunoglobulin gene or genes .
(iv) . a-repertoire of immunoglobulin homolog gene or
50 © -7 genés: or
{(v)  .a mlxture of .any of (i), (ii), (iii) and (iv).

Thez canszd proteln 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. .
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

filamentous phage. The phage may be selected from the

class I phages fd, M13, fl, Ifl, lke, 2J3/Z, Ff and the
class II phages Xf, Pfl and Pf3. The phage may be fd or
a derivative of £d. The . derivative may be tetracycline
resistant. The said sbp member or polypeptide chain
thereof may be expressed as a fusion with the gene III
capsid protein of phage f4 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
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
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
nucleotide sequences encode amino acid sequences QVQLQ
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 suitable
cleavage site, as shown in Fig 4. ’

Alternatively, the flanking nucleotide sequences
shown in figure 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
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.

As previously menticned, 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) of desired
specificity is separated from a general population of
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 screened to provide an individual sbp member or a
selected mixed population of said sbp members associated
in their: respectlve rgdps with nucleic acid encoding said
sbp member or a polypeptide chain thereof. The rgdps may

s be selected by atffinity with a member complementary to
said sbp member. -

Any -rgdps bound <to. said second member mav .be
recovered by washing with an eluant. The washing
conditions . 'may be varied in order to obtain rgdps with 2

10 different blndlng affinities for said epitope.
Alternatively, 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 mémber in which case pAbs with a higher affinity

15 for the;epitope will displace the already bound binding

member. - .Thus the eluant may contain a molecule which
competes w;th said rgdp for binding to the complementary
sbp member. The rgdp may be applied to said

: complementary “sbp ‘member ' in the presence of a molecule
20 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

25 rgdps may - ‘be taken and used to provide encoding nucleic
acid in a further . .said method to obtain an individual sbp
member or a mixed populatlon of sbp members, or encoding
nucleic ec1d therefor. The expression end product may be

. modified to produce a derivative thereof.

30 ,The,express;on 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
cells harbouring a library of nucleic acid fragments

35 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 expressed -as .a fusion with a component of a
secretable. repllcable genetic display package (rgcp), 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
1mmunoglobullns or immunoglobulin homologs, a first

A5 ‘polypeptide chain of which is expressed as a said fusion
with a component of the rgdp and a second polypeptide
chain of'wnlch is expressed in free form and associates
with the 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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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 wnerein the host cell is
capable of expressing capsid protein complementing said
defect such that infectiocus phage particles can be
obtained therefrom. The complementing capsid protein may
be expressed 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 M13KO07 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 anaiogue of any such
enzyme or receptor. Alternatively, the binding molecule
may be a member of an immunoglobulin superfamily and
which has & structural form based .on an immunoglobulin
molecule. .

The present invention alsc 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 Fc 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' 4;1-:'it‘sA will also contain ancillary components
required for carrying out the method, the nature of such
components depend:.ng of course on the particular method

employed.,.

5 © - Useful am:lllary components may comprise helper
phage, PCR primers and buffers and enzymes of various *
k:.nds.

PCR pr:.mers and associated reagents for use where
the sbp -members are antibodies may have the following

10 characteristlcs'

(i) primers having homology to the 5' end of the sense

" or anti-sense strand of sequences encoding domains
of antibodies; and

(ii) primers. rincludingb tag sequences 5' to these

15 '~ homologous ' sequences which incorporate restriction

. sites to- allow insertion into vectors; together with

sequences to allow assembly of amplified VH and VL
regiaons . to enable expression as Fv, scFv or Fab
fragments.

20 Buffe.rs .and - enzymes are typically used to enable

e preparat:.o;n _of, nucleotide sequences encoding Fv, scFv or
Fab fragments "derived- from rearranged or unrearranged
immunoglebulin genes according to the strategies

. described.herein. .

25 " The _,appl‘xc_:ants_ have chosen the filamentous F-
specific bacteriophages as an example of the type of
phage which could provide a vehicle for the display of
binding molecules e.g. antibodzes and antibody fragments
and derivatives thereof, on their surface and facilitate

30 subsequent selection and manipulation.

The F-spec:.flc phages (e.g. £f1, 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 and Co., San  Francisco, 1980). The single
stranded DNA genome (approximately 6.4 Kb) of £f4 is
extruded. .through, the bacterial membrane where it
sequesters capsid sub-units, to produce mature virions. .
These virions are 6 nm in diameter, lum in length and

40 each contain "approximately 2,800 molecules of the major
coat protein encoded by viral gene VIII and four
molecules: of the adsorption molecule gene III protein
(g3p) the latter is located at one end of the virion.
The structure has been reviewed by Webster et al., 1978

i3

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

‘ Although these phages do not kill their host during
50 normal repllcatlon 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, J. Biol.

Chem., 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 _of
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,
cften 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 B-galctrosidase corresponding to
nucleotides 861-1195 in the B-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. Chem. 256: 339-546 and Armstrong,
J., et al., . FEBS Lett. 135: 167-172 1981.) including: (i)
a signal ‘sequence that- directs the protein to the cell
. membrane . and 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 5
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 the mature molecule (Smith, G., 1985 supra., and
Parmley, 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 integrity of the gene III protein and
displaying the peptides on the surface of the phage. By
use of antisera specific for the peptides, the peptides
J.nserted 1nto 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 expressed 'in a radically different context to its
25 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 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. totally denatured, and biologically inactive,
protelns .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 region.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 . constraints 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
d:.splayed from-sequences inserted in this reglcn.
This 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-demands on the structure of a polypeptide, than
does folding for the retention of a biological function.
Studies have.been carried out, in which. E.coli have
50 been manipulated to express the protein p-adranergic
receptor as a fus;.on with the outer membrane protein
lamB. - The B-adrenergic receptor was expressed in a

(81}
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functional form as determined by the presence of binding
activity. However, when an equivalent antibody Zfusion
was made with lamB, the antibody fusion was toxic to the
host cell.

The applicants have investigated the pcs51b111ty of
inserting the gene coding sequence for biologically
active antibody fragments into the gene III region of fd
tCc express a large rfusion 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 8, 127-140) a tetracycline

‘resistant version of £d 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 and 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 CH1-CL (Lesk, A., and Chothia, C., Nature
335, 188-190, 1988).

Surprisingly, by manipulating gene III of
bacteriophage 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 antibodies
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 vector 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
art (Orlandi, R., et al., 1989 supra; Larrick, Z.W., et
al., 1989 supra:; Chiang, Y.L., et al., 1989 &Bio
Techniques 7, p. 360-366; Ward, E.S, et al., 1989 supra:
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Sastry, L., et &al., 1989 supra.) or by novel linkage
strategies described in .examples 14, 33, 40 and 42.
Novel strategies 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 2
or antibody - derived fragments that are monoclonal with
Tespect to" their antigen-binding characteristics.
The disclosure made by the present applicants is
10 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 recombinant techniques for the
i5 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-expreséed and detected by use of standard screening
systems. ‘When the screen detects an antibody polypeptide
20 of the desired specificity, one has to return to the
particular transformed E.coli expressing the desired
antibody polypeptlde. Furthermore, the vector containing
the coding sequence for the desired antibody polypeptide
then has -to be isolated for use from E.coli in further
25 processing- steps.

: In ‘the present invention however, the desired
antibody polypeptide when expressed, is already packaged
with its .gene coding segquence. This means that when the
an -antibody polypeptide of desired specificity is

30 selected,  there is no need toc return to the original -
culture for isolation of that sequence. Furthermore, in
previous methods in standard recombinant techniques, each
clone expressing antibody needs to be screened
individually. The present application provides for the

35 selection® of clones expressing antibodies with desired
Droperties and thus only requires screening of clones
from an enriched pool.

" Because a rgdp (eg a pAb) is a novel structure that
displays @ member of a .specific binding pair (eg. an

40 antibody ‘'cf monoclonal antigen-binding specificity) at
the surface of a relatively simple replicable structure
also contalnlng the genetic information encoding the
member, rgdps eg pAbs, that bind to the complementary’

’ member of the specific binding pair (eg antigen) can be

45 recovered very efficiently by either eluting off the

complementary member using for example diethylamine, high
salt etc and infecting suitable bacteria, or by
denaturirig the structure, and specifically amplifying the "
sequences. encoding the member using PCR. That is, there :
is no nece551ty to refer back to the original bacterial

clone that gave rise to the pAb.
For some purposes, for example 1mmunonrec1pitatzon
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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
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
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.

SELECTION FORMATS AND AFFINITY MATURATION

Individual rgdps eg pAbs expressing the desired
specificity eg for an antigen, can be isolated from the
complexr library using the conventional screening
techniques (e.g. as described in Harlow, E., and Lane,
D., 1988, supra Gherardi, E et al. 1990. J. Immunol.
meth. 126 p61-68). :

The applicants have also devised a series of novel
selection technigques that are practicable only because of
the unique properties of rgdps. The general outline of
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
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
with Treference 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
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
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
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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Comgetitibn :
. “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 pcpulatian c will be displaced by individuals from
population p.  If c is a traditional antibody molecule, 2

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

An advantageous application is where ag is used as a
receptor and ¢ 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
pharmaceutlcal 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 antl-zdiotype antibodies. .pAbs would give the ability to
do this directly by binding pAb libraries (eg a naive
library) to B cells (which express antibodies on their
surface) and 1solat1ng those phage that bound well.

.In. some. instances it may prove advantageous to pre-

30 select population p- For example, in the anti-idiotype
example ‘above, p can be absorbed against a related
antibody that does not bind the antigen.

However, if ¢ is a pAb, then either or both c and p
can advantageously be marked in some way to both

35 distzngulshvand select for bound p over bound c. This
marking can be physical, for example, by pre-labelling p
with biotin; or more advantagecusly, 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 ¢ (i.e. EcoB restricting
bacteria in this example). Any phage that grew, would be

45 greatly enriched. for those individuals from p with higher R
binding ‘affinities. Alternatively, the genetic marking :
can be. achieved by marking p with new sequences, which

can be’ ‘used to speciflcally amplify p from the mixture .
using PCR. . ’
50 Since the * bound pAbs can be amplified us_ng for

- example PCR or ‘bacterial infection, it is also possible
to rescue the desired specificity even. when insufficient
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individuals are bound toc allow detection via conventional
techniques. »

The preferred method for selection of a phage
displaying a protein molecule with a desired specificity
or affinity wil.. often be elution from an 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
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 antigen.

-Alternatively, there may be no suitable specific eluting

molecule that can be prepared in sufficiently high
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 for
instance, phage viability is reduced with time at pH12
{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
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 dithiothreitol) which do not disrupt phage
structure (example 47).

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
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
binding phage and weak binding phage, the strongly bound
phage would be removed by washing the column with
protease under conditions suitable for digestion at the
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 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
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 sequences can be amplified, for example using
PCR with suitable primers such as those disclosed herein,
and. then inserted into a vector for expression as a
soluble antibody for  further study or a pAb for further
rounds of .selection.

Another preferred method for selection according to
afflnlty :would be by binding to an affinity matrix

: contalning low amounts of ligand.

10 - . 1f one wishes to select from a population of phages
displaylng a protein molecule with a high affinity for
its ligand,: a' preferred strategy is to bind a population
of ,phagef-to' an affinity matrix which contains a low
amount of ligand. 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 protein 'is washed away. The high affinity
protein is 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. summary then, for recovery of the packaged BNA
from the .affinity step, the package can be simply eluted,
it can be eluted in- the presence of a homologous sbp

25 member which competes with said package for binding to a
complementary sbp member; 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 in the art eg. destroying the link between the

30 substrate and complementary sbp member to release said
packaged DNA and sbp member. At any rate, the objective
"is to obtain the DNA from the package so that it can be
used . dlrectly or indirectly, to express the sbp member
encoded thereby. ' ,

35 . The .efficiency 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 will not be an absolute reguirement. The

40 technique allows the rapid isolation of binding
specificities eg ant;gen-blndzng specificities, including
those that would be difficult or even unobtainable by
conventional techniques, 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

[8]]

number of other applications, some examples of which are: .
~ Signal Amplification ‘ : N
50 " Acting as a novel molecular entity in itself, rgdps

eg pAbs combine the ability to bind a specific molecule
eg antigen with amplification, 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

or in vitro.
Physical 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
biosensors, e.g. surface plasmcn 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
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.

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
system (p=pAb; ag=antigen to which binding by pAb is
required; c=competitor 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
the construction of vectors, f£d4dTPs/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’
toe 3' and are numbered according to Beck et al., 1978,
Nucl. Acid Res., 5: 4495-4503. 4.1 shows the sequences
of the oligonuclectides used for mutagenesis (oligo's 1
and 2) or sequencing {(oligo 3). The seguences shown were
synthesized on an Applied Biosystems, oligonucleotide
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
respect to gene 1III; (A) fd-tet (and £dTéBst) (B)
fdTPs/Bs and (C) £dTPs/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.).

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 surrounding sequences. in scFvDl1.3 myc, showing the N-

terminal pel- B signal peptide sequence and the C-terminal

- myc ‘tag ‘sequence’ (Ward,  E.S., et al., 1989, supra.).

Also shown is the. peptzde sequence linking the VH and VL

5 regions. . The amino.acid sequence is represented above

the nucleotide sequence by the single letter code, see
Harlow E., -and Lane D., 1988 supra.

Figure 6 shows the binding of pAbs to lysozyme and
‘the ‘effeot 0of varying the amount of supernatant. = Each 2

10 point is the average of duplicate samples. Lysozyme was
coated at:1 mg/ml in 50 mM NaHCO3.

‘Figure 7. shows the effect of varying the coating
concentration of lysozyme or bovine serum albumin on the
binding of ' pAbs to lysozyme in graphical form. Each

15 point is the average of -duplicate samples.

Figu:r:e ‘8 shows the sequence around the cloning site
in gene 'III of fd-CAT2. - Restriction enzyme sites are
shown as well as the amino acids encoded by antibody
derived sequences. ‘These - are flanked at the 5' end by

20 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.

25 © Figure 9 shows the binding of paAb (1.3) to
lysozymes. Binding of phage as detected by ELISA to (a)
hen egg-white - lysozyme - (HEL) (b) turkey egg-white
lysozyme - (TEL), (c) human lysozyme (HUL), (4) bovine
serum album:m (BSA) A further control of (e) dePs/Bs

30 to HEL. -

Figure 10 shows a map of FabD1l.3 in pUC19.

_ Figure. 11 shows  the ELISA results providing a
comparison of ‘lysozyme-binding by phage-Fab and phage-
scFv. . Vector=fdCAT2 (example 5); £dscFv(0OX)=pAbNQll

35 (Example. 9); f4VHCH1 (Dl.3)=grown in normal cells (i.e.
no L chain, ‘see example 7); fdFab(D1.3) i.e. fdVHCH1
(D1.3). grown in cells containing D1.3 L chain; fdscFv
(D1.3)=pAbD1.3.

. Figure' 12 -shows ol:.goxmcleot:.de probing of affinity

40 purified phage 1012 phage in the ratio of 1 pAb (D1.3)
in 4 =x 10 £fdTPS/Bs phages. were affinity purified and
probed. w.rth an oligonucleotide specific for pAb (D1.3) A
is a filter after one. round of affinity purification (900
colonies ;total) -and B is a filter after two rounds (372"

45 colonies total). - .

Figure 13 ‘shows the sequence of the anti-oxazolone .
antibody fragment NQll scFv. The sequence contributed by
the linker .is shown in the lower case. The sequence for »
VH is before the linker sequence and the sequence for VL i

50 is after -the linker.

: Figure 14 shows the ELISA results for binding pAb
NQ11 and pAb D1.3 and’ vector fdTPs/xh to specified

it
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antigens.

Figure 15 shows the sequence surrocunding the phoA
insertion in fd-phoAlalé6é. The restriction sites used
for cloning are shown, as well as the amino acids encoded

5 by phoA around the insertion site. The first five amino
acids 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

10 peptide. linker sites A and B for possible insertion of
scFv coding seguences.

Figure 17 shows schematically the protocol for PCR
assembly of mouse VH and VLK repertoires for phage
display described in example 14.

15 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

20 with Notl and ApalLl; M1, M2 markers %174 Hae III digest
and 123 base pair ladder (BRL Limited, P.O. Box 35,
Washington Road, Paisley, Scotland) r&gpectively.

Figure 19 shows the binding of 1251 _pPpGF-BB to £d h-
PDGFB~-R phage in immunoprecipitation assay and comparison

25 to £4TPs/Bs and no phage contrgls: binding is expressed
as a percentage of the total 125 I-PDGF-BB added to the
incubation.

Figure 20 shows the displacement of 1251_ppGF-BB
bound to £fd-h-PDGFB-R phage using unlabelled PDGF-EB

30 measured using an immunoprecipitation assay. Binding is
expressed as a percentage of the total 1251 _ppGF-BB added
to the incubation.

Figure 21 shows the displacement of 1251 _ppGF-BB
bound to £4-h-PDGFB-R phage using unlabelled PDGF-EB

35 measured using an _immunoprecipitation assay. Non-
specific binding of 12571 pPpGF-BB to vector phage £dTPs/Bs
in the absence of added unlabelled PDGF was deducted from
each point.

Figure 22 shows the results of an ELISA of lysoczyme

40 binding by pCAT-3 scFv D1.3 phagemid in comparison with
pCAT-3 vector (both rescued by M13K07) and fdCAT2 scFv
D1.3 as described in example 17. The ELISA was performed
as described in example 6 with modifications detailed in
example 18.

45 Figure 23 shows the digestion pattern seen when
individual clones, selected at random from a library of
single chain Fv antibody genes derived from an immunised
mouse; are digested with BstNl.

Figure 24 shows VH and VK gene sequences derived

50 from the combinatorial 1library 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
5 of pUCllg described in example 24; and b) the cloning
sites in the. phagemid pHEN. 2
- Figure 27. The antibody constructs cloned into £f4-
CAT2 and’ pHEN1 for display on the surface of phage.
Ccnstructs I, II, III and IV were cloned into both fd-
10 CAT2 (as: ApaLI- NotI fragments) and pHENl1 (as SfiI-NotI
fragments). and pHENl1 (as SfiI-Notl fragments). All the
constructs contained the heavy chain (VH) and light chain
(VK) variable regions of the mouse anti-phOx antibody
NQ10.12.5; ' The constant domains were human CK and CH1 (¥

15 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

20 PHEN1-II(+) or PpHEN1l(-) cultures in E.coli HB2151,
showing : secretion of Fab fragment from pHENl1l-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 -and anti-human CK antisera, is slightly

25 larger’ (calculated ‘Mr 24625) than the H chain {(calculated
Mr23145).

Figure 30 is a plot showing the effect of lysozyme
dilution on ratio of ELISA signals obtained using pAbD1.3
or soluble sc¢Fv D1.3.

30 Figure 31 is a plot. showing the effect of lysozyme
dilution on- ELISA signals obtained using descFle 3 and
soluble scFvD1.3.

' Figure 32 is a plot showing positive results from an
ELISA screen of phage displaying scFv fragments derived

35 from the cell line 013 which express a monoclonal
antibody directed against oestriol.

-.Figure 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

40 antibody directed against oestriol.

- Figure 34 is a Western Blot showing expression of the
alkaline 'phosphatase-gene 3 fusion. 16pl of 50 fold
concentrate of each phage sample was detected on western
blots with either anti-gene 3 antiserum (e-f) or with

45 anti-alkaline phosphatase antiserum (c-f) :

X3

a) fd-phoAlal66 grown in TGl cells
b) - £d-phoAlal66 grown in KS272 cells
c)  fACCAT2 grown in TGl cells :

d) £f4CAT2 grown in TGl cells, mixed with 13 ng of
50 purified alkaline phosphatase

e) fd-phoAlal66 grown in TGl cells

£y - deATZ grown in TGl cells.
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Figure 35 is a Western Blot showing ultrafiltration of
phage-enzyme 100pl of 50 fold concentrate of phage
(representing 5mls of culture supernatant) was
centrifuged through ultrafiltration membranes with
nominal molecular weight retention of 300,000 daltons.
Western blots of flow through and retentate fractions
were detected with anti-alkaline phosphatase antiserum.
The equivalent of 800ul of original culture supernatant
was run on the gel. :
A. Phage were grown in TGl cells. a) fd-phoAlalbb
before ultrafiltration (short exposure). b) fd-phoAlalts
before ultrafiltration. c) £fd-phoAlal66 material
retained on ultrafiltration membrane. :
B. Phage were grown in KS272 cells. a) fd-phoAlal66
before ultrafiltration. b) fd-phoAlal66 material
retained on ultrafiltration membrane. c) £dCAT2. 4)
f4CAT2 mixzed with purified alkaline phosphatase before
ultrafiltration. e) Retentate from sample d. £) Flow
through from sample 4.

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% TAE-agarose gel.
Samples from a comparable scFv assembly process (as in
example 14) are shown for comparison. Samples left to
right are:

M 0= Markers ,
VHCH1 = sequences encoding VHCHl1 domains
amplified by PCR
VKCK o= sequences encoding VKCK domains
amplified by PCR
-L = Fab assembly reaction performed
in absence of linker
+L = Fab PCR assembly reaction
product VHCH1 plus VKCK plus
- linker
M = - Markers
VK = ) sequences encoding VK domain
’ amplified by PCR
VL = sequences encoding- VH domains
amplified by PCR
-L = scFv assembly reaction in
absence of linker
+L = scFv assembly reaction . in
presence of linker
M = Markers

" Figure 37. Comparison of ELISA signals with scFv
D1.3 cloned in f£f4-CAT2 (£d) or pCAT-3. pCAT-3 scFvl1l.3 has
been rescued with M13K07 (KO7). M13KO7AgIII No 3 (gIII No
3) or M13KO07 gIIIANo 2 (glllNo2). Phage antibodies are
compared at 10 times (10x) 1 times (1lx) or 0.1 times
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(0.1x) . concentrations relative to concentration in the
supernatant after overnight growth. The fdCAT2 and pCAT-
3 non-recombinant  vector signals were <0.01 at 10x
. concentration. M13KO7 gIIIANc 1 did not rescue at all,
5 as judged by no signal above background in this ELISA. s
: Figure 38. . 'Western blot of PEG precipitated phage -
used in. ELISA probed with anti-g3p. Free g3p and the
g3p-scFvD1.3 fusion bands are arrowed.
Sample 1 - fd scCFvD1.3

““

10 Sample'Z-- pPCAT3 vector
Sample 3 -~ pCAT3 scFvD1.3 rescued with M13KO7, no IPTG
Sample 4 = pCAT3 scFvD1l.3 rescued with M13KO7, 50uM IPTG
Sample 5 - pCAT3 scFvDl.3 rescued with M13KO7, 100pM IPTG
Sample 6 - DCAT3 scFvD1.3 rescued with M13KO7 gIIIANo3
15 - (no IPTG) ‘ ~
Sample 7 ~-pCAT3 sSCFvD1.3 rescued with M13KO7 gIIIL}No 2
- ¢ (no IPTG)

Panel A ' .samples contain the equivalent of 8ul of

phagemid ‘culture supernatant per track, and 80pl of the
20 fd superhatant (10-fold lower phage yield than the
' phagemid).. Panel B phagemid samples are those used in
_panel Aat a five-fold higher sample loading (egquivalent
to 40ul ‘of  culture supernatant per track) to enable
visualisation of the fusion band in samples rescued with

25 parental M13K07.

Figure. 39 is a graph showing fdCAT2scFvD1.3
‘enrichment produced from a mixture of f£dCAT2scFvDl1.3 and
£dCAT2TPB4 by one round of panning.

. Figure 40 - is. a graph showing fdCAT2scFvD1l.3
30 enrichment produced from a mixture of f£dCAT2scFvD1.3 and
deATZTPBl by one round of panning.
: Figure 41. Western blot of phage proteins of
fACAT2(1): and fd-tet-SNase(2) with anti-g3p antiserum.
Marker ‘molecular weights bands are indicated(kD).
35 . Figure 42.vNuclease assay of soluble SNase 63 ng)(A-
1),fd-tet-SNase(4 x. 1097y, (B-1), £4-CAT2(2 x 1010TU)(C-1)
and of a PEG-precipitated fdCAT2 and SNase mixture(2 x
10107y 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, f£fd-
CD4-V1l and- £d-CD4-V1V2. In each group of three, the
samples are ‘left to right phage concentrate(SN); phage
concentrate plus soluble CD4(SN + sCD4); phage 4

45 concentrate plus gp- 120 (SN + gp 120). s

Figurev44. shows the DNA sequence of scFv B1l8 (anti-

NP)..
. Figure 45 shows a map of the insert of sequences »
encoding .FvD1.3 present in fd-tet FvDl1l.3 (example 39).
50 rbs designates the ribosome binding site. Gene III is
now shown in its full length.
" Figure 46. shows an ELISA assay of phages displaying

'PFIZER EX. 1502
Page 3116



WO 92/01047 PCT/GB91/01134

10

15

20

25

30

35

40

45

50

39

FvD1.3 or scFvDl.3 by binding to plates coated with
lysogyme. Signals obtained at various dilution factors
are shown. FvDl1l.3 (AS-Stuffer) which does not express Fv
was used as a control.

Figure 47. shows a schematic representation of steps
involved in the PCR assembly o0f nuclectide sequences
encoding human Fab fragments. Details are in example 40.

Figure 48. shows A. a map of plasmid pJM1-FabD1.3 -

which is used for the expression of soluble human Fab
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.

Figure 49. shows a schmatic representation of steps
involved in the PCR assembly of nucleotide seguences

'encoding human scFv fragments. Details are in example

42,
Figure 50. ELISA assay of phage antibodies using
plates coated with turkey egg lysogyme. Two clones Bl
and A4 are shown derived by mutagenesis and selection
from pAbDl1.3 (example 45). Concentration (x axis) refers
to the concentration of phage for each sample relative to
the concentration in culture supernatant. Bl has raised
binding to turkey egg lysogyme compared to D1.3. A4 has
reduced binding to hen egg lysogyme compared to D1.3.

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.
The background values as defined by binding of these
clones to BSA were subtracted.

Figure 52. shows the DNA sequence of the 1light
chains D1.3 M1F and M21 derived by selection from a
hierarchical library in example 46.

Figure 53 shows a Fv lambda expression vector
(example 48) derived from pUC1189. 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:
H=Hind III; Sp=Sphl: 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
competent cells (Hanahan method), transformation,
analysis of  restriction enzyme digestion products on
agarose gels, purification of DNA using
phenol/chloroform, 5'-end labelling of oligonucleotides,
filter screening of bacterial colonies, preparation of
2xTY medium and plates, preparation of tetracycline stock

solutions, PAGE of proteins, preparation of phosphate.

buffered saline.
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All enzymes were supplied by New England Biolabs (CP
Laboratories, PO Box 22, Bishop's Stortford, Herts.,
England) . and were used accord:.ng to manufacturer's
1nstructions unless otherwise stated.

5 - ‘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: K126 (lac-pro), sup E, thi, hsdD5/F traD36, ;
pro’A+B+,.-Lac 19, lac &M15). *
10 - viral particles were prepared by growing TGl cells

containing the desired construct in 10 to 100 mls 2xTY
medium with 15 pg/ml tetracycline for 16-24 hours. The
culture supernatant was collected by centrifugation for
10 mins at 10,000 rpm in an 8 x 50 ml rotor, Sorval RC-5B
15 centrifuge.- . Phage particles were precipitated by adding
1/5th volume 20% polyethylene glycol (PEG)/2.5M NaCl and
leaving at- 4°C for 1 hour. These were spun for 15
minutes as descr;hed above and the pellets resuspended in
10 mM Tris/HCl pE 8, 1mM EDTA to 1/100th of the original
20 volume. . 'Residual bacteria and undissolved material were
removed by spinning for 2 minutes in a microcentrifuge.
Single stranded DNA for mutagenesis or sequencing was
prepared from - concentrated phage according to Sambrook,
J., et al.,, 1989,, supra.
25 Index of Examples
) Example ‘1 Design of Insertion Point Linkers and
Construction of Vectors
. . Thig example covers the construction of two
derivatives. of the phage vector fd-tet: a) £4TPs/Bs for
30 the insertion of VH coding sequences; and b) £dTPs/Xh for
the insertion of . scFv coding sequences. The derivative
vectors have a new BstEII site for insertion of
sequences.
. Example ‘2 Insertion of Immunoglobulin Fv_ Domain into
35 Phage
This’ example covers the insertion of scFv coding
sequences derived from ‘an anti-lysozyme antibody D1.3
into dePs/Xh to give the construct fdTscFvD1.3.
Example 3 Insertion of Immungglobulin VH Domain into
40 Phage e
This example covers - the insertion of VH coding
sequences_. derived. . from an anti-lysozyme antibody D1.3
into dePs/Bs to. give the construct £4TVHD1.3. i
Example 4 Analysis of Binding;ﬁSgecific1tyﬁ of Phage
45 Antibodies -
: . This: example investigates the binding specificities
of the constructs fdTscFvD1.3 and f4TVHD1.3.

s

Example 5 Construction of f4CAT2 *
This example covers the construction of the
50 derivative £fdCAT2Z of the phage vector f£dTPs/Xh. The
derivative has’ restrzctxon 'sites for enzymes that cut DNA
infrequently.
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Example 6 Specific Binding of Phage Antibody (pAb) to
Antigen

This example shows the binding of pAb f£dTscFvDl.3
to lysozyme by ELISA.

Example 7 Expression of FabDl1l.3

This example concerns the display of an antibody Fab
fragment at the phage surface. The VH-CHl1 chain is
expressed by £d4dCAT2. The VL-CL chain is expressed by
pPUC19 in a bacterial host cell also infected with f4CAT2.
Example 8 Isolation of Specific, Desired Phage from a
Mixture of Vector Phage i .

This example shows how a phage (e.g. £fdTscFvD1.3)
displaying a2 binding molecule can be isolated from vector
phage by affinity techniques.

Example 9 Construction of pAb Expressing Anti-Hapten
Activity

This example concerns the insertion of scFv coding
sequences derived from the anti-oxazolone antibody NQ11
into f£d4dTPs/Xh to generate the construct pAbNQ1ll. The
example shows the binding of pAbNQll to oxazalone by

ELISA.
Example 10 Enrichment of pAbD1.3 from Mixtures of other

pAbs by Affinity Purification

This example shows how a phage (eg. pAbD1.3)
displaying one sort of biding molecule can be isolated
from phage (e.g. pAbNQll) displaying another sort of
binding molecule by affinity techniques.

Example 11 Insertion of a Gene Encodin an Enzyme
{Alkaline Phosphate) into £4CAT2

This example concerns the invention of coding
sequences for an enzyme into the vector fd4dCAT2 to give
the phage enzyme, fdphoAlallé6.
Example 12 Measuring Enzyme Activity Phage - Enzyme

This example shows the functionality of an enzyme
(alkaline phosphatase)} when displayed at the phage

surface (fdphoAlal66).
Example 13 Insertion of Binding Molecules into

Alternative Sites in the Phage

This example covers the insertion of scFv coding
sequences derived from a) the anti-lysozyme antibody
D1.3; and b) the anti-oxazalone antibody NQll1 into a
BamH1 site of f£dTPs/Xh to give the constructs f4TBaml

having an NQl1 insert.
Example 14 PCR Assembly of Mouse VH and VLK Repertoires

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
cf RNA from spleen. 2) Preparation of cDNA from the RNA
3) Use of primers specific for antibody sequences to PCR
amplify all VH and VLK cDNA coding sequences 4) Use of
PCR to create a linker molecule from linking pairs of VH
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‘and VLK seqdehces 5) ﬁse of PCR to assemble continuous

DNA molecules each comprising a VH sequence, a linker and
a VLK seguence. The specific VH/VLK combination is
randomly derived 6) Use.of PCR to introduce restrlction
sites. :

Example 15. Insertzon of the Extracellular Domain of a
Human Receptor for Platelet Derived Growth Factor (PDGF)
Isoform BH:into £dCAT2

This example concerns the insertion of coding sequences
for the. extracellular domain of the human receptor for
PDGF. into» the vector faCAT2 to give the construct
fdhPDGFBR..

Example 16. Binding of 125 I-PDGF-BB to the Extracellular
Domain of . the Human Receptor for PDGF Isoform BB
Displayed. on the Surface of fd Phage. Measured using an
Immunoprecipitation Assay.

This -example shows that the human receptor PDGF Isoform
BB is displayed on the surface of the phage in a form
which has the abllity to bind its ligand.

Example 17. Construction of Phagemid Containing Gene III
Fused with the Coding Sequence for a Binding Molecule.
This example concerns the construction of two phagemids
based on pUC119 which separately contain gene III from
£dCAT2 and the gene III scFv fusion £dCAT2seFvDI.3 to
generate pCAT2: and pCAT3 scFvDI.3 respectively.
Example' 18. Rescue of Anti-Lysozyme Antibody Specificity

from pCAT3scFvD1.3 by M13KO7

This example describes the rescue of the coding sequence
for the gene IiIscFv fusion from pCAT3scFvDl.3 by M13MO7
helper phage growth, phage were .shown to be displaying
scFv anti-lypozyme activity by ELISA.

Example 19. Transformation Efficiency of PCAT- 3 and pCAT-

3_scFvD1l.3 Phagemids -

This example. compared the efficiency of the phagemids
pvCc119, ! pCAT-3 and pCAT3scFvDl.3 and the phage fdCAT2 to
transform E.coli. .

Example 20 PCR Assembly of a Si;gle Chain Fv Library from
an Immunised Mouse

This example concerns a system for the display on phage
of scFv (comprlsing VH and VL) from an immunised mouse
using the’ ‘basic’ technigue outlined in example 14 (cDNA
preparaticn and PCR assembly of the mouse VH and VLK
repertoires) and ligating the PCR assembled sequences
into £f4CAT2 to create a phage library of 105 clones.
Testing of 500 clones showed that none showed specificity
against phox.

Example 21. Selection of - Antibodies Specific for 2-
phenyl- Secxazolone from a Repertoire from an Immunised
Mouse. .

This example shows that phage grown from the 'ibrary
established in example 20 can be subjected to affinity
selection using phox to select those phage -displaying

(3]
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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
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
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.
Example 24. Construction of Phagemid pHEN1 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 pUCl119. PHENl1 has  the
features shown in Fig. 26.

Example 25. Display of Single Chain Fv and Fab Fragments
Derived from the Anti-Oxazolone Antibody NO 10.12.5 on
Bacteriophage fd using pHENl1 and fdCATZ2.

This example describes the display of scFv and Fab

fragment with a specificity against phOx on the surface
of a bacteriophage. For display of scFv the phagemid
pHENl1 comprises the sequences encoding scFv (VH and VL)
for rescue by either the phages VSM13 or f£dCAT2. For
display of Fab the phage f4dCAT2 comprises the sequence
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 111
protein Fusion with Antibody Heavy or Light Chains by
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
phagemid encoding 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.
Example 27 Induction of Soluble scFv and Fab Fragments

using Phagemid pHEN1

This example covers the generation of soluble scFv
and Fab fragments from gene I1II fusions with sequences
encoding these fragments by expression of clones in pHEN1
in an E.coli strain which does not suppress amber

mutations.
Example 28 Increased Sensitivity in ELISA of Lysozyme
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using descFle .3 as Primary Antibody compared to Soluble

scFvD1l.3 .

This ' example covers the use of fdTscFvDl.3 in ELISA
showing that lower amounts of lysozyme can be detected
with - phage antihody descFle 3 than with soluble

scFvyD1.3. -,
Example ‘20 Direct Rescue and . Expression of Mouse

Monoclonal Antibodies as Single Chain Fv Fragments on the
Surface of Bacteriophage fd.

This ™ example covers the display on phage as
functional scFv fragments of two clones directly derived
from cells"eXpressing monoclonal antibodies directed
against oestriol. . Both clones were established to be
functional: using ELISA.

Example 30 Kinetic Properties of Alkaline Phosphatase
Displayed on _ the Surface of Bacteriophage fd

-This . .example concerns the demonstration that the
kinetic properties of an enzyme, alkaline phosphatase,
displayed ‘'on phage are qualitatively similar to those of
the same- enzyme when in solution.

Example 31 Demonstration using Ultrafiltration that
Cloned Alkaline. Phosphatase Behaves 'as Part of the Virus
Particle’

~ This example concerns the construction of the phage
enzyme . £dphoArgl66 - and the demonstration that both the
fusion’ protein made and the catalytic activity observed
derive from the phage particle.
Example 32 Affinity Chromatography of Phage Alkaline
Phogphatase e

This example concerns ‘the binding of alkaline
phosphatase displayed 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
of an Antibody Directed against Oxazolone

. This .example 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 construct was then inserted into the phage vector
£dCAT2 and the phagemid vector pHEN1 and the Fab fragment
displayed’ on the surface was shown to be functional.
Example 34 CQnstruction of a Gene III Deficient Helper
Phage -

This example describes "the construction of a helper
phage derived from M13KO7 by deleting sequences in gene
III. . Rescue of pCAT3-scFvDl.3 is described. The
ScFvDl. 3 is expressed at a high level as a fusion using
the deletion:- phage equivalent to expression using
deATZ-scFle 3. -

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 1lysozyme which 1is expressed on their surface.
The phage of different affinities were bound to Petri
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. ,
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
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
of CD4, a cell surface receptor and member of the
immunoglobulin superfamily, into bacteriophage f£fd. The
receptor i1s 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
Anti-4-hydroxy-3-nitrophenylacetic 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
defects in DNA - replication. Several mutations are
introduced into phage which can 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

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
soluble polypeptide. Sequences allowing expression of
these domains from the anti-lysozyme antibody D1.3 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
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 lymphoblastic cell line.
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 displaying this antigen were then affinity selected
from a: background of phage <displaying scFvD1.3 ‘anti-
lysozyme: on: the basis of binding to Rhesus-D positive red
blood cells. :

Example 42 A PCR Based Technique for One Step Cloning of
Human scFv' 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. IgM- ‘Sequences.

Example 43 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- specificity ' by ELISA. Sequencing of the clones
showed them to be of human origin.

Example 44 Rescue of human IgM library usingggelper phage
lacking gene 3 ( g3)

This - example covers the isolation, from the library
of scFv fragments -‘of unimmunized human IgM genes, of
clones of. phage antibodies of clones for phage antibodies
specific for 'thyroglobulin and oxazolone. In this
example réscue . was with M13KO7gIII No3 (NCTC12478), a
helper phage defective in gene III. Fewer rounds of
selection ~ appeared necessary for a phagemid library
rescued with thls phage ‘'compared to one rescued with
M13K07. -~
Example 45 Alteratlon of Fine Specificity of scFvD1l.3
displayed. on -Phage by Mutagenesis and Selection on
Immobilized Turkey Lysozyme '

This example covers the in v1tro mutagenesis of
pCATscFle 3 by replacement with random amino acids, of
residues known to be of importance in the preferential
recognition of hen egg lysozyme over turkey egg lysozyme
by scFvDl1.3. = Following - selection for phage antibodies
recognising turkey egg 1lysozyme by affinity
chromatography, clones were analysed for specificity by
ELISA. Two groups of clones were found with more equal
recognitien of hen and turkey lysozymes, one with
increased “ELISA signal 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 aerived
from an Unimmunised Mouse

] Thisjexample(shows that replacement of the VL domain

“4n

it

K1
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of scFvD1.3 specific for hen eggwhite lysozyme (HEL) with
a library of VL domains allows selection of scFv
fragments which bind also to turkey eggwhite lysozyme
(TEL). The scFv fragments were displayed on phage and
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
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
phage under mild conditions. pAbNQll was enriched
approximately 600 fold from a mixture with pAbDl1.3. 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.

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
produce an enriched pool of genes encoding antibodies
directed against 4-hydroxy-3-nitrophenylacetic acid and
describes how this technique could be used to reduce the
complexity of antibody repertoires displayed on the
surface of bacteriophage.

Example 1 - .
Degsign 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
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'
overhangs and re-ligating to generate the vector fd4TéBst.

Digestion of fd-tet with BstEII (0.5 units/pl) was.

carried out in 1x 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 dithiothreitol
(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 uM each dNTP's (Pharmacia
Ltd., Pharmacia House, Midsummer Boulevard, Milteon
Keynes, Bucks., UK.) and Klenow Fragment (Amersham
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/chloroform and precipitated with ethanol.
Ligatioﬁs were carried out at a DNA concentration of
50ng/pl). :'Ligations were transformed into competent TGl
cells and plated onto TY plates supplemented with 15
Bg/ml tetracycline. " This selects for vectors where the
gene for tetracycline resistance protein has reinserted

 into the vector during the ligation step. Colonies were -
picked ' into 25 mls “of 2xTY medium supplemented with 15

pg/ml tetracycline and grown overnight at 37°C.

‘Double ‘stranded DNA was purified form the resulting
clones using the gene-clean II kit (BiolOl Inc., PO Box
2284, La. Jolla, California, 92038-2284, USA.) and
according;to the small scale rapid plasmid DNA isolation
procedure described therein. The orientation of 5 of the
resulting clones was checked using the restriction enzyme
Clal.. A c¢lone was chosen which gave the same pattern of
restriction by ClaI as fd-tet, but which had no BstE II
sites. .

In vitro mutagenes:s ‘of £dT&Bst was used to generate
vectors:" having appropriate restriction sites that
facilitate. cloning of antibody fragments downstream of
the gene III signal peptide and in frame with the gene
II1I coding sequence. The oligonucleotide directed
mutagenesis system version 2 (Amersham International) was
used with: -oligo 1 (figure 4) to create £fdTPs/Bs (to
facilitate cloning of VH fragments). The sequence
offdTPs/Bs (figure 4) was confirmed using the sequenase
version 2.0 kit (USB Corp. ., PO Box 22400, Cleveland,

Ohio, 44122, UsA ) with oligo 3 (figure 4) as a primer.

A second vector fdTPs/Xh (to facilitate cloning of

single chain Fv fragments) was generated by mutagenising
fdTPs/Bs with oligo 2 according to the method of
Venkitaraman, A.R.,  Nucl. Acid Res. 17, p 3314." The
sequence. of dePs/xh (figure 4) was confirmed using the
sequenase verSion 2.0 kit (USB Corp.) with oligo 3 as a
primer. -
Clearly, alternative constructions will be apparent
to those skilled in the art. For example, M13 and/or its
host bacteria could .be modified such that its gene III
could be disrupted without the onset of excessive cell
death; thé modified fd gene III, or other modified
protein, - could be incorporated into a plasmid containing
a single ‘stranded phage replication origin, such as
puC119, superinfection with modified phage such as KO7
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
fdTPs/Bs is 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

‘B

PFIZER EX. 1502

Page 3126



WO 92/01047 - ' PCT/GB91/01134

10

- 15

20

25

30

35

40

45

50

49

Nucl. Acids. Res., 17, p 10163-10170) could be used to
avoid use of restriction enzyme digests and/or llgation
steps.

Example 2.
Ingertion of Immunoglobulin Fv Domain into Phage

The plasmid scFv D1.3 myc (gift from g. Winter and
A. CGriffiths) contains VH and VL sequences from the
antibody D1.3 fused via a peptide linker sequence to form
a single chain Fv version of antibody D1.3. The sequence
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
same specificity (A. Griffiths and G. Winter personal
Communication). ’

Digestion of scFv D1.3 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.
Ligation of this fragment intc f£4dTPs/Xh. cleaved with Pstl
and Xhol gave rise to the construct £dTscFvDl1l.3 encoding
the gene 111 signal peptide and first amino acid fused to
the complete D1.3 scFv, followed by the mature gene III
protein from amino acid 2.

: The vector £fdTPs/Xh was prepared for ligation by
digesting with the Pstl 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.
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
myc was excised with the appropriate restriction enzymes
{Pstl and Xhol) 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
concentration of 5 ng/ul each. The formation of the
correct construct was confirmed by seguencing as
described in example 1.’

To demonstrate that prote;ns of the expected size
were produced, virions were concentrated by PEG
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 mM tris, 380 mM Glycine, 0.1%SDS) with 20% methanol
for 15 minutes. Transfer to nitrocellulose filter was
executed in fresh 1lx running buffer/20% methanol using
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TE70. Sem1 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
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
pelyclonal: antiserum raised against affinity purified,
bacterzally expressed scFv fragment (gift from G.
Winter). “After washing with PBS (3 x 5 minute washes),

"bound primary: antibody was detected using an anti-rabbit

antibody conjugated ‘to horseradish peroxidase - (Sigma,
Fancy Road,. ‘Poole, Dorset, BH17 7NH, UK.) for 1 hour.
The filter rwas,;weshed in PBS/0.1% triton X-100 and
developed. with 0.5 mg/ml 3,3'-diaminobenzidine
tetrahydrochloride (DAB), 0.02% cobalt chloride, 0.03%
hydrogen peroxide in PBS. .-

The 'results showed that with clones fdTVHD1.3 (from
example 3 incorporating sequences coding for VH) and
£dTscFvDl. 3 (incorporating 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
fusion’ proteins constructed. This product is not
observed in supernatants derived from fd-tet, f4T&Bst or
£4TPs/Xh. =~ .

Example 3. - '
Insertion of Immunogggbulin VH Domain into Phage Antibody

The VH fragment  from D1.3 was generated from the
plasmid .PSW1-VHD1.3-TAGl (Ward, E.S. et al., 1989
supra. ). - Digestion of this plasmid with Pstl and BsStEII
generates}the-fragment shown between positions 113 and
432 in figure 5. Cloning of this fragment into the Pstl
and BstEII sites of fdTPs/Bs gave rise to the construct
£4TVHD1.3 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 fdTPs/Bs digested with Pstl and

BstEII.-
Example 4. - ’
Analysis of Bindi:gggggcificity of Phage Antibodies

"The binding of the various phage antibodies to the
specific antigen, ‘lysozyme, was analysed using ELISA
techniques. =~ ‘Phage antibodies (e.g. £dTVHD1.3 and
fdTsc/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 polyclonal sheep serum raised against
the closely related phage M13.

ey
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ELISA plates were prepared by coating 96 well plates
(Falcon Microtest III flexible plate. Falcon: Becton
Dickinson Labware, 1950 Williams Drive, Oxnard,
California, 93030, USA.) with 200 ul of a solution of
lysozyme (1mg/ml unless otherwise stated) in 50 mm NaHCO3
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
added and incubated for 1 hour. Plates were washed (3
ringses 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
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 biotinylated anti-sheep
antibody (Amersham International) for 30 minutes. Plates
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

* mM citric acid, 50 mM tri-sodium citrate at a ratioc of

54:46. Hydrogen peroxide was added toc a final
concentration of 0.003% and the plates incubated for 1
hour. The optical density at 405 nm was read in a
Titertek multiskan plate reader.

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
phage antibody (£dTscFvDl1.3) and the VH containing phage
antibody (£dTVHD1.3) and the VH containing phage antibody
were higher 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.
Figure 7 shows the results of coating the plates
with varying concentrations of lysozyme or bovine serum

“albumin (BSA). The equivalent of 1 ml of the original

phage antibody culture supernatant was used. The signals
from supernatants derived from £dTscFvD1.3 were again
higher than those derived from £dTPs/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
amount of lysoczyme coated. These results demonstrate
that the binding detected is specific for lysozyme as the
antigen. :
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Example S. B
Construction of fd CAT 2

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 respect, for example Notl and Sfil. Chaudhary et
al (PNAS 87 pl066-1070, 1990) have identified a number of
10 restriction sites which occur rarely in antibody variable
genes. - The applicant has designed and constructed a
vector that utilises two of these sites, as an example of
how.this type of enzyme can be used. Essentially sites
for the enzymes ApaLl and Notl were engineered into
15 £dTPs/Xh to create fdCAT2.
The - oligoﬁucleotide.
5'ACT TTC AAC AGT TTC TGC GGC CGC CCG TTT GAT CTC GAG CTC
CTG CAG. TTG. GAC CTG TGC ACT GTG AGA ATA GAA 3'
was synthesised (supra fig 4 1legend) and used to
20 mutagenise fdTPs/Xh using an in vitro mutagenesis kit
from Amersham International as described. in example 1, to
create f£d-CAT2. - The sequence of £d-CAT2 was checked
around the. site of manipulation by DNA sequencing. The
final sequence around the insertion point within gene III
25 is shown in figure 8.
N.B. fdCAT2 is also referred to herein by the alternative
terminologies: fd-tet—DOGl and £d4dDOGl.
Example 6
Specific Bindin g of Phage-antibody (pAb) to Antigen
30 The anding of pAb D1.3 (£dTscFvD1l.3 of example 2)
to lysozyme was further analysed by ELISA.
Methods. .- - )

1. vPhag_;growth.
‘Cultures of phage transduced bacteria were prepared

35 in 10-100 mls 2 x TY medium with 15 pg/ml tetracycline
and grown with shaking at 37°C for 16-24 hrs. Phage
supernatant was prepared by centrifugation of the culture
(10 min at 10, 000 rpm, 8 x 50 ml rotor, Sorval RC-5B
centrifuge)... At this stage, the phage titre was 1 -~ 5§ x

40 1079/ml transducing 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
resuspandad"in,lo mM Tris-HC1l, 1mM EDTA pH 8.0 to 1/100th

: of the -eriginal wvolume, and residual bacteria and

45 aggregated phage removed by centrifugation for 2 min in a

R

n

bench microcentrlfuge. N

ELISA ' A
Plates were coated with antigen (1 mg/ml antigen)

and blocked. as described in example 4. 2 x 10;g9 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-M13 antisera and detected with
horseradish peroxidase (HRP) conjugated anti-goat serum
(Sigma, Poole, Dorset, UK) which also detects sheep
immunoglobulins and ABTS (2'2'-azinobis (3-
ethylbenzthiazoline sulphonic acid). Readings were taken
at 405 nm after a suitable periocd. The results (figure

'9) show that the antibody bearing-phage had the same

pattern of reactivity as the original D1.3 antibody
(Harper, M., Lema, F., Boulot, G., and Poljak, F.J.
(1987) Molec. Immunol. 24, 97-108), and bound to hen egg-
white lysozyme, but not to turkey egg-white 1lysozyme,
human lysozyme or bovine serum albumin. The specificity
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 D1.3

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
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 CHl1l domains
from coding sequences within the pAb itself and to co-
express the 1light chain in the bacterial host cell
infected with the pAb. The VH :aand CHl1l regions of anti-
lysozyme antibody Dl1.3 were cloned in £fd CAT2, and the
corresponding light chain cloned in plasmid pUC19. The
work of Skerra and Pluckthun (Science 240, pl038-1040
(1988) and Better et al 1988 supra; demonstrated that
multimeric 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
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
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
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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example, -cloning an expression cassette into a suitable
place in-the phage genome. Such a suitable place would
be the. ingergenic region which houses the multicloning
sites engineered into derivative of the related phage M13
(see, ’fo’r"exax‘npl’e, Yanisch-Perron, C. et al., Gene 33,
p103 -119, (1985)).

" The starting point for this example was the clone
Fab D1.3 in pUCl9, .a map of which is shown in figure 10.
The ' regions hybridising with the oligonucleotides KSJ6

and 7 below are shown underlined in fig 10. The sequence -

encoding the VH-CH1 region (defined at the 5' and 3'
edges by the oligonucleotides KSJ6 and 7 below) was PCR
amplified from Fab D1.3 in pUCl19 using oligonucleotides
KSJ 6 and 7, which retain the Pst I site at the 5' end
and 1ntroduce a Xho I site at the 3' end, to facilitate
cloning +into fd& CAT2.  The sequences for the
oligonucleotides KSJ6 and 7 are shown below. The
underlined-region of KSJ7 shows the portion hybridising
with the sequence for D1.3. .

KSJ6:5' AGG TGC AGC TGC AGG AGT CAG G 3'

KSJ7: 5 @T ‘GAC CTC GAG: TGA AGA TTT GGG CTC AAC TTT C 3'
PCR conditions were as described in example 1I, except:
that. thirty cycles of PCR amplification were performed

with- denaturation. 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 TGl cells containing Fab
D1.3 in pllClQ resuspended in water and boiled. The
template DNA was prepared from the colonies by picking
some -coleony material - into 100pl of distilled H,0 and
boiling ‘for 10 mins. lpl of this mixture was used in a
20upl.-PCR.:. This regime resulted in amplification of the
expected ftagmant of approximately 600bp. This fragment
was cut with Pst I and Xho I, purified from an agarose
gel and ligated into Pst 1/Xho l-cut £dCAT2. The. PCR
mixture was extracted with phenol/chloroform and ethanol
precipitated (Sambrook et al. supra.) before digestion
with Pstl:and Xhol . (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 Jolla, ".San Diego, California, USA) according to
manufacturers recommendations.

£3~CAT2 vector DNA was digested with Pst 1 and Xho 1
{New England BioLabs) according to manufacturers
recommendations, extracted with phenol/chloroform and
ethanol precipitated (Sambrook et al. supra.).

75ng of Pst 1/Xho l-digested vector DNA was ligated

G

to 40ng "of PCR-amplified Pstl /Xho I-digested hEGF-R .

fragment. : in 12pl of 1ligation buffer (66mM TrisHC1l
(pH7.6), 5mM MgCl,, 5mM dithiothreitol, (100pug/ml bovine
serum albumin, 0. SmM ATP, 0.5mM Spermidine) and 40C units
T4 DNA ligase (New England BioLabs) for 16 hours at 16°C.
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Two pl of the ligation mixture was transformed into
200ul of competent E.coli MC1061 cells, plated on 2TY
agar containing 15pg/ml tetracycline and incubated at
30°C for 20 hours. A portion of the ligation reaction
mixture was transformed into E.coli MC1l061 (Available
from, for example Clontech Laboratories Inc, Palo Alto,
California) and colonies identified by hybridisation with
the oligonucleotide D1.3CDR3A as described in example 10.
The presence of the VHCH1 gene fragment was likewise
confirmed by PCR, using oligonucleotides KSJ6 and 7. A

representative clone was called fd CAT2VHCH1 D1.3. The.

heavy chain was deleted from Fab D1.3 in pUC19 by Sph I
cleavage of Fab D1.3 plasmid DNA. The pUC 19 2.7Kb
fragment containing the light chain gene was purified
from a TAE agarose gel, and 1l0ng of this DNA self-ligated

and transformed into competent E.coli TGl. Cells were

plated on 2TY agar containing ampicillin (100pg/ml) and
incubated at 30°C overnight. The resulting colonies were
used to make miniprep DNA (Sambroock et al. supra), and
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 f£d CATZVHCHI. D1.3 cells was
microcentrifuged at 13,000Xg for 10 minutes and 50ul of
the supernatant containing ‘phage particles added to 50pl
of an overnight culture of LCDl1.3 DHC cells. The cells
were incubated at 37°C for 10 minutes and plated on 2TY
agar containing ampicillin (100ug/ml) and 15pg/ml
tetracycline. Phage were prepared from some of the
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 D1.3 were present, the pAb bound to lysozyme.
pAb expressing the fd VHCH1 fragment did not bind to
lysozyme unless grown in cells alsc expressing the light
chain. This shows that a functional Fab fragment was
produced by an association of the free light chain with
VHCH1 fragment fused to gene III and expressed on the
surface of the pAb.

Example 8
Isolation of Specific, Desired Phage from a Mixture of

Vector Phage.

* The applicant purified pAb (D1l. 3) (originally called
fdTscFvD1.3 in example 2) from mixtures using antigen
affinity columns. pAb (D1.3) was mixed with vector £d
phage (see table 1) and approximately 10! phage passed
over a column of lysozyme-Sepharose (prepared from
cyanogen bromide activated sepharose 4B (Pharmacia,
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 oligonuclectide that detects
only . the pAb (D1.3) see Table 1 and Fig. 12. A thousand
fold enrichment of pAb(D1.3) was seen with a single
column pass.‘ By growing  the enriched phage and passing
it down the column again enrichments of up to a million

 fold were" seen.~

Enrichment was also demonstrated using purely
immunological ‘criteria. For example, 10 phage (at a

ratio of 1 pAb (D1.3) to 4 x 10° £dTPs/Bs) was subjected-
.to two rounds of affinity selection, and then 26 colonies

picked and grown overnight. The phage was then assayed
for 1lysozyme binding by  ELISA (as example 6). Five
colonies yielded ‘phage with lysozyme binding activities,
see table®l, and these were shown to encode the scFv
(D1.3) bY'PCR soreening (example 13, using 30 cycles of 1
minute at 92°C, 1 minute at 60°C, 1 minute at 72°C using
CDR3PCR1 and 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
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
loaded onto a 1 ml lysozyme-Sepharose affinity column
which'hed*been: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 10ml 50 mM Tris-HCl 500 mM NaCl pH 8.5;
then 5 mls 50 mM Tris-HC1, 500 mM NaCl pH 9.5 (adjusted
with triethylamine) and then eluted with 5 ml 100 mM
triethylamine. - The eluate was neutralised with 0.5 M
sodium phosphate buffer pH 6.8 and the phage plated for
analysis.x For & second round of affinity chromatography,
the first column eluate was plated to about 30,000
colonies per.  petri dish. After overnight growth,
colonies were then scraped into 5 ml 2 x TY medium, and a

- 20 pl aliquot diluted into 10 ml fresh medium and grown

overnight. ' The phage was PEG precipitated as described
above, -resuspended in 1 ml MPBS and loaded onto the
column, washed and eluted as above.

Oligonucleotides sythesised:
CDR3PCR1 S5'TGA GGA C(A or T) C(A or T) GC CGT CTA CTA CTG

. TGC 3'

40" pmole of oligonucleotide VH1FOR (Ward E. S., et

al (1989) Nature 341, 544-546), specific to pAb (D1.3) .

was . phosphorylated with 100 HCi a-32P ATP, hybridised
(lpmole/ml) to nitrocellulose filters at 67 C in 6 x
saline sodium citrate (SSC) Sambrook et al., supra.
buffer for -30 minutes and allowed to cool to room

temperature’ for 30 mins, weshed 3 x 1 min at 60°C in 0.1 -

x SSC. .
Example 9 .

(v
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Construction of pAb Expressing Anti-hapten Activity

Oxazolone 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.

Gherardi, R. Pannell, C. Milstein, J. Immunol. Method 126

61-68). A plasmid containing the VH and VL gene of NQ11
was converted to a scFv form by inserting the BstEII/Sacl
fragment of scFvDl.3 myc (nucleotides 432-499 of Fig. 5)
between the VH and VL genes to generate pscFvNQll, the
sequence of which is shown in fig. 13. This scFv was
cloned into the Pstl/Xhol site of FATPs/Xh (as described
earlier) to generate pAb NQl1l 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
Pstl).

The specific binding of pAb NQll was confirmed using
ELISA. ELISA plates were coated at 37°C in 50 mM NaHCO3
at a protein concentration of 200 pg/ml. Plates were
coated with either hen egg lysozyme (HEL), bovine serum
albumin (BSA), or BSA conjugated to oxazolone (OX-BSA)
(method of conjugation in Makela 0.,, Kartinen M.,
Pelkonen J.L.T., Karjalainen K. (1978) J. Exp. Med.l148
1644). Preparation of phage, binding to ELISA plates,
washing and detection was as described in example 6.
Samples were assayed 1in 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 D1.3 and
pAb NQ11 bind only to the antigen against which the
original antibodies were raised. .-

Example 10
Enrichment of pAb D1.3 from Mixtures of Other pAb by
Affinity Purification

3 x 10*Y phage in 10 mls of PBSM at the ratios of
pAb D1.3 to pAb NQll shown in table 2 were passed over a
1 ml 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
were probed with a probe which distinguishes pAb D1.3
from pAb NQ11. The sequence of this oligonucleotide
(D1.3CDR3A) is:- '
5'GTA GTC AAG CCT ATA ATC TCT CTC 3'

Table 2 presents the data from this experiment. An
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 , 7
Insertion of a Gene Encoding an Enzyme (Alkaline

--phosphatase) into £d-CAT2

As an example of the expression of a functional
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enzyme on. the bacteriophage surface, the applicants have
chosen batterial alkaline phosphatase, an enzyme that
normally.fnnctions as a dimer (McCracken, S. and Meighen,
E., J. Biol. Chem. 255, p2396-2404, (1980)). The
oligonucleotides were designed to generate a PCR product
with an. Apa L1l site at the 5' end of phoA gene and a Not
1 site atiits 3' end, thus facilitating cloning into fd-
CAT "2  to create a gene III fusion protein. The
oligonucleotides synthesised were:

phoAl:5' TAT TCT CAC AGT GCA CAA ACT GTT GAA CGG ACA CCA
GAA ATG CCT GTT CTG 3' 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.

‘et al., Gene. 44, p121-125 (1986). The plasmid amplified

{pEK86) contains an alkaline phosphate gene which differs
from the ‘sequence .of Chang et al, by a mutation which
converts arginine to alamine at position 166.

The “PCR reaction was carried out in 100pl of 10 mM
Tris/HCl1 PpH 8.3, containing 50 mM KCl1l, 5mMdANTP 2.5 mM
MgCl,, 0.01% gelatin, 0.25 units/pl of Taqg 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
out in a Techne (Techne, Duxford, Cambridge, UK) PHC-2
dri-block using thirty cycles of 1 min at 92°C, 2 min at

50°C, 3. min at 72°C.
The - ‘resultant product was extracted with

phenol:chloroform, precipitated with ethanol, and the
pellet dissolved in 35ul water. Digestion with 0.3
units/pl of Apa L1 was carried out in 150pul volume
according :to manufacturers instructions for two hours at
37°C. Afterheat inactivation of the enzyme at 65°C ,
NaCl was added to a final concentration of 150mM and 0.4
units/pl- Notl enzyme added. After incubation for 2 hours
at 37°C, *he digest 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 -Notl according to the manufacturers
instructiéns and treated with calf intestinal alkaline
phosphatase as described in example 2. The sample was
extracted . three times with phenol:chloroform,

precipitated with ethanol and dissolved in water. The
ligations were performed with a final DNA concentration
of 1-2ng/pl of both the cut £d-CAT2 and the digested PCR
product. The ligations were transformed -into competent
TGl cells‘'and plated on 2xTY tet plates. Identification
of clones containing the desired insert was by analytical
PCR performed using the conditions and primers above, on

boiled . samples of the resulting colonies. The correct

clone containing the phoA gene fused in frame to gine III
was called fd-phoAla 166. ° The sequence at the junction

R
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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°C in 2xTY with 15ug/ml
tetracycline. Concentrated, PEG precipitated phage were
prepared as described earlier. Enzyme assays (Malamy,
M.H. and Horecker B.L., Biochemistry 3, pl893-1897,
(1964)) were carried out at 24°C in a final concentration
of 1M Tris/HC1 pH 8.0, 1mM 4-nitrophenyl phosphate
(Sigma), 1mM MgCl2. 100pl of a two times concentrate of
this reaction mixture was mixed with 100ul 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. 1Initial reaction
rates were calculated from the rate of change of
absorbance using a molar absorbance of 17000 l1/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 10mM
Tris/HCl pH 8.0, 1mM 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-phoAlal66é but not
fd-CAT2. Furthermore, the ilevel of activity was
consistent with the expected number of 1-2 dimer
molecules 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 alkaline

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 molecules would open up the
possibility 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 o©f this molecule.
It may be useful in the binding of viruses with a high
mutational rate such as human immunodeficiency virus. 1In
addition, it may be used to bring antigens into close
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proximity- (e.g. drug -targetting or cell fusion) or it
may act as .a "molecular clamp” in chemical, immunological
or enzymatic processes:
The “vector f£d-tet and the derivatives described
5 here have a. single BamHl 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. Chem. 263 p4318-4322). This s
10 provides ‘a. potential alternative site for the insertion
- of antibody fragments.

" 'DNA fragments. encoding scFv's from D1.3 or NQll were
generated ‘by PCR using the primers shown below. These
primers .wére designed to generate a . fragment with BamHl

15 sites near both the terminii, to enable cloning into the
BamHl 'site of gene3 (see figure 16(1)). The
oligonuclegtides used, also ensure that the resulting PCR
product - lacks Pstl and ‘Xhol restriction sites normally
used. for ' ‘manipulating the scFv's (see figure 16(1)).

20 This will ‘facilitate subsequent manipulation of a second
antibody fragment in the usual way at the N terminus of
gene- 3. ~.The ‘oligonucleotides used were:-

G3Baml.5'TTT AAT GAG GAT CCA CAG GTG CAG CTG.CAA GAG 3"~
G3Bam2. 5'AAC GAA TGG ATC CCG TTT GAT CTC AAG CTT 3°'.
25 Preg;ration of vector and PCR insert
‘The - PCR reaction was carried out in an 80 ul
reaction ‘as described in example using 1lng/pl of
template ‘and -0.25U/pl of Taq polymerase and a cycle
’ regime of_94°C,for 1 minute, 60°C for 1 minute and 70°C
- 30 for 2 min'utes' ‘over 30 cycles. The template was either
pscFvNQll ‘(example 9) or scFvDl.3 myc (example 2).
Reaction products were extracted with phenol:chloroform,
precipitated, dissolved in water and. digested with BamH1
according- to manufacturers instructions. The digest was

35 re-extracted with- phenol- chloroform, precipitated and
dissolved in water.

: The vector fd’I‘Ps/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 concentration of approximately 6ng/pl and a PCR
insert concentration of approximately 3ng/pl. These were
ligated for 2.5 -hours at room temperature before
transforming into .competent TGl cells and plating on TY

; tet platés. - The resultant colonies were probed as

45 described in example 8. DNA was prepared from a number
of colonises and . the correct orientation and insert size
confirmed by restriction digestion with Hind III in
isolation or in combination with BamH1. (One Hind III
site is. contributed by one of the primers and the other L

-50 by the vector)

- - - Two ‘clones containing ‘a D1.3 insert (£4TBaml) and
'deBamZ) and one containing an NQl1 insert (NQllBaml)

<h

11
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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
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
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 G3mutéBam shown below (using an
in vitro mutagenesis kit (Amersham International}):-
G3mutéBam 5' CA AAC GAA TGG GTC CTC CTC ATT A 3°

The underlined residue replaces an A residue, thereby
removing the BamHl site.  DNA was prepared from a number
of clones and several mutants lacking BamHl sites
identified by restriction digestion.

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
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

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. cDNA is prepared from spleen RNA from an appropriate

mouse and the VH and VLK repertories individually
amplified. Separately, primers reverse and
complementary to VH1FOR-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.
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'
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
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 referréd 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 randomly from the

'sepa:"'ate 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 VH1BACK (referring
to domain 1 of VH) and VLKFOR. The nucleotide sequences
for theseé oligonucleotide primers are provided under the
section entitled 'Primer. Sequences' below. This two
stage process, avoids the potential problem of
preferential amplification of the first combinations to
be assembled. -

For elaning into the phage system, the assembled
repertoires ~must be 'tagged' with the appropriate
restriction sites. . In the example provided below this is
illustrated by providing an ApaLl restriction site at the
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. under the section entitled 'Primer Sequences'
below. THere ‘are however, 4 possible kappa light chain
sequ_ence_s (whereas a single consensus heavy chain
sequence ‘can be used). - Therefore 4 oligonucleotide
primer sequences are provided for VLK. '

.For this third stage PCR, sets of primers which
create the new restriction site and have a further 10
nucleotides on the 5' side of the restriction site have
been used. -‘However, long tags may give better cutting,
in which case 15-20 nucle.otid'e overhangs could be used.

Scrup_nlously clean procedures must be used at all
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 (B10 101,
Geneclean, La Jolla, San Diego, California, USA) can be
used according to manufacturers instructions to extract
DNA from an agarose gel. The beads, Nal and the NEW wash
should be-aliquoted. N

All enzymes were obtained from CP Laboratories, P.O.
Box 22, Bishop's Stortford, Herts CM20 3DH and the

manufacturers. recommended and supplied buffers were. used

unless otherwise stated.
A. RNA Preparation

RNA can be prepared using may procedures well known
to those skilled in -the art. As an example, the
following protocol (Triton X-100 lysis, phenol/SDS RNase

o

inactivation)} gives excellent results with spleen and:

hybr’i’dom_a‘jc_el,ls" (the addition of VRC (veronal ribosyl
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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.

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.

2. On ice, add 1 ml ice-cold lysis buffer to the pellet
and resuspend it with a 1ml 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
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-HC1
pH 8.0). Vortex hard for 2 minutes, then microfuge
(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
2.5 volumes ethanol at 20°C overnight or dry ice-
isopropanol for 30 minutes.

7. Wash the RNA pellet and resuspended in 50 pl to
check concentration by O0D260 and check 2 uyg on a 1%
agarose gel. 40ug of RNA was obtained from spleen
cells derived from mice.

Lysis buffer is [10mM Tris-HC1 pH 7.4, 1mM MgCl2, 150mM

NaCl, 10mM VRC (New England Biolabs), 0.5% (w/v) Triton

X-100], prepared fresh.
Lysis buffer is [10mM Tris-HCl1l pH 7 4, 1lmM MgCl,,

150mM NaCl, 10mM VRC (New England Biolabs), 0.5% (w/v)
Triton x-lOO], prepared fresh.
B. cDNA Preparation

cDNA can be prepared using many procedures well
known to those skilled in the art. As an example, the
following protocol can be used: :
1. Set up the following reverse transcription mix:

pl
H,0 (DEPC-treated) 20 .
SmM ANTP 10
10 x first strand buffer 10
0.1M DTT 10
FOR primer(s) (10 pmol/ul) 2°(each) (see below)
RNasin (Promega; 40 U/ul) 4

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. deoxynucleotzde triphosphate

iii) DTT is dithiothreitol the function of which is as an

antioxidant to create the reducing environment

necessary for enzyme function.

RNasin is a . ribonuclease inhibitor obtained from

Promega Corporation, 2800 Woods Hollow Road,

Madison, Wisconsin, USA. )

2. Dilute 10 pg  RNA to 40 pl final volume with DEPC-
treated water. Heat at 65°C for 3 minutes and hold
on ice for  one minute (to remove secondary
structure).

3. Add to the RNA the reverse transcription mix (58 pl)
and 4 ul of the cloned reverse transcriptase 'Super
RT' (Angllan 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 then spin in a microfuge to
‘pellet debrls. Transfer the supernatant to a new
tube.

10 x first strand buffer is f1. 4M KCl, 0.5M Tris-HCl
pH 8.1 at 42°C 80mM MgClj].

The primers anneal to:the 3° end. Examples of kappa
light chain primers are. MJK1FONX, MJK2FONX, MJK4FONX and
MJKSFONX (provided under 'Primer Sequences' below) and
examples of heavy .chain primers are MIGGl, 2 (CTGC GAC AGG
GAT CCA GAG TTC CA) and MIGG3 (CTG GAC AGG GCT CCA TAG
TTC CA) which anneal- to CH1. .

Alternatively, any primer that binds to the 3‘ end
of the variable regions VH, VLK, VL, or to the constant
regions CHl1, CK or CL can be ‘used. : .

C.  Primary PCRs-

iv)

For each’ PCR -and. negative control, the following
reactions are set up (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 prov;ded by C.P. Laboratories

- pl
H,0 Lo 32.5
10 x Vent buffer = 5.
20 x Vent BSA © 2.5
5mM 4NTPs ’ I.5
FOR primer 10 pmol/pl) 2.5
BACK primer 1lOpmol/pl. 2.5

The FOR and BACK -primers are given in the section below
entitled 'Primer Segquences’. For VH, the FOR primer is
VH1FOR-2 and the BACK primer is VH1BACK. For VLK the FOR
primers - are MJKIFONX, -- MJK2FONX, MJK4FONX and MJKS5FONX
(for the four'resﬁgctiVe‘kappa light chains) and the BACK

PCT/GB91/01134
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primer is VK2BACK. Oniy one kappa light cnairn BACK
primer is necessary, because binding is to a nucleotide
sequence common to the four kappa light chains.

UV this mix 5 minutes. Add 2.5 ul cDNA preparation
(from B above)}, 2 drops paraffin oil (Sigma Chemicais,

w

Poole, Dorset, UK). Place on a cycling heating block.
e.g. PHC-2 manufactured by Techne Ltd. Duxford UK, pre-
set at 94°C. Add 1ul Vent DNA polymerase under the

paraffin. Amplify using 25 cycles of 94°C 1 min, 72°C 2
10 min. Post-treat at 60°C for 5 min.

Purify on a 2% 1lmp (low melting point agarose/TAE
(tris-acetate EDTA)gel and extract the DNA to 20 ul H»0
per original PCR using a Geneclean kit (see earlier) in
accordance with the manufacturers instructions.

15 D. Preparation of linker :
Set up in bulk (e.g. 10 times)

pl
H20 34.3
10 x Vent buffer 3
20 20 x Vent BSA 2.5
5mM dNTPs 2
LINKFOR primer 10 pmol/ul) 2.5
LINKBACK primer 1l0Opmol/pl 2.5
DNA from fcFv D1.3 (example 2) 1
25 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
30 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 min.
Purify on 2% 1lmp/TAE gel. (using a loading dye
without bromophenol blue as a 93bp fragment is desired)
35 and elute with SPIN-X column (Costar Limited., 20%
Broadway, Cambridge, Ma. USA.,) and precipitation. Take
up in 5 pl H»0 per PCR reaction.
E. Assemblv PCRs
A gquarter of each PCR reaction procduct (5pl) is
40 used for eacn assembly. The total volume is 235ul.
For eacnh cof the four VLK primers, the following are
set up:

Ut

HzO

43 10 ® Vent buffer
20 x Vent BSA
S5mM ANTPs

(SN RN VYN
. . .
MmN WO

w

UV irradiate this mix for 5 min. Add 3ul sacn cf Vh ancd
50 VK band from the primary PCRs and 1.3 ul ¢IZ linker as
isolated =Zrom the preparative gels and extracted using
tne Geneclean kit as described in C and D above. Cover
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with paraffin. Place on the cycling heating block preset;
at 94°C.. Add 1lul Vent under the paraffin. Amplify using

7 cycles of 94°C.2 min, 72°C 4 min. Then return the

temperature to 94°C.

Add ‘1.5ul eacn of VHlBACK and the appropriate VKFOR
primers’ MJKIFONX MJK2FONX.  MJK4FONX or MJKSFONX (10 5
pmol/ul) at 94°C. The primers should have been UV- )
treated as 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 ¢
10 on, 2% lmp/TAE gel and extract the DNA to 20ul H»0 per

assembly PCR .using a Geneclean kit (see earlier) in

accordance with the manufacturers instructions.

F. Adding Restriction Sites

For eacn assembly and control set up:

ul

15 A ul
H20 - . 36.
10 x Taqg buffe*'_ 5
5mM dNTPs. 2
FOR primer (10 pmol/ul) 2.5

20 = BACK primer (10 pmol/pl) 2.5

- Assembly product - 1.

The . FOR' and BACK primers are given in the section below
entitled "'Primer Seguences'. The FOR primer is any of

25 JKlNOTlD ~JK2NOT10, JK4NOT10 or JK5NOT10 (for the four
respective ‘kappa light chains) for putting a Notl
restriction ‘site at the VLK end. The BACK primer is
HBKAPAIO for puttlng an Apall restriction site at the VH
end. :

30 B Cover w1th paraffln and place on the cycllng heating
block  preset . at 94°C. Add 0.5 upul Cetus Tag DNA
polymerase (Cetus/perkin-Elmer, Beaconsfield, Bucks, UK)
under the paraffin.  Amplification is carried out using
11 to ;: rounds -0of cycling (depends on efficiency) at

35 94°C-l’m1n(~55°c 1 min,‘727c 2 min. ~Post-treat at 60°C
for 5-min. -

- 10 x Tac buffer is [0 1M Tris-HC1 pH 8.3 at 25°C,
0.5M KC1, 15mM Mgclz, img/ml gelatln]

G. -Work-up .
40 " Purify once with CHC13/IAA (isocamylalcohol), once
with phenol, once with CHCl3/IAA and back-extract
everything to ensure mlnimal losses. Precipitate and
wash twice in 70% EtOH. Dissolve in 70ul H,O.
Digest overnlght at 37°C with Notl: pl
45 , DNA (joined seq) 70
: : * NEB NotlI buffer x 10 10 <
*NEB BSA x 10 10
Notl (10 u/pl) 10

5]

. The DNA !JOlneQ sequence) above refers to the assembled
50 DNA seguence comprising in the ' to 3' direction
’ ADaL’ restriction: ‘'site .

Vd secuence
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Linker segquence
VLK seguence
Not 1 restriction site. .
The VLK sequence may be any one of four possible
kappa chain seguences.
The enzvmes Not 1 above, ApalLl below and the buffers’
NEB Not 1, NEB BSA above and the NEB buffer 4 (below) are
A obtainable from CP Laboratories, New England Biolabs
mentioned above.
10 . Re-precipitate, take up in 80ul H»0. Add to this
10ul NEB buffer 4 and 10ul Apal 1.
Add the enzyme Apall in aligquots throughout the day,
as it has a short half-life at 37°C.
Purify on 2% 1lmp/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 L1 and Notl 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 £dscFvD1.3

(& ]}

described in example 3. These molecules can then be
ligated into suitable fd derived vectors, e.g. £dCAT2
25 (example 5), using standard technigues.

Primer seguences ’
Primary PCR oligos (restrictions sites underlined):

VH1FOR-2 TGA GGA GAC GGT GAC CGT GGT CCC TTG GCC CC.
VH1BACK AGG TSM ARC TGC AGS AGT CWG G

30 MJIKIFONX 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 = Aor C, R=A or G, S = G or
W=AorT :

PCR oligos to make linker:

LINKFOR TGG AGA CTC GGT GAG CTC AAT GTC

LINKBACK GGG ACC ACG GTC ACC GTC TCC TCA

0

40 .
For adding restriction sites:
HBKAPA1O CAT GAC CAC AGT GCA CAG GTS MAR CTG CAG SAG TCW
- GG
JKINOT10 ~GAG TCA TTC TGC GGC CGC CCG TTT GAT TTC CAG CTT
45 GGT GCC .
JK2NOT10 GAG TCA TTC TGC GGC CGC CCG TTT TAT TTC CAG CTT
GGT CCC
JK4NOT10 GAG TCA TTC TGC GGC CGC CCG 7TTT TAT TTC CAA CTT
TGT CCC i

50 JKSNOTlO__GAG TCA TTZ TGC GGC CGC CCG 7TTT CAG CTC CAG CT7T
GGT CCC :
Example 12 - .
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Insertion of the Extracellular Domain of a Human Receptor
for Platelet Derzved Growth Factor (PDGF) soform BB into
£dCATZ
A-gene’ fragment ‘encoding the extracellular domain of
5 the human receptor for platelet .derived growth factor
isoform* BB ' (h-PDGFB-R) was isolated by amplification,
using the polymerase chain reaction, of plasmid RP41, *
(from the American Type Culture collection, Cat.
No. 50735), a cDNA clone encoding amino-acids 43 to 925 of
10 the PDGF-B receptor (Gronwald, R.G.K. et al PNAS 85
p3435-3439 (1988)). Amino acids 1 to 32 of h-PDGFB-R
censtitute " the signal peptide. The ol:.gonucleot:.de
primers were designed to amplify the region of the h-
PDGFB-R gene  corresponding to amino acids 43 to 531 of
15 . the .encoded protein. The primer RPDGF3 for the N-
terminal region also included 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) .to enable' express:.on of the complete
- 20 extracellular domain. The ‘primers also incorporate a
unique : ApaLl site at the N-terminal end of the fragment
and .a >unique Xhol site at the C +terminal end to
fac:.litate cloning intoc the vector £4CAT2. The sequence
of the" prlmers is:

(4

25
RPDGF3 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'
RPDGFZ 5' GAT CTC GAG CTT AAA GGG CAA GGA GTG TGG CAC 3' -
PCR amplification was performed using high fidelity
30 conditions (Eckert, K.A. and Kunkel, T.A. 1990 Nucl Acids
Research 18 3739-3744). The PCR mixture contained: 20mM
TrisHCl (pH7.3 at 70°C, 50mM KC1l, 4mM magnesium chloride,
0.01% gelatin, 1mM each of J4ATP, dCTP, dGTP and dTTP,
500ng/ml RP41 DNA, '1pM each primer and 50 units/ml Tag
35 polymerase (Cetus/Perkin Elmer, Beaconsfield, Bucks,
U.K.).  Thirty cycles of PCR were performed with
denaturation - -at 92°C for .1 min, annealing at 60°C for
imin and extension at 72°C for 1.5 min. This reaction
resulted in ampllflcatlon of a fragment of ca. 1500bp as
40 expected
. f4CAT2 vector DNA (see example 5) was digested with
Apakl 'and Xhol (New England Biolabs) according to
manufacturers recommendations, extracted with
phenol/chloroform and ethanol precipitated (Sambrocok et
45 al, supra). Cloning of amplified RP41 DNA into this
vector and identification of the desired clones was
perf_o_r_med .essentially as in example 7 except that
digestion of the PCR product was with Apall and Xho 1.
Colonies containing h-PDGFB-R DNA were identified by
S0 probing with 32p labelled RPDGF2 and the presence of an
insert in hybridising colonies was conZirmed by
analytical PCR using RPDGF3 and RPDGFZ using the

s
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conditions déscribed in example 7.

Example 16
" Binding of 125I-PDGF-BB to the Extracellular Domain of

5 the Human Receptor for Platelet Derived Growth Factor
Isoform BB Displayed on the Surface of fd Phage.
Measured using an Immunoprecipitation Assay.

Phage particles, expressing the extracellular domain
of the human platelet derived growth factor isoform BB

10 receptor (f4d h-PDGFB-R)}, were prepared by growing E.coli
MC1061 cells transformed with fd h-~PDGFB-R in 50ml 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, o0.15mM NaCl, 1mM
magnesium chloride, 0.25% BSA) to 1/33rd of the original -
volume. Residual bacteria and undissoclved 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 genellI-h-PDGFB-

- " R protein of molecular mass 125000 corresponding to a
fusion between h-PDGFB-R external domain (55000 daltons)
and genelll (apparent molecular mass 70000 on SDS-

25 polyacrylamide gel).

Duplicate samples of 35pl concentrated phage were
incubated with 129I-PDGF-BB (78.7fmol, 70nCi, 882Ci/mmol:
Amersham International plc, Amersham, Bucks) for 1 hour
at 37°C. Controls were included in which £d4dTPs/Bs vector

30 phage (figure 4) or no phage replaced fd h-BDGFB-~R phage.
After this incubation, 10ul of sheep anti-Ml13 polyclonal
antiserum (a gift from M. Hobart) was added and
incubation continued for 30 min at 20°C. To each sample,
40ul (20ul packed volume) of protein G Sepharose Fast

35 Flow (Pharmacia, Milton Keynes) equilibrated in PDGF
binding buffer was added. Incubation was continued for
30 min at 20°C with mixing by end over end inversion con 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 1251 _ppGF-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 123I-PDGF-
50 BB with phage.

1751-PDGF-BB bound to the fd h-PDGFB-R phage and was

immunoprecipitated in this assay. Specific binding to
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receptor phage was- 3.5 to 4 times higher than the non-
speczflc ‘binding with vector phage_fdTPs/Bs or nc phage

(fig. 19). . This binding of 129I-PDGF-BB could be
d;splaced ‘by the lncluSLOn of unlabelled PDGF-BB in the
5 incubation .with phage at 37°C (fig. 6 20). a2t 50nM,

unlabelled PDGF-BB the binding of 1251 ppGr-BB  was
reduced to the same level as the fdTPs/Bs and no phage

control. Figure 21 ‘shows the same data, but with the
nOn—speczf;c binding to vector deducted.
10 These results indicate that a specific saturable ¥

site’ fcr-lzsl PDGF-BB is expressed on fd phage containing .
cloned. h-PDGFE-R DNA. Thus, the phage can display the
functional extracellular domain of a cell surface
receptor.

15 Example 17, Construction of Phagemid Containing Genelll
fused with the Coding Sequence for a Binding Molecule

v ‘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) Metheds

25 Enzymol. 153:3]. In brief, gene III .from £d-CAT2
(example 5) and gene III scFv fusion from fd-CAT2 scFv
D1.3 ‘(example 2) were cloned downstream of the lac
promoter in separate samples of pUCl119, in order that the .
inserted gene III and gene III fusion could be 'rescued'’

30 by M13MO7. 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 contaln a genome derived from the pUCll9 plasmid that
contains the binding molecule-gene III fusion and should

35 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 . exempllfled below u31ng an antibody as the binding
molecule..

40 A An deATZ ccntalnlng the single chain Fv form of the
D1.3 ‘antilysozyme  antibody was formed by digesting
fdTscFvD1.3 (example 2) with Pstl and Xhol, purifying the
fragment containing the scFv fragment and ligating this
into Pstl and Xhol digested f£4CAT2. The appropriate

45 ‘clone, called fdCAT2 scFvD1.3 was selected after plating
onto :2xTY tetracycline (15ug/ml) and confirmed by
restriction enzyme and sequence analysis.

- Gene III from f43-CAT2 (example 5) and the gene III
'scFv fusion Irom f4d-CAT2 scFvDl.3 was PCR-amplified using

30 the primers A and B shown bhelow:

Primer A: . TGC ‘GAA GCT TTG GAG CCT TTT TTT TTG GAG ATT TTC
‘AAC G-

B ]

«
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Primer B: 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
codons and an EcoRl site. 100 ng of £48-CAT2 and f4-CAT2
scFv D1.3 DNA was used as templates for PCR-amplification
in a total reaction volume of 50pl as described in
example 7, except that 20 cycles of amplification were
performed: 94°C 1 minute, 50°C 1 minute, 72°C 3 minutes.
This resulted in amplification of the expected 1.2Kb
fragment from £f4-CAT2 and & 1.8Kb fragment from £d4-CAT2
scFv D1.3.

The PCR fragments were digested with EcoRl and Hind
III, gel-purified and ligated into Eco-Rl- and Hind III-
cut and dephosphorylated pUCll9 DNA and transformed into
E.coli TGl using standard techniques (Sambrook et al., et

supraj. Transformed cells were plated on SOB agar
(Sambrook et al. 1989 supra) containing 100upg/ml
ampicillin and 2% glucose. The resulting clones were

called pCAT-3 (derived from £4-CAT2) and pCAT-3 scFv D1.3
(derived from £4-CAT2 scFv D1.3).
Example 18, Rescue of Anti-Lysozyme Antibody Specificity
from ECAT -3 scFv D1.3 by M13KO07

Single pCAT-3 and pCAT-3- scFv Dl.3 colonies were
picked into 1.5ml 2TY containing 100upg/ml ampicillin and
2% glucose, and grown 6 hrs at 30°C. 30ul of these
stationary cells were added to 6mls 2YT containing
100ug/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 30°C at
380rpm in a New Brunswick Orbital Shaker (New Brunswick
Scientific Ltd., Edison House 163 Dixons Hill road, North
Mimms, Hatfield, UK). Cells were pelleted by
centrifugation at 5,000g for 25 minutes and the tubes
drained on tissue paper. The cell pellets were then
suspended in 6mls 2TY containing 1.25x10° p.f.u. ml-1
M13KO7 bacteriophage added. The mixture was left on ice
for 5 minutes followed by growth at 35°C for 45 minutes
at 450rpm. A cocktail was then added containing 4ul
100pg/ml ampicillin, O.5pl 0.1M IPTG and 50ul 10mg/ml
kanamycin, and the cultures grown overnight at 35°C,
450rpm..

The following day the cultures were centrifuged anc
phage particles PEG precipitated as described in example
6. Phage pellets were resuspended in 100ul TE (tris-EDTA

see example 6) and phage titred on E.coli TGl. Aliguots:

cf infected cells were plated on 2TY containing either
100pug/ml ampicillin to select fcr pUCl1l9 phage particies,
or 50pgs/ml kanamycin to select for the M13 KO7 heliper
phage. Plates were incubated overnight at 37°C anc

PCT/GB91/01134
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antibiotic-resxstant colonies counted:
DNA . . - ~amp® kanR
pCAT-3 . . - 1.8x1011 colonies 1.2x10% colonies
PCAT-3SCFv DI1.3’ 2.4x1011 colonies  2.0x10° colonies
5 . This shows that the amp phagemid- particles are

infective and present in the rescued phage population at. -

a 100-fold excess over- kanR M13KO7 helper phage.
. .Phagej'were assayed for anti-lysozyme activity by
ELISA " as: described in example 6, with the following

10 modifzcat;ons.»
1) .- ELISA plates were blocked for 3 hrs with 2%

Marvel/PBS :
2): 50upl phage, 400p1 1xPBS and 50ul 20% Marvel were
mixed end over end for 20 minutes at room temperature
15 before adding 150ul per well.
3) Phage were :left to bind for 2 hours at room
temperature. -
4). "All washes post phage binding were:
. 2 quick rinses PBS/0.5% Tween 20
20 3x2 .minute washes PBS/0.5% Tween 20
" 2 gquick 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 efflciently.-

It 1s 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. cell, the wild- -type protein is used preferentially.
30 This is analogous to. the above situation wherein mutant
(i.e. antibody fusion) and wild-type gene III proteins
(from M13K07): are competing for assembly as part of the
puCl119 phagemid. particle. It is therefore envisaged that
the majority of the resulting pUC 119 phage particles
35 will have fewer gene IIl-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
40 copies. of . the antibody fusion on their surfaces (there is
no wild-type gene III, in the system described, for
instance, in -example 2), and provide a route to
production of phage particles with different numbers of
the same. binding molecule (and hence different acidities
45 for the. ligand/antigen) or multiple different binding
specificities on their ‘surface, by using helper phage
such as “M13K07 to rescue cells expressing twc or more
gene III- antibody fusions. .
. It is also. possible to derive helper phage that do x
50 not encode a functional gene III in their genomes (by for
- example deleting the gene III sequence or a portion of it
or by incorpcratlng an amber mutation within the gene).

“w
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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
gene III antibody fusion encoded by the phagemid into the
released phage particle.

Example 19. Transformation Efficiency of pCAT -3 and

pCAT-3 scFv D1.3 phagemids
pUC 19, pCAT-3 and pCAT-3 scFv D1.3 plasmid DNAs,

and f4CAT-2 phage DNA was prepared, and used to transform
E.coli TG1l, pCAT-3 and pCAT-3 scFv D1.3 transformations
were plated on SOB agar containing 100pg/ml ampicillin
and 2% glucose, and incubated overnight at 30°C. f£fdCAT-2
transformations were plated on TY agar containing 15pg/ml
tetracycline and incubated overnight at 37°C.

Transformation efficiencies are expressed as colonies per

pg of input DNA.

DNA : Transformation efficiency
puC 19 ; 1.10°
pCAT-3 1.108
pCAT-3scFv D1.3 : 1.108
£fd CAT-2 8.10°

As expected, transformation of the phagemid vector
is approximately 100-fold more efficient that the
parental £4CAT-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
libraries that have 1large repertoires of different
binding specificities.

Example 20

PCR Assembly of a Single Chain Fv Library from an
Immunised Mouse

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.

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 0X) coupled to chicken serum albumin. cDNA
preparation and PCR assembly of the mouse VH and VL kappa
repertoires for phage display was as described in example
14. The molecules thus obtained were 1ligated into
f4CAT2.

Vector fdCAT2 was extensively digested with Notl and
ApaLl., purified by electroelut.on (Sambrook et al.a989
supra) and 1 pg ligated to 0.5 pg (5 ug 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 Biolabs) The ligation was carried out overnight
~at 16°C. Purified ligation mix was electroporated in six
' aliquotsiinto MC1061 cells (W. J. Dower, J. F. Miller &
C. W: -Ragsdale Nucleic Acids Res. 16 6127 6145 1988) and
5 plated on NZY medium (Sambrook et al. 1989 supra) with
15ug/ml. tetracycline, 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 MJK1FONX,
10 MJK2FONX, MJIK4FONX and MJKS5FONX (see example 14) followed
by digestion with the frequent cutting enzyme BstNl (New
England Biolabs, -used according to the manufacturers
instructxons).A " The  library of 2x10% clones appeared
diverse as :judged by the variety of digestion patterns
15 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)

1w

(data not shown). .None of the 568 clones tested bound to
phOx as: éetected by ELISA as in example 9.
20 ~ _Thus 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-

25 binding fragments if the random combinatorial approach of
Huse et al. 1989 (supra) were used.

- Example- 21 -
Selection of" Antzbcdles Specific for 2-phenyl-5-oxazoclone
from a Repertoire Derived from an Immunised Mouse

30 " 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 phOx as detected by ELISA.

35 ' 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 1in phosphate-buffered
saline -(PBS) overnight at room temperature. Colonies of
phage-transduced bacteria were inoculated into 200 ul 2 x

40 TY‘with”Iz 5 ug/ml tetracycline in 96-well plates ('cell
wells',. Nuclcn) 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/m1). 50 pl phage
supernatant, mixed with 50 pl PBS containing 4% skimmed

45 milk .powder, was then added to the coated plates.
Further details 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 prepared in example 22 were

50 scraped 1nto 50ml 2 x TY medium3/ and shaken at 37°C for

30 mzn.f'hLzberated phage were precipitated twice with
polyethylene -glycol and resuspended to 10l 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 qu
phage were locaded 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-€-amino-caproic acid methylene 2-phenyl-
oxazol-5-one (phOx-CAP; O. Makela et al. 1978, supra).
about 106 TU eluted phage were amplified by infecting 1
ml log phase E.coli TGl and plating as above. For a
further round of selection, colonies were scraped into 10
ml 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 f£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 Seguenase
kit (USB), with primer LINKFOR (see example 14) for the
VH genes and primer f£dSEQl (5'-GAA TTT TCT. GTA TGA GG)
for the Vk genes. Twenty-three of these hapten-binding
clones 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-1like' 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-like 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 1, and most of the Vk genes were ox-
like and assocliated 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. 1Indeed Vk-f lacks the Trp9l
involved in phOx binding and was paired with a VH (VH-C)
with a2 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 combinational 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
5 to BSA alone. - -

A second. round of selection of the original, random
combinational library from immune mice resulted in 93% of
eluted  clones. binding phOx (Table 4). Most of these
clones were Vk-d combinations, and bound strongly to phOx

10 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 titrations determined the Kd of
VH-B/Vk-d for phOx-GABA as 10-8 .M (example 23),

15 indicating that antibodies with affinities representative
of the secondary response can be selected from secondary
response,. only two (out of eleven characterised) secrete
antibodies of a higher affinity than VH-B/Vk-d (C. Berek
et al. 1985 supra). ‘The Kd of VH-B/VK-b for phOx-GABA

20 was determined as 1072 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

25 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

30 selected using phage antibodies. - Example 27 demonstrates
that soluble fragments have similar properties to those
diéplayed 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

35 vary the immunoglobulin 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,

40 supra). .. For ‘instance, the VH and VL genes could be
amplif;ed separately by PCR with primers containing
appropriate restriction sites and inserted into vectors
such as. pSV-gpt HulgGl (L. Riechmann et al Nature 332
323-327), 1988) which allows expression of the VH domain

45 as part.-of a heavy chain IgGl 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 VL domains can be made with genes encoding non-

(]

lmmunoglobulin protelns, for example, enzymes. .
50  Example 22 . . -
_____ Generation of Further Antibody Sgecif1c1t1es by the

Assembly of Hierarchlcal 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-B and Vk-d  domains
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 4x107 members, were subjected
to a round of selection and hapten-binding clones
isoclated (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-
B and Vk-c, none of the previous partners (or indeed
other clones) from the random combinatorial library was
isoclated 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,
-q and -r) have Trp9l, 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
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
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
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
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

these clones.

Example 23 ’ )
Selection of Antibodies Displayed on Bacteriophage with

Different Affinities for 2-phenyl-5-oxazolone using

Affinity Chromatography

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 affinities of a strong binding and a weak binding

phage ‘were determined and then demonatrated that they
could be separated from each other using affinity

chromatography.
5 . Clones VH- B/Vk-b and VH-B/Vk-d were reamplified with
MJK1FONX, ' MJK2FONX, MJK4FONX and MJKSFONX (see example .

14) and ANH1BACK-Sfil (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 Sfil site (underlined) at .
10 the 5' end of the VH gene. VH-B/Vk-d was cloned into a
phagemid e.g. pIML (a gift from A. Griffiths and J.
Marks) as an S£iI-Notl cassette, downstream of the pelB
leader for periplasmic 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 Py,
promoter . (H. Shimatake & M. Rosenberg Nature 292 128-132
. 1981), The phagemid should have the following features:
a) unique Sfil and Notl restriction sites-downstream of a
- pelB leader; -b) a. ‘'sequence encoding a C-terminal peptide
20 - tag for ‘detection; and c) a \ P; promoter controlling
expression. 10 litre cultures of E.coli N4830-1 (M. E.
Gottesman,. S. Adhya & A. Das J.Mol.Biol 140 57-75 1980)
harbouring each phagemid were induced as in K. Nagai & H.
C. Thogerson (Methods -Enzymol 153 461-481 1987) and
25 supernatants precipitated with 50% ammonium sulphate.
The resuspended precipitate was dialysed into PBS + 0.2
mM EDTA: (PBSE), loaded onto a 1l.5ml column of
phOx:Sepharose and the column washed sequentially with
100 ml PBS: 100 ml 0.1 M Tris-HCl, 0.5 M NaCl, pH 8.0:
30 10ml 50 ‘mM citrate, 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’ d_ialysed .against PBSE. VH-B/VKk-b was cloned
into a phagemid. vector based on pUCll9 encoding identical
35 signal and tag sequences to pJMl, and expression induced
at 30°C-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 (F.tltron, Flowgen), the supernatant (100
ml of 600 ml) was loaded onto a 1 ml column of protein A-
Sepharose. cpoupled (E. Harlow & D. Lane 1988 supra) to
the monoclonal antibody 9E10 (Evan, G. I. et al. Mol.Cell
45 Bigl.5 3610-3616 1985) that recognises the peptide tag.
: The column was washed with 200 ml PBS and 50 ml PBS made -
0.5 M in NaCl. scFv fragments were eluted with 100 ml
0.2M- glycine pH 3.0, with neutralisation and dialysis as
before. . - -
" The Kd (1.0 + 0.2 x 10~8 M) for clone VH-B/Vk-d was '
detemin_ed by fluorescence quench titration with 4-E-
amino-butyriq'acid methylene 2-phenyl-oxazol-5-one (phOx-

50

PEIZER EX. 1502
Page 3156



WO 92/01047 PCT/GB91/01134

10

15

20

25

30

35

40

45

50

79

GABA Co. Makela et al, 1978 supra). Excitation was at

280 nm, emission was monitored at 340 nm and the Kg
calculated. The Ky of the low affinity clone VH-B/VK-b
was determined as 1.8+ 0.3 x 10-> M (not shown). To
minimise light adsorption by the higher concentrations of
phOx-GABA required, excitation was at 260 nm 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 D1.3. The value was
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,
7x1010 Ty prhage 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
reinfect E.coli TGl, and ghage produced and harvested as
before. Approximately 101l TUu 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
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-B/Vk-d (table 4). Therefore phage
antibodies can be selected on the basis of the antigen
affinity of the antibody displayed.

Example 24

Construction of Phagemid pHE:Nl for the Expression of
Antibody Fragments Expressed on the Surface of

Bacteriophage following Superinfection

The phagemid pHENl (figure 26) is a derivative of
puUCl1l19 (Vieira, J. & Messing, J. Methods Enzymol 153 pp
3-11, 1987). . The coding region of g3p from £dCAT2,
including signal peptide and cloning sites, was amplified

by PCR, using primers G3FUFO and G3FUBA (given below)

(which contain EcoRI and HindIII sites respectively), and
cloned as a HindIII-EcoRI fragment into pUC119. The
HindIII-Notl 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

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
Notl site by cloning an oligonucleotide cassette, and
followed by an amber codon introduced by site-directed
mutagenesis using an in vitro mutagenesis kit (Amersham
International) (figure 26b).

G3FUFO,5'-CAG TGA ATT CTT ATT AAG ACT CCT TAT TAC GCA GTA

TGT TAG C; ,
G3FUBA,5'-TGC GAA GCT TTG GAG CCT TTT TTT TTG GAG ATT TTC

AAC G;
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Examgle 25 ’
Display of sAdqle Chain Fv and Fab Fragments Derived from
the Anti-Oxazolone Antibody NQ10.12.5 on Bacteriophage fd
5 us:x.ng .pHEN1 -and - £fdCAT2 _
-~ 'A Tange of constructs (see figure 27) were made from .
a clone- ( essentially construct II in pUC19) designed for )
expression in bacteria of a soluble Fab fragment (Better
et ‘al. 1988 'see above) from the mouse anti-phOx (2-
~ 10 phenyl- 5-oxazolone) antibody NQ10.12.5 (Griffiths, G. M.
et al. Nature 312 -271-275, 1984). In construct II, the
V-regions  are derived from NQ10.12.5 and attached to
human Ck-and CHI. (¥1 isotype) constant domains. The C-
terminal cysteine residues, which normally form a

15 covalent -link between 1light and heavy antibody chains,
have  been deleted from both the constant domains. To
clone heavy ‘and light -chain genes together as Fab
fragments - (.construct II) or as separate chains
(constructs . III and 1IV) for phage display, DNA was

20 amplified from construct II by PCR to introduce a Notl
restriction site at the 3' end, and at the 5' end either
an.ApalLI:site (for cloning into £4-CAT2) or Sfil sie (for
cloning - into pHEN1). The primers FABNOTFOK with
VH1BACKAPA (or. VH1BACKSFI15) were used for PCR

25 amplifir_:ation_ of genes encoding Fab fragments (construct
II1), the  primers FABNOTFOH with VH1BACKAPA (or
VH1BACKSFI15) for heavy chains (construct III), and the
primers FABNOTFOK and. MVKBAAPA (or MVKBASFI) for light
chains (construct IV). -

30 .+ The ‘single-chain Fv version of NQ10.12.5 ( construct
1). has ‘the heavy (VH) and 1light chain (Vk) variable
domains joined by a flexible linker (Glyg4Ser)3 (Huston,

..'S. et al. Proc.” Natl. Acad. Sci. USA 85 58‘79 5883,
1988) ‘and was constructed from construct II by 'splicing

35 by - overlap extension' as in example 14. The assembled
genes. were reamplified with primers ' VK3F2NOT and
VH1BACKAPA (or VH1BACKSFI15) to append restriction sites
for cloning 1nto fa- CATZ (ApaLI-Notl) or pHENl (SfiI-

NotI )

VHlBACKAPA 5'-CAT GAC CAC AGT GCA CAG GT(C/G) (A/C)A(A/G)

CTG CAG (C/G)AG TC(A/T) GG;

VHlBACKSFIlS 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, 5'-CCA CGA TTC TGC_GGC CGC TGA AGA TTT GGG CTC -

AAC TTT CTT GTC GAC; '

FABNOTFOK, 5'-CCA CGA -TTC TGC GGC CGC TGA CTC TCC GCG G’I’T

GAA GCT CTT. TGT GAC; -
50 MVKBAAPA, 5'-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

“w

- 40
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ATT GAG CTC ACC CAG TCT CCA;

VK3F2NOT,5'~TTC TGC GGC CGC CCG TTT CAG CTC GAG CTT GGT
CcccC. : '
Restriction sites are underlined.

Rescue of Phage and Phagemid particles

Constructs I-1IV (figure 27) were introduced into both fd-
CATZ2 and pHENl. Phage fd4-CAT2 (and fd4d-CAT2-I,I1I,III or
1V) was taken from the supernatant of infected E.coli TGl
after shaking. at 37°C overnight in 2xTY medium with
12.5pg/ml tetracycline, and used directly in ELISA.
Phagemid pHENl1 (and pHENl-I and II) in E.coli TGl (supE)

were grown overnight in 2 ml 2xTY medium, 100 pg/ml

ampicillin, and 1% glucose (without glucose, expression
of g3p prevents later superinfection by helper phage).
10ul of the overnight culture was used to innoculate 2 ml
of 2xTY medium, 100pg/ml ampicillin, 1% glucose, and
shaken at 37°C for 1 hour. The cells were washed and
resuspended in 2xTY, 100 pg/ml ampicillin, and aphagemid
particles rescued by adding 2 pl (lospfu) VCSM13 helper
phage (Stratagene). - After growth for one hour, 4ul
kanamycin (25 mg/ml) was added, and the culture grown
overnight. The phagemid particles were concentrated 10-
fold for ELISA by precipitation with polyethylene glycel.
ELISA

Detection of phage binding to 2-phenyl-5-oxazolone (phOx)
was performed as in example 9. 96-well plates were
coated with 10 pg/ml phOx-BSA or 10 pg/ml BSA in PBS

overnight at room temperature, and blocked with PBSS.

containing 2% skimmed milk powder. Phage (mid)
supernatant (50 pl) mixed with 50 nl PBS containing 4%
skimmed milk powder was added to the wells and assayed.
To detect binding of soluble scFv or Fab fragments
secreted from pHENl1l, the c-myc peptide tag described by
Munro and Pelham 1986 supra, was detected using the anti-
myc monoclonal 9E10 (Evan, G. I. et al. Mol Cell Biol §
3610-3616, 1985) followed by detection with peroxidase-
conjugated goat anti-mouse immonoglobulin. Other details
are as in example 9.

The constructs in f£4CAT2 and pHEN1 display antibody
fragments of the surface of filamentous phage. The phage
vector, f£d-CAT2 (figure 8) is based on the vector fd-tet
(Zacher, A. N. et al. Gene 9 127-140, 1980) and has
restriction sites (ApalLl and NotI) for cloning antibody
genes (or other protein) genes for expression as fusions
to the N-terminus of the phage coat protein g3p.
Transcription of the antibody-g3p fusions in f4-CAT2 is
driven from the gene III promoter and the fusion protein
targetted to the periplasm by means of the g3p leader.
Fab abd scFv fragments of NQ10.12.5 cloned into £d-CAT2
for display were shown to bind to phOx-BSA (but not BSA)
by ELISA (table 5). Phage were considered to be binding
if Aygs 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 Notl) for
cloning the fusion proteins. Here the transcription of

5 antibody-g3p fusions is driven from the inducible lacZ
promoter and the fusion protein targetted to the
periplasm 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
(Table 5) 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) genes from inserts in the phage genome. -
2. Prepare a library of light chain genes in a plamid

20 expression wvector in E.coli, preferably a phagemid, and
isolate the - soluble protein 1light chins expresed from
this library. '

3. Bind the. "soluble protein 1light chains fromt he
library:to the heavy chain library displayed on phage.

25 4. ‘Select phage with the desired properties of affinity
and spec:.ficity.

These will encode the heavy chain (VHCH) genes.
5. . Isolate .the 1light 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 1n example 20) and then assaying for
antigen hinding. , A

35 Example 26 .- ’

Rescue of Phagemid EncodirLa 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:

‘With -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 . combinatorial . libraries) to overcome this problem, N
potentially increasing the number of phage surveyed by a T
factor of 107. .

'For - assembly ‘of heavy and light chains expresses .
from different vectors, phagemid (pHEN1-III or IV) was '

50 grown in E. coli HB2151 (a non-supressor strain) .o allow
production 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 fa-
CAT2-1V or III respectively) and 2 pl tetracycline (12.5
mg/ml) in place of kanamycin.

Separate Vectors to Encode Fab Heavy and Light
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 pHEN1 (to provide soluble
fragments) and the light chain (construct 1IV) into fd-
CAT2 (to make the fusion with g3p). The phagemid pHEN1-
I1I, grown in E.coli HB2151 (n