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with the biotinylated anti-Tac, thus decreasing fluorescence 

more. 

Biological properties of the humanized antibody 

For optimal use in treatment of human disease, the 

humanized antibody should be able to destroy T-cells in the 

body that ~xpress th~ IL-2 receptor. One mechanism by which 

antibodies may destroy target cells is antibody-dependent 

cell-mediated r.ytotoxicity, abbreviated AOCC (F~ndamental 

Immunology, Paul, w., Ed., Raven Press, New York (1984), at 

10 pg. 681), in which the antibody forms a bridge between the 

target cell and an effector cell such as a macrophage that 

can lyse the target. To determine whether the humanized 

antibody and the original mouse anti-Tac antibody can mediate 

ADCC, a chromium release assay was performed by standard 

15 methods. Specifically, human leukemia HUT-102 cells, which 

express the IL-2 receptor, ~ere incubated with 51 cr to allow 

them to absorb this radionuclide. The H'JT-102 cells were 

then incubated with an excess of either anti-Tac or humanized 

anti-Tac antibojy. The HUT-102 cells were next incubated for 

20 

25 

30 

35 

4 hrs with either a 30:1 or 100:1 ratio of effector cells, 

which were normal purified human peripheral blood mononuclea~ 

cells that had been activated by incubation for about 20 hrs 

with human recombinant IL-2. Release of 51cr, which i~dicated 

lysis of the target HUT-102 cells, was measured and the 

background subtracted (Table 1). The results sho~ that at 

either ratio of effector cells, anti-Tac did not lysa a 

significant number of the target cells (less than 5%), while 

the humanized antibody did (more than 20%). Hence, the 

humanized antibody is likely to be more efficacious than the 

original mouse antibody in treating T-cell leukemia or other 

T-cell mediated diseases. 
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Anti-Tac 

Humanized 
anti-Tac 
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TABLE 1 

Percent 51 cr release after ADCC 

u.f.ector: 

30:1 

4.\ 

24% 

Target ratio 

100:l 

< 1% 

23% 
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From the foregoing, it will be appreciated that ~ne 

human-like i:ro.munoglobulins of the present invention offer 

numerous advantages of other human IL-2 receptor-specific 

a~tibodies. In comparison to anti-Tac mouse monoclonal 

antibodies, the present human-like il!lIIlunoglobulin can be more 

~ccnomically produced and contain substantially less foreign 

amino acid sequences. This reduc£d likelihood of 

antigenicity after injection into a human patient represents 

a significant therapeutic improvement. 

Although the present invention has been described 

10 in some detail by way of illustration and example fo~ 

purposes of clarity and understanding, it will be apparenc 

15 

20 

25 

30 

35 

that certain changes and modifications may be practiced 

within the scope of the appended claims. 
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WE CLAIM: 

1. A composition comprising a substantially pure 

human-like im.rnunoglobulin specifically reactive with p55 Tac 

protein. 

2. A composition according to Claim 1, wherein 

the immunoglobulin comprises two pairs of light/heavy chain 

dimers, wherein each chain comprises a variable region -and a 

constant region. 

3. A compositio~ according to Claim 2, wherein a 

variable region of at le~st one chain comprises at least 

about 75 amino acids from a human immunoglobulin variable 

region framework. 

4. A composition comprising a substantially pure 

human-like im.munoglobulin capable of inhibiting binding of 

human interleukin-2 (IL-2) to a human IL-2 receptor. 

5. A composition according to Claims 1 or 4, 

wherein the immunoglobulin exhibits a binding affinity to a 
8 • , 

human IL-2 receptor of about 10 M or stronger. 

6. A composition according to Claims 1 or 4, 

25 wherein the immunoglobulin comprises complementarity 

determining regions from one im.munoglobulin and framework 

regions from at least one different immunoglobulin. 

30 

35 

7. A recombinant inununoglobulin composition 

comprising a human-like framework and one or more foreign 

complementarity determining regioris not naturally associated 

with the framework, wherein said immunoglobulin is capable of 

binding to a human interleukin-2 receptor. 

-:/ · -.?· YMA,f.!~-'·fftk8,. HS?.€bA :,,':?JA:::R .C.M£4-¥44f-i.,f )k4t#·!1f&!.!.:W.4,\S?,,-1~~~f_-.:?9A/#t,;~ **~~:f.4§.:1¥M'W¥F'-%f.:¥- :1
• 

·~.-
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·"' 8. A composition according to ..:laim 7, ·.hc:·ein 

5 

one or more of the foreign CDR's are substantially homologous 

to a COR from an immunoglcbulin reactive with human p55 Tac 

protein. 

9. A composition according to Claim 7, wherein 

all of the foreign CDR's are located on heavy chains of the 

i.mmunoglobulin. 

10. A composition according to Claim 7, wherein 

10 the immunoglobulin is an IgG1 immunoglobulin isotype. 

15 

20 

25 

11. A composition according to Claim 7, wherein 

the mature light and heavy variable region protein sequences 

are substantially homologous to the sequences in Figures 3 

and 4 • 

12. A human-like immunoglobulin having two pairs 

of light chain/heavy chain dimers and capable of specifically 

reacting with an epitope on a human interleukin-2 receptor 

with an affinity of at least about 108 M·', said light and 

heavy chains comprising complementarity detenniuing regions 

(CDR's) and human-like framework regions, wherein the CDR's 

are from different immunoglobulin molecules than the 

framework regions. 

13. An immJnoglobulin according to Claim 12, which 

binds to an ~pitope located on a p55 Tac protein. 

14. An im.rnunoglobulin according to Claim 12, which 

30 is capable of blocking the binding of interleukin-2 (IL-2) to 

human IL-2 receptors. 

35 

15. An immunoglobulin according to Claim 12, 

wherein the human-like framework regions comprise amino acids 

sequences from at least two human immunoglob!llins • 

. ~~-,.:~~- :~~~~-.-·:·-::·.:.< ::._-,f;f?t~~ ~;i::{~_ 1:2/- -~~ 
-~~ .. --
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16: An immunoglobulin according to Claim 12, 

wherein the COR's are from a mouse immunoglobulin. 

17. A humanized immunoglobulin capable of binding 

to human interleukin-2 receptors, said immunoglobulin 

comprising one or more complementarity determining regions 

(CDR's) from anti-Tac antibody in a human-like framework. 

18. A humanized inununoglobulin according to Claim 

17, wherein the human framework is substantially homologous 

10 to an Eu immunoglobulin frame.erk. 

15 

20 

25 

19. A humanized immunoglobulin according to Claim 

17, having a mature heavy chain variable sequence as shown in 

Figure 3, a~_: .:: mature light chain sequence as shc.. .. 'n in 

Figure 4. 

20. A humanized i:mmunoglobulin according to Claim 

17 which is capable of blocking the binding ot IL-2 to 

interleukin-2 receptors on human T-cells. 

21. A method of treating T-cell mediated dis0rders 

in a human patient, said method comprising administering to 

said patient a therapeutically effective dose of an 

immunoglobulin according to Claims 1, 5, 12, or 17. 

22. An immunoglobulin according to Claims 1, 5, 

12, or 17 which was produced in a myeloma or hybridoma cell. 

23. A human-like immunoglobulin heavy chain 

30 comprising a human-like heavy chain framework region and a 

hypervariable region which is substantially identical to a 

monoclonal antibody heavy chain hypervariable region secreted 

by the cell line designated ~.T.C.C. Accession No. CRL 9688. 

35 

.-· . .; .:-.: 
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24. A human-like inununoglobulir._ 1.igrt cl1-'in 

comprising a human light chain framework region and a 

hypervariable region which is substantially identical to a 

monoclonal antibody light chain hypervariable region secreted 

by the cell line designated A.T.C.C. Accession No. CRL 9688. 

25. A polynucleotide molecule comprising a first 

sequence coding for human-like immunoglobulin framework 

regions and a second sequence coding for one or more mouse 

imrnunoglobulin complementarity determining regions, wherein 

10 upon expression said polynucleotide encodes an immunoglobulin 

specifically reactive with p55 Tac protein and capable of 

blocking the binding of interleukin-2 (IL-2) to the IL-2 

receptor on human T-cells. 

15 

20 

25 

30 

35 

26. A cell line transfected with a polynucleotide 

of Claim 25. 

.-.-. 
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·. ,Mr:Ll:J.t.::l.l·-2 RECEPTQR-s:>ECIFIC HUMAN IMMUNOGLOBULINS 

ABSTRACT OF THE DISCLOSURE 

Human-like immunoglobulins specifically reactive 

with human IL-2 receptors are prepared employing recombinant 

DNA technology for use in,~. treatment of T-cell mediated 

disorders. 

~~ ..... :: ... ---:.~:,-:/~ •. ,~· ... ·.i~:;'. ': ·-~: : :'; ....... :~""'';.· .::"'--~ • ~ •• - : ........ -:-. • ... ;<-:-~. ·: . ~ ... ~.:. ·l:.-- .:~: ·'.·- ......... . 
.... ._,;.,;, . 

BIOEPIS EX. 1002 
Page 3508



1 

01'..ARATION AND POWER OF ATIORNEY. ,., ,v,un, """-'"' ,.v. 

A,• below n,mcd inventor, 1 hereby decl.ire th11: 
Mv re,idenct, po\t office •d.Jreu .nd citizrnship .re .i\ suted below next to my n,me; I believe I •m the oriJlin~i. fir_;t ,nd .olt ir:•en
tor (if -..1-. one n,me i, liued below) or ,n oricinil, fint ,nd 1oint inventor (if plur.1 inventor\ .rt n,mcd below) of the wb;~CI m~ttcr 
whict ,imed .ind for which• pucnt is \Ought on the invention entitled: 

NC"JEL IL-2 RECEPTOR-SPECIFIC HUMAN IMMUNOGLOBULINS 
the ,~ifiution of which CXl is .itUched hereto or O wu filed on----- ________ n Applic.tion Seriil 

--------- (if .ippliuble). No. __________ _ 
,nd wu .mended on ---------

I ~ve reviewed ,nd undersund the contenu of the ,bove identified \occific.tion, including the d•ims, H ,mended by •nv ,mcndmcnt 
referred to •bove. I ,cknowlcdge the duty to disclo\e inform.lion wh1cn 1\ mite<i•I to the .. ,min,t1on of this ,oolic•tion in .ictord- · 
~cc with Title 37, Code of Feder.ii Regulittons, 11.56(,). I cl,im foreign priority bene'iu under Tille 35, United Sutc\ Code, 1119 
of ,ny foreign ,pplicition(\) for puent or inventor's cemfic.ate listed below •nd h••e ,1,0 identified below •ny foreign ,pplicllion 
for pucnt or foventor'\ ccrufiutc h,ving • filing d.i.te before th.it of the ipplic.tion on which priority 1\ cl,,med: 

Pri« F orcisn ._pplication(s) 

PRIORITY CL/.tM,O 
COUNTRY APPLICATION NUMBER D"'TEOF FILING UNDER JS U.S.C. 119 

Yes -- No __ 

YtS -- No __ 

I diim the benefit under Tille 3S, United Si.us Code, 1120 of any United St.ite\ aoolic,1ion(s) li,1cd below ,nd, insofar u the 
subject 1Nttef of uch of the claims of this ,oolic.tion is not di\doscd in the prior United S1.1us •ooliution in the minner provided 
by the fint p.1rigrioh of Title 35, United Stues Code, It 12, I .cknowltdge the duty to disclose m,1eri,I information ,s defined in 
Title 37, Code of F edcnl Regul.tions, § 1.56(,) which occurred between the filing due of the prior arolic.iion ind the nauonal or 
PCT intcrnuionil filing date of this ,ppliution: 

"'PPl!CATION SERl"'l NO. O"'TE OF FILING STATUS 

0 Patented D Pending OAb,ndoned 

D P,tenteci C Pending 0 Ab,ndoned 

POWER OF ATIORNEY: As a named inventor, I hereby appoint the foHo....;ng attorney(\) and/or agent(\} who ue putners ind 
u\0Ci1tu in the firm of Towni,cnd 6"d Towni,cnd to pr01,Ccu1c this applic,tion and transact all bus,ncu in the Puent and Tridemuk 

Officcconncmdthcrcw,th. \Hlliarn M. Smith, Reg. No. 30,223 
Steven w. Parmelee, Reg. No. 3L,~9Q 
James M. Heslin, Reg. No. 29,541 

SE"O t.ORRESPO,.,Of..NCE 10: Q1R(CT lEL(PHON( C"'LlS TO 
William M. Smith (""°'"'~ rrq,urot,on nu'"'3tr. o"a trt~(th01tt """""~ J 
TOWNSE.NO and TOWNSEND William M. Smith, Reg. 30,223 
S1c;urt Street Tower. One, MHkct Plu, 
S•n Funci,co. CA 9410S 0 HIS) 543-9600 or Ci1 (415) 326-2400 

l fUt~;"""E 1:..,-, "'•"'• r-~~N;;• M,oo, .. N•'"• Of' '"'tt~• 

INVENTOR &ueen L • 
• I R(SIOlNCE 'C•ty 1S•••• o• Fo•••1" Counuy Cou,.uy Of CtUl9ft'U'HO 

-. ' I 
~I cmzENS>Hf' ! Palo Al t.o · California USA I POST OfF!CE !6"" Olf-<• A00'9U 

•ooaus 11300 Oak Cr_eek Dr. r"· Palo Alto 
I ~l<t• a, Co..nt•y 

California f9D11C30~ 
t FULL Jrr,fAM[ •i.,.,ut -...!",1• 1 • ............ M,oo .. ""'•""• o, 1,01,.1 

I , .. v?.~l')~ ! Selick Harold Edwin 
-~OE"'i°iC••y lsu,, °' Fa<e,,,. c°"""" Co1.1nU\f of CJu,.,.,,,uo 
o, 5 . • 

California USA "'f1uzc .... s><1•.' 3e.i.!ll0nt _ 
P'OSl Of'ft<:f. j"•J•U OH•<• AG.lf"HI 1C•ty I SUI• o• Cou•Hy f Z•o ~ooa 

... ooitts~ 11673 Sunnyslope Ave. . Belmont California q11002 
l flit~;<"'~'-·""·"'· 

{ 

I INVEN!Oll ! 
1'"" ....... r-•oo•• '"•m•,,. '"'"•' 

.... I R[SlfCNCE I'''• i St••• o• FO<••'I" C°"""Y 'Country ot Ctt~l•ll'llll''HD 

~. CITIZf..NSHIP I I ,osT OfF'IC~ ;Pou 0th<• Ado, ... 

. 
tC1ty I St••• o• C'>unUy I Zlo Coo• 

1 ... ooaus I I 
I funher dccbrc !hit •II sulcmcnts made hcerein of my own knowledge uc true •nd th•t ,II 1utemcn11 m•dc on info,mnion •nd 
bchcf ue bcheved to bc true; •nd further th•t thc\C U~tcmcnts were m1de with the knowledge th•t willful bli,c ,utcmcnu and the 
hkc \0. m•d• l<t pun,\h .. blc by fine or imprisonment, M both, under section lOOi of Titlr 18 of the United Sutu Code, ind thn 
1u<h ..,,llful hlsc ,utcmcnu may jeopuditc the v•lidity of the •ophu1ion or 1ny D•tent i\wing thereon 

S•l""•l-.a•• o• '""••"'°' 10 l S•'"•tt.,,• ot ''""•,HOt 202 S1•n•tu•• or 1"•et"IOI' 203 

01~1? llJ ,. 
- .. -=»•• ,, I u ... 12. / 2 g/ Ji 

u.,. 
/ : L. ~ ~I'.'.'. & 8 

T&T 1•• tt2 1!;7t 

-~·= ·,, , : .::- ;/·: :; ·- r,_,,1 .'.:;--~->. ,_ ·. ··"" :.-,,_ .,'.J~f;,,-;,.,~\l·}?/S,{:;·(;;,: ".'.a·-:·.,:,·-.~:.:·:~-~.:';:-/,~:;:~.~-~~ .. -::?· 
.. 

BIOEPIS EX. 1002 
Page 3509



l 

,...,~y. I.JOC~ i .. ----J -

VEP.1:'l~D '!TATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
·.37 CFR 1.9(!) and l.27;c) l - SMALL BUSINESS CONCERN 

,\pph,·a~ or Paten~: Cary L. Queen and Harold Edwin Selick 
s .. nal. :O.o. · Filinit Date: December 28. 1988 
Pat .. nt :-.o.: Issued: ___________________ _ 

ror: ~OVEL IL-2 RECE?TOR-Si?ECI i='iC HUMAN T MMUNOGLOBULINS 
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FIGURE J 
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ACAATCAGAAGTTCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCC~ 
Y N Q K F K D K A T I T A D E S T N T A 

."' 310 320 330 340 350 360 
ACATGGAACTGAGCAGCCTGAGATCTGAGGACACCGC~GTCTATTACTGTGCAAGAGGGG 
Y M E L S S L R S E D T A V Y Y C A R G 

J70 380 290 400 410 ~10 
GGGGGCTCT~TGACTACTGGGGCCAAGGAACCCTGGTCACAGTCTCCTCAGGTGAGTCCT 
G G V F D Y W G Q G T L V T V S S 

430 
TAAAACCTCTAGA 
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1~ 20 JO 40 SO 60 
~CTAGATGGAGACCGA7ACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCCAGGATCAA 

~ E T D T L L L W V L L L W V P G S 

70 80 90 100 110 120 
CCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGATAGGG 
T G D I Q M T Q S P S T L S A S V G D R 

~JO 140 150 160 - 170 130 
TCACC~TrtACCTGCTCTGCCAGCTCAAGTATAAGTTACATGCACTGGTACCAGCAGAAGC 
7 T - T C S A S S S I S Y M H W Y Q Q K 

190 200 210 220 230 240 
CAGGCAAAGCTCCC~.AGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCC:G 
P G K A P K L L I Y T T S N L A S G V P 

250 260 270 280 290 JOO 
CTCGCTTCAGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGC 
A R F S G S G S G T E F T L T I S S L Q 

310 320 330 340 350 360 
, CAGATGATTTCGCCACTTATTACTGCCATCAAAGGAGTACTTACCCACTCACGTTCGGTC 

P D D F A T Y Y C H Q R S T Y P L T F G 

370 )80 390 400 
AGGGGACCA.AGGTGGAGGTCAAACGTAAGTACACTTTTCTAGA 
Q G T K V E V K 
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FIGURE 5 

HES12 AGCTTCTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGCGTG 
CACTCTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTG 
AAGGTC 

HES13 CCCAGTCGA~GGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCCTTAC 
CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGCT 
CGAGCCAGG 

HES14 TATATTAATCCGTCGACT~GGTATACTGAATACAATCAGAAGTTCAAGGACAAGGCAACA 
ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAG 
GACA 

HES15 ATATCGTCTAGAGGTTTTAAGGACTCACCTGAGGAGACTGTGACCAGGGTTCCTTGGCCC 
CAGTAGTCAAAGACCCCCCCCCCTCTTGCACAGTAATAGACTGCGGTGTCCTCAGATCTC 
AGGCTGCT 

HES12 HES14 
-------------------~ -------------------~ 

+------------------- ~------------------
HES1) P.ESlS 
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FIGURE 6 

CAAATCTAGATGGAGAC~GATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCCAGGA 
TCAACCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGAT 

ATAAATTAGA/<.GCTTGGGAGCTTTGCCTGCCTTCTGCTGGTACCl~TGCATGTAACTTA~ 
ACTTGAGCTGGCAGAGCAGGTTATGGTGACCCTATCCCCGACGCTAGCAGAGAG 

GCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTC 
AGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGCCAGATGAT 
TTC 

TATATCTAGAAA..~GTGTACTTACGTTTGACCTCCACCTTGGTCCCCTGACCGAACGTGAG 
TGGGTA.AGTACTCCTT7GATGGCAGTAATAAGTGGCGAAATCATCTGGCTGCAGAGAGC7 
GA 

JFDl JFD3 
--------------------.:, -------------------~ 

~------------------- ~------------------
JFD2 ! Jfr,..; 

Hind III 
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DESIGNING IMPROVED HU1'f.ANIZED IMMUNOGI,,pBULINS 

CROSS-REFERENCE TO R~I.ATED APPL~CATION 

This is a continuation-in-part ~pplication of 

commonly assigned patent application U.S.S.N. 290,975, filed 

December 28, 1988, which is incorporated herein by reference. 

Field of the Invention 

The ~resent invention relates generally to the 

combination of recombinant DNA and monoclonal antibody 

technologies fer developing novel therapeutic agents ~~d, 

raore particularly, to the production of ~on-immunogenic 

antibodies having strong affinity for a predetermined 

antigen. 

Backcround of the Inv~ntion 

The advent of monoclonal antibody technology in tha 

mid 1970's heralded a new age of medicine. For the firs~ 

time, researchers and clinicians had access to essentially 

unliraited quantities of uniform antibodies capable of !:inding 

to a predete~ined antigenic sit.<= and having various 

immunological effector functions. These proteins, knc• .. m as 

"monoclonal antibodies" were thought to hold great promise 

in,~, the removal of harmful cells in vivo. Indeed, the 

clinical value of monoclonal antibodies seemed liraitless for 

thi.~ use alone. 

Unfortunately, the development of appropriate 

therapeutic products based on these proteins has been 

severely hampered by a number of drawbacks inherent i~ 

monoclonal antibcdy production. For example, most monoclonal 

antibodies are mouse derived, and thus do not fix hu:n.an 

complement well. They also lack other important 

imrnunoglobulin functional characteristics when used in 

humans. 

Perhaps most importantly, non-human nonoclonal 

antibodies contain substantfal stretches of amino acid 

sequences. that will be irrunu:.1ogenic when injected into a hu:n.an 
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patient. Numerous studies have shown that after injection of 

a foreign antibody, the immune response mounted by a patient 

can be quite strong, essentially eliminating the antibody's 

therapeutic utility after an initial treatment. Moreover, as 

increasing numbers of different mouse or other antigenic (to 

5 humans) monoclonal antibodies can be expected to developed to 

treat various diseases, after the first or second treatments 

with any non-human antibodies, subsequent treatments, even 

for unrelated therapies, can be ineffective or even dangerous 

in themselves. 
10 While the production of so called "chimeric 

antibodies" (~, mouse variable regions joined to human 

constant regions) has proven somewhat successful, a 

significant irnrnunogenicity problem remains. Moreover, 

efforts to immortalize human B-cells or generate humin 

·,15 hybridomas capable of producing human irnmunoglobulins agai~st 

a desired antigen have been generally unsuccessful, 

particularly with many important human antigens. Most 

recently, recor.~inant DNA technology has been utilized to 

20 

25 

30 

35 

produce immunoglobulir1s which have human framework regions 

combined with complementarity determining regions {CDR's) 

from a donor mouse or rat immunoglobulin {.§.§.g, ~, EPO 

Publication No. 0239400, which is incorporated herein by 

reference). These new proteins are called "humanized 

immunoglobulins" and the process by which the donor 

immunoglobulin is converted into a human-like irnmunoglobulin 

by combining its CDR's with a human framework is called 

"humanization". Humanized antibodies are important because 

they bind to the same antigen as ;:he original anti:bodi't,!S, ::::ut 

are less immunogenic when injected into humans. 

However, a major problem with present humanization 

procedure$ has been a loss of affinity for the antigen, 

usually by at least 2 to 3-fold (Tones et al., Nature, 

2£1:522-525 (1986)) and in some instances as much as 10-fold 

or more, especially when the antigen is a protein (Verhoeyen 

et al., Science, 239:1534-1536 (1988)). Loss of any affinity 

is, of course, highly undesirable. At the least, it means 

that more of the humanized antibody will have to be injected 

. . ... --~·-..... :"?. f\!'!4.£:J: ·-·~¥, .... Ji__. 4.¥.. .. Li.. 
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into the patient, at higher cost and greater risk of adverse 

effects. Even more critically, an antibody ',o/ith reduced 

affinity may have poorer biological functions, such as 

complement lysis, antibody-dependent cellular cytotoxicity, 

or virus neutralization. For example, the loss of affinity 

5 in the partially humanized antibody HuVHCAMP may have caused 

it to' lose all ability to mediate complement lysis (see, 

Riechmann et al., Sature, 332:323-327 (1988}; Table 1). 

Thus, there is a need for improved means for 

producing humanized antibodies specifically reactive ',o/ith 

10 strong affinity to a predetermined antigen. These humanized 

immunoglobulins should remain substantially non-immunogenic 

in humans, yet be easily and economically produced in a 

manner suitable for therapeutic formulation and ether uses. 

The present invantion fulfills these and other needs • 

• 15 

• 

summary of· the Invention 

The present invention provides novel methods for 

designing humanized immunoglobulin chains having one or more 

complementarity determining regions (CDR 1 s) from a donor 

20 immunoglobulin and a frame',o/ork region from a human 

immunoglobulin, the preferred methods comprising first 

comparing the framework or variable region amino acid 

sequence of the donor immunoglobulin to corresponding 

25 

30 

35 

sequences in a collection of human immunoglobulin chains, and 

selecting as the human immunoglobulin one of the more 

homologous. sequences, from the collection. The human 

immunoglobulin. or acceptor inununoglobulin, sequence is 

typically selected from a collection of at least 10 to 20 

immuno~lobulin chain sequences, and usually will have the 

highest homology to the donor immunoglobulin sequence of any 

sequence in the collection. The hu~an immunoglobulin I 
framework sequence will typically have about 65 to 70% 

homology or more to the donor immunoglobulin frame',o/ork 

sequences. The donor immunoglobulin may be either a heavy 

chain or light chain (or both), and the human collection ',,/ill 

contain the same kind of chain. A humanized light and heavy 

chain can be used to form a complete humanized immunoglobulin 
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or antibody, having two light/heavy chain pairs, with or 

without partial or full-length human constant regions and 

other proteins. 

In another embodiment of the present invention, 

either in conjunction with the above comparison step or 

5 separately, additional amino acids in an acceptor 

inununoglobulin chain may be replaced with amino acids form 

the CDR-donor im.~unoglobulin chain. More specifically, 

further optional substitutions of a human framework ami:10 

acid of the accep~or immunoglobulin with a corresponding 

10 amino acid from a donor immunoglobulin will be made at 

positions in the immunoglobulins where: 

15 

20 

25 

30 

35 

(a) the amino acid in the human framework region 

of an acceptor i~munoglobulin is rare for that position and 

the corresponding amino acid in the donor immunoglobulin is 

common for that position in human immunoglobulin sequences; 

or 

(b} the amino acid is immediately adjacent to one 

df the CDR's; or 

(c) the amino acid is predicted to be within abc~t 

JA of t~,e CDR' s in a three-dimensional immunoglobulin model 

and capable of interacting with the antigen or with the COR's 

of the humanized imrnunoglobulin. 

The humanized im.munoglobulin chain will typically 

comprise at least about J amino acids from the donor 

immunoglobulin in addition to the CDR's, usually at least one 

of which is immediately adjacent to a CDR in the donor 

immunoglobulin. The heavy and light chair.s may each be 

designed by using any one or all three of the position 

criteria. 

When combined into an intact antibody, the 

humanized light and heavy chains of the present invention 

will be substantially non-immunogenic in humans and retain 

substantially the same affinity as the donor irnrnunoglobulin 

to the antigen (such as a protein or other compound 

containing an epitope). These affinity levels can vary from 

about 108 M-l or higher, and may be within about 4 fold of 

the donor immunoglobulin's original affinity to the antigen. 

• • -• •- -~ •• ,•~,,..-~a,'•• •" 
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Once designed, the immunoglobulins, including 

binding fragments and other immunoglobulin forms, of the 

present invention may be produced readily by a variety of 

recombinant DNA or other techniques. Preferably, 

polynucleotides encoding the ~esired amino acid sequences are 

5 produced synthetically or by joining appropriate nucleic acid 

10 

·, 15 

20 

25 

35 

sequences for expression in a suitable host (~, cell 

culture). The humanized immunoglobulins will be particularly 

useful in treating human disorders susceptible to monoclonal 

antibody therapy, but find a variety of other, uses as well. 

BRIEF DESCRifTION OF THE FIGURES 

Figure 1. Comparison of sequences of anti-Tac 

heavy chain (upper lines) and Eu heavy chain (lower lines). 

The 1-letter code for amino acids is used. The first amino 

acid on each line is numbered at the left. Identical amino 

acids in the two sequences are connected by lines. The 3 

CDR's are underlined. Other amino acid positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in th~ humanized anti-Tac heavy chain are denoted by 

an·* 

Figure 2. Comparison of sequences of anti-Tac 

light chain (upper lines) and Eu light chain (lower lines). 

The single-letter code for amino acids is used. The first 

amino acid on each line is numbered at the left. Iden~ical 

amino acids in the two sequences are connected by lines. The 

J CDR's are underlined. Other amino acid positions far which 

the anti-Tac amino acid rather than the Eu a~ino acid was 

used in the humanized anti-Tac heavy chain are de~oted by 

a.n. *·· 
Figure 3. Nucleotide sequence of the gene for the 

humanized anti-Tac heavy chain variable region gene. The 

translated amino acid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence. 

The nucleotides TCTAGA at the beginning and end of the gene 

are Xba I sites. The mature heavy chain sequence begins wi~h 

amino acid #20 Q. 
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Figure 4. Nucleotide sequence of the gene for the 

humanized anti-Tac light chain variable region gene. The 

translated amino acid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence. 

The nucleotides TCTAGA at the beginning and end of the gene 

5 are Xba I sites. The mature light chain sequence begins with 

10 

15 

20 

25 

30 

35 

• 
amino acid #21 o. 

Figure 5. A. Sequences of the four 

oligonucleotides used to synthesize the humanized anti-Tac 

heavy chain gene, printed 5' to 3'. B. Relative positions 

of the oligonucleotides. The arrows point in the J' 

direction for each oligonucleotide. 

Figure 6. (A) Sequences of the four 

oligonucleotides used to synthesize the humanized anti-Tac 

light chain gene, printed 5 1 to 3'. (B) Relative positions 

of the oligonucleotides. The arrows point in the 3' 

direction for each oligonucleotide. The position of a Hind 

III site in the overlap of JFD2 and JFDJ is shown. 

Figure 7. Schematic diagram of the plasmid 

pHuGTACl used to express the humanized anti-Tac heavy chain. 

Relevant restriction sites are shown; and coding regions of 

the heavy chain are displayed as boxes. The direction of 

transcription from the irnrnunoglobulin (Ig) promoter is shown 

by an arrow. EH= heavy chain enhancer, Hyg = hygrornycin 

resistance gene. 

Figure 8. Schematic diagram of the plasmid pHuLTAC 

used to express the humanized anti-Tac light chain. Relevant 

restriction sites are shown, and coding regions of the light 

chain are displayed as boxes. The direction of transcription 

from the Ig promoter .. is shown by an arrow. 

Figure 9. Fluorocytometry of JIU'f-102 and Jurkat 

cells stained with anti-Tac antibody or humanized anti-Tac 

antibody followed respectively by fluorescein-conjugated go~t 

anti-mouse Ig antibody or goat anti-human Ig antibody, as 

labeled. In each panel, the dotted curve shows the results 

when the first antibody was omitted, and the solid curve the 

results when first and second (conjugated) antibodies were 

included· as described. 
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Figure 10. (A) Fluorocytometry of HUT-102 cells 

stained with 0-40 ng of anti-Tac as indicated, then with 

biotinylated anti-Tac, and then with phycoerythrin-conjugated 

avidin. (B) Fluorocytornetry of HUT-102 cells stained with 

the indicated antibody, then with biotinylated anti-Tac, and 

5 then with phycoerythrin-conjugated avidin. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, novel 

means of designing humanized irnmunoglobulins capable of 

IO specifically binding to a predetermined antigen with strong 

~~.inity are provided. These improved methods produce---

immunoglobulins that are substantially non-immunogenic in 

humans but have binding affinities of at least about 108 M- 1 , 

preferably 109 M-l to 1010 M-1 , or stronger. The humanized 

15 immunoglobulins will have a human framework and have one or 

more complementary determining regions (CDR's), plus a 

limited number of other amino acids, .from a donor 

immunoglobulin specifically reactive with an antigen. The 

immunoglobulins can be produced economically in large 
~ 

zo quantities and find use, for example, in the treatment of 

various human disorders by a variety of techniques. 

In order that the invention may be more completely 

understood, several definitions are set forth. As used 

herein, the term "immunoglobulin" refers to a protein having 

25 one or more polypeptides substantially encoded by 

immunoglobulin genes. The recognized immunoglobulin genes 

include the kappa, lambda, alpha, gamma, delta, epsilon and 

mu: constant region genes, as well as the myriad 

30 

35 

immunoglobulin variable region genes. Full-length 

immunoglobulin "light chains" (about 25 Kd, about 214 amino 

acids) are encoded by a variable region gene at the 

NH2-terminus (about 110 amino acids) and a kappa or lambda 

const!nt region gene at the COOH - terminus. Full-length 

i.mmunoglobulin "heavy chains" (about 50 Kd, about 446 amino 

acids)., are similarly encoded by a variable region gene 

(encoding about 116 amino acids) and one of the other 
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aforementioned constant region genes,~, gamma (encoding 

about 330 amino acids}. 

One form of immunoglobulin constitutes the basic 

structural unit of an antibody. This form is a tetrarner and 

consists of two identical pairs of immunoglobulin chains, 

each pair having one light and one heavy chain. In each 

pair, the light and heavy chain variable regions are together 

responsible for binding· to an antigen, and the constant 

regions are responsible for the antibody effector functions. 

In addition to antibodies, immunoglobulins may exist in a 

10 variety of other forms (including less than full-length that 

15 

retain the desired activities}, including, for example, Fv, 

Fab, and F(ab 1 }2, as well as single chain antibodies (!L._9., 

Huston et al., Proc. Nat. Acad. Sci. U.S.A., 85:5879-5883 

(1988} and Bird et al., Science, 242:423-426 (1988), which 

are incorporated herein by reference). (See, ·generally, Hood 

et al., "Immunology", Benjamin, N.Y., 2nd ed. (1984), and 

Hunkapiller and Hood, Nature, 323:15-16 (1986), which are 

incorporated herein by reference). 

An immunoglobulin light or heavy chain variable 

region consists of a ''framework" region interrupted by three 

hypervariable regions, also called CDR's. The extent of the 

framework region and CDR's have been precisely defined (see, 

"Sequences of Proteins of Immunological Interest," E. Kabat 

et al., U.S. Department of Health and Human Services, (1983}; 

25 which is incorporated herein by reference). The sequences of 

the framework regions of different light or heavy chains are 

30 

35 

relatively conserved within a species. The framework region 

of an antibody, that is the combined framework regions of the 

constituent light and heavy chains, serves to position and 

align the COR's. The CDR's are primarily responsible for 

binding to an epitope of an antigen. 

Chimeric antibodies are antibodies whose light and 

heavy chain genes have been constructed, typically by genetic 

engineering, from immunoglobulin variable and constant region 

genes belonging to different species. For example, the 

variable segments of the genes from a mouse monoclonal 

antibody may be joined to human constant segments, such as 
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g~;:i:..ia 1 anc:. ga:::ma J. A t.ypical the:::-a;:,eutic chime:::-ic antibc,!y 

is t.hus a hybrid protein composed of the variable or 

ant.igen-binding domain from a mouse antibody and the canst.an~ 

o= effector domain from a human antibody (~, A.T.C.C. 

Accession ~o. CRL 9688 secretes an anti-Tac chimeric 

~nt.ibody), although other mammalian species may be used. 

As used herein, t:,e term "humanized" irnmunoglcbul in 

=efers ta an i.rununoglobulin comprising a subst~ntially hur:ian 

f=amework resion and one or more CDR's from a non-human 

(usually a mouse or rat) immunoglobulin. The non-human 

ir.u:tunoglobulin providing the CDR's is called the "donor" and 

a human irnmunoglobulin providing the framework is called the 

"accept.or". Constant regions need not be present, but if 

~~ey are, they must be substantially homologous to hu~an 

i:nmunoglobulin constant regions, i.e., at least about 85-90%, 

preferably about. 95% or more identical. Hence, all rarts c: 
a humanized i~munoglobulin, except possibly the CDR's, are 

substantially ho~ol~gous to corresponding parts of natural 

human i:r::-.munoglobul in sequence,;. A "humanized antibody" is a~ 

a~tibody comprising a humanized light chain and a huwanized 

hea.vy chain ir:u~unoglobulin. For example, a humanized 

an~ibody would not encompass~ typical chimeric antibody as 

defined above,~, because the entire variable rP.gion of a 

c~imeric antibody is non-human. One says that the donor 

antibody has been "humanized", by the process of 

"humanization", because the resultant humanized antibody is 

~xpected to bind to the same ant.igen as the donor antib0uy 

t.~at provides the CDR's . 

Humanized immunoglobulins, including humanized 

antibodies, have been constrJcted by means of genetic 

engineering. ~ost h~manized immunoglobulins that have been 

previously described (Jones et al., Q.2. cit.; Verhoeyen et 

nl.,. Q.2. cit.; Riechmann et al., Q.2. cit.) ha•,e comprised a 

framework that is identical to the framework of a particular 

human immunoglobulin chain, the acceptor, and three CDR's 

from a non-human donor il!lI!lunoglobulin chain. In one case 

(Riechmann et al• I .Q.2. cit.), two additional amino acids in 

the framework were changed to be the same·as amino ac.ids in 
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other human framework regions. The present inven~ion 

includes cri:eria by which a limited number of amino acids~-· 

che fra~~work of a humanized i!:llTlunoglobulin chain are chosen 

to be the same as the amino acids at those positions in the 

donor rather than in the acceptor, in order to increase the 

affinity of an antibody comprising the humanized 

immunoglobulin cnain. 

The pr~sent invention is based in part on the model 

that two con:ributing causes of the loss of affin~ty in pric= 

means of prcducir.g humanized antibodies (using as examples 

mouse antibodies as the source of CDR's) are: 

(1) ~hen the mouse CDR's are combined with the 

human framework, the amino acids in the framework close to 

the COR's become human instead of mouse. Without intending 

to be bound hy theory, we believe that these changed amino 

acids may slightly distort the CDR's, because they crea:e 

different electrostatic or hydrophobic forces than in :h~ 

caner mouse antibody, and the distorted COR's ~ay not ~ake as 

effective contacts with the antige~ as the CDR's did in the 

donor ~ntibody; 

(2) Also, amino acids in the original mouse 

antibody that are close to, but not part of, the CDR's (i.e., 

still part of the framework), may make contacts ~ith the 

antigen that contribute to affinity. T~ese amino acids are 

lost ~hen the antibody is humanized, because all f~a~ework 

amino acids are made human. 

To avoid these problems, and to produce hu~a~ized 

antibodies that have a very strong affinity for a desi=ed 

antigen, the present invention uses the followi~g four 

criteria for designing humanized immunoglobulins. These 

criteria may be used singly, or ~hen necessary in 

combination, to achieve the desired affinity or other 

characteristics. 

Criterion I: As acceptor, use a frame~ork from a particula= 

human immunoglobulin that is unusually homologous to the 

donor immunoglobulin to be humanized, or use a consensus 

framework from many human antibodies. For example, 
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comparison of the sequence of a mouse heavy {or light) chain 

variable region against human heavy \Or light) variable 

regions in a data bank (for ~xample, the National Bicrnedic~l 

Research Foundation Protein Identification Resource) shows 

varies that the extent of homology to different human regions 

greatly, typically from about 40~ to about 60-70%. By 

choosing as the acceptor inununoglobulin one of the huwan 

heavy (respectively light) chain variable regions that is 

~o~t homologous to the heavy (respectively light) chain 

variable region of the donor immunoglobulin, fewer amino 

acids ;.;ill be changed in going from the donor ir.ununoglobulin 

to the humanized immunoglobulin. Hence, and again without 

intending to be bound by theory, it is believed that there is 

a smaller chance of changing an amino acid near the CDR's 

that distorts thei= conformation. Moreover, the precise 

overall shape of a humanized antibody comprising the 

humanized irnmunoglobulin chain may more closely r~sernble the 

shape of the donor antibody, also reducing the chance of 

distorting the CDR's. 

Typically, one of the 3-5 most homologous heavy 

chain variable region sequences in a representative 

collection of at least about 10 to 20 distinct human heavy 

chains will be chosen as acceptor to provide the heavy chain 

framework, and similarly for the light chain. Preferably, 

one of the 1-3 most homologous variable regions will be used. 

The selected acceptor i:rununoglobulin chain will most 

preferably have at least about 65% homology in the framework 

region to the don0r immunoglobulin. 

Regardless of how· the acceptor immunoglobulin is 

chosen, higher affinity may be achieved by selecting a s~all 

number of amino acids in the framework of the humanized 

immunoglobulin chain to be the same as the amino acids at 

those positions in the donor rather than in the acceptor. 

The following criteria define what amino acids may be so 

selected. Preferably, at most or all amino acid positions 

satisfying one of these criteria, the donor amino acid will 

in fact be selected • 

.. ·- - ....... ~--- ·····-- ·- ............. -- ............... -·:,··.,,..,.,. .... ., .. __ .......... , ., ... _.' 
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C~iterion r:: If an aMino acid in t:he framework of the hunan 

acce~tar iz:.r.iunoglobu.!.in is unusual (i.e., "rare", wh.:..ch as 

~sed herein indicates an amino acid occurring at that 

position in no more than about 10% of human heavy 

(respectively lisht) chain V region sequences in a 

representative data bank), and if the donor amino acid at 

that position is typical for human sequences (i.e., "commor:", 

which as used herei~ indicates an amino acid occurring in at 

Ieast- abouc 25% of sequence5 in a representacive data bank), 

then the donor amino acid rather than the acceptor may be 

selected. This criterion helps ensure that an atypical amir:o 

acid in the hu~an framework does not disrupt the antibody 

structur=- Moreover, by replacing an unusual amino acid wi~:: 

an amino acid :rorn the donor antibody that happens to be 

typical for hum~n antibodies, the humanized antibody may be 

made less immunogenic. 

Criterion::!: In the positions immediately adjacent to the 

l CDR's in t~e ~umanized immunoglobulin chain, the donor 

ami~o acid rather than acceptor amino acid may be selected. 

These amino acids are particularly likely to interact with 

the amino acids in the CDR's and, if chosen from the 

acceptor, distort the donor CDR's and reduce affinity. 

Moreover. the adjacent amino acids may interact directly wi~~ 

the antigen (Amit et al., Science, 233, 747-753 (1986), *hie~ 

is incorporated herein by reference} and selecting t~esc 

amino acids from the donor may be desirable to ke2p all the 

antigen contacts that provide affinity in the original 

antibody. 

Criterion IV: A 3-dimensional model, typically of the 

original donor antibody, shows that certain amino acids 

outside of the CDR's are close to the CDR's and have a good 

probability of i~teracting with amino acids in the CDR's by 

nydrogen bonding, Van der Waals forces, hydrophobic 

interactions, etc. At those amino acid positions, the donor 

amino acid rather than the acceptor irnmunoglobulin amino aci= 

may be selected. A..~ino acids according to this criterion wil: 
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generally have a side chain atom within about 3 angstrom 

units of some site in the CDR's and must contain atoms that 

could interact with the CDR atoms according to established 

chemical forces, such as thos~ listed above. Computer 

programs to create models of proteins such as antibodies are 

generally available and well known to those skilled in the 

art (see, ~oew et al., Int. J. Oua~t. Chem., O~ant. Biol. 

Svmc., 15:55-66 (1988); Br~ccoleri et al., Nat~re, 335, 

564-568- (1988); Chothia et al., Scie;1ce, 233:755-758 (1986), 

all of .. ;hic!1 are incorporated herein by reterence) . These c..:i 
10 not form part of the invention. Indeed-:· becausF.? all 

antibodies have similar structures, the known antibody 

structures, which are available from the Brook,"'laven Protein 

15 

20 

25 

30 

JS 

Data Ba~k. can be used if necessary as rough models of other 

antibodies. Commercially available computer programs can =e 

used to display these models on a computer monitor, to 

calculate the distance between atoms, and to estimate the 

likelihood of different amino acids interacting (see, Ferri~ 

et.al.,_ J. ~cl. Graphics, .§.:13-27 (1988)). 

E~~a~ized antibodies generally have at least three 

potential advantages over mouse or in some cases chimeric 

antibodies fer use in human ther~py: 

1) Because the effectoi p~rtion is human, it ~ay 

interact better with the other parts of the human immune 

system {g_,_g_,_, destroy the target cells more efficiently by 

complement- dependent cytctoxicity (enc) or 

antibody-dependent cellular cytotoxicity (ADCC)). 

2} The human immune system should not recoynize 

the framework or constant region ::)f -.:he humanized antibody :>.s 

foreign. and therefore the antibody response against such a~ 

injected· antibody should be less than against a totally 

foreign mouse antib0dy or a partially foreign chimeric 

antibody. 

3) Injected rr.ouse antibodies have been reported 

to have a half-life in the human circulation much shorter 

than the half-life of normal antibodies (D. Shaw et al., J. 

Immunol., 138:4534-4538 (1987)). Injected humanized 

antibodies will presumably have a half-life more similar 
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naturally occurring human antibodies, allowing smaller and 

less frequer.t doses to be given. 

In one aspect, the present inventiun is directed to 

designing humanized immunoglobulins that are produced by 

expressing recombinant DNA segments encoding the heavy and 

light chain CDR's from a donor immunoglobulin capable of 

binding to a desired antigen, such as the human IL-2 

receptor, to ONA segments encoding acceptor human framework 

regions. Exemplary DNA sequences designed in accordance with 

the present invention and, which on expression code for the 

polypeptide chains comprising heavy and light chain CDR's 

with substantially human framework regions, are shown in 

Figures J and 4, respectively. Due to codon degeneracy and 

non-critical amino acid substitutions, ether DNA sequences 

can be readily substituted for those sequences, as detailed 

below. In general, the criteria of the present invention 

find applicability to designing substantially any humanizec 

immunoglobulin. 

The DNA segments will typically further include a~ 

expression control ONA sequence operably linked to the 

humanized imrnunoglobulin coding sequences, including 

naturally-associated or heterologous promoter regions. 

Preferably, the expression control sequences will be 

eukaryotic promoter systems in vectors capable of 

transforming or transfect.ing eukaryotic host cells, but 

control sequences for prokaryotic hosts may also be used. 

Once the vector has been incorporated into the appropriate 

host, the host is maintained under cond-itions, suitable for 

high level expression of the nucleotide sequences, and, as 

desired, the collection and purification of th~ humar.ized 

light chains, heavy chains, light/heavy chain dimers or 

intact antibodies, binding fragments or other imrnunoglobulin 

forms may follow (see, S. Beychok, Cells of Immunoglobulin 

Synthesis, Academic Press, N.Y., (1979), which is 

incorporated herein by reference. 

Human constant region DNA sequences =an be isola~ed 

in accordance with well known procedures from a variety of 

human cells, but preferably immortalized B-cells {see, Kaba~ 
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Q.2· Cit. and WP87/02671). The CDR's for producing the 

immunoglobulins of the present invention will be similarly 

derived from monoclonal antibodies capable of binding to t~e 

predete::.nined antigen, such as the human IL-2 receptor, and 

produced by well known methods in any convenient mammalian 

source including, mice, rats, rabbits, or other verteb~ate 

capable of producing antibodies. Suitable source cells for 

the constant region and framework DNA sequences, and host 

cells for immunoglobulin expression and secretion, can be 

cbtained from a nur.~er of sources, such as the American Type 

Culture Collection ("Catalogue of Cell Lines and Hybridoraas,'' 

Fifth edition (1985} Rockville, Maryland, U.S.A., which is 

incorporated herein by reference). 

In addition to the humanized immunoglobulins 

specifically described herein, other "substantially 

homologous" modified immunoglobulins to the native sequences 

can be readily designed and manufactured utilizing various 

recombinant DNA techniques well known to those skilled in the 

art. For example, the framework regions can vary 

specifically from the sequences in Figures 3 and 4 at the 

primary structure level by several amino acid substitutions, 

terminal and intermediate additions and deletiuns, and t~e 

like. Moreover, a variety of different human framework 

regions may be used singly or in combination as a basis :er 

the humanized immunoglobulins of the present invention. In 

general, modifications of the genes may be readily 

accomplished by a variety of well-known techniques, such as 

site-directed mutagenesis (see, Gillman and Smith, Gene, 

~:81-97 (1979) and S. Roberts et al., Nature, 328:731-734 

(1987), both of which are incorporated herein by reference). 

Alternatively, polypeptide fragments comprising 

only a portion of the primary antibody structure may be 

produced, which fragments possess one or more irnmunoglobulin 

activities {g_,_g__._, complement fixation activity). Also 

because like many genes, the immunoglobulin-related genes 

contain separate functional regions, each having one or more 

distinct biological activities, the genes may be fused to 

functional regions from other genes (g_,_g__._, enzymes, see, 
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commonly assigned U.S.S.N. 132,387, filed Dec. 15, 198,, 

which is inco=porated herein by reference) to produce f~sion 

proteins (~, i!7'u~unotoxins) having novel properties. The 

nucleic acid se~uences of the present invention capable of 

ultimately ex~ressing the desired humanized antibodies can be 

fcrmed from a variety of different polynucleotides (genomic 

or cDNA, RNA, synthetic oligonucleotides, etc.) and 

components {.~, V, J, D, and C regions), as well as by a 

variety of different techniques. Joining appropriate genomic 

sequences is presently the most common method of production, 

but cDNA sequences may also be utilized (see, European ?ater.t 

Publication No. 0239400 and L. Reichmann et al., Nature, 

332:323-327 (1988), both of which are incorporated herein by 

reference) . 

As stated previously, the DNA sequences will be 

expressed in hosts after the sequences have been operably 

linked to (i.e., positioned to ensure the functioning cf) a~ 

expression control sequence. These expression vectors are 

typically replicable in the host organisms either cs episc~es 

or as an integral part of the host chromosomal DNA. Co~mcnly, 

expression vectors will contain selection markers, ~, 

tetracycline er neomycin, to per..iit detection of those cells 

transformed with the desired DNA sequences (see, e.a. 1 U.S. 

Patent 4,704,362, which is incorporated herein by refere~ce) 

E.coli is one prokaryotic host useful partic~larly 

for cloning the DNA sequences of the present invention. Other 

microbial hosts suitable for use include bacilli, such as 

Bacillus subtilus, and other enterobacteriaceae, such as 

Salmonella, Serratia, and various Pseudomonas species. I~ 

these prokaryotic hosts, one can also make expression 

vectors, which will typically contain expression control 

sequences compatible with the host cell (~, an origin of 

replication). In addition, any number of a variety of well

known promoters will be present, such as the lactose promoter 

system, a trypto~han (trp) prcmoter system, a beta-lacta~ase 

promoter system, or a promoter system from phage lambda. The 

promoters will typically control expression, cptior.ally vi~h 

an operator sequence, and have ribosome binding site 
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sequences and the like, for initiating and cornFleting 

~ranscription and translation. 

Other oicrobes, such as yeast, may also be used :or 

expression. Saccharomyces is a preferred host, with suitable 

vectors having expression control sequences, such as 

promoters, including 3-phosphoglycerate kinase or other 

glycolytic enzy~es, and an origin of replication, ter.nination 

sequences and the like as desiced. 

In addition to microorganisms, mammalian tissue 

cell culture may also be used to express and produce the 

polypeptides of the present invention (see, Winnacker, ":'ro..i 

Genes to Clones," VCH Publishe:cs, N.Y., N.Y. (1987), ;.;hich is 

incorporated herein by reference). Eukaryotic cells are 

actually preferred, ~ecause a number of suitable host cell 

lines capable of secreting intact irnrnunoglobulins have been 

developed in the art, and include the CHO cell lines, various 

COS cell lines, HeLa cells, rnyelorna cell lines, etc, but 

preferably transformed B-cells or hybridomas. Expressicn 

vectors for these cells can include expression control 

sequences, such as an origin of replication, a promoter, an 

enhancer (Queen et al., Imrnunol. Rev., 89:49-58 (1986), ·~·hich 

is incorporated herein by reference), and necessary 

processing information sites, such as ribosome binding sites, 

R.~A splice sites, polyadenylation sites, and transcripti~nal 

terminator sequences. Preferred expression control se~~ences 

are promoters derived from immunoglobulin genes, SV40, 

Adenovirus, Bovine ?apilloma Virus, and the like. 

The vectors containing the DNA segments of interest 

(e.a., the heavy and light chain encoding seq,iences and 

expression control sequences) can be transferred into t~e 

host cell by well-known methods, which vary deper.ding en the 

type of cellular host. For example, calcium chloride 

transfection is commonly utilized for prokaryotic cells, 

whereas calcium phosphate treatment or electroporation may be 

used for other cellular hosts. (See, generally, ~aniatis et 

al., Molecular Cloning: A Laboratory Manual, Cold Spring 

Harbor Press, (1982), which is incorporated herein by 

reference.) 

. - ... ·-
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Once expressed, the whole antibodies, cheir di=ers, 

individual light and heavy chains, or other immunoglobulin 

forms of the present invention, can be purified according to 

standard procedure5 of the art, including ammonium sulfate 

precipitation, af:inity columns, column chromacography, gel 

electrophoresis and the like (see, generally, R. Scopes, 

"Protein Purification", Spring.er-Verlag, N. Y. ( 1982)). 

Substantially pure immunoglobulins of at least about 90 to 

95% homogeneity are prefern:d, and 98 to 99% or more 

homogeneity most preferred, for phar.naceutical uses. Once 

purified, partially or to homogeneity as desired, th~ 

polypeptides may then be used therapeutically (including 

extracorporeally) or in developing and performing assay 

procedures, i~munofluoresc€nt stainings, and the like. (See, 

generally, I~rnunoloaical ~ethods, Vcls. I and II, Lefkovits 

acd Pernis, eds., Academic Press, New York, N.Y. (1979 and 

1981)) • 

The antibodies of the present invention will 

typically find use individually in treating substantially any 

disease susceptible to monoclonal antibody-based therapy. In 

particular, the inununoglobulins can be used for passive 

immunization or the removal of unwanted cells or antigens, 

such as by comple~ent mediated lysis, all without substantial 

immune reactions (e.a., anaphylactic shock) associated with 

many prior antibodies. For example, where the cell li~ked to 

a disease has been identified as IL-2 receptor bearing, tjen 

humanized antibodies that bir:d to the human IL-2 receptor are 

suitable {see, U.S.S.N. 085,707, entitled "Treating ::u:aan 

Malignancies and Disorders," which is incorporated herein by 

reference). For such a humanized immunoglobulin, typical 

disease states suitable for treatment include graft versus 

host disease and transplant rejection in patients undergoing 

an organ transplant, such as heart, lungs, kidneys, liver, 

etc. Other diseases include autoimmune diseases, such as 

Type I diabetes, multiple sclerosis, rheumatoid arthritis, 

systemic lupus erythematosus, and myasthenia gravis. 

The method of producing humanized antibodies of the 

present invention can be used to humanize a variety of donor 
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antibodies, especially monoclonal antibodies reactive ;.:i~h 

ma=kers on cells responsible for a disease. For exa:nple, 

suitable. antibodies bind to antigens on T-cells, such as 

those grau;,ec. .:nee che so-called 11 Clusters of 

Oifferentiat:i::m," as named by the Fir-st Internat.:onal 

~eukccyte Differ-entiacion Workshop, Leukocyte Typing, 5ernard 

et aT .. ,. Eds., Springer- Verlag, N. Y. ( 1984) , which is 

incorporated herein by reference. 

T~e antibodies of the present invention can also be 

used as separately administered compositions given in 

conjunc.:ion ;.;it:. chemotherapeutic or irnmunosuppressive 

agents. TypicJlly, the ag~nts will include cyclosporin A or 

a purine analog (~, methotrexate, 6-mercaptopurine, er t~e 

like), but nu::ierous additional agents (~, 

cyclophasphawice, prednisone, etc.) well-known to those 

skiLled in the art may also be utilized. 

A ~referred pharmaceutical composition of t~e 

::rr.esent: ir.ve::tion comprises the use of the subject antibodies 

in inmunotcxi::s. Irnmunotoxins are characterized by t;.;o 

components.and are particularly useful for killing selected 

cells in vitro or in vivo. One component is a cytotoxic 

agent which is us~ally fatal to a cell when attached er 

abso::::bed~ The second component, known as the "delivery 

vehicle,. .. ' provices a means for delivering the toxic age:-:~ to 

a particular cell type, such as cells comprising a car:::i::oma. 

The two components are commonly chemically bonded toge~~er by 

any- of a' variety of well-known chemical procedures. - ,..

exa:mp'Ter ;;;hen the cytotoxic agent is a protein and t:i.e secor.c 

component is an intact imrnunoglobulin, the linkage may Qe by 

way of heterobifunctional cross-linkers, e.a., S?DP, 

carbodiimide, glutaraldehyde, or the like. Production of 

various ir:imu~ctoxins is well-known with the art, and can be 

found, for example in "Monoclonal Antibody-Toxin Conjugates: 

Aiming t.."te Magic Bullet," Thorpe et al., Monoclonal 

Antibodies in Clinical Medicine, Academic Press, pp. 168-l90 

(I~82}, which is incorporated herein by reference. 

A variety of cytotoxic agents are suitable :or cse 

in immunotoxins. Cytotoxic agents can include radion~clices, 
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such as Iodine-131, Yttrium-90, Rhenium-188, and Bismuth-212; 

a number of chemotherapeutic drugs, such as vindesine, 

methotrexate, adriamycin, and cisplatinm; and cytotoxic 

proteins such as ribosomal inhibiting proteins like pokeweed 

antiviral protein, Pseudomonas exotoxin A, ricin, diphtheria 

toxin. ricin A chain, etc., er an agent active at the cell 

surface, such as the ph~spholipase enzymes (~, 

phospholipase C). (See, generally, commonly assigned 

cr.s.s.N. 290,968 (Townsend and Townsend Docket No. 11823-

7-2) filed in U.S.P.T.O. on December 28, 1988, "Chimeric 

Taxinsr" Olsnes and Phil, Pharmac. The!". , Q: J 55-381 ( 1932) , 

and "Monoclonal Antibodies for Cancer Detection and Therapy," 

eds. Baldwin and Byers, pp. 159-179, 224-266, Academic P!"ess 

(1985), all of which are incorporated h~rein by reference.) 

The delivery component of the immunotoxin will 

incl~de the humanized immunoglobulins of the present 

ir.vention. I~~act iramunoglobulins or their binding 

fr.agments, such as Fab, are preferably used. Typically, the 

antibodies in the immunotoxins will be of the human IgM or 

IgG isotype, but other mammalian constant regions may be 

utilized as desired. 

For diagnostic purposes, the antibodies may either 

be labeled or unlabeled. Unlabeled antibodies can be used in 

combination with other labeled antibodies (second antibodies) 

that are reactive with the humanized antibody, such as anti

bodies specific for human immunoglobulin ccnstant regions. 

Alternatively, the antibodies can be directly labelea. A 

~ide variety of labels may be employed, such as 

radianuclides, fluors, enzymes, enzyme substrates, enzyme co

factors, enzyme inhibitors, ligands (particularly haptens), 

etc •. Numerous types of immunoassays are available and are 

well known to those skilled in the art. 

The following examples are offered by way of 

illustration, not by limitation. 

.. .:-.. '':'--·': ... ·~··: ·~- '· .. :·<:: ·: :-~~::-.n~·'""· u,,.,,,-~'""'·'"°·.·-~ .. '!"'t -~--~-·':".-~· '.""?""·"!¥"'.:"'"'· f"".~"':'fZ'!'c.!!!!·.~.l!lil?J"-".·"":· ........ ···:. 
·;:.: :·.""~·(:·-.·:·:. 
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C:XPERIMENTAL 

Desic~ of aenes fo~ humanized light and he?VV chains 

The sequence of the huoan antibody Eu (Sequences of 

Proteins of Immunological Interest, E. Kabat et al., U.S. 

Dept. of Healt:i and Human Services, 1983) was used to provide 

tha framework of the humanized antibody, because the amino 

acid sequence of the heavy chain variable region of anti-Tac 

~s mere homologous to the heavy chain of this antibody t~an 

to any other complete heavy chain variable region sequence in 

the National Biomedical Foundation Protein Identification 

10· Re::source. 

20 

25 

30 

35 

~a select the sequence of the humanized heavy 

chain, the anti-Tac heavy chain sequence (§.gg, commonly 

assigned U.S.S.N.'s 186,862 and 223,037, which are 

incorporated herein by reference) was aligned with the 

sequence of the Eu heavy chain (Figure 1). At each 

~osition, the Eu amino acid was selected for the humanized 

sequence, unless that position fell in any one of the 

following categories, in which case the anti-Tac amino acid 

was- sel.ected; 

(1) The position fell within a complementarity 

determining region (CDR), as defined by Kabat, et al~, 9.2. 

cit .. (amino acids :n-35, 50-66, 99-106); 

(2) The Eu amino acid w~s rare for hunan heavy 

chains at that position, whereas the anti-Tac amino acid ~as 

common for human heavy chains at thnt position (amino acids 

27, 93, 95, 98, 107-109, 111); 

(J) The position was immediately adjacent to a CDR 

in the amino acid sequence of the anti-Tac heavy chain (a~i~o 

acids 30 and 67); or 

(4) 3-dimensional modeling of the anti-Tac 

antibody suggested that the amino acid was physically close 

to the antigen binding region (amino acids 48 and 68). 

Amino acid #27 is listed in category (4} because the acceptor 

Eu amino acid Gly is rare, and the donor anti-Tac amino acid 

Tyr is chemically similar to the amino acid Phe, which is 

common, but the substitution was actually made because ;27 
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also fell in category (4). Although some amino acids fell in 

more than one of these categories, they are only listed in 

one. Categories (2) - (4) correspond to criteria (2) - (4) 

described above. 

To select the sequence of the humanized li~ht 

chain, the anti-Tac light chain sequence was aligned with the 

sequence of the Eu light chain (Figure 2). The Eu amino 

acid was selected at each position, unless the position again 

fell into one of the categories (1) - (4) (with light chain 

replacing heavy chain in the category definitions): 

(1) CDR's (amino acids 24-34, 50-56, B9-97); 

(2} Anti-Tac amino acid more. typical than Eu 

(amino acids 48 and 63); 

(3) Adjacent to CDR's (no amino acids; Eu and 

anti-Tac were already the sa~e at all these positions); or 

(4)Possible ]-dimensional proximity to binding 

region (amino acid 60). 

The actual nucleotide sequence of the heavy 

(Figure 3) and light chain (Figure 4) genes were selected as 

follows: 

(1) The nucleotide sequ~nces code for the amino 

acid sequences chosen as described above; 

(2) 51 of these coding sequences, the nucleotide 

sequences code for a leader (signal) sequenc~. namely the 

leader of the light chain of the antibody MOPC 63 and ~he 

leader of the heavy chain of the antibody PCH 108A (Ka!.Jat 

al., QQ.. cit.). These leader sequences were chosen as 

typical of antibodies; 

et 

(J) 3' of the coding sequences, the nucleotide 

sequences are· the sequences that follow the mouse light chai:1 

JS segment and the mouse heavy chain J2 segment, which are 

part of the anti-Tac sequences. These sequences are incl~ded 

because they contain splice donor signals; and 

{4) At each end of the se~uence is an Xba I si~e 

to allow cutting at the Xba I sites and cloning into the X~a 

I site of a vector. 
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Construction of humanized light ar.d heavv chain aenes 

To synthesize the heavy chain, four 

oligonucleotides HES12, HES13, HES14, HES15 (Figure 5A) were 

synthesized using an Applied Biosystems 380B DNA synthesizer. 

T"wo of the oligonucleotides are part of each strand of the 

heavy chain, and each oligonucleotide overlaps the next one 

by about 20 nucleotides to allow annealing (Figure 5B). 

Together, the oligonucleotides cover the entire humanized 

h1:avy chain variable region (Figure 3) with a few extr·a 

nucleotides at each end to allow cutting at the Xba I sites. 

The oligonucleotides were purified from polyacrylamide gels. 

Each o.ligonucleotide was phosphorylated using ATP 

and T4 polynucleotide kinase by standard procedures (~, 

Maniatis, cc. cit.). To anneal the phosphuryl~ted 

oligonuclectides, they were suspended together in 40 ul of TA 

(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 wM 

magnesium acetate) at a concentration of about 3.75 \!¥. each, 

heated to 95 deg for 4 min. and cooled slowly to 4 deg. To 

synthesize the ~omplete gene from the oligonucleotides by 

synthesizing the opposite strand of each oligonucleotide 

(Figure 53), the following components were added in.a =inal 

volume of lOOul: 

10 ul 

0.16 mM each 

0.5 mM 

0.5 mM 

100 ug/ml 

3. 5 ug/ml 

25 ug/ml 

25 ug/ml 

annealed oligonucleotides 

deoxyribonucleotide 

ATP 

DTT 

BSA 

T4 g43 protein (DNA polymerase') 

T4 g44/62 protein (polymerase 

accessory protein; 

45 protein (polymerase accessory 

protein) 

The mixture was incubated at 37 deg for 30 min. 

Then 10 u of T4 DNA ligase was added and incubation ac 37 deg 

resumed for 30 min. The polymerase and ligase ware 

inactivated by inc11bation of the reaction at 70 de<J fc= 
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15 min. ~o digest the gene with Xba I, to.the reaction was 

added 50 ul of 2x TA containing BSA at 200 ug/illl and DTT at l 

mM, 43 ul of water; and 50 u of Xba I in 5 ul. The reaction 

was incubated for 3 hr at 37 deg, and run on~ gel. The 431 

bp Xba I fragment was purified from a gel and cloned into the 

Xba I site of the plasmid pUC19 by standard methods. Four 

plasmid isolates were purified and sequenced using the 

dideoxy rnet:1od. One o:" these had the correct sequence 

(Figure 3). 

To synthesize the light Ghain, four 

oligonucleotides JFD1, JFD2, JFD3, JFD4 (Figure 6A) ~ere 

syr.thesized. Two of the oligonucleotides are part of each 

strand of the light chain, and each oligonucleotide overla~s 

the next one by about 20 nucleotides to allow annealing 

(Figure 63). Together, the·oligonucleotides cover the entire 

humanized light chain variable region (Figure 4) with a few 

extra nuclectides at each end to allow cutting at the Xba I 

sites. The oligonucleotides were purified from 

polyacryla~ide gels. 

The light chain gene was synthesized from t~ese 

oligonuclectides in two parts. 0.5 ug each of JFDl and JFD2 

were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH 

7.5, 20 mM magnesium chloride, 50 mM sodium chloride), heatec 

at 70 deg for 3 ~in and allowed to cool slowly tc 23 deg in 

order for the oligonucleotides to anneal. JFDJ and J?D4 were 

treated in the same way. Each reaction was made 10 :nM in DTT 

and 0.5 r.J1 in each deoxyribonucleotide and 6.5 u of sequen2se 

{US Biochemicals) was added, in a final volu~e of 24 ul, and 

incubated fer l hr at 37 deg to synthesize the opposi~e 

strands of the oligonucleotides. Xba I and Hind III ~ere 

added to each reaction to digest the ~~A (there is a Hind III 

site in ~he region where JFD2 and JFD3 overlap and therefore 

in each of the synthesized DNAs; Figure 68). The reactions 

were run on polyacrylamide gels, and ~he Xba I - Hind III 

fragments were purified and cloned into pUC18 by standard 

methods. Several plasmid isolates for each fragment were 

sequenced by the dideoxy method, and correct ones chosen. 
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Construction of clasmids to express humanized li=ht and heavv 

chains 

The heavy chain Xba I fragment was isolated from 

the pUC19 plasmid in which it had been inserted and then 

inserted into the Xba I site of the vector pV,l (see, 

commonly assigned u.s.s.N. 223,037) in the correct 

orientation by standard methods, to produce the plasmid 

pHuGTACl (Figure 7). This plasmid will express high levels 

of a complete heavy chain when transfected into an 

apprc,riate host cell. 

The two light chain Xba I - Hind III fragments were 

isolated from the pUC18 plasmids in which they had been 

inserted. The vector plasmid pVKl (see, commonly assigned 

U.S.S.N. 223,037) was cut with Xba I, dephosphorylated and 

ligated with the two fragments by standard methods. The 

desired reaction product has the circular form: vector - X~a 

I - fragment 1 - Hind III - fragment 2 - Xba I - vector. 

Several plasmid isolat~s were analyzed by restriction mapping 

and sequencins, and one with this form chosen. This plasmid, 

pHuLTAC (figure 8), therefore contains the complete humanized 

light chain (Figure~) and will express high levels of the 

light chain when transfected into an appropriate host cell. 

Svnthesis and affinitv of humanized antibodv 

The plasmids pHuGTACl and pHuLTAC were tr~~sfected 

into mouse Sp2/0 cells, and cells that integrated the 

plasmids were selected on the basis of resistance to 

mycophenolic acid and/or hygromycin 8 conferred by ~he spt 

and hyg genes on the plasmids (Figures 7,6) by standard 

methods. To verify that these cells secreted antibody tha~ 

binds to the IL-2 receptor, supernatant from the cells was 

incubated with HUT-102 cells that are kno~n to express the 

IL-2 receptor. After w~shing, the cells were incubated with 

fluorescein-conjugated goat anti-human antibody, washed, and 

analyzed for fluorescence on a FACSCAN cytofluorometer. The 

results (Figure 9A), clearly show that the h~manized antibody 

binds to these cells, but not to Jurkat T-cells that do not 

express the IL-2 receptor (Figure 90). As controls, the 
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original mouse anti-Tac antibody was also used ~o stain these 

cells (Figure 98,C), giving similar results. 

For further experiments, cells producing the 

humanized antibody were injected into mice, and the resultant 

ascites collected. Humanized antibody was purified to 

5 substantial homogeneity from the asci~es by passage through 

an affinity column of goat anti-human immunoglobulin 

antibody, prepared on an Affigel-10 support (Bio-Rad 

Laboratories, Inc., Richmond, CA) according to standard 

10 

15 

20 

25 

30 

35 

tech~iques. Tc d~termine the affinity of the humanized 

antibody relative to the original anti-Tac antibody, a 

competitive binding experiment was performed. About 5 x 10 5 

HUT-102 cells were incubated with known quantities (10 - 40 

ng) of the anti-Tac antibody and the humanized anti-Tac 

antibody for 10 min at 4 deg. Then 100 ng of biotinylated 

anti-Tac was added to the cells and incubated for JO min at 4 

deg. This quantity of anti-Tac had previously been 

determined to be ·sufficient to saturate the binding sites on 

the cells, but not to be in large excess. Then the cells 

.ere washed twice with 2 ml of phosphate buffered saline 

(PBS) containing 0.1% sodium azide. The cells were then 

incubated for JO min at 4 deg with 250 ng of 

phycoerythrin-conjugated avidin, which bound to the 

biotinylated anti-Tac already bound to the cells. The cells 

were washed again as above, fixed in PBS containing 1% 

paraforrnaldehyde, and analyzed for fluorescence on a FACSCAN 

cytofluorometer. 

Use of increasing amounts (10 - 40 ng) of the 

anti-Tac antibody as competitor in the first step decreased 

the amount of biotinylated anti-Tac that could bind to the 

cells in the second step, and therefore the amount of 

phycoerythrin-conjugated avidin that bound in the last step, 

thus decreasing fluorescence (Figure lOA). Equivalent 

amounts (20 ng) of anti-Tac, and humanized anti-Tac used as 

competitor decreased the fluorescence to approximately the 

same degree (Figure 108). This shows that these antibodies 

have approximately the same affinity, because if one had 

greater affinity, it would have more effectively competed 
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.1ith the bictinylated. anti-Tac, thus decreasing fluorescence 

more. 

Bioloaical prooerties of the humanized antibodv 

For optimal use in treatment of human disease, the 

humanized antibody should be able to destroy T-cells in the 

body that express the IL-2 receptor. One mechanism by ~hich 

antibodies may destroy target cells is antibody-dependent 

cell-mediated cytotoxicity, abbreviated ADCC (Fundamental 

Immunology, Paul, W., Ed., Raven Press, New York (1984), at 

pg. 681), in ~hlch the antibody forms a bridge between the 

target cell and an effector cell such as a macrophage that 

can lyse the target. To determine whether the humanized 

antibody and the original mouse anti-Tac antibody can mediate 

AOCC, a chromium release assay was performed by standard 

methods. Specifically, human leukemia HUT-102 cells, which 

express the IL-2 receptor, were incubated with 51cr to allow 

them to absorb this radionuclide. The HUT-102 cells were 

then incubated with an excess of either anti-Tac or humanized 

anti-Tac antibody. The HUT-102 cells were next incubated for 

4 hrs with either a 30:1 or 100:1 ratio of effector cells, 

which were normal purified human peripheral blood mononuclear 

cells that had been activated by incubation for about 20 hrs 

with human recombinant IL-2. RelEase of 51cr, which 

indicated lysis of the target HUT-102 cells, ~as rneasurec a~d 

the background subtracted (Table 1). The results show ~~at 

at either ratio of effector cells, anti-Tac did not lyse a 

significant number of the target cells (less than 5%;, ~~ile 

the humanized an~ibody did (more than 20%). Hence, the 

humanized antibody is likely to be more efficacious than the 

original mouse antibody in treating T-cell leukemia or o~~er 

T-cell mediated diseases. 
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TABLE l 

Percent 51cr release after ADCC 

Effector: Target ratio 

30:l 100:l 

Antibody 

Anti-Tac 4% < 1% 

Humanized 24% 23% 
anti-Tac 
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Although the present invention has been described 

in some detail by way of illustration and example for 

purposes of clarity and understanding, it will be apparent 

that certain changes and modifications may be practiced 

within the scope of the appended claims. 
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WE CIAIM: 

1. A method of designing a humanized 

immunoglobulin (Ig) chain having one or more complementarity 

determining regions (CDR's) from a donor Ig and a frame~ork 

region from a human Ig, said method comprising: comparing 

the: framework or variable region amino acid sequence of the 

donor Ig with corresponding sequences in a collection of 

human Ig chains: and selecting to provide the human Ig 

framework one of the about three most homologous sequences 

10 from the collection. 

·~ 15 

20 

:s 

30 

35 

2. A method according to Claim 1, wherein the 

human Ig sequence is selected from a collection of at least 

about ten to twenty Ig chain sequences. 

3. A method according to Claim 1, wherein t~e 

human rg chain sequence selected has the highest homology in 

the collection to the donor Ig sequence. 

4. A method according to Claim 1, wherein the 

human Ig framework sequence selected is at least about 65~ I 
homologous to the donor Ig framework sequence. 

s.· A method according to Claim 1, wherein t~e 

immunoglobulin chain is a heavy chain. 

6. k method according to Claim 1, wherein the 

humanized Ig chain comprises a human constant region. 

7. An immunoglobulin comprising two light/r.eavy 

chain pairs, wherein at least one chain is designed in 

accordance with Claim 1. 
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8. A method of designing a humanized 

immunoglobulin chain having a framework region from a h~~an 

acceptor immunoglobulin and complementarity determinir.g 

regions (CDR's) from a donor immunoglobulin capable of 

!:Jinding to an antigen, said method comprising the steps -::,f 

substituting at least one human framework amino acid of ~he 

acceptor immunoglobulin with a corresponding amino acic :=om 

the donor immunoglobulin at a position in the immunoglobuli~s 

where: 

(a} the amino acid in the human framework =esion 

af the acceptor imrnunoglobulin is rare for said position ar.d 

tile corresponding amino acid in the donor immunoglobulin is 

common for said position in human immuno~lobulin seque~ces; 

or 

(b} the amino acid is immediately adjacent~~ c~e 

of the CDR's; or 

(c) the amino acid is predicted to have a side 

chain atom within about 3A of the CDR's in a three

dimensional imrnunoglobulin model and to be capable of 

interacting with the antigen or with the CDR's of the 

humanized imrnunoglobulin. 

9. A method according to Claim 8, wherein ~~e 

humanized irnmunoglobulin chain comprises in addition to ~~e 

COR's at least three amino acids from the donor 

immunoglobulin chosen by criteria (a), (b) or (c). 

10. A method according to Claim 9, wherein a~ 

Least one of the amino acids substituted from the done= is 

immediately adjacent a CDR. 

11. A ~ethod according to Claim 9, wherein said 

humanized immunoglobulin chain is a heavy chain. 

12. An irnrnunoglobulin comprising two light/heavy 

chain pairs, wherein at least one chain is designed in 

accordance w.i.th. Clai:n 8. 

BIOEPIS EX. 1002 
Page 3553



I 

I 

5 

32 

13. An immunoglobulin according to Claim 12, ~hich 

is specifically reactive with an antigen at an affini~y of at 

least about 10 8 M-l or stronger. 

14. An immunoglobulin according to Claim 12, 

wherein the designed chain is a light chain comprising about 

214 amino acids. 

15. An immunoglobulin according to Claim 12, 

wherein the designed chain is a heavy chain comprising about 

10 446 amino acids. 

15 

20 

25 

30 

35 

16. A DNA sequence which upon expression enccdes a 

humanized immunoglobulin chain according to Claim 1 or 

Claim 8. 

17. A met~od for improving the affinity of a 

humanized im.rnunoglobulin (Ig) to an antigen, by replaci~g 

amino acids of the human Ig framework with amino acids f~cm 

the donor lg framework at positions where: 

(a) the amino acid in the human framework ~egicn 

of the first ir.ununoglobulin is rare for said position and the 

corresponding amino acid in the donor immunoglobulin is 

common for said position in human inununoglobulin seque~ces; 

or 

(b) the amino acid is immediately adjacent ~o c:ie •. 

of the CDR's; or 

(c) the amino acid is predicted to have a si::.e 

chain atom within about JA of the. COR's in a three-

dimensional immunoglobulin model and to be capable of 

interacting with the antigen or the CDR's of the hurna~ized 

irnmunoglobulin. 

18. A method according to Claim 17, wherein t~e 

additional amino acids comprise up to tnree amino acids, each 

of which is imrnedi~tely adjacent to one ~f the COR's in ~he 

~econd Ig. 

BIOEPIS EX. 1002 
Page 3554



!· ., . 

33 

19. A method according to Claim 17, wherein ~~e 

additional amino acids comprise one amino acid immedia~ely 

adjacent to a COR. 

20. A method according to Claim 17, wherein ~~e 

S additional amino acids comprise at least two amino acics from 

the donor Ig which are predicted by modelling to be ca~a~le 

of interacting with the antigen or the CDR's. 

LO 
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za 
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JS 

21. A method according to Claim 20, wherein said 

two or more amino acids are predicted to be within abcu~ 3A 

of the donor Ig CDR's. 

22. A method according to Claim 17, wherei~ ~~e 

humanized Ig has an affinity to the antigen within abou~ 2 to 

l fold of the donor Ig. 

23. A method according to Claim 17, wherein t~e 

antigen is a protein. 

24. A method of producing a· humanized 

immunoglobulin containing a heavy chain and a light chai~ 

designed in accordance with Claim 17, said method compr:s:~g: 

culturing a host capable of expressing said ~eavy 

chain, said light chain, or both, under conditions sui~a=le 

for production of said chains; and 

recovering from the culture said humanized 

immunoglobulin. 

25. A polynucleotide composition comprising a D~A 

sequence coding for a humanized immunoglobulin designed:~ 

accordance with Claim 17. 

26. A method of producing an improved humanized 

inununoglobulin comprising expressing the polynucleotide 

composition of Claim 25. 
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27. A cell transformed with a polynucleotide 

composition according to Claim 25. 

28. A composition comprising a humanized 

immunoglobulin secreted by a cell line according to Clai~ 24. 
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DESIGNING IMPROVED HUMANIZED IMMUNOGLOBULINS 

ABSTRACT OF THE DISCLOSURE 

Novel methods for designing humanized 

immunoglobulins having one or more complementarity 

determining regions (CDR's) from a donor immunoglobulin and a 

framework region from a human immunoglobulin comprising :i=st 

comparing the framework or variable region amino acid 

sequence of the donor irnmunoglobulin to corresponding 

sequences in a collection of human immunoglobulin chains, and 

salecting as the human immunoglobulin one of the more 

homologou3 sequences from the collection. Each humanized 

immunoglobulin chain may comprise about 3 or more amino acids 

from the donor immunoglobulin in addition to the CDR's, 

usually at least one of which is immediately adjacent to a 

CDR in the donor irnmunoglobulin. The heavy and light chai~s 

may each be designed by using any one or all three additicnal 

position criteria. When combined into an intact antibody, 

the humanized immunoglobulins of the present invention will 

be substantially non-immunogenic in humans and retain 

substantially the same affinity as tl"le donor immunoglobulin 

to the antigen, such as a protein or other compound 

containing an epitope. 

WPSO/ POL/ PA9.PTO 
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TOWNSl:.:",10 ANO TOWNSEND 
Atty. Docket So. __ ,'-':'-':l'-c'-'.._'·--"-·------

\'ERlflED STATDIEST !DECLARAT!ONl CLAl~ll1-G SMALi. ESTITY STATCS 
;J, CfR 1.9!0 •nd 1.2:tcl 1-S~IALL B!JSINESS CO:-;CER.-. 

.-\r,ph,·antor?att>ntP,: •:a~·;~- '"\:een ar.d ~a:--~l~ s:.11n Selick 
SPnal ~o.: ·;o~ V,,.': :ic.5. :-~~"' Filing Date: ?eor·1a:-·1 l) I ~ c,s9 
rat.·nt :So.: lssued:_c:------------------
For: 0E:51CHNG ,"1?"0'/ED 'il';'!A~iZ£:) :.'!:'!UNOGLCSUL!NS 

I I :hp ownu of the small bu11nes.s conc!'m idenu!ied helow: 
lXXl an oHktal o( tte 1maH buunesa concern tmpowttred to act on bt"haJf .Jf the concern tdPntlf1Pd 1\~low 

:-;,>.:.lE Of CO:SCER:,.; ""()>r:.-•y n:.-,::·r.,1 ';l~<:: C'J( 
.:,.OD RESS Of co:-CERS.2.:5' ,~--~- ;')_, '{" 

~!l~ A1tn ra;~rg~nJ~ OU1QU 

r n .. N'hy df'('lare that the above 1dttntitiNl smaU busin"ss concern qualifies as a small buuneY concprn u cief:ned tn 1 J 
CFR 121.J-lS. and rtproductd in 37 CFR 1.9\d}. for purposes of pay1ng reduced fees und~r 1e<:tion 411.a, and 1h1 nf 
TltlP 35. l'nltPd Suu, Code~ in that the number of esmployees of the concern. 1nciudin1 :.hose ?f 1u c1!!;:1.1tt-1. does :1ot 
t•:t1,.·fl't"d 500 pt.'nons. for purposes or this sutement, t l) the number or employees of the busines.l c:onc~r.-: is :.,e a\·traile 
ovPr thf' pre-v1ous fiscal year o! the con"rm of the pt>nons ,mployed on a full-ume. par~A1me vr •.ttmporar_; ha.sis d:;r!:-;q 
~at.:h of the pay ;:,er.ads of the- riscil year. and (2) concern., ire aC!iliatH of each other v,d,en e1'"htr. d1r~t::ty or ::-.dir?t:tly. 
on .. t.·on,·ern controls or has thr power to control the olt•..!r, or a third party or part:es control> or h.u :he p-0,,111:t-r !n 
rontrol both. 

t h .. rP~Y dedatt that ra1;hu under contrac~ or !aw have b,e,!-1?. <:car,._v!.yed Jo ;!:d /!:ma\:i.:w\t~ -~~! small b1.,;s;:,tn conco?r:1 
tdt"ntth~ above ...,nth rtia.rc:i to tl\P invention, enu:le~. O:...>J."J1'l'.:.JG ~~~ :iO:/:.D ~L;~.-:l:.~:..D 

I?!MIJNCGLOBULINS cy : .• ,.~,a," 1 
r!l-·, r ·""11QQ~ :=~rl ;.;;i. ... ,..;.-. =!"'"··~., -:::::~i~,..~ 

C<Xl the applicauon !il!d her•wtth 
[ 1 •?Pl•<•tton serial no. ______________ . Ciled _____________ _ 

l I patentno. issued _______________ _ 

If th~ r.,nu h~ld by the abo~e 1dP!"lti!i~ small busmes.s concern are not e:<clu:nve, each mchndua.1. conrer:1 or ot.::Jri:· 
z.auon hav1n; nghts to the mvention u H1ted below• and no nghu to the mvention a.re h~id by any ?e~on. ry~;;fr ::"'.J:l 
th~ mventor. who could not quah!y as a small businns concern under 37 CFR l.9td) or ~y ar.y (.·.,nee~:, ,..;-.;c!'\ -..·oui-d 
not qua.hfy ~ a small buunes.s conc,rn under 37 CFR l.9id) or a nonprofit organa.auon und~r 37 CFR 1.9,t,. 

·~OTE: S-tparau· venfi~ st.atemer.t.s are requi:'!d from itach named penon, concern or or~am:atton !ia•e:r.~ ~:~:-.:.s :o 
thr invention av•ning to their st.at us as. srna.H entities. t3i CFR l. 27) 
:-:A~lE _________________________________________ _ 

• .>,OD RESS _________________________ -------

( I l:S:DlV:OL' AL l l 5~1ALL Bt:S[:S:C:SS co:,.;cc;R .... 

'.'-A)IE _________________________________________ _ 
ADDRESS _____________________________________ _ 

I 1 !:SD!V!OU,> L [ l SMALL BL'S!SESS C01'CER:,.; 

I a1:knowledge the duty to !ile. in :his application or patent. noti!icauon of L"\)' chani, in Hatus :!'~\.,;lt::i~ ::, !oH of 
•nutle-ment to small ,ntity sutus pr.or to paying. or at the !ime of ?ay1n~. ~hP -earh~st of :r.e ;.5s;..:e ~t~ ,Jr J:':Y 
ma1ntPnance ftt due after the date on which status u a smail t>ntity is no ionlij;e! appropru.u. t3"7 CfR 1.251 ~1 1 

[ htreby dedare that all statemenu made, herein of my own knowledge are :.rue and :~3t aH ;:.a:e;.:t'na :r-.tCt> un 
mform3tion :ind, beii_.f ar~ believed to be true: and fun.her that th,e,se statf:?menu were made- w1th :~t i,;:io""·ltC'"e- ::'::Jt 
w1llful false sutemt-nts and :.h, hke so made are ;>unish,ble by fine or imprisonment. or both. unritr >"'1.·:1or. 1001 v:· 
Titlf 18 o( the L"nited St.&tes Code. and that such willful false statements may 1eopardtzt- tht \·altd1ty ·JC :~e l?p11cJt:on. 
any ;::,at~nt 1uutni th~reon. or any patent to which th1S verifit"d stat~rnent is dl.l'Kt.ed. 

STG:S: . .>,TL"R£__.,~~-·2_.c;,,:;.~=· ,-""~=-~~-...._l_;~--~.,...._{..=c·~-· ,_]:;...._
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CTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGA;.ACCTGGCTCGAGCGTGAAGG 
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~'.:TC=TGCr..AGGCTTCTGGCTACACCT:TACTAGCTACAGGATGCACTGGGTAAGGCAGG 
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HES12' AGCTI'CTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGCGTG 
CACTC'!CAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTG 
AAGGTC 

F.ES13 CCCAGTCGACGGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCCTTAC 
CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGCT 
CGAGCCAGG 

EES14 TATATTAATCCGTCGACTGGGTATACTGAATACAATCAGAAGTTCAAGGACAAGGCAACA 
, ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATC7GA~ 

GA.CA 

EES15 ATATCGTCTAGAGGTT':'TAA'.GGACTCA~CTGAGGAGACTGTGACCAGGGTTCCTTGGCCC 
CAGTAGTCAAAGACCCCCCCCCCTCTTGCACAGT;.ATAGACTGCGGTGTCCTCAGATCTC 
.~.c ~::1:r. CT 
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FIGURE 6 
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TCAACCGGAGA~ATTCAGATGACCCAGTCTCCATCTACCCTCTCTG~AGCGTCGGGGAT 

JFnZ hT-'AATTAGA.AGCTTGGGAGC'!'TTGCCTGGC7TCTGCTGGTACCAGTGCATGTr.AC7TAT 
ACTTGAGCTGGCAGAGCAGGTTATGGTGACCCTATCCCCGACGCTAGCAGAGAG 

JFDl GCTCCCA.AGC7TCTAAT'!'7ATACCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCT:C 
AGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGCCAGATGAT 
TTC 
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Patent Docket P0709Pl 

lN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1642 

Examiner: J. Reeves Paul J. Carter et al. 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED ;;; 
ANTIBODIES 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

03/26/1999 TGRAY1 00000002 070630 08146206 

01 FC· tc6 Assistant Commissioner of Patents 
. w&~1'2fn. D.C. 20231 

Sir: 

Applicants submit herewith patents. publications or other information (attach~d hereto and 

listed on the attached Form PT0-1449) of which they are aware. which they believe may be 

material to the examination of this application and in respect of which there may be a duty to 

disclose in accordance with 37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) O accompanies the new patent application submitted herewith. 37 CFR § l .97(a). 

(b) O is filed within three months after the filing date of the application or within three 
months after the date of entry of the national stage of a PCT application as set forth 
in 37 CFR§ 1.491. 

(c) O as far as is known to the undersigned. is filed before the mailing date of a first Office 
action on the merits. 

(d) O is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as far as is known to the 
undersigned, prior to the mailing date of either a final rejection or a notice of 
allowance, whichever occurs first. and is accompanied by either the fee ($240) set 
forth in 37 CFR § l. l 7(p) or a statement as specified in 37 CFR § l .97(e), as checked 
below. Should any fee be due, the U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of $240.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
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should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(e) O is filed after the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first and is accompanied by the fee ($130) set forth in 37 CFR 
§ 1.170) and a statement as specified in 37 CFR § l .97(e), as checked below. This 
document is to be considered as a petition requesting consideration of the 
information disclosure statement. The U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of $130.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(f) (x) is filed after the mailing date of a final rejection, but a request to withdraw the 
finality thereof under 37 CFR § l .129(a) was submitted on August 24, 1998. The U.S. 
Patent and Trademark Office is hereby authorized to charge Deposit Account No. 
07-0630 to cover the cost of this Information Disclosure Statement in the event that 
any fees are due. A duplicate of this sheet is enclosed. 

(If either of boxes (d) or (e) is checked above, the following statement under 37 CFR § 1.97(e) 

may need to be completed.) The undersigned states that: 

O Each item of information contained in the information disclosure statement was 
cited in a communication mailed from a foreign patent office in a counterpart 
foreign application not more than three months prior to the filing of this information 
disclosure statement. 

O No item of information contained in this information disclosure statement was cited 
in a communication mailed from a foreign patent office in a counterpart foreign 
application and, to the knowledge of the undersigned after making reasonable 
inquiry, was known to any individual designated in 37 CFR §l .56(c) more than three 
months prior to the filing of this information disclosure statement. 

A list of the patent(s) or publication(s) is set forth on the attached Form PT0-1449 (Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

(x) each O none O only those listed below: 

A concise explanation of relevance of the items listed on PT0-1449 is: 

(x) not given 

O given for each listed item 

O given for only non-English language listed item(s) (Required) 

O in the form of an English language copy of a Search Report from a foreign patent 
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office, issued in a counterpart application, which refers to the relevant portions of 
the references. 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted 

prior art "may be nothing more than identification of the particular figure or paragraph of the 

patent or publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may 

be "material" pursuant to 37 CFR § l .56, it is not intended to constitute an admission that any patent, 

publication or other information referred to therein is "prior art'' for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § l .97(g), the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as 

defined in 37 CFR § l .56(a) exists. It is submitted that the Information Disclosure Statement is in 

compliance with 37 CFR § 1.98 and MPEP §609 and the Examiner is respectfully requested to consider 

the listed references. 

Date: January 29, 1999 

l DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

By:----l.l..--=-tii.....:..-.=:::s;..o~~---
WendyM. Lee 
Reg. No. 40,378 
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Europalsches t'atentamt 

European Patent Office 

Office europeen des brevets 

1111!11~m1mm1111111111111111~1111m111m 
@ Publication number: 0460167 B1 

@ EUROPEAN PATENT SPECIFICATION 

@) Date of publication of patent specification: 11.10.95 ® Int. Cl.6: C12P 21/08, C12N 15/13, 
A61 K 39/395, C07K 16/18, 

@ Application number: 91901433.2 C12N 5/10, C12N 15/62 

® Date of filing: 21.12.90 

® International application number: 
PCT/GB90/02017 

® International publication number: 
WO 91/09967 (11.07.91 91/15) 

Divisional applications 94104042.0, 84202090.0. 

@ HUMANISED ANTIBODIES. 

© Priority: 21.12.89 GB 8928874 

@) Date of publication of application: 
11.12.91 Bulletln 91/50 

@) Publication of the grant of the patent: 
11.10.95 Bulletin 95/41 
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Description 

Field of the Invention 

6 The present invention relates to humanised antibody molecules, to processes for their production using 
recombinant DNA technology, and to their therapeutic uses. 

The term nhumanised antibody moleculen is used to describe a molecule having an antigen binding site 
derived from an immunoglobulin from a non-human species, and remaining immunoglobulin-derived parts of 
the molecule being derived from a human immunoglobulin. The antigen binding site typically comprises 

10 complementarity determining regions (CDRs) which determine the binding specificity of the antibody 
molecule and which are carried on appropriate framewor1< regions in the variable domains. There are 3 · 
CDRs (COR1, CDR2 and COR3) in each of the heavy and light chain variable domains. 

7S 

In the description. reference is made to a number of publications by number. The publications are listed 
in numerical order at the end of the description. 

Background of the Invention 

Natural immunoglobulins have been known for many years. as have the various fragments thereof, such 
as the Fab, (Fab')2 end Fe fragments, which can be derived by enzymatic cleavage. Natural im· 

20 munoglobulins comprise a generally Y·shaped molecule having an antigen-binding site towards the end of 
each upper arm. The remainder of the structure, and particularly the stem of the Y, mediates the effector 
functions associated with immunoglobulins. 

Natural lmmunoglobulins have been used in assay. diagnosis and, to a more limited extent, therapy. 
However, such uses. especially in therapy, were hindered until recently by the polyclonal nature of natural 

2s immunoglobulins. A significant step towards the realisation of the potential of immunoglobulins as therapeu· 
tic agents was the discovery of procedures for the production of monoclonal antibodies (MAbs) of defined 
specificity (1 ). 

However, most MAbs are produced by hybridomas which are fusions of rodent spleen cells with rodent 
myeloma cells. They are therefore essentially rodent proteins. There are very few reports of the production 

30 of human MAbs. 
Since most available MAbs are of rodent origin, they are naturally antigenic in humans and thus can 

give rise to an undesirable immune response termed the HAMA (Human Anti-Mouse Antibody) response. 
Therefore, the use of rodent MAbs as therapeutic agents in humans is inherently limited by the fact that the 
human subject will mount an immunological response to the MAb and will either remove it entirely or at 

3S least reduce Its effectiveness. In practice, MAbs of rodent origin may not be used in patients for more than 
one or a few treatments as a HAMA response soon develops rendering the MAb ineffective as well as 
giving rise to undesirable reactions. For instance, OKT3 a mouse lgG2alk MAb which recognises an antigen 
in the T -cell receptor-COO complex has been approved for use in many countries throughout the world as 
an immunosuppressant in the treatment of acute allograft rejection [Chatenoud et al (2) and Jeffers et al {3)· 

40 ]. However. in view of the rodent nature of this and other such MAbs, a significant HAMA response which 
may include a major anti-idiotype component. may build up on use. Clearly, it would be highly desirable to 
diminish or abolish this undesirable HAMA response and thus enlarge the areas of use of these very useful 
antibodies. 

Proposals have therefore been made to render non-human MAbs less antigenic in humans. Such 
45 techniques can be generically termed "humanisationft techniques. These techniques typically involve the 

use of recombinant DNA technology to manipulate DNA sequences encoding the polypeptide chains of the 
antibody molecule. 

Early methods for numanising MAbs involved production of chimeric antibodies in which an antigen 
binding site comprising the complete variable domains of one antibody is linked to constant domains 

so derived from another antibody. Methods for carrying out such chimerisation procedures are described in 
EP0120694 (Celltech Limited), EP0125023 (Genentech Inc. and City of Hope), EP·A·O 171496 (Res. Dev. 
Corp. Japan), EP-A-0 173 494 (Stanford University), and WO 86/01533 (Celltech Limited). This latter 
Celltech application (Y-/0 86/01533) discloses a process for preparing an antibody molecule having the 
variable domains from a mouse MAb and the constant domains from a human lmmunoglobulin. Such 

5S humanised chimeric antibodies, however, still contain a significant proportion of non-human amino acid 
sequence. I.e. the complete non-human variable domains, and thus may still elicit some HAMA response, 
particularly if administered over a prolonged period [Bagent et al (ref. 4)). 
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In an alternative approach, described in EP-A-0239400 (Winter), the complementarity determining 
regions (CORs) of a mouse MAb have been grafted onto the framework regions of the variable domains of a 
human immunoglobulin by site directed mutagenesis using long oligonucleotides. The present invention 
relates to humanised antibody molecules prepared according to this alternative approach, I.e. CDR-grafted 

s humanised antibody molecules. Such CDR-grafted humanised antibodies are much less likely to give rise to 
a HAMA response than humanised chimeric antibodies In view of the much lower proportion of non-human 
amino acid sequence which they contain. 

The earliest work on humanising MAbs by CDR-grafting was carried out on MAbs recognising synthetic 
antigens. such as the NP or NIP antigens. However. examples in which a mouse MAb recognising lysozyme 

10 and a rat MAb recognising an antigen on human T-cells were humanised by CDR-grafting have been 
described by Verhoeyen et al (5) and Riechmann et al (6) respectively. The preparation of CDR-grafted 
antibody to the antigen on human T cells is also described in WO 89/07452 (Medical Research Council). 

In Riechmann et al/Medical Research Council it was found that transfer of the CDR regions alone (as 
defined by Kabat refs. (7) and (8)] was not sufficient to provide satisfactory antigen binding activity in the 

15 CDR-grafted product. Riechmann et al found that it was necessary to convert a serine residue at position 27 
of the human sequence to the. corresponding rat phenylalanine residue to obtain a CDR·grafted product 
having improved antigen binding activity. This residue at position 27 of the heavy chain is within the 
structural loop adjacent to CDR1. A further construct which additionally contained a human serine to rat 
tyrosine change at position 30 of the heavy chain did not have a significantly altered binding activity over 

20 the humanised antibody with the serine to phenylalanine change at position 27 alone. These results indicate 
that changes to residues of the human sequence outside the CDR regions, in particular in the structural 
loop adjacent to CDR1, may be necessary to obtain effective antigen binding activity for CDR·grafted 
antibodies which recognise more complex antigens. Even so the binding affinity of the best CDR-grafted 
antibodies obtained was still significantly less than the original MAb. 

2s Very recently Queen et al (9) have described the preparation of a humanised antibody that binds to the 
interleukin 2 receptor, by compining the CDRs of a murine MAb (anti-Tac) with human immunoglobulin 
framework and constant regions. The human framework regions were chosen to maximise homology with 
the anti-Tac MAb sequence. In addition computer modelling was used to identify framework amino acid 
residues which were likely to interact with the CDRs or antigen, and mouse amino acids were used at these 

30 positions In the humanised antibody. 
In WO 90/07861 Queen et al propose four criteria for designing humanised immunoglobulins. The first 

criterion is to use as the human acceptor the framework from a particular human immunoglobulin that is 
unusually homologous to the non-human donor immunoglobulin to be humanised, or to use a consensus 
framework from many human antibodies. The second criterion is to use the donor amino acid rather than 

35 the acceptor if the human acceptor residue is unusual and the donor residue is typical for human 
sequences at a specific residue of the framework. The third criterion is to use the donor framework amino 
acid residue rather than the acceptor at positions immediately adjacent to the CDRs. The fourth criterion is 
to use the donor amino acid residue at framework positions at which the amino acid is predicted to have a 
side chain atom within about 3 A of the CDRs in a three-dimensional immunoglobulin model and to be 

,o capable of interacting with the antigen or with the CDRs of the humanised immunoglobulin. It is proposed 
that criteria two, three or four may be applied in addition or alternatively to criterion one, and may be 
applied singly or in any combination. 

WO 90/07861 describes in detail the preparation of a single CDR-grafted humanised antibody. a 
humanised antibody having specificity for the p55 Tac protein of the IL-2 receptor. The combination of all 

45 four criteria, as above, were employed in designing this humanised antibody. the variable region frame
works of the human antibody Eu (7) being used as acceptor. In the resultant humanised antibody the donor 
CDRs were as defined by Kabat et al (7 and 8) and in ~dition the mouse donor resil:lues we.re used in 
place of the human acceptor residues, at positions 27, 30, 48, 66, 67, 89, 91, 94, 103, 104, 105 and 107 in 
the heavy chain and at positions 48, 60 and 63 in the light chain, of the variable region frameworks. The 

50 humanised anti-Tac antibody obtained is reported to have an affinity for p55 ol 3 x 109 M-1, about one-third 
of that of the murine MAb. 

We have further investigated the preparation of CCR-grafted humanised antibody molecules and have 
identified a hierarchy of positions within the framework of the variable regions Q.e. outside both the Kabat 
CDRs and structural loops of the variable regions) at which the amino acid Identities of the residues are 

55 important for obtaining CDR-grafted products with satisfactory binding aftinity. This has enabled us to 
establish a protocol for obtaining satisfactory CDR-grafted products which may be applied very widely 
irrespective of the level of homology between the donor immunoglobulin and acceptor framework. The set 
of residues which we have Identified as being of critical importance does not coincide with the residues 
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s Accordingly, in a first aspect, the invention provides an antibody molecule having affinity for a 
predetermined antigen and comprising a composite heavy chain and a complementary light chain, said 
composite heavy chain having a variable domain comprising acceptor antibody heavy chain framework 
residues and donor antibody heavy chain antigen-binding residues, said donor antibody having affinity for 
said predetermined antigen, wherein, according to the Kabat numbering system, in said composite heavy 

10 chain, amino acid residues 5, 8, 10, 12 to 17, 19, 21, 22. 40, 42 to 44, 66, 68, 70, 74, 77, 79, 81, 83 to 85, 
90. 92. 105,109,111 and 113 at least are acceptor residues and amino acid residues 23, 24, 31 to 35, 49 
to 58, 71, 73. 78 and 95 to 102 at least are donor residues. 

Preferably amino acid residues 26 to 30 and 59 to 65 in said composite heavy chain are additionally 
donor residues. 

15 If desired. at least one of amino acid residues 1, 3, and 76 in said composite heavy chain are 
additionally donor residues. 

If further desired at least one of amino acid residues 36, 94. 104, 106 and 107 in said composite heavy 
chain are additionally donor residues and preferably at least one of amino acid residues 2. 4, 6, 38, 48, 67 
and 69 in said composite heavy chain are additionally donor residues. 

20 Preferably, amino acid residues 7, 9, 11, 18, 20, 25, 37, 39, 41, 45, 47, 48, 72, 75, 80, 82, 86 to 89, 91, 
93, 103, 108, 110 and 112 in said composite heavy chain are additionally acceptor residues. 

Advantageously, said complementary light chain is a composite light chain having a variable domain 
comprising acceptor antibody light chain framework residues and donor antibody light chain antigen-binding 
residues, said donor antibody having affinity for said predetennined antigen, wherein, according to the 

25 Kabat numbering system, in said composite light chain, amino acid residues 5, 7 to 9. 11, 13 to 18, 20, 22, 
23, 39. 41 to 43, 57, 59, 61, 72, 74 to 79, 81, 82, 84, 86, 88, 100, 104, 106 and 107 at least are acceptor 
residues and amino acid residues 24 to 34, 46, 48, 50 to 56, 58, 71 and 89 to 97 at least are donor 
residues. 

Preferably. amino acid residues 1. 3 and 47 in said composite light chain are additionally donor 
so residues. 

If desired, amino acid residues 36, 44, 47, 85 and 87 in said composite light chain are additionally 
donor residues. 

If further desired, at least one of amino acid residues 2, 4, 6, 49, 62, 64 to 69, 98, 99, 101 and 102 in 
said composite light chain are additionally donor residues. 

35 Preferably, at least one of amino acid residues 1, 3, 10, 12, 21, 40, 60, 63, 70, 73, 80, 103 and 105 in 
said composite light chain are additionally donor residues. 

In a second aspect, the invention provides a therapeutic or diagnostic composition comprising the 
antibody molecule as defined above in combination with a phannaceutically acceptable carrier, diluent or 
excipient. 

"° In a third aspect, the invention provides a method for producing a recombinant antigen binding 
molecule having affinity for a predetermined antigen comprising the steps of: 

(1) delennining the amino acid sequence of the variable domain of the heavy chain of a donor antibody 
which has affinity for said predetermined antigen: 
(2) determining the amino acid sequence of the variable domain of the heavy chain of a non-specific 

'5 acceptor antibody; 
[3) providing a composite heavy chain for an antibody molecule, said composite heavy chain having 
ac~ptor framework residue_s and donqr antig~n binc!ing resid!JeS. wherein, accprding_ to. the Kaba,t 
numbering system. amino acid residues 5, 8. 10. 12 lo 17. 19, 21. 22, 40. 42 to 44, 66, 68, 70, 74, 77, 
79, 81, 83 to 85, 90, 92,105,109,111 and 113 at least are acceptor residues and amino acid residues 

so 23, 24, 31 to 35, 49 to 58, 71, 73 and 78 and 95 to 102 at least are donor residues; 
(4) associating the heavy chain produced in step [3] with a complementary light chain to form an 
antibody molecule; 
[5] determining the affinity of the antibody molecule formed in step (4] for said predetermined antigen; 
(6] if the affinity determined in step [5] Is not equivalent to that of the donor antibody, providing a heavy 

55 chain as described in [3] above but In which amino acid residues 71, 73 and 78 are additionally donor 
residues; 
(7] associating the heavy chain produced in step [6] with a complementary light chain to form an 
antibody molecule; 
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[8] determining the affinity of the antibody molecule formed in step [7] for said predetermined antigen; 
(9] if the affinity determined In step [8] is not equivalent to that of the donor antibody, providing a heavy 
chain as described in (6] above but in which amino acid residues 26 to 30 are additionally donor 
residues; 

5 [10] associating the heavy chain produced in step [9] with a complementary light chain to form an 
antibody molecule; 
(11] determining the affinity of the antibody molecule formed in step (10) for said predetermined antigen; 
(12] if the affinity determined in step (11] is not equivalent to that of the donor antibody, providing a 
heavy chain as described in [9] above but in which at least one of amino acid residues 1, 3, and 76 are 

10 additionally donor residues; 
[13) associating the heavy chain produced in step [12) with a complementary light chain to form an 
antibody molecule; 
(14] determining the affinity of the antibody molecule formed in step (13) for said predetermined antigen; 
(15] if the affinity determined in step (14] is not equivalent to that of the donor antibody, providing a 

15 heavy chain as described in (12] above but in which at least one of amino acid residues 36, 94, 104, 
106. 107 are additionally donor residues; 
[16] associating the heavy chain produced in step [15] with a complementary light chain to lorm an 
antibody molecule. 
(17] determining the affinity of the antibody molecule formed in step (16] for said predetermined antigen; 

20 (18] ii the affinity determined In step [17) is not equivalent to that of the donor antibody, providing a 
heavy chain as described in (15] above but in which at least one of amino acid residues 2, 4, 6, 38, 48, 
67 and 69 are additionally donor residues; and 
[19] associating the heavy chain produced In step [18] with a complementary light chain to form an 
antibody molecule. 

25 Preferably, the method further comprises the steps of: 
[1) determining the amino acid sequence of the variable domain of the light chain of said donor antibody 
which has affinity for said predetermined antigen; 
(21 determining the amino acid sequence of the variable domain of the light chain of a non-specific 
acceptor antibody; 

30 [3} providing a composite light chain for an antibody molecule, said composite light chain having 
acceptor framework residues and donor antigen binding residues wherein, according to the Kabat 
numbering system, amino acid residues 5, 7 to 9, 11, 13 to 18, 20, 22, 23, 39, 41 to 43, 57, 59, 61, 72, 
74 to 79 to 81, 82, 84, 86, 88, 100, 104 and 106 to 109 at least are acceptor residues and amino acid 
residues 24 to 34, 46, 48, 50 to 56, 58, 71 and 89 to 97 at least are donor residues; 

35 [4] associating the light chain produced in step [3] with a complementary heavy chain to form an 
antibody molecule; 
(51 determining the affinity of the antibody molecule formed in step (4] for said predetermined antigen; 
(61 if the affinity determined In step (5) is not equivalent to that of the donor antibody, providing a light 
chain as described in [3] above but in which amino acid residues 1, 2, 3 and 47 are additionally donor 

40 residues; 
[71 associating the light chain produced in step [6] with a complementary heavy chain to form an 
antigen-binding molecule; 
[8] determining the affinity of the antigen-binding molecule formed in step [7] for said predetermined 
antigen; 

45 [9] if the affinity determined in step [8] is not equivalent to that of the donor antibody, providing a light 
chain as described in [6] above but in which amino acid residues 36, 44, 47, 85 and 87 are additionally 
donor residues: 
(10] associating the light chain produced in step [9] with a complementary heavy chain to form an 
antibody molecule; 

so [11] determining the affinity of the antibody molecule formed in step [10) for said predetermined antigen; 
[12) if the affinity determined in step (11] is not equivalent to that of the donor antibody, providing a light 
chain as described in (9] above but in which at least one of amino acid residues 2, 4, 6, 49, 62, 64 to 69, 
98, 99. 101 are additionally donor residues; and 
(13) associating the light chain produced in step [9] with a complementary heavy chain to form an 

55 antibody molecule. 
In the present application, reference is made to antibody molecules comprising acceptor framework and 

donor antigen binding regions. It will be appreciated that the invention Is widely applicable to the CCR
grafting of antibodies In general. Thus, the donor and acceptor antibodies may be derived from animals of 
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the same species and even the same antibody class or sub-class. More usually, however, the donor and 
acceptor antibodies are derived from animals of different species. Typically the donor antibody is a non
human antibody, such as a rodent MAb, and the acceptor antibody Is a human antibody. 

The residue designations given above and elsewhere in the present application are numbered accord-
s ing to the Kabat numbering [refs. (7) and (8)]. Thus the residue designations do not always correspond 

directly with the linear numbering of the amino acid residues. The actual linear amino acid sequence may 
contain fewer or additional amino acids than in the strict Kabat numbering corresponding to a shortening of, 
or insertion into, a structural component. whether framework or CDR, of the basic variable domain structure. 
For example, the heavy chain variable region of the anti-Tac antibody described by Queen et al. (9) 

10 contains a single amino acid insert (residue 52a) after residue 52 of CDR2 and a three amino acid insert 
(residues 82a, 82b and 82c) after framework residue 82, in the Kabat numbering. The correct Kabat 
numbering of residues may be determined for a given antibody by alignment at regions of homology of the 
sequence of the antibody with a ·standard· Kabat numbered sequence. 

The humanised antibody molecules of the present invention may comprise: a complete antibody 
15 molecule, having full length heavy and light chains; a fragment thereof, such as a Fab, (Fab')2 or FV 

fragment; or a single chain antibody, e.g. a single chain FV in which heavy and light chain variable regions 
are joined by a peptide linker; or any other CDR-grafted molecule with the same specificity as the original 
donor antibody. Similarly the CDR-grafted heavy and light chain variable region may be combined with 
other antibody domains as appropriate. 

20 Also the heavy or light chains or humanised antibody molecules of the present Invention may have 
attached to them an effector or reporter molecule. For instance, it may have a macrocycle, for chelating a 
heavy metal atom, or a toxin, such as ricin. attached to it by a covalent bridging structure. Alternatively, the 
procedures of recombinant DNA technology may be used to produce an immunoglobulin molecule in which 
the Fe fragment or CH3 domain of a complete immunoglobulin molecule has been replaced by, or has 

25 attached thereto by peptide linkage, a functional non-immunoglobulin protein, such as an enzyme or toxin 
molecule. 

Any appropriate acceptor variable region framework sequences may be used having regard to 
class/type of the donor antibody from which the antigen binding regions are derived. Preferably, the type of 
acceptor framework used is of the same/similar class/type as the donor antibody. Conveniently, the 

30 framework may be chosen to maximise/optimise homology with the donor antibody sequence particularly at 
positions close or adjacent to the CDRs. However, a high level of homology between donor and acceptor 
sequences is not important for application of the present invention. The present invention Identifies a 
hierarchy of framework residue positions at which donor residues may be important or desirable for 
obtaining a CCR-grafted antibody product having satisfactory binding properties. The CDR-grafted products 

35 usually having binding affinities of at least 105 M-1, or especially in the range 108-1012 M-1• In principle, the 
present invention is applicable to any combination of donor and acceptor antibodies irrespective of the level 
of homology between their sequences. A protocol for applying the invention to any particular donor
acceptor antibody pair is given hereinafter. Examples of human frameworks which may be used are KOL, 
NEWM, REI, EU, LAY and POM (refs. 4 and 5) and the like; for instance KOL and NEWM for the heavy 

40 chain and REI for the light chain and EU, LAY and POM for both the heavy chain and the light chain. 
Also the constant region domains of the products of the invention may be selected having regard to the 

proposed function of the antibody in particular the effector functions which may be required. For example, 
the constant region domains may be human lgA, lgE, lgG or lgM domains. In particular. lgG human 
constant region domains may be used, especially of the lgG1 and lgG3 isotypes, when the humanised 

45 antibody molecule is intended for therapeutic uses, and antibody effector functions are required. Alter
natively. lgG2 and lgG4 isotypes may be used when the humanised antibody molecule is intended for 
therapeutic puJpose~ and antibody_ effector func~ons are not required. e,g. for simple blocking of lym
phokine activity. 

However, the remainder of the antibody molecules need not comprise only protein sequences from 
50 immunoglobulins. For instance, a gene may be constructed in which a DNA sequence encoding part of a 

human immunoglobulin chain is fused to a DNA sequence encoding the amino acid sequence of a 
functional polypeptide such as an effector or reporter molecule. 

Preferably the CDR-grafted antibody heavy and light chain and antibody molecule products are 
produced by recombinant DNA technology. 

55 The general methods by which vectors may be constructed, transfection methods and culture methods 
are well known ~ and form no part of the invention. Such methods are shown, for instance, in 
references 10 and 11. 
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The DNA sequences which encode the donor amino acid sequence may be obtained· by methods well 
known in the art. For example the donor coding sequences may be obtained by genomic cloning, or cDNA 
cloning from suitable hybridoma cell lines. Positive clones may be screened using appropriate probes for 
the heavy and light chain genes in question. Also PCR cloning may be used. 

5 DNA coding for acceptor. e.g. human acceptor, sequences may be obtained In any appropriate way. 
For example DNA sequences coding for preferred human acceptor frameworks such as KOL, REI, EU and 
NEWM, are widely available to workers in the art. 

The standard techniques of molecular biology may be used to prepare DNA sequences coding for the 
CDR-grafted products. Desired DNA sequences may be synthesised completely or in part using 

ro oligonucleotide synthesis techniques. Sit~irected mutagenesis and polymerase chain reaction (PCR) 
techniques may be used as appropriate. For example oligonucleotide directed synthesis as described by 
Jones et al (ref. 20) may be used. Also oligonucleotide directed mutagenesis of a pre-exising variable 
region as, for example, described by Verhoeyen et al (ref. 5) or Riechmann et al (ref. 6) may be used. Also 
enzymatic filling in of gapped oligonucleotides using T4 DNA polymerase as, for example, described by 

15 Queen et al (ref. 9) may be used. 
Any suitable host cell/vector system may be used for expression of the DNA sequences coding for the 

CDR-grafted heavy and light chains. Bacterial e.g. E. coli, and other microbial systems may be used, in 
particular for expression of antibody fragments such as FAb and (Fab')2 fragments. and especially FV 
fragments and single chain antibody fragments e.g. single chain FVs. Eucaryotic e.g. mammalian host cell 

20 expression systems may be used for production of larger CDR-grafted antibody products, including 
complete antibody molecules. Suitable mammalian host cells Include CHO cells and myeloma or hybridoma 
cell lines. 

For production of products comprising both heavy and light chains, the cell line may be transfected with 
two vectors. the first vector may contain an operon encoding a light chain-derived polypeptide and the 

25 second vector containing an operon encoding a heavy chain-derived polypeptide. Preferably, the vectors 
are Identical, except in so far as the coding sequences and selectable markers are concerned, so as to 
ensure as far as possible that each polypeptide chain is equally expressed. Alternatively, a single vector 
may be used, the vector including the sequences encoding both light chain- and heavy chain-derived 
polypeptides. 

30 The ONA in the coding sequences for the light and heavy chains may comprise cDNA or genomic DNA 
or both. However, it is preferred that the DNA sequence encoding the heavy or light chain comprises at 
least partially, genomic DNA, preferably a fusion of cDNA and genomic ONA. 

The present invention is applicable to antibodies of any appropriate specificity. Advantageously, 
however, the invention may be applied to the humanisation of non-human antibodies which are used for in 

35 vivo therapy or diagnosis. Thus the antibodies may be site-specific antibodies such as tumour-specific or 
cell surface-specific antibodies, suitable for use in in vivo therapy or diagnosis, e.g. tumour imaging. 
Examples of cell surface-specific antibodies are anti·T cell antibodies, such as anti·CD3, and CD4 and 
adhesion molecules, such as CR3, ICAM and ELAM. The antibodies may have specificity for interleukins 
(including lymphokines, growth factors and stimulating factors), hormones and other biologically active 

40 compounds, and receptors for any of these. For example, the antibodies may have specificity for any of the 
following: Interferons o, /J,-, or 6, IL1, IL2, IL3, or IL4, etc., TNF, GCSF, GMCSF, EPO, hGH, or insulin, etc. 

A preferred protocol for obtaining CDR-grafted antibody molecules in accordance with the present 
invention is set out below together with the rationale by which we have derived this protocol. This protocol 
and rationale are given without prejudice to the generality of the invention as hereinbefore described and 

45 defined. 

It is first of all necessary to sequence the ONA coding for the heavy and light chain variable regions ol 
50 the donor antibody, to determine their amino acid sequences. It is also necessary to choose appropriate 

acceptor heavy and light chain variable regions, of known amino acid sequence. The CDR·grafted chain is 
then designed starting from the basis of the acceptor sequence. It will be appreciated that in some cases 
the donor and acceptor amino acid residues may be Identical at a particular position and thus no change of 
acceptor framework residue is required. 

55 1. As a first step donor residues are substituted for acceptor residues in the CDRs. For this purpose the 
CDRs are preferably defined as follows: 

Heavy chain • CDR1: residues 26·35 
• CDR2: residues 50·65 
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Light chain 
• CDR3: residues 95-102 
• CDR1: residues 24-34 
- CDR2: residues 50-56 
- CDR3: residues 89-97 

5 The positions at which donor residues are to be substituted for acceptor in the framework are then 
chosen as follows, first of all with respect to the heavy chain and subsequently with respect to the light 
chain. 
2. Heavy Chain 

2.1 Choose donor residues at all of positions 23, 24, 49. 71, 73 and 78 of the heavy chain or all of 
10 positions 23, 24 and 49 (71. 73 and 78 are always either all donor or all acceptor). 

22 Check that the following have the same amino acid in donor and acceptor sequences. and if not 
preferably choose the donor: 2, 4, 6, 25, 36, 37, 39, 47, 48. 93, 94, 103, 104, 106 and 107. 
2.3 To further optimise affinity consider choosing donor residues at one. some or any of: 

i.1, 3 
15 ii. 72, 76 

iii. If 48 is different between donor and acceptor sequences, consider 69 
iv. If at 48 the donor residue is chosen. consider 38 and 46 
v. If at 69 the donor residue is chosen, consider 80 and then 20 
vi.67 

20 vii. II at 67 the donor residue is chosen, consider 82 and then 18 
viii. 91 
ix. 88 
x.9. 11,41,87, 108,110,112 

3. Light Chain 
25 3.1 Choose donor at 46. 48. 58 and 71 

32 Check that the following have the same amino acid in donor and acceptor sequences, if not 
preferably choose donor: 2, 4, 6, 35, 38, 44, 47, 49, 62. 64·69 inclusive, 85, 87, 98, 99, 101 and 102 
3.3 To further optimise affinity consider choosing donor residues at one, some or any of: 

i. 1. 3 
30 ii. 63 

iii. 60, if 60 and 54 are able to form potential saltbridge 
iv. 70, if 70 and 24 are able to form potential saltbridge 
v. 73, and 21 ii 47 is different between donor and acceptor 
vi. 37, and 45 if 47 Is different between donor and acceptor 

35 vii. 10, 12, 40, 80, 103, 105 

Rationale 

In order to transfer the binding site of an antibody into a different acceptor framework, a number of 
~ factors need to be considered. 

1. The extent of the CDRs 
The CDRs (Complementary Determining Regions) were defined by Wu and Kabat (refs. 4 and 5) on the 
basis of an analysis of the variability of different regions of antibody variable regions. Three regions per 
domain were recognised. In the light chain the sequences are 24·34, 50·56, 89-97 (numbering according 

45 to Kabat (ref. 4). Eu Index) inclusive and in the heavy chain the sequences are 31-35, 50-65 and 95-102 
inclusive. 

When antibody structures became available it became apparent that these CDR regions cor
responded in the main to loop regions which extended from the /3 barrel framework of the light and 
heavy variable domains. For H1 there was a discrepancy in that the loop was from 26 to 32 inclusive and 

so for H2 the loop was 52 to 56 and for L2 from 50 to 53. However, with the exception of H1 the CDR 
regions encompassed the loop regions and extended into the /3 strand frameworks. In H1 residue 26 
tends to be a serine and 27 a phenylalanine or tyrosine, residue 29 is a phenylalanine in most cases. 
Residues 28 and 30 which are surface residues exposed to solvent might be involved in antigen-binding. 
A prudent definition of the H1 CDR therefore would include residues 26-35 to include both the loop 

55 region and the hypervariable residues 33-35. 
It is of Interest to note the example of Riechmann et al (ref. 3), who used the residue 31-35 choice 

for CDR·H1. In order to produce efficient antigen binding, residue 27 also needed to be recruited from 
the donor (rat) antibody. 
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2. Non-COR residues which contribute to antigen binding 
By examination of available X-ray structures we have identified a number of residues which may have an 
effect on net antigen binding and which can be demonstrated by experiment. These residues can be 
sub-divided into a number of groups. 

5 2.1 Surface residues near CDR [all numbering as In Kabat et al (ref. 7)]. 
2.1.1. Heavy Chain - Key residues are 23, 71 and 73. Other residues which may contribute to a 
lesser extent are 1, 3 and 76. Finally 25 is usually conserved but the murine residue should be 
used if there is a difference. 
2.1.2 light Chain - Many residues close to the CDRs, e.g. 63, 65, 67 and 69 are conserved. H 

10 conserved none of the surface residues in the light chain are likely to have a major effect. 
However. if the murine residue at these positions is unusual, then it would be of benefit to analyse 
the likely contribution more closely. Other residues which may also contribute to binding are 1 and 
3, and also 60 and 70 if the residues at these positions and at 54 and 24 respectively are 
potentially able to form a salt bridge i.e. 60 + 54; 70 + 24. 

15 22 Packing residues near the CORs. 
2.2.1. Heavy Chain - Key residues are 24. 49 and 78. Other key residues would be 36 if not a 
tryptophan, 94 if not an arginine, 104 and 106 if not glycines and 107 if not a threonine. Residues 
which may make a further contribution to stable packing of the heavy chain and hence improved 
affinity are 2. 4, 6. 38, 46, 67 and 69. 67 packs against the CDR residue 63 and this pair could be 

20 either both mouse or both human. Finally, residues which contribute to packing in this region but 
from a longer range are 18, 20, 80, 82 and 86. 82 packs against 67 and In turn 18 packs against 
82. 80 packs against 69 and in tum 20 packs against 80. 86 forms an H bond network with 38 and 
46. Many of the mouse-human differences appear minor e.g. Leu-lie, but could have an minor 
impact on correct packing which could translate into altered positioning of the CDRs. 

25 22.2. Light Chain - Key residues are 48, 58 and 71. Other key residues would be 6 if not 
glutamine. 35 if not tryptophan, 62 if not phenylalanine or tryosine, 64. 66, 68, 99 and 101 if not 
glycines and 102 if not a threonine. Residues which make a further contribution are 2, 4, 37, 45 
and 47. Finally residues 73 and 21 and 19 may make long distance packing contributions of a 
minor nature. 

30 2.3. Residues at the variable domain interface between heavy and light chains - In both the light and 
heavy chains most of the non-CDR interface residues are conserved. If a conserved residue is 
replaced by a residue of different character, e.g. size or charge, it should be considered for retention 
as the murine residue. 

2.3.1. Heavy Chain - Residues which need to be considered are 37 if the residue is not a va!ine but 
35 is of larger side chain volume or has a charge or polarity. Other residues are 39 if not a glutamine, 

45 If not a leucine, 47 If not a tryptophan, 91 If not a phenylalanine or tyrosine, 93 if not an alanine 
and 103 if not a tryptophan. Residue 69 is also at the Interface but is not in a position where the 
side chain could be of great impact. 
2.3.2. light Chain - Residues which need to be considered are 36, if not a tyrosine, 38 if not a 
glutamine, 44 if not a proline, 46, 49 if not a tyrosine. residue 85, residue 87 if not a tyrosine and 
98 if not a phenylalanine. 

2.4. Variable-Constant region interface - The elbow angle between variable and constant regions may 
be affected by alterations in packing of key residues in the variable region against the constant region 
which may affect the position of VL and VH with respect to one another. Therefore it is worth noting 

45 the residues likely to be in contact with the constant region. In the heavy chain the surface residues 
potentially in contact with the variable region are conserved between mouse and human antibodies 
therefore the variable region contact residues may influence the V-C interaction. In the light chain the 
amino acids found at a number of the· constant° region contact points vaiy, and· the V & C regions are 
not in such close proximity as the heavy chain. Therefore the influences of the light chain V-C 

50 interface may be minor. 
2.4.1. Heavy Chain - Contact residues are 7, 11, 41, 87, 108, 110, 112. 
2.4.2. Light Chain - In the light chain potentially contacting residues are 10, 12, 40, 80, 83, 103 and 
105. 

The above analysis coupled with our considerable practical experimental experience in the CDR· 
55 grafting of a number of different antibodies have lead us to the protocol given above. 

The present Invention Is now described, by way of example only, with reference to the accompanying 
Figures 1 - 13. 
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Brief Description of the Rgures 

Figure 1 
Figure 2 
Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 
Figure 8 
Figure 9 
Figure 10 
Figure 11 
Figure 12 

Figure 13 

shows DNA and amino acid sequences of the OKT3 light chain; 
shows DNA and amino acid sequences of the OKT3 heavy chain; 
shows the alignment of the OKT3 light variable region amino acid sequence with that of the 
light variable region of the human antibody REI; 
shows the alignment of the OKT3 heavy variable region amino acid sequence with that of 
the heavy variable region of the human antibody KOL; 
shows the heavy variable region amino acid sequences of OKT3, KOL and various 
corresponding CDR grafts; 
shows the light variable region amino acid sequences of OKT3, REI and various cor· 
responding CDR grafts; 
shows a graph of binding assay results for various grafted OKT3 antibodies' 
shows a graph of blocking assay results for various grafted OKT3 antibodies; 
shows a similar graph of blocking assay results; 
shows similar graphs for both binding assay and blocking assay results; 
shows further similar graphs for both binding assay and blocking assay results; 
shows a graph of competition assay results for a minimally grafted OKT3 antibody 
compared with the OKT3 murine reference standard, and 
shows a similar graph or competition assay results comparing a fully grafted OKT3 
antibody with the murine reference standard. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

25 EXAMPLE 1 

30 

CDR·GRAFTING OF OKT3 

MATERIAL AND METHODS 

1. INCOMING CELLS 
Hybridoma cells producing antibody OKT3 were provided by Ortho (seedlot 4882.1) and were grown up 
in antibiotic free Dulbecco's Modified Eagles Medium (DMEM) supplemented with glutamine and 5% 
foetal call serum, and divided to provide both an overgrown supernatant for evaluation and cells for 

35 extraction of RNA. The overgrown supernatant was shown to contain 250 ug/mL murine lgG2a/kappa 
antibody. The supernatant was negative for murine lambda light chain and lgG1, lgG2b, lgG3, lgA and 
lgM heavy chain. 20mL of supernatant was assayed to confirm that the antibody present was OKT3. 
2. MOLECULAR BIOLOGY PROCEDURES 
Basic molecular biology procedures were as described In Maniatis et al (ref. 9) with, in some cases, 

'° minor modifications. DNA sequencing was performed as described in Sanger et al (ref. 11) and the 
Amersham International Pie sequencing handbook. Site directed mutagenesis was as described in 
Kramer et al (ref. 12) and the Ang!ian Biotechnology Ltd. handbook. COS cell expression and metabolic 
labelling studies were as described in Whittle et al (ref. 13) 
3. RESEARCH ASSAYS -

45 3.1. ASSEMBLY ASSAYS 
Assembly assays were performed on supernatants from transfected COS cells to determine the 
amount of intact lgG present. 

3.1.1. COS CELLS TRANSFECTED WITH MOUSE OKT3 GENES 
The assembly assay for intact mouse lgG in COS cell supematants was an ELISA with the 

50 following format; 
96 well microtitre plates were coated wilh F(ab')z goat anti-mouse lgG Fe. The plates were washed 
in water and samples added for 1 hour at room temperature. The plates were washed and F(ab')2 
goat anti-mouse lgG F(ab')2 (HRPO conjugated) was then added. Substrate was added to reveal 
the reaction. UPC10, a mouse lgG2a myeloma, was used as a standard. 

55 3.1.2. COS AND CHO CELLS TRANSFECTED WITH CHIMERIC OR CDR·GRAFTED OKT3 
GENES 
The assembly assay for chimeric or CDR-grafted antibody in COS cell supernatants was an ELISA 
with the following format: 
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96 well microtitre plates were coated with F(ab')2 goat anti-human lgG Fe. The plates were washed 
and samples added and incubated for 1 hour at room temperature. The plates were washed and 
monoclonal mouse anti-human kappa chain was added for 1 hour at room temperature. 
The plates were washed and F(ab')2 goat anti-mouse lgG Fe (HRPO conjugated) was added. 

s Enzyme substrate was added to reveal the reaction. 
Chimeric B72.3 (lgG4) (ref. 13) was used as a standard. The use of a monoclonal anti-kappa chain 
in this assay allows grafted antibodies to be read from the chimeric standard. 

32. ASSAY FOR ANTIGEN BINDING ACTMTY 
Material from COS cell supematants was assayed for OKT3 antigen binding activity onto CD3 positive 

10 cells in a direct assay. The procedure was as follows: 
HUT 78 cells (human T cell line, COO positive) were maintained in culture. Monolayers of HUT 78 
cells were prepared onto 96 well ELISA plates using poly·L·lysine and glutaraldehyde. Samples were 
added to the monolayers for 1 hour at room temperature. 
The plates were washed gently using PBS. F(ab')2 goat anti-human lgG Fe (HRPO conjugated) or F· 

15 (ab')2 goat anti-mouse lgG Fe (HRPO conjugated) was added as appropriate for humanised or mouse 
samples. Substrate was added to reveal the reaction. 
The negative control for the cell-based assay was chimeric 872.3. The positive control was mouse 
Orthomune OKT3 or chimeric OKT3, when available. This cell-based assay was difficult to perform, 
and an alternative assay was developed for CDR-grafted OKT3 which was more sensitive and easier 

20 to carry out. 
In this system CDR-grafted OKT3 produced by COS cells was tested for Its ability to bind to the CD3· 
positive HPB-ALL (human peripheral blood acute lymphocytic leukemia) cell line. It was also tested for 
its ability to block the binding of murine OKT3 to these cells. Binding was measured by the following 
procedure: HPB-ALL cells were harvested from tissue culture. Cells were incubated at 4°C for 1 hour 

25 with various dilutions of test antibody, positive control antibody, or negative control antibody. The cells 
were washed once and incubated at 4°C for 1 hour with an FITC·labelled goat anti-human lgG (Fc· 
specific, mouse absorbed). The cells were washed twice and analysed by cytofluorography. Chimeric 
OKT3 was used as a positive control for direct binding. Cells incubated with mock· transfected COS 
cell supernatant, followed by the ATC-labelled goat anti-human lgG, provided the negative control. To 

30 test the ability of CDR-grafted OKT3 to block murine OKT3 binding, the HPB·ALL cells were 
incubated at 4°C for 1 hour with various dilutions of test antibody or control antibody. A fixed 
saturating amount of FITC OKT3 was added. The samples were incubated for 1 hour at 4°C, washed 
twice and analysed by cytofluorography. 
FITC-labelled OKT3 was used as a positive control to determine maximum binding. Unlabelled murine 

35 OKT3 served as a reference standard for blocking. Negative controls were unstained cells with or 
without mock·transfected cell supernatant. The ability of the CDR-grafted OKT3 light chain to bind 
CD3-positive cells and block the binding of murine OKT3 was initially tested in combination with the 
chimeric OKT3 heavy chain. The chimeric OKT3 heavy chain is composed of the murine OKT3 
variable region and the human lgG4 constant region. The chimeric heavy chain gene is expressed in 
the same expression vector used for the CDR-grafted genes. The CDR-grafted light chain expression 
vector and the chimeric heavy chain expression vector were co-transfected into COS cells. The fully 
chimeric OKT3 antibody (chimeric light chain and chimeric heavy chain) was found to be fully capable 
of binding to CD3 positive cells and blocking the binding of murine OKT3 to these cells. 
3.3 DETERMINATION OF RELATIVE BINDING AFFINITY 

45 The relative binding affinities of CCR-grafted anti·CD3 monoclonal antibodies were determined by 
competition binding (rel. 6) using the HPB-ALL human T cell line as a source of CD3 antigen. and 
fluorescein·conjug,at~ murine OKT~ (A-OKT3) of known binding_ affinity as. a tracer antibotly. The 
binding affinity of Fl·OKT3 tracer antibody was determined by a direct binding assay in which 
increasing amounts of Fl·OKT3 were incubated with HPB·ALL (5x105) in PBS with 5% foetal calf 

so serum for 60 min. at 4°C. Cells were washed, and the fluorescence intensity was determined on a 
FACScan flow cytometer calibrated with quantitative microbead standards (Flow Cytometry Standards, 
Research Triangle Park, NC). Fluorescence intensity per antibody molecule (F/P ratio) was deter
mined by using microbeads which have a predetermined number of mouse lgG antibody binding sites 
(Simply Cellular beads, Flow Cytometry Standards). F/P equals the fluorescence Intensity of beads 

55 saturated with Fl·OKT3 divided by the number of binding sites per bead. The amount of bound and 
free Fl·OKT3 was calculated from the mean fluorescence Intensity per cell, and the ratio of bound/free 
was plotted against the number of moles of antibody bound. A linear fit was.used to determine the 
affinity of binding (absolute value of the slope). 
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For competitive binding, increasing amounts of competitor antibody were added to a sub-saturating 
dose of FI-OKT3 and incubated with 5x105 HPB·ALL In 200 ml of PBS with 5'Yo foetal calf serum, for 
60 min at 4°C. The fluorescence Intensities of the cells were measured on a FACScan flow cytometer 
calibrated with quantitative microbead standards. The concentrations of bound and free FI-OKT3 were 

6 calculated. The affinities of competing antibodies were calculated from the equation [X]-[OKT3J = 
(1/Kx) • (1/Ka), where Ka is the affinity of murine OKT3, Kx is the affinity of competitor X, [ ] is the 
concentration of competitor antibody at which bound/free binding is R/2, and R is the maximal 
bound/free binding. 

4. cDNA LIBRARY CONSTRUCTION 
10 4.1. mRNA PREPARATION AND cDNA SYNTHESIS 

OKT3 producing cells were grown as described above and 1.2 x 10' cells harvested and mRNA 
extracted using the guanidinium/UCI extraction procedure. cDNA was prepared by priming from Oligo
dT to generate full length cDNA. The cDNA was methylated and EcoR1 linkers added for cloning. 
4.2. LIBRARY CONSTRUCTION 

15 The cDNA library was ligated to pSP65 vector DNA which had been EcoR1 cut and the 5' phosphate 
groups removed-by calf intestinal phosphatase (EcoR1/CIP). The ligation was used to transform high 
transformation efficiency Escherichia coli (E.coli) HB101. A cDNA library was prepared. 3600 colonies 
were screened for the light chain and 10000 colonies were screened for the heavy chain. 

5. SCREENING 
20 E.coli colonies positive for either heavy or light chain probes were Identified by oligonucleotide screening 

using the oligonuc!eotides: 
5' TCCAGATGTIAACTGCTCAC for the light chain, which is complementary to a sequence in the mouse 
kappa constant region, and 5' CAGGGGCCAGTGGATGGATAGAC for the heavy chain which is com· 
plementary to a sequence In the mouse lgG2a constant CH1 domain region. 12 light chain and 9 heavy 

25 chain clones were identified and taken for second round screening. Positive clones from the second 
round of screening were grown up and DNA prepared. The sizes of the gene inserts were estimated by 
gel electrophoresis and inserts of a size capable of containing a full length cDNA were subcloned into 
M13 for DNA sequencing. 
6. DNA SEQUENCING 

30 Clones representing four size classes for both heavy and light chains were obtained in M13. DNA 
sequence for the 5' untranslated regions, signal sequences, variable regions and 3' untranslated regions 
of full length cDNAs [Figures 1(a) and 2(a)J were obtained and the corresponding amino acid sequences 
predicted [(Figures 1(b) and 2(b)J. In Figure 1(a) the untranslated DNA regions are shown in uppercase, 
and in both Figures 1 and 2 the signal sequences are underlined. 

35 7. CONSTRUCTION OF cDNA EXPRESSION VECTORS 
Celltech expression vectors are based on the plasmid pEE6hCMV (ref. 14). A polylinker for the insertion 
of genes to be expressed has been introduced after the major immediate early promoter/enhancer of the 
human Cytomegalovirus (hCMV). Marker genes for selection of the plasmid in transfected eukaryolic 
cells can be inserted as BamH1 cassettes in the unique BamH1 site of pEE6 hCMV; for instance, the 

40 neo marker to provide pEE6 hCMV neo. It is usual practice to insert the neo and gpt markers prior to 
insertion of the gene of interest, whereas the GS marker is inserted last because of the presence of 
internal EcoR1 sites in the cassette. 
The selectable markers are expressed from the SV40 late promoter which also provides an origin of 
replication so that the vectors can be used for expression in the COS cell transient expression system. 

45 The mouse sequences were excised from the M13 based vectors described above as EcoR1 fragments 
and cloned into either pEE6·hCMV-neo for the heavy chain and into EE6-hCMV-gpt for the light chain to 
yield vectors p.JA136 and pJA135 respectively. 
8. EXPRESSION OF cDNAS IN COS CELLS 
Plasmids pJA135 and pJA136 were co-transfected into COS cells and supernatant from the transient 

so expression experiment was shown to contain assembled antibody which bound to T-cell enriched 
lymphocytes. Metabolic labelling experiments using 35 S methionine showed expression and assembly of 
heavy and light chains. 
9. CONSTRUCTION OF CHIMERIC GENES 
Construction of chimeric genes followed a previously described strategy [Whittle et al (ref. 13)]. A 

55 restriction site near the 3' end of the variable domain sequence is identified and used to attach an 
oligonucleotide adapter coding for the remainder of the mouse variable region and a suitable restriction 
site for attachment to the constant region of choice. 
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9.1. LIGHT CHAIN GENE CONSTRUCTION 
The mouse light chain cDNA sequence contains an Aval site near the 3' end of the variable region 
(Fig. 1 {a)). The majority of the sequence of the variable region was isolated as a 396 bp. 
EcoR1-Aval fragment. An oligonucleotide adapter was designed to replace the remainder ot the 3' 

5 region of the variable region from the Aval site and to include the 5' residues of the human constant 
region up to and Including a unique Nar1 site which had been previously engineered into the constant 
region. 
A Hindl 11 site was introduced to act as a marker for insertion of the linker. 
The linker was ligated to the Vl fragment and the 413 bp EcoR1-Nar1 adapted fragment was purified 

10 from the ligation mixture. 
The constant region was isolated as an Nar1-BamH1 fragment from an M13 clone NW361 and was 
ligated with the variable region ONA into an EcoR1/BamH1/C1P pSP65 treated vector in a three way 
reaction to yield plasmid JA143. Clones were isolated after transformation into E.coli and the linker 
and junction sequences were confirmed by the presence of the Hind111 site and by DNA sequencing. 

15 9.2 LIGHT CHAIN GENE CONSTRUCTION - VERSION 2 

20 

The construction of the first chimeric light chain gene produces· a fusion of mouse and human amino 
acid sequences at the variabl~onstant region junction. In the case of the OKT3 light chain the amino 
acids at the chimera junction are: 

•••••••• Leu-Glu-Ile-~As""""""'n--Ar~q~/'---__ -~/~T_h=r-Val-Ala -Ala 
VARIABLE CONSTANT 

25 This arrangement of sequence introduces a potential site for Asparagine (Asn) linked (N-linked) 
glycosylation at the V-C junction. Therefore, a second version of the chimeric light chain 
oligonucleotide adapter was designed in which the threonine {Thr), the first amino acid of the human 
constant region, was replaced with the equivalent amino acid from the mouse constant region, Alanine 
(Ala). 

30 An internal Hind111 site was not included in this adapter, to differentiate the two chimeric light chain 
genes. 
The variable region fragment was isolated as a 376 bp EcoA1-Aval fragment. The oligonucleotide 
linker was ligated to Nar1 cut pNW361 and then the adapted 396bp constant region was isolated after 
recutting the modified pNW361 with EcoR1. The variable region fragment and the modified constant 

35 region fragment were ligated directly into EcoR1/C1P treated pEE6hCMVneo to yield pJA137. Initially 
all clones examined had the insert in the incorrect orientation. Therefore, the insert was re-isolated 
and recloned to tum the insert round and yield plasmid pJA 141. Several clones with the insert in the 
correct orientation were obtained and the adapter sequence of one was confirmed by DNA sequen
cing 

40 9.3. HEAVY CHAIN GENE CONSTRUCTION 
9.3.1. CHOICE OF HEAVY CHAIN GENE ISOTYPE 
The constant region isotype chosen for the heavy chain was human lgG4. 
9.3.2. GENE CONSTRUCTION 
The heavy chain cDNA sequence showed a Ban1 site near the 3' end of the variable region [Fig. 2-

45 (a)]. The majority of the sequence of the variable region was isolated as a 426bp. EcoRt/C1P/Ban1 
fragment. An oligonucleotide adapter was designated to replace the remainder of the 3' region of 
the variable region from the Ban1 site up to and including a unique. Hindlll site which had been 
previously engineered into the first two amino acids of the constant region. 
The linker was ligated to the VH fragment and the EcoR1-Hind11 t adapted fragment was purified 

50 from the ligation mixture. 
The variable region was ligated to the constant region by cutting pJA91 with EcoR1 and Hind111 
removing the intron fragment and replacing it with the VH to yield pJA142. Clones were isolated 
after transformation Into E.coli JM101 and the linker and junction sequences were confirmed by 
DNA sequencing. (N.B. The Hind111 site Is lost on cloning). 

55 10. CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS 
10.1. neo AND gpt VECTORS 
The chimeric light chain (version 1) was removed from pJA143 as an EcoR1 fragment and cloned into 
EcoR1/C1P treated pEE6hCMVneo expression vector to yield pJA145. Clones with the insert in the 
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correct orientation were identified by restriction mapping. 
The chimeric light chain (version 2) was constructed as described above. 
The chimeric heavy chain gene was isolated from pJA142 as a 2.5Kbp EcoR1/BamH1 fragment and 
cloned into the EcoR1/Bc11/C1 P treated vector fragment of a derivative of pEE6hCMVgpt to yield 

s plasmid pJA144. 
10.2. GS SEPARATE VECTORS 
GS versions of pJA141 and pJA144 were constructed by replacing the neo and gpt cassettes by a 
BamH1/Sa11/C1P treatment of the plasmids, isolation of the vector fragment and ligation to a GS· 
containing fragment from the plasmid pR049 to yield the light chain vector pJA179 and the heavy 

10 chain vector pJA180. 
10.3. GS SINGLE VECTOR CONSTRUCTION 
Single vector constructions containing the cl (chimeric light), cH (chimeric heavy) and GS genes on 
one plasmid in the order cl·cH·GS, or cH-cl·GS and with transcription of the genes being head to tail 
e.g. cL>cH>GS were constructed. These plasmids were made by treating pJA179 or pJA180 with 

15 BamH1/C1P and ligating in a Bgl11/Hind111 hCMV promoter cassette along with either the 
Hind111/BamH1 fragment from pJA141 into pJA180 to giv~ the cH·cl-GS plasmid pJA182 or the 
Hind111/BamH1 fragment from pJA144 into pJA179 to give the cl-cH·GS plasmid pJA181. 

11. EXPRESSION OF CHIMERIC GENES 
11.1. EXPRESSION IN COS CELLS 

20 The chimeric antibody plasmid pJA145 (cl) and pJA144 (cH) were co-transfected Into COS cells and 
supernatant from the transient expression experiment was shown to contain assembled antibody 
which bound to the HUT 78 human T-cell line. Metabolic labelling experiments using 35 S methionine 
showed expression and assembly of heavy and light chains. However the light chain mobility seen on 
reduced gels suggested that the potential glycosylation site was being glycosylated. Expression in 

25 COS cells in the presence of tunicamycin showed a reduction in size of the light chain to that shown 
for control chimeric antibodies and the OKT3 mouse light chain. Therefore JA 141 was constructed 
and expressed. In this case the light chain did not show an aberrant mobility or a size shift in the 
presence or absence of tunicamycin. This second version of the chimeric light chain, when expressed 
in association with chimeric heavy (cH) chain, produced antibody which showed good binding to HUT 

30 78 cells. In both cases antigen binding was equivalent to that of the mouse antibody. 
11.2 EXPRESSION IN CHINESE HAMSTER OVARY (CHO) CELLS 
Stable cell lines have been prepared from plasmids PJA141/pJA144 and from pJA179/pJA180, 
pJA181 and pJA182 by transfection into CHO cells. 

12. CDR·GRAFTING 
35 The approach taken was to try to introduce sufficient mouse residues into a human variable region 

framework to generate antigen binding activity comparable to the mouse and chimeric antibodies. 
12.1. VARIABLE REGION ANALYSIS 
From an examination of a small database of structures of antibodies and antigen-antibody complexes 
It Is clear that only a small number of antibody residues make direct contact with antigen. Other 
residues may contribute to antigen binding by positioning the contact residues in favourable configu· 
rations and also by inducing a stable packing of the individual variable domains and stable interaction 
of the light and heavy chain variable domains. The residues chosen for transfer can be identified in a 
number of ways: 

(a) By examination of antibody X-ray crystal structures the antigen binding surface can be 
predominantly located on a series of loops, three per domain, which extend from the B-barrel 
framework. 
(b) By analysis of antibody variable domain sequences regions of hypervariability [termed the 
Complementarity Determining Regions- (CDRs) by Wu and" Kabat (ref; 5)] · can be identified: In the 
most but not all cases these CDRs correspond to. but extend a short way beyond, the loop regions 

so noted above. 
(c) Residues not identified by (a) and (b) may contribute to antigen binding directly or indirectly by 
affecting antigen binding site topology, or by inducing a stable packing of the individual variable 
domains and stabilising the inter-variable domain interaction. These residues may be identified 
either by superimposing the sequences for a given antibody on a known structure and looking at 

ss key residues for their contribution, or by sequence alignment analysis and noting "idiosyncratic" 
residues followed by examination of their structural location and likely effects. 

12.1.1. LIGHT CHAIN 
Figure 3 shows an alignment of sequences for the human framework region RE1 and the OKT3 light 
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variable region. The structural loops (LOOP) and CDRs (KABAT) believed to correspond to the antigen 
binding region are marked. Also marked are a number of other residues which may also contribute to 
antigen binding as described in 13.1 (c). Above the sequence in Figure 3 the residue type indicates 
the spatial location of each residue side chain, derived by examination of resolved structures from X· 
ray crystallography analysis. The key to this residue type designation is as follows: 

N • near to CDR (From X-ray Structures) 
P • Packing B • Buried Non-Packing 
S • Surface E • Exposed 

• Interface • - Interface - Packing/Part Exposed 
? • Non-CDR Residues which may require to be left as Mouse sequence. 

Residues underlined in Figure 3 are amino acids. RE1 was chosen as the human framework because 
the light chain is a kappa chain and the kappa variable regions show higher homology with the mouse 
sequences than a lambda light variable region, e.g. KOL (see below). RE1 was chosen in preference 
to another kappa light chain because the X-ray structure of the light chain has been determined so 
that a structural examination of individual residues could be made. 
12.1.2. HEAVY. CHAIN 
Similarly Figure 4 shows an alignment of sequences for the human framework region KOL and the 
OKT3 heavy variable region. The structural loops and CDRs believed to correspond to the antigen 
binding region are marked. Also marked are a number of other residues which may also contribute to 
antigen binding as described In 12.1(c). The residue type key and other indicators used in Figure 4 
are the same as those used In Figure 3. KOL was chosen as the heavy chain framework because the 
X-ray structure has been determined to a better resolution than, for example, NEWM and also the 
sequence alignment of OKT3 heavy variable region showed a slightly better homology to KOL than to 
NEWM. 
12.2. DESIGN OF VARIABLE GENES # 

The variable region domains were designed with mouse variable region optimal codon usage 
[Grantham and Perrin (ref. 15)) and used the 872.3 signal sequences [Whittle et al (ref. 13)]. The 
sequences were designed to be attached to the constant region in the same way as for the chimeric 
genes described above. Some constructs contained the "Kozak consensus sequence" [Kozak (ref. 
16)] directly linked to the 5' of the signal sequence in the gene. This sequence motif is believed to 
have a beneficial role in tr.anslation initiation in eukaryotes. 
12.3. GENE CONSTRUCTION 
To build the variable regions, various strategies are available. The sequence may be assembled by 
using oligonucleotides in a manner similar to Jones et al (ref. 17) or by simultaneously replacing all of 
the CDRs or loop regions by oligonucleotide directed site specific mutagenesis in a manner similar to 
Verhoeyen et al (ref. 2). Both strategies were used and a list of constructions is set out in Tables 1 
and 2 and Figures 4 and 5. It was noted in several cases that the mutagenesis approach led to 
deletions and rearrangements in the gene being remodelled, while the success of the assembly 
approach was very sensitive to the quality of the oligonucleotides. 

13. CONSTRUCTION OF EXPRESSION VECTORS 
Genes were isolated from M13 or SP65 based intermediate vectors and cloned into pEE6hCMVneo for 
the light chains and pEE6hCMVgpt for the heavy chains in a manner similar to that for the chimeric 
genes as described above. 
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TABLE 1 CDR·CRAPIED GERE COffll'l'IWC?S 

CODE MOUSE SEQUENCE KEnlOD OF KDZAK 

SEQUENCE 

+ 

CONTENT 

LICHT CHAIN ALL HUMAN FRAMEWORK·REl 

121 26-32, 50-56, 91-96 inclusive 

121A 26-32, 50-56, 91-96 inclusive 

+l, 3, 46, 47 

l2lB 26-32, S0-56, 91-96 inclusive 

+ 46, 47 

221 24-24, 50-56, 91-96 inclusive 

221A 24-34, 50-56, 91-96 inclusive 

+l, 3, 46, 47 

221B 24-34, 50-56, 91-96 inclusive 

+l, 3 

221C 24-34, 50-56, 91-96 inclusive 

HEAVY CHAIN ALL HUHAN nwmlORX KOL 

121 26-32, 50-56, 95-lOOB inclusive 

131 26-32, 50-58, 95-lOOB inclusive 

141 26-32, 50-65, 95-lOOB inclusive 

321 

331 

341 

341A 

341! 

KEY 

26-35, 50-56, 95-lOOB inclusive 

26·35, 50-58, 95-lOOB inclusive 

26-35, 50-65, 95-100! inclu1ive 

26-35, 50-65, 95-100! inclusive 

+6, 23, 24, 48, 49, 71, 73, 76, 

78, 88, 91 (+63 - human) 

26-35, 50-65, 95-100! inclusive 

+ 48, 49, 71, 73, 76, 78, 88, 91 

(+63 + lnlman) 

n.d. not done 
SDK Site directed mucagenesis 

CONSTRUCTION 

SOM and gene assembly + n.d. 

Partial gene assembly n.d. + 

Partial gene assembly n.d. + 

·Partial gene assembly + + 

Partial gene assembly + + 

Partial gene assembly + + 

Partial gene assembly + + 

Gene assembly n.d. + 

Cene assembly n.d. + 

Partial gene assembly + n.d. 

Partial gene assembly + 

Partial gene assembly + 

Gene assembly 

SOM + 

n.d. 

+ 

Partial gene assembly 

Cene assembly 

+ 

n.d. + 

Cene assembly n.d. + 

Cene asaembly Variable region aaaembled entirely from oligonucleotides 
Partial gene Variable region assembled by combination of restriction 

aeaembly· frapenta ail:ber- from other g•-•· originally created··by SOM 
end gene a1a811bly or by oligonucleotide assembly of part of 
the variable region and reconstruction with reatriction 

so fragmencs froa 01:ber genes originally created by SOM and gene 
uaembly 

14. EXPRESSION OF CDR-GRAFTED GENES 
55 14.1. PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED LIGHT (gl) CHAINS WITH MOUSE 

HEAVY (mH) OR CHIMERIC HEAVY (cH) CHAINS 
All gl chains, in association with mH or cH produced reasonable amounts of antibody. Insertion of the 
Kozak consensus sequence at a position 5' to the ATG (kgl constructs) however, led to a 2·5 fold 
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improvement in net expression. Over an extended series of experiments expression levels were raised 
from approximately 200ng/ml to approximately 500 ng/ml for kgUcH or kgUmH combinations. 
When direct binding to antigen on HUT 78 cells was measured, a construct designed to include 
mouse sequence based on loop length (gl121) did not lead to active antibody in association with mH 

s or cH. A construct designed to include mouse sequence based on Kabat CDRs (gl221) demonstrated 
some weak binding in association with mH or cH. However, when framework residues 1, 3, 46, 47 
were changed from the human to the murine OKT3 equivalents based on the arguments outlined in 
Section 12.1 antigen binding was demonstrated when both of the new constructs, which were termed 
121A and 221A were co-expressed with cH. When the effects of these residues were examined in 

10 more detail, it appears that residues 1 and 3 are not major contributing residues as the product of the 
gl221 B gene shows little detectable binding activity in association with cH. The light chain product of 
gl221C, in which mouse sequences are present at 46 and 47, shows good binding activity in 
association with cH. 
14.2 PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED HEAVY (gH) CHAINS WITH MOUSE 

1s LIGHT {ml) OR CHIMERIC LIGHT (cl) CHAINS 
Expression of the gH genes. proved to be more difficult. to achieve than for gl. First. inclusion of the 
Kozak sequence appeared to have no marked effect on expression of gH genes. Expression appears 
to be slightly improved but not to the same degree as seen for the grafted light chain. 
Also. it proved difficult to demonstrate production of expected quantities of material when the loop 

20 choice {amino acid 26-32) for CDR1 is used, e.g. gH121, 131. 141 and no conclusions can be drawn 
about these constructs. 
Moreover, co-expression of the gH341 gene with cl or ml has been variable and has tended to 
produce lower amounts of antibody than the cH/cL or mH/mL combinations. The alterations to gH341 
to produce gH341 A and gH341 B lead to improved levels of expression. 

25 This may be due either to a general increase in the fraction of mouse sequence in the variable region. 
or to the alteration at position 63 where the residue is returned to the human amino acid Valine (Val) 
from Phenylalanine (Phe) to avoid possible internal packing problems with the rest of the human 
framework. This arrangement also occurs in gH331 and gH321. 
When gH321 or gH331 were expressed in association with cl. antibody was produced but antibody 
binding activity was not detected. 
When the more conservative gH341 gene was used antigen binding could be detected in association 
with cl or ml. but the activity was only marginally above the background level. 
When further mouse residues were substituted based on the arguments in 12.1, antigen binding could 
be clearly demonstrated for the antibody produced when kgH341A and kgH341 B were expressed in 

35 association with cl. 
14.3 PRODUCTION OF FULLY CDR-GRAFTED ANTIBODY 
The kgl221A gene was co-expressed with kgH341, kgH341A or kgH341B. For the combination 
kgH221AlkgH341 very little material was produced in a normal COS cell expression. 
For the combinations kgl221AlkgH341A or kgH221A/kgH341B amounts of antibody similar to gUcH 

40 was produced. 
In several experiments no antigen binding activity could be detected with kgH221NgH341 or 
kgH221A/kgH341 combinations, although expression levels were very low. 
Antigen binding was detected when kgl221A/kgH341A or kgH221A/kgH341B combinations were 
expressed. In the case of the antibody produced from the kgl221AlkgH341A combination the antigen. 

45 binding was very similar to that of the chimeric antibody. 
An analysis of the above results is given below. 

15. DISCUSSION OF CCR-GRAFTING RESULTS 
In the design of the fully humanised antibody the aim was to transfer the minimum number of mouse 
amino acids that would confer antigen binding onto a human antibody framework. 

50 15.1. LIGHT CHAIN 
15.1.1. EXTENT OF THE CDRs 
For the fight chain the regions defining the loops known from structural studies of other antibodies 
to contain the antigen contacting residues, and those hypervariable sequences defined by Kabat ~ 
al {refs. 4 and 5) as Complementarity Determining Regions (CDRs) are equivalent for CDR2. For 

55 CDRt the hypervariable region extends from residues 24-34 inclusive while the structural loop 
extends from 26-32 inclusive. In the case of OKT3 there is only one amino acid difference between 
the two options. at amino acid 24. where the mouse sequence is a serine and the human 
framework RE1 has glutamine. For CDR3 the loop extends from residues 91-96 Inclusive while the 

18 

BIOEPIS EX. 1002 
Page 3590



EP O 460 167 B1 

Kabat hypervariability extends from residues 89-97 Inclusive. For OKT3 amino acids 89, 90 and 97 
are the same between OKT3 and RE1 (Fig. 3). When constructs based on the loop choice for 
CDR1 (gL121) and the Kabat choice (gt221) were made and co-expressed with mH or cH no 
evidence for antigen binding activity could be found for gl121, but trace activity could be detected 

6 for the gt221, suggesting that a single extra mouse residue in the grafted variable region could 
have some detectable effect Both gene constructs were reasonably well expressed in the transient 
expression system. 
15.1.2. FRAMEWORK RESIDUES 
The remaining framework residues were then further examined, in particular amino acids known 

10 from X-ray analysis of other antibodies to be close to the CDRs and also those amino acids which 
in OKT3 showed differences from the consensus framework for the mouse subgroup (subgroup VI) 
to which OKT3 shows most homology. Four positions 1, 3, 46 and 47 were identified and their 
possible contribution was examined by substituting the mouse amino acid for the human amino 
acid at each position. 

t5 Therefore gl221A (gl221 + D1Q, 03V, L46R, L47W, see Figure 3 and Table 1) was made, cloned 
in EE6hCMVneo and co-expressed with cH (pJA144). The resultant antibody was well expressed 
and showed good binding activity. When the related genes gl221B (gl221 + D1Q, 03V) and 
gt221C (gl221 + L46R, L47W) were made and similarly tested, while both genes produced 
antibody when co-expressed with cH, only the gl221ClcH combination showed good antigen 

20 binding. When the gl121A (gl121 + 01Q, Q3V, L46R, L47W) gene was made and co-expressed 
with cH, antibody was produced which also bound to antigen. 

152. HEAVY CHAIN 
15.2.1. EXTENT OF THE CORs 
For the heavy chain the loop and hypervariability analyses agree only in CDR3. For COR1 the loop 

2s region extends from residues 26-32 inclusive whereas the Kabat CDR extends from residues 31-35 
inclusive. For CDR2 the loop region is from 50-58 inclusive while the hypervariable region covers 
amino acids 50-65 inclusive. Therefore humanised heavy chains were constructed using the 
framework from antibody KOL and with various combinations of these CDR choices, including a 
shorter choice for CDR2 of 50-56 inclusive as there was some uncertainty as to the definition of the 
end point for the COR2 loop around residues 56 to 58. The genes were co-expressed with ml or 
cl initially. In the case of the gH genes with loop choices for CDR1 e.g. gH121, gH131, gH141 very 
little antibody was produced in the culture supernatants. As no free light chain was detected it was 
presumed that the antibody was being made and assembled inside the cell but that the heavy 
chain was aberrant in some way, possibly incorrectly folded, and therefore the antibody was being 

35 degraded internally. In some experiments trace amounts of antibody could be detected in sss 
labelling studies. 
As no net antibody was produced, analysis of these constructs was not pursued further. 
When, however, a combination of the loop choice and the Kabat choice for CDR1 was tested 
(mouse amino acids 26-35 inclusive) and in which residues 31 (Ser to Arg), 33 (Ala to Thr), and 35 
(Tyr to His) wera changed from the human residues to the mouse residue and compared to the 
first series, antibody was produced for gH321, kgH331 and kgH341 when co-expressed with cL 
Expression was generally low and could not be markedly improved by the insertion of the Kozak 
consensus sequence 5' to the ATG of the signal sequence of the gene, as distinct from the case of 
the gL genes where such insertion led to a 2-5 fold increase in net antibody production. However. 
only in the case of gH341/mL or kgH341/cL could marginal antigen binding activity be dem
onstrated. When the kgH341 gene was co-expressed with kgl221A, the net yield of antibody was 
too low to give a signal above the backgrounddevel in the antigen binding assay. 
152.2. FRAMEWORK RESIDUES 
As in the case of the light chain the heavy chain frameworks were re-examined. Possibly because 

so of the lowef initial homology between the mouse and human heavy variable domains compared to 
the light chains, more amino acid positions proved to be of interest. Two genes kgH341A and 
kgH341 B were constructed, with 11 or 8 human residues respectively substituted by mouse 
residues compared to gH341, and with the CDR2 residue 63 returned to the human amino acid 
potentially to improve domain packing. Both showed antigen binding when combined with cl or 

55 kgt221A, the kgH341A gene with all 11 changes appearing to be the superior choice. 
15.3 INTERIM CONCLUSIONS 
It has been demonstrated, therefore. for OKT3 that to transfer antigen binding ability to the humanised 
antibody, mouse residues outside the CDR regions defined by the Kabat hypervariability or structural 
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loop choices are required for both the light and heavy chains. Fewer extra residues are needed for the 
light chain, possibly due to the higher initial homology between the mouse and human kappa variable 
regions. 
Of the changes seven (1 and 3 from the light chain and 6, 23, 71, 73 and 76 from the heavy chain) 

s are predicted from a knowledge of other antibody structures to be either partly exposed or on the 
antibody surface. It has bean shown hare that residues 1 and 3 In the light chain are not absolutely 
required to be the mouse sequence; and for the heavy chain the gH341 B heavy chain in combination 
with the 221A light chain generated only weak binding activity. Therefore the presence of the 6, 23 
and 24 changes are important to maintain a binding affinity similar to that of the murine antibody. It 

10 was important, therefore, to further study the individual contribution of othe other 8 mouse residues of 
the kgH341A gene compared to kgH341. 

16. FURTHER CDR-GRAFTING EXPERIMENTS 
Additional CDR-grafted heavy chain genes were prepared substantially as described above. With 
reference to Table 2 the further heavy chain genes were based upon the gh341 (plasmid pJA178) and 

15 gH341A (plasmid pJA185) with either mouse OKT3 or human KOL residues at 6, 23, 24, 48, 49. 63, 71, 
73, 76, 78. 88 and 91, as indicated. The CDR-grafted light chain genes used in these further experiments 
were gL221, gL221A, gL221B and gL221C as described above. 
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TABLE 2 

6 OKT3 H£AVY CHAIN CDR CRAFl'S 

l. gH341 and derivatives 

10 RES NUM 6 23 24 48 49 63 71 73 76 78 88 91 

OKT3vb g K A l C F T K s A A y 

gH341 E s s V A F R N N L G F JA178 

gH341A g K A I G V T K s A A Y JA185 
15 

gH341E g K A I G V T K s A G G JA198 

gH341* g K A I G V !...........! N ! G F JA207 

gH341* g K A I G V R N N !! G F JA209 

20 gH341D g K A I G V !...........! N L G F JA197 

gH341* g K A I G V R N N L G F JA199 

gH341C g K A V A !: R N N L G F JA184 

gH341* g s A I G V T K s A A Y JA203 
25 gH341* E s A I G V T K s A A Y JA205 

gH341B E s s L__£ V T K s A A Y JA183 

gH34l* g s A I G V T K s A C F JA204 

gH341* E s A I C V T K s A C F JA206 
30 

gH341* g s A I G V L......! N ~ C F JA208 

KOL E s s V A R N N L G F 

35 
OKTl LIGHT CHAIN CDR CRAFTS 

2. gl.221 and derivatives 

RES NUM 1 3 46 47 

OK'I3vl g V R V 

GL221 D Q L L DA221 

gL221A g V R Y DA221A 
gL221B 9-2 L L DA221B 

GL221C D Q !__] DA221C 

REl D Q L L 

50 

MURINE RESIDUES ARE UNDERLINED 

The CDR-grafted heavy and light chain genes were co-expressed in COS cells either with one another 
55 in various combinations but also with the corresponding murine and chimeric heavy and light chain genes 

substantially as described above. The resultant antibody products were then assayed in binding and 
blocking assays with HPB·ALL cells as described above. 
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The results of the assays for various grafted heavy chains co-expressed with the gl221 C light chain are 
given in Figures 7 and 8 (for the JA184, JA185, JA197 and JA198 constructs - see Table 2), in Figure 9 (for 
the JA183, JA184, JA185 and JA197 constructs) In Figure 10 (for the chimeric, JA185, JA199, JA204, 
JA205, JA207, JA208 and JA209 constructs) and in Figure 11 (for the JA183, JA184, JA185, JA198, JA203, 

5 JA205 and JA206 constructs). 
The basic grafted product without any human to murine changes In the variable frameworks, i.e. gl221 

co-expressed with gh341 (JA 178), and also the •tully grafted" product, having most human to murine 
changes in the grafted heavy chain framework, i.e. gl221C co-expressed with gh341A (JA185), were 
assayed for relative binding affinity in a competition assay against murine OKT3 reference standard, using 

10 HPB-All cells. The assay used was as described above in section 3.3. The results obtained are given in 
Figure 12 for the basic grafted product and in Figure 13 for the fully grafted product. These results indicate 
that the basic grafted product has neglibible binding ability as compared with the OKT3 murine reference 
standard; whereas the "fully grafted" product has a binding ability very similar to that of the OKT3 murine 
reference standard. 

15 The binding and blocking assay results indicate the following: 
The JA198 and JA207 constructs. appear to have the best binding characteristics and similar binding. 
abilities, both substantially the same as the chimeric and fully grafted gH341A products. This indicates that 
positions 88 and 91 and position 76 are not highly critical for maintaining the OKT3 binding ability; whereas 
at least some of positions 6, 23. 24, 48, 49, 71, 73 and 78 are more important. 

20 This is borne out by the finding that the JA209 and JA199, although of similar binding ability to one 
another, are of lower binding ability than the JA198 and JA207 constructs. This indicates the importance of 
having mouse residues at positions 71, 73 and 78, which are either completely or partially human in the 
JA 199 and JA209 constructs respectively. 

Moreover, on comparing the results obtained for the JA205 and JA183 constructs it is seen that there is 
25 a decrease in binding going from the JA205 to the JA183 constructs. This indicates the importance of 

retaining a mouse residue at position 23, the only position changed between JA205 and JA183. 
These and other results lead us to the conclusion that of the 11 mouse framework residues used in the 

gH341A (JA185) construct, it is important to retain mouse residues at all of positions 6, 23, 24. 48 and 49, 
and possibly for maximum binding affinity at 71, 73 and 78. 

30 Similar Experimenls were carried out to CDR-graft a number of the rodent antibodies including 

35 

antibodies having specificity for CD4 (OKT4), ICAM-1 (R6-5), TAG72 (872.3), and TNFa(61 E71, 101.4, 
hTNF1, hTNF2 and hTNF3). 

EXAMPLE 2 

CCR-GRAFTING OF A MURINE ANTI-CD4 T CELL RECEPTOR ANTIBODY, OKT4A 

Anti OKT4A CDR-grafted heavy and light chain genes were prepared. expressed and tested substan
tially as described above in Example 1 for CCR-grafted OKT3. The CDR grafting of OKT4A is described in 

40 detail in Ortho patent application PCT/GB 90 of even date herewith entitled "Humanised 
Antibodies". The disclosure of this Ortho patent application PCT/GB 90 is incorporated herein 
by reference. A number of CDR-grafted OKT4 antibodies have been prepared. Presently the CCR-grafted 
OKT4A of choice is the combination of the grafted light chain LCDR2 and the grafted heavy chain HCDR10. 

45 THE LIGHT CHAIN 

The human acceptor framework used for the grafted light c.hains wa§ RE1. The preferred LCDR2. light 
chain has human to mouse changes at positions 33, 34, 38, 49 and 89 in addition to the structural loop 
CDRs. Of these changed positions. positions 33, 34 and 89 fall within the preferred extended CDAs of the 

so present invention (positions 33 and 34 in CDR1 and position 89 in CDR3}. The human to murine changes at 
positions 38 and 49 corresponds to positions at which the amino acid residues are preferably donor murine 
amino acid residues in accordance with the present invention. 
A comparison of the amino acid sequences of the donor murine light chain variable domain and the RE1 
human acceptor light chain variable further reveals that the murine and human residues are identical at all 

55 of positions 46, 48 and 71 and at all of positions 2, 4, 6. 35, 36. 44, 47, 62. 64-69, 85, 87, 98. 99 and 101 
and 102. However the amino acid residue at position 58 In LCDR2 Is the human RE1 framewor1< residue not 
the mouse OKT4 residue as would be preferred In accordance with the present invention. 
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THE HEAVY CHAIN 

The human acceptor framework used for the grafted heavy chains was KOL. 
The preferred CDR graft HCOR10 heavy chain has human to mouse changes at positions 24, 35, 57, 58, 

5 60, 88 and 91 in addition to the structural loop CDRs. 
Of these positions, positions 35 (CDR1) and positions 57, 58 and 60 (COR2) fall within the preferred 
extended CDRs of the present invention. Also the human to mouse change at position 24 corresponds to a 
position at which the amino acid residue is a donor murine residue in accordance with the present invention. 
Moreover, the human to mouse changes at positions 88 and 91 correspond to positions at which the amino 

10 acid residues are optionally donor murine residues. 
Moreover, a comparison of the murine OKT4A and human KOL heavy chain variable amino acid sequences 
reveals that the murine and human residues are identical at all of positions 23, 49, 71, 73 and 78 and at all 
of positions 2, 4, 6, 25, 36, 37, 39. 47, 48, 93, 94, 103, 104, 106 and 107. 
Thus the OKT 4A CCR-grafted heavy chain HCOR10 corresponds to a particular1y preferred embodiment 

15 according to the present invention. 

EXAMPLE3 

CCR-GRAFTING OF AN ANTI-MUCIN SPECIFIC MURINE ANTIBODY, B72.3 
20 

The cloning of the genes coding for the anti-mucin specific murine monoclonal antibody B72.3 and the 
preparation of B72.3 mouse-human chimeric antibodies has been described previously (ref. 13 and WO 
89/01783). CDR-grafted versions of B72.3 were prepared as follows. 

(a) B72.3 Light Chain 
25 CCR-grafting of this light chain was accomplished by direct transfer of the murine CDRs Into the 

framework of the human light chain RE1. The regions transferred were: 

30 

35 

50 

55 

COR Residues 
Number 

1 24-34 
2 50-56 
3 90-96 

The activity of the resulting grafted light chain was assessed by co-expression in COS cells, of genes for 
the combinations: 

B72.3 cH/B72.3 cl 
and 

B72.3 cH/B72.3 gl 
Supernatants were assayed for antibody concentration and for the ability to bind to microtitre plates 
coated with mucin. The results obtained indicated that, In combination with the B72.3 cH chain, B72.3 cl 
and 872.3 gl had similar binding properties. 

Comparison of the murine 872.3 and REI light chain amino acid sequences reveals that the residues 
are identical at positions 46, 58 and 71 but are different at position 48. Thus changing the human residue 
to the donor mouse residue at position 48 may further improve the binding characteristics of the CDR
grafted light chain, (872.3 gl) in accordance with the present invention. 
(b) 872.3 heavy chain 

I. Choice of framework 
At the outset It was necessary to make a choice of human framework. Simply put, the question was as 
follows: Was it necessary to use the framework regions from an antibody whose crystal structure was 
known or could the choice be made on some other criteria? 
For B72.3 heavy chain, it was reasoned that, while knowledge of structure was important, transfer of 
the CDRs from mouse to human frameworks might be facilitated If the overall homology between the 
donor and receptor frameworks was maximised. Comparison of the 872.3 heavy chain sequence with 
those in Kabat (ref. 4) for human heavy chains showed clearly that 872.3 had poor homology for KOL 
and NEWM (for which crystal structures are available) but was very homologous to the heavy chain 
for EU. 
On this basis, EU was chosen for the CCR-grafting and the following residues transferred as CDRs. 
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CDR Residues 
Number 

1 27-36 
2 50-63 
3 93-102 

Also It was noticed that the FR4 region of EU was unlike that of any other human (or mouse) antibody. 
Consequently, In the grafted heavy chain genes this was also changed to produce a •consensus" 
human sequence. (Preliminary experiments showed that grafted heavy chain genes containing the EU 
FR4 sequence expressed very poorly in transient expression systems.) 
ii. Results with grafted heavy chain genes 
Expression of grafted heavy chain genes containing all human framework regions with either gl or cl 
genes produced a grafted antibody with little ability to bind to mucin. The grafted antibody had about 
1% the activity of the chimeric antibody. In these experiments, however, it was noted that the activity 
of the grafted antibody could.be increased to - 10% of B72.3 by exposure to pHs of 2-3.5. 
This observation provided a clue as to how the activity of the grafted antibody could be improved 
without acid treatment. It was postulated that acid exposure brought about the protonation of an acidic 
residue (pKa of aspartic acid = 3.86 and of glutamine acid = 4.25) which in turn caused a change in 
structure of the CDR loops, or allowed better access of antigen. 
From comparison of the sequences of 872.3 (ref. 13) and EU (refs. 4 and 5), it was clear that, in going 
from the mouse to human frameworks, only two positions had been changed in such a way that acidic 
residues had been Introduced. These positions are at residues 73 and 81, where K to E and Q to E 
changes had been made, respectively. 
Which of these positions might be important was determined by examining the crystal structure of the 
KOL antibody. In KOL heavy chain, position 81 is far removed from either of the CDR loops. 
Position 73, however, is close to both CDRs 1 and 3 of the heavy chain and, in this position it was 
~ssible to envisage that a K to E chanQe in this reQion could have a detrimental effect on antiQen 

binding. 
iii. Framework changes in 872.3 gH gene 
On the basis of the above analysis, E73 was mutated to a lysine (K). It was found that this change had 
a dramatic effect on the ability of the grafted Ab to bind to mucin. Further the ability of the grafted 
B72.3 produced by the mutated gH/gL combination to bind to mucin was similar to ·that of the B72.3 
chimeric antibody. 
iv. Other framework changes 
In the course of the above experiments. other changes were made in the heavy chain framework 
regions. Within the accuracy of the assays used, none of the changes, either alone or together. 
appeared beneficial. 
v. Other 
All assays used measured the ability of the grafted Ab to bind to mucin and, as a whole, indicated 
that the single framework change at position 73 is sufficient to generate an antibody with similar 
binding properties to B72.3. Comparison of the 872.3 murine and EU heavy chain sequences reveals 
that the mouse and human residues are identical at positions 23, 24, 71 and 78. 
Thus the mutated CCR-grafted B72.3 heavy chain corresponds to a preferred embodiment of the 
present invention. 

EXAMPLE 4 

CCR-GRAFTING OF A MURINE ANTl·ICAM-1 MONOCLONAL ANTIBODY 

A murine antibody, R6-5-D6 (EP 0314863) having specificity for lntercellular Adhesion Molecule 1 
(ICAM-1) was CDR-grafted substantially as described above in previous examples. This work is described in 
greater detail In co-pending application, British Patent Application No. 9009549.8, the disclosure of which is 

55 
incorporated herein by reference. 
The human EU framework was used as the acceptor framework for both heavy and light chains. The CDR
grafted antibody currently of choice is provided by co-expression of grafted light chain gl221A and grafted 
heavy chain gH3410 which has a binding affinity for ICAM 1 of about 75% of that of the corresponding 
mouse-human chimeric antibody. 

24 
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LIGHT CHAIN 

gl221A has murine CDRs at positions 24-34 (CDR1), 50-56 (CDR2) and 89-97 (COR3). In addition 
several framework residues are also the murine amino acid. These residues were chosen after consideration 

s of the possible contribution of these residues to domain packing and stability of the conformation of the 
antigen binding region. The residues which have been retained as mouse are at positions 2, 3, 48 (?), 60, 
84, 85 and 87. Comparison of the murine anti-lCAM 1 and human EU light chain amino acid sequences 
reveals that the murine and human residues are identical at positions 48, 58 and 71. 

10 HEAVY CHAIN 

gH3410 has murine CDRs at positions 26·35 (CDR1), S0-56 (CDR2) and94·100B (CDR3). In addition 
murine residues were used in gH341D at positions 24, 48, 69, 71, 73, 80, 88 and 91. Comparison of the 
murine anti·ICAM 1 and human EU heavy chain amino acid sequences are identical at positions 23. 49 and 

75 78. 

20 

25 

EXAMPLE 5 

CDR·Grafting of murine anti· TN Fa antibodies 

A number of murine anti· TNFa monoclonal antibodies were CDR-grafted substantially as described 
above in previous examples. These antibodies include the murine monoclonal antibodies designated 61 
E71, hTNF1, hTNF3 and 101.4 A brief summary of the CCR-grafting of each of these antibodies is given 
below. 

61E71 

A similar analysis as described above (Example 1, Section 12.1.) was done for 61E71 and for the heavy 
chain 10 residues were identified at 23, 24, 48, 49, 68, 69, 71, 73, 75 and 88 as residues to potentially 

30 retain as murine. The human frameworks chosen for CDR-grafting of this antibody, and the hTNF3 and 
101.4 antibodies were RE1 for the light chain and KOL for the heavy chain. Three genes were built, the first 
of which contained 23, 24, 48, 49, 71 and 73 (gH341(6)] as murine residues. The second gene also had 75 
and 88 as murine residues (gH341(8)] while the third gene additionally had 68, 69, 75 and 88 as murine 
residues [gH341(10)]. Each was co-expressed with gl221, the minimum grafted light chain (CDRs only). 

35 The gl221/gH341(6) and gl221/gH341(8) antibodies both bound as well to TNF as murine 61E71. The 
gl221/gH341(10) antibody did not express and this combination was not taken further. 
Subsequently the gl221/gH341(6) antibody was assessed in an L929 cell competition assay in which the 
antibody competes against the TNF receptor on l929 cells for binding to TNF in solution. In this assay the 
gl2211gH341(6) antibody was approximately 10% as active as murine 61 E71. 

hTNF1 

hTNF1 is a monoclonal antibody which recognises an epitope on human TNF· . The EU human 
framework was used for CDR-grafting of both the heavy and light variable domains. 

Heavy Chain 

In the CDR-grafted heavy chain (ghTNF1) mouse CDRs were used at positions 26·35 (CDR1), 50·65 
(CDR2) and 95-102 (CDR3). Mouse residues were also used in the frameworks at positions 48. 67, 69, 71, 

so 73, 76, 89, 91, 94 and 108. Comparison of the TNF1 mouse and EU human heavy chain residues reveals 
that these are identical at positions 23, 24, 29 and 78. 

Light Chain 

55 In the CCR-grafted light chain (glhTNF1) mouse CDRs wre used at positions 24·34 (COR1), 50-56 
(CDR2) and 89-97 (CDR3). In addition mouse residues were used in the frameworks at positions 3, 42, 48, 
49, 83, 106 and 108. Comparison of the hTNF1 mouse and EU human light chain residues reveals that 
these are identical at positions 46, 58 and 71. 

25 
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The grafted hTNF1 heavy chain was co-expressed with the chimeric light chain and the binding ability 
of the product compared with that of the chimeric light chain/chimeric heavy chain product in a TNF binding 
assay. The grafted heavy chain product appeared to have binding ability for TNF slightly better than the 
fully chimeric product. 

s Similarly. a grafted heavy chain/grafted light chain product was co-expressed and compared with the 
fully chimeric product and found to have closely similar binding properties to the latter product. 

hTNF3 

10 hTNF3 recognises an epitope on human TNF-a. The sequence of hTNF3 shows only 21 differences 
compared to 61E71 in the light and heavy chain variable regions, 10 in the light chain (2 in the CDRs at 
positions 50. 96 and 8 in the framework at 1, 19, 40, 45. 46. 76. 103 and 106) and 11 in the heavy chain (3 
in the CDR regions at positions 52, 60 and 95 and 8 in the framework at 1, 10, 38, 40, 67, 73, 87 and 105). 
The light and heavy chains of the 61E71 and hTNF3 chimeric antibodies can be exchanged without loss of 

1s activity in the direct binding assay. However 61E71 is an order of magnitude less able to compete with the 
TNF receptor on L.929 cells for TNF-a compared to hTNF3. Based on the 61E71 CDR grafting data gl221 
and gH341(+23, 24, 48, 49 71 and 73 as mouse) genes have been built lor hTNF3 and tested and the 
resultant grafted antibody binds well to TNF-a. but competes very poorly in the L.929 assay. It is possible 
that in this case also the framework residues identified for OKT3 programme may improve the competitive 

20 binding ability of this antibody. 

101.4 

101.4 Is a further murine monoclonal antibody able to recognise human TNF-a. The heavy chain of this 
25 antibody shows good homology to KOL and so the CCR-grafting has been based on RE1 for the light chain 

and KOL for the heavy chain. Several grafted heavy chain genes have been constructed with conservative 
choices for the CDR's (gH341) and which have one or a small number of non-CDR residues at positions 73, 
78 or 77-79 inclusive, as the mouse amino acids. These have been co-expressed with cl or gl221. In all 
cases binding to TNF equivalent to the chimeric antibody is seen and when co-expressed with cl the 

30 resultant antibodies are able to compete well in the L.929 assay. However, with gl221 the resultant 
antibodies are at least an order of magnitude less able to compete for TNF against the TNF receptor on 
L.929 cells. 

Mouse residues at other positions in the heavy chain, for example, at 23 and 24 together or at 76 have 
been demonstrated to provide no improvement to the competitive ability of the grafted antibody in the L929 

35 assay. 
A number of other antibodies including antibodies having specificity for interleukins e.g. IL 1 and cancer 

markers such as carcinoembryonic antigen (CEA) e.g. the monoclonal antibody A5B7 (ref. 21 ), have been 
successfully CDR-graftad according to the present invention. 
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Claims 

1. An antibody molecule having affinity for a predetermined antigen and comprising a composite heavy 
chain and a complementary light chain, said composite heavy chain having a variable domain 
comprising acceptor antibody heavy chain framework residues and donor antibody heavy chain 
antigen-binding residues. said donor antibody having affinity for said predetermined antigen, wherein, 

75 according to the Kabat numbering system, in said composite heavy chain, amino acid residues 5, 8, 10, 
12 to 17, 19, 21, 22, 40, 42 to 44, 66, 68, 70, 74, n, 79, 81, 83 to 85, 90. 92, 105, 109, 111 and 113 at 
least are acceptor residues and amino acid residues 23, 24, 31 to 35, 49 to 58, 71. 73, 78 and 95 to 
102 at least are donor residues. 

20 

25 

30 

35 

2. 

3. 

4. 

s. 

6. 

7. 

The antibody molecule of claim 1, wherein amino acid residues 26 to 30 and 59 to 65 in said 
composite heavy chain are additionally donor residues. 

The antibody molecule of claim 1 or clalm 2, wherein at least one of amino acid residues t, 3, and 76 
in said composite heavy chain are additionally donor residues. 

The antibody molecule of any one of claims 1 to 3, wherein at least one of amino acid residues 36, 94, 
104, 106 and 107 in said composite heavy chain are additionally donor residues. 

The antibody molecule of claim 4, wherein at least one of amino acid residues 2, 4, 6, 38, 48, 67 and 
69 in said composite heavy chain are additionally donor residues. 

The antibody molecule of any one of claims 1 to 5, wherein amino acid residues 7, 9, 11, 18, 20, 25, 
37, 39, 41, 45, 47, 48, 72, 75, 80, 82, 86 to 89, 91, 93,103,108,110 and 112 in said composite heavy 
chain are additionally acceptor residues. 

The antibody molecule of any one of claims 1 to 6, wherein said complementary light chain is a 
composite light chaln having a variable domain comprising acceptor antibody light chain framework 
residues and donor antibody light chain antigen-binding residues, said donor antibody having affinity for 
said predetermined antigen, wherein, according to the Kabat numbering system, in said composite light 
chain, amino acid residues 5, 7 to 9, 11, 13 to 18, 20, 22, 23, 39, 41 to 43, 57, 59, 61, 72, 74 to 79, 81, 
82, 84, 86, 88, 100, 104, 106 and 107 at least are acceptor residues and amino acid residues 24 to 34, 
46, 48, 50 to 56, 58, 71 and 89 to 97 at least are donor residues. 

8. The antibody molecule of claim 7, wherein amino acid residues 1, 3 and 47 in said composite light 
45 chain are additionally donor residues. 

9. The antibody molecule of claim 7 or claim 8, wherein amino acid residues 36, 44. 47, 85 and 87 in said 
composite light chain are additionally donor residues. 

so 10. The antibody molecule of any one of claims 7 to 9, wherein at least one of amino acid residues 2, 4, 6, 
49, 62, 64 to 69, 98, 99, 101 and 102 in said composite light chain are additionally donor residues. · 

11. The antibody molecule of any one of claims 7 to 11, wherein at least one of amino acid residues 1, 3, 
10, 12, 21, 40, 60, 63, 70, 73, 80, 103 and 105 in said composite light chaln are additionally donor 

55 residues. 

12. A therapeutic or diagnostic composition comprising the antibody molecule of any one of claims t to 1 t 
In combination with a pharmaceutically acceptable carrier, diluent or exciplent. 
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13. A method for producing a recombinant antigen binding molecule having affinity for a predetermined 
antigen comprising the steps of: 

[1 J determining the amino acid sequence of the variable domain of the heavy chain of a donor 
antibody which has affinity for said predetermined antigen; 

s [2) determining the amino acid sequence of the variable domain of the heavy chain of a non-specific 
acceptor antibody; 
[3] providing a composite heavy chain for an antibody molecule, said composite heavy chain having 
acceptor framework residues and donor antigen binding residues wherein, according to the Kabat 
numbering system, amino acid residues 5, 8, 10, 12 to 17, 19, 21, 22, 40, 42 to 44, 66, 68, 70, 74, 

10 77, 79, 81, 83 to 85, 90, 92, 105, 109, 111 and 113 at least are acceptor residues and amino acid 
residues 23, 24, 31 to 35, 49 to 58, 71, 73, 78 and 95 to 102 at least are donor residues; 
[4] associating the heavy chain produced in step [3] with a complementary light chain to form an 
antibody molecule; 
[5] determining the affinity of the antibody molecule formed in step [4] for said predetermined 

15 antigen; 
[6] if the affinity determined in step [5] is not equivalent to that of the donor antibody, providing a 
heavy chain as described in [3] above but in which amino acid residues 71, 73 and 78 are 
additionally donor residues: 
[7) associating the heavy chain produced in step [6) with a complementary light chain to form an 

20 antibody molecule; 
[8] determining the affinity of the antibody molecule formed in step [7] for said predetermined 
antigen; 
[9] If the affinity determined In step (8] Is not equivalent to that of the donor antibody, providing a 
heavy chain as described in [6) above bu1 in which amino acid residues 26 to 30 are additionally 

25 donor residues; 
(10) associating the heavy chain produced in step (9) with a complementary light chain to form an 
antibody molecule; 
(11] determining the affinity of the antibody molecule formed in step [10) for said predetermined 
antigen; 

30 [12] if the affinity determined in step (11) is not equivalent to that of the donor antibody, providing a 
heavy chain as described in [9] above but in which at least one of amino acid residues 1, 3, and 76 
are additionally donor residues; 
[13] associating the heavy chain produced in step [12] with a complementary light chain to form an 
antibody molecule; 

35 [14] determining the affinity of the antibody molecule formed in step [13] for said predetermined 
antigen; 
[15) if the affinity determined in step [14) is not equivalent to that of the donor antibody, providing a 
heavy chain as described In [12] above but In which at least one of amino acid residues 36, 94, 104, 
106, 107 are additionally donor residues; 

40 [16] associating the heavy chain produced in step [15] with a complementary light chain to form an 
antibody molecule. 
(17] determining the affinity of the antibody molecule formed in step [16) for said predetermined 
antigen; 
[18] if the affinity determined in step [17] is not equivalent to that of the donor antibody, providing a 

45 heavy chain as described in [15] above but in which at least one of amino acid residues 2, 4, 6, 38, 
48. 67 and 69 are additionally donor residues; and 
[19] associating the heaVY. chain produced in step [18) with a complement?ry light chain to form an 
antibody molecule. 

so 14. The method of claim 13, further comprising the steps of: 
[1] determining the amino acid sequence of the variable domain of the light chain of said donor 
antibody which has affinity for said predetermined antigen; 
[2] determining the amino acid sequence of the variable domain of the light chain of a non-specific 
acceptor antibody; 

55 [3] providing a composite light chain for an antibody molecule, said composite light chain having 
acceptor framework residues and donor antigen binding residues wherein, according to the Kabat 
numbering system, amino acid residues 5. 7 to 9, 11, 13 to 18, 20. 22, 23, 39, 41 to 43, 57, 59, 61, 
72, 74 to 79 to 81, 82. 84, 86, 88, 100, 104 and 106 to 109 at least are acceptor residues and amino 
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acid residues 24 to 34, 46, 48, 50 to 56, 58, 71 and 89 to 97 at least are donor residues; 
[4) associating the light chain produced In step (3) with a complementary heavy chain to form an 
antibody molecule; 
[5] determining the affinity of the antibody molecule formed in step [4] for said predetermined 

s antigen; 
(6) if the affinity determined in step (5) is not equivalent to that of the donor antibody, providing a 
light chain as described in (3] above but in which amino acid residues 1, 2, 3 and 47 are additionally 
donor residues; 
[7] associating the light chain produced in step [6] with a complementary heavy chain to form an 

10 antigen-binding molecule; 
[8] determining the affinity of the antigen-binding molecule formed in step [7] for said predetermined 
antigen; 
[9] if the affinity determined in step [8] is not equivalent to that of the donor antibody, providing a 
light chain as described in [6] above but in which amino acid residues 36. 44, 47, 85 and 87 are 

15 additionally donor residues; 
[10] associating the light chain produced in step (9] with a complementary heavy chain to form an 
antibody molecule; 
[11] determining the affinity of the antibody molecule formed in step [10] for said predetermined 
antigen; 

20 [12] If the affinity determined In step [11] is not equivalent to that of the donor antibody, providing a 
light chain as described in [9] above but in which at least one of amino acid residues 2, 4, 6, 49, 62, 
64 to 69, 98, 99, 101 are additionally donor residues; and 

25 

[13] associating the light chain produced In step [9] with a complementary heavy chain to form an 
antibody molecule. 

Patentansplilche 

1. Ein AntikorpermolekOI, das Affinitlit fUr ein vorherbestimmtes Antigen besitzt und eine zusammenge· 
setzte schwere Kette und elne komplementlire leichte Kette umfaBt, wobei diese zusammengesetzte 

30 schwere Kette einen variablen Bereich aufweist, der Rahmenreste von Akzeptor-Antikorper-schwerer· 
Kette und Antigen-Bindungsreste von Donor-Antikorper-schwerer-Kette enth!!lt, wobel dieser Donor· 
Antikllrper Affinitl!.t fUr das genannte vorherbestimmte Antigen besitzt, in welchem AntikllrpermolekOI, 
gem~iB dem Kabat·Numerierungssystem. in der genannten zusammengesetzten schweren Kette minde· 
stens die Aminosliurereste 5, 8, 10, 12 bis 17, 19, 21, 22, 40, 42 bis 44, 66, 68, 70, 74, 77, 79, 81, 83 

35 bis 85, 90, 92, 105, 109, 111 und 113 Akzeptor-Reste und mindestens die Aminosliurereste 23, 24, 31 
bis 35, 49 bis 58, 71, 73, 78 und 95 bis 102 Donor-Reste sind. 

2. Das Antik<SrpermolekOI nach Anspruch 1, in welchem die Aminosliurereste 26 bis 30 und 59 bis 65 in 
der genannten zusammengesetzten schweren Kette zuslitzlich Donor-Aeste sind. 

3. Oas AntikorpermolekOI nach Anspruch 1 oder Anspruch 2. in welchem mindestens einer der Aminosliu· 
rereste 1, 3 und 76 in der genannten zusarnmengesetzten schweren Kette zuslitzlich ein Donor-Rest 
ist. 

45 4. Das AntikorpermolekOI nach einem der AnsprUche 1 bis 3. in welchem mindestens einer der Amino· 
sliurereste 36. 94, 104, 106 und 107 in der genannten zusammengesetzten schweren Kelle zuslitzlich 
ein Donor-Rest ist. 

6. Das AntikorpermolekOI nach Anspruch 4, in welchem mindestens einer der Aminosaurereste 2, 4, 6. 38, 
so 48. 67 und 69 in der genannten zusammengesetzten schweren Kette zusatzlich ein Donor-Rest ist. 

55 

6. Das AntikorpermolekOl nach einem der AnsprOche 1 bis 5, in welchem die Arninosaurereste 7, 9. 11, 
18, 20, 25. 37, 39, 41, 45, 47, 48, 72, 75, 80, 82, 86 bis 89, 91. 93, 103, 108, 110 und 112 in der 
genannten zusammengesetzten schweren Kette zuslitzlich Akzeptor-Reste sind. 

7. Das Antik6rpermolekUI nach einem der AnsprUche 1 bis 6, in welchem die komplementlire leichte Kette 
eine zusammengesetzte leichte Kette mit einem variablen Bereich ist. der Rahmenreste von Akzeptor
Antik6rper-leichter-Kette und Antigen-Bindungsreste von Donor-Antikorpers-leichter·Kette enthlilt, wobei 
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dieser Donor-AntiklSrper Affinit?H fOr das genannte vorherbestimmte Antigen besitzt, in welchem 
AntikorpermolekOI, gem§S dem Kabat-Numerlerungssystem, in der genannten zusammengesetzten 
leichten Kette mindestens die Aminosaurereste 5, 7 bis 9, 11, 13 bis 18, 20, 22, 23, 39, 41 bis 43, 57, 
59, 61, 72, 74 bis 79, 81, 82, 84, 86, 88, 100, 104, 106 und 107 Akzeptor-Reste und mindestens die 

s Aminosliurereste 24 bis 34, 46, 48, 50 bis 56, 58, 71 und 89 bis 97 Donor-Reste sind. 

8. Oas AntikorpermolekOI nach Anspruch 7, in welchem die Aminosliurereste 1, 3 und 47 in der 
genannten zusammengesetzten leichten Kette zusatzlich Donor-Reste sind. 

10 9. Das AntikorpermolekOI nach Anspruch 7 oder Anspruch 8, in welchem die Aminosliurereste 36. 44, 47, 
85 und 87 in der genannten zusammengesetzten leichten Kette zusatzlich Donor-Reste sind. 

10. Das Antik6rpermolekOI nach einem der AnsprOche 7 bis 9, in welchem mindestens einer der Amino· 
saurereste 2, 4, 6, 49, 62, 64 bis 69. 98, 99, 101 und 102 in der genannten zusammengesetzten 

15 leichten Kette zusatzlich ein Donor-Rest isl. 

20 

11. Das AntikorpermolekOI nach einem der AnsprOche 7 bis 11. in welchem mindestens einer der 
Aminosliurereste 1, 3, 10. 12, 21, 40, 60. 63, 70, 73, 80,103 und 105 in der genannten zusammenge
setzten leichten Kette zuslitzlich ein Donor-Rest ist. 

12. Eine therapeutische oder diagnostische Zusammensetzung, die das AntikorpermolekOI nach einem der 
AnsprOche 1 bis 11 in Kombination mil einem pharmazeutisch verwendbaren Trager, Verdilnnungsmit· 
tel oder Vehikel enthlilt. 

25 13. Ein Verfahren zur Hersteliung eines rekombinanten Antigen-BindungsmolekUls mit Affinitat fOr ein 
vorherbestimmtes Antigen, welches Verfahren folgende Schrltte umfaSt: 

(1) Bestimmung der Aminosliuresequenz des varlablen Bereichs der schweren Kette eines Donor
Antikorpers mil Affinitat tor das genannte vorherbeslimmte Antigen; 
(2) Bestimmung der Aminosliuresequenz des varlablen Bereichs der schweren Kette eines nichtspe· 

30 zifischen Akzeptor·AntiklSrpers; 
(3) Bereitslellung einer zusammengesetzten schweren Kette fOr ein AnliklSrpermolekUI, wobei diese 
zusammengesetzte schwere Kette Akzeptor-Rahmenreste und Oonor-Antigen-Bindungsreste auf
weist, worin, nach dem Kabat-Numerierungssystem mindestens die Aminosaurereste 5, 8, 10, 12 bis 
17, 19, 21, 22, 40, 42 bis 44, 66, 68, 70, 74, n, 79, 81, 83 bis 85, 90, 92, 105, 109, 111 und 113 

35 Akzeptor-Reste und mindeslens die Aminosaurereste 23, 24, 31 bis 35, 49 bis 58. 71, 73, 78 und 95 
bis 102 Oonor-Reste sind; 
(4) Assoziierung der in Stufe (3) hergestellten schweren Kette mit einer komplemenUiren leichten 
Kette zur Bildung eines AntikorpermolekUls; 
(5) Bestimmung der Affinit!it des in Stufa (4) gebildeten AntikorpermolekOls tor das genannte 

40 vorherbestimmte Antigen; 
(6) wann die in Stufe (5) bestimmte Affinitat nicht der des Oonor-Antikorpers aquivalent ist, 
Bereilstellung einer schweren Kette nach der Beschreibung des obigen Punktes (3), in welcher die 
Aminosliurereste 71, 73 und 78 zusatzlich Donor-Reste sind; 
(7) Assoziierung der in Stufe (6) hergestellten schweren Kette mil einer komplementaren leichten 

45 Kette zur Bildung eines AntikorpermolekOls: 
(8) Bestimmung der Affinitat des in Stufe (7) gebildeten AntikorpermolekOls fOr das genannte 
Antigen; 
(9) wenn die in Stufe (8) bestimmte Affinitat der des Donor·Antikorpers nichl iiquivalenl ist, 
Bereitstellung einer schweren Kette nach der Beschreibung des obigen Punktes (6). in welcher 

50 jedoch die Aminosliurereste 26 bis 30 zusatzlich Oonor-Reste sind; 
(10} Assoziierung der in Stufe (9) hergestellten schweren Kette mil einer komplementliren leichten 
Kette zur Bildung eines AntikorpermolekUls 
(11) Bestimmung der Affinitlit des In Stufe (10) gebildeten AntikorpermolekOls fUr das genannle 
vorherbestimmte Antigen; 

55 (12) wenn die in Stufe (11) bestimmte Affinitiit der des Donor·Antikorpers nicht liquivalenl ist, 
Bereitstellung elner schweren Kette nach der Beschreibung des obigen Punkies (9), in welcher 
jedoch mindestens elner der Aminosaurereste 1, 3 und 76 zusatzlich ein Donor-Rest ist; 
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(13) Assoziierung der in SMe (12) hergestellten schweren Kette mit einer komplementliren leichten 
Kette zur Bildung elnes AntiktsrpermolekOls; 
(14) Bestimmung der Affinitllt des in Stufe (13) gebildeten Antik6rpermolek01s fOr das genannte 
vorherbestimmte Antigen; 

6 (15) wenn die In Stufe (14) bestimmte Affinitlit der des Donor-Antik6rpers nicht !iquivalent ist, 
Bereitstellung elner schweren Kette nach der Beschreibung des obigen Punktes (12), in welcher 
jedoch mindestens einer der Aminos!lurereste 36, 94, 104, 106, 107 zuslitzlich ein Donor-Rest ist; 
(16) Assoziierung der in Stufe (15) hergestellten schweren Kette mit einer komplementaren teichten 
Kette zur Bildung eines Antik6rpermolek01s; 

10 (17) Bestimmung der Affinitat des in Stufe (16) gebildeten AntikorpermolekOls tor das genannte 
vorherbestimmte Antigen; 
(18) wenn die in Stufe (17) bestimmte Alfinitat der des Donor-Antikorpers nicht aquivalent ist, 
Bereitstellung einer schweren Kette nach der Beschreibung des obigen Punktes (15), in welcher 
jedoch mindestens einer der Aminosaurereste 2, 4, 6, 38, 48, 67 und 69 zusatzlich ein Donor-Rest 

15 ist; 
(19) Assoziierung der in Stufe (18) hergestellten schweren Kette mit einer komplementaren leichten 
Kette zur Bildung eines AntikorpermolekOls. 

14. Das verfahren nach Anspruch 13, das auBerdem folgende Schritte umfaBt: 
20 (1) Bestimmung der Aminosauresequenz des variablen Bereichs der lelchten Kette des genannten 

Donor-Antikorpers, der Affinitat fUr das genannte vorherbestimmte Antigen hat; 
(2) Bestimmung der Aminosauresequenz des variablen Berelchs der leichten Kette eines nichtspezi
fischen Akzeptor-Antikorpers: 
(3) Bereitstellung einer zusammengesetzten leichten Kette fOr ein AntikorpermolekOI, wobel diese 

25 zusammengesetzte leichte Kette Akzeptor-Rahmenreste und Donor-Antigen-Bindungsreste aufweist, 
worin, nach dam Kabat-Numerierungssystem, mindestens die Aminosaurereste 5, 7 bis 9, 11, 13 bis 
18, 20, 22, 23, 39, 41 bis 43, 57, 59, 61, 72, 74 bis 79 bis 81, 82, 84, 86, 88, 100, 104 und 106 bis 
109 Akzeptor-Reste und mindestens die Aminosaurereste 24 bis 34, 46, 48, SO bis 56, 58, 71 und 89 
bis 97 Oonor-Reste sind; 

30 (4) Assoziierung der in Stufe (3) hergestellten leichten Kette mit einer komplementliren schweren 
Kette zur Bildung eines AntikorpermolekOls; 
(5) Bestimmung der Affinitlit des in Stufe (4) gebildeten AntikorpermolekOls fUr das genannte 
vorherbestimmte Antigen; 
(6) wenn die in Stufe (5) bestimmte Affinitlit der des Donor-Antik6rpers nicht liquivalent ist, 

35 Bereitstellung einer leichten Kette nach der Beschreibung des obigen Punktes (3), in welcher jedoch 
die Aminos!iurereste 1, 2, 3 und 47 zuslitzlich Donor-Reste sind; 
(7) Assoziierung der in Stufe (6) hergestellten leichten Kette mit einer komplementliren schweren 
Kette zur Bildung eines Antigen-BindungsmolekO!s; 
(8) Bestimmung der Affinitlit des in Stufe (7) gebildeten Antigen-BindungsmolekOls fOr das genannte 
vorherbestimmte Antigen; 
(9) wenn die in Stufe (8) bestimmte Affinitat der des Donor-Antikorpers nicht aquivalent ist, 
Bereitstellung einer leichten Kette nach der Beschreibung des obigen Punktes (6), in welcher jedoch 
die Aminosll.urereste 36, 44, 47, 85 und 87 zuslitzlich Donor-Reste sind; 
(10) Assoziierung der in Stufe (9) hergestellten leichten Kette mit einer komplementaren schweren 
Kette zur Bildung eines AntikorpermolekOls; 
(11) Bestimmung der Affinitat des in Stufe (10) gebildeten AntikorpermolekOls fOr das genannte 
vorherbestimmte Antigen; 
(12) wenn die in Stufe (11) bestimmte Affinitat der des Donor-Antikorpers nicht equivalent ist. 
Bereitstellung einer leichten Kette nach der Beschreibung des obigen Punktes (9). in watcher jedoch 

so mindestens einer der Aminosaurereste 2, 4, 6, 49, 62, 64 bis 69, 98, 99, 101 zusatzlich ein Donor
Rest ist 
(13) Assoziierung der in Stufe (9) hergestellten leichten Kette mil einer komplementliren schweren 
Kette zur Bildung e!nes AntikorpermolekOls. 

55 Revendlcatlons 

1. Molecule d'anticorps ayant une affinite pour un antig~ne predetermine et comprenant une chaine 
lourde composite et une chaine legere complementaire, ladite chatne lourde composite pos~dant un 
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domalne variable comprenant des residus d'armature de chaine lourde d'anticorps accepteur et des 
residus de liaison A l'antigene de chaine lourde d'anticorps donneur, ledit anticorps donneur ayant une 
affinite pour ledit antigllne pred6terminl1, dans laquelle, conform6ment au systllme de num6rotation de 
Kabat, dans ladite chains lourde composite, las residus d'acides amines 5, 8, 10, 12 A 17, 19, 21, 22, 

s 40, 42 A 44, 66, 68, 70, 74, n, 79, 81, 83 A 85, 90, 92, 105, 109, 111 et 113 au moins sont des residus 
accepteurs et les residus d'acides amimis 23, 24, 31 A 35, 49 A 58, 71, 73, 78 et 95 A 102 au moins 
sont des residus donneurs. 

2. Molecule d'anticorps salon la revendication 1, dans laquelle les residus d'acides amines 26 A 30 et 59 
10 A 65 dans ladite chaine lourde composite sont en outre des residus donneurs. 

3. Molecule d'anticorps selon la revendication 1 ou la revendication 2, dans laquelle au moins un des 
residus d'acides amines 1, 3 et 76 dans ladite chaine lourde composite est en outre un residu donneur. 

15 4. Molecule d'anticorps salon l'une quelconque des revendications 1 A 3, dans laquelle au moins un des 
residus d'acides amines 36, 94, 104, 106 et 107 dans ladite chaine lourde-composite-esl en outre un 
residu donneur. 

5. Molecule d'anlicorps salon la revendication 4, dans laquelle au moins un des residus d'acides amines 
20 2, 4, 6, 38, 48, 67 et 69 dans ladite chaine lourde composite est en outre un residu donneur. 

25 

6. Molecule d'anticorps selon t'une quelconque des revendications 1 A 5, dans laquelle les residus 
d'acides amines 7, 9, 11, 18, 20. 25, 37, 39, 41, 45, 47, 48, 72, 75, 80, 82, 86 A 89, 91, 93, 103, 108, 
110 et 112 dans ladite chaihe lourde composite sont en outre des residus accepteurs. 

7. Molecule d'anticorps selon l'une quelconque des revendications 1 A 6, dans laquelle ladite chaine 
legere comp!ementaire est une chaTne legllre composite possedant un domaine variable comprenant 
des residus d'armature de chaine legere d'anticorps accepteur et des residus de liaison A 1'antigene de 
chaihe legllre d'anticorps donneur, !edit anticorps donneur ayant une affinit6 pour ledit antigene 

ao predetermine, dans laquelle, conformement au sys~me de numerotation de Kabat, dans ladite chaine 
legere composite, !es residus d'acides amines 5, 7 A 9, 11, 13 A 18, 20, 22, 23, 39, 41 A 43, 57, 59, 61, 
72, 74 A 79, 81, 82, 84, 86, 88, 100, 104, 106 et 107 au moins sont des residus accepteurs et !es 
residus d'acides amines 24 A 34, 46, 48, 50 A 56, 58, 71 et 89 A 97 au moins sont des residus 
donneurs. 

35 

8. Molecule d'anticorps selon la revendication 7, dans laquelle les residus d'acides amines 1, 3 et 47 dans 
ladite chaine legllre composite sont en outre des residus donneurs. 

9. Molecule d'anticorps salon la revendication 7 ou la revendication 8, dans laquelle les residus d'acides 
40 amines 36, 44, 47, 85 et 87 dans ladite chaine legere composite sont en outre des residus donneurs. 

45 

10. Molecule d'anticorps salon l'une quelconque des revendications 7 A 9, (!ans laquelle au moins un des 
residus d'acides amines 2, 4, 6, 49, 62, 64 A 69, 98, 99, 101 et 102 dans ladite chaine legere 
composite est en outre un residu donneur. 

11. Molecule d'anticorps selon l'une quelconque des revendications 7 A 11, dans laquelle au moins un des 
residus d'acides amines 1, 3, 10, 12, 21, 40, 60, 63, 70, 73, 80, 103 et 105 dans ladite chaine legere 
composite est en o·utre un residu donneur. 

50 12. Composition lherapeutique ou de diagnostic comprenant la molecule d'anticorps selon l'une quelcon· 
que des revendications 1 A 11 en combinalson avec un vehicule, diluant ou excipient pharmaceutique
ment acceptable. 

13. Procede de production d'une molecule recombinante de liaison a l'antigene ayant une affinite pour un 
55 antigens predetermine comprenant les etapes qui consistent 11 : 

[1 J determiner la sequence d'acides amines du domaine variable de la chaihe lourde d'un anticorps 
donneur qui a une affinite pour !edit antigens predetermine; 
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[2] determiner la ~quence d'acides amines du domaine variable de la chaine lourde d'un anticorps 
accepteur non s~cifique; 
[3] produire une chaine lourde composite pour une m<>Mcule d'anticorps, ladite chaina lourde 
composite pos~dant des residus d'armature accepteurs et des residus de liaison a l'antiglme 

s donneurs, dans laquelle, conformemant au sys~ma de numerotation de Kabat, les rasidus d'acidas 
amloos 5, 8, 10, 12 A 17, 19, 21, 22, 40, 42 a 44, 66, 68, 70, 74, 77, 79, 81, 83 a 85, 90, 92, 105, 
109, 111 et 113 au moins sont des residus accepteurs et las residus d'acides amines 23, 24, 31 a 
35, 49 a 58, 71, 73, 78 at 95 a 102 au moins sont des residus donnaurs; 
[41 associer la chaine lourde produite dans l'etape [3] avec une chaine le~re complementaire pour 

10 former une molecule d'anticorps; 
[51 determiner l'affinite de la molecule d'anticorps formee dans l'etape [41 pour ledit antigene 
predetermine; 
(6] Si l'affinite determinee dans l'etape (5) n'est pas equivalente a Celle de l'anticorps donneur, 
produire une chaTne lourde telle que ~crite dans l'etape {3) ci-dessus mais dans laquelle las 

15 residus d'acides amioos 71. 73 et 78 sont en outre des residus donneurs; 
[7) associer la chaine lourde produite dans l'etape (6] avec une chaTne le~re complementaire pour 
former une molecule d'anticorps; 
[8] determiner l'affinite de la molecule d'anticorps formee dans l'etape [7] pour ledit antigene 
predetermine; 

20 (9) Si l'affinite determlnee dans l'etape [8) n'est pas equivalente a celle de l'anticorps donneur, 
produire une chaTne lourde telle que decrite dans l'etape [6) ci-dessus mais dans laquelle les 
residus d'acides amines 26 a 30 soot en outre des residus donneurs; 
[10) associer la chaine lourde produite dans l'etape [9] avec une chaine legere complementaire pour 
former une molecule d'anticorps; 

25 (11) determiner l'affinM de la molecule d'anticorps formee dans l'tHape [10] pour ledit antigene 
pr6determine; 
[12) si l'affinite determinee dans l'etape [11) n'est pas equivalents A celle de l'anticorps donneur, 
produire une chaine lourde telle qua decrite dans l'etape [9] ci-dessus mais dans laquelle au moins 
un des residus d'acides amines 1, 3 et 76 est en outre un residu donneur; 

30 [13) associer la chaine lourde produite dans Mtape [12) avec une chaine legere complementaire 
pour former une molecule d'anticorps; 
[14) determiner l'affinite de la molecule d'anticorps formee dans l'etape [131. pour !edit antigene 
predetermine; 
[15) si l'affinite determines dans l'etape [14] n'est pas equivalents ~ celle de l'anticorps donneur, 

35 produire une chaine lourde telle qua decrite dans l'etape [12) ci-dessus mais dans laquelle au moins 
un des residus d'acides amines 36, 94, 104, 106, 107 est en outre un residu donneur; 
[16) associer la chaine lourde produite dans l'etape [15] avec une chaine legere complementaire 
pour former une mo~le d'anticorps; 
[17] determiner l'affinite de la molecule d'anticorps formee dans l'etape [16) pour !edit antigene 
predetermine; 
[18] si l'affinite determinee dans l'etape [17) n'est pas equivalente ~ celle de l'anticorps donneur. 
produire une chaine lourde telle qua decrite dans l'etape [15) ci-dessus mais dans laquelle au moins 
un des residus d'acides amines 2, 4, 6. 38, 48, 67 et 69 est en outre un residu donneur: et 
[19] associer la chaine lourde produite dans l'etape [18) avec une chaine legere complementaire 

45 pour former une molecule d'anticorps. 

14. Procede selon la revendication 13, comprenant.aussi les etapes qui consistent A; 
[1] determiner la sequence d'acides amines du domaine variable de la chaine legere dudit anticorps 
donneur qui a une affinite pour ledit antigene pre~termine: 

so [2J determiner la ~quence d'acides amines du domaine variable de la chaine legere d'un anticorps 
accepteur non specifique; 
[3) foumir une chaine le~re composite pour une molecule d'anticorps, ladite cha'i'ne legere 
composite posredant des residus d'armature accepteurs et des residus de liaison ll l'antigene 
donneurs, dans laquelle, conformement au systeme de numerotation de Kabat. les residus d'acides 

s5 amines 5, 1 a 9, 11. 13 a 18. 20. 22. 23, 39, 41 a 43, 57, 59, 61, 12. 74 a 79 a 01. 82. 84, 86, aa. 
100, 104 et 106 li 109 au moins sont des residus accepteurs et les residus d'acides amines 24 a 34, 
46. 48, 50 a 56. 58. 71 et 89 a 97 au moins sont des resldus donneurs; 
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(4) assocler la chaine ~gere produite dans l'etape [3] avec une chaine lourde complementaire pour 
former une molecule d'anticorps; 
(5) ~terminer l'affiniM de la mo~cule d'anticorps for~e dans l'etape [41 pour ledit antigene 
pre~termine; 

5 (6) si l'affinite ~terminee dans l'etape (5) n'est pas 6quivalente a calla de l'anticorps don11eur. 
produire une chatne 16gere telle qua decrite dans l'etape (3) ci-dessus mais dans laquelle las 
residus d'acides amines 1, 2, 3 et 47 sont en outre des residus donneurs; 
(7) associer ta chaine legere produite dans l'etape (61 avec une chatne lourde complementaire pour 
former une molecule de liaison a l'antigene; 

10 (81 determiner l'affinM de la molecule de liaison a l'antigene formee dans l'etape (7) pour ledit 
antigene predetermine; 
[9] si l'affinM ~terminee dans l'etape [8] n'est pas equivalente a ce!le de l'anticorps donneur, 
produire une chaile legere telle que decrite dans l'etape (61 ci-dessus mais dans laquelle les 
residus d'acides amioos 36, 44, 47, 85 et 87 sont en outre des residus donneurs; 

15 {10] associer la chatne legere produite dans l'etape (9) avec une chatne lourde complementaire pour 
former une molecule d'anticorps; 
(11] determiner l'affinite de la molecule d'anticorps formee dans l'etape (10] pour !edit antigene 
predetermine: 
(12] si l'affinite determiooe dans l'etape [11) n'est pas equivalente a ce!le de l'anticorps donneur, 

20 produire une chatne legere telfe que decrite dens l'etape (9) ci-dessus mals dans laquelle au moins 
un des residus d'acides amines 2, 4, 6, 49, 62, 64 a 69, 98, 99, 101 est en outre un resldu donneur; 
et 

25 

30 

35 

40 

45 

50 

55 

[13) associer la chaihe legere produite dans l'etape [9] avec une chaihe lourde complementaire pour 
former une molecule d'anticorps. 
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1 GAATTCCCAA AGACAAAatq gattttcaag tqcagatttt caqcttcctg 
51 ctaatcagtg cctcagtcat aatatccaga ggacaaattg ttctcaccca 

101 gtctccagca atcatgtctg catctccagg ggagaaggtc accatgacct 
151 gcagtgccag ctcaagtgta agttacatga actggtacca gcagaagtca 
201 ggcacctccc ccaaaagatg gatttatgac acatccaaac tggcttctgg 
251 agtccctgct cacttcaggg gcagtgggtc tgggacctct tactctctca 
301 caatcagcgg catggaggct gaagatgctg.ccacttatta ctgccagcag 
351 tggagtagta acccattcac gttcggctcg gggacaaagt tggaaataaa 
401 ccgggctgat actgcaccaa ctgtatccat cttcccacca tccagtgagc 
451 agttaacatc tggaggtgcc tcagtcgtgt gcttcttgaa caacttctac 

501 cccaaagaca tcaatgtcaa gtggaagatt gatggcagtg aacgacaaaa 
551 tggcgtcctg aacagttgga ctgatcagga cagcaaagac agcacctaca 
601 gcatgagcag caccctcacg ttgaccaagg acgagtatga acgacataac 
651 agctatacct gtgaggccac tcacaagaca tcaacttcac ccattgtcaa 
701 gagcttcaac aggaatgagt gtTAGAGACA AAGGTCCTGA GACGCCACCA 
751 CCAGCTCCCA GCTCCATCCT. ATCTTCCCTT CTAAGGTCTT GGAGGCTTCC 
801 CCACAAGCGC tTAC.CACTGT TGCGGTGCTC tAAACCTCCT CCCACCTCCT 

851 TCTCCTCCTC CTCCCTTTCC TTGGCliiTA TCATGCTAAT ATTTGCAGAA 
901 AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA 

Fig. 1 (a) 

l MDFOVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VTMTCSASSS 
51 VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME 

101 AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG 
151 ASWCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DSTYSMSSTL 

201 TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC* 

Fig. 1(b) 
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1 GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC 

51 ACTGGATCTl' TCTACTCCTG TTGTCAGTAA CTGCAGGTGT CCACTCCCAG 

101 GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT 

151 GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTTACTAGG TACACGATGC 

201 ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT 

251 AATCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC 

301 CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA 

351 GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT 

401 GATCATTACT GCCTTGACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC 

4 51 CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG 

501 GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGGT CAAGGGTTAT 

551 TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TGTCCAGTGG 

601 TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA 

651 GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC 

701 AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC 

7 51 CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA 

801 ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT 

851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT 

901 GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG 

951 AAGTACACAC AGCTCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT 

l O O 1 CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG 

1051 CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG 

1101 AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT 

1151 GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC 

1201 CTGCATGGTC ACAGACTTCA TGCCTGAAGA CATTTACGTG GAGTGGACCA 

1251 ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC 

1301 TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTGG AAAAGAAGAA 

1351 CTGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC 

1401 ACAATCACCA CACGACTAAG AGCTTCTCCC GGI\CTCCGGG TAAATGAGCT 

1451 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA 

1501 TGC'l'TCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATG'.l'AAA 

1551 AAAAAAAAAA AAAGGAATTC 

Fig. 2(a) 
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE 

1 MERHWIFLLL LSVTAGVHSQ VQLQQSGAEL ARPGASVKMS CKASGYTFTR 
51 YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM 

101 QLSSLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA 

151 PVCGD'l'TGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY 

201 TLSSSVTVTS STWPSQSITC NVAHPASSTK VDKKIEPRGP TIKPCPPCKC 

251 PAPNLLGGPS VFIFPPKIKD VLMISLSPIV TCVVVDVSED DPDVQISWFV 

301 NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP 

351 APIERTISKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDFMPEDIYV 

401 EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH· 
451 EGLHNHHTTK SFSRTPGK* 

1 

NN N 

Fig. 2(b) 

23 42 

N N N 

RES TYPE SBspSPESssBSbSsSssPSPSPsPSsse*s*p*Pi-ISsSe 

Okt3vl QIVLTQSPAIMSASPGEKVTMTCSASS.SVS~QQKSGT 
REI DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQ!PGK 

? ? 

CDRl 
CDRl 

N NN 

(LOOP) 

(KABAT) 

56 

******* 
*********** 

85 

RES TYPE *IsiPpieesesssSBEsePsPSBSSEsPspsPsseesSPePb 

OktJvl SPKRWIYDTSKLASGVPAgFBGSGSGTSYSLTISgMEAEDAAT 

REI APICLLIYEASNLQAGVPSRFSGSGSGTDXTZTISSLQPED~AT 
? ?? ? ? 

******* CDR2 (LOOP/KABAT) 

102 108 

RES TYPE PiPIPies••iPIIsPPSPSPSS 
OktJvl YYCQQWSSNPFTFG§GTKLEIHR 
REivl YYCQQYQSLPYTFGQGTI(!&l%R 

? ? 

****** CORJ (LOOP) 

********* CRDJ (KABAT) 
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RES TYPE 

Okt3h 

KOL 

EP O 460 167 81 

NN N 23 26 32 35 N39 43 

SESPs-sBsss-sSSsSpSpSPsPSEbSBssBePiPipiesss 

QVQLQQ§GAELARPGASVRHSCKASGYTFTRYTMHWVKQRPGQ 

QVQLVESGG~QPGRSLRLSCSSSGF!FSSYAMYWVRQAPGK 

? ?? 

****** CDRl (LOOP) 

***** CDRl (KABAT) 

52a 60 65 N N N 82abc 89 

RESTYPE IIeippp-ssssssss-ps-pSSsbSpsessssesp-pSpsSBsss-ePb 

OktJvh GLEWIGYINPSRGYTNTNQKFK~KATLTTDKSSSTAYMQLSSLTSEDSAV 

KOL GLEWV~IIWDDGSOQHYADSVKGRFTISRDHSKNTLELQMDSLR~EDT§V 

?? ? ? ? ? ? 

************ CDR2 (LOOP) 

******************* CDR2 (KABAT) 

92 N 107 113 

RES TYPE PiPIEissssiiisssbibi*EIPIP*spSBSS 

Okt3vh YYCARYYDDHY ••••.•• CLDYWGQGTTLTVSS 

KOL YZCARDGGHGFCSSASCFGPDYWGQGT}!VTVSS 

***************** CRD3 (KABAT/LOOP) 

Fig·. 4 
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EP O 460 167 B1 

OKT 3 HEAVY CHAIN CDR GRAFTS 

1. gh341 and derivatives 

1 26 35 39 43 

Okt3vh QVQLQQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ 

gH341 QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK JA178 

gH341A QVQLV2SGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA185 

gH341E QVQLV~SGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA198 

gHJ41* 

gH341* 

gH341D 

.gH341* 

gH341C 

QVQLV2SGGGVVQPGRSLRLSC1$6SGYTFTRYTMHWVRQAPGK JA207 

QVQLV2SGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA209 

QVQLV2SGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA197 

QVQLVgSGGGVVQPGRSLRLS~QAPGK JA199 

QVQLV~SGGGVVQPGRSLRLS~QAPGK JA184 

gH341* QVQLV2SGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 

gH341* QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 

gH341B QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK 

gH341* QVQLV~SGGGVVQPGRSLRLSCS~QAPGK 

gH341* QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 

gH341* QVQLV2SGGGVVQPGRSLRLSCS~QAPGK 

KOL QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK 

F i·g'. 5 ( j.) 

39 

JA203 

JA205 

JA183 

JA204 

JA206 

JA208 
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EP O 460 167 B1 

44 so 65 83 

Okt3vh GLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQLSSLT 

gB341 GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLQMDSLR JA178 
gH341A GLEWIGYINPSRGYTNYNQKV}g2RFTI5!D!SK§TAFLQMDSLR JA185 

gH341E GLEWIGYINPSRGYTNYNOKVKQRFTIS!D!SK§TAFLQMDSLR JA198 
gH341* GLEWIGYINPSRGYTNYNQKVE12RFTISI1)!SKNTAFLQMDSLR JA207 
gH341* GLEWIGYINPSRGYTNYNQKVKQRFTISRDNSKNTAFLQMDSLR JA209 
gH341D GLEW~YINPSRGYTNYNQKVJg2RFTISID!SKNTLFLQMDSLR JA197 
gB341* GLEWIGYINPSRGYTNYNOKVE!2RFTISRDNSKNTLFLQMDSLR JA199 
gH341C GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLQMDSLR JA184 

gB341* GLEWIGYINPSRGYTNYNOKVKDRFTIS!l)!SK§TAFLQMDSLR JA207 
gH34l* GLEWIGYINPSRGYTNYNOKV}g2RFTISIO~SK§TAFLQMDSLR JA205 
gH341B GLEW1GYINPSRGYTNYNOK\1fil2RFTISID!SK§TAFLQMDSLR JA183 
gHJ41* 
gH34l* 
gH341* 
KOL 

GLEWIGYINPSRGYTNYNOK\1EI2RFTI5ID!SK~TAFLQMDSLR JA204 
GLEW!iYINPSRGYTNYNO~RFTISID!SK§TAFLQMDSLR JA206 
GLEWl,SiYINPSRGYTNYNOKVKQRFTISID!SKNTAFLQMDSLR JA208 
GLEWVAIIWDDGSDQHYADSVKGRFTISRDNSKNTLFLQMDSLR 

Fig. S(ii) 

40 
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Okt3Vh 

gHJ41 

gH341A 

gH34lE 

gH341* 

gH34lD 
gHJ41* 

gH34l* 

gH341C 

gH341* 

gH341* 

gH341B 

gH341* 

gHJ41* 

gH341* 

KOL 

EP O 460 167 B1 

84 95 102 113 

SEDSAVYYCARYYDDHY •••••.• CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY •...... CLDYWGQGTTLTVSS 

PEDTaVYXCARYYDQHY., •.... CLDYWGQGTTLTVSS 

PEDTGVYFCARYYDDHY ......• CLDYWGQGTTLTVSS 

PEDTGVYFCARYYQDHY •.. ,.,.CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY .•••.•. CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY,,, ••• ,CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY •• , .•.. CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY ••• ,, .. CLDYWGQGTTLTVSS 

PEDT~VY!CARYYDDHY ....... CLDYWGQGTTLTVSS 

PEDT~VYXCARYYDDHY,,, •••. CLDYWGQGTTLTVSS 
PEDT~VYXCARYYDDHY ••..•.. CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY .••.•.• CLDYWGQGTTLTVSS 

PEDTGVYFCARYYDDHY, •..• ,,CLDYWGQGTTLTVSS 
PEDTGVYFCARYYODHY ...••.. CLDYWGQGTTLTVSS 
PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS 

Fig. 5 (iii) 

41 

JA178 

JA185 

JA198 

JA207 

JA197 

JA209 

JA199 

JA184 

JA203 

J'A205 

JA183 
JA204 
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EP O 460 167 B1 

OKT3 LIGHT CHAIN CDR GRAFTING 

1. gL221 and derivatives 

Okt3vl 

gL221 

gL221A 

_gL221B 

gL221C 

REI 

Okt3vl 

gL221 

gL221A 

gL221B 

gL221C 

REI 

Okt3vl 

gL221 

gL221A 

1 24 34 42 

QIVLTQSPAIMSASPGEKVTMTCSASS.SVSYMNWYQQKSGT 

DIQMTQSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 

~IXMTQSPSSLSASVGDRVT~TCSASS.SVSYMNWYQQTPGK 

~I~QSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 

DIQMTQSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 

DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK 

43 50 56 85 

SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT 

APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

APKB,!IYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

APKB!IYDTSKLASGVPSRFSGSGSGTOYTFTISSLQPEDIAT 

APJCB!IYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

86 91 96 108 

YYCQQWSSNPFTFGSGTKLEINR 

YYCOOWSSNPFTFGQGTKLQITR 

YYCOOWSSNPFTFGQGTKLQITR 

gL221B YYCOOWSSNPFTFGQGTKLQITR 

gL221C YYCOOWSSNPFTFGQGTKLQITR 

REI YYCQQYQSLPYTFGQGTKLQITR 

CDR'S ARE UNDERLINED 

FRAMEWORK RESIDUES INCLUDED IN THE GENE ·ARE DOUBLE 

UNDERLINED 

Fig. 6 
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EP O 460 167 B1 

BLOCKING ASSAY 
(Mean Channel - HPBALLs) 

200 

>-... 
Cl) 

z 
A 2Z1CX 185-1 UJ ... 

z B I 221CX 197 • 
UJ C 
u 150 C Z21CX 183 • z 
UJ D • 221CX 184· u 
Cl) 
UJ B E ~ 221CX 185-2 a: 
0 D 
::> 
...J 
LL 

d 
100 

0 50 100 150 200 250 

ANTIBODY (ng /tube) 

Fig. 9 
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OKT3 - GRAFTED HEAVY CHAINS 
BINDING ASSAY 

(Mean Chan~l - HPBALL's) 
A 

E 

1 10 100 1000 
ANTIBODY (ngltube) 

a 

• 

OKT3 - GRAFTED HEAVY CHAINS 
BLOCKING ASSAY 

(Mean Channel- HPBALLs) 

G 

D 
A/3,C, 
F,H 

~ 

-
--

0 

• 
--

o~--,_...,._.......,,....,_.,....,......_,...,....~.,.....-.-,............,.....,..... 
0 50 100 150 200 250 

ANTIBODY Cng/tube) 

- (205) -·--·24.48,49.71.73 .76 ,78.88.91, -
I (208) 6, __ ,24,48,49,71, 73 ·--· 78 ·--·--· 

(204) 6, __ ,24.48 ,49.71, 73 ,76,78, __ , __ , 
- (199) 6,23, 24.48,49 ·--·-- ·----·--·--· -
D (207) 6.23.24.48,49,71, 73.__. 78, __ , __ , 

- (185) 6,23,24,48,49,71,73,76.78,88,91, 

- (209) 6, 23,24,48, 49,__, __ , __ ,78 ·--•--• 
- '41 X 144 
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0 50 100 150 200 250 . 

ANTIBODY (ng /tube) 

(183) _____ ,48,49,71. 73.76, 78,88,91. 
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@ A method for reducing the lmmunogeniclty of antibody variable domains. 

® A unique method is disclosed for identifying and Fir. 13 

replacing immunoglobulin surface amino acid resi-
dues which converts the antigenicity of a first mam-
malian species to that of a second mammalian spe-
cies. The method will simultaneously change im-
munogenicity and strictly preserve ligand binding 
properties. The judicious replacement of exterior 
amino acid residues has no effect on the ligand 
binding properties but greatly alters immunogenicity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figu"' 1. Solvent exposure ol sidechains of 
tramewonc iresiduas in KOL and J539 Fvs and the 
residues wrir::h occur most fraqusndy at these po· 
sitions in llhe various human VH subgroups. 

Figura 2. Solvent · exposure ol sidechains ol 
framswo,k residues in KOL Vl and the residues 
which occur most frequently at these positions in 
the various i!uman V·lambda subgroups. 

Figure '3. Solvent exposure of sidechains of 
frameworil residues in J539 VL and the. residues 
which O(X)IJI' most lrequenlly at these positions in 
the various human V-kappa subgroups. 

Figure 4. Primers used to· isolate DNA encod· 
ing murine kappa light chain variable region and 
murina IQG2a heavy chain variable tegion using 
PCR. Olipeoxynucleotides used as PCR primers 
to gsnerde a shortened lgG4 heavy chain . 

. Oligode<JICYnucteotides used in PCR to re-engine8f 
the thymidine kinase (TK) promoter to facilitate the 
expression -of the neomycin resistance gene. 
Oligodeoxynucteotide primers used in PCR to 
clone the lgH enhancer sequence. Oligodeox· 
ynucleotides used as PCR primer-3 to generate a 
human k2lol>a light chain constant region. 

Figure 5. Oligodeoxynucleotides used in the 
construction of the •veneered" 164 heavy and light 
chain vatim:Jle regions plus those necessary to fuse 
the human signal and intronic sequenceds onto 
these ~bis regions. 

Fi~ 6. PCR-recombination strategy used in 
the veneering of the 184 kappa light chain variable 
region. 

Figure 7. Outline of the insertion of the 
"vene8191d" kappa light chain variable region and 
kappa constant region into the light chain expres· 
sion vecmr. 

Figuie ·a. ?CR-recombination strategy used in 
the veneering of the 184 heavy chain variable 
region. 

Figute 9. Outline of _the insertion of the 
"veneered~ heavy chain variable region into the 
heavy chain expression vector. 

Figure 10. Outline of the construction of ne~ 
mycin se1eaable expression vector. 

Fi~ 11. Outline of the construction of the 
hygrofflJ't"m selectable expression vector. 

Fi9Uf8 12. Amino acid sequence compleition ol 
the ·vllllleered"· 184, murine 184 and human· Gal 
heavy dlllain variable regions and the •veneered" 
1B4, mlft'IB 184 and human Len kappa ligh1 chain 
variable lllgjions. Check marks idicate the individual 
amino acid residues coi:iverted. 

Figure I 3. Competitive binding assay of native 
murine 154 (open diamonds) and recombinant 
·veneered" 184 (closed diamonds). 

BACKGROUND OF THE INVENTION 

The identification and production of murine 
monoclonal antibodies has lead to numerous thera• 
peutic applications of these: exquisitely specifc mol· 
ecules in human disease. The technologies of mo· 
lecular biology have further expanded the utility of 
many antibodies by allowing for the creation of 
class switched molecules whose functionality has 

10 been improved by the acquisition or loss of com· 
plement fixation. The size of the bioactive molecule 
may. also be reduced so as to increase the tissue 
target availability of the antibody by either Chang· 
ing the class from an lgM to an lgG. removing 

rs most of the heavy chain constant region in the 
creation ol a F(ab)2 or both heavy and light chain 
constant regions may be dispensed with in the 
formation of a Fv antibody. Common to all of these 
potentially therapeutic forms of antibody are the 

20 requiste CDRs (complelmentary determining re· 
gions) which guide the molecule to its ligand and 
the framework residues (FRs) which support these 
latter structures and dictate the disposition of the 
CORs relative to one another, Winter European 

2s Patent Application, Publication No. 239,400; Riech· 
mann et al., ·Nature 332: 323-327 (1988}. Crystal· 
lographic analyses of numerous antibody structures 
reveal that the combining site is composed almost 
entirely of the CDR residues arranged in a limiled 

Jo number of loop motifs. Padlan and Sheriff, 1990. 
The necessity of the CDAs to form these structures 
combined with tre appreciated hypervariablity of 
their primary sequence leads to a great diversity in 
the antigen combining site, but one which has a 

JS finite number of possibilities. Thus, hypermutability 
and a frmited primary sequence repetoire for each 
CDR would suggest that the CDRs derived for a 
given antigen from one si:>ecies of animal would be 
the same derived from another species. Hence, 

40 they should be poorly immunogenic, ii at all. when 
presented to a recipient organism in a non· foreign 
context. 

Monoclonal antibody producing hybridoma~ 
have been most readily obtained from immunized 

,s rodents. Development of similar reagents from hu· 
man sources has been frustrated by the current 
inability to maintain long term cultures of cells 
which produce sufficient quantities of antibody. Ad· 
ditional problems arise from the regulatory stand· 

so point when cells of human origin are employed for 
the production of agents to be used in man. These 
considerations have lead to the widespread use of 
rodent mon~ clonal antibodies for the imaging _and 
treatment of malignancy, prophyllactic administra· 

ss lion to guard against toxic shock. modification ol 
graft rejection episodes. and to temper acute in· 
flam!flatory reactions. In all scenarios where com
pletely rodent or partially rodent (ie,rodent - human 

2 

I ,· 

BIOEPIS EX. 1002 
Page 3623



) 

_) 

. . . ( . ' ' < •• 

3 EP O 519 596 At 4 

chimeras) antibodies have been used for therapy 
the recipients have often illiciled an immune re· 
sponse directed toward the antibody. These reac· 
tions have limiled the duration and ettectiveness of 
the therapy. 

Various attempts have been made to minimize 
or eliminate the immunogenicity of non·human anti· 
bodies while perserving their antigen· binding prop
erties. Initially, chimeric antibodies were construct· 

residues represent "interior" and interdomain con· 
tact residues. hence those. surfac:e el<posed resi• 
dues which are immediately available for immune 
surveillance should be non· inclusive of the struc· 
tural residues. 

OBJECTS OF THE INVENTION 

ed containing the rodent varible regions and their 10 

It is. accordingly. an objective of the present 
invention to provide a means of converting a mon· 
oclonal antibody ol one mammalian species to a 
monoclonal antibody of another mammalian spe· 
cies. Another object is to identify the amino acid 
residues responsible for species specificity or im· 
munogenicity on the exterior of the monoclonal 
antibody. Another object is judiciously replace or 
veneer the exterior amino acid residues of one 
species wilh those of a second species so that the 
antibodies of the first species will not be im· 
munogenic in the second species. A further object 
is to make replacements only in framework regions 
of the heavy and light chains of the antibody mol· 
ecule and not in the complementarity~etermining 
regions. Another object ol the invention is to pro· 
vide novel ONA sequences incorporating the re· 
placement amino acid residues. Another object is 
to provide a vector containing the ONA sequences 
for the altered antibody. Another object is to pro· 
vide a eukaryotic or procaryotic host transformed 
with a vector containing the ONA sequence for the 
veneered antibody. 

associated CDRs tused to human constant do· 
mains. The following references generally describe 
chimaeric antibody technology: Lobugtio et al .. 
Proc. Natl. Acad. Sci. USA 86: 4220-4224 (1989); 
United States Patent 4,816,567; PCT International · 15 

Publication No. WO 87/02671, published May 
7,1987; European Patent Publication No. 255.694. 
published February 1 O 1988; European Patent Pub· 
lication No. 274.394, published July 13. 1988; Eu· 
ropean Patent ·Publication No. 323.806, published 20 

July 12, 1989: PCT International Publication No. 
W0/89/00999. published February 9, 1989: Euro-
pean Patent Publication No. 327,000. published 
August 9. 1989; European Patent Publication No. 
328.404. published August 16.1989: and European 25 

Patent Publication No. 332,424, published Septem· 
ber 13. 1989. These proved to be less im· 
munogenic but still approximately half of the recipi· 
ents mounted an immune response to the rodent 
variable region framework residues. Further raduc• JO 

tion of the "loreign• nature of the chimeric anti· 
bodies has been achieved by grafting only the 
CDAs · from the rodent monoclonal into a human 
supporting framework prior to its subsequent fusion 

SUMMARY OF THE INVENTION 

with an appropriate constant domain, Winter Eu· JS A unique method is disclosed for identifying 
and replacing immunoglobulin surface amino acid 
residues which converts the antigenicity of a first 
mammalian species to that of a second mammalian 
species. The method will simultaneously change 
immunogenicity and strictly preserve ligind binding 
properties. The judicious replacement of exterior 
amino acid residues has no effect on the ligind 
binding properties but greatly alters immunogenic· 
ity. 

ropean Patent Application, Publication No. 239,400; 
Riechmann el al., Nature 332: 323-327 (1988). The 
procedures employed to accomplish CCR-grafting 
often result in imperfectly "humanized• antibodies. 
That is lo say. the resultant antibody has either lost 40 

avidity {usually 2·3 fold, at best) or in an attempt to 
retain its original avidity a significant number of the 
murine framework residues have replaced the cor· 
responding ones of the chosen human framework. 
In this later case. the immunogenicity of the modi· •5 

lied ·humanized" antibody is ditticult to anticipate 
a priori. 
~ ligand binding characteristics of an anli· 
body combining site are determined primarily by 
the Slruclure and relative disposition of the CORs, 
although some neighboring residues also have 
been lound to be involved in antigen binding 
{Davies el al., Ann. Rev. 8iochem. 59: 439-473 
[1990D. Fine specificity can be perserved in a 
·humanized" antibody only if the CDR structures. 
their interaction with each other. and their inter· 
action with the rest of the variable domains are 
stric:tty maintained. One may anticipate that lhe key 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a 
"humanization" procedure which simultaneously re· 

so duces the immunogenicily or the rodent mon· 
oclonal antibody while perserving its ligand binding 
properties in their entirety. Since the antigenicity of 
a protein is primarily dependent on the nature of its 
surface. the immunogenicity of an xenogenic or 

55 allogenic antibody could be reduc~ by replacing 
the exposed residues which ditter from those usu· 
ally found in another mammalian species anti· 
bodies. This judicious replacement of exterior resi· 
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dues should have little, or no, etfect on the interior 
domains. or on the interdomain contacts. Thus. 
ligand binding properties should be unaffected as a 
conseQuence of alterations which are limited to the 

, variable region framework residues. The process is 
refered to as •veneering· since only the outer 
surface or skin of the antibody is altered, the sup· 
porting residues remain undisturbed. 

The procedure for "veneering" makes use of 
the available sequence data for human antibody 
variable domains complied by Kabat et al .. 
"Sequences ol Proteins of Immunological Interest·. 
4th ed., Bethesda. Maryland: National Institutes of 
Health. 1987, updates to this database, and other 
accessible U.S. and foreign databases (both nu· 
cleic acid and protein). The subgroups into which 
the various sequences have been combined are 
presented in Figures 1 • 3. indicating the most 
frequently occurring amino acid at each framework 
position. Also presented are the sequences ol the 
various J-minigenes. The solvent accessibilities ol 
the amino acids. as deduced from tile known three· 
dimensional structure tor human and mouse anti· 
body fragments. are included in these figures. 

High resolution X-ray crystallography ol the 
variable domains of the antibodies KOL and J539 
have been subjected. to extensive refinement be· 
ginning with the structures available from the Pro· 
tein Data Bank (Bernstein et al .. J. Mol. Biol. 112: 
535-542 1977; file 2FB4 forKOL and file 2FBJ1or 
J529). The solvent accessibilities were computed 
as described by Padlan Proteins: Strucl. Funct. 
Cenat. 7: (1990). 

There are two steps in the process of 
"veneering". First, the framework of a first animal 
species. i.e. the mouse. variable domains are com· 
pared with those corresponding frameworks ol a 
second animal species. i.e. human. It is intended 
that this invention will allow the antigenic alteration 
of any animal species antibody. The present inven
tion is illustrates the conversion of murine antibody 
to human antibody. but this is lor illustrative pur· 
poses only. The most homologous human variable 
regions are then compared residue for residue to 
the corresponding murine regions. This will also 
define· the human subgroup to which each mouse 
sequence most closely resembles. Second. those 
residues in the mouse framework which differ from 
its human counterpart are replaced by the residues 
present in the human counterpart. This switching 
occurrs only with those residues which are at least 
partially exposed (mE and EJc: Figures 1 ·3). One 
retains in the ·veneered" mouse antibody: its 
CDRs. the residues neighboring the CDRs. those 
.residues defined as buried or mostly buried (mB 
and Bu: Figures l ·3}. and those residues believed 
to be involved with interdomain contacts (boldface. 
Figures 1·3). 

Human and murine sequences frequently differ 
at the N-terminus of both heavy and light chains. 
The N-termini are contiguous w,th the CDR surface 
and are in position to be involved in ligand binding. 
Thus, wisdom would dictate that these murine ter
mini be retained in its •veneered" version. 

Finally, repalcement of some amino acrd types 
could have a significant effect on the tertiary struc
ture or electrostatic interactions ol the variable re· 

ro gion domains. Hence. care should be exercised in 
the replacement of proline, glycine. ano charged 
amno acids. 

These criteria and the following procedures are 
used to prepare recombinant DNA sequences 

15 which incorporate the CORs of a first mammalian 
species. animal. mMAb, both light and heavy 
chains. into a second mammalian species. human. 
appearing frame works that can be used lo trans· 
feet mammalian cells for the e>q>ression of recom· 

20 binant human antibody with the antigen specificity 
of the animal monoclonal antibody. The present 
invention further comprises a method tor construct·. 
ing and expressing the altered antibody compris· 
ing: (i) mutagenesis and assembly of variable re· 

2s gion domains including CDRs and mutagenesis 
and assem.bly ot variable region domains including 
CDRs and FRs regions; pi) preparation of an ex· 
pression vector including at least one variable re· 
gion which upon transfection into cells results in 

JO the secretion of protein sufficient for avidity and 
specificity determinations; and (iii) co-amplification 
of heavy and light chain expression vectors in 
appropriate cell lines. The present invention pro
vides recombinant methods for incorpora1ing CDRs 

JS from animal monoclonal antibodies into frameworks 
which appear to be human immunoglobulin in na· 
ture so that the resulting recombinant antibody will 
be either weakly immunogenic or non-im· 
munogenic when administered to humans. Prater· 

.-c rably the recombinant immunoglobulins will be rec· 
ognized as self proteins when administered for 
threapeutic purposes. This method of "veneering" 
will render the recombinant anttbodies useful as 
therapeutic agents because they will be either 

•s weakly immunogenic or non-immunogenic when 
administered to humans. The invention is further 
contemplated to include the recombinant conver· 
sion ol any animal monoclonal antibody · into a 
recombinant "human-appearing" monoclonal anti· 

so body providing that a suitable lramework region 
can be identified (as described below). The animal 

· monoclonals may include. but are not limited to. 
those murine monoclonal antibodies described by 
Van Voorhis et al., J. EJcp. Med. 158: 126-145 

55 {1983) which bind to human leukocytes and tne 
appropriate mMAbs produced by hybridomas de· 
posited in the Hybridoma. Cell Bank maintained by 
the American Type Culture Collection (ATCC) and 
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described in the ATCC Catalog of Cell Lines 8 
Hybridomas. No. 6. 1988. 

The CDR sequences from the animal mon· 
oclonal antibody are derived as follows. Total RNA 
is extracted from the murine hybridomas. for ex· 
ampe the 164 myeloma cells described by Wright 
et al.. Proc. Natl. Acad. Sci. USA 80: 5699-5703 
(1983). the 60.3 cells described by Beatty et al., J. 
lmmunol. 131:2913·2918 (1983), the TSH18 cells 
described by Sanchez-Madrid et al., J. Exp. Med. 
158: 1785·1803 (1983), and other anti·CD18 or 
CD11 monoclonal antibodies and hybridomas as 
described in Leukocyle Typing Ill. Springer-Verlag. 
New York (1988). using standard methods involving 
cellular solubilization with guanidinium 
isolhiocyanate (Chirgwin et al., 6iochem. 18: 5294· 
5299 [19791).The murine 1~ mMAb will be used 
as the primary example of animal MAb that can be 
·veneered" by the unique process being disclosed. 
The invention is intended to Include the conversion 
of any animal immunoglobulin to a "human-appear· 
ing• immunoglobulin. It is further intended that 
"human-appearing" immunoglobulin (lg) can con· 
tain either kappa or lambda light chains or be one 
of any of the following heavy chain isotypes (alpha. 
delta. epislon. gamma and mu). 

Pairs of degenerate oligodeoxynucleotide prim· 
ers (Figure 4) representing sequences within 
framework 1 of the murine kappa light chain vari• 
able region and light chain constant domain, or 
those within framework 1 of the murine lgG2a 
heavy chain variable region and heavy chain con· 
stant CHt domain are synthesized on an Applied 
Biosystem 381A DNA synthesizer, removed from 
the resin by treatm.ent with concentrated NH. OH 
and desalted on a NAP-5 column eluted with H20. 
Total RNA. about 2 ug, is reverse transcribed for 
30 min at 42 • C u.sing Moloney ML V reverse tran· 
scriptase, about · 200 units (BRL). and about 1 O 
pmoles of the constant region complementary 
strand primers for either the heavy or light chain. 
The reverse transcriptase is heat inactivated. about 
95' . C for about 5 min. and the reactions are made 
to contain in about 100 ul of PCR buffer about 50 
pmotes of each of the paired primers and and 2.5 
units of Taq polymerase. About 45 cycles of am· 
plification (2'. 94 • C; 2'. 55 • C; 2' 72 • C) are 
followed by gel purification of the anticipated 400 + 
base pair (bp) ONA fragments. Prior lo subcloning 
those ONAs into a blunt-ended intermediate plas· 
mid such as pSP72 (Promega) they are terminally 
phosphorylaled using T 4 polynucleolide kinase. 
Multiple clones representing th_ese PCR amplified 
sequences are grown and submitted to ONA se· 
quence determinations using 5eQuenase8 and T7 
and SPS specific sequencing primers. A unique 
ONA sequence representing a murine lgG2a heavy 
chain variable region is obtained by analysis of the 

derived amino acid sequences. Replacement of the 
·murina-appearing" framework residues with those 
residues compatible with a numan variable region 
is accomplished utilizing the following unique pro· 

s cesses. An appropriate human framework is deter· 
mined utilizing the criteria discussed below. The 
light chain variable region framework with sufficient 
homology to. the the mtB4 framework was deter· 
mined to be the human LEN framework (FR). The 

10 Len FA shows a similarity of 90% and an identity 
of 81 % when compared to murine 1 B4 .. This se· 
quence, with its leader, 3' intronic sequences and 
engrafted m1B4 COAs had been subcloned into 
the intermediate vector pGEM3Z (Promega). as 

15 described in Daugherty et al. Nucleic Acids Res. 
19: (1991 ). About eight ·oirgodeoxynucleotide prim· 
ers (Figure 5) are synthesized representing the 
pril'flers necessary to generate by polymerase 
chain reaction (PCR) amplification four DNA frag· 

m ments. Incorporated into all but the terminal 
oligodeoxynucleotide primers were those se· 
quences corresponding to the veneered MAb 164 
light chain. with its unaltered CDRs. and at least 15 
bases of 5' ·terminal complementarity to allow for 

2s the subsequent PCA· directed recombination of 
lhese four fragments. For the purposes of exem· 
plilying the "veneering" process the LEN light 
chain variable region already containing an eng· 
rafted set of CDRs representing those within the 

JO light chain of murine 1 64 was used as the template 
into which mutations were placed so as to easily 
create the "veneered" framework sequence. The 
appropriate primer pair (51 & V9, V10 & Vt 1, etc.). 
about 50 pmole each, was combined with about 10 

JS ng of plasmid DNA representing the LEN CCR· 
grafted framework, about 2.5 units of Taq DNA 
polymerase and about twenty•five (25) cycles of 
PCR amplification ensued (cycle periods: 1·. 94' 
C; 1', 55• C: 2' 12· CJ. The products of the four 

40 · reactions. purified by agarose gel electrophoresis. 
are combined. about 10 ng of each DNA fragment. 
along with terminal oligodeoxynucleotide primers 
{Al &A2; Figure 6) and Taq ONA polymerase. The 
combined lragments were PCR amplified (25 cy· 

•s cles of: 2'. 94 • C; 2'. 55 • C: 2' 72 • C). Following 
restriction endonuclease digestion wilh Hind HI and 
Xba I the amptified ONA is purified by agarose gel 
electrophoresis and . subcloned inlo compatible 
sites of an intermediate vector pSP72 (Promega) 

so which contains the human kappa light chain con· 
slant region (see Figure 7). Genomic DNA. about 1 
119, purified from a human B cell line (GM0108A: 
NlGMS Human Genetic Mutant Cell Repository. 
Institute for Medicai Research. Camden, NJ) is 

55 used as a template for PCR amplification (Figure 4) 
of about a 920 base pair fragment containing the 
splice acceptor for the kappa light chain constant 
domain, the exon and a portion ol its 3'·untran· 
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slated region. The PCA product is purified by 
agarose gel electrophoresis. digested with Bam H 1 

endonuclease. and subcloned into pSP72 previous· 
ly linearized with Bam Hl. The individual clones 
repre'sen1ing the pSP72 intermediate vector con· 
taining both the 194 "veneered" light chain vari· 
able region and the human kappa constant region 
derived by PCR amplification of human DNA are 
used to determine the DNA sequence of the 
"veneered" light chain varisble region. 

The •veneered" heavy chain portion of the 
recombinant antibody is derived from the mutated 
version of the marine 1 B4 heavy chain variable 
region fused to the human constant region of a 
gamma 4 subtype obtained from a lambda library 
constructed by Flanagan and Rabbits. Nature 300: 

. 7~713 (1982). The variable region of the 
·veneered" heavy chain is constructed from five 
DNA fragments representing a signal sequence. 
portions of the mutated murine heavy chain vari· 
able region. and an intronic sequence (Figure 8). 
Oligodeoxynucleotide primer pairs (Figure 5) are 
synthesized representing the primers necessary to 
generate by PCR amplification these five DNA !rag· 
ments from about 1 O ng of plasmid DNA template 
obtained from a' pSP72 intermediate vector contain· 
ing the heavy chain variable region previously used 
to determine the murine 194 CDR sequence. Am· 
plilication of the signal fragment. variable region 
fragments, and intron-containing fragment was as 
described above. The agarose gel purified products 
are combined, about 10 ng ol each product. with 
terminal oligodeoxynucleotide primer pairs (Figure 
8) and the PCR-generated in vitro recombined tem· 
plate is amplified using the standard procedures 
described above. Prior to subcloning into a Hind Ill 
and Barn HI digested expression vector containing 
the human heavy chain gamma 4 constant region 
(Figure 9), this recombined product is _similarly 
digested and agarose gel purified. Individual clones 
are submitted to DNA sequence determination us· 
ing Sequenase\!l and T7 and SPS specific sequen· 
cing primers and one is chosen tor subsequent 
expression. The gamma 4 heavy chain constant 
region is subcloned as about a 6.7 Kb Hind 111 
fragment derived from the plasmid pA TS4 into the 
Kind Ill site o! the intermediate vector pSP72. This 
plasmid is then used as the template ONA from 
which a shortened version of the gamma 4 con· 
slant region is subcloned using PCA amplification 
and the primer pairs indicated in Figure 4. 
Eukaryotic express,on vectors· are constructed as 
described below. 

Expression vectors are defined herein as DNA 
sequences that are required for the transcription ol 
cloned copies of genes and the translation of their 
mRN.As in an appropriate host. Such vectors can 
be used to express eukaryotic genes in a variety of 

hosts such as bacteria. blue-green algae, plant 
cells, yeast cells, insect cells and animal cells. The 
immunoglobulins may also be expressed in a num· 
ber of. virus systems. Specifically designed vectors 
allow the shuttling of DNA between host such as 
bacteria-yeast or bacteria-anima! cells. An appro· 
priately constructed expression vector should con· 
lain: an origin of replication for autonomous replica· 
tion in host cells. selectable markers. a limited 

,o number of useful restriction enzyme sites, a poten· 
tiaJ for high copy number. and strong promoters. A 
promoter is defined as a DNA sequence that 
directs RNA polymerase to bind to DNA and initiatEI 
RNA synthesis. A strong promoter is one which 

,s causes mRNAs to be initiated at high frequency. 
Expression vectors may include. but are not limited 
to, cloning vectors. modified cloning vectors. spe· 
cifically designed plasmids or viruses. The heavy 
chain immunoglobulin molecule is transcribed from 

20 a plasmid carrying the neomycin (6418) resistance 
marker while the light chain immunoglobulin is tran
scribed from a plasmid carrying the hygromycin B 
resistance marker. With the exception of the drug 
resistance portion of these plasmids they are iden· 

25 tical. The preferred progenitor of the im· 
munoglobulin expression vec1ors is the pD5 
(Berkner and Sharp. Nucl. Acids Res. 13: 841·857 
(19851) eukaryotic expression vector which contains 
the origin of adenovirus replic.ati:in. the SV40 en· 

JO hancer domain, the adenovirus major late promoter, 
the adenovirus 2 tripartite leader, a 5' splice donor 
from the adenovirus third leader and a 3' splice 
acceptor derived lrom an immunoglobulin locus, a 
mulliple cloning site placed in the Barn H1 site 

JS subsequent to receipt of the vec:or. and the SV40 
late polyadenylation signal (Figure 10). The origin 
of replication is removed by digestion with Eco Al 
and Kpn I and replaced by two fragments repre· 
senting the neo selectable marker gene (derived 

40 from plasmid pCMVIE·AKl·DHFR as an Eco 
R11Bam H1 about 1.8 Kb fragment) and the lg 
heavy chain enhancer (obtained as a PCR am· 
plilied fragment using human DNA as the template, 
and the oligodeoxynucleotides hsted in Figure 4 as 

,s the primer pair, following its digestion with Bgl II 
and Kpn 1 ). The resultant expression vector is 
found to lack a small portion of the TK promoter 
responsible for the transcription ol the neomycin 
gene. This is replaced by insertion into the Eco RI 

so site about a 0.14 Kb PCR amplified fragment de· 
rived from the CMVIE·AKl·DHFR DNA using the 
primer pair listed in Figure 4. The resultant heavy 
chain expression vector (p8941 ) is modified by 
removal of the indicated Hind Ill and Xba I sites 

ss using standard procedures. To convert this vector 
into one expressing the hyg romycin B selectable 
marker the neomycin-resistance cassene is re· 
moved by digestion first with Eco At followed by 
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ONA polymerase-directed fill in of the 5' overhand, 
then subsequent Sal I digestion. The about 1.9 Kb 
hygromycin B expression cassette, TK promoter 
and TK polyadenylation signal flanking the hyg· 
romycin B gene. (obtained as a 1.8 kb Bam H1 
tragment in plasmid pL690. Gritz and Davies. Gene 
25: 179-188 [1981)) is removed from the plasmid 
pAL-2 by Bam Hl digestion and subcloned into the 
Barn Hl site of the intermediate vector pSP72. The 
hygromycin B cassette is removed. from this vector 
by digestion with Sma I and Sal I and cloi:ied into 
the expression vector linearized as described 
above to create a blunt end and Sal I end DNA 
fragment (Figure 11 ). 

Expression of the 1 B4 "veneered" kappa light 
chain is accomplished by transferring this cistron 
lrom the pSP72·based intermediate cloning vector 
{p8952), containing the human kappa constant re
gion. to the hygromycin B selectable eukaryotic 
expression vector {Figure 7}. An about 1.5 kb DNA 
fragment resulting from the endonuc!ease digestion 
of p8952 with Spe I and Cla I is purified by agarose 
gel electrophoresis and ligated into the expression 
vector which has previously been linearized. follow· 
ing digestion with the same two restriction en· 
zymes. and agarose gel purified. The heavy chain 
eul<aryotic expression vector is constructed in two 
steps. First. the p89SO vector containing the modi· 
lied heavy chain variable region of murine 1 B4 
fragment is digested with Bgl II and Barn H1. The 
agarose gel purified 0.75 kb fragment is ligated into 
the Bam H1 site of the p8941 vector and recom· 
binant clones containing this fragment in the proper 
orientation are identified. Plasmid ONA from one 
such clone is linearized by Bam H1 digestion and 
ligated with a 1.78 Kb Bam Hl fragment represent· 
ing a sher, version of the human gamma 4 constant 
region. derived from plasmid pAT84 by PCR am• 
plification. Following the identification of. clones 
containing these inserts in the appropriate orienta· 
lion, plasmid DNAs (one which is referred to as 
p8953) are grown and purified for transfection into 
recipient mammalian cells. Equal amounts. about 
10 119. of the plasmids encoding the 184 
"veneered" lgG4 heavy chain and the 1B4 
"veneered" kappa light chain are transfected by 
standard calcium phosphate precipitation proce· 
dures into the monltey kidney cell tine CV·1 P or 
the human embryonic kidney cell line 293. The 
culture supernants. assayed by a trapping ELISA 
(described below), were found to contain a human_ 
kappa tight chain I human lgG4 immuno·globulin. 
lmmulon-2 · (Dynatech Labs.) 96-well plates are 
coated overnight with. about a 5 u.g,'ml solution of 
mouse anti-human kappa chain constant domain 
monoclonal antibody (cat. IMC009, The Binding 
Site. tnc .. San Diego, CA) in about 0.1 M NaHCO, 
buffer (pH 8.2) at about 4 • C. and blocked with 

about 1 % bovine serum (BSA) in about 0. 1 M 
NaHCO, for about 1 hour at about 25 • C. After this 
and all subsequent steps, washing was performed 
with phosphate buffered saline (PBS). The wells 
are then challenged with conditioned medium con· 
taining recombinant anti·CD18 antibody, or with 
predetermined Quantities of human lgG41kappa pu· 
rified by protein A Sepharose (Pharmacia Fine 
Chemicals) chromatography from human lgG4 

10 myeloma serum (cat. I BP026, The Binding Site. 
Inc.) All samples are diluted in PBS containing 
about 0.05% Tween-20. About 100 111 aliquots are 
incubated for about 1 hour at about 37 • C in 
triplicate, and standard calibration curves are con· 

1 s structed using lgG4 concentrations ranging from 
about 10 nglml to about 100 ngJml. Bound and lutly 
assembled human lgG4 (either native or the re· 
combinant 1 B4 human "veneered" lgG4 con· 
structs) are detected with about 100 u.1 aliquots of 

w a 1:500 dilution of mouse anti-human lgG4 Fe 
monoclonal antibody conjugated to alkaline 
phosphatase (cat #05·3822. Zymed Laboratories. 
Inc.) in phosphate buffered saline (PBS) containing 
about 1 "· BSA. Alter incubation for about 1 hour 

2s at about 37 • C and subsequent washing. the quan· 
tities of bound conjugate are detected by incubat· · 
ing all samples with a 1 mg/ml solution of p· 
nitrophenyl phosphate in 0.1 M 2.2' amino methyl· 
propanediol buffer, pH 10.3, for about 30 minutes 

JO at about 25 • C. The adsorbance of the wells is 
determined with a UV Max ELISA plate . reader 
(Molecular Devi_ces) set at 405 nm. The antibody 
secreted by the transfected human 293 cells or 
monkey kidney CVt P cells, either following tran-

3S sient expression or subsequent to stable clone 
isolation, is isolated by protein A chromatography, 
the concentration of recombinant human anti·CD18 
antibodies determined by the trapping Elisa de· 
scribed above, and used lo compete with the bind· 

'° ing of radiolabeled murine 184 to the C018 ligand 
on the surface of activated human PMNs. Affinities 
of r·anli·CD18 antibody constructs are determined 
using a competitive ,:is,., B4 soluble binding assay 
with stimulated human potymorpho·nuclear leuko· 

,s cytes · '(PMNs). Purified murine anli·CD18 mon· 
oclonal antibody (50 ug) is iodinated using 
chloramine-T (Hunter. W.M. and Greenwood. F.C .. 
Nature 194: 495-496. · t 962), and the radiolabeled 
antibody purified using a Bio-Sil TSK2SO (Biorad. 

so Richmond. CA) get filtration HPLC column (which 
fractionates proteins in the range of 1·300 x 103 
daltons) equilibrated in 0.1 M phosphate buffer. pH 
7.0. Effluent radioactivity is monitored with an in· 
line detector (Beckman Model t 70; Beckman. Ful· 

ss lenon,CA) and total protein measured at OCn,o 
with a Kratos Spectroflow 757 detector (Kratos. 
Mawah. N.J.). A single •:is1.tB4 peak composed of 
coincident OCn,o and radioactivity tracings char· 
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acteristically elutes at about 6 minutes. 30 seconds 
following samp1e injection. Specific activity of the 
product is generally about lO u.Ci.'ug protein, and 
97-99% of the coµnts are precipitable with 10% 
trichloroacetic acio. The binding of this radiolabeled 
antibody is assessed on human PMNs purified on 
a discontinuous Ficoll/Hypaque gradient (English, 
D. and Anderson, B.R., J. lmmunol. Methods 5: 
249-255, 1974) and activated with about 100 ng!ml 
phorbol myristate acetate for about 20 minutes at 
about 37' C (Lo et al .. J.Exp. Med. 169: 1779-1793, 
1989). To determine the avidity otantibodies for 
CD18 molecules on the PMN surface. about 1 x 
1~ activ~ted PMNs are incubated in a buffer such 
as Hanks balanced salt solution containing about 
20 mM Hepes (pH 7.2). about 0.14 units aprotinin 
(Sigma Chemical Co.) and about 2% human serum 
albumin (binding buffer) containing about 1.3 ng 
' 25 1-1 B4 (2.8 x 10-11 M) in the presence of increas· 
ing concentrations of unlabeled t 64 antibody 
(about 10-7 10 10-'5M) in aboufa 300 UI reaction 
volume for about 1 hour at about 4 • C with constant 
agitation. Cell bound 1 B4 is separated from the 
unbound antibooy by centrifugation through a 0.5 
M sucorse cushion ( 4,800 x g. 3 minutes): the 
tubes are frozen on dry ice. and the tips cut off and 
counted with an LKB gamma counter. The IC;o ol 
the anti·CD18 antibody for the inhibition of ' 25 1-184 
antibody binding is calculated using a lour-param
eter fitter program (Rodbard et al., In, 
"Radioimmunoassay and Related Procedures in 
Medicine", International Atomic Energy Agency, Vi

enna, vol 1,469 • 504, 1978). The affinity of 1he 
"veneered" r-anti-CDIB antibody for the CD16 
ligand is determined in a similar manner using 
murine ' 25 1·1B4 antibody and increasing quantities, 
as determined by the trapping Elisa. of unlabeled r· 
anti·CD16. The results of the binding assays are 
shown in Figure 13 and indicate that the avidity of 
the "veneered" recombinant 164 antibody is equal 
to that of the murine 164 monoclonal antibody. 
This result shows that an antibody with presump
tive human isotype may be recombmantly con· 
structed from the murine paren·t antibody by the 
introduction of numerous point mutations in its 
framework residues and expressed fused to human 
kappa and gamma 4 constant domains without loss 
in avidity tor the antigen. II can be inferred from 
this result that the point mutations within the frame· 
work regions do not alter the presentation ol the 
murine 1 64 light chain and heavy chain CORs. 
Many of the examples of construct,on of recom· 
binant human antibodies containing complemen· 
tarity regions replaced by those found within 
murine monoclonal antibodies have resulted in loss 
of avidity for the ligand or antigen. Thus. although 
these latter transmutations are possible. the suc
cessful maintenance of avidity is not assured. This 

procedure described · above demonstrates that 
when strict attention is payed to the frameworlc 
regions, and the nature of the amino acids within 
each framework. "humanization" may potentially be 

s achieved without the loss of avidity which accom· 
panies the transfer of CDRs to the "generic" hu· 
man lrameworlcs ("humanization") employed by 
Winter, European Patent Publication No. 239,400. 
published September 30. 1987. 

10 To identify human trameworlc sequences com· 
patible with the CDRs.of. say, murine 184. human 
frameworks with a high degree of sequence simi· 
larity to those of murine 1 B4 are identified. Se· 
quence similarity is measured using identical resi· 

1s dues as well as evolutionarily conservative amino 
acid substitutions. Similarity searches are per· 
formed using the murine 1 B4 framework sequence 
from which the CDR sequences had been re· 
moved. This sequence is used to query a database 

20 of human immunoglobulin sequences that had 
been derived from multiple sources. Sequences 
with a high degree of sequence similarity are ex· 
amlned individually for their potential as humaniz· 
ing framework sequences. In this way, the human 

2s homologue providing the murine CDRs with the 
structure most similar to their native murine frame· 
work is selected as the template for the construe· 
tion of the "veneered" variable regions {Figure 12). 
Should human frameworks of sufficient similarity 

30 not be identifiable from compiled sequences. it is 
possible to isolate from human genomic DNA a 
group of closely related variable regions using re· 
combinant technology. Thus. a degenerate 5' up· 
stream oligodeoxynucleotide primer may be de· 

JS signed from the conserved sequences within the 
amino-terminus of each of the various human FRl 
regions and paired with a degenerate 3' down· 
stream oligodeoxynucleotide primers fashioned 
from the FR sequence determined from the murine 

.co monoclonal whose CDRs one wishes to transfer 
into a human context These primer pairs are then 
used to PCR amplify from a human genomic tem· 
plate those DNA sequences which are flanked by 
the primer pair. The resulting DNAs may then be 

•s cloned and the DNA sequence derived from in· 
dividual members will describe various murine-re· 
lated human variable regions. The paucity of so
matic mutations in framework residues and the 
conservation of amino acid sequence between 

so mouse and man make this approach possible. 
The construction of a complete recombinant 

human lgG4 antibody, whose heavy and light chain 
variable domains ~ntain the CDR residues of the 
murine monoclonal antibody. with complete reten· 

ss lion of the specificity and avidity of · the parent 
murine monoclonal antibody is disclosed. The con· 
struction of the "veneered" light chain frameworl< 
derived from the human sequence of LEN fused 
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with a human kappa light chain conS1ant region is 
described above. The murine variable region 
framework saquence. devoid of CDR sequences. is 
used to Query a database of complete human vari· 
able region seQueni:es. The human sequences that 
are most similar to the . murine framework region 
are then analyzed individually to determine both 
their sequence identity and similarity to the murine 
framework region. In the case of murine 1 B4 these 
sequences include, but are not limited to. "Gal", 
chosen because of its high degree of both similar· 
ity and identity with the 184 heavy chain sequence. 
The Gal FR has been found to be 85% similar and 
79% identical to murine 184. These values are 
based upon the Dayhoff similarity matrix ol 
evolutionarily conserved amino acid substitutions 
(R. M. Schwartz. M. 0. Dayhoff, in Atlas of Protein 
sequence and structure M. 0. Dayhoff. Eds. 
(National Biomedical Research Foundation, Wash· 
ington, DC [1979)) (Figure 12). To prepare a re· 
combinant ONA encoding the murine heavy chain 
CDRs in the context of a human-appearing frame· 
work the following procedures are per1ormed. A set 
of ten shor1 oligodeoxynucleolides are synthesized. 
Each pair is combined in a separate PCR reaction 
with the DNA template representing the murine 
184 heavy chain variable region. amplified and 
isolated following PCR of the RNA of the murine 
hybridoma 164 as described above. Thus, about 
·50 pmole of each primer pair was combined with 
about 1 0 ng of plasmid ONA representing the 
murine 164 heavy chain variable· region, about·2.5 
units of Taq DNA polymerase and about twenty· 
five (25) cycles of PCR amplification ensued (cycle 
periods: 1 '. 94 • C; 1 '. 55 • C; 2' 72 • C). The pro
ducts of the five reactions (Figure 8) encoded por· 
lions of the 1 B4 heavy chain variable region. begin
ning with the signal peptide encoding region and 
ending with the 3' intronic sequence which resides 
between the variable region coding domain· and the 
lgG4 constant region sequence. with the desired 
point mutations 10 create a ·veneered" variable 
region framework. These live fragments are puri· 
lied by agarose gel electrophoresis. combined. 
about 1 0 ng of each DNA fragment. along with 
terminal oligodeoxynucleolide primers (A 1 . &A2. 
Figure 5) and Taq ONA polymerase. The _combined 
fragments were PCR amplified (25 cycles of: 2', 
94 • C; 2'. 55 • C: 2' 72 • C). By vir1ue of the com· 
plementary ends of the live fragments, the 
polymerization!denaturalion.'polymerization cycles 
of the polymerase chain reaction result in the for
mation. and subsequent amplification. of the com· 
bined seQuences. Following 25 cycles of amplifica· 
lion the combined 0.8 Kb fragment is elec· 
trophoretically purified from an agarose gel and 
was digested with restriction enzymes Spe I and 
Bam HI. Following agarose gel electrophoresis. the 

purified DNA fragment is ligated into the heavy 
chain expression vector. p8958 (see Figure 9), in 
place of the chimaeric variable region existing in 
this vector. Each "veneered" variable region, with 
its associated human constant region, residing 
within a p05-based expression vector plasmid was 
co-transfected into 293 cells and CVt P cells and 
recombinant human antibody is found to be 
present in the conditioned medium 48 hours post 

10 trans1ection. The ·veneered" recombinant antibody 
is isolated by protein A chromatography. The avid· 
ity of this antibody for the C018 ligand displayed 
on the surface of activated human PMNs is com
pared with that of the murine 1 84 monoclonal 

1 s antibody parent. Figure 13 shows that although 
each antibody contains the same set of six CDRs 
within ditterent framework domains, they ex· 
hibilidentical avidity for the ligand. Thus. the avidity 
of an antibody molecule does not rely upon the 

:10 variable region framework residues which are sur· 
lace exposed, rather the proper structure in which 
the CDRs are presented must be significantly influ· 
enced by the buried and inierlintra active residues. 
The parent murine monoclonal antibody demon-

25 str~tes an l~o of about t .0 to about 0.7 nM. the 
"veneered" molecule has a similar l~o-

This invention further relates to a method of 
inhibiting tPe influx or migration of leukocytes ca· 
pable of expressing C018 antigen (leukocyte integ· 

30 rin, beta subunit) on their sur1ace into a site of 
inflammation or a tissue area or organ that will 
become inflamed following. an influx of the cells. 
The inflammation which is the target of the method 
of the present invention may result from an infec· 

35 lion with pathogenic microorganisms such as gram· 
positive and gram-negative bacteria, parasites and 
fungi. The response may also be induced by 
viruses and non-infectious means such as .trauma 
or reprefusion following myocardial infarction or 

~ stroke, immune responses to foreign antigen and 
autoimmune responses. The recombinant human 
anti·C018 antibodies are useful in the treatment of 
inflammation in lung, central nervous system. kid· 
ney, joints. endocardium, eyes, ears. skin, gastroin· 

•s testinal tract and urogenital system. Disease sta~es 
in which the recombinant human anli·CD18 anti· 
bodies are useful as therapeutic agents include. but 
are not limited to: infectious diseases where active 
infection exists at anybody site. such as meningitis: 

so conditions such as chronic or acute secondary 
inflammations caused by. antigen deposition; and 
other conditions such as. encephalitis: arthritis; 
uveitis: colitis; gtomerutonephritis; dermatitis: psori· 
asis: and respiratory distress syndrome associated 

55 with sepsis and/or trama. Other inflammatory dis· 
eases which may be responsive to recombinant 
human anti-C018 antibody include. but are not 
limited to. immune disorders and conditions involv· 
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ing T-cell and/or macrophage 
attachmenwecognition. such as acute and delayed 
hypersensitivity, graft vs. host disease;- primary 
autoimmune conditions such as pernicious anemia: 
infection related autoimmune conditions such as 
Type I diabetes mellitis; flares during rheumatoid 
arthritis; diseases that involve leukocyte diapedesis, 
such as multiple sclerosis; antigen-antibody co·m· 
plex mediated diseases including certain of the 
secondary infection states listed above: im· 10 

munosuppression; and transplant rejection. lnflam· 
matory conditions due to toxic shock or trauma 
such as adult respiratory distress syndrome and 
repertusion injury; and disease states due to 
leukocyte dyscrasias and metastasis .. are included 1s 
within the scope of this invention. The present 
invention is also applicable to the inhibition of 
leukocyteendothelial attachment for diagnostic and 
therapeutic purposes; such as the iatrogenic open-
ing of the endothelium to prevent the ingress of 20 

leukocytes during the ingress of a therapeutic drug 
in the Instance ot chemotherapy; or to enhance the 
harvesting ol leukocytes from patients. 

Recombinant human anti-C018 antibodies or 
an activ.e fragment thereof can be ·used to treat the 2s 
above mentioned diseases. An active fragment will 
include the F(a.b')2. the Fab and any other !rag· 
ment that can bind to the C018 antigen. Recom· 
binant human anti·CD18 antibodies can be admin· 
istered alone for non-infectious disease states or 30 

combined with antibiotics or other anti-infective 
agents for !he treatment of infectious diseases for 
reasons discussed above. Administration will gen
erally include the antibodies and possibly other 
substances in a physiologically acceptable medium JS 

or pharmaceutical carrier. Such physiologically ac· 
ceptable media or phamaceutical carriers include, 
but are not limited to. physiological saline, phos· 
phate buffered ·saline. phosphate buffered saline 
glucose. buffered saline and the like. The · anti· '° 
bodies and any anti-infective agent will be admin· 
istered by parenteral routes which include intra· 
venous, intramuscular. subcutaneous and in· 
traperitoneal injection or delivery. The amount of 
the antibodies and the mixture in the dosage form , cs 
is dependent upon the particular disease state be· 
ing treated. The amount of the recombinant human 
anli·CD18 antibody utilized in a dosage form can 
range from about t to about 1.000 mg. with a 
range of from about 10 mg to about 100 mg being so 
preferred. The antibodies can be administered dai· 
ly or less than daily as determined by the treating 
physician. The following examples illustrate the 
present invention without. however. limiting the 
same thereto. ss 

EXAMPLE 

10 

Preparation of a •veneered" Recombinant Anti· 
body 

An antibody was produced in which the vari· 
able domain of the light chain comprises the frame· 
work region of a murine light chain modified to 
contain surface exposed amino acids of human 
derivation. The variable domain· of the heavy chain 
is similarly derived from the murine heavy chain . 
with point mutations which replace murine exposed 
residues with human-appearing residues. The light 
chain human framework region was derived from 
human myeloma protein LEN. The CDR and frame· 
work sequences from the murine monoclonal anti· 
body 1B4 which binds to CD16 (the beta subunit of 
the leukocyte integrin s:2 family which includes: 
LFA·1, Mac-1. and p150.95) were derived as lol· 
lows. The hybridoma designated 184 which pro
duces 1 B4 monoclonal antibody was deposited uh· 
der the Budapest Treaty at the International De
pository Authority: American Type Culture Collec
tion. 12301 Parklawn Drive, Rockville, MD. 20852. 
Viability was determined on June 6. 1989 and the 
hybridoma was designated HB 10164. Previous 
experiments had determined this antibody to be an 
lgG 2a with a kappa light chain (Wright et al .. Proc. 
Natl. Acal. Sci. USA 80: 5699-5703 [1983]).-

Total RNA was extracted from the 184 
myeloma cells using standard methods involving 
cellular solubilization with guanidinium 
isothiocyanate (Chirgwin et al.. 8iochem. 18:5294-
5299 [1979]).· Sets of-degenerate oligodeox· 
ynucleotide primers (Figure 4) representing se· 
quences within framework 1 of the murine kappa 
light chain variable region and kappa light chain 
constant domain, or those within framework 1 of 
the murine lgG2a heavy chain variable region and 
heavy chain constant CHl domain were synthe· 
sized by standard phosphoramidite procedures on 
an Applied Biosystem 381A ONA synthesizer. Re· 
moval of · the oligodeoxy·nucleotides (oligos) from 
the resin was accomplished by treatment with con· 
centrated NH, OH followed by desalting on a NAP· 
5 column (Pharmacia) with H20 elution (when the 
oligos were <45 bases in length). or by use of an 
OPC column (Applied Biosystems Inc) with 20% 
acetonitrile elution (when the oligos were >45 
bases in length). as recommended by the manufac· 
turers. Total RNA (2u.g) was reversed transcribed 
for 30' at 42•c using Moloney MLV reverse tran· 
scriptase (200 units. BRL) and 10 pmotes of the 
constant region complementary strand primers re· 
presenting either heavy or light chain in a buffer 
(final volume of 20 u.l) containing 50 mM Tris HCI. 
pH 8.3. 75 mM KCI. 3 mM MgC'2. 10 mM on. 
and 20 units of RN.Asin (Pharmacia). The reverse 
transcriptase was heat inactivated (95 • C. 5') and 
the reactions were made to contain in 100u.l of 
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PCR butter (10 mM Tris HCI. pH 8.3. 50 mM KCI, 
1.5 mM MgCli. 0.01 °lo gelatin. 200 uM each 
dNTP). 50 pmoles of each of the paired primers. 
and 2.5 units of Taq polymerase (Perkin 
Elmer/Cetus). Polymerase chain · reaction (PCR) s 
amplification was carried out essentially as de· 
scribed by Saiki et al., Science 230: 1350-1354 
(1985) and others (Mu1iis et al., Cold Srping Harbor. 
Symp. Ouant. Biol.51: 263~73 [1986). Dawasaki 
and Wang, PCR Technology, Princples and Ap· 10 

plications for DNA Amplification. Erlich. Ed., Stock· 
ton Press. NY. pp. 89-97 [1989]. Tung et al .• ibid. 
pp. 99·104 (1989)). Forty live cycles of-amplifica· . 
tion by a DNA Thermal Cycler (Perkin Elmer Cetus 
lnstruments)(2', 94 • C: 2'. 55 • C: 2' 72 • C} were rs 
followed by gel purification of the anticipated 400 + 
base pair (bp) DNA lragments. Prior to subcloning 
the DNAs into a blunt-ended intermediate plasmid 
(pSP72, Promega) they were terminally 
phosphorylated using T 4 polynucleotide kinase 20 

(Boehringer Mannheim). Multiple clones represent· 
ing these PCR amplified sequences were isolated 
form OHS transformed E.coli plated on LB agar 
plates containing 50 ugtml ampicitlin, grown by 
described procedures (Maniatis et al.. Molecular 2s 
Cloning. A Laboratory Manual, Coid Spring Harbor 
Laboratory, Cold Spring Harbor. NY. 1982). plasmid 
DNAs were extracted from the bacteria using the 
DNA preparation procedures of Birnboin and Doly, 
Nucleic Acid Res.7: 1515 (1979). and the double· :10 

stranded plasmid -DNAs were submitted to ONA 
sequence determinations using Sequenase-' 
(United States Biochemicals) and T7 and SP6 spa· 
cific sequencing primers (Boehringer Mannheim) 
using the protocols recommended by the manufac• :rs 
turer. A unique DNA sequence representing a 
murine lgG2a heavy chain variable region was ob· 
tained, as was a kappa light chain variable region 
sequence. 

To give the final appearance of a "veneered" 4D 

murine light chain, several residues within a tem· 
plate composed of the human LEN framework. into 
which had been grafted the CDRs described for 
, 84, were replaced by corresponding residues 
found in the murine , 84 tight chain framework. ,s 
Replacement of the human LEN variable region 
residues with those unique to MAb 184 took place 
as follows. Eight oligodeoxynucleotides (Figure 5) 
were synthesized representing the primers neces· 
sary to generate by P.CR amplification lour ONA so 
fragments. Incorporated· into all but the terminal 
oligodeoxynucleotides were those sequences cor· 
responding to the MAb I 84 light chain variable 
region framework residues to be point mutated and 
at least 15 bases of s· -terminal complementarity ss 
{see Figure 6). The appropriate primer pair (50 
pmole each) was combined with 10 ng of a 184 
CDR-grafted LEN framework-containing plasmid 

DNA, 2.5 units of Taq DNA polymerase. PCR reac· 
tion components and butter, and twenty-live (25) 
cycles of PCR amplification ensued (cycle periods: 
1·. 94"C; ,·. 55'C; 2' 72"C) .. The products ot the 
four reactions. purified by agarose gel elec· 
trophoresis, were combined (10 ng of each DNA 
fragment) along with a terminal oligodeox· 
ynucleotide primer pair (amplifier) (Figures 5 & 6). 
Taq DNA polymerase. PCR reaction components 
and buffer. and the subsequent recombined !rag· 
ments were amplified, as described above. for 
twenty-live (see Figure 6). Following restriction en· 
donuclease digestion with Hindltl and Xbal the am· 
plified DNA was purified from an agarose gel and 
subcloned into these same sites of an intermediate 
vector pSP72 (Promega) which contained the hu· 
man kappa light chain constant region. obtained as 
follows. DNA (lug) purified from a human B cell 
line {GM010H!A; NIGMS Human Genetic Mutant 
Cell Repository, Institute for Medical Research. 
Camden. N.J. 08103) was used as a template for 
the oligodeoxynucleotide primers described in Fig· 
ure 4 to PCR amplify a 920 base pair fragment 
containing the splice acceptor for the human kappa 
light chain constant domain. the exon and a portion 
of its J'·untranslated region (PCR primer pair 
choice was selected· based on the kappa constant 
region sequence described by Hieter et al.. Cell 22: 
197·207 (1980). The PCR product was purified by 
agarose gel electrophoresis, digested with Barn H1 
endonuclease, and subcloned into pSP72 
{Promega) previously linearized with Barn HI. 

The individual clones representing the pSP72 
intermediate vector containing both the 184 
"veneered" light chain variable region derived as 
described above, and the human kappa constant 
region. derived by PCR amplification of human 
DNA, were used to verify the ONA sequence ol the 
"veneered· light chain variable region. The 
"veneered" heavy chain portion of the recombinant 
antibody was derived from a point mutated murine 
184 heavy chain variable region fused to the hu· 
man constant region ot gamma 4 subtype obtained 
from a lambda library constructed by Flanagan and 
Rebbins. Nature 300: 709-713 (1982). 

The variable region or' the "veneered" heavy 
chain was constructed from five DNA fragments 
representing a signal sequence. mutated portions 
of the murine 1 84 heavy chain variable region. and 
an intronic sequence (Figure 8). · Oligodeoxy· 
nucleotide primer pairs (Figure 5) were synthesized 
representing the primers necessary to generate by 
PCR amplification these live ONA fragments from 
10 ng of plasmid DNA template containing the 
murine 1 84 heavy chain variable region previously 
used to determine the murine 1 B4 COR and frame· 
work sequences. Amplification of the five fragments 
was performed as described above for the four 
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light chain variable region fragments. The agarose 
gel purified products were combined (10 ng of 
each product) with terminal primer pairs (Figure 5) 
and the PCR-generated in vitro recombined tem
plate was amplified using the standard procedure 
also described above for recombining · the !rag· 
ments comprising the •veneered" tight chain vari· 
able region. Prior to subcloning into a Hind Ill and 
Barn HI digested expression vector this recom· 
bined product was similarly digested and agarose 
gel purified. ONA was obtained following growth of 
individual bacterial clones and submined to DNA 
sequence determination using Sequenase~ and T7 
and SP6 specific sequencing primers in order to 
verify the sequence of the reconstructed variable 
region and its llanking domains. · 

The gamma 4 heavy chain constant region had 
been subcloned as a 6.7 Kb Hind Ill fragment 
derived from the plasmid pA T84 (Flanagan and 
Rebbitts, supra)into the Hind Ill site of the inter· 
mediate vector pSP72 (Promega). This plasmid 
was then used as the template ONA from which a 
shortened version 01 the gamma 4 constant region 
was obtained using the standard PCR amplification 
procedures described above and the primer pairs 
indicated in Figure 4. Eukaryotic expression vec· 
tors were constructed as described below such that 
the heavy chain immunoglobulin molecule was 
transcribed from a plasmid carrying the neomycin 
(G41S) (Rothstein and Reznikotf, Cell 23: 191-199 
{1981]) resistance marker, while the Tight .chain 
immunoglobulin was transcribed from a plasmid 
carrying the hygromycin B resistance marker {Gritz 
and Davies. Gene 25: 179-188 (1983)). With the 
exception of the drug resistance portion of these 
plasmids they are identical. 

The progenitor of the immunoglobulin expres· 
sion vectors was the pD5 eukaryotic expression 
vector (Berkner and Sharp. Nucl. Acids Res. 13: 
841-657 [1985]) which contained the origin of ad· 
enovirus replication. the SV40 enhancer domain. 
the adenovirus major late promoter, the adenovirus 
2 tripartite leader. a 5' splice donor from the ad· 
enovirus third leader and a 3' splice acceptor de· 
rived lrom an immunoglobulin locus. a multiple 
cloning site. and the SV40 late polyadenylation 
signal (Figure 10). The origin of replication was 
removed by digestion with Eco Al and Kpn I and 
replaced by two fragments representing the neo 
selectable marker gene (derived from plasmid 
pCMVIE·AK1·0HFR (Silberklang et al., Modern Ap· 
proaches to Animal Cell Technoiogy. Ed. Spier et 
al., Butterworth, U.K.. (1987}) as an Eco Al/Barn 
HI 1.8 Kb fragment) and the lg heavy chain enhan· 
cer (obtained as a PCR amplified fragment using 
standard procedures described above and human 
DNA as the template: the oligodeoxynucleotide 
primer pair is listed in Figure 4) following its diges· 

tion with Bgl II and Kpn I. The resultant expression 
vector was found to lack a small portion of the TK 
promoter responsible for the transcription of the 
neomycin gene. This was replaced by insertion into 
the Eco RI site of a. 0.14 kb PCR amplified !rag· 
ment derived from the CMVIE·AK1-0HFR ONA us· 
ing the primer pair also listed in Figure 4. The 
resultant heavy chain expression vector was subse· 
quently modified by removal of the indicated Hind 

,o Ill and Xba I sites. To convert this neomycin selec· 
table vector into one expressing the hygromycin B 
selectable marker (Figure 11) the neomycin-resis· 
tance cassette was removed by digestion first with 
Eco Rt followed by DNA polymerase-directed fill in 

,s of the 5' overhang, then subsequent Sal I digestion. 
The 1.9 kb hygromycin B expression cassette [TK 
promoter and TK ·polyadenylation signal llanking 
the hygromycin B gene obtained from Gritz and 
Davies, Gene 25: 179·188(1983), as the 1.9 kb 

20 Bam H1 fragment in plasmid (pLG90)) was re· 
moved from the plasmid pAL·2 by Bam Hl diges· 
tion and subcloned into the Barn Ht site of the 
intermediate vector pSP72 (Promega). The hyg· 
romycin B cassette was removed from this vector 

2s by digestion with Sma I and Sal I and cloned into 
the expression vector linearized as described 
above to create a blunt end and Sal I end ONA 
fragment. 

Expression ol the 1 B4 · ·veneered" kappa light 
30 chain was accomplished by transferring this cistron 

from its position within the pSP72 intermediate 
vector to the hygromyci;, B selectable eukaryotic 
expression vector (Figure 7). A 1.5 kb DNA !rag· 
ment resulting from the endonuclease digestion of 

JS vi B4 VK/pSP72 intermediate vector with Spe I and 
Clal was purified by agarose gel electro-phoresis 
and ligated into the expression vector which had 
previously been linearized, by digestion with the 
same two restriction enzymes and agarose gel 

4Q purified. 
The 1B4 "veneered• heavy chain eukaryotic · 

expression vector was constructed in one step 
(Figure 9) from an existing vector previously con· 
structed to express a chimaeric form cir the 1 B4 

~s heavy chain. The ·veneered" heavy chain variaple 
region created by PCR amplilcation (Figure S) was 
digested with Hind Ill and Bam H1. The agarose 
gel purified 0.8 kb fragment was ligated into the 
Hind Ill and Bam Ht sites of the pDS/lgH· 

so EnhancertNeo/1 64 VH·Short Human C-Gamma 4 
expression vector following its endonuclease diges· 
tion with these two enzymes and subsequent pu· 
ri!ication by agarose gel electrophoresesis (Figure 
9). Translormants containing both variable and con· 

ss slant regions were identified. Plasmid DNAs were 
grown (Maniatis et al .• supra) and purified for trans· 
fection into recipient mammalian cells (Maniatis et 
~·· supra; Birbion and Daly. supra.}. -
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Equal amounts (10ug) of the plasmios encoo· 
ing the "veneered" lgG4 heavy chain and tr.a 
"veneered" kappa light chain were transfected by 
standard calcium phosphate precipitation p,oce· 
dures into human 293 cells and african green mon· 
key kidney CV-1 P cells. The culture supernatant 
fluids were assayed by a trapping Elisa.(described 
below) for the secretion o( a human kappa light 
chain containing lgG4 immunoglobulin. 

AA Elisa was developed for the quantitation of 
the amounts of a 1 B4 recombinant antibody ex· 
pressed in conditioned mammalian cell growth me
dium. lmmulon-2 (Dynatech Labs.) 96-well pia:es 
are coated overnight with a 5uglmt solution of 
mouse anti-human k chain constant domain mon· 
oclonal antibody (cat. #MC009. The Binding S,te. 
Inc., San Diego. CA) in 0.1 M NaHCO:i buffer (pH 
8.2) at 4 • C, and blocked with 1 % bovine serum 
(BSA) in 0.1 M NaHCOJ 10< 1 h at 25' C. After this 
and all subsequent steps, washing was performed 
with phosphate buffered saline (PBS). The wells 
are then challenged with conditioned medium con· 
taining recombinant anti-CD18 antibody, or with 
predetermined quantities of human lgG4 purified 
by protein A Sepharose (Pharmacia Fine Chemi· 
cals) chromatography from human lgG4 myeloma 
serum (cat. I BP02S.The Binding Site. Inc.). All 
samples are diluted in PBS containing 0.05% 
Tween-20. lOOuJ aliquots are incubated for th at 
37 • C in triplicate. and standard calibration curves 
are constructed using tgG4 concentrations ranging 
from 10 ngimt to 100 ngiml. Bound and fully as
sembled human lgG4 (either native or recombinant 
"veneered"1B4 human lgG4 constructs) are de· 
tected with 100ul aliquots of a 1:500 dilution of 
mouse anti-human lgG4 Fe monoclonal antit>ody 
conjugated to alkaline phosphatase (cat #05-3822, 
Zymed laboratories. lnc.) in phosphate bu~ered 
saline (PBS) containing. 1 % BSA. After incubateon 
for 1h at 37' C and subsequent washing. the quan· 
tities of bound conjugate are detected by incubat· 
ing all samples with a 1 mgiml solution of p
nitrophenyl phosphate in 0.1M 2.2'amino·metliyl· 
propanediol buffer. pH 10.3, for 30 min at 25 • C. 
The adsorbance ol the wells is determined with a 
UV Max ELISA plate reader (Molecular Devices) 
set at 405 nm. All supernatant fluids contain this 
immunogtobulin. though in various amounts. The 
antibody secreted by the lransfected 293 cells is 
concentrated by protein A chromatography and the 
concentrations of the recombinant human 
"veneered" anti-CD18 antibody determined by the 
trapping Elisa described above. is used to compete 
with the binding of radiolabeled murine 1 B4 to the 
CD18 ligand on the sur1ace of activated human 
PMNs. Affinities of various anti-CD18 antibody con· 
structs are determined using a competitive ·25 1. 
mt B4 soluble binding assay with stimulated human 

potymorphonuclear leukocytes (PMNs). Purified 
murine anti·CD18 monoclonal antibody (50 ug: 
m1B4) is iodinated using chloramine-T (Hunter, 
W.M. a:id Greenwood, F.C., Nature 194: 495-496, 
1962), and the radiolabeled antibody purified using 

. a Bio-Sil TSK250 (Biorad, Richmond; CA) gel filtra
tion HPLC column (which fractionates proteins in 
the range of 1-300 x 1 Ql daltons) equilibrated in 
0.1M phosphate buffer. pH 7.0. Effluent radioactiv-

10 ity is monitored with an in-line detector (Beckman 
Model 170; Beckman. Fullerton.CA) and total pro· 
tein measured at 00210 with a Kratos Spectrollow 
757 detector (Kratos. Mawah, N.J.). A single •251. 
m1B4 peak composed of coincident O~ao and 

is radioactivity tracings characteristically e!utes 6 min· 
utes. 30 seconds following sample injection.- Spe· 
cific activity . of the product is. generally about 
10uCiiug protein. and 97-99% of the counts are 
precipitable with 1 O'l'o trichl0<oacetic acid. The 

20 binding of this radiolabeled antibody is assessed 
on human PMNs ·purified on a discontinuous 
FicolVHypaque gradient (English, D. and Anderson, 
B.R .. J. lmmunol. Methods 5: 249·255. 1974) and 
activated with 100 ng/ml phorbol myristate for 20 

2s minutes at 37 • C (Lo. et al., J. Exp. Med. 169: 
1n9-1793. 1989). To determine the avidity of anti· 

· bodies for CD18 molecules on the PMN sur1ace. 
about 1 x 1 Cf, activated PMNs are incubated in a 
buffer such as Hanks balanced salt solution con· 

.Jo taining 20 mM Hepes (pH .7.2), 0.14 units aprotinin 
(Sigma Chemical Co.) and 2% human serum al
bumin (binding buffer) containing 1.3 ng ' 25 l·m184 
(2.8 x 10-"M} in the presence of increasing con
centrations of unlabeled ml 84 antibody (10-1 10 ·. 

35 10-1~ M) in a 300 ul reaction volume for about 1 h 
at about 4 • C with constant agitation. Cell bound 
1 84 is separated from the unbound antibody by 
centrifugation through a O.SM sucrose cushion 
(4,800 x g. 3 minutes); the tubes are frozen on dry 

•o ice. and the tips cut off and counted with an LK£ 
gamma .counter. The l~o of the anti-C018 anti· 
body for the inhibition of •z1-m1B4 antibody bind· 
ing is calculated using a four parameter fitter pro
gram (Rodbard. D. Munson. P.J .• and Delean, In. 

•s "Radioimmunoassay and Related Procedures in 
Medicine·. International Atomic Energy Agency. Vi
enna. vol 1.469-504, 1978). The affinity of the 
"veneered" anti-CD18 antibody for the CD18 ligand · 
is determined in a similar manner using murine 

so 1z1-m184 antibody and increasing quantities. as 
determined by the trapping Elisa. of unlabeled 
"veneered" anti-CD18 antibody. The results of the 
binding assays are shown in Figure 13 and indicate 
that the avidity of the ·veneered" heavy chain and 

ss light chain recombinant 164 antibody is equivalent 
to that of the murine 164 monoclonal antibody. 

13 

The "veneered" heavy and light chain expres
sion vectors were co-transfected into CVtP mon· 

, r ~ t 
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key kidney cells using 20 · ug of each plasmid to 
prepare 2 ml of the calcium phOsphate precipitat· 
ed solution. One ml was placed in the medium 
overlaying each 100 mm dish bf CV1 P cells. After 
4 hr at 37• C the medium was replaced with 1 ml 
of 15% glycerol in 1 x HBS (Hepes buffered sail). 
Following the 3 min glycerol shock, 1 O ml of PBS 
as added, the cell monolayers were aspirated, 
washed once with 10. ml of PBS. and re-led with 
fresh medium (DMEM + 10% heat inactivated new 
bom calf serum) containing 200 ug of hygromycin 
B and 800 ug of G418 per ml. Cloning cylinders 
(Fishney, In, Culture of Animal Cells. Alan A. Liss. 
Inc. New York, 1983) were used to isolate individ· 
ual colonies prior to their expansion and subse· 
quent assay for productivity. Two clones. #11 and 
#48. were found to express sufficient amounts of 
v1 84 to _warrant their expansion and ultimate ac· 
cessioning. 

Claims 

1. A method for identifying differences in mam· 
malian species specific sur1ace amino acid re· 
sidues on an immunoglobutin comprising: 

a. comparing the framework amino acids of 
a variable domain of a first mammalian spe· 
cies with the variable domains of a seconc 
mammalian species; 
b. determining the subgroups of the second 
mammalian species to which the first mam: 
malian species most closely corresponds; 
c. determining the second mammalian spe• 
cies sequence which is most similar to the 
first mammalian species sequence; 
d. identifying amino acid residues of the 
first mammalian species which differ from 
the amino acid residues of the second 
mammalian species, with said amino .acids 
being mostly exposed or completely ex· 
posed on the immunoglobulin surface; 
e. identifying only those amino acid resi· 
dues which are not within a 
complementarity-determining region or are 
not directly adjacent to a complementarity
determining region. 

2. The method ol claim t wherein the first mam
malian species is mouse. 

3. The method of claim 1 wherein the second 
mammalian species is human. 

4. A method tor converting an immunoglobulin 

a. replacing the amino acid residues in a 
first mammalian species framework whicti 
differ from the amino · acid residues of a 
second mammalian species with the cor· 
responding amino acid residues from the 
most similar second mammalian species as 
identified by the method of claim t. 

5. The method of claim 2 wherein the first mam· 
10 malian species is mouse. 

6. The method ol claim 2 wherein the second 
mammalian species is human. 

15 7. A method comprising: 
a. preparing a DNA sequence encoding a 
veneered immunoglobulin having specificity 
for a known antigen wherein the surface 
amino acid residues of a first mammalian 

20 species which differ from the surface amino 
acid resid.ues of a second mammalian spa· 
cies are replaced with the corresponding 
amino acids residues form the most similar 
second second mammalian species se· 

25 Quance as identified by the method of claim 
1; 
b. inserting the sequence into a replicable 
expression vector operably linked to a suit· 
able promoter compatible with a host cell; 

JO c. transforming the host cell with the vector 
of b; 

JS 

d. culturing the host cell; and 
e. recovering the veneered immunoglobulin 
from the host cell culture. 

a. The method of claim 7 wherein the first mam· 
malian species is mouse. 

9. The method of claim 7 wherein the second 
40 mammalian species is human. 

10. A composition comprising a veneered im· 
munoglobulin having a specificity for a known 
antigen. 

11. A DNA sequence encoding veneered· tB4 anti· 
body. 

12. A veneered murine 1 B4 antibody exhibiting the 
50 antigenicity of human antibody of fragments 

thereol. 

having the immunogenicity of a first mamma· 55 

lian species to an antibody having the im
munogenicity of a second mammalian speeies 
comprising: 

14 
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Fig. la 

Fractional Accessibility 
Position KOL J539 

Residue Exposure Residue Exposure 

1 E 1.00 Ex E 1.00 Ex 
2 V 0.23 mB V 0.37 mB 
3 a 0.82 Ex K 0.82 Ex 
4 L 0.00 Bu L 0.10 Bu 
5 V 0.87 Ex L 1.00 Ex 
6 a 0.00 Bu E 0.09 Bu - 7 s 0.94 Ex s 0.94 Ex .} 
B G 1.00 Ex G 1.00 Ex ; 

9 G 0.00 Bu G 0.00 Bu 
10 G 1.00 Ex G 1.00 Ex ,, V 0.90 Ex L 0.81 Ex 
12 V 0.25 mB V 0.25 mB 
13 a 0.71 mE a 0.87 Ex 
14 p 0.59 PB p 0.64 mE 
15 G 1.00 Ex G 1.00 Ex 
16 A 0.73 mE G 1.00 Ex 
17 s 0.66 mE s 0.75 mE 
18 L 0.28 mB L 0.26mB 
19 R 0.66 l'(lE K 0.75 mE 
20 L 0.00 Bu C 0.00 Bu 
21 s 0.71 mE s 0.82 Ex 
22 C 0.00 Bu C 0.00 Bu 
23 s 1.00 Ex A 1.00 Ex 
2( s 0.00 Bu A 0.00 Bu 
25 s 0.87 Ex s 1.00 Ex 
26 G 1.00 Ex G. 1.00 Ex 
27 F 0.10 Bu F 0.10 Bu 
28 I 0.85Ex D 0.72 mE 
29 F 0.00 Bu F 0.00 Bu 
30 s 0.74 mE s 0 .. 83 Ex l 36 w 0.00 Bu w 0.00 Bu ·-·-
37 V 0.00 Bu V 0.00 Bu 
38 R 0.10 Bu A 0.31 me 
39 a 0.15 Bu a 0.28 ms 
40 A 0.95 Ex A 0.75 mE 
41 p 0.90 Ex p 0.73 mE 
42 G 1.00 Ex G 1.00 Ex 
43 K 0.86 Ex K 0.86 Ex 
44 G i.00 Ex G 1.00 Ex 
45 L 0.00 Bu L 0.00 Bu 

15 
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Residues In Subgroup 
II Ill 

a a E 
V V VM 
a TO a 
L L L 
V RQKT VL 
a E E 
s s s 
G G G 
A p G 
E AGT GA 
V L LF 
K V V 
K K a 
p p p 
G TS G 
SA EO G 
s T s 
V L L 
AK TS RK 
V L L 
s T s 
C C C 
K T A 
ATV FV A 
s s s 
G G G 
GYD FLG F 
T s TN 
F LI F 
SNVI s s 
w w w 
V I V 
R R R 
a a a 
A p A 
p p PS 
G G· G 
CRKH KR K 
G AG GS 
L L L 
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Fig. lb 

Fractional Accessibility Residues In Subgroup 
Position KOL J539 I II Ill 

Residue Exposure Residue Exposure 

46 E 0.75 mE E 0.73mE E E E 
47 w 0.10 Bu w 0.04 Bu w w w 
48 V 0.00 Bu I 0.00 Bu MV LI V 
49 A 0.00 Bu G 0.00 Bu G AG GSA 
66 R 0.36 mB K 0.51 pB R R R 

-.. ) 67 F 0.00 Bu F 0.00 Bu V· LV F 
68 T 0.87 Ex I O.BaEx T T T ..• .; 69 I 0.00 Bu I 0.00 Bu VMI IV I 
70 s 0.78 mE s 0.79 mE TS ST s 
71 R 0.11 Bu R 0.00 Bu ALA KV- R 
72 N 0.61 mE D 0.55 pB DK 0 ON 
73 0 0.44 p9 N 0.43 pB PETAS T ON 
74 s 0.65 Ex A 0.97 Ex s .S s 
75 K 0.88 Ex K 0.77mE TF KR K 
76 N 0.69 mE N 0.68 mE NST N N 
77 T 0.41 pB s 0.33 mB TO a T 
78 L 0.00 Bu L 0.00 Bu AV VF LA 
79 F 0.45 pB y 0.35 mB V vs VF 
80 L 0.00 Bu L 0.00 Bu M L L 
81 a 0.53 pB a 0.69 mE E TKSIN a 
82 M 0.00 Bu M 0.00 Bu L ML M 
82a D 0.73 mE s 0.58 pB SVRT TSNI R ND 
82b s 0.98 Ex K 0.96 Ex s NS s 
82c L 0.00 Bu V 0.00 Bu L VM L 
83 A 0.73 mE R 0.83 Ex RFI OT RE 
84 p 0.75 mE s 0.90 Ex s PA PA 
85 E 0.82 Ex E 0.90 Ex E VA ED 
86 D 0.00 Bu 0 0.11 Bu D D D 
87 T 0.54 pB T o.47 pa T T T 

_.l 88 G t.00 Ex A 0.00 Bu A A A 
· 89 V 0.58 PB L 0.63 mE V TV VL 

90 y 0.00 Bu y 0.00 Bu y y y 
91 F 0.00 Bu V 0.08 Bu y y V 
92 C 0.00 Bu C 0.00 Bu C C C 
93 A 0.00 Bu A 0.00 Bu A A AT 
94 R 0.17 Bu R 0.15 Bu R RH RP 

JHI JH2 JH3 JH4 JH5 JH6 
103 w 0.09 Bu w 0.07 Bu w w w w w w 
104 G 0.00 Bu G 1.00 Ex G G G G G G 

16 
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Fig. le 

Frac:tional Accessibility Residues In Subgroup 
Position KOL J539 II Ill 

Residue Exposure Residue Exposure 

JHI JH2 JH3 JH4 JHS JH6 
105 Q 0.93 Ex Q 0.99 Ex a R a a Q Q 
106 G 0.00 Bu G 0.00 Bu G G G G G G 
107 T 0.22 mB T 0.26 mB T T T T T T 
108 p 0.99 Ex L 0.67 mE L L M L L T 
109 V 0.00 Bu V 0.00 Bu V V V V V V 
110 T 0.76 mE T 0.69 mE T T T T T T 
111 V 0.00 Bu V 0.00 Bu V V V V V V 
112 s 0.98 Ex s 0.74 me s s s s s s 
113 s 0.94 Ex A 0.84 Ex s s s s s s 

,._,.J 
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Fig. 2a 

Position 
Residue Exposure 

1 0 1.00 Ex a 
2 s 1.00 Ex s 
3 V o.nmE V 
4 L 0.00 Bu L 
5 T 0.92 Ex T 
6 a 0.00 Bu a 
7 p 0.62 mE p 

'· 8 p 1.00 Ex p ) 
9 s 1.00 Ex s 
10 , , A 0.34 mB AV 
12 s 0.71 mE s 
13 G 1.00 Ex GA 
14 T 0.73 mE TA 
15 p 0.75 mE p 
16 G 1.00 Ex G 
17 0 0.69 mE a 
18 A 0.79 mE R 
19 V 0.21 mB V 
20 T 0.62 ME T 
21 I 0.00 Bu I 
22 s 0.92 Ex s 
23 C 0.00 Bu C 
35 w 0.00 Bu w 
36 y 0.00 Bu y 
37 0 0.46 pB Q 
38 0 0.00 Bu OH 
39 L 0.75 mE LV 
40 p 0.91 Ex p 
41 G 1.00 EX G 

._) 42 M 0.74 mE T 
43 A 0.62 mE A 
44 p 0.00 Bu p 
45 K 0.95 Ex K 
46 L 0.23 mB L 
47 L 0.15 Bu L 
48 I 0.00 Bu I 
49 y 0.39 mB y 
57 G 1.00 Ex G 
58 V 0.14 Bu V.1 
59 p 0.70 mE p 
60 D 0.95 Ex D 
61 A. 0.31 mB R 

EP O 519 596 A1 

Residues In Subgroup 
II Ill IV 

0 SF 
s y s 
A E E 
L L L 
T TK T 
0 a a 
p p D 
ARP p p 
s s A 

V V V 
s s s 
G VL V 
s SA A 
p PA L 
G G G 
0 a a 
s T T 
IV A V 
T RM R 
I I I 
s T T 
C C C 
w w w 
YF y y 
0 a O· 
a OE a 
H KR K 
p PS p 
G G G 
K OR Q 
A A A 
p p p 
K V L 
L MLP L 
MIL V V 
I IV ,. 
YF y y 
G GE G 
VI IV I 
SP p p 
ON L EOA D 
A R R 

18 
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V 

0 
s 
A 
L 
T 
a 
p 
p 
s 
A 
s 
G 
s 
PL 
G 
a 
s 
v_ 
T 
I 
s 
C 
w 
y 
a 
0 
H 
PA 
G 
AK 
A 
p 
K 
LV 
VI 
I 
FY 
G 
V 
p 
0 
R 

. . 
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I t 

VI 

ND 
F 
M 
L 
T 
a 
p 
H 
s 
V 
s 
E 
s 
p 
G 
K 
T 
V 
T 
IFM 
s 
C 
w 
y 
a 
Q 

A 
p 
G 
SAG 
A 
p 
T 
T 
V 
I 
y 
G 
V 
p 
D 
R 
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Fig. 2b 

Posilion Residues In Subgroup 
Residue Exposure II Ill rv 

62 F 0.12 Bu F F F F 
63 s 0.85 Ex s s s s 
64 G 0.00 Bu GA G GS G 
65 s 1.00 Ex s s SY s 
66 K 0.41 pB K K TSN s 
67 s 1.00 Ex s s s s 
68 G 1.00 Ex G G G G 
69 A 0.71 mE T ·N TN H 
70 s 1.00 Ex s T TKS T 
71 A 0.00 Bu A A AV A 
72 s 1.00 Ex ST s Tl s 
73 L 0.00 Bu L L L L 
74 A 0.74 mE A T T T 
75 I 0.00 Bu I I I I 
76 G 1.00 Ex ST s SN T 
77 G 1.00 Ex G G GR G 
78 L 0.00 Bu L L VA A 
79 a 0.76 mE QR Q OE a 
80 s 1.00 Ex ST A AV A 
81 E 0.78 mE EG E EG E 
82 D 0.09 Bu D D D D 
83 E 0.64 mE E E E E 
84 T 0.34 mB A A A A 
85 D 0.30 mB D D 0 D 
86 y 0.00 Bu y y y y 
67 y 0.16 Bu y y YF y 
88 C 0.00 Bu ·c C c C 

JL•1 JL·2 JL·3 JL·4 
98 F 0.04 Bu F F F F 
99 G 0.00 Bu G G G G 
100 -T 0.59 pB T G G s 
101 G 1.00 Ex G G G G 
102 T 0.00 Bu T T T T 
103 K 0.82 Ex K K K 0 
104 V 0.00 Bu V L L L 
105 T 0.86 Ex T T T T 
106 V 0.19Bu V V V V 
106a L 0.70 mE L L L L 
107 G 1.00 Ex G G G s 
• additional residues after position 66: 

66a D 
66b SRO 

19 
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V VI 

F F 
s s 
G G 
s s 
K IF· 
s s 
CG s 
N N 
T s 
A A 
s s 
L L 
T T 
V I 
s s 
G G 
L L 
RO KOT 
A T 
E E 
D D 
E E 
A A 
D 0 
y y 
y y 
C C 

JL·S 
F 
G 
s 
G 
T 
a 
L 
T 
V 
L 
G 
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Fig. 3a 

Posit:on 
Residue Exposure 

1 E 0.99 Ex 
2 I 0.16 Bu 
3 V 0.87 Ex 
4 L 0.00 Bu 
5 T 0.80 mE 
6 a 0.00 Bu 
7 s 0.89 Ex 
8 p· 0.67 mE 
9 A 1.00 Ex 

) 10 I 0.94 Ex 
11 T 0.30 mB 
12 A 0.59 pB 
13 A 0.00 Bu 
14 s 0.78 mE 
15 L 0.79 mE 
16 G i.oo Ex 
17 a 0.64 mE 
18 K 0.74 mE 
19 V 0.22 mB 
20 T 0.65 mE 
21 I 0.00 Bu 
22 T 0.69 mE 
23 C 0.00 Bu 
35 w 0.00 Bu 
36 y 0.00 Bu 
37 Q 0.14 Bu 
38 Q. 0.24 mB 
39 K 0.69 mE 
40 s 1.00 Ex 
41 G 1.00 Ex 
42 T 0.90 Ex 
43 s 0.30 mB 

J ·44 p 0.00 Bu ...,,. 
45 K 0.90 Ex 
46 p 0.43 pB 
47 w 0.16 Bu 
48 I 0.00 Bu 
49 y 0.42 pB 
57 G 1.00 Ex 

· 58 V 0.13 Bu 
59 p 0.61 mE 
60 A i.oo Ex 
61 R 0.36 mB 
62 F 0.00 Bu 
63 s 0.94 Ex 

! •• " 

•. 
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Residues In Subgroup 
II Ill 

D 0 E 
I I I 
a V V 
M M L 
T T T 
a a a 
s s s 
p p p 
s L G 
s s T 
L L L 
s p s 
A V L 
s T s 
V p p 
G G G. 
D E E 
A p R. 
V A A 
T s .T 
I I L 
T s s 
C C C 
w ·w w 
y y y 
a L a 
a a a 
K K K 
p p p 
G G G 

·K a a 
A s A 
p p p 
K OER R 
L L L 
L L L 
I I I 
V V y 
G G G 
V V I 
p p p 
s D D 
R R R 
F F F 
s s s 

20 
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IV 

D 
I 

V 
M 
T 
a 
s 
p 
ON 
s 
L 
A 
V 
s 
L 
G 
E 
R 
A 
T 
I 
N 
C 
w 
y 

a 
Q 

K 
p 
G 
a 
p 
p 
K 
L 
L 
I 
y 
G 
V 
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D 
R 
F 
s 
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Fig. _3b 

Position . 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
e, 
82 
83 
84 
es 
86 
87 
88 

98 
99 
100 
101 
102 
103 
104 
105 
106 
106a 
107 

I 
i" 

Residue 

G 
s 
G 
s 
G 
T 
s 
y 
s 
L 
T 
I 
N 
T 
M 
E 
A 
E 
D 
A 
A 
I 
y 
y 
C 

F 
G 
A 
G 
T 
K 
L 
E 
l 

K 

EP O 519 596 A1 

Exposure 

0.00 Bu G 
1.00 Ex s 
1.00 Ex G 
1.00 Ex s 
1.00 Ex G 
0.75 mE T 
0.98 Ex DEO 
0.09 Bu F 
0.70 mE T 
0.00 Bu L 
0.43 pB T 
0.00 Bu I 
0.83 Ex s 
0.83 Ex s 
0.00 Bu L 
0.63 mE Q 
0.96. Ex· p 
0.91 Ex ED 
0.13 Bu 0 
0.55 pB Fl 
0.00 Bu A 
0.58 pB T 
0.00 Bu y 
0.11 Bu y 
0.00 Bu C 

JK·1 
0.00 Bu F 
1.00 Ex G 
1.00 Ex 0 
0.00 Bu G 
0.00 Bu T 
0.79 mE K 

· 0.00 Bu V 
0.89 Ex E 
0.44 pB I 

o.nme K 

21 

•, l t-. . . . . 

Residues In Subgro:.ip 
II Ill IV 

G G G 
s s s 
.G G G 
s s s 
G G G 
T T T 
D 0 D 
F F F 
T T T 
L L L 
K T T 
I I I 

s s s 
R R s 
V L L 
EO E Q 

·A p A 
E E E 
0 D D 
V .F V 
G A A 
V V V 
y y y 
y y y 
C C C 

JK-2 JK-3 JL·4 
F F F 
G G G 
Q p G 
G G .G 

.T T T 
K K K 
L V V 
E D E 
I I I 

K K K 

. . 
• t l ' 

JL-5 
F 
G 
0 
G 
T 
R 
l 
E 
I 

K 
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Mouse Lighl Chain Variable Region 

. . . . 
EP O 519 596 A1 

s· upstream primer • FR\ ol variable region 

.. 
' ( . . 

S'· TCT CGG ATC CGA (CT)AT (TC)GT G(AC)T (GCJAC CCA (GA) .3· 
&mHl 

3' downstream primer • kappa constanr region 

. . 

S'· TCT C,M!'-GI..ITG GTG GCA AGA T(~ ATA CAG TTG GTG CAG C -3 
Hind m 

Mouse ,.., ... vy Chain Variable Region 
s· upstream primer • FR1 of variable region 

iJ_S'· TTC TGG ATC C(CG)A GGT (GCT)CA (AG)CT G(AC)A G(GC)A GTC (TA)GG .3· 
BarnHl 

ii) S'· TTC TGG ATC C(CG)A GGT (GCT)AA GCT GGT G(GC)A GTC (T AJGG ·3' 
Barn Hl 

3· downstream primer • lgG2a CH1 region 
S'· TCT CM.GCl.IAC 00A TGG {GA)GC TGT TGT TTT GGC .3· 

Hind Ill 

SMORTEN VERSlO",I OF THE lgG4 HEAVY CHAIN CCNST t,Nr REGION 

S'· ATI T~ ~CA TCGCGGATAGACMGAAC ·3' 
B.a.rn 1-11 Xba I 

S'· MT MT GI"_,(; C".CC GC ~ ~AGT ATG TAG ACG GGG TAC G·J 
Nol I Cla l Sac I 

TK ?ROOTER FRAGMEr-tr 
5'· TAT~ ~TTCA TCC CCG TOO CCCG·3' 

Eco RI Kpn I . 

5'· TGC GTG TIC GM.ill GCC -3' 
Eco RI 

lg H ENHANCER 
5'· TTT T~~G A.TG GCC GATCAGAAC CAG ·3' . 

BglU Sall 
5'· TTG ~ 001& MT ACA ITT TAG MG TCGAT ·3' 

Sall Kpnl 
HUt~ KAPPA ~ANT REGJO",I 

5'· TCT COO A.TCCTC TA.GAAG MT GGCTGCMA. GAGC ·3' 
5'- TCT CGC TAG coo ATC err GCA GAG GAT GAT AGG G -3' 
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EP O 519 596 A1 

Fig. 5 

Oligodeoxynucleotides for PCR Amplification of the LEN light Chain 
Variable Region 

s, S'· CATTCG en IC:, AGA TCT MG en ACT AGT GAG ATC ACAGn CTC TCT AC ·3' 
V 9 S'· TGG CTC i.;c AGC TGA TGG TG .:; 

\I. 0 S'· CAC CAT CAG CTG CAG AGC CA .::r 
V11 S'· CTG TCT GGG ATC CCA GA T· TC ·3' 

V12 S'· GM TCT GGG ATC CCA GAC AG-3' 
V13 S'· GTT GCA ACA TCT TCA GCC TCC ACG CTG CTG ATG .J' 

V14 S'· GTG CYIG GCT GAA GA T GTT GCA ACi TAT TAC TG .3 

13 S'· CYIA TGT GCC TAC TTT CT A CYIG CYI T CCA ACT CYIG CYIA GCAMG ·3' 

A1 S'· CAT TCG CTT ACC AGA TCT ·3' 

A2 S'· GM TGT GCC TAC TTT CTA G .3· 

Oligodeoxynucleotides for PCR Amplification of the mi 94 
Heavy Chain Variable Region 

v, 5·. CCC TCC AGG CTT CAC TM GTC TCC CCC ·3" 

V2 S'· TTA GTG MG CCT G3A GGG TCC CTGAAA CTC ·3' 

V3 S· GCC CCT TCC CAG GAG en GGC GM CCC MG AC.A TG .3 

V4 S-AAGCTCCTGGGAA.GG~TGGAGTTGGTCG~CC.J' 
vs S- TGTTCA TTT GTA GGT ACAGGG TGTTCTTGG AATTGT CTC TGG AGA TOO TG ·3" 

VG S· TGT ACC TAC AAA TCYIACAGTCTGAGGGCTGAGGACACAGCCTTGT ATT ·3' 
V7 S· CTG TGA GM GGG TGC CTT GGC CCC AGT AG .J' 

VB S'· AAG GCA CCC TTC TCA CAG TCT CCT CAG GTG ·3 
12 S'·GM TGT GCCTAC TTAAGCTTT CTAGAGCYIT CCT ATAAATCTCTGGCCA TG ·3" 

S1. A 1. and A2. as above 

' ·, 
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Nde 1(2379) 

Sspl(2012l 

FIG.7a 

(_ 

MCS 

... _1 

Xhol(4) Human C - kappa by PCR 
Hind lll(16) 

Sph I (26) 
Pst Il32l 

Sol 1(34) 

BomHI\/ Kbol Bo;HI 

pSP72 

Xbo Il40l 
BomHll46) 
Smoil53) 

Kpnl(59) 
Soc l (65) 
EcoRI(67l 
Cloil74) 

EcoRV(81) 
Bgl lll85l 

(2.5 kbl , +....cotEI Ori 

Amp R 

{CONT. ON FIG. 78) l 

BomHI 

(0.9kb) 

Xholl4) 
HindID(16) 
Sphl(26) 

Pst Il32l 
Soll(34l 
. Xboll40) 

BomHl(46) 
Xbol (54) 

SocI(GO) 

SacI(569) 

(p8943) ~BomHI(977) 
pSP72/HUMAN C- S.mol(983) 

Koppa (3.4 kb) KpnI (989) 
IC Soc I (995) 

T7 · Eco RI (997) 
Clo l ( 1004) 
EcoRV(1011) 
Bg t lt l 1015) 
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Xho114) 
Hindil1(16l 

\._.: 

( CONT FROM FIG. 7A) 

Spe 11221 VIB4 VK 
Hnidl t 
Xbo I I Hnidl + Xbol VENEERED 184 V·Koppo by PCR 

(p8952) 
pSP72/Rei 184 

Koppo(4.0kbl 

Human C·Koppo 

Soc 111108) 

~ BomHl(1516) 
SmoI(1522l 
Kpnl(1528) 
SocI(1534) 
EcoRI(1536) 
Cloll1543) 
EcoRV(1550) 
Bgl II (1554) 

Spel + Clol 

FIG.7b 
11.5 kb Koppa Chain) 

(CONT ON FIG. 7C) 1 Spel +Clol 

Hind II Spe I Xbo I 

Y I 
(0.6 kb) 

BomHI(6) 

P YU I ( 552 3 I -_....-:::::::>--t:::::::-...... 
PstI(5393) Amp ~tk·HygB 

r cpa9421 
p05/lgH·Enhoncer/HygB 

(6.1 kb) 

.ORI 
\ 

SV 40 LlA)n 

Not 1(3429). 
Ndel(3423) 
CLoI(3417) 

Nhell3411l 

BomHl 
11995) 

Sall 
.. I _ ~ 120001 
~ 'Kpn'l(2347} 

Ad2 MLP 
Pvu 11(2993) 

SocI(3405l 
Spel(3399) 

BomHil3393 

m .,, 
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tn ••• ,., .... 
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(From FIG. 781 r 

Pvu 1(7010) 
Pstl(6880) 

BomH1(6) 

( p8953) 

pD5/ lgH-Enhancer/HygB/ 
Humanized 184- Koppa 

v1B4VK (7.7kb) 

Notl(4916)~ 
Ndel (4910) Human C-Kappo 
Clal (4904) v 184 VK 

EcaRl(4901) 
Sacl(4897l 
Kpnl!4891 )· 

8amHl(4889) 

·~-

BamHI(1995) 
SaLI(2008) 

lgH-Enhancer 

Kpnl(2347) 

V40 Enhancer 

Ad2 MLP 
Pvu Il(2993) 

Ad2 Leader 
BamHI(3393) 

Speil3399l 
KpnI(3717l 

KpnU3815l 
FIG.7c 
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VENEERED 184 VH BY PCR 
Hindlli 

Bgll*Spel 

( 0.5 kb) 

BamHJ 

l 

Pvull7986) .. 
Pstll7856)~ ~k-Neo 

( p05/lgH·Enhoncer / Soll(1957) 
/ORI Neo/184 VH·Short IgH-Enhoncer 

· Human C-Gommo 4 KpnI(2296) 
SV40l(A)n {8. 7 kb) SV40 Enhancer 

Ad2 Leader,. Ad2 MLP Notl(5893) 
Chimeric 184 VH .t Pvull {2942) 

Cloll5887) Xholl3097) 
SocI(5881) · Bgl Ill3268) 

Short Human C·Gommo 4 Hindlll{3347) 
. Pst 1(4887) Spel(3353) 

Bgl 11(4856) Ncol (3401) 
Hind 1II(3533) 

XboI(4108}1 \ SmoI(4042) 
BomHI(4102) 
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p05/lgH·Enhoncer I Soll( 1957) 
/ORI Neo/184 VH·Short IgH·Enhoncer 
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(8. 7 kb) SV40 Enhancer 

Ad2 Leadet i P~tir ~~
21 

v184~h XhoI(3097) 

Short Human C·Gamma 4~ 
Bgl ll(3268) 
Hindllll3347) 
SpeI(3353) Pst 1(4887) 

Bgl [((4856) 

FIG.9b 
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EP O 519 596 A1 

. . . . 
. . . . 

l.. •It f: . 

1 (CONT. FROM FIG.IOo) . 

PvuJ(5472) 
Pst115342l ,r/ 

/"'Amp 

(p8928) 
pDS/lgH ·Enhoncer/Neo 

(6.1 kb) 

. . . 

SV40UA)n 

NotH3379) 
Ndeil3373) 
Cloll3367l 

Solll195il 
lg H -Enhancer 

Kpnit2296) 
V40 Enhancer 

t ke Promoter 
")ctomer ond CAT 
;..: -:i~n by PCR) 

C:coRl .::oRI 

Nheil3361) 
SocU3355l 
Spel(3349l 
BomHU3342} 

Pvul{5472l 
PstI{5342) 

Ad2 MLP 
Pvull (2942) 

fAmp ~tk-Neo 

(p8941) .. ,., __ \ 
p05/lgH· Ennoncer/Neo 

. (6.2 kb) 

SolI(1957) 

u 
(0.1kb) 

/. lgH-Enhoncer 
Kpnl{2296) 

SV40 Enhancer 
{Hind III minus)(2662) 

51/40 l(A)n 

Not1(3379) 
Ndeil3373) 
Cloil3367) 
Nhe1(3361) 
Socll3355l 
Speil3349l 
BomH1!3342l 

Pvull(2942l 

FIG. lOb 
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Pvu 113536) 
Pstl(3406) 

( -

p05(MCS} 
(4.2Kbl 

::9!! I 

SV40 Enhancer 

Hind 111(726) 
Ad2 MLP 

Ad2 leader 

~BamHI(1406) 
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Socll1419l 
Nhel(1425) 
Cloll1431) 
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Not ((1443) 
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( ,.._.. 
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Hindill(29) 
BomHI(375} 

Ori 

pCMVIE-AK1·0HFR 
(9.2 kb) 

CMVIE 
Promoter 

Bglll(55701 
Kpnl(5340) 

EcoRI(5041f 

-BomHil2766} 

lgH emoncer by PCR 
Bglll'iSoll lpnl 

(0.3kb) 

FIG.IOo (CONT. ON FIG. IOb) 
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EcoR1(1) 
Hind 111(29) 

BomHI(375) 

pAL2 
(5.6 kb) 

FIG. Ila 

tk·HygB 
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Sspl(20121 
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Sph 1(26) 
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Xbol(40) 
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Xholl4l 
Hind 111(16) 

Sph'I(26) 
PsH(32l 

Sol1(34) 
XboI(40) 
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tk-HygB 

pSP72/tk ·HygB 
(4.4 kb) 

FIG. 11b 
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Smol(1953) 
KpnI(1959) 
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r (CONT FROM FIG. Ila) 
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EP O 519 596 A1 

Fig. 12 

HEAVY AND LlGHT CHAIN VA.~l.E REGION FRAMEWORKS 

Hea 0 v Chai? 

vlB4 DVKLVESGGDLVKPGGSLKLSCAASG:TFS [DnMSJ WVROAP 
rr.lS4 DVKLVESGGDLVl<l.GGSLKLSCAASGFTFS (t>nMSJ WVRQTP 

Gal EVQLVESGGDLVQPGRSLRLSCAASGFTFS [BLGMr] WVRQAP 

GKGLELVA [AIDNDGGSISYPOTVJCG) RFTISRDNSKNTLY~OM 
EKRLELVA !AlDNDGGSISYPOTVKG) RFTISRDNAKNTLYLOX 
GKGLEWVA [NIRZBGSZZBYVOSVKG} RFT!SRDNAJ<NSLYLQM 

NSLRAEDTALYYCAR [-QGJUJUU>YFDY} WGQGTLLTVSS .. . 
SSLRSEDTALYYCAR. [-QGRLP.RDYFDY} WGQGTTLTVSS .. . 
NSLRVEDTALYYCAR [-----GWGCCD-} WGQGTLVTVST .. . 

..; 
vlB~ DIVMTQSSNSI...AVSLGERATlSC (P.ASESVPSYCNSFHR--J KY 
~1B4 DIVl.TQSPASI..AVSLGOR>.TlSC [P.ASESVDSYCNSFMH--1 WY 

Le~ DIVMTQSSNSI..AVSLGER>.TI~C [JCSSQSVLYSSNS:KHYLA} KY 

..J ..J +.J 
OQKPGQP?KLLIY [JIASNLES] GIPDRFSGSGSGTDFTLTISSV 
QOKPGQPPKLLIY (JI.ASN'I..ESJ GIPARFSGSGSRTDFTLTINPV 
QOKPGOPPKLLIY [W).STRE:S] GVPDRFSGSGSGTDFTLT!SSL 

..; ..J 
EAE:DVJ..TYYC [QQSNEDPLT} FGQGTKLEIKR .. . 
EADDVJ..Tn'C (QQSNEDPLT] FGAGTKLEL.'<R .. . 
OAEDVAVYY.C [QQYYSTPYS} FGQGTKLE!KR .. . 
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pages 2471 - 2476 
B. DAUGHERTY ET AL. 'Polymerase chain 
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integrins.' 
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Europaisches Patentamt 

European Patent Office 
~· .' 

Office europeen des bre~~ts @ Publication number: 0 592 106 A 1 

EUROPEAN PATENT APPLICATION 

@ Application number: 93307051.8 

@ Date of filing: 07.09:93 

@ Priority : 09.09.92 US 942245 

@ Date of publication of application: 
13.04.94 Bulletin. 94115 

@) Designated Contracting States : · 
BE CH OE DK ES FR GB IE IT U LU NL SE 

'8) Applicant : IMMUNOGEN INC 
148 Sidney Street 
Cambridge, Massachusetts 02139 (US) 

@ Inventor: Pedersen, Jan T. 
72 Great Pultney Street 
Bath, Avon BA2 4DC (GB) 

@) Resurfacing of rodent antibodies. 

@ Int. CJ.5 : C12N,15/13, C12N 15/62, 
co1Kf:1s100. c12P 21,os 

Inventor : Searte, Stephen M.J. 
30 Eastbourne Avenue 
Bath, Avon BA1 6NE (GB) 
Inventor : Rees, Anthony R. 
94 sydney Place 
Bath, Avon BA2 6NE (GB) 
Inventor : Roguska, Michael A. 
16 Hilldale Road 
Ashland, Massachusetts 01721 (US) 
Inventor: Guild, Braydon C. 
109 Riverdale Road 
Concord, Massachusetts 01742 (US) 

@ Representative : BROOKES & MARTIN 
High Holbom House 52154 High Holborn 
London, WC1V 6SE (GB) 

@ A method for detennining how to humanize a rodent antibody or fragment thereof by resurfacing, said 
method comprising : · 

(a) determining the conformational structure of the variable region of said rodent antibody or 
fragment thereof by constructing a three-dimensional model of said rodent antibody variable region ; 

(b) generating sequence alignments from relative accessibility distributions from x-ray crystal
. lographic structures of a. sufficient number of rodent antibody variable region heavy and light chains to 
give a set of heavy and light chain framework positions wherein said set is identical in 98% of said 
sufficient number of rodent antibody heavy and light chains ; 

(c) defining for said rodent antibody or fragment thereof to be humanized a set of heavy and light 
chain surface exposed amino acid residues using said set of framework positions generated in said step 
00: . 

(d) identifying from human antibody amino acid sequences a set of heavy and light chain surface 
exposed amino acid residues that is most closely identical to said set of surface exposetl amino acid 
residues defined in said step (c), wherein said heavy and light chain from said human antibody are or are 
not nab.trally paired ; 

(e) substituting, in the amino acid sequence of said rodent antibody or fragment thereof to be 
humanized said set of heavy and light chain surface· exposed amino acid residues defined in said ~tep 
(c) with said set of heavy and light chain surface exposed amino acid residues identified in said step (d); 

(f) constructing a three-dimensional model of said variable region of said rodent antibody or fragment 
thereof resulting from the substituting specified in said step (e); 

{g) identifying, by comparing said three-dimensional models constructed in said steps (a) and (f), any 
amino acid residues from said set identified in said step (d), that are within 5 Angstroms of any atom· of 
any residue of the complementarity determining regions of said rodent antibody or fragment thereof to 
be humanized ; and 

(h) changing any residues identified in said step (g) from the human to the original· rodent amino acid 
residue to thereby define a rodent antibody humanizing set of surface eYposed amino acid residues; 
with the proviso that said step (a) need not be conducted first, but must be conducted prior to said step 
(g). 
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FIELD OF THE INVENTION 

• • • . .. . . 

The present invention relates to the development of prediction rules that can be used to accurately model 
th~ variable regions (V-regions) of antibodies. The development of these rules and their application in the pre-

s dictive molecular restructuring of the surfaces of variable domains of non-human monoclonal antibodies en
ables changing of the surface. resurfacing, of these monoclonal antibody V-regions to replicate the surface 
characteristics found on human antibody V-regions. This method of resurfacing non-human monoclonal anti
body V-regions to resemble human antibody V-regions is expected to permit the production of functional altered 
antibodies, which retain the binding parameters of the original non-human monoclonal antibody, with improved 

10 therapeutic efficacy in patients due to the presentation of a human surface on the V-region. 

BACKGROUND OF THE INVENTION 

General Background of Antibodies 

Murine monoclcnal antibodies are widely used as diagnostic and therapeutic agents in the treatment of 
human disease. Mice can be readily immunized with foreign antigens to produce a broad spectrum of high af
finity antibodies. Invariably, the introduction of murine or other rodent antibodies into humans results in the 
production of a human anti-mouse antibody (HAMA) response due to the presentation of a foreign protein in 

20 the body. The production of HAMA in patients can result from the introduction of foreign antibody in a single 
dose or from extended use in therapy, for example, fort he treatment of cancer. Extended use of murine antibody 
is generally limited to a term of days or weeks in patients before concerns of anaphylaxis arise. Moreover, once 
HAMA has developed in a patient, future use of murine antibodies for diagnostic or therapeutic purposes is 
often precluded for the same reasons. 

25 Beyond ethical considerations, attempts to produce human monoclonal antibodies have not been highly 
successful for a number of reasons. The production in vitro of human monoclona!s rarely results in high affinity 
antibod.ies. In vitro cultures of human lymphocytes yield a restricted range of antibody responses relative to 
the broad spectrum of reactive antibodies produced in vivo through direct immunization of mice. Additionally, 
in humans, immune tolerance prevents the successful generation of an~bodies to self-antigens. All of these 

30 factors have contributed to the search for ways to modify the structures of murine monoclonal antibodies to 
improve their use in patients. Many investigators have attempted to alter, reshai>e or humanize murine mono
clonal antibodies in an effort to improve the therapeutic application of these molecules in patients. 

Strategies of Antibody Humanization 
35 

The earliest reports of th~ controlled rearrangement of antibody domains to create novel proteins was dem
onstrated using rabbit and human antibodies as described by Bobrzecka, K. et al. (Bobrzecka, K., Konieczny, 
L, Laidler, P. and Rybarska. J. (1980), Immunology Letters 2, pp. 151-155) and by Konieczny et al. (Konieczny, 
L, Bobrzecka, K., Laidler, P. and Rybarska. J. (1981), Haematologia 14 (I), pp. 95-99). In those reports, the 

40 protein subunits of antibodies, rabbit Fab fragments and human Fe fragments, were joined through protein dis
ulfide bonds to form new, artificial protein molecules or chimeric antibodies. 

Recombinant DNA technology was used to construct gene fusions between DNA sequences encoding 
mouse antibody variable light and heavy chain domains and human antibody light chain (LC) and heavy chain 

(HC) constant domains to permit e~pression of the first recombinant •near-human• antibody {chimer_ic antibody) 
'5 product(Morrison, S.L, Johnson, M.J., Herzenberg, L.A. and Oi, V.T. (1984), Proc. Natl. Acad. Sci. U.S.A. 81, 

pp. 6851-6855). 

The kinetics and immune response in man to chimeric antibodies has been examined (LoBuglio. A.F .• 
Wheeler, RH., Trang, J., Haynes, A., Rogers, K •• Harvey, E.B., Sun, L, Ghrayeb, J. and Khazaeli, M.B. {1989), 
Proc. Natl. Acad. Sci. 86, pp. 4220-4224). 

so Chimeric antibodies contain a large number of non-human amino acid sequences and are immunogenic 
in man. The result is the production of human anti-chimera antibodies (HACA) in patients. HACA is directed 
against the murine V-region and can also be directed against the novel V-region/C-region (constant region) 
junctions present in recombinant chimeric antibodies. 

To overcome some of the limitations presented by the immunogenicity of chimeric antibodies, the DNA 
55 sequences encoding the antigen binding portions or complementarity determining regions (CDR's) of murine 

monoclonal antibodies have been grafted by molecular means in the DNA sequences encoding the frameworks 
of human antibody heavy and light chains (Jones, P.T., Dear, P.H., Foote, J., Neuberger. M.S. and Winter. G. 

(1986), Nature 321, pp. 522-525; Riechmann. L., Clark, M., Waldmann, H. and Winter, G. (1988), Nature 332. 
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pp. 323-327). The expressed recombinant products called reshaped or humanized antibodies are comprised 
of the framework of a human antibody light or heavy chain and the antigen recognition portions, CDR's, of a 
murine monoclonal antibody. Several patent applications have been filed in this area including, for example, 
European Patent Application, Publication No. 0239400; European Patent Application, Publication Nos. 

5 043831DA1 and 0438310A2; International Patent Publication No. WO 91/09967; and International Patent Pub
lication No. WO 90/07861. 

· However, it is questionable whether European Patent Application (EP), Publication No. 0239400 is truly 
enabling. It is not assured in this patent that the best fit is made to assure proper presentation of the CDR 
loops at the antibody combining site. 

10 EP Publication Nos. 0438310A1 and 0438310A2 go a step beyond EP Publication No. 0239400 by pro-
tecting the importance of uniquely selected human frameworks for the human light chain (LC) and heavy chain 
(HC) V-regions. These V-region frameworks should show a high degree of sequence similarity with the fra
meworks of the murine monoclonal antibody and present the CDR's in the appropriate configuration. However, 
the criteria for sequence matching are no more sophisticated than simple homology searching of the antibody 

1s protein or DNA databases. 
International Patent Publication No. WO 91/0~967 attempts a further variation of the method disclosed in 

EP Publication No. 0239400. In International Patent Publication No. WO 91/09967, homology of the donor se
quences and the acceptor framework is not important, rather it discloses that a selected set of residues in the 
LC and HC are critically important to humanization. The ability to make changes at these positions is the basis 

20 of International Patent Publication No. WO 91/09967. 
International Patent Publication No. WO 90/07861 proposes four important criteria for designing human

ized antibodies. 1) Homology between human acceptor and non-human donor sequences. 2) Use donor rather · 
than acceptor amino acids where the acceptor amino acid is unusual at that position. 3) Use donor framework 
amino acids at positions adjacent to the CDR. 4) Use donor amino acids at framework positions where the 

25 sidechain atom is within 3 Angstroms of the CDR in a 3-D model. The firs: antibody humanized by this method 
retained less than 1/3 the affinity of th~ original monoclonal antibody .. 

None of the above methods for designing a humanized antibody are predictable due to the questions that 
surround CDR framework interactions. By replacement of murine framework with human framework. there is 
no guarantee of identical conformations for CDR's because i) the VL-VH interaction is not identical in an V-re-

30 gions and ii) acC\Jrate prediction of the CDR-framework interactions are key to faithful reproduction of the an
tigen binding contacts. 

The above methods do not offer a general solution to solving the issues surrounding antibody humaniza
tion, rather the methods as outlined in each reference above involve a substantial amount of trial and error 
searching to obtain the desired affinity in the final humanized product. More importantly, there is no guarantee 

35 that corrective changes in framework amino acids will leave the reshaped V-regions resembling the surface 
character of a truly human antibody. Therefore, it can be argued that antibodies humanized by the above meth
ods may be immunogenic in man. 

Antigenicity of Antibodies 

The antigenicity/immunogenicity of ari antibody, including recombinant reshaped antibody products, intro
duced into humans can be viewed as a surface phenomenon. In general one can view the immune system as 
scanning the surface of a protein introduced to the body. If the Fv portion of a humanized antibody 'opens
up' in the cirC\Jlation then internal residues can be presented to the immune system. On the other hand, if the 

45 fv portion is stable and tightly packed then only the surface residues presented by the V-regions and the in
terface between the VL and V" regions ·will be 'scanned'. 

Surface Reshaping or Resurfacing of Antlbobles 

50 The notion of surface presentation of proteins to the immune system raises the prospect of redesigning 
murine monoclonal antibodies to resemble human antibodies by humanizing only those amino acids that are 
accessible at the surface of the· V-regions of the recombinant Fv. The resurfacing of murine monoclonal anti- · 
bodies to reduce their immunogenicity could be beneficial in maintaining the avidity of the original monoclonal 
antibody in the reshaped version, because the natural framework-CDR interactions are retained. The value of 

55 maintaining the integrity of the framework-CDR interactions has been illustrated as summarized below. 
In a recent research report. two different reshaped versions of the rat monoclonal antibody, Campath-9 

(an~human CD4), were generated (Gorman, S.O., Clark, M.R., Routledge, E.G., Cobbold, S.P. and Waldmann, 
H. (1991), Proc. Natl. Acad. Sci. U:SA. 88, pp. 4181-4i85). In one version, pVHNEWtc;.,. the acceptorVH fra-
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mework was from the human NEW-based heavy chain, which has 47% identical residues to the Campath-9 
VH. While in the second version. pVHKOL/CG,. the ac·ceptor V H framework was from the human KOL antibody, 
which has 72% identical residues to Campath-9 V-,;. Each reshaped antibody contained the identical VL domain 
from the human REI antibody sequence. However. the recombinant product of pV-,;KOL/CG1 had an avidity for 

5 CD4 that was substantially greater than the product of pVHNEW/ CG1• The authors proposed a reshaping strat
egy where human sequences, that are highly homologous to the rodent antibody of interest. are transferred, 
by in vitro mutagenesis, into the rodent V-'region to create a "bestfit" reshaped antibody. This strategy uses 
the term "bestfit" to describe the modeling process. however, there is no quantitative formula employed to as
sess "bestfit", and so in effect, the process is subjective. Additionally, there is no resurfacing concept presented 

10 in that paper. 
The concepfof reducing rodent-derived antibody immunogenicity through the replacement of exposed re

sidues in the antibody framework regions which differ from those of human origin is discussed in a recent paper 
(Padlan, E.A. (1991), Molecular Immunology 28. pp. 489-498). In that paper, the variable domains of two an
tibody structures, KOL (human) and J539 (mouse), are examined. The crystal structures of the Feb fragments 

15 of these two antibodies have been elucidated to high resolution. The solvent accessibility of the exposed fra
mework residues in the variable domains of these two antibodies were compared to a sequence database of 
human and murine antibody V-region subgroups. On the basis of his findings, Padlan proposed to reduce the 
antigenicity of allogeneic variable domains [murine V-regions], through replacement of the exposed residues 
in the framework regions with residues usually found in human antibodies. In murine sequences with the high-

20 est similarity to a given human sequence, the number of changes necessary to •humanize• a murine V-region 
surface would range from 6-15 amino acid changes per V-region. This reference suggests how to convert one 
antibody surface into another but no general method is developed. Application of the procedure is provided 
by two examples, a worst-case and a best-case. 

25 Worst Case: 

Among the representative murine kappa Vi. sequences examined for which its autologous VH has been 
sequenced, S107VL has the most residues that need to be replaced to humanize it. S107VL is most similar to 
the members of the human subgroup VKIV and JK2. The exposed or partially exposed residues that need to 

30 be replaced are those at positions!!, 10, 14, 15, 16, 17, 18, 22. 41. 63. 80, 83, 85. 100 and 106. Murine V
region S107VH is most similar in its framework to the members of the human subgroup VHIII and JH6. The 
exposed or partially exposed residues in S107VH that need to be replaced are those at positions 3, 40, 68, 73, 
75, 76, 82b and 89. A total of 23 residues need to be replaced to humanize the variable domains of S107 .. 

35 Best Case: 

Among the murine VH sequences examined for which the autologous VL has also been sequenced, 
MOPC21VH has the least number of residues that need to be replaced to humanize it. MOPC21VH is most sim
ilar in its framework to the members of the human subgroup HIii and JHS. The exposed or partially exposed 

'° residues that ne~d to be replaced are those at positions 1, 42, 74, 82a. 84, 89 and 108. MOPC21VL is most .._ 
similar in its framework to human subgroup VKIV and JK4. The exposed or partially exposed residues that need 
to be replaced are those at positions 1, 9, 12, 15, 22, 41, 63, 68, 83 and as: A total of 17 amino acids need to 
be replaced to humanize the variable d;mains of MOPC21. - -

Of the light chains in the Best- and Worst-Case examples cited above, S107VL required changes at 15 
'5 positions and MOPC21VL required changes at 10 positions. Only seven of the changes are common to both 

of these light chain sequences (see underlined residues). Moreover, of the heavy chain residues that need to 
be replaced to humanize the respective V-regions, S107VH required changes at 8 positions and MOPC21VH 
required changes at 7 positions. In this instance, only one position is common to both of these heavy chain 
sequences {see residues in ·boldface). · 

50 An analysis of S107 V-regions alone would not have led to the prediction of which residues to change in 
MOPC21. The reason for this is that the surface residues in Padlan's analysis are only determined by reference 
_to the crystal structure analysis of 2.!!! antibody. In addition, the basis for defining the surface exposure of an 
amino acid at a particular position on that crystal structure is a continuous gradient of change, e.g., the frac
tional solvent accessibility values (Padlan, E.A. (1990), Molecular Immunology 28, pp. 489-498) were comput-

55 ed, where: 0 to 0.2 = completely buried, 0.2 to 0.4 = mostly buried, 0.4 to 0.6 = partly buried/partly exposed, 
0.6 to 0.8 = mostly exposed, and 0.8 or above= completely exposed. By limiting the analysis of exposed surface 
residues to a single crystal structure and by superimposing a· broad range of solvent accessibility ratios on 
exposed residues, such a modeling strategy could be expected to have a wide margin of error in its calculations. 
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This model fails to take into account the great majority of structural information available in the database for 
other antibody crystal structures. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to provide humanized rodent antibodies or fragments thereof, 
and in pa°rticular, humanized rodent.monoclonal antibodies that have improved therapeutic efficacy in patients 
due to the presentation of a human surface on the V-region. This and other objects have been attained by 
providing a method to~ determining how to humanize a rodent antibody or fragment thereof by resurfacing the 

10 method comprising: 
(a) determining the conformational structure of the variable region of the rodent antibody or fragment 
thereof -by constructing a three-dimensional model of the rodent antibody variable region; 
(b) generating sequence alignments from relative accessibility distributions from x-ray crystallographic 
structures of a sufficient number of rodent antibody variable region heavy and light chains to give a set of 

1s heavy and light chain framework positions wherein the set is identical in 98% of the sufficient number of 
rodent antibody heavy and light chains; 
(c) defining for the rodent antibody or fragment thereof to be humanized a set of heavy and light chain 
surface exposed amino acid residues using the set of framework positions generated in step (b); 
(d) identifying from human antibody amino acid sequences a set of heavy and light chain surface exposed 

20 amino acid residues that is most closely identical tot he set of surface exposed amino acid residues defined 
in step (c), wherein the heavy and light chain from the human antibody are or are not naturally paired; 
(e) substituting, in the amino acid sequence of the rodent antibody or fragment thereof to be humanized 
the set of heavy and light chain surface exposed amino acid residues defined in step (c) with the set of 
heavy and light chain surface exposed amino acid residues identified in step (d); 

25 (f) constructing at hree-dii'nensional model of the variable region oft he rodent antibody or fragment thereof 
resulting from the substituting specified in step {e): 
(g) identifying, by comparing the three-dimensional models construc:ed in steps (a) and (f), any amino acid 
residues from the set identified in step (d), that are within 5 Angstroms of any atom of any residue of the 
complementarity determining regions of the rodent antibody or fragment thereof to be humanized; and 

JO (h) changing any residues identified in step (g) from the human to the original rodent amino acid residue 
to thereby define a rodent antibody humanizing set of surface exposed amino acid residues; with the pro
viso that step (a) need not be conducted first. but must be conducted prior to step (g). 
Also provided is a method for producing a humanized rodent antibody or fragment thereof from a rodent 

antibody or fragment thereof, the method comprising: 
35 (I) carrying out the above-described method for determining how to humanize a rodent antibody or frag

ment thereof by resurfacing; and 
(II) modifying the rodent antibody or fragment thereof by replacing the set of rodent antibody surface ex
posed amino acid residues with the rodent antibody humanizing set of surface exposed amino acid resi
dues defined in step (h) of the above-described method. 

'° In a preferred embodiment. the rodent antibody or fragment thereof is a murine antibody, and most pre-
ferably murine antibody N901. 

BRIEF DESCRIPTION OF THE FIGURES 

'5 Figure 1 shows an algorithm that can be used for constructing a three-dimensional model of the rodent 
antibody variable region. 

Figure 2 is a diagram showing the approach to determine how to humanize a rodent antibody or fragment 
thereof according to the present invention. 

Figures 3A and 3B are plots of relative accessibility of amino acid residues for twelve antibody Fv struc-
so tures, mapped onto the sequence alignment of these structures. Structures Glb2 (Jeffrey, P.O., Doctor of Phi

losophy Thesis, University of Oxford, United Kingdom, 1991), 01 .3 (Amit. A.G .• Mariuzza, R.A., Phillips, S.E.V. 
and Poljak, R.J. (1986), Science 233, pp. 7 47-753), 306 (Grunow, R., Jahn, S., Porstman, T., Kiessig, T., Steink- · 
eller, H., Steindl, F., Mattanovich, D., Gurtler, L., Deinhardt, F., Katinger, H. and von R., 8. (1988), J. lmmunol. 
Meth.106, pp. 257-265) and 36-71 (Sfab) (Rose, D.R., Strong, R.K., Margolis, M.N., Gefter, M.L. and Petsko, 

55 G.A. (1990), Proc. Nau. Acad. Sci. U.S.A 87, pp. 338-342) are not yet present in the Brookhaven database. 
The other structures used were: 2hfl {Sheriff, S., Silverton, E.W .• Padlan, E.A., Cohen, G.H., Smith-Gill, S.J., 
Finzel, B.C. and Davies. D.R. (1987), Proc. Natl. Acad. Sci. U.S.A. 84, pp. 8075-8079), 3hfm (Padlan, E., Sil
verton, E., Sheriff, S., Cohen, G., Smith-Gill, S. and Davies, D. (1989). Proc. Natl. Acad. Sci. U.S.A. 86, pp. 
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5938-5942). 2fbj (Mainhart, C.R., Potter, M. and Feldmann, R.J. (1984), Mol. lmmunol. 21, pp. 469-478), 3fab 
(Saul, F.A., Anizel, L.M. and Poljak, R.J. (1978), J. Biol. Chem. 253, pp. 585-597), 4fab (Herron, J., He, X., 

:Mason, M., Voss, E. and Edmunson, A. (1989), Proteins: Strucl, Funct.. Genet. 5, pp. 271-280), 2mcp (Segal, 
0., Padlan, E .• Cohen, G .• Rudikoff. S., Potter, M. and Davies, D. (1974), Proc. Natl. Acad. Sci. U.S.A. 71, pp. 

5 4298-{??]), 2fb4 (Marquart, M. Deisenhofer, J. and Huber, R. {1980), J. Mot. Biol.141, pp. 369-391), and 1f19 
(L.ascombe. M. Alzari. P., Boulot. G .• Salujian. P .. Tougard, P., Berek, C., Haba, S., Rosen, E., Nisonof, A. and 
Poljak, R. (1989), Proc. Natl. Acad. Sci. U.S.A. 86, p. 607). These structures are designated by their Brookhav
en entry code. The sequence numbering used here is described in Figures 4A and 48. Figure 3A graphically 
shows the relative accessibility for the heavy chain and Figure 3B graphically shows the relative accessibility 

10 for the light. chain. 
Figures 4A and 48 show alignments of sequences generated using the three methods of humanization. 

Sequences are: 1) Original rodent N901. 2+3) KOL (Marquart, M. Deisenhofer, J. and Huber, R. (1980). J. Mol. 
Biol. 141, pp. 369-391) and reshaped N901 using KOL surface. 4+5) Most homologous sequences, L(KV2F) 
(Klobeck, H., Meindl, A., Combriato, G., Solomon, A. and Zachau, H. ( 1985), Nucleic Acids Res. pp. 6499-6513) 

15 and H(G36005) (Schroeder, H. and Wang, J. {1990), Proc. Natl. Acad. Sci. U.SA 87), and reshaped N901 using 
these sequences. 6+7) Most homologous with respect to surface residues. L{KV48) (Klobeck, H .• Bronkamp, 
G., Combriato, G., Mocikat, R., Pohelnz, H. and Zachau, H. (1985), Nucleic Acids Res. 3, pp. 6515-6529) and 
H(PL0123) (Bird, J •• Galm, N., Link. M., Sites, D. and Sklar, J. (1988), J. Exp. Med. 168, pp. 229-245), and 
reshaped N901 using these sequences. The numbering is the same as used in the antibody modelling program 

20 ABM (trademark for commercial software, Oxford Molecular Ltd., Oxford, U.K.), which is based on structural 
conservation and not sequence homology as used by Padlan et al. (Kabat, E.A., Wu, T.T., Reid-Miller, M., Perry, 
H.M. and Gottesman, K.S. (1987), Sequences of Proteins of Immunological Interest. U.S. Department of Health 
and Human Services, Fourth Edition). The sequence changes which have to be introduced in order to resurface 
N901 with a given sequence are marked with bars, back-mutations as determined from Fv models are marked 

2s with stars. The sequence homology of given sequences to N901 are shown in brackets after each sequence. 
Figure 5 is a stereo plot of mean antibody j3-barrel, coordinates determined by iterative multiple fitting of 

eight antibody structures. Strands 7 and 8 comprise the 'take off' positions for CDR H3 and are not included 
in the fitting of VL and VH regions. 

Figure 6 is a plot of RMS deviation from the mean of the eight 13-sheet strands comprising the framework. 
30 The RMS was calculated from structures F19.9, 4-4-20, NEW, FBJ. KOL. HyHEL-5, HyHEL-10 and McPC603. 

N,Ca.,C atoms are included in the plot. The residues used are shown in the alignment (Table 2). The most dis
ordered residues are all the residues of strand HFR4, the last residue of LFR1. and the first and last residue 
of HFR2. The nomenclature of the strands is explained in the alignment in Table 2. LFR1 - #1, LFR2 - #2, LFR3 
- #3, LFR4 - #4, HFR1 - #5, HFR2 - #6, HFR3 - #7, HFRS4 - #8. 

35 Figure 7 is a flowchart of the overall modelling protocol known as CAMAL. 
Figure 8 is a plot of superimposed loop backbones for models and x-ray structures discussed in Example 

2. The loops are positioned after global framework fit. This does not represent the best local least squares fit, 
but shows how the loops are positioned globally onto the framework. 

Figures 9A to 90 are stereo (N,C-a.,C,O} representations of crystal structures and modeis of D1 .3, 3671 
'° and Gloop-2 variable domain and 13-barrel strands described in Example 2. Crystal structures are shown with 

open bonds, model with solid bonds. The diffe.rence between the 306-H3 in the model and the crystal structure 
is due to a 5-7° twist in the extended !}-sheet conformation of this loop, Figure 9A: 01.3, Figure 98: 36-71, 
Figure 9C: Gloop-2, Figure 90: 306. 

Figure 10 is a histogram showing the distribution of loop length for CDR H3 loops, data from Kabat et al. 
45 (Kabat, E.A., Wu, T.T., Reid-Miller, M., Perry, H.M. and Gottesman, KS. (1987), Sequences of Proteins of Im

munological Interest. U.S. Department of Health and Human Services, Fourth Edition). 

DETAILED DESCRIPTION OF THE INVENTION 

50 The existence of specific, yet different. surface patches in murine and human antibodies may be the origin 
of the inherited immunogenicity of murine antibodies in humans. Statistical analysis of a database of unique 
human and murine antibody Fv fragments has revealed that certain combinations of residues in exposed sur
face positions are specific for human and murine sequences. The combinations are not the same in human 
and murine Fv domains. However. it is possible to define families of surface residues for the two species of 

55 antibodies. These families reveal a novel method for the •humanization• or reshaping of murine antibodies. 
Humanization is the modification of the solvent accessible surface of a non-human antibody or fragment there
of to resemble the surface of a chosen human antibody or fragment thereof such that the modified non-human 
antibody or fragment thereof exhibits lower immunogenicity when administered to humans. Such a process 

6 

BIOEPIS EX. 1002 
Page 3665



EPJ) 592!106 A) . . . . 
applies in the present application to antibody variable regions but could equally well apply to any other antibody 
fragment The method is considered to be generally applicable to humanization of rodent antibodies. 

According to the present invention. a statistical analysis is presented which is based ori accessibility cal
culated for a range of antibody crystal structures. When this information is applied to an antibody sequence 

5 database. it is possible to discriminate between human and murine antibodies at the sequence level purely on 
the basis oft heir surface residue_ profiles. 

Rational Resurfacing Approach 

10 There are several key features of the resurfacing approach of the present invention. 
1) This method uses as a starting point construction of a three-dimensional model of a rodent variable 
region by known methods; 
2) A large number {e.g., twelve) of antibody Fv or Fab fragment x-ray crystallographic structures are ana
lyzed to produce an unambiguous set of surface exposed amino acid residues that will be positionally iden-

15 tical for a majority (98%) of antibodies. The set is produced by identifying all those residues whose solvent 
accessibility is above a given cut-off (typically 30%), calculated using a modification of the method of 
Kabsch and Sander (Kabsch, W. and Sander. C. (1983). Biopolymers 22, pp. 2257-2637) in which explicit 
atomic radii are used for each atom type to predict sidechain positions as is described below in more detail; 
3) Using a complete human antibody database, the best set of human heavy and light chain surface ex-

20 posed amino acid residues is selected on the basis of their closest identity to the set of surface amino 
acid residues of the murine antibody; 
4) In order to retain the conformational structure- of the CDRs of the rodent antibody, replacement of any 
human surface exposed amino acid with the original rodent surface exposed amino acid residue is carried 
out whenever a surface residue is calculated from the three-dimensional model to be within 5 Angstroms 

25 of a CDR residues. · 
The general resurfacing approach oft he present invention is illustrated in Figure 2. The approach can be 

divided into two stages. In the first, the rodent framework (white) is retained and only the surface residues 
changed from rodent (dark grey circles) to the dosest human pattern (light grey circles). This should remove 
the antigenicity of the rodent antibody. In the second stage, surface residues within 5 Angstroms of the CDRs 

30 are replaced with the rodent equivalents in an attempt to retain antigen binding and CDR conformation. 
The method of the present invention is applicable to whole antibodies as well as antibody fragments. Suit- . 

able antibody fragments that can be used can readily be determined by the skilled artisan. Examples of some 
suitable fragments include a single chain antibody (SCA), an antibody Fv fragment, Fab fragment, Fab2 frag
ment, Fab' fragment. or other portion of an antibody comprising the binding site thereof. 

35 According to the present invention, an important step in the method for determining how to modlfy a rodent 
antibody or fragment thereof by resurfacing is to determine the conformational structure of the variable region 
of the rodent antibody or fragment thereof to be humanized by constructing a three-dimensional model of the· 
rodent antibody variable region.'.This can be done by known methods such as those described, for example, 
in Martin et al. (Martin, A.C.R., Cheetham. J.C. and Rees. A.R. (1989). Proc. Natl. Acad. Sci. U.S.A. 86, pp. 

4" 9268-9272; Methods in Enzymology (1991), 203, pp. 121-152) and as described in detail in Example 2. 
Martin etal. describe an algorithm which is depicted in Figure 1. The algorithm applies to murine and human 

antibodies equally well. The present inventors therefore expect that. based on sequence similarity between 
antibodies of different species (Kabat, E.A. Segments of Proteins of Immunological Interest, National Institutes 
of Health, U.S.A. 1991), the algorithm will work equally well for rat and other rodent antibodies. 

'5 Briefly, the algorithm depicted in Figure 1 can be summarized as follows. The framework region of an an-
tibody to be modelled is selected on the basis of sequence homology and constructed by a least squares fit 
onto the six conserved strands of the variable region j}-barrel. Light and heavy chain complementarity deter
mining regions are constructed using a combination of canonical structures (Chothia, C. and Lesk. A.M. {1987). 
J. Molec. Bio. 196, pp. 901-917), database searching and conformational searching. Detailed descriptions of 

so these methods are described in Example 2 herein and in the above two references (Martin et al. 1989 and 
1991). 

According to the present invention, another three-dimensional model is also constructed. The other three
dimensional model is of the rodent antibody variable region having human antibody surface amino acid resi
dues substituted therein at particular rodent antibody surface residue positions. 

55 This other three-dimensional model is constructed by carrying out the series of steps described next 
The first of the steps is to generate sequence alignments from relative accessibility distributions from x

ray crystallographic structures of a sufficient number of rodent antibody variable region heavy and light chains 
to give a set of framework positions of surface exposed amino acid residues which is identical in a majority 
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(98%) of the variable regions. 
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As used herein, the term "framework" means the antibody variable region from which the complementarity 
determining regions have been excluded. 

"Complementarity determining regions" means those amino acid sequences corresponding to the follow
. 5 ing numbering system as defined by Kabat. EA (In Sequences of Immunological Interest, N.I.H., U.S.A., 1991). 
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Light Chain L1 residues 24-34 

Light Chain L2 residues 50-56 

Light Chain L3 residues 89-97 

Heavy Chain H1 residues 31-358 

Heavy Chain H2 residues 50-58 

Heavy Chain H3 residues 95-102 

A sufficient number of rodent antibody fragments that need to be analyzed in order to produce the set of 
framework positions of surface exposed amino acid residues can readily be determined by the skilled artisan 
through routine experimentation using a database of antibody sequences. Thus, this step can be conducted 
using suitable databases now in existence or later compiled. 

The x-ray crystallographic structures are used to determine relative accessibility distributions of surface 
exposed amino acid residues. The relative accessibility distributions ide~tify all those residues whose solvent 
accessibility is above a given cut-off (typically 30%), calculated using a modification of the method of Kabsch 
and Sander (Kabsch, W. and Sander C. (1983), 8iopolymers 22, pp. 2257-2637) in which explicit atomic radii 
are used for each atom type. 

The relative accessibility distributions determined from the x-ray crystallographic structures can then be 
used to generate sequence alignments which give a set of framework positions of surface exposed amino acid 
residues which is identical in a majority (98%) of the variable regions. 

The set of framework positions of surface exposed amino acid residues for the variable regions of murine 
antibodies is shown in Table 1, set forth in Example 1, and was produced using the sequence alignments and 
accessibility distributions shown in Figures 3A and 38. 

Once a set of framework positions of surface exposed amino acid residues for the variable regions of the 
rodent antibodies have been generated, the surface exposed residues of the heavy and light chain pair of the 
rodent antibody, or fragment thereof, to be humanized can be identified using ari alignment procedure such 
as that described in Example 1 and shown in Figures 3A and 38. This defines a set of surface exposed amino 
acid residues of a heavy and light chain pair of a rodent antibody or antibody fragment to be humanized. 

Next, a complete human antibody sequence database is used to identify a set of surface exposed amino 
acid residues from a human antibody variable region that have the closest positional identity to the set of sur
face exposed amino acid residues of the variable region of the rodent antibody that is to be humanized. The 
set of surface exposed amino acid residues from the human antibodies can be separately identified for a heavy 
chain and for a light chain that are not naturally paired and/or a set can be identified from a natural human 
heavy and light chain pair, that is, a pair originating. from a single 8 cell or hybridoma clone."Preferably, the 
set is one from a natural human heavy and light chain pair. 

A humanized rodent antibody that gives the appearance of a human antibody is then predicted by substi
tuting the set of surface exposed amino acid residues from the rodent antibody or fragment thereof to be hu
manized with the set of surface exposed amino acid residues from the human antibody. · 

A three-dimensional model can then be constructed from the resulting, fully substituted variable region of 
the rodent antibody or fragment thereof. The three-dimensional model is constructed using the same known 
methods mentioned above for constructing a 3-0 model of the original rodent antibody or fragment thereof. 

While the antigenicity of this fully "resurfaced· or humanized antibody should be removed, an additional 
factor to be addressed is the binding affinity or the binding strength of the resurfaced antibody. Changes in 
the framework of the variable domain introduced through resurfacing can influence the conformation of the 
CDR loops and therefore antigen binding of the antibody. According to the present invention, this problem is 
·removed·by the next step which is to identify, by means of a comparison of both of the above-described three
dimensional models of the rodent antibody variable region, any residues from the set of surface exposed amino 
acid residues of the variable region heavy and light chain pair of the human antibody identified that are within 
5 Angstroms of any atom of any residue of the rodent antibody or antibody fragment complementarity deter-
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mining regions (CDRs). 
Any residue(s) so identified is then changed back from the human to the original rodent amino acid resi-

due(s). . 
The results of this method can then be applied to a particular rodent antibody by well known methods. 

5 Briefly, genes for the humanized variable heavy and light chain regions are constructed using standard recom
binant DNA methods (Sambrook. J., Fritsch, E.F. and Maniatis, T. (1989). Molecular Cloning, Second Edition). 
For example, a PCR method can be used {Daugherty et al. {1991 ), Nucleic Acids Research 19, pp. 2471-24 76). 

Variable heavy chain or variable light chain gene constructs are subcloned into appropriate expression vec
tors. Suitable expression vectors contain either a human gamma or human kappa constant region gene, a suit-

10 able promoter, a sequence coding for a human immunoglobulin leader peptide (for example: met-gly-trp-ser
cys-ile-ile-le·u-phe-leu-val-ala-thr-ala-thr (SEQ ID N0:39), Olandi et al. (1989), PNAS 86, pp. 3833-3837), and 
a drug selectable marker. 

Heavy and light chain expression plasmids can be co-transfected, for example, by electroporation into suit
able cells, for example, SP2JO cells, and selected with an appropriate drug, G418, for example. Screening for 

15 intact antibody can be accomplished by ELISA assay: 96-well plates are coated with, for example, goat anti
human kappa chain antibody, and light chains are detected with, for example, goat anti-human antibody con
jugated to alkaline phosphatase. 

As another approach, light chain constructs are transfected, for example, by electroporation into suitable 
cells. for example, SP2/0 cells and selected, for example, in hygromycin. Screening for light chain expression 

20 can be accomplished by ELISA assay. 96-well plates are coated with, for example, goat anti-human kappa 
chain antibody, and light chains are detected with, for example, goat anti-human antibody conjugated to alkaline 
phosphatase. 

Alight chain producing line is then used as a host to electroporate in the heavy chain construct The heavy 
chain plasmid is co-transfected with a plasmid containing the gene coding for another drug marker. for exam-

25 pie, neomycin resistance and selected in the presence of the drug G418. Screening for intact antibody is ac
complished by ELISA assay. 96-well plates are coated with, for example, goat anti-human Fe and detected 
with, for example. goat anti-human light chain conjugated to alkaline phosphatase. 

30 

35 

EXAMPLE 1 AND COMPARATIVE EXAMPLES 

The superiority of the presently claimed method for determining how to modify a rodent antibody or frag
ment thereof by resurfacing in order to produce a humanized rodent antibody will now be described by reference 
to the following example and comparative examples which are illustrative and are not meant to limit the present 
invention. 

A) Analysis for Murine Antibodies 

In order to determine the positions which are usually accessible on the surface of the Fv domain of murine 
antibodies, the accessibility was calculated for twelve Fab x-ray crystallographic structures obtained from the 

'° Brookhaven database (Bernstein, F., Koetzle, T., Williams. G., Meyer, E .• Brice, M •• Rodgers, J., Kennard, 0., 
Shimanouchi, T. and Tasumi, M. (1977), J. Mol. Biol. 112, pp. 535-542). The relative accessibility was calculated 
using the program MC (Pedersen, J. (1991 )), which implements a modified version of the DSSP (Kabsch, W .. 
and Sander, C. (1983), Biopolymers 22, pp. 2257-2637) accessibility calculation routine in which explicit atomic 
radii are specified for every atom. A residue was defined as being surface accessible when the relative ac-

45 cessibHity was greater than 30%. The alignment positions of these residues were conserved in all twelve struc
h.ires (98% identity). Surface accessible framework positions constitute 40% of the Fv surface area. The re
maining surface accessible residues are in the CDRs and in the interdomain C-terminal region. Figures 3A 
and 38 show a sequence alignment of the twelve crystal structures, the average relative accessibility, and 
the 30% accessibility cutoff. Figure 3A shows the alignments relative accessibility for the twelve murine anti-

so body light chains and Figure 38 shows the alignments and relative accessibility for the murine antibody heavy 
chains. 

55 

· The surface accessible framework positions were mapped onto a database of unique human and mouse 
Fv sequences (see lists at the end of this Example). The frequency of particular residues in each of these pos
itions is shown in Table 1. Only residue frequencies higher than 5% are. listed. 
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Li1ht chain 
Position I Huma.n :\-louse 
l D 51 E J,t A 5 S S D i6 Q 9 E 6 
3 V 38 Q 24 S J4 Y 6 V 63 Q 22 L 5 
5 T 61 L 37 T 87 
9 P 26 S 26 C 17 A a L 7 S 36 A 29 L 17 P 5 
15 P 62 V 2,; L 12 L 47 P 30 V 8 A 7 
18 R 57 S 18 T 13 P 6 R 38 K 22 S 13 Q 12 T 9 
46 P 94 P 82 S 9 
47 G 89 G 71 D 18 
51 K 43 R 31 K 70 Q 13 R 8 T 5 . 
63 G 91 G 98 
66 D 43 S 25 A 9 D 38 A 26 S 26 
73 S 96 S 9015 
76 D 43 T 18 S 16 E 15 D 67 S 15 A 5 K 5 
86 P 44 A 27 S 1 T T 8 A 50 P 11 T 8 E T Q 6 
8T E11011GT E 91 D 6 
111 K 74 R 12 N 6 K 93 
115 K 54 L 40 K 87 Ls 
116 R60G33S5 Ra, G 9 
117 ' Q 50 T 37 E 6 P 6 A 74 Q 14 P 5 R 5 

Hean chaia 
Po1itio11 Humu Moue 
118 E 47 Q 46 E 59 Q 29 D 10 
1:20 Q 83 TT Q 51 K 26 
12'l V 59 L 15 Q 13 Q 57 V 27 L 5 K 5 
l'l6 G 54 A 23 P 18 G 36 P 30 A 29 
127 G 53 E 22 A 14 D T E.SG43S6 
128 LU V 31 FT L 9& 
130 K 46 Q 41 E 5 KSJQ271\1T 
131 P 95 P t1 A 5 
132 G 74 S 16 TT G 82 S 1T 
131 R 53 K 23 S lT T T KHSlTR13 
143 GH G91 
145 T 46 S 32 N 9 IT T63Sl9NTA5D5 
160 'J> MS 10 P &9 HT 
161 G93 G Tl E 24 
1'2 K Ta Q 10 Ra K 50 Q 30 N 10 B 5 
153 D 26 P 'l5 A 17 Q 10 TT E 31 P 22 D lT A 12 Q 11 
184 S 70 K 9 P 8 K 42 S 37 TI 

- lM K53Q22R.TN5 K 13Q T 
11T G SIS 21 T 5 G 12 S 11 D 10 
19S T 30 D 26 N 111 K T T 31 K 30 N 21 D 6 
lH s t1 STtA.16 
19T KHIIT8ll5 S41K3'Q1l 
20I R. 46 T 18 K l T D I TS5ll21K1 
209 A 50 P 21 S 13 T I SIT AH T l1 
210 E 46 A ia O 13 S 9 Z a V 5 E 88 D T 
212 T 91 TS3S43 
222 G 1T D 11 P 10 Y 9 V N a 0 IT A 11 

Table 1: Diatribution of accessible residue:1 in human VB ud VL chain N

quenc:ea. All of the po.i,iona appear to be comerved, wbicla leau '° &he by
pho&hesia that immunogeneci&y arisea from a apecif\c combination of theae eut• 
face re:1iduee. Tbe aequence numbering ii explaned in Figurea 3A and 3B. 

None of the entire combinations of surface residues in the human sequences are found in the murine se
quences and vice versa (see lists at the end of this Example). However, the residues in individual positions 
appear to be conserved (see Table 1 ). There are few residues which differ significantly between the species; 
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-. . 
these are at positions 54 and 91 of the L chain and 168 and 216 of the H chain. Of these positions only position 
216 is a non conservative (V to Y) mutation. Differences between human and murine antigenicities are there
fore believed to arise from the combinations of residues in these positions. 

In order to determine whether the mouse sequences are more distantly related to human Fv sequences 
5 than to other mouse Fv sequences, the homology was calculated using a Dayhoff mutation matrix (Dayhoff, 

M .• Barker, W. and Hunt, L. (1983). Meth. Enz. 91, pp. 524-545). The homology was calculated between all 
the sequences in a pool of both human and mous~ sequence patches made up of the surface accessible re
sidues. The data was then represented as a density map (not shown) iri which the sequences are plotted 
against each other. The density map can be used to discriminate •murine surfaces· from •human surfaces·. 

10 

B) Reshaping of Antibody N901 

In order to test the resurfacing approach suggested by the above analysis. three humanization experi
ments were set up. 1) Traditional loop grafting (Verhoeyen, M.E., Saunders, J.A., Broderick, E.L, Eida, S.J. 

15 and Badley, R.A. (1991 ). Disease markers 9, pp. 3-4) onto a human Fv framework of known structure (KOL). 
2) Resurfacing approach using most similar chain. 3) Resurfacing approach using human sequences with most 
similar surface residues. 

The antibody used was the murine anti-N901 antibody (Griffin et al. (1983), J. Imm. 130, pp. 2947-2951 ). 
The anti-N901 antibody (also referred to herein as the ·N901 antibody") is available commercially from Coulter 

20 Corporation under the name NKH-1. . 
The alignment of the light chain sequence·s and heavy chain sequences in Figures 4A and 48, respectively, 

show the original N901 ·antibody and the sequences used in each of the three approaches outlined here. 
Figures 4A and 48 show alignments of sequences generated using the three methods of humanization. 

Sequences are: 1) Original rodent N901. 2+3) KOL (Marquart, M. Deisenhofer. J. and Huber, R. (1980), J. Mol. 
25 Biol. 141, pp. 369-391) and reshaped N901 using KOL surface. 4+5) Most homologous sequences, L(KV2F) 

(Klobeck. H., Meindl, A .. Combriato, G .• Solomon, A. and Zachau. H. (1985). Nucleic Acids Res .• pp. 6499-6513) 
and H(G36005) (Schroeder, H. and Wang, J. (1990), Proc. Natl. Acad. Sci. U.S.A. 87) and reshaped N901 using 
these sequences. 6+7) Most homologous with respect to surface residues. L(KV48) (Klobeck, H .• Bronkamp, 
G., Combriato, G., Mocikat, R., Pohelnz, H. and Zachau, H. (1985), Nucleic Acids Res. 3, pp. 6515-6529) and 

30 H(PL0123) (Bird, J., Galili, N., Link, M., Sites, O. and Sklar, J. (1988), J. Exp. Med. 168, pp. 229-245), and 
reshaped N901 using these sequences. The numbering is the same ~s used in the antibody modelling program 
ABM (ABM is a trademark for commercial software, Oxford Molecular Ltd., Oxford, U.K.), which is based on 
structural conservation and not sequence homology as used by Padlan et al. (Kabat. E.A.. Wu, T.T., Reid-Miller, 
M., Perry, H.M. and Gottesman, K.S. (1987), Sequences of Proteins of Immunological Interest. U.S. Depart-

35 ment of Health and Human Services, Fourth Edition). The sequence changes which have to be introduced in 
order to reshape N901 with a given sequence are marked with bars. and back-mutations as determined from 
Fv models are marked with stars. The sequence homology of a given sequence to N901 is shown in brackets 
after each sequence. 

'° (1) Classical Humanization 

In classical humanization the rationale is to graft the rodent CDR's onto a framework of kn9wn structure, 
such that CDR-framework interactions can be accurately monitored by homology modelling. The model of the 
humanized antibody is compared to that of the original rodent antibody, and possible CDR interacting frame

'5 work residues are back mutated (marked with '•' in alignment) in order to retain the three-dimensional shape 
of the CDR's. ln.this example the antibody KOL was used, giving a low homology score of only 77 and 46 in 
the heavy and light chains respectively. 

·50 

(2) Most Similar Chain Resurfacing 

A database of nonredundant human antibody sequences was compiled from available protein and nucleo
tide sequences. A total of 164 Hand 129 L chains were sampled. 

Each of the rodent chains, Land H, were then matched and the most similar human sequence found in
dependently (G36005/KV2F) (Schroeder, H. and Wang. J. (1990), Proc. Natl. Acad. Sci. U.S.A. 87); Klobeck, 

55 H., Meindl, A., Combriato, G., Solomon, A. and Zachau, H. (1985), Nucleic Acids Res .• pp. 6499-6513). Surface 
residues, as outlined in Table 1, were then changed in the rodent sequences to match those of the human 
sequences. Subsequently a model was built of the resurfaced antibody and compared to the model of the orig
inal rodent antibody and back mutation of any CDR interacting residues was performed. 
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(3} Most Similar Surface Replacement According to the Present Invention 

This method is identical to the above method, except that the similarity is calculated only over the surface 
residues outlined in Table 1 above. · 

5 The same procedure of surface mutation and subsequent back mutation was performed as in the previous 
methods. In this case the chosen sequences were PL0123/KV4B (Bird, J., Galili, N., Link, M., Sites, D. and 
Sklar, J. (1988), J. Exp. Med. 168, pp. 229-245}; Klobeck, H., Bronkamp, G .• Combriato. G., Mocikat, R., Per 
helnz, H. and Zachau, H. (1985), Nucleic Acids Res. 3, pp. 6515-6529). 

The following lists show the surface residue patterns in mouse and human light and heavy chain antibody 
10 variable regions. The sequences are ordered on similarity to one another. There are no pattern matches be

tween mouse and human sequences although there are matches within a species. 
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5 MOUSE LICHT CHAIN SURFACE PATCHES 

l KV5E$HOUS! :KTSLRPCKGSSDY£10(• (SEQ IO NO: 40) 
2 PLOlOl :KTSLRPCKGSSEY?KJC• (SEQ ID NO: 41) 
l HS1Fl9L :QTSLRP0KCSS0H£l(J(• (SEQ IO NO: 42) 
4 KVSU$MOUSE :QTSLRPDKCSSOQE.XX• (SEQ IO NO: 4 3) 

10 5 MUSIGLDO :QSSLRPOKCSSOQE!QC• (SEQ IO NO: 44) 
6 PL0220 :QTSLRPDKCSSOPEJ(J(• (SEQ IO NO: 45) 
7 KV,J'$MOUS! :QTSLRPDKGSSDPZICJ(• (SEQ ID NO: 46) 
8 MUSIGKABB :QTSLRPDKGSSDPEXT• (SEQ ID NO: 47) 
9 MUSIGXCLQ :QTSLRADKGSSOQ!JCX• (SEQ IO NO: 48) 

10 MUSICGVJ'2 :QTSLRPOKCXSOS!JOC• (SEQ ID NO: 49) 15 ll MUSICXCRM :QTSLRPARGSSDQED• (SEQ IO NO: 50) 
12 MUSIGXCLP :QTSLKPGRCSSDP!JQC• (SEQ IO NO: 51) 
ll HUSIG!CACM , : QTSLRPGRCSSDT!JQC• (SEQ IO NO: 52) 
14 MUSIGICABI :QISLRPGJtGSSDS!JCJt• {SEQ IO NO: 53) 
15 KV5P$H00SI :QTSLRPGltCDSDEOJOt• (SEQ IO NO: 54) 

20 U MUSICJtCXK : !TALRPGltGASDADD• (SEQ ID NO: 55) 
17 KVJD$ll0USI :VTALRPGKCASD!DJOt• (SEQ ID NO: 56) 
11 MUSIGJCA.\lf :VTAi.llPGKGASD!!lCJC• (SEQ IO NO: 57) 
19 KVJC$MOUSB : VTALRPGJtCASBABU• (SEQ ID NO: 58) 
20 KVJ!$M0USI :VTALRPGJtGASD!DDI• (SEQ ID NO: 59) 
21 HUSIGJCA.U :QTSLRPDJtCSSOQ~• (S!Q IO NO: 60) 

25 22 MUSICJtOfl :QKSLTPGKGSSSP!IJC• (SEQ IO NO: 61) 
23 KUSIGDA :VTICVRPGKGDSDSDIClt• (SEQ ID NO: 62) 
24 KV5A$M00SI :VTXVRPGJCGDs~• (SEQ ID NO: 63) 
25 KOSIGXV :VTRVRPGJtGDSDAm• (SEQ ID NO: 64) 
26 MUSICJCCOI :LTXVRPCKCDSDSEJO:• (SEQ ID NO: 65) 

30 
27 KOSICKCLl :V'l'ltVRPGKGDSOS!QJt• (SEQ IO NO: 66) 
21 KV!8$ll0USI :VTSVRPDGDS~• (SEQ IO NO: 67) 
29 KOSIGKCSA • :V'TICVltPDGDSDSEJO:• (SEQ IO NO:. 68) 
30 KUSIGXC!a :VTJtVSl'CaCDSDAm• (SEQ IO NO: 69) 
J1 KOSIGKCff : fflVltSGXGISOA.DX• (SEQ IO NO: 70) 
32 MUSIGDB :VTSVDGXGDSDAZD* {SEQ ID NO: 71) 

35 33 PL0014 :VSSVDGltGl)SDADX* {SEQ ID NO: 72) 
34 KUSIGUCU : VTSAIJICJtGDSDAZICS* (SEQ IO NO: 73) 
35 PS0023 :VSSAJa'CKGDSDAED• (SEQ ID NO: 74) 
36 Nt211CPL : VTSARJIGJtGZ>SDAE:lat• (SEQ ID NO: 7 5) 
37 NV8IGIWW : VSPAUGXGDSDAZD• · (SEQ ID NO: 76) 
JI NQllmtc:PP :V'1'JtAJUIGmoscvaar• (SEQ ID HO: 77) - 39 MUIIJ:GU:)9 :V'l'LIPPGJtGDSDAEIX* (S!Q ID NO: 78) 
40 NUSIGICIII : VTLLQPCJCCDSDADX• (SEQ ID NO: 79) 

· 41 827817 :YTLLQPCGDSDA.Dtat• (SEQ ID NO: 80) 
42 H21840 :VTU.Q.PCICGDSDAEB* (SEQ ID NO: 81) 
43 ltV2G$ll0USI : V'l'U,QAGJCGDSDAED* (SEQ ID NO: 82) 
,, C27811 :YTU.QJIGD.DSDA.Dlt* (SEQ ID NO: 83) 
45 Jl.0029 : t,'l'LLQPGIICDSD.\ED• (SEQ ID NO: 84) 
,t KUSICJtAIB :~SOADX• (SEQ ID NO: 85) 
47 PS0074 :VT1,1Qf'GQCDSDPDK* (SEQ IO NO: 86) 
41 MUSIGJI.OfY :VTLPQPCXGDSDAZlat* (SEQ ID NO: 87) 
49 KUSIGJtCXX :~GDWDAED* {S!Q ID NO: 88) 
50 KV2D$IIOUSI : VTl'LSP<iQGDSDADlt* (SEQ ID NO: 89) 

.55 
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51 K\1SICJtAOW 
52 KV2A$MOUS! s 53 KVlA$MOtJS! 
54 F30534 
55 MUSICKCLO 
56 G27887 
57 KUSICVKV3 

10 58 MUSICKCNA 
59 S03410 
60 832456 
61 PL0013 
62 KtJSIGLAET 
63 KUSIGVJ<Vl 

1S 64 KV61<$MOUS!. 
65 G30S60 
64 KtJSIC:XSO 
67 MlJSIC:lCCMB 
68 Hl37JO 

20 69 MlJSIGJCCPC 
70 lCV2C$MOUS! 
71 KUSIGLAV 
7 2 MlJSIC:JCOIH 
73 ICV5R$MOUS! 
74 1CV6!$MOUS1 

2S 75 Ht1SIG1CCMI 
76 MlJSIC:LDA 
77 C26317 
78 PS0073 
79 A23986 

30 80 KOSICJCABII 
81 ICV5D$J100SS 
82 M0SIGZ6I, 
83 MOSIGJtCOS 
84 HUSIGJCCDI 
85 HUSICLVD 

3S . 86 S06122 
a7 so,121 
88 IIDSIGLAS 
89-m8%Gt.Alt. • 
90 L9D$Ja:1SS 

4() 91 IIIJStCUJI 

so . 

S5 

. . . . 
0 EP:o 592 106 A1 

:ESSARPGKC:OSOA.EJOC• 
:VTLSSPCQCOSOA.EJ<:X• 
:V'rl'AlCPEXC:OSOVEXX• 
:VTI'PKPOKCOSOVEJQC• 
:VTAPRPCKCASSAEKK• 
:VTAPKPCKGTSSAEXX• 
:VTI'PKPCKGASSAEXX• 
:VSAPKPCKCASSAEJOC• 
: VTAPR.SGICGASSA.!JCX• 
:VTAPlCSGlGASSUD• 
:VTAPICPDICGVSSAEJCX• 
:VTAPKSEltGVSSAEJOC• 
: r?APU'GICGASSAZJOC• 
:LTAPICPGRGVSSAEJCX• 
:VTAPJCSGJCGASSAEJCR• 
:VSA.PJalGKEGSSIJJOC• 
: VTA.PltPIUtGASSAUJC• 
:VTPLSPCQGKSPAELP• 
: VTPLSPGQGNSDEDLP* 
:VTLSSPQJlGDSDADJC• 
:VTAPJtSSICGCSSIJJOC• 
:QTSP'l'PGJCC:SSDP!JOC• 
:QISLI~GSYDDBKK• 
: VTAl.JtSGKGASS>.m• 
: VTALJCSDICGASSGZU• 
:V'nPSPCQGDSAAEn• 
: VTPPSPCQGDSA..'UDOt* 
:VTYJUalGXCDSSDEJat• 
:QTSVRLGQC:SSDPZD• 
:1t'1'S1.RPWltCSSDS0U• 
:QTDV'l"QCQGSSQPSD• 
:t;tfAVSQCQCSSQSIU• 
:LTAPRINROSSDSZD• 
:ftussmtGSS~• 
:tt91JIP1XCDSOP.XV• 
-:w~· 
: VTlriPUK.Urrm.• 
:AVSPrPDTGAirnJa.• 
:AVSriPUrGAIJt'l'DL• 
:AVSPfPO!'GVlJtTDJ.• 
:AVSPnO'!QlJtTUS• 

14 

(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 

· (SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
{SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO HO: 
(SEQ IO HO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID HO: 

90) 
91) 
92} 
93) 
94) 
95} 
96) 
97) 
98) 
99) 
100) 
101) 
102) 
103) 
104) 
105) 

. 106) 
107) 
108) 
109) 
110) 
111) 
112) 
113) 
114) 
115) 
116) 
117) 
118) · 
119) 
120) 
121) 
122) 
.123) 
124) 
125) 
126) 
127) 
128) 
129) 

'...:..4 I 130) 
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5 HUMAN LICHT CHAIN 

l L V 4 A$ Ht.'MAM 
2 LV4B$Ht.'M1Jf 
J LV4 E$Ht.'MAM 
4 LV40$Ht1MAH 

10 5 LV4C$HUMAH 
6 LV5A$Ht1MAH 
7 LV?A$Ht.'M>JC 
a LV2C$HVMAH 
9 LV2I$Ht1MAM 

10 N$2RHZ 
15 11 HUMIGL\lf 

12 LVlA$HV>Wf 
ll LV18$H'UJWI 
14 LV11$H'U>WI 
15 LV1C$1MW1 

20 16 A2970o 
17 HUMIGI.Ul4 
18 LVlCSHU>Wf 
19 LV21t$1MW1 
20 LV1I$KU>WC 
21 LV2!$RU'KAJ( 

25 22 LV2DSHUMAJI 
23 LV2C$BUIUJI 
24 LV2.JSBUMAJ1 
25 LVl!SHIJKAJI 
26 I..V28$HIJKAJI 
27 N$1KCW 

3() 29 LV2H$HIJKAJI 
29 M$3NCG2 • 
30 LV2ASll1JIWI 
31 902011 
32 HtnaGIM2 

35 ll LV6CSBmWI 
34 LV6D$Bt1IWI 
35 LV61SBOIIAJI 
36 LVlltlll:DWI 
37 lmlllcteo 
31 · BUIIXGL'IC 

0 39 1IOIIIG9t.LS 
40 IRIIIGDX 
41130609 
42 XVlB$Bt1IWI 
43 G30607 
44 XVJMSBOIIAJI 
45 ltVlHSBCIWI 
46 Pllt$JMWI 
47 JCV3f$BUIWI 
41 826555 
49 KVlQSBUJWI 
!O 1CV11f$Ht1MIJI 

55 

. . 
EP <t 592 'tQ6 A 1; 

•. 

SURFACE. PATCHES 

. . . 

:YLPPTPCVIRSTAXJCL• 
:YLPPTPCVIRSTAMRL• 
:YLPPTPCLIRSTSKl<I.• 
:YLPPTPCLIRSTSVKL• 
:YLPPTPCVIRSTAEXL• 
:YLPPTPCVIRSTACXL• 

. :YLPATPCVVRSSACML• 
:SLPPSPCJCVRSTAEJCI.• 
:SLPPSPCKV'RSTAN10.• 
:SI,.PPRPGXVRSSS!JCL• 
:SLPPRPGXVRSSSDKI.• 
:SLPPRPGJlVRSSS!JCL• 
:SLPPRPGKVRSSS!QL• 
: SLPPRPGrlRSSSrrt.• 

. :SLPPJal'GKIRSSTOJa.• 
: SLPPDGRIRSSTCJa.• 
:SLPPJQIGJ{IR.SSTGQL• 
:SLPP!PCKIR.SS'l"GJU.• 
:StAPSPGKIRSTAEJa.• 
:SLPPRPCJtIR.SSTOIIV• 
:SLRPSPGXVR.STAUL• 
: SLRPSPGXVR.STADJa.• 
: SLRPSPCKVRSTADL• 
:SLRPSPGJCVRSAVIICL• 
:SLPPR.PGJt•RSSllJCL• 
:SLA.PSPGJtVRSTV!RL• 
:SLAPSPO~IR.STPDJa.• 
:SU.UPGXVJt.ST.uJa.• 
:SLPLSACKVR.STAUL• 
: SLAPSPGXVRS'l'UYL• 
: St.n.fllGLIRS'l'AEJa. • 
: S%.P1.'1'PllVIJtS1'ADL• 
:~TUL• =~· : rt11Pl'RYTDSSSTDL* 
: LLPrfi'GTMSSSlfl)Ja.* 
:VLPLSPDIJUIESDIL• 
:SLAPSPAURSTADD* 
:VTAPRPGRIJtSDPDJt• 
:VTAPRPGJlVJUIDPDX* 
:YTCPRPGalltSDPEB• 
:YTG.PRPaalltSDPOJX• 
:VTC1'Jl1GllYRSDPDlt* 
: VTCPltPGaDSDPXJX• 
z VTAPuiaa.?JtSUDlt* 
:VTCPSJIGllIUDPmat• 
: VTVPllPSaIASUDJt• 
: V'l'APGPGaDSSSDJt• 
:Q'1'SVR.PGJlV1t.9DPERX* 
:Q'1'~DPD.I.• 

15 

(SEQ IO HO: l)l) 
(SEQ ID NO: 132) 
(SEQ IO NO: l3J) 
(SEQ ID NO: 134) 
(SEQ ID NO: ·135) 
(SEQ ID NO: l'J6) 
(SEQ IO NO: l37} 
(SEQ ID NO: 138) 
(SEQ ID NO: 139) 
(SEQ ID NO: 140) 
(SEQ IO NO: 141) 
(SEQ IO NO: 142) 
(SEQ ID NO: 143) 
(SEQ ID NO: 144) 
(SEQ ID NO: 145) 
(SEQ ID NO: 146) 
(SEQ ID NO: 147) 
(SEQ ID NO: 148) 
(SEQ IO NO: 149) 
(SEQ ID NO: 150) 
(SEQ ID NO: 151) 
(SEQ IO NO: 152) 
(SEQ IO NO: 153) 
(SEQ IO NO: 154) 
(SEQ ID NO: 155) 
(SEQ IO NO: 156) 
(SEQ ID NO: l57) 
(SEQ ID NO: 158) 
(SEQ IO NO: 159) 
(SEQ ID NO: 160) 
(SEQ IO NO: 161) 
(SEQ IO NO: 162) 
(SEQ IO NO: 163) 
(SEQ ID NO: lU) 
(SEQ ID NO: 165) 
(SEQ ID-NO: 166) 
(SEQ ID NO: 167) 
(SEQ IO NO: 168) 
(SEQ IO NO: 169) 
(SEQ IO NO: 170) 
(SEQ ID NO: 171) 
(SEQ ID NO: 172) 
(SEQ IO NO: 173) 
(SEQ ID NO: 174) 
(SEQ ID NO: 175) 
(SEQ ID NO: 176) 
(SEQ ID NO: l 77) · 
(SEQ ID NO: 178) 
(SEQ ID NO: 179) 
(SEQ ID NO: l80) 
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51 KVlM$Ht."M.AH · :Q'1'SVRPCXVRSOP!l0<• 
52 KVlR$HUMAN :Q'l'SVR.PGXVRSEP!D• 
53 KVlFSHUMAN :QTSVRPCXVRSEPOKK• 

5 54 KVlGSKUMAM :Q'1'SVRPCJCVRAEPED• 
55 KV lKS HiJMAN :Q'1'SV'RPGXVRS8PZ!OC• 
56 KV10SHUMAH :QTSVRPGICVRSDPBKX• 
57 KVlHSHUMAH :QTSVRPCQVRSOPEJUC• 
5, KV18$HUM.\M :Q'1'SVRPCICVRSHPEJQ(• 

10 59 827585 :QTSVRPGHVRSDPDKJC• 
60 tf$1R!IA :QTS~ICVRSDPEXT• 
61 KV1X$HtJMAH :QTSVRPCTVRSEP!lCIC* 
62 KVlLSHUHAM :QTSV1lPE1CVRSEPDD• 
63 IMCL38' :QTSVRPGrnlS!SDDC• 

15 
64 A27585 : QTSVRPGEVR.S!.PDICJC • 
65 KVlH$1fUH>Jf :QTSVRPGBVRSBPZJUt• 
66 KV1C$HUMAH :QTSVSPGICVRSDP!lat• 
67 KV1V$JfUMAJf :QTSVRPCXVHSDP!lat* 
68 KVlTSHUMAH :QTSVRPGXVRSDPDTlt* 
69 KV1U$JMWf :QTSV1lPKXVRSDPZDC* 

20 70 KV1A$HU>WI :QTSV1lPDVR1DPEDC* 
711tV1S$HUKAH : QTSVRSGJtVRSUB'l'lt• 
72 KV4A$HUJOJC :V'l'!fLRPGJtvRSDAED* 
71 KV4C$HtJMAJf :VTDLRPGJCVRSDA!D• 
74 HUKIGJC2Al :QTSVSPCMIRS!SDU• 

25 
75 HtJMIGJCBA : lt'1"SY"l'PGJEPED* 
7 c5 HtJMIGDC : VTLLPPCllVRSDA.EXK• 
77 KV2BSHOMIJI :V"l'LLPPCBVRSD.\.!D* 
78 KY2D$HCMAK :VTLPPPGZVRSDA!lUt* 
79 KV2C$1MUJf : V'l'LPPPGZVRSBA%8* 
80 KY2!SHtDWf :V'l'tn'PQQVllSDUD• 

30 81 S03176 :VTLPPPGQVTSDU:D• 
82 lCV2ASHtJIUJI : V'l'LPPAGQVUDAJD• . 
8l HUXIOLAll5 :ALSPSSGQSSSASDL• 

35 

50 

55 

16 

(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
.(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ ID NO: 
(SEQ IO NO: 
(SEQ IO NO: 

181) 
182) 
183) 
184) 
185) 
186) 
187) 
188) 
189) 
190) 
191) 
192) 
193) 
194) 
195) 
196) 
197) 
198} 
199) 
200) 
201} 
202) 
203) 
204) 
205) 
206) 
207) 
208) 
209) 
210) 
211) 
212) 
213) 

• J 
'-,, .. 

BIOEPIS EX. 1002 
Page 3675



• 
EP 0£92166 A1: . . 

5 

HCCSE HU.V"t CHAIN SUR.FACE PATCHES 

l KlJS!::ir!IT :EKVCCLQPCRCTPCK>.SRCOSQRP!S• (SEQ IO NO: 214) 
2 MUSICH It! :EKVCCLQPCRCTPCXVSRCOSQRFES• (SEQ ID NO: 215) 

,o J MUSICH:v :£KVCCLQPCTCAPCK>.SRCQSQRP!S• (SEQ ID NO: 216) 
4 MUSICHi'M :EKVCCLQPCRCTPCKASKCHSQR>.ES• (SEQ ID NO: 217) 
5 PUOOO) :El01GCLQPGRCTPCKASiCNSCR>.ES• (S£Q IO NO: 218) 
6 KUSICHFO :EXVGGLQPGRGTPCXASKCTSQR>.tS• (SEQ ID HO: 219) 
7 .\30515 :EXVCCLQPCRGTPCXASKCTSQR.A.ET• (SEQ ID NO: 220) 
8 PLOOll :El(VGGLKPCRGTPCKASltCTSQRA!:T• (SEQ IO NO: 221) 

15 9 KUSICHFX :EMVGCLQPCRGTPCXASltCTSQRA!:T• (SEQ ID NO: 222) 
10 KUSICH,O : !XVGGLQSGRGTPCltASltGTSQRA!T• (SEQ ID NO: 223) 
ll PUOOOl :EKVGGLQSCRGTPGJCASKCTSQRAES• (SEQ ID NO: 224) 
12 EJ0540 :EKVGGLQPGRGTPCJC.\SltC1SQRAD• (SEQ ID NO: 225) 
13 HV17$HOUSE :!J.VGGLQPGJtGTPCJCS.UCCBSZJU.QS• (SEQ IO NO: 226) 
14 KUSICHLH : DVGGLQPCSGTPCJC.\SltCNSQR.US • (SEQ ID NO: 227) 
15 KUSICHJCC :EICVGGLQPGSCTPCJCASICCSSQR.US• {SEQ ID NO: 228) 20 14 PU0004 : DVC:CLQPGRG'TPRll.SltCNSQR.US • (SEQ IO NO: 229) · 11 KUSICKJCJ' . : D:MGKLQPCSGTPCltASltCNSQ.RPOS • (SEQ ID tiO: 230) 
18 HV56SNOUSI : D'VC:CLICJIGJtGTPD:DSltCNARUrt• {SEQ ID NO: 231) 
19 C27881 : avGGLDGltCAPEICDSltCKARRSrt• (SEQ ID NO: 232) 
20 KUSICffMP :Elt'VGQLDGltGTPDDS~ARRSrr• (SEQ ID NO: 23 3) 
21 PH0097 : DKVGc.1JtllC3GTPD:DS1tC1fADSrt• (SEQ IO NO: 234) 

25 22 127811 : Dlt'YCGUCPc:JtGTP!XDSJtG>fAUSff• (SEQ ID NO: 23 5) 
23 KUSICHJ"B :DKVGGLDGltGTPDJa>nCKADSZ'l'• (SEQ ID NO:· 236) 
24 KUSICHADL : !ICYCGL'l'PGJCGTPDDSltC:XCJUl.!ft'* (SEQ ID NO: 237) 
25 .\27811 : !XVGGLDGJCOTPEICDSltCXDIUt!IT• (SEQ ID NO: 238) 
26 H27817 :DCVCc:UCPGJtaTp!Ja)SJtCMDD!IT• (SEQ ID NO: 239) 
27 827811 :~DDSltGKADSft• (SEQ ID NO: 240) 

30 21 827819 :~CMADSIT* (SEQ ID NO: 241) 
29 D2781t • : ~DD'l'GlfAD!ft• (SEQ ID NO: 242) 
JO HV55SNC)(JSS : l:QYCGI ~AJIDD'l'l'.GNUKSl'f* (SEQ ID NO: 243) 
31 KVSIGBA.CT :~DDUGJIUUl'f* (SEQ ID NO: 244) 
32 Kt1SICVB50 :avcm.QPCSC'nllCD'1'1tQWCJCSl'f* (SEQ IO NO: 245) 
33 KUSICHIW : IT* (SEQ ID NO: 246) 

35 34 KUSICHAGI :D:YGGT~Sfa:DaXGJC1:DS1T* (SEQ ID NO: 24 7) 
35 PH0091 :D~DDUGIIUQSl'f* (SEQ ID NO: 248) 
36 KUSICBDt :~ltDSltGJI.AJaCSIT• (SEQ IO NO: 249) 
37 KVSIGHMD :~G'DDDSltGNADSIT• (SEQ ID NO: 250) 
31 NOSIGBIIF : ZQVCDLDGKG'DDDTGIWUlHT• (SEQ IO NO: 251) 
39 027111 - :DIVGDl.D'GJtc:APDDSltGNAU!ET• (SEQ ID NO: 252) 

"---) 40 KUSICHIP :!QVGGt.QPGltaTSD~l'f* (SEQ ID NO: 253) '°. 41 KUSICHAGS :~DZ>S~ (SEQ ID NO: 254) 
'2 HVUSNOUs• : DQVCGl.QmllDD1JLQCPDSl'f* (SEQ IO NO: 255) 
U 834171 i DQVOOJ.QPOQ;ffDII rl(Gnasor- (SEQ ID NQ: 256) 
44 PBOOH : avcm.QmSDDIGMAD.Sft* (SEQ ID NO: 257) 
45 PHO'OH : DltVQQ1.DGDffa:DUCll1JatSl'f* (SEQ ID NO: 258) 
46 NOSIGVHU :D~~QJIIJUl'f* (SEQ ID NO: 259) 

45 47 KUSICHM.a :D:VGGtQPaltGTP~ (SEQ ID NO: 260) 
41 HV51SNOUH :~DDS11:c.KAGJISl'f* (SEQ ID NO: 261) 
49 827181 : !QVGGLQPQMGTPUl)r ?'CKADSIT• (SEQ 10 NO: 262) 
50 HV34$NOOSS :azc:cLQPc.ltGTrDllltCDSD.UT• (SEQ IO NO: 2 6)) 

50 

55 

17 
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51 KVJJSKOUS! :El<!CCLQPCKGTPEKESKG~SKJUl!T• (SEQ IO NO: 264) 
52 MUSICiHZAB :£X!CGLQPCKGSP£XESXC0S~•' (SEQ ID NO: 265) 
53 NSUABH :EXCXiCLQPCKCiTPEXOSXGDSKRVEM• (SEQ ID NO: 266} 
54 I2?888 :£QVGGUCPCRGTP£XOT':'CCAQRSET• (SEQ IC NO: 267) 

10 55 G27888 :!QVGGI.KPCRGTPEKCTTCN>J<GStT• (SEQ IC NO: 2 68) 
56 KV59SHOCS£ :£J<VCGSKPCKGTP£X0SKCN>J<TSET• (SEQ ID NO: 269) 
57 MUSICKO! :SOQC.GLXPCKGTPEKOTXCNA.RRSES• (SEQ IO NO: 270) 
58 N$2f'VWH :tJ<IGGLQPCKCDPCXPS~OH>J<RSET• (SEQ IO NO: 271) 
59 MUSICH.Tr : EJCLCGLQPCKGDPCXPSJCDHADSET• (SEQ IO NO: 272) 
60 MUSIGHLY :EXI.GGLQPCKGDPCJtPFKOH>.KRSET• (SEQ IO NO: 273) 
61 S06816 : EKLGGLQPClCGDPClCLHXDfADSET• (SEQ IO NO: 274) 

15 62 S06117 :DILCCLQPCKGDPCJU.XX!l(AXJUIET• (SEQ ID NO: 275) 
6l MUSICH.MI :!JCI.GCLQPCMGDLClCPSJCDNAJatS!T• (SEQ 10 NO: 27 6) 
64 KVU$MOUSE :EJa.GPLQLGJCGDPGXPSlCDOAJatS!T• (SEQ IO NO: 277) 
65 MUSICH.UL :EQLGGLQPCGCTPG1CPSKONDICR.Sff• (SEQ IO NO: 278) 
66 MUSIGHABO :!QLGCLQPGGGTPGJtA!Ja)tfDKRS!T• (SEQ ID NO: 279) 
67 MUSIGKEC . : EQVCCUCARJtGTP!XD1"I"CMAJatSrr• (SEQ IO NO: 280) 

20 61 KUSIGHM1f :!XVGVLZPGJtGTPEDQEGMAJatS!T• (SEQ ID NO: 281) 
69 MUSICJtCLT :!QVCCLQPlCJtCSPGICDSICDDSQICT!T• (SEQ ID NO: 282) 
70 MUSIGHZll :!QVCCLQPJCJtGSPGICDSICDDSQICT~• (SEQ IO NO: 283) 
71 NUSICH.UD : QQVP!l.lCPC"RGTPGngJtGTSAJUlD'l'• (SEQ ID NO: 284) 
72 KUSICHAAM : QQVPEI.ltPGJtGTPGJa)OJtGTSAJQ(!T• (SEQ ID NO: 285} 
73 liCUSIGH»CA : QQVPIUCPGJCGTPGJmOJtGTS.UQfDC• (SEQ ID NO: 286) 

25 
74 NUSIGHXZ :QQIPEI.ltPGJCGSPGQEJOCGTSSTS!T• (SEQ IO NO: 287) 
75 Al050Z :!QQPELJalGJtGTPGQEDCJtSSTSU• (SEQ ID NO: 288) 
76 MUSIGHMG :!QQPll.llPGJtCTPGQEDCJCSSTSIS• (SEQ IO NO: 289) 
77 1930502 :!QQPBIJ(pCJCGTPGQEDGJt!SASU• (SEQ IO NO: 290) 
78 KUSIGHADG :!QQPELJalGKGTPGXQJCJtGJt!STSU• (SEQ IO NO: 291) 
79 NUSIGH7V :!QQflLJalGKGTHGXQJatGJt.SSTSU• (SEQ ID NO: 292) 
80 NUSICHAAXA :!QQl'ICUtPGJCGSHGJtQJQr;GJCSSTSU• (SEQ ID NO: 293) 

30 81 NU9ICH%Jt :!QQlm.DGJtGSHG](QJQr;CJt.SSA.SU• (SEQ ID NO: 294)_ 
12 ICUSICILU :!QQPILQIGIGTRCXQJatGJCSSTHS• {SEQ ID NO: 295) 
U MtJSIGHAU :BQQHLDGJCGTHGJt~QGUSTnS• (SEQ IO NO: 296) 
84 PL0011 :!QQP~Jt!S'HU• {SEQ ID NO: 297) 
85 ICOS1GKCLS :~SJICJCQDGUSTSU• (SEQ ID NO: 298) 
86 KUS1CHADY :IQQPILDGXGTHGXQDS>ISSTSU• (SEQ ID NO: 299) 

35 87 KUSIGBIIYX :QQQ&D IJIGJtGAPOQDJtCJCSSTSU• (SEQ ID NO: 300) 
sa·waIGBADO :QQQa D RPCJtCAPCQD:JtGUSTSDS• (SEQ IO NO: 301) 
89 MOSIGBVBN - :QQQ\D '1'GXGVPCQDJC"5STSDS• (SEQ IO NO: 302) 
90 A2H72 :QQQPDJUICJtGAPGJCGJatGJt.SSTSU• (SEQ IO NO: 303) 
91 MOSIGB.M : QQQPICLIPCJtGAPC.JtGUDlt.S.STSIS • (SEQ IO NO: 304) 
92 JL0044 :!QQP!AJCPGKGTHGJCQJtKGJtSSTSDS• (SEQ ID NO: 305) 
93 NUSIGK!A :QQQUUCPGJCGTHGJ(D]tI)JCSSTSDS• (SEQ ID NO: J 06) -· .fl) 94 NUSIGBACP : QQQAZ1 P.PGJtcaJIGQGICJtCltSSTSU• (SEQ 10 NO: J07} 
'5 MUSIGHWJt : QQQA ff JKJtGTPGQEJOCGltSSTSU• (SEQ ID NO: 308) 

. 96 Al6U4 : EQQAII PI.GJ:CTPGQ!JtJtGUSTSIS• {SEQ ID Np: 309) 
97 NUSIGHVBJ : IQQAD P.PGJtCTPGQIDGTHTSIS• (SEQ ID NO: 310} 
91 ICOS1GHADV : QQQI: D P.PGJ:GTPCHEUGTSSTSU• (SEQ ID NO: 311) 
H MOSIGRAAT :QQQl:17 QGltCTPGHDJtGTSSTSIS• (SEQ ID NO: 312) 

45 100 MUSIGRJL : QQQA n P.PGJCGTPGH.E!fJ;GTSSTSIS • (SEQ ID NO: 313) 

50 

55 
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lOl KUSICH>J!Jt . : QQQA.£VR.PGJCCTPCHtlO<CTS STS !S • (SEQ ID NO: 3l4) 
l02 KUSICKFU :QQC:2,\!IJCP(iJCCTPGKDOCCTSSTS!S• (SEQ ID NO: JlS) 
l.OJ KUSICKZZB :QOQA!l.JlP(;KCTPGQQJOCCKSS>.SES• (SEQ IO NO: 316) 
104 HV06SMOUSE :KQQ>.EtJICPCKCTPGQQJOCC1tSSTS!S• (SEQ IO NO: 317) 

10 105 KUSICHJU> :!OQV%LRACKCTPGQ!lOCCKSSTS!S• (SEQ IO NO: 318) 
106 KUSICHVBK :!QQA.EIJUICKCT~DCQCTSSTSES• (SEQ IO NO: 319) 
l07 HVOlSMOUS! :!QQAELRPCKCTPGl:IDNXCTSSTSES• (SEQ IO NO: 320) 
108 KUSICKADH !QQQAZ\lltP(.KGT'PCK!JQ(GRSSTS!S• (SEQ ID NO: 32l) 
109 HVO!SMOUSE : QQQA n PJIGltCTP<iQQJOCOKSSTSES • (SEQ ID NO: 322) 
110 NUSICHAl:1 :QQQA!IJCP(iKCTPGQQJOCDlCSSTS!S• (SEQ ID NO: 323) 
111 KUSICHMH :QQQAZIJCPGKGTPGQQIO(DlCSSTSOS• (SEQ IO NO: 324) 

15 1,12 KUSIGH.U.8 :QQQAr::tF.PCKGSPCQQJQCOlCSSTSES• (SEQ ID NO: 325) 
11:J CJOS60 :QHQAZLICPCltGTPGQQIOOnt.SSTSES• (SEQ IO NO: 326) 
114 PS0024 :QQQA.r:IJal(;KGTPCQQtfXDKSSTSU• (SEQ ID NO: 327) 
115 KUSIGHRG :EQQAELRAGKGIP(.O~CKSSTSES• (SEQ IO NO: 328) 
116 KUSICKA.U : QQQ.I r::t F.PCJtGTPGQEJOCSKSSTS ES• (SEQ ID NO: 3 2 9) 
117 KUSIGHLX :QQQS!IJCPGJtCTPQQDat!ltSSTS!S• (SEQ ID NO: JJO) 

20 111 HV04$KOUSE :QQQTEtJCPCKGTPCQDatSKSSTSES• (SEQ ID NO: JJl) 
119 NVSIGHVBG :!QQAELRTGKCTPGQERJtGJCSSTSES• (SEQ IO NO: 332) 

- 120 HUSICKMX :QQQllU(P(iJtGTPCQQIOCDKSSTF!S• (SEQ ID NO: 333) 
121 HUSICH.v.R :!QQAELRPC'TC>.PCQ!JCJCCJCSSTS!S• (SEQ ID NO: 334) 
122 HV15SKOUSZ :QQQP!VRPCKGTHAXQICltCKSSTSES• (SEQ ID NO: 3 35) 
123 MUSICKMU :QQQP!VRPCJCDTHAl(QJatGKSST!!S• (SEQ ID NO: 336) 

2S ll4 MUSICHVBO : QQQ.ln DCJtCTPEQEJCJCCKSSTUS • (SEQ IO NO: 337) 
125 AlUO! : !QQ't'n.RAGJtGTPGQ!DGJlSSTSV. • (SEQ IO NO: JJS) 
126 HV10SNOUSI : QO»n QCJtGTPCRZD.SUSTSES* (SEQ ID NO: )39) 

121 MUSIGJIU : QQQSl:LICPGJtGTPGRD:JtSDSTSES • (SEQ ID NO: J4 OJ 
121 Mt1S1Gl862 : QQR~ D UC:.JJnPGJWC#Jl'USTSZS • (SEQ IO NO: )4l) 

129 HV09$MOUS1 : QQQA rt J"'PCltQTPCJt.DUTSSTSES • (SEQ ID NO: 342) 
UO MUS1GlCCl.P : QQQA a DCKGTPGQD:JtSTSSTSDS* (SEQ ID NO: 343) 

30 131 NUSIGBB :~IQQJ'JJ)KSSTSES• (SEQ ID NO: )44) 

132 KV11SMOCSI :~USTSIS* (SEQ ID NO: 345) 
133 MUSIGHIIC :~altG1tSS'1"SDS• (SEQ ID NO: 34 6) 
134 MUSIGIW.W :QQQ1~ltSS'1'SU* (SEQ ID NO: 341). 
139 NUSIGKllP : EQQA.IVIAGIGSPGQJ:D:GP'.SSTSU• (SEQ ID NO: 348) 

136 MUSIGBVAD : QQI>D J'PGKG IWWWGISSTSU• {SEQ ID NO: 349) 
35 117 MUSIGHVAI :~ZQl:DGTSSTSU• (SEQ IO NO: )50) 

131 Pt.0012 : QQQPD..DCKCJUICDIIJtc:JCSSTSU• (SEQ IO NO: 35 l) 
139 MUSIGC:VD2 : QQQ'flLUwlGilGQIUCUSflU• (SEQ IO NO: 3 52) 

uo 906124 :QIIQAIUPGJtanGIIDJYrSffSU* (SEQ IO NO: lSJ) 
141 NUSICilllta : !QQAff p Mm:C7rPCQIIQJCADSfllS* (SEQ IO NO: )54) 
142 MU9IGUAII : QQQAD FPCltQTPQQQmSSTT'U* (SEQ ID NO: 355) 

·1,._) 4() lU NUSICIIIIS : QQQAV QGY,aPGQl:DS'l'SSUU• (SEQ ID NO: )56) 
144 KtrSICBAXA :~GTSM"KU· (SEQ IO NO: l57) 

145 HV50$MOCH :QQL~l'PGQDUl"SSTSU• (SEQ ID NO: )58) 
146 MUSIGHVH :QQQSVUI.IGJtancQDJtGTSSTSltS• (SEQ IO NO: 359) 
147 Pi10100 : LQQPVLJ:PCaGSBG&QUDltSSTSU• (SEQ ID HO: )60) 

141 NUSIGHAYA :EQQP~10tS1tSSTSU• (SEQ IO NO: )6l) 

45 149 1lUSICHCP2 • :~aaantSSTPU• (SEQ ID NO: )62) 

150 KUSIGHDI : !QQl,D •J"QGDZQffQGTSSTS~ (SEQ IO NO:· )6) > 
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151 KUSICHNPI :£QQ~t.APGKCNPEQPKQCTS'r!'S?T• (SEQ IO NO: 364) 
152 S06823 :!QQAELJCPCKCHP?QPKQCTSSTS?T• (SEQ ID NO: J65) 
153 KUSICHASA :EQQAELJCPCKCNPEQPKQOTSSTS?T• (SEQ ID NO: )66) 
15' S0H84 :!QQAELJCPCKCNPEQPKQCTSSTSCT• (SEQ ID NO: J67) 

10 15' KUSICHV.V. :EQQAEVXPCKCNPEQPXQCTSSTS!':'• (SEQ ID NO: 368) 
156 KUSICHNPD :EQQA.£1.RPGKGNPEQPKQV'l'SSTS?T• (SEQ ID NO: 369) 
157 KUSIGHNPB :!QQA!l.lUl(iXCNPEQPKQITSSTSET• (SEQ ID NO: J70) 
158 KUSICH£C :EQOAELRPGRCNP!QPKQVTSSTSt'T• (SEQ ID NO: )7l) 
159 KUSICHNPC :EQQAELRPGRCNP!QPJCHVTSSTSt'T• (SEQ ID NO: J72) 
160 KUSICHNPP :!QQAELRPGICCNT!QPKQV'l'SSTS?T• (SEQ IO NO: J7)) 
161 KUSICHNP! :.EOQAEIJ(PGJCCNT?QPICLITSSTS?T• (SEQ IO NO: J74) 

15 lU A27635 : TGQ,.\ n P.PCKCAPEQCICXGJCS S'TS CR• (SEQ IO NO: 375) 
163 KUSIGHXW :QYQAELRPGJCGTPRQQIOtCJtSSTS!S• (SEQ IO NO: J76) 
164 KUSICHIZA :QQQAVLRHCltGTHGQEIOtCltSSTSIS• (SEQ IO NO: 377) 
165 KUSIGBEH : QQQTJa.CPCRGTPGQGJUCGJt.1STSCS• (SEQ ID NO: 378) 
166 MUSICHRH :EQQAE:LRACJCQT'PGQE!OtCJt.1SV'YPA• (SEQ IO NO: 379) 
167 HVOO$MOUS! : !QQ.&II FACJCCTPGQQJtQC!STRSff• (SEQ IO NO: 380) 

20 161 H$l1'19H. :QQUrI U.Slt~EDCRSSTSU• (SEQ IO NO: 381) 
169 MUSICHZAD : QQQTEUtPCJCCTPCQ!JatGlt.1SMUI.• (SEQ IO NO: 382) 
170 830515 :!lCVGGLQCSSFOPGJtA!JtCTSQR>.!'r• (SEQ ID NO: 38)) 
171 KUSIGHZB : !QQADLJCLCltGHPIQHL\TPSTSff• (SEQ IO NO: 384) 
172 !278H : EQVCGLKPGltCTPOlt.SDvP.I>NAIC.S rt• (SEQ ID NO: 385) 
173 MUSICHAAC :DQQPDLKPSSCSPCHPSKSTSrrT?T• (SEQ IO NO: 386) 
1 74 KVU $MOUSE :DQQPDL1tPSSCSPCHPSJt.1TSKTTrr• (SEQ ID NO: 387) 

25 175 KUS IGVHR2 :DQQPDLltPSSGSPCHPSJt.1TSKTA!T• (SEQ ID NO: J88) 
176 PL0100 :DQQPCLltPSSCSPCMPSJCSTSKr.rt• (SEQ ID NO: 389) 
177 MUSICH.AM> :DQQPCLICPSSGSPCJfl'SIQCTSKr.rt• (SEQ ID NO: 390) 
179 KUSICHCA6 :DQQPCLltPSSGSPCCPSICT!'SrrT!'T* (SEQ ID NO: 391) 
179 MUSICH.rt :DQQPGLJCPSSG.SPClfPSnTSrn"IT• (SEQ IO NO: 392) 
180 MUSIGBCAl :DHQPGUCPSSGSPCHPSIOn'SnTrt• (SEQ 10 NO: 39)) 

30 111 KUSIGHJOC :DQQPGLDSSG.SPCIIPSUTSX'l'Tff• (SEQ ID NO: 394) 
182 KVU$M0USZ :DQQPGUtPSAGSPGHPSICSTSKTll:T• (SEQ ID NO: 395) 
181 KUSIGHMGA :!QQPCLDSSG.S~rrslT• (SEQ ID NO: 396) 
114 KUSIGHCAS :DQQl'GIDSSGSPCXPSJOl'l'Sffirt• (SEQ ID HO: 397) 
1115 KUSic:BCA4 :DQQIJQl.DSSGSPGDPSDISk'tPl'f• (SEQ ID NO: 398) 
lH KUSIGHAGl :EQQPSLltPSSGSPGJrPSICSTSl'rrff• (SEQ ID NO: )99) 

35 
117 PL0102 :DQQPGLJCPSSGSPCXPSDTSrrnT• (SEQ ID NO: 400) 
181 HV46SIICOH : DQQIJQl.DSSGSPGXPSDTSfffZT'* (SEQ ID NO: 401) 
1H MUSIGBff : IQQHLDSSGSPGJfPSJtSTSffSfte (SEQ ID NO: 402} 
190 MUSlGJIAGD :EQQPSUPSSGSPGHPSUTSltffff• (SEQ ID NO: 403) 
191 MUSI~ :EQQPS1JCPSSGSPGJfPSlt.STSff~ (SEQ ID NO: 404) 
192 MUSIGAN32 :DQQP01JCPS5GncJrPS1tSTS~ (SEQ ID NO: 405) 
193 MUSICRAD :IQQPSI.DSSGSPGDSJt.STSl'TKIT• (SEQ ID NO: 406) ..._ 

' 4() 194 KUSIGHAGS :!QQPSIDSSGSPGJfPSUT7ffSff• (SEQ ID NO: 407) 
195 KUSICHAGB :IQQPSLD'SSCSPCMPSJtSTSffSfte (SEQ ID NO: 408) 
1H KUSIGKAGC :ZQQLSLDSSCSPGXPSJtSTSltT'%'fte (S!Q ID NO: 409) 
197 NUSICHMII :QQQIICLltPSl'GPPGDSQSTS~ (SEQ ID HO: 410) 
191 HVU$NOUH : QQD02: USSCSJIGJtSTltSIISJCQ'l'DT* (SEQ ID NO: 411) 
199 HOSIC1CUV1 :QQDOUJ>SSCSPGl{»Clf~ (SEQ ID NO: 412) 
200 KUSIGIIAZl :QQDGUJISSGSPG.Jt»KSMSJCQ'l'DT* (SEQ ID HO: 413) 

45 201 NUSICHBP : QQDCUPSSGSPGJCSI.I SlfS1tQ'1'D'1'• (SEQ ID NO: 414) 
202 KUSIGBZU 1QQJtPG1.QPSSCSPCltAA1SHSKQs.wr- (SEQ ID NO: 415) 

203 MUSICNUV2 : QQICPGLQPSSGSPGD.\l SlfSJCQA.NTe (SEQ ID NO: 416) 
204 ,\32456 :QQD'YU,PSSGSPGJCSAK!lfSJCQI~ (SEQ IO NO: 417) 
205 KUSIGRMa :QQUSLQPSSOSPGJt.UKSMSJC~ {SEQ ID NO: 418) 
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HL'MAJf HEAVY CHAIN SURFACE PATCHES 

l KL'MICH\'S :£RVCOL£PCRC:?GKAFKC0SIU(:t":"• {SEQ IO NO: 4 !.9) 
2 HUMIGHVR :ERVCOLEP£RCIPCKAPKCCS1U(:!7• {SEQ IO NO: 420) 

10 
) HJ6005 :EQVCCIJ(PCRCTPCKAPKC0SKl<7!":• (SEQ IO NO: 4 2 l) 
4 PL0122 :EQVCGLQPCKCTSCKASXCOSJ(l(;t":"• (SEQ ID NO: 422) 
5 HV) 0 $ KUH>.lf :!QLCGLQPCRGTPCK.BSX~OS~• (SEQ ID NO: 42)) 
6 HUMIGHAT :EQLCCLQPCRCTPCKDSXCHSJ<RA?T• (SEQ IO NO: 424) 
7 834964 :!QLCiCLQPCRGTPCJa>SRCHSJ<RAr:'• (SEQ ID NO: 425) 
8 Al4964 :EQVGGLQPCRGTPCKDSXGNSJ<RAE:'• (SEQ IO NO: 426) 
9 PL0123 :EQVGGLQPCRGTPCKDSiGHAJCJUE'T• (SEQ IO NO: 427) 

15 10 HVJF$HL"XAN :EQVGGLQPCRGTPCKDSXGOSRR.\!7• (SEQ ID NO: 428) 
ll Jl.0048 :EQVGGLQPCRCTPCi1CDSXCHSRR>.ZT• (SEQ IO NO: 429) 
12 HV3BSHL"XAN · :QQVGCL!PGRG1'PGJa>SXG8S1CR>.!T• (SEQ ID NO: 4)0) 
lJ HUNIGHBV :EQLCDLQPCRG1'PGU.SXGNS1CR>.!T• (SEQ ID NO: 4 J l) 
l4 HVJ ESHUK.\M :EQVGCLQPCRG'rl'CJa>SXGOSICJU.!'T• (SEQ ID NO: 4 )2) 
15 PLOll6 :QQVGCVQPGltGTPCJa>SXGMSICJU.!'T• (SEQ IO NO: 433) 

20 16 HVJJC$HUK.\M :QQVCC:VQPGRGIPCJa>SXGMSJCRJl?T• (SEQ ID NO: 4)4) 
17 NUPB4H :EQVCC:VQPGRGIPCJa>SXGOSJaUl?T• (SEQ IO NO: 435) 
11 HV3I$IMWf :QQVCC:VQPCRGT"PCJCDSKGDSDP?T• (SEQ ID NO: 436) 
19 HVJJSHUMIJf :QJNCGVQPGRGTPCJCDHGMSJ:JtTrT• (SEQ ID NO: 437) 
20 HV3GS8t1MAH :Q!VCCVZPCJtCT'PGDSJCGBSD>.ZT• (SEQ IO NO: 438) 
21 HVJM$Ht1MIJ( :EQLGCLQP(;RGTJC1tDSNGDUQ,UT• (SEQ ID NO: 439) 

25 22 HV30$H'U>WI :£QLGC1.QPGJtGaPCJCDTNGDSJtz.uT• (SEQ IO NO: 440) 
< 23 HVJN$Ht11Wt :AQLGGLQJIGRGT"PCJCDSNGDSXQAZS• (SEQ ID NO:· <41) 

24 HV3RSHUXAJI : ZQLCCLQPC:RG ?PCJ:VSQCDSltQAlT• (SEQ ID NO: 442) 
25 HVJPSHtJM>.M :EQVGC~J:VSQGDSllJIZT• {SEQ ID NO: 44 3) · 
26 HUNIGHCV : !QLGCLQPERCTPCDSJCGMSICRAl'T• {SEQ IO NO: 444) 
27 HVJTSHL'IWf :!QVGDLQPc:RCIPCJa>SXCKADV!':'* (SEQ ID NO: <45) 
21 HVJUSHL'IWf :IQYGDLQmPGXDSJtCXAQJtPft• (SEQ ID NO: 446) 

30 29 PLOOH • : QQYCGVQ~JtGJCSDAl'r• (SEQ ID NO: 447) 
JO HV3HSHUXAJI :Q:vGQ.\IPGIIGSPGJCUJtGBS~ (SEQ IO NO: <48) 
31 HVJASHUK.UI : QQ~l'GBSJ:GICAQR'1'%T• (SEQ IO NO: 44g) 
32 HV3SSIMWI : DQYac:t DC:Jb.lNUDODSJtffZT* (SEQ IO NO: 450) 
JJ HUKICHAN :~GJISDAl'f'e (SEQ IO NO: 4 51) 
34 HVlQSIMWI : T• (SEQ ID NO: 452) 

35 35 Al6040 :!QtGOLQPGJtG?PCK----VEGsvrr• (SEQ IO NO: 45J) 
31 KUIU~ :EQVQA1'QPGJ1:G1'SGDSJtCDSDPD'1'* (SEQ ID NO: 454) 
3 7 HtJJIIGBAD : l:QVGAPQPGJCG1fSGJtUJtGDSDID'1'• (SEQ ID NO: 455) 
31 H'OMIGRA& : EQVCA1QPGJtGJISGD.SJCGDSNRP0'1'• (SEQ io NO: 456) 
39 HVJLSHUIWf :QQ~JCDSRGlSDTff* (SEQ IO NO: 4 57) 
40 HVL\$H\11QJr :QQVUYDC:JtQffOQQJtQGISTRSrr,. (SEQ ID NO: 4 58) 

\.._;. "' 41 A3241l :QQVUYDGJCGTPGOQl(QGTSTU~- (SEQ ID NO: <59) 
42 HUlllGJL\Y :QQV~C.lPCQQlQGTSAU.,.. (SEQ ID NO: 460} 
0 HUKIGHCU :QQV~QGTSIU~ (SEQ IO NO: 461) 
44 HUMIGKIS :QQV~lltQGTSUS~ (SEQ IO NO,: 462) 
45 HUKIG'VHLS :QQV~QGTSTU~ (SEQ IO NO: 463) 
41 HUICIGHBX :QQY'Grn.PCJG"1~;1sras~ (SEQ IO NO: 464) 
47 HVlCSHUKAM :QQV~ntSDS• (SEQ IO NO: 4 65) 

'5 41 Hl4914 : QQVSUD'GXGTPCQQG'l"GTSVJt>.rre (SEQ ID NO: 466) 
49 HUMlGHCY : EQV~GSPCDSQGUID.S,r. (SEQ ID NO: 467) 
50 PL011t : EQV~PGUSQGUI~ (SEQ IO NO: 468) 
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51 KV 1F $ H\.'MIJI :QQVA!VlU'<iRGOPGRPRQASSTISAT• (SEQ IO NO 469) 
5 52 D34964 :tQVAr,!PQGKGR.PGXSLQCKSU<A.ST• (SEQ ID NO 470) 

53 KVlOSH\.'lWf :QQM>.EVXPGRGTPGXPGVVPSFFSE'T• (SEQ IO NO 471) 

54 KV l ES Hl."M>Jf :QQVAEVXP<iRGTPGRYIWEPSFFl(tG• (SEQ !D NO 472) 

55 J'L0047 :QQQAGLXPSSGSPGKPSKSTSKTAAT• (SEQ IO NO: ~7JJ 

56 HUMICK!W :QQQPGLJCPSSGSPGKPSKSTSKTAAT• (SEQ ID NO: 474) 

57 E349U :QQQPGUCPSSCSPGKPSKSTSNTAAT• (SEQ ID NO: 475) 
10 58 H\."KIGHCW :QQQPGU{PSSGSAGKPSXSTSKTAAT• (SEQ ID NO: 476) 

59 KV2FSH\.'lWf :RQQPGtJ{PSSCPPGJCPSRCTSltSAAT• (SEQ IO NO: 4 "17 ) 

60 HV 2 I S.H\."HAM :QQQACLXPSSGSPGRTSKSTSJC't'AAT• (SEQ ID NO: 478) 

6l HVlGSHUKAH :QQ!PGLRPSSGTPGRTPRSTSJC't'AAT• (SEQ ID NO: 479) 

62 N$3FABH :XQ!PGLRPSSGSPGRTPRSTSJC't'AAT• (SEQ ID NO: 480) 

63 PS0091 :QQQPCilJCPSSGSPSRVSKSTSJC't'PET• (SEQ IO NO: 481) 

!5 U KU'MICKDA :QHQACIJCt5SGPPG1CPSTSTSJC't'AAT• (SEQ IO NO: 482) 

65 Al655' :ZQ!SGL1CPTSGSPGICPSXS1tSL\ACA• (SEQ ID NO: 483) 

66 KV2!SHUMAN :~SPGRPSKSTSJU>PYT• (SEQ ID NO: 484) 

67 KV20SHUMAN :QTJCPT1JCPl"t'SPGUSR.STS1U>1'VS• (SEQ ID NO: 485) 

61 Al6005 :ETRPALXPM'GSPGICTSn-t'SlCl)PYT• (SEQ IO NO: 486) 
69 HV2H$HUkAM :QNJU1ALD.1"1'0SPGICTSrrr9JCDPAT• (SEQ ID NO: 487) 
70 KV2ASKUMAM :Q'rrPALJCP1t'l'GSPG1tTSR'l'DSJafPVT• (SEQ ID NO: 488} 

20 71 HV2C$HUM.Uf : QTRPA.LRPrl"CSPGEA.srr?SJ(CPG'r• (SEQ IO NO: 489) 

72 HV2B$HUKAJf : Q'1'RPA1.ltP1'TGSPGJC't'Sr:rr9ltDTA Y• (SEQ ID NO: 490) 

73 Jt.000 :LZGVQLWGCiltGlSUYAJtCKGJalDIS• (SEQ ID NO: 49 l) 

25 

EXAMPLE 2 

DETAILED DESCRIPTION OF METHOD FOR CONSTRUCTING THREE-DIMENSIONAL MODEL OF AN-
30 TIBODY VARIABLE REGION 

35 

50 . 

55 

The references cited in the text below are listed at the end of this Example. 
The first antibody Fab structure was determined in 1972. Since then, no more than about twelve Fab struc

tures have been published, a number that represents a very small fraction of the total antibody repertoire (>10S 
antibodies). To understand tt"!e molecular basis of this antibody diversity will require knowledge of either a large 
number of x-ray structures, or the rules by which combining site topography is governed. The development of 
such prediction rules has now reached the point where variable regions of antibodies can be modelled to an 
accuracy approaching that of the. medium resolution x-ray structure. 

The interaction of an antibody with its cognate antigen is one of the most widely accepted paradigms of 
molecular recognition. To understand the antibody-antigen interaction in atomic detail requires knowledge of 
the three-dimensiona_l structure of antibodies and of their antigen complex.es. Traditionally such information 
has come from x-ray crys.tallographic studies (see Davies et al. for review (Davies et al., 1988)}. 

The modelling of antibody combining sites was first attempted by Padlan & Davies (Padlan et al., 1976) 
at a time when very few antibody structures were known. Nonetheless, Padlan and colleagues recognized that 
the key lay In high structural homology that existed within the !}-sheet framework regions of different antibody 
variable domains. The antigen combining site is formed by the juxtaposition of six interstrand loops, or CDRs 
(Complementarity Determining Regions) (Kabat et al., 1987), on this framework. If the framework could be 
modelled by homology then it might be possible to model the CDRs in the same way. Padlan and Davies (Pad
Ian et al., 1976) reasoned that CDR length was the important determinant of backbone conformation though 
the number of antibody structures was insufficient to thoroughly test this maximum overlap procedure (MOP). 
This notion was not picked up again until the early 1980's when Pedersen and Rees proposed a similar ap
proach to modelling antibody combining sites based on a more extensive analysis of antibody structures (de 
la Pas et al., 1986). · 

Those essentially knowledge-based procedures are best exemplified for antibodies by the work of Chothia 
& Lesk (Chothia et al., 1986) who, in 1986, extended and modified the MOP procedure by introducing the con
cept or-key• residues. These residues allow the further subdivision of CDRs of the same length into •canonical• 
structures which differ in having residues at specified positions that. through packing, hydrogen bonding or 
the ability to assume unusual values of the torsion angels~.'¥ and m. determine the precise COR conformation 
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(Chothia et al., 1989). Similar knowledge-based methods have been proposed for predicting loop conforma
tions in general (Thornton et al.. 1988; Tramontano et al., 1989). These methods rely on the crystallographic 
database of protein structures. However. none of the above knowledge-based methods has been totally suc
cessful. In particular. the MOP or canonical structure approaches have succeeded in modelling only five qf 

5 the six CDRs. This stems from the fact that the third CDR ofthe heavy chain. H3, is more variable in sequence, 
length and structure than any of the other CDRs. 

To deal with this problem several groups-have attempted to use ab inftio methods to model the combining 
site (Bruccoleri and Karplus, 1987). The requirement with such methods is that the total allowable conforma
tional space accessible to a particular CDR is sampled. Typical of purely geometric approaches is that of Go 

10 & Sheraga (Go and Sheraga. 1970) and more recently Palmer & Sheraga (Palmer and Sheraga. 1991), where 
the problem is reduced to one in which the central regi9n of the polypeptide backbone, having characteristic 
bond length and bond angles. is constructed between the end points of the loop (CDR if an antibody loop) by 
a "chain closure• algorithm. In a modification of this algorithm, Bruccoleri & Karplus (Bruccoleri and Karplus. 
1987) introduced an energy minimization procedure which greatly exl)anded the domain of conformational 

15 space searched during the chain closure procedure. This modification is incorporated into the conformational 
search program CONG EN (Bruccoleri and Karplus, 1987), which also allows the user to choose any set of stan~ 
dard bond length arid bond angels such as the CHARMM (Brooks et al.. 1983) standard geometry parameter 
sets. Other approaches such as minimization (Moult and James, 1986). or molecular dynamics (Fine eta!., 
1986) either fail to saturate conformational space or are unable to deal with the problem of long CD Rs. Which-

20 ever of the ab initio methods is employed however, the problem is one of definfng the selection criteria in such 
a way as to allow the unambiguous identification of the correct structure (in this context correct is defined by 
reference to an appropriate X-ray structure) within the ensemble of candidates, for every CDR. To date this 
has not been possible. · 

· Recently a more holistic approach has been taken to the modelling of CDRs which combines the a.dvan-
25 tages of knowledge-based and ab initio methods in a single algorithm known as CAMAL (Combined Algorithm 

for Modelling Antibody Loops) (Martin et al., 1989; Martin et al., 1991 ). Previously this algorithm has been used . 
to model individual CDRs in the presence of the crystal structure conformations of the other five. As is dem
onstrated below, CAMAL is able to predict the backbone conformations of all six CDRs of the antibody com
bining site to an accuracy approaching that of medium resolution x-ray structures. In addition the algorithm 

30 includes a procedure for selecting and fitting together the light and heavy chain framework regions prior to 
generation of CDR conformations, thus making possible the prediction of the entire variable region. Further
more a new Monte Carlo (MC) simulated annealing method has been developed for the determination of side-
chain conformations. -

3S The Framework Region 

Antibody framework regions consist of conserved !}-strands that form the !}-barrel structure characteristic 
of lmmunoglobulin V-type regions. In the procedure described here each V-region is built from a database of 
known antibody structures. using sequence homology for selection of the light (L) and heavy (H) chain V-d~ 

'° mains. The two domains are then paired by least squares fitting on the most conserved strands of the antibody 
f3-barrel (Table 2 and Figures 5 & 6. The strand orientations were determined by analyzing the barrels of known 
antibody crystal structures. Eight antibodies were analyzed using a multiple structure fitting program as follows. 
Seven structures were fitted onto one of the set selected at random and mean coordinates were calculated. 
All eight structures were then fitted onto these mean coordinates and new mean coordinates determined. This 

'5 procedure was iterated until the mean coordinate set converged (5-10 cycles). The variance for the mean c~ 
ordinates at each barrel point (N,Ca,C) was calculated. In Figure 5 this variance is plotted against the projected 

. positions of these points onto the conjugate axis of the barrel. 
Strand 8 and all but two residues of strand 7 in both light and heavy chains were eliminated as they showed 

deviations greater than 3a (standard deviation units) from the mean coordinates. These two strands comprised 
so the takeoff points of CDR H3, and suggests that any knowledge-based prediction of CDR H3 would have to 

account not only for sequence and length variation in the CDR itself, but also for the position of the participating 
strands. The remaining mean coordinates were used as a scaffold onto which the Land H chains were fitted. 
Strands 7 and 8 in the final framework were obtained from the database structure used in the construction. 
The framework strands are marked + in the multialignment in Table 2. 

55 The sidechains were then replaced using a 'maximum overlap' method. in which sidechain templates were 
fitted on backbone atoms with the sidechain torsion angles being adjusted to match those of equivalent torsions 
in the parent sidechain. 
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The Combining Site 

The procedure for predicting the structure of combining sites combines a database search with a confor
mational search procedure. The architecture of the program suite to perform this task is outlined in Figure 7. 

5 The database search utilizes distance constraints for each of the six COR loops determined from known 
antibody structures. These constraints were determined by calculating Ca-Ca distances within known loops 
and using a search range of x + 3.5a (the mean ± 3.5 standard deviation units). A database containing all the 
proteins in the Brookhaven Protein Databank (Bernstein et al., 1977) is then searched for fragments which sat
isfy the constraints for a loop of the required length. The middle section of the loop is then deleted and recon-

10 structed using the conformational search program CONGEN {Bruccoleri and Karplus, 1987). For loops of six 
or seven residues. the structure database appears to saturate the conformational space available to the back
bone adequately and only sidechains are built by conformational search. Loops shorter than six residues are 
built by conformational search alone since this is computationally feasible and the number of loops selected 
from the database becomes unacceptably large as loop length decreases. 

15 When modelling a complete combining site, loops of 6 or more residues are modelled individually with the 
other loops absent If the loops are built consecutively, small errors can accumulate leading to a poor result 
(Martin, 1990). All the loop conformations are then evaluated using a solvent modified potential, which ex
cludes the attractive van der Waals and electrostatic terms of the non-bonded energy function contained within 
the GROMOS (Aqvist et al., 1985) potentiaL The lowest five energy conformations are selected and filtered 

20 using a •structurally determining residue• algorithm {FILTER). based on backbone torsion angles observed in 
the original database loops. Since the database search is not used for the shortest loops of 5 residues or fewer, 
the FILTER algorithm cannot be used. Energy is thus the only available selection .criterion and the short loops 
are built last, in the presence of the longer loops. 

25 Side Chains 

The determination of sidechain positions was previously done using the iterative sidechain determination 
algorithm described by Bruccoleri et al. {Bruccoleri and Karplus. 1987). Unfortunately the CHARMM (Brooks 
et al., 1983) force field fails to select the correct conformations of exposed hydrophobic sidechains. There is 

30 no penalty for having an exposed uncharged atom. without solvent present. CON GEN is also unable to saturate 

35 
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the conformational space for a large number of sidechains (more than 6 residues). · 
Recently Lee et al. (lee and Levitt, 1991; lee and Subbiah. 1991) has proposed a method for searching 

conformational space for a large number of sidechains using MC simulated annealing. A simple energy function 
is used for the_ evaluation of conformations generated by a biased random walk: 

Where the first term is a simple Lennard-Jones potential ~hich evaluates the non-bonded contacts between :_ 
the atoms in a given molecule, the second term is a simple torsional term which only applies to C-C bonds. 
The torsional term biases the function towards 60° rotamers. £o and ~ are constants. The metropolis function: 

P=~ 
is used to evaluate the energy function. Any move which results in a decrease in energy is accepted, and any 
move which results in a positive oE is only accepted with the probability P. This simple method can be used 
to search the large conformational space defined by a set of torsion angles in amin1.racid sidechains. and find 
or define the global minimum .which exist for a set of sidechains. T is the simulation temperature. · 

When searching sidechain conformations using this method the simulation system usually gets trapped 
in an energetic minima well before the global minimum is encountered. at a high temperature, without the sol
ution space having been searched sufficiently. This problem can be solved by truncating the Lennard.Jones 
potential, thus allowing atoms to pass through each other. In reality this function would converge towards in
finity when the distance r between the atoms approaches zero. 

The evaluation of sidechain conformations generated is done solely on the basis of energy, for internal 
(core) residues, since good van der Waal's interactions are considered to be equal to a good packing of the 
sidechains. The situation becomes more complicated when trying to predict the conformation of surface resi
dues. The lowest van der Waal's interaction is obtained by a combination of sidechain conformations which 
minimize the overlap of atoms. this means that the lowest energy is obtained with extended conformations of 
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sidechains, without considering good packing of sidechains. 
Using the fact that hydrophobic, bulky residues will be shielded by the hydrophilic sidechains, and will be 

buried in the surface, it is possible to generate a simple function which will evaluate these macroscopic ob
servations. These functions can either be implemented in the objective evaluation function of the Monte Carlo 

5 simulation, or as is done here, added as a post processing step. Including an accessibility/hydrophobicity term 
in the evaluation function would slow down the calculation considerably, hence the term has been added as 
a post processing function. The function used is a sum oft he product of relative exposed surface area multiplied 
by the residual hydrophobicities. The hydrophobicities used are taken from Cornette et al. (Cornette et al., 
1987). 

10 

15 

n 

f contorJ11ati.on = L -Aj:el 0Hi.rel 
.l.•1 

his the number of sidechains reconstructed. The surface area is calculated using the tesselated icosahedron 
approach (Chau and Dean, 1987), which is not very precise (0.1 percent), but is able to evaluate a large number 
of conformations. The function is evaluated for the final 2,000 conformations and the lowest value conformation 
selected as the best 

20 Using this simple approach it is possible to integrate over a large phase space with many degrees of free-
dom, and get a complete sampling of the space. 

Predicted Structures of an Anti-hapten, Anti-peptide and Two Anti-protein Antibodies 

25 In the following section the predicted structures of four different antibody Fv regions are presented and 
analyzed. The a.ntibodies are: 

• Gloop-2 (Darsley and Rees, 1985), an anti-lysozyme antibody whose Fab structure was determined by 
Jeffrey et al., (Jeffrey et al., 1991) and which was used as a learning exercise during the development 
ofCAMAL. 

30 • 01.3 (Amit et al., 1986), an anti-lyso~yme antibody whose uncomplexed Fv coordinates were supplied 
by R. Poljak et al. after the model coordinates had been deposited. 

• 36-71 (Rose et al., 1990), an anti-phenylarsonate antibody whose Fab structure was carried out by D. 
R. Rose, et al., and whose coordinates were obtained after the model coordinates had been deposited. 

• 306 (Grunow et al., 1988), an anti-protein (GP41 of HIV) antibody whose Fab structure was carried out 
35 by D. Carter et al. (Carter, 1991) and whose coordinates were obtained after the model coordinates had 

been deposited. For this antibody, the model was generated using the canonical loop method of Chothia 
& Lesk (Chothia et al., 1989; Chothia et al., 1986) for CDRs L 1, L2, H1 and H2, while L3 and H3, which 
cannot be modelled using canonical structures, were constructed using CAMAL. 

All four models were subjected to both restrained and unrestrained energy minimization using the DIS-
:-. 4() C9VER {TM Biosym Technology) potential with 300 cycles of steepest descents, followed by conjugate gra

dient minimization until convergence to within 0.01 Kcal occurred. 
The resolution and R-factors of the x-ray structures are given in Table 3 together with the parent frame

works selected in building the models. The structures and models were compared by global fits of the loops. 
The ~barrel strands 1 to 6, as described above, were least squares fitted and the RMS deviation was then 

45 calculated over the loops. The backbone (N,Ca,C) RMS values for fitting model and crystal structure frame
works were between 0.4 and 0.9 A. illustrating the conservation of the core 13-barrel. Using all eight strands 
RMS deviations between 0.6 and 1.2 A were observed. 

Global fits (Table 4) give a more realistic measure of the accuracy of the model than a local least-squares 
fit over the loops since they account for the overall positioning of the loops in the context of the Fv structure. 

so Local fits, which give lower RMS deviations, are also shown in Table 4. Differences between local and global 
RMS deviations arise from differences in VHNL domain packing and differences in loop 'take off' angles and 
positions. · 

Table 5 shows the canonical loops selected from modelling 306. Backbone structures of the modelled 
CDRs, superimposed on the x-ray structures after global fitting are shown in Figure 8. General features and 

55 points of interest for each of the six CDRs are discussed below. 
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Analysis of the CDR Regions 

During the comparison of CDR conformations in the V-region models and the x-ray Fab structures it was 
observed that at certain positions in a CDR. the peptide backbone may adopt either of two conformations by 

5 undergoing a •peptide flip• (1.4 shift). This phenom~non is also seen in type 2 !3-turns (Paul et al., 1990). Dy
namics simulations of !3-turns show that the transformation energy between q,1 = -00, lj/1 = -30, q,2 = -90, 11'2 
= 0 and q,1 = -00, '1'1 = 120, q,2 = 90, lj,2 = 0 has a maximum value of 5 kcal (Paul et al .• 1990). This is low 
enough to allow selection of either conformation. The peptide flip is observed within several canonical classes 
(as described by Chothia et al. (Chothia et al., 1989)) and the hydrogen bonding pattern used to determine 

10 the conformation of a canonical class does not disallow the peptide flip. Any mo,delling procedure should there
fore take these, or any other multiple conformations. into consideration where the transformation energies are 
sufficienUy low to permit population of the different conformational forms. Table 6 shows an example of the 
•peptide-flip" phenomenon from the crystallographic database of antibody structures. It should be noted that 
a single crystal structure will not show multiple conformations since the crystallization will 'freeze out' one of 

15 the conformations. During the modelling procedure the two populations of conformers are easily extracted from 
a set of ab initio generated loops. by using a torsional ciustering algorithm. 

CDR-L1 

20 In Gloop-2 and 01.3, al! fiv·e low energy conformations were very similar with RMS deviations differing by 
less than 0.25 A (backbone) and 0.35 A (all atoms). The FILTER algorithm was unable to distinguish between 
the conformations and the lowest energy structure was selected. 

Although COR-L 1 of 306 was originally built using the canonical loop from HyHEL-1 O. the mid-section was 
rebuilt by conformational search, for the following reason. HyHEL-10 and REI COR-L 1 loops are placed in the 

25 same canonical ensemble (Chothia et al., 1989) although they contain a 1-4 shift (peptide flip) relative to one 
another between the fifth and eighth residues of the loop (residues 28-31) (see Table 6). 

36-71 shows the same 1-4 shift between the model and crystal structure CDRs. Both crystal structure 
and model were compared with other loops of the same canonical class as defined by Chothia et al. (Chothia 
et al., 1989). It was found that the· hydrogen bonding pattern which determines the conformation was con-

30 served. 

CDR·L2 

COR-L2 of 01.3 has two adjace~t threonines (49, 50) which in the x-ray structure are packed against the 
35 tyrosine at the fourth positiqn of COR-H3, thus minimizing the exposed hydrophobic sidechains. In the un-

. minimized model the threonine sidechains are exposed to the solvent, but after energy minimization, this pack
ing is observed. 

CDR-L3 

In Gloop-2, D1.3 and 36-71 the proline at the seventh position in the loop is·correctly predicted in the cis 
conformation. It has previously been suggested that the conformation of CDR-L3 is dictated by the presence 
of a proline in position 8 or9 (Chothia et al., 1989) within the loop. 306 does not have a praline in either position. 
Only 7 out of 290 CDR-L3 sequences (Kabat et al., 1987) lack a praline at both positions and In all of the pub-

4$ lished x-ray structures this praline is present This is an example of a situation where either a new canonical 
class may need to be defined or where the canonical rule breaks down altogether, and an alternative method 
must be employed. · 

The 306 L3 loop is 7 residues in length and was bunt using database loops alone where conformational 
space is saturated by means of fragments selected from the crystallographic database (Global RMS: 2.01 A. 

so N,Co.,C), and by using CAMAL (Construction: Q[Q(YNS)Y]S, Global RMS: 1.97 A, N,Co.,C). The similarity of 
the structures generated by the two procedures illustrates the utility oft he database search and suggests that, 
for shorter loops it is capable of saturating the available conformational space. 

55 
CDR-H1 

Using the Kabat and Wu definition of COR-H1 places this loop as an extension of the l3-sheeL The ex
tended nature of this stretch of peptide limits its conformational flexibility and CDR-H1 is generally modelled 
accurately (Martin et al.. 1989; Chothia et al .• 1989). 
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In Gloop-2 and 01 .3, the Phe or Tyr sidechain at the second position in the loop is poorly placed and packs 

against Leu at the penultimate position in HFR1 (see Table 2). 36-71 has a well-placed Asn at this position, 
rather than the more common bulky hydrophobic sidechain. 

5 COR-H2 

CDR-H2 of 36-71 is similar in sequence to F19.9 (Strong et al., 1991), (36-71: YNNPGNGYIA (SEQ ID 
N0:492); F19.9: YINPGKGYLS (SEQ ID N0:493)). While the structurally determining residues specified by 
Chothia and Lesk (Chothia et al., 1989) are conserved, the backbone conformations are different: F19.9 has 

10 a bulge atthe-PGN-Gly, compared with 36-71, giving the loop a 'kink' in the middle. The model of 36-71 shows 
a 1-4 shift, though the sidechains are still well placed. 

In Gloop-2, the all atom RMS deviation is poor (3.00 A) (Jeffrey et at.. 1991) when compared with the P21 

crystal structure, owing to rotations of the Phe at position 3 in the loop and Tyr at position 10 by approximately 
120° about the x2 torsion angle. Gloop-2 has been solved in two different crystal forms, P21 and P1 (Jeffrey 

15 et al., 1991; Jeffrey, 1989). When compared with the P1 structure, the sidechains are placed almost perfectly 
and the all atom RMS (global fit) drops to 2.23 A. 

This concerted sidechain motion between crystal forms illustrates the effects of crystallization conditions 
on surface sidechain placement Even though surface sidechains may show low temperature factors indicating 
low mobDity in the crystal. their mobility in solution may be high. In the Gloop-2 P1 structure, the mean side-

20 chain temperature factor for the Fv domain is 13.46 (a= 8.20) while the sidechains of these two residues of 
H2 show mean temperature fa~ors of 5.56 (a= 0.68) for the Phe at position 3 and 7.10 (a.= 1.73) for the Tyr 
at position 10. 

25 
CDR-H3 

CDR-H3 is the most variable of the six CDR's with all lengths up to 21 residues being represented in Kabat 
et al., (Kabat et al., 1987). This extreme variability results from V-0-J splicing (Schilling et al.. 1980) and has 
always been a problem when attempting to model antibodies. Such loops may be divided into short (up to 7 
residues), medium (up to 14 residues) and long (15 or more residues). Using the CAMAL procedure, short and 

30 medium CDR-H3's can he modelled as accurately as other CDR's of similar lengths. Although long CDR-H3's 
are more difficult and cannot. at present, be built to the same accuracy, the chain trace is still correct 

It is unlikely that the longer loops consist of 'pure' loops {i.e., all random coil or turn). In crystal structures 
of antibodies with medium to long CDR-H3 loops (McPC603 (Rudikoff et al., 1981): 11 amino acids (aa); KOL 
(Marquart et al., 1980): 17 aa; F19.9 (Lascombe et al., 1989): 15 aa) the loops consist of a disordered P-sheet 

35 extension from the Ii-barrel core and a 5-8 residue random coil/turn connecting these two strands. 
To determine the nature of medium to long loops (>8 residues) which satisfy the CDR-H3 constraints. a 

complete search of the Protein Databank for loops of length 8-20 residues. was performed using the inter-Ca 
distance constraints determined from known antibody crystal structures for CDR-H3. The resulting loops were 
then analyzed using the DSSP (Kabsch and Sander. 1983) program, which is able to assign secondary struc-

40 ture to polypeptide structures. The amount of secondary structure for each length of loop was calculated. and 
it was observed that for loops longer than 12 residues the amount of secondary structure within each of the 
dasses described in DSSP was constant. The number of loops selected is also constant (approximately 150 
loops) for loops longer than 12 residues. A closer inspection of each of the length ensembles shows indeed 
that the loops are the same between the groups. · · 

'5 This analysis shows that, like the long CDR-H3 crystal structures, the selected fragments consist of 13-
strands connected by 5-8 residue loops. For loops above 12-13 residues in length, the same loops are selected, 
but with extensions to the P-strands. This is called the ·sliding-ladder" effect. In addition, the maximum size 
of a random coil or turn fragment in any of the structures contained in the Protein Databank tends nofto exceed 
8 residues, as determined by DSSP. This implies thatthe conformational space of longer loops is not saturated 

50 by the database arid, although it is unlikely that long loops in antibodies will differ significantly from long loops 
in other structures. confidence in the prediction must be correspondingly reduced. 

By how much is the usefulness of the CAMAL algorithm reduced by this observation ? . 
The frequency of occurrence of different CDR-H3 lengths in antibody sequences described by Kabat et 

al. (Kabat et al., 1987) was analyzed. Figure 10 shows that more than 85% of H3 loops have lengths between 
55 4 and 14 residues which can be modelled accurately by the CAMAL algorithm. 

CDR-H3 of 01.3 is of average length (8 residues), though no loops of this length are seen in the available 
antibody structures. The crystal struq_ture coordinate set showed an RMS of 1.9 A compared with the model. 

The 36-71 loop is 12 residues long. The conformation is correctly predicted as a short loop connecting an 
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extension of the j>-sheet. 
The 306 H3 loop is 17 residues long. While KOL (Marquart et al.. 1980) has the same length it has only 

one residue in common with 306 and only one conservative mutation. There is thus no reason to believe that 
the conformations would be similar. The final predicted conformation of 306 is an extended !3-sheet. as in the 

5 crystal structure. The difference between the predicted and the crystal structure of 306-H3 is due to a twist 
of 5-7° in the extended Ji-sheet loop (see Figures 9A-90). Such a twist has also been observed for complexed 
and uncomplexed antibodies by Wilson et al. (Wilson and others). This suggests that long CDR-H3 loops may 
be flexible and actively involved in antigen binding. 

10 The Complete Variable Region 

Prediction of the strand positions and Vt-VH orientation in the framework Ji-barrel was exact for all of the 
four antibodies. The backbone (N,Ca,C) RMS deviations from the crystal structures were between 0.56 and 
0.86 A. despite the fact that." in all cases the VL and VH regions of a particular model were derived from different 

15 antibody strucrures. This suggests that this method will do well in procedures such as humanization (Gorman 
et al .• 1991), where correct framework positioning is important. The backbones of all six CDRs in all four an
tibodies are essentially correctly predicted, as shown in Figure 8. There are two important points to make about 
these predictions. First, the position of each COR on its framework barrel is correct. Thus, CCR-framework 
interactions can be confidently monitored. The only deviation from the x-ray structure is_ CDR-H3 of antibody 

20 306 which has been previously discussed. Second, the all atom RMS deviation between models and x-ray 
structures is dominated by sidechain positions. In most instances this deviation is due to a small number of 
incorrectly positioned, exposed sidechains (for example, in D1 .3 the only side chains which are incorrectly pre
dicted are Tyr 9 of L 1. Trp 4 of L3. Tyr 2 of H1 and Tyr 4 of H3). Since each COR is constructed in the absence 
of otherCDRs, the force field may choose a rotamerwhich is 120° away from that found in the crystal structure. 

25 This effect has also been observed by Lee et al. (Lee and Levitt, 1991). 

30 

35 

55 

Conclusion 

For antibodies having CDR H3 regions of 14 residues or less the complete variable domain can be modelled 
to an accuracy approaching that"of medium resolution x-ray structures. For antibodies witt, longer H3 loops 
the CAMAL algorithm is likely to need an additional procedure in which molecular dynamics simulations are 
also incorporated. 

The canonical approach of Chothia et al. appears to work well (at least in modelling backbones) where it 
may be applied and may be used successfully in combination with the CAMAL procedure. 

One important observatjon that has emerged from these studies is that a given loop can exist in several 
conformations. In particular. this seems likely for CDR-L 1 and, to a lesser extent, CDR-L3 and longer CDR
H3's. A simple combinatorial calculation shows that. if each of these three loops can exist in three separate 
conformations, a given combining site can have 33 = 27 different topographies. Clearly, this would explain the 
origins of cross reactivity and would allow for induced fit of antigens. 
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COI\HI . 

Table 2: Alignment of antibody sequences used in the modelling. ,., indicates CDR,regions; '+' 
indicates ,8-strand regions used in the fitting for modelling frameworks. Nomenclature for ,8-barrel 
strands is (H or L - Chain) - FR(Framework region)-(Str<?,nd number), thus for ex~triple strand 
one of the heavy chain becomes HFRl. 
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Ftamework Model 
Antibody Resolution R-factor Light Heavy 
Gloop-2 2.80 21.2 REI ByHEL-S 
Dl.3 REI NEW 
36-71 1.90 20.9 Gloop2 NEW 
3DS 2.70 11.r REI KOL 

Table 3: Details of the antibody crystal structures again.1t which the modela were compued and 
the paren\ frameworks uaed to build the model!. Resolution data for Dl.3 hu no& ye\ been 
published. 
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Ta.hie 4: Sequence and conformational search construction scheme for each of the 24 CDRs, [ 
)=construction area,. ( )= Chain closure, all sidechains are constructed. RM:S(Roo~ Mean Square) 

· difference between model and crystal structure loop coordinates. The RMS .\#Slues are a global fit 
calculated by least-squares fitting· the conserved core. of the two structures upon. each other and 
calculating the RMS over the loops. The total RMS of the frameworks (N,Ca,C) is 0.81, 0.60, 
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Loop Canonical Stquence SEQ ID NO 
Ll HyHEL-10 RASQSISRWLA 518 

(306) RASQSIGNNLH 497 
L:2 REI EASNOLA 519 

(306) KASS LES 501 
Hl MePC603 DFYME 520 

(3D6) DYAMH 509 
H2 KOL I IWDDGSDQ 521 

pD6) ISWDSSSIG 513 

Table 5: Canonical loopa selected for the model of306(taken from Chothia et al (1989) ). 

Residue Number '.!4 .!5 26 27 JS• 29• 
REI Sequence Q A s Q s [ ~,t# -/138 • l03/15i ·96/7 • \SS/142 ·40/108 ·112/9 
B1BEl.:IO Sequence R A s Q s ( 

•N -/108 .8S/13S .~8/64 172/160 ·64/-38 9/63 
Residue Number ·30• 31" 32 33 J2 

REI Sequence I I, y L N SEQ ID NO: 522 

''" 79/-77 -146/!l -104/89 ·143/133 ·lH/-
ByBEL-10 Sequence G N N L H SEQ ID NO: S18 

'"' -63/107 8S/-15 -10S/i:? -l:?9/118 · 126/-

Table 6: Ba.ckbone ~ andt/1 angles of residues in CDR-Ll from HyHEL-10 and REI da.s.,ified in the 
same c:auonital group by Chothia el al ( l9S9). The residues exhibiting a peptide Bip &re indicated 
by a•. 
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SEQUENCE LISTING 

GENERAL INFORMATION 

(i) APPLICANT: PEDERSEN, 
SEARLE, 
REES, 
ROGUSKA, 
GUILD, 

Jan T. 
Stephen M . .J. 
Anthony R. 
Michael A. 
Braydon c. 

(ii) TITLE OF INVENTION: SURFACE RESIDUE VENEERING OF RODENT 
ANTIBODIES 

(iii) NUMBER OF SEQUENCES: 522 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Sughrue, Mion, Zinn, Macpeak & seas 
(B) STREET: 2100 Pensylvania Avenue, N .• w. 
(C) CITY:. Washington 
(D) STATE: D.C. 
(~) COUNTRY: United States 
(F) ZIP: 20037-3202 

(V) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
(B) COMPUTER: HP 9000/700 Workstation 
(C) OPERATING SYSTEM: UNIX 
(D) SOFTWARE: In house 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/942,245 
(8) FILING DATE: 09-SEP-1992 
(C) ·cLASSIFICATION: 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (202) 293-7060 
(B) TELEFAX: (202) 293-7860 
(C) TELEX: 6491103 

(1) INFORMATION FOR SEQ IO NO:l 

(1) SEQUENCE CHARACTERISTICS: 
- - (A) LENGTH: 109 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
l 5 10 15 
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Glu Arg Val Ser Leu Thr Cys Arg Ala Ser Gln Glu Ile Ser Gly Tyr 
- 5 20 25 30 

Leu Ser Trp Leu Gln Gln Lys Pro Asp Gly Thr Ile Lys Arg Leu Ile 
35 40 45 

10 

Tyr Ala Ala Ser Thr Leu Asp Ser Gly Val Pro Lys Arg Phe Ser Gly 
50 55 60 

15 Arg Arg Ser Cly Ser Asp Tyr Ser Leu Thr Ile Ser Ser Leu Glu Ser 

20 

25 

30 

35 

50 

55 

65 70 75 80 

Glu Asp Phe Ala Asp Tyr Tyr Cys Leu Gln Tyr Leu Ser Tyr Pro Leu 
85 90 95 

Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala 
100 105 

(2) INFORMATION FOR SEQ ID N0:2 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESC~IPTION: SEQ ID N0:2: 

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 
1 5· 10 15 

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser Gly Asn Ile His Asn Tyr 
20 25 30 

Leu Ala_Trt! Tyr Gln Gln Lys·c1n Gly Lys Sar Pro Gln Leu Leu Val 
35 40 45 

Tyr Tyr Thr Thr Thr Leu Ala Asp Gly -Val Pro Ser Arg Phe Ser Gly 
so 55 60 

Ser Gly Ser Gly Thr Gln Tyr Ser Leu Lys Ile Asn Ser Leu Gln Pro 
65 70 75 80 

Glu Asp Phe Gly Ser Tyr Tyr cys Gln His Phe Trp Ser Thr Pro Arg 
85 90 95 
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Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Arg 
100 105 

(3) INFORMATION FOR SEQ ID N0:3 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Asp Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly 
l 5 10 15 

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Asn Tyr Met 
20 25 30 

Tyr Trp Tyr Gln Gln Lys Ser Gly Thr Ser Pro Lys Arg Trp Ile Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser 
so 55 . 60 

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Iie Ser Ser Met Glu Thr Glu 
65 70 75 80 

Asp Ala Ala Glu Tyr Tyr Cys Gln Gln Trp Gly Arg Asn Pro Thr Phe 
.85 . 90 . 95 

Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala 
100 105 

(4) INFORMATION FOR SEQ ID N0:4 

Ti) -SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Asp Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Val Thr Pro Gly 
1 5 10 15 
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Asn Ser Val Ser Leu Ser cys-Arg Ala Ser Gln Ser Ile Gly Asn Asn 
20 25 30 

Leu His Trp Tyr Gln Gln Lys Ser His Glu Ser Pro Arg Leu Leu Ile 
35 40 45 

Lys Tyr Ala Ser Gln Ser Ile Ser Gly Ile Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Ser Ile Asn Ser Val Glu Thr 
65 70 75 80 

Glu Asp Phe Gly Met Tyr Phe Cys Gln Gln Ser Asn Ser Trp Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala 
100 105 

{5) INFORMATION FOR SEQ ID N0:5 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 108 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:5: 

Glu Ile Val Leu Thr Gln Ser Pro Ala Ile Thr Ala Ala Ser Leu Gly 
1 5 10 15 

Gln Lys Val Thr Ile Thr cys Ser Ala Ser Ser Ser Val Ser Ser Leu 
20 25 30 

His Trp Tyr Gln Gln Lys Ser Gly Thr Ser Pro Lys Pro Trp Ile Tyr 
·- 35 · 40 45 

Glu Ile Ser Lys Leu Ala Ser Gly Val Pro Ala Arg Ph• Ser Gly Ser 
50 55 60 

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Asn Thr Met Glu Ala Glu 
65 70 75 80 

Asp Ala Ala Ile Tyr Tyr cys Gln Gln Trp Thr Tyr Pro Leu Ile Thr 
85 90 95 
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Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Ala 
100 105 

(6) INFORMATION FOR SEQ ID N0:6 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 112 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

Glu ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Cly Gln 
l . 5 10 15 

Arg Val Thr Ile Ser cys Thr Cly Thr Ser Ser Asn Ile Gly Ser Ile 
20 25 30 

Thr Val Asn Trp Tyr Gln Gln Leu Pro Cly Met Ala Pro Lys Leu Leu 
35 40 45 

Ile Tyr Arg Asp Ala Met Arg Pro Ser Gly Val Pro Thr Arg Phe Ser 
50 55 . 60 

Gly Ser Lys Ser Cly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Glu 
65 70 75 80 

Ala Glu Asp Glu Ser Asp Tyr Tyr Cys Ala Ser Trp Asn Ser Ser Asp 
35 85 90 95 

tiD 

• I 

Asn Ser Tyr Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly Gln 
100 105 110 

(7) INFO!JfA~ION FOR SEQ IO N0:7 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 115 amino acids 
(S) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

Asp Ile Val Met Thr Gln Ser Pro Ser Ser Leu Ser Val Ser Ala Gly 
1 5 10 15 
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Glu Arg Val Thr Met Ser Cys Lys Ser Ser Gln Ser Leu Leu Asn Ser 
20 25 30 

Gly Asn Gln Lys Asn Phe Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Pro Pro Lys Leu Leu Ile Tyr Gly Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr. 
65 70 75 80 

Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Asn 
85 90 95 

Asp His Ser Tyr Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Ile 

Lys Arg Ala 
115 

100 105 . 110 

(8) INFORMATION FOR SEQ ID N0:8 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 103 amino acids 
(B) TYPE: amino acid 
( C) TOPOLOGY: linear · 

(ii) MOLECULE TYPE: peptide 

(Xi) ~EQUE;NCE DESCRIPTION: SEQ ID N0:8: 

Ser Val Leu Thr Gln Pro Pro Ser Val Ser Gly Ala Pro Gly Gln Arg 
1 5 . 10 15 

Val Thr_Il! Ser eys Thr Gly Ser Ser Ser Asn Ile Gly Ala Gly Asn 
20 25 30 

His Val Lys Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

ile Phe His Asn Asn Ala Arg Phe Ser Val Ser Lys Ser Gly Ser Ser 
50 55 60 

Ala Thr Leu Ala Ile Thr Gly Leu Gln Ala Glu Asp Glu Ala Asp Tyr 
65 70 . 75 80 
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Tyr cys Gln Ser Tyr Asp Arg Ser Leu Arg Val Phe Gly Gly Gly Thr 
85 90 95 

Lys Leu Thr Val Leu Arg Gln 
100 

(9) INFORMATION FOR SEQ ID N0:9 

. {i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 114 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

Asp Val Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Gln Ala Ser Ile Ser cys Arg Ser Ser Gln Ser Leu Val His Ser 
20 25 30 

Gln Gly Asn Thr Tyr Leu Arg Trp Tyr Leu Gln Lys Pro Gly Gln Ser 
35 40 45 · 

Pro Lys Val Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly val Pro 
50 55 60 

35 Asn Arg Phe Ser·Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 
65 70 75 80 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser Gln Ser 
85 90 95 

Thr His Val Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys 
100 105 · 110· 

45 Arg Ala 

50 

55 

(10) INFORMATION FOR SEQ ID N0:10 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B} TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:10: 

Asp Ile Gln Met Thr Gln Thr Thr. Ser Ser Leu Ser Ala Ser Leu Gly 
l 5 lO 15 

Asp Arg Val Thr Ile Ser. cys Arg Ala Ser Gln Asp Ile Ser Asn Tyr 
20 25 30 

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Val 
35 40 45 

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

20 · Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu His 

25 

30 

35 

50 

55 

65 . 70 75 80 

Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln Gly Ser Thr Thr Pro Arg 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu'Ile Lys Arg Arg 
100 105 

{11) INFORMATION FOR SEQ IO N0:11 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:11: 

Asp Ile Gln Met Thr Gln Ile Pro Ser Ser Leu Ser Ala Ser Leu Gly 
l 5 10 . 15 

Asp Arg Val Ser Ile Ser cys Arg Ala Ser Gln Asp Ile Asn Asn Phe 
20 25 30 

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Ile Lys Leu Leu Ile 
35 40 45 

Tyr Phe Thr Ser Arg Ser Gln Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 
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Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile Ser Asn Leu Glu Gln 
65 70 75 80 

Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln Gly Asn Ala Leu Pro Arg 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala 
100 105 

(12) INFORMATION FOR SEQ ID N0:12 

(i) SEQUENCE CHARACTERISTICS: 
(A) ·LENGTH: 107 amino acids 
(B) TYPE: amino acid 

-(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 

Asp Ile Gln Met Thr Gln Ser.Pro Ser Thr Leu Ser Ala Ser Val Gly 
l 5 10 15 

Asp Arg Val Thr Ile Thr cys Arg Ala Ser Gln Ser Ile Ser Arg Trp 
20 25 30 

30 Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Val Pro Lys Leu Leu Ile 

35 

50 

55 

35 40 45 

Tyr Lys Ala Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 75 80 

Asp Asp Phe Ala Thr Tyr Tyr cys Gln Gln Tyr Asn Ser Tyr Ser Phe 

-· 85 90 95 

Gly Pro Gly Thr Lys Val Asp Ile Lys Arg Thr 
100 105 

(13) INFORMATION FOR SEQ ID N0:13 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 104 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: 

. .. 

Gln Val Gln Leu Gln Gln Ser Gly Thr Glu Leu Ala Arg Pro Gly Ala 
l 5 10 15 

Ser Val Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Thr Phe 
20 25 30 

Gly Ile Thr Trp Val Lys Gln Arg Thr Gly Gln Gly Leu Glu Trp Ile 
is 40 45 

Gly Glu Ile.Phe Pro Gly Asn Ser Lys Thr Tyr Tyr Ala Glu Arg Phe 
50 55 60 

20 Lys Gly Lys Ala _Thr Leu Thr Ala Asp Lys Ser Ser Thr Thr Ala Tyr 

25 

35 

55 

65 . 70 75 80 

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe cys 
85 90 95 

Ala Arg Glu Ile Arg Tyr Trp Gly 
100 

(14) INFORMATION FOR SEQ ID N0:14 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:14: 

Gln Val Gln Leu Lys Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln 
1 5 10 15 

Ser Leu Ser-Ile Thr eys Thr Val Ser Gly Phe ser Leu Thr Gly Tyr 
20 25 30 . 

Gly Val Asn Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Met Ile Trp Gly Asp Gly Asn Thr Asp Tyr Asn Ser Ala Leu Lys 
50 55 · 60 

43 

BIOEPIS EX. 1002 
Page 3702



5 

. . . 
: EP0592106A1 

Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 
65 70 75 80 

Lys Met Asn Ser Leu His Thr Asp Asp Thr Ala Arg Tyr Tyr cys Ala 
85 90 95 

10 Arg Glu Arg Asp Tyr Arg Leu Asp Tyr Trp Gly 

15 

20 

25 

30 

35 

50 

55 

100 105 

(15) INFORMATION FOR SEQ ID N0:15 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 106 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15: 

Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Met Lys Pro Gly Ala Ser 
l 5 10 15 

Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Ser Asp Tyr Trp 
20 25 JO 

Ile Glu Trp Val Lys Gln Arg Pro Gly His Gly Leu Glu Trp Ile Gly 
35 40 45 

Glu Ile Leu Pro Gly Ser Gly Ser Thr Asn Tyr His Glu Arg Phe Lys 
50 55 60 

Gly Lys Ala Thr Phe Thr Ala Asp Thr Ser Ser Ser Thr Ala Tyr Met 
65 70 75 80 

Gln Leu Asn Ser Leu Thr Ser Glu Asp Ser Gly Val Tyr Tyr cys Leu 
85 90 95 

His Gly Asn Tyr Asp Phe Asp Gly Trp Gly 
100 105 

(16) INFORMATION FOR SEQ ID N0:16 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 104 amino acids 
(B) TYPE: amino acid · 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

44 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

Asp Val Gln Leu Gln Glu Ser Gly Pro Ser Leu Val Lys Pro Ser Gln 
l 5 10 15 

Thr Leu Ser Leu Thr Cys Ser Val Thr Gly Asp Ser Ile Thr Ser Asp 
20 25 )0 

Tyr Trp Ser Trp Ile Arg Lys Phe Pro Gly Asn Arg Leu Glu Tyr Met 
35 40 45 

Gly Tyr Val. Ser Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys 
50 55 60 

~ Ser Arg Ile Ser Ile Thr Arg Asp Thr Ser Lys Asn Gln Tyr Tyr Leu 

25 

30 

35 

55 

65 70 75 80 

Asp Leu Asn Ser Val Thr Thr Glu Asp Thr Ala Thr Tyr Tyr cys Ala 
85 90 95 

Asn Trp Asp Gly Asp Tyr Trp Gly 
100 

(17) INFORMATION FOR SEQ ID N0:17 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

Glu Val Lys Leu Leu Glu Ser Gly Gly Gly Leu Val Gln·Pro Gly Gly 
l 5 10 15 

Ser Leu Lys Leu-Ser cys Ala Ala Ser Gly Phe Asp Ph• Ser Lys.Tyr 
20 25 30 

Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Glu Ile His Pro Asp ser Gly Thr Ile Asn Tyr Thr Pro Ser Leu 
so 55 60 
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Lys Asp Lys Phe Ile Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gln Met Ser Lys Val Arg Ser Glu Asp Thr Ala Leu Tyr Tyr Cys 
85 90 95 

10 Ala Arg Leu.His Tyr Tyr Gly Tyr Asn Ala Tyr Trp Gly 
100 . 105 

15 

20 

25 

30 

35 

(18) INFORMATION FOR SEQ ID N0:18 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 117 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

Glu Val Gln Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
l 5 10 15 

Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe Ser Ser Tyr 
20 25 30 

Ala Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu·Trp Val 
35 40 45 

Ala Ile Ile Trp Asp Asp Gly Ser Asp Gln His Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asn Asp Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe cys 
85 90 95 

Ala Arg Asp Gly Gly His Gly Phe cys Ser Ser Ala Ser Cys Phe Gly 
'5 100 105 110 

50 

55 

Pro Asp Tyr Trp Gly 
115 

(19) INFORMATION FOR SEQ ID N0:19 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: llJ amino acids 
(B) TYPE: amino acid 
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(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

. . . . . . 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:19: 

Glu Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly Phe Thr Phe Ser Asp Phe 
.20 25 30 

Tyr Met Glu Trp Val Arg Gln Pro Pro Gly Lys Arg Leu Glu Trp Ile 
35 40 45 

20 Ala Ala Ser Arg Asn Lys Gly Asn Lys Tyr Thr Thr Glu Tyr Ser Ala 
50 55 60. 

Ser Val Lys Gly Arg Phe Ile Val Ser Arg Asp Thr Ser Gln Ser Ile 
65 70 75 80 

25 

Leu Tyr Leu Gln Met Asn Ala Leu Arg Ala Glu Asp Thr Ala Ile Tyr 
85 90 95 

30 Tyr Cys Ala ,crg Asn Tyr Tyr Gly Ser Thr Trp Tyr Phe Asp Val Trp 

35 

55 

100 105 110 

Gly 

(20) INFORMATION 'FOR SEQ ID N0:20 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 

Val Gln Leu Glu Gln Ser Gly Pro Gly Leu Val Arg Pro Ser Gln Thr 
1 5 10 15 

Leu Ser Leu Thr Cys Thr Val Ser Gly Thr Ser Phe Asp Asp Tyr Tyr· 
20 25 30 
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Ser Thr Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp Ile Gly 
35 40 45 

Tyr Val Phe Tyr His Gly !hr Ser Asp Thr Asp Thr Pro Leu Arg Ser 
50 55 60 

Arg Val Thr Met Leu Val Asn Thr Ser Lys Asn Gln Phe Ser Leu Arg 
65 70 75 80 

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg 
85 90 95 

Asn Leu Ile Ala Gly Cys Ile Asp Val Trp Gly 
100 105 

(21) INFORMATION FOR SEQ ID N0:21 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

Glu Val Lys Leu Asp Glu Thr Gly'Gly Gly Leu Val Gln Pro Gly Arg 
l 5 10 15 

Pro Met Lys Leu Ser cys Val Ala Ser Gly Phe Thr Phe Ser Asp Tyr 
20 25 30 

Trp Met Asn Trp Val Arg Gln Ser Pro Glu Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Gln Ile Arg Asn Lys Pro Tyr Asn Tyr Glu Thr Tyr Tyr Ser Asp 
50- - 55 60 

Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Ser Ser 
65 70 75 80 

Val Tyr Leu Gln Met Asn Asn Leu Arg Val Glu Asp Met Gly Ile Tyr 
85 90 95 

Tyr Cys Thr Gly Ser Tyr Tyr Gly Met Asp Tyr Trp Gly 
100 105 

(22) INFORMATION FOR SEQ ID N0:22 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 115 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:22: 

. 
' . 

Gln Val Gln Leu Lys Glu Ser Gly Ala Glu Leu Val Ala Ala Ser Ser 
l 5 10 15 

Ser Val Lys Met Ser cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
20 25 30 

Gly Val Asn Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Gly Lys Gly Tyr Leu Ser Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Lys Thr Thr Leu Thr Val Asp Arg Ser Ser Ser Thr Ala Tyr 
65 70 75 80 

Met Gln Leu Arg Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys 
85 90 95 

Ala Arg Ser Phe Tyr Gly Gly Ser Asp Leu Ala Val Tyr Tyr Phe Asp 

Ser Trp Gly 
115 

100 105 110 

{23) IH1'0RHATION FOR SEQ ID N0:23 

ti) SEQOEHCE CHARACTERISTICS: 
- (A) LENGTH: 112 amino acids 

(B) TYPE:· amino acid 
(C) TOPOLOGY: linear 

(ii) KOLECOLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 

Glu Val Gln Leu Gln Gln Ser Gly val Glu Leu Val Arg Ala Gly Ser 
l 5 10 15 
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Ser Val Lys, Met Ser cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Asn 
5 20 25 30 

10 

15 , 

20 

25 

30 

35 

Gly Ile Asn Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Asn Asn Pro Gly Asn Gly Tyr Ile Ala Tyr Asn Glu Lys Phe 
50 55 60 

Lys Gly Lys Thr Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 80 

Met Gln Leu.Arg Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys 
85 ·90 95· 

Ala Arg Ser Glu Tyr Tyr Gly Gly Ser Tyr Lys Phe Asp Tyr Trp Gly 
100 105 110 

(24) INFORMATION FOR SEQ ID N0:24 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 117 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:24: 

Glu Val Gln Leu.Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg 
1 5 10 · 15 

Ser Leu Arg Leu Ser cys Ala Ala Ser Gly Phe Thr Phe Asn Asp Tyr 
20 25 30 ~..' 

Ala Met-His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu G~u Trp Val 
. 35 40 45 

Ser Gly Ile Ser Trp Asp Ser Ser Ser Ile Gly Tyr Ala Asp Ser Val 
50 55 60 

so Lys.Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Met Ala·Leu. Tyr Tyr Cys 
. 85 90 95 

55 

50 
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Val Lys Gly Arg Asp Tyr Tyr Asp Ser Gly Gly Tyr Phe Thr Val Ala 
5 100 105 110 

·10 

15 

20 

25 

30 

35 

so 

55 

Phe Asp Ile Trp Gly 
115 

(25) INFORMATION FOR SEQ ID N0:25 

(i) SEQUENCE' CHARACTERISTICS: 
{Al LENGTH: 111 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

Asp Val Leu Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu .Gly 
1 5 10 15 

Asp Gln Ala Ser Ile Ser Cys Arg Ser Ser Gln Ile Ile Ile His Ser 
20 25 30 

Asp Gly Asn Thr Tyr Leu Glu Trp Phe Leu Gln Lys Pro Gly Gln Ser 
35 40 45 

Pro Lys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 . 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Met Ile 
65 70 75 80 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gln Gly 
85 90 95 

Ser His Val Pro His Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile 
- - 100 105 110 · 

(26) INFORMATION FOR SEQ IO N0:26 

(i) SEQUENCE CHARACTERISTICS: . 
(A) LENGTH: 110 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:26: 
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Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln 
1 5 10 15 

Arg Val Thr Ile Ser Cys Ser Gly Thr Ser Ser.Asn Ile Gly Ser Ser 
20 25 JO 

Thr Val Asn Trp Tyr Gln Gln Leu Pro Gly Met Ala Pro Lys Leu Leu 
35 40 45 

Ile Tyr Arg Asp Ala Met Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Ala Ser Ala Ser Leu Ala Ile Gly Gly Leu Gln 
65 70 75 80 

Ser Glu Asp Glu Thr Asp Tyr Tyr cys Ala Ala Trp Asp Val Ser Leu 
85 90 95 

Asn Ala .Tyr Val Phe Gly Thr Gly Thr Lys.Val Thr Val Leu 
100 105 110 

(27) INFORMATION FOR SEQ ID N0:27 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 111 amino acids 
(B) TYPE: amino acid 

. (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:27: 

Gln Val Leu Met Thr Gln Thr Pro Ser Ser Leu Pro Val Thr Leu Gly 
l 5 10. 15 

Gln Gln Ala Ser Ile Ser eys Arg Ser Ser Gln Ile Ile Ile His Ser 
20 25 30 

Asp Gly Asn Thr Tyr Leu Glu Trp Phe Leu Gln Lys Pro Gly Gln Ser 
35 40 45 

Pro Lys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60. 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Phe Thr Leu Ala Ile 
65 70 · 75 80 
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Ser Arg Val Glu Ala Glu Asp Glu Gly Val Tyr Tyr Cys Phe Gln Gly 
85 90 95 

Ser His Val Pro His Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile 
100 105 110 

(28) INFORMATION FOR SEQ ID N0:28 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 112 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:28: 

Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Leu Gly 
1 5 10 15 

Gln Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Val Tyr Ser 
20 25 JO 

Asp Gly Asn Thr Tyr Leu Asn Trp Phe Gln Gln Arg Pro Gly Gln Ser 
35 40 45 

Pro Arg Arg Leu Ile Tyr Lys Val Ser Asn Arg Asp Ser Gly Val Pro 
so 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 
65 70 75 80 

Ser Arg Val Glu Ala Glu Asp Val Cly Val Tyr Tyr Cys Met Gln Gly 
85 90 95 

Thr His_Tr2, Ser Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys 
100 105 110 

(29) INFORMATION FOR SEQ ID N0:29 

(i} SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 111 amino acids 
(B) TYPE: amino acid 
{C) TOPOL()GY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 
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Asp Val-Leu Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Leu Gly 

l 5 10 15 

Gln Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ile Ile Ile His Ser 
20 25 30 

10 

Asp Gly Asn Thr Tyr Leu Glu Trp Phe Gln Gln Arg Pro Gly Gln Ser 
35 40 45 

1S Pro Arg Leu Leu Ile Tyr Lys Val Ser Asn Arg·Phe Ser Gly Val Pro 
so 55 60 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile 
20 

65 70 75 80 

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Phe Gln Gly 
85 90 95 

25 Ser His Val Pro His Thr Phe Gly Gly Gly Thr Lys Val Glu Ile 

35 

ss 

100 105 110 

(30) INFORMATION FOR SEQ ID N0:30 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 112 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:30: 

Asp Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly 
l 5 10 15 

Glu Arg Ala Thr Ile Asn eys Lys Ser Ser Gln Ser Val Leu Tyr Ser 
- - 20 25 30. 

Ser Asn Asn Lys Asn Tyr L&u Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Pro Pro Lys Leu Leu Ile Tyr·Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe.Thr Leu Thr 
65 70 75 80 
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Ile Ser Ser Leu Gln Ala Glu Asp Val Ala Val Tyr Tyr cys Gln Gln 
85 90 95 

Tyr Asp Thr Ile Pro Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys 
100 105 llO · 

(31) INFORMATION FOR SEQ ID N0:31 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 111 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 

Asp Val Leu Met Thr Gln Thr Pro Asp Ser Leu Pro Val Ser Leu Gly 
l 5 10 15 

Asp Arg Ala Ser Ile Ser cys Arg Ser Ser Gln Ile Ile Ile His Ser 
20 25 30 

Asp Gly Asn Thr Tyr Leu Glu Trp Phe Leu Gln Lys Pro Gly Gln Ser 
35 40 45 

Pro Lys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 55 60 

Asp Arg Phe Ser G_ly Ser Gly Ser Gly Thr Asp Phe Thr Leu Met Ile 
65 70 75 80 

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr cys Phe Gln Gly 
85 90 95 

Ser His-vai Pro His Thr Phe Gly Gly Gly Thr Lya Leu Glu Ile 
100 105 110 

(32) INFORMATION FOR SEQ ID N0:32 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 117 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IC N0:32: 
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Asp Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln ·Pro Gly Gly 
5 l 5 10 15 

Ser Arg Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Phe 
20 25 30 

10 

Gly Met His Trp Val Arg Gln Ala Pro Glu Lys Gly Leu Glu Trp Val 
35 40 45 

15 Ala Tyr Ile Ser Ser Gly Ser Phe Thr Ile Tyr His Ala Asp Thr Val 

20 

25 

30 

35 

50 

55 

50 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Pro Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gln Met Thr Ser Leu Arg Ser Glu Asp Thr Ala Met Tyr Tyr cys 
85 90 95 

Ala Arg Met Arg Lys Gly Tyr Ala Mat Asp Tyr Trp Gly Gln Gly Thr 
100 1 105 110 

Thr Val Thr Val Ser 
115 

(33) INFORMATION FOR SEQ IO N0:33 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 125 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:33: 

Glu Val_Gln_Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
l . 5 10 15 

Ser Leu Arg Leu Ser cys ser Ser Ser Gly Phe Ile Phe Ser Ser Tyr 
20 25 30 

Ala Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Ile Ile Trp Asp Asp Gly Ser Asp Gln His Tyr Ala Asp Ser Val 
50 55 60 

5~ 
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Lys Gly Arg Phe Thr Ile Ser Arg Asn Asp Ser Lys Asn Thr Leu Phe 
5 65 70 75 80 

10 

15 

20 

25 

30 

35 

50 

55 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe cys 
85 90 95 

Ala Arg Asp·G1y Gly His Gly Phe Cys Ser Ser Ala Ser cys Phe ~ly 
100 105 110 

Pro Asp Tyr Trp ·Gly Gln Gly Thr Pro Val Thr Val Ser 
115 120 125 

(34) INFORMATION FOR SEQ ID N0:34 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 117 amino acids 
(B) TYPE: amino·acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:34: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ile Phe Ser Ser Phe 
20 25 30 

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr Ile Ser Ser Asp Gly Phe Thr Ile Tyr His Ala Asp Ser Val 
50 55 60 

Lys Gly_Ar~ Phe Thr Ile Ser Arg Asp Asp Pro Lys Asn Thr Leu Phe 
65 70 75 80 

. . . 
Leu Gln Met Thr Ser Leu Arg Ser Glu Asp Thr Ala Ket Tyr Tyr Cys 

85 90 95 

Ala Arg Ket Arg Lys. Gly T"fr Ala Met Asp Tyr Trp Gly Gln Gly Thr 
100 105 110 

Thr Val Thr Val Ser 
115 

(35) INFORMATION FOR SEQ ID N0:35 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:35: 

Gln Val Gln Leu Val Glu Ser Giy Gly Gly Val Val Gln Pro Gly Arg 
l 5 10 15 

Ser Leu Arg Leu Ser cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 ) 25 30 

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
JS 40 45 

Ala Val Ile Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80· 

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr cys 
85 90 95 

Ala Arg Asp Arg Lys Asp Trp Gly Trp Ala Leu Phe Asp Tyr Trp Gly 
100 105 110 

Gln Gly Thr Leu Val Thr Val Ser 
115 120 

(36) INFORMATION FOR SEQ .ID N0:36 

1i) SEQUENCE CHARACTERISTICS: 
- (A) LENGTH: 117 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:36: 

Gln Val Gln Leu Val Glu.Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
l 5 . 10 15 
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Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Phe 
20 25 30 

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr Ile Ser Ser Gly Ser Phe Thr Ile Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Met Arg Ly's Gly Tyr Ala Met Asp Tyr Trp Gly Cln cay Thr 
100 105 110 

Leu Val Thr Val Ser 
115 

(37) INFORMATION FOR SEQ ID N0:37 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 98 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQ~CE DESCRIPTION: SEQ ID N0:37: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
l S 10 15 

Ser Leu_Arq Leu Ser cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Trp Met Ser Trp Val Arg Gln Ala Pro Gly · Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Asn Ile Lys Gln Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val 
so 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 
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Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 

(38) INFORMATION FOR SEQ ID N0:38 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 117 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii). MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:38: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
1 5 .10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Phe 
20 25 30 

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr Ile Ser Ser Gly Ser Phe Thr Ile Tyr His Ala Asp Ser Val 
50 55 . 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gln Met Thr Ser Leu Arg Ala Glu Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Ala Arg..Jlet. Arg Lys Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr 
100 105 110 

Thr Val Thr Val Ser 
~ 115 

50 

55 

(39) INFORMATION FOR SEQ ID N0:39 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:39: 

s Met Gly Trp Ser cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 

10 

15 

20 

25 

30 

35 

40 

55 

1 5 10 15 

(40) INFORMATION FOR SEQ ID N0:40 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi). SEQUENCE DESCRIPTION: SEQ ID N0:40: 

Lys Thr Ser Leu Arg Pro Gly Lys Gly Ser Ser Asp Tyr Glu Lys Lys 
1 5 10 15 

(41) INFORMATION FOR SEQ ID N0:41 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:41: 

Lys Thr Ser Leu Arg Pro Gly Lys Gly Ser Ser Glu Tyr Glu Lys Lys 
1 5 10 15 

(42) INFORMATION .FOR SEQ ID N0:42 

'(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(Ii) -MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:42: 

Gln Thr Ser Leu Arg Pro Asp Lys Gly Ser Ser Asp His Glu Lys Lys 
1. 5 10 15 

(43) INFORMATION FOR SEQ ID N0:43 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B)· TYPE: amino acid 
{C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:43: 

Gln Thr Ser Leu Arg Pro Asp Lys Gly Ser Ser Asp Gln Glu Lys Lys 
l 5 10 . 15 

(44) INFORMATION FOR SEQ ID N0:44 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY·: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:44: 

Gln Ser Ser Leu Arg Pro Asp Lys Gly Ser Ser Asp Gln Glu Lys Lys 
1 5 10 15 

(45) INFORMATION FOR SEQ ID N0:45 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C)·TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:45: 

35 Gln Thr Ser Leu.Arg Pro Asp Lys Gly Ser Ser Asp Pro Glu Lys Lys 
1 5 10 15 

SD 

55 

(46) INFORMATION FOR SEQ ID N0:46 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ ID N0:46: 

Gln Thr Ser Leu Arg Pro Asp Lye Gly Ser Ser Asp Pro Glx Lys Lys 
1 5 10 15 

( 4 7) INFORMATION FOR SEQ ID NO: 4.7 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:47: 

Gln Thr Ser Leu Arg Pro Asp Lys Gly Ser Ser Asp Pro Glu Lys Thr 
l 5 10 15 

(48) INFORMATION FOR SEQ IO N0:48 

(i) ·SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:48: 

Gln Thr Ser Leu Arg Ala Asp Lys Gly Ser Ser Asp Gln Glu Lys Lys 
l 5 10 15 

(49) INFORMATION FOR SEQ ID N0:49 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:49: 

Gln Thr Ser Leu Arg Pro Asp Lys Gly Lys Ser Asp Ser Glu Lys Lys 
1 5 10 15 

(50)· INt'ORMATION FOR SEQ ID N0:50 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:50: 

Gln Thr Ser Leu Arg Pro Ala Arg Gly Ser Ser Asp Gln Glu Lys Lys 
1 5 10 15 
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(51) INFORMATION FOR SEQ ID N0:51 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:51: 

Gln Thr Ser Leu Lys Pro Gly Arg Gly Ser Ser Asp Pro Glu Lys Lys 
15 l 5 . 10 . 15 

20 

25 

30 

35 

55 · 

(52) INFORMATION FOR SEQ ID N0:52 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:52: 

Gln Thr Ser Leu Arg Pro Gly Arg Gly Ser Ser Asp Thr Glu Lys Lys 
1 5 10 15 

(53) INFORMATION FOR SEQ ID N0:53 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 16 amino acids 
(8). TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:53: 

Gln Ile_Se~ Leu Arg Pro Gly Lys Gly Ser Ser Asp Ser Glu Lys Lys 
1 5 10 15 

·cs4) INFORMATION FOR SEQ ID N0:54 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 

. (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEO ID N0:54: 

64 
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Gln Thr Ser Leu Arg Pro Gly Lys Gly Asp Ser Asp Glu Asp Lys Lys 
1 5 10 15 

(55) INFORMATION FOR SEQ ID N0:55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(Cj TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:55: 

Glu Thr Ala Leu Arg Pro Gly Lys Gly Ala Ser Asp Ala Asp Lys Lys 
l 5 10 15 

(56) INFORMATION FOR SEQ ID N0:56 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:56: 

Val Thr Ala Leu Arg Pro Gly Lys Gly Ala Ser Asp Glu. Asp Lys Lys 
l 5 10 15 

(57) INFORMATION FOR SEQ ID N0:57 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii)_MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:57: 

Val Thr Ala Leu Arg Pro Gly Lys Gly Ala Ser Asp Glu Glu Lys Lys 
l 5 10 15 

(58) INFORMATION FOR SEQ ID N0:58 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid· 
{C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:58: 

Val Thr Ala Leu Arg Pro Gly Lys Gly Ala Ser Asx Ala Asx Lys Lys 
l 5 10 15 

(59) INFORMATION FOR SEQ ID N0:59 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: .linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:59: 

Val Thr Ala Leu Arg Pro Gly Lys Gly Ala Ser Asp Glu Asp Asp Glu 
l 5 10 15 

(60) INFORMATION FOR SEQ ID N0:60 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 ·amino acids 
(B) TYPE: amino -acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SEQ ID N0:60: 

Gln Thr Ser Leu Arg Pro Asp Lys Gly Ser Ser Asp Gln Glu Thr Thr 
1 - 5 10 15 

(61) INFORMATION FOR SEQ ID N0:61 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: allino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:61: 

Gln Asn Ser Leu Thr Pro Gly Lys Gly Ser Ser Ser Pro Glu Lys Lys 
1 5 10 15 

(62) INFORMATION FOR SEQ ID N0:62 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:62: 

Val Thr Lys Val Arg Pro Gly Lys Gly Asp Ser Asp Ser Asp Lys Lys 
1 5 10 15 

(63) INFORMATION FOR SEQ ID N0:63 

(i).SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPt: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:63: 

Val Thr Lys Val Arg Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 lO 15 

(64) INFORMATION FOR SEQ ID N0:64 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:64: 

Val Thr Arg Val Arg Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

-
(65) INFORMATION FOR SEQ ID N0:65 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:65: 

Leu Thr Lys Val Arg Pro Gly Lys Gly Asp Ser Asp Ser Glu Lys Lys 
l 5 10 15 
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(66) INFORMATION FOR SEQ ID N0:66 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ -ID N0:66: 

Val Thr Lys Val Arg Pro Gly Lys Giy Asp Ser Asp Ser Glu Gln Lys 
1 5 10 15 

(67) INFORMATION FOR SEQ ID N0:67 

(i) SEQUENCE CHARACTERISTICS: _ 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:67: 

Val Thr Lys Val Arg Pro Glu Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(68) INFORMATION FOR SEQ ID N0:68 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(~) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pept'ide 

· (Xi) SEQUENCE DESCRIPTION: SEQ ID N0:68: 

Val Thr Lys Val Arg Pro Glu Lys Gly Asp Ser Asp Ser Glu Lys Lys 
l - - 5 10 · 15 

(69) INFORMATION FOR SEQ ID N0:69 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino a.cids 
(B) TYPE: amino acid 
(C) TOPOLOGY: .linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:69: 
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Val Thr Lys Val Ser Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(70) INFORMATION FOR SEQ ID N0:70 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:70: 

Val Thr Lys Val Arg Ser Gly Lys Gly Glu Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(71) INFORMATION FOR SEQ ID N0:71 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) .SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

Val Thr Ser Val Lys Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l. 5 10 15 

(72) INFORMATION ~OR SEQ ID N0:72 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

. (,li) )IOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:72: 

Val Ser Ser Val Lys Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(73) INFORMATION FOR SEQ ID N0:73 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino ·acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:73: 

Val Thr Ser Ala Lys Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(74) INFORMATION FOR SEQ ID N0:74 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:74: 

Val Ser Ser Ala Lys Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(75) INFORMATION FOR SEQ ID N0:75 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:75: 

Val Thr Ser Ala Arg Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
35 l 5 10 15 

50 

55 

(76) INFORMATION FOR SEQ ID N0:76 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:76: 

Val Ser Pro Ala Lys Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l . 5 . 10 15 . 

.(77) INFORMATION FOR SEQ ID N0:77 

(i} SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(Bl TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: .peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: n·: 

Val Thr Lys Ala Arg Pro Gly Lys Gly Asp Ser Asp Val Glu Lys Asn 
l 5 10 15 

(78) INFORMATION FOR SEQ I_D NO: 78 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:78: 

Val Thr Leu Ile Pro Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(79) INFORMATION FOR SEQ ID N0:79 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:79: 

Val Thr Leu Leu Gln Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(80) INFORMATION FOR SEQ ID N0:80 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:80: 

Val Thr Leu Leu Gln Pro Gly Lys Gly Asp Ser Asp Ala Asp Lys Lys 
1 S . 10 15 
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(81) INFORMATION FOR SEQ ID N0:81 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino. acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:81: 

Val Thr Leu Leu Gln Pro Gly Lys Gly Asp Ser Asp Ala Glu Arg Lys 
15 l 5 10 15 · 

20 

25 
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(82) INFORMATION FOR SEQ ID N0:82 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ ID N0:82: 

Val Thr Leu Leu Gln Ala Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 · 10 15 

(83) INFORMATION FOR SEQ ID N0:83 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:83: 

Val Thr-Leu Leu Gln Pro Gly Glu Gly Asp Ser Asp Ala Glu Lys Lys 
l S 10 15 

(84) INFORMATION FOR SEQ ID N0:84 -

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:84: 
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Leu Thr Leu Leu Gln Pre ~ly Asn Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(85) INFORMATION FOR SEQ ID N0:85 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:85: 

Val Thr Leu Leu Gln Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Ile 
1 5 10 15 

(86) INFORMATION FOR SEQ ID N0:86 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:86: 

Val Th.r Leu Phe Gln Pro Gly Gln Gly Asp Ser Asp Pro Glu Lys Lys 
1 5 10 . 15 

{ 8 7) INFORMATION FOR SEQ ID NO: .8 7 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(!i) _MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:87: 

Val Thr Leu Pro Gln Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(88) INFORMATION FOR SEQ ID N0:88 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:88: 

Val Thr Leu Pro Gln Pro Gly Lys Gly Asp Trp Asp Ala Glu Lys Lys 
l 5 10 15 

(89) INFORMATION FOR SEQ ID N0:89 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:89: 

Val Thr Phe Leu Ser Pro Gly Gln Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(90) INFORMATION FOR SEQ ID N0:90 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:90: 

Glu Ser Ser Ala .Arg Pro Gly Lys Gly Asp Ser. Asp Ala Glu Lys Lys 
l 5 10 15 

(91) INFORMATION FOR SEQ IO N0:91 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:91: 

Val Thr Leu Ser Ser Pro Gly Gln Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(92) INFORMATION FOR SEQ ID N0:92 

(i} SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:92: 

Val Thr Thr Ala Lys Pro Glu Lys Gly Asp Ser Asp Val Glu Lys Lys 
l 5 10 15 

15 (93) INFORMATION FOR SEQ ID N0:93 

20 
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(i) SEQUENCE CHARACTERISTICS: 
. (A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:93: 

Val Thr Thr Pro Lys Pro Asp Lys Gly Asp Ser Asp Val Glu Lys Lys 
l 5 10 15 

(94) INFORMATION FOR SEQ ID N0:94 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino' acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:94: 

Val Thr Ala Pro Arg Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
l 5 · 10 15 

(95) INFORMATION FOR SEQ ID N0:95 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: ·16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION:~SEQ ID N0:95: 

Val Thr Ala Pro Lys Pro Gly Lys Gly Thr Ser Ser Ala Glu Lys Lys 
1 5 10 15 
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(96) INFORMATION FOR SEQ ID N0:96 

.(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYP;: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:96: 

Val Thr Thr Pro Lys Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
l 5 10 15 

(97) INFORMATION FOR SEQ ID N0:97 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(.B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 97 :· 

Val Ser Ala Pro Lys Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
l 5 10 15 

(98) INFORMATION FOR SEQ ID N0:98 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:98: 

Val Thr-Ala Pro Arg Ser Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
l 5 10 15 

(99) INFORMATION FOR.SEQ ID N0:99 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION; SEQ IO N0:99: 
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Val Thr Ala Pro Lys Ser Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
l 5 10 · 15 

(100) INFORMATION FOR SEQ ID N0:100 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:100: 

Val Thr Ala Pro Lys Pro Asp Lys Gly Val Ser Ser Ala Glu Lys Lys 
l 5 10 15 

(101) INFORMATION FOR SEQ IO N0:101 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:101: 

Val Thr Ala Pro Lys Ser Glu Lys Gly Val Ser Ser Ala Glu Lys Lys 
l 5 10 15 

(102) INFORMATION FOR SEQ ID N0:102 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(J.i)_MOLECULE TYPE: peptide 

.(xi) SEQUENCE DESCRIPTION: SEQ .ID N0:102: 

Phe Thr.Ala Pro Lys Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
.1 S . . 10 · 15 

(103) INFORMATION FOR SEQ ID N0:103 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear· 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:103: 

Leu Thr Ala Pro Lys Pro Gly Arg Gly Val Ser.Ser Ala Glu Lys Lys 
l 5 10 15 

(104) INFORMATION FOR SEQ ID N0:104 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii, MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:104: 

Val Thr Ala Pro Lys Ser Gly Lys Gly Ala Ser Ser Ala Glu Lys Arg 
l 5 10 15 

(105) INFORMATION FOR SEQ ID N0:105 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:105: 

Val Ser Ala Pro Lys Pro Gly Lys Glu Gly Ser Ser Ala Glu Lys Lys 
l 5 10 15 

(106) INFORMATION FOR SEQ ID N0:106 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:106: 

Val Thr Ala Pro Lys Pro Arg Lys Gly Ala Ser Ser Ala Glu Lys Lys 
l 5 10 15 . 

(107) INFORMATION FOR SEQ ID N0:107 

(i) SEQU~CE CHARACTERISTICS: 
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(A) LENGTH: 16 am1no acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:107: 

Val Thr Phe Leu Ser Pro Gly Gln Gly Asn Ser Asp Ala Glu Leu Pro 
l 5 10 15 

(108) INFORMATION FOR SEQ ID N0:108 

.(i) SEQUENCE CHARACTERISTICS: 
· (A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
( C) TOPOLOGY:. linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:108: 

Val Thr Phe Leu Ser Pro Gly Gln Gly Asn Ser Asp Glu Asp Leu Pro 
l 5 10 15 

(109) INFORMATION FOR SEQ ID N0:109 

(i) SEQUENCE CHARACTERISTICS: 
.(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUDiCE DESCRIPTION: SEQ ID NO: 109: 

Val Thr Leu Ser Ser Pro Gln Arg Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

- -
(110) INFORMATION FOR SEQ ID N0:110 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:110: 

Val Thr Ala Pro Lys Ser Ser Lys Gly Gly Ser Ser Ala Glu Lys Lys 
1 5 10 15 
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(111) INFORMATION FOR SEQ ID N0:111 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:111: 

Gln Thr Ser Pro Thr Pro Gly Lys Gly Ser Ser Asp Pro Glu Lys Lys 
1 5 10 15 

(112) INFORMATION FOR SEQ ID N0:112 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:· 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:112: 

Gln Ile Ser Leu Ile Pro Gly Lys Gly Ser Tyr Asp Asp Glu Lys Lys 
l 5 10 15 

(113) INFORMATION FOR SEQ ID N0:113 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE ~YPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:113: 

Val Thr-Al& Leu Lys Ser Gly Lys Gly Ala Ser Ser Ala Glu ~ys Lys 
l . 5 10 15 

, (114) INFORMATION FOR SEQ ID N0:114. 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:114: 
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Val Thr Ala Leu Lys Ser Asp Lys Gly Ala Ser Ser Gly Glu Lys Lys 
1 5 10 15 

(115) INFORMATION FOR SEQ ID N0:115 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:115: 

Val Thr Pro Pro Ser Pro Gly.Gln Gly Asp Ser Ala Ala Glu Lys Lys 
l . 5 10 15 

(116) INFORMATION FOR SEQ ID N0:116 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:116: 

Val Thr Pro Pro Ser Pro Gly Gln Gly Asp Ser Ala Arg Glu Lys Lys 
l 5 10 15 

(117) INFORMATION FOR SEQ ID N0:117 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 

· (B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) .MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:117: 

.-s Val Thr Val Arg Lys Pro Gly Lys Gly Asp Ser Ser Asp Glu Lys Lys 
l 5 10 15 

50 

55 

(118) INFORMATION FOR SEQ ID N0:118 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:118: 

Gln Thr Ser Val Arg Leu Gly G_ln Gly Ser Ser Asp Pro Glu Lys Lys 
l 5 10 15 

(119) INFORMATION FOR SEQ IO N0:119 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
( B) TYPE:. amino acid 
(C) TOPOLOGY: linear 

·(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:119: 

Lys Thr Ser Leu Arg Pro Trp Lys Gly Ser Ser Asp Ser Asp Lys Lys 
l. S 10 15 

(120) INFORMATION FOR SEQ IO N0:120 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:120: 

Gln Thr Asp Val Thr Gln Gly Gln Gly Ser Ser Gln Pro Glu Lys Lys 
1 5 10 15 

(121) INFORMATION FOR SEQ ID N0:121 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(~i) SEQUENCE DESCRIPTION: SEQ ID N0:121: 

Gln Thr Ala Val Ser Gln Gly Gln Gly Ser Ser Gln Ser Glu Lys Lys 
1 5 · 10 15 

(122) INFORMATION FOR SEQ ID N0:122 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide· 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO_: 122: 

Leu Thr Ala Pro Arg Thr Asn Arg Gly Ser Ser Asp·ser Glu Lys Lys 
1 5 10 . 15 

(123) INFORMATION FOR SEQ ID N0:123 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:123: 

Val Thr Ala Pro Ser Ser His Arg Gly Ser Ser Asp Thr Glu Lys Lys 
l 5 10 15 

(124) INFORMATION FOR SEQ ID N0:124 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amipo acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:124: 

Leu Leu Ser Leu Ser Pro Leu Lys Gly Asp Ser Asp Pro Glu Lys Val 
l 5 10 15 

(125) INFOIUIATION FOR SEQ ID N0:125 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:125: 

Val Thr Ala Pro Thr Pro Asp Thr Gly Ala Ile Lys Thr Glu Lys Leu 
l 5 10 15 
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(126) INFORMATION FOR SEQ ID N0:126 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:126: 

Val Thr Ile Pro Thr Pro Asp Thr Gly Ala Ile Lys Thr Glu Lys Leu 
l 5 10 15 

(127) INFORMATION FOR SEQ ID N0:127. 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:127: 

Ala Val Ser Pro Thr Pro Asp Thr Gly Ala Ile Lys Thr Glu Lys Leu 
l 5 10 15 

(128) INFORMATION FOR SEQ ID N0:128 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:128: 

Ala Val Ser Pro Thr Pro Asp Thr Gly Ala Ile Lys Thr Glu Lys Leu 
1 - - 5 10 15 

-(129) INFORMATION FOR SEQ IO N0:129 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:129: 
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(130) INFORMATION FOR SEQ IO N0:130 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:130: 

Ala Val Ser Pro Th.r Pro Asp Thr Gly Ala Ile Lys Thr Glu Pro Ser 
1 5 10 15 

(131) INFORMATION FOR SEQ IO NO:iJl 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENC.E DESCRIPTION: SEQ ID N0:131: 

Tyr Leu Pro Pro Th.r Pro Gly Val Ile Arg Ser Thr Ala Met Lys Leu 
1 5 10 . 15 

(132) INFORMATION !OR SEQ ID N0:132 

(i} SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) _MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:132: 

Tyr Leu Pro Pro Thr Pro Gly Val Ile Arg Ser Thr Ala Met Arg Leu 
1 5 10 15 

(133) INFORMATION FOR SEQ IO N0:133 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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( ii) MOLECULE TYPE: peptide . 

{xi) SEQUENCE DESCRIPTION: SEQ·Io N0:133: 

Tyr Leu Pro Pro Thr P~o Gly Leu Ile Arg Ser Thr Ser Met Lys Leu 
1 5 10 15 

(134) INFORMATION FOR SEQ ID N0:134 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:134: 

Tyr Leu Pro Pro Thr Pro Gly Leu Ile Arg Ser Thr Ser Val Lys Leu 
1 5 10 15 

(135) INFORMATION FOR SEQ ID N0:135 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:135: 

~ Tyr Leu Pro Pro Thr Pro Gly Val Ile Arg Ser Thr Ala Glu Lys Leu 

55 

l . 5 10 15 

(136) INFORMATION FOR SEQ ID N0:136 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:136: 

Tyr Leu Pro Pro Thr Pro Gly Val Ile Arg Ser Thr Ala Gly Lys Leu 
l 5 10 15 

(137} INFORMATION FOR SEQ IO N0:137 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino. acids 
(B) TYPE: ~mino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:137: 

Tyr Leu Pro Ala Thr Pro Gly Val Val Arg Ser Ser Ala Gly Met Leu 
l 5 10 15 

(138) INFORMATION FOR SEQ ID N0:138 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 16 amino acids 
(B) TY-PE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SEQ ID N0:138: 

25 Ser Leu Pro Pro Ser Pro Gly Lys_ Val Arg Ser Thr Ala Glu Lys Leu 

30 

35 
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l 5 10 15 

(139) INFORMATION FOR SEQ ID N0:139 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:139: 

Ser Leu. Pro Pro Ser Pro Gly Lys Val Arg Ser Thr Ala Asn Lys Leu 
1 5 10 15 

(140) INFORMATION FOR SEQ ID N0:140 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ IO N0:140: 

Ser Leu Pro Pro Arg Pro·Gly Lys Val Arg Ser Ser Ser Glu Lys Leu 
l 5 10· 15 
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(141) INFORMATION FOR SEQ ID N0:141 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: p~ptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:141: 

Ser Leu Pro Pro Arg Pro Gly Lys Val Arg Ser Ser Ser Asp Lys Leu 
15 l 5 10 15 

20 

25 
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(142) INFORMATION FOR SEQ ID N0:142 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:142: 

Ser Leu Pro Pro Arg Pro Gly Arg Val Arg Ser Ser Ser Glu Lys Leu 
l 5 . 10 15 

(143) INFORMATION FOR SEQ ID N0:143 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide· 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:143: 

Ser Leu_Pr~ Pro Arg Pro Gly Lys Val Arg Ser Ser Ser Glu ~ln Leu 
1 5 10 15 

(144) INFORMATION FOR SEQ ID N0:144 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:144: 
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Ser Leu Pro Pro Arg Pro Gly Lys Val Arg Ser Ser Ser Glu Thr Leu 
1 5 10 15 

(145) INFORMATION FOR SEQ ID N0:145 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:145: 

Ser Leu Pro Pro Lys Pro Gly Lys Ile Arg Ser Ser Thr Gly Lys Leu 
. 1 5 10 15 

(146) INFORMATION FOR SEQ ID N0:146 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID- N0:146: 

Ser Leu Pro Pro Lys Pro Gly Arg Ile Arg Ser Ser Thr Gly Lys Leu 
l 5 10 15 

(147) INFORMATION FOR SEQ ID N0:147 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(!i) _MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:147: 

Ser Leu Pro Pro Lys Pro Gly Lys Ile Arg Ser Ser Thr Gly Gln Leu 
1 5 10 15 

(148) INFORMATION FOR SEQ ID N0:148 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:148: 

Ser Leu Pro Pro Glu Pro Gly Lys Ile Arg Ser Ser Thr Cly Arg Leu 
l 5 10 15 

(149) INFORMATION FOR SEQ ID N0:149 

(i) SEQUENCE-CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:149: 

Ser Leu Ala Pro Ser Pro Cly Lys Ile Arg Ser Thr Ala Glu Lys Leu 
1 5 10 15 

(150) INFORMATION FOR SEQ IO N0:150 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 

-(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi} SEQUENCE DESCRIPTION: SEQ ID N0:150: 

Ser Leu Pro Pro Arg Pro Gly· Lys Ile Arg Ser Ser Thr Gly Asn Val 
l 5 10 15 

(151) INFORMATION FOR SEQ ID N0:151 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

·(xi) SEQUENCE DESCRIPTION: SEQ ID N0:151: 

Ser Leu Arg Pro Ser Pro Gly Lys Val Arg Ser Thr Ala Glu Lys Leu 
1 5 10 15 

(152) INFORMATION FOR SEQ ID N0:152 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:152: 

Ser Leu Arg Pro Ser Pro Gly Lys Val Arg Ser Thr Ala Asp Lys Leu 
1 5 10 15 

(153) INFORMATION FOR SEQ ID N0:153 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:153: 

Ser Leu Arg Pro Ser Pro Gly Lys Val Arg Ser Thr Ala Glu Asn Leu 
l 5 10 15 

(154) INFORMATION FOR SEQ ID N0:154 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:154: 

Ser Leu Arg Pro Ser Pro Gly Lys Val Arg Ser Ala Val Glu Lys Leu 
1 5 10 15 

(155) INFORMATION FOR SEQ ID N0:155 

(i) SEQUENCE CHARACTERISTICS! 
(A) LENGTH: 15 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:155: 

Ser Leu Pro Pro Arg Pro Gly Lys Arg Ser Ser Ala Glu Lys Leu 
l 5 10 15 
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(156) INFORMATION FOR SEQ ID N0:156 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:156: 

Ser Leu Ala Pro Ser Pro Gly Lys Val Arg Ser Thr Val Glu Arg Leu 
l 5 10 15 

(157) INFORMATION FOR SEQ ID N0:157 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: _linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:157: 

Ser Leu Ala Pro Ser Pro Asp Lys Ile Arg Ser Thr Pro Asp Lys Leu 
l S . 10 15 

{158) INFORMATION FOR SEQ ID N0:158 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid. 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:158: 

Ser Leu_Al1 Leu Ser Pro Gly Lys Val Arg Ser Thr Ala Glu Lys Leu 
1 . - S 10 15 

'5 (159) INFORMATION FOR SEQ IO N0:159 

55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 

'(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:159: 
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Ser Leu Pro Leu Ser Ala Gly Lys Val Arg Ser Thr Ala Glu Lys Leu 
l 5 10 15 

(160) INFORMATION FOR SEQ ID N0:160 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:160: 

Ser Leu Ala Pro Ser Pro Gly Lys Val Arg Ser Thr Ala Glu Tyr Leu 
l 5 10 15 

(161) INFORMATION FOR SEQ ID N0:161 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B} TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:161: 

· Ser-Leu Pro Leu Thr Pro Gly Leu Ile Arg Ser Thr Ala Glu Lys Leu 
l 5 10 15 

(162) INFORMATION FOR SEQ IO N0:162 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: line~r 

(ii) MOLECULE TYPE: peptide 

(xi)-SEQUENCE DESCRIPTION: SEQ ID N0:162: 

Ser Leu Pro Leu Thr Pro Arg Val Ile Arg Ser Thr.Ala Glu Lys Leu 
1 5 10 15 

(163) INFORMATION FOR SEQ ID N0:163 

(i) SEQUENCE CHARACTERISTICS: 
(~) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 
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(ii) MOLECULE lYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16J: 

Phe Leu His Pro Thr Pro Gly Thr Asp Ser Ser Ser Thr Glu Lys Leu 
1 5 10 15 

(164) INFORMATION FOR SEQ ID N0:164 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:164: 

Phe.Leu Leu Pro Thr Pro Gly Thr Asp Ser Ser Ser Thr Glu Arg Leu 
1 5 10 15 

(165) INFORMATION FOR SEQ IO N0:165 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:165: 

35 Phe Leu His Pro Thr Arg Val Thr Asp Ser Ser Ser Thr Glu Lys Leu 

·.u, 

55 

l . 5 . 10 15 

{166) .INFORMATION FOR SEQ IO NO: 166 

(i) .SEQUENCE CHARACTERISTICS: 
·tA) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:166: 

/ 

Leu Leu Pro Pro Thr Pro Gly Thr Asn Ser Ser Ser Asn Asp Lys Leu 
1 5 . 10 15 

(167) INFORMATION FOR SEQ IO N0:167 

(il SEQUENCE.CHARACTERISTICS: 

· 94 
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(A) ·LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQ~ENCE DESCRIPTION: SEQ ID N0:167: 

Val Leu Pro Leu Ser Pro His Arg Ile Arg Ser Glu Ser Glu Asn Leu 
l · 5 10 15 

(168) INFORMATION FOR SEQ ID N0:168 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:168: 

Ser Leu Ala Pro Ser Pro Ala Lys Phe Arg Ser Thr Ala Glu Arg Asp 
l 5 10 15 

{169) INFORMATION FOR SEQ ID N0:169 

(i) ,SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
{B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION:- SEQ ID N0:169: 

Val Thr Ala Pro Arg Pro Gly Arg Ile Arg Ser Asp Pro Glu Lys Lys 
l 5 10 15 

(170) IMFO~TION FOR SEQ ID N0:_170 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:170: 

Val Thr Ala Pro Arg Pro Cly Arg Val Arg Ser Asp Pro Glu Lys Lys 
l 5 10 15 
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(171) INFORMATION FOR SEQ IO N0:171 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi)· SEQUENCE DESCRIPTION: SEQ ID N0:171: 

Val Thr Gly Pro Arg Pro Gly Arg Ile Arg Ser Asp Pro Glu Lys Lys 
l 5 10 15 

(172) INFORMATION FOR SEQ ID N0:172 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:172: 

va·1 Thr Gly Pro Arg Pro Gly Arg Ile Arg Ser Asp Pro Asp Lys Lys 
1 5 10 15 

(173) INFORMATION FOR SEQ ID N0:173 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:173: 

Val Thr Gly Pro Arg Pro Gly Arg Val Arg Ser Asp Pro Glu Lys Lys 
l - - 5 10 ' 15 

45 (174) INFORMATION FOR SEQ ID N0:174 

55 

(i) -SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:174: 
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Val Thr Gly Pro Arg Pro Gly Arg Ile Arg Ser Asp Pro Xaa Lys Lys 
l 5 10 15 

(175) INFORMATION FOR SEQ ID N0:175 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:175: 

· Val Thr Ala Pro Arg Pro Gly Arg Ile Arg Ser Glu Ser Glu Arg Lys 
1 5 10 . 15 

(176) INFORMATION FOR SEQ ID N0:176 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 

. (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:176: 

Val Thr Gly Pro Ser Arg Gly Arg Ile Arg Ser Asp Pro Glu Lys Lys 
l .. 5 10 15 

(177) INFORMATION FOR SEQ ID NO:l.77 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(.!i)_KOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTI01'1: SEQ ID N0:177: 

Val Thr Val Pro Arg Pro Ser Arg Ile Arg Ser Glu Ser Glu Arg Lys 
l 5 10 15 

(178) INFORMATION FOR SEQ ID NO:l.78 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
( C) TO,POLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SE9 IO N0:178: 

Val Thr Ala Pro Gly Pro Gly Arg Ile Arg Ser Glu Ser Glu Arg Lys 
i 5 10 15 

(179) INFORMATION FOR SEQ ID N0:179 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:179: 

Gln Thr Ser Val Arg Pro Gly Arg Val Arg Ser Asp Pro Glu Arg Lys 
1 5 10 15 

(180) INFORMATION FOR SEQ ID N0:180 

(i) SEQUENCE C}V.RACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:180: 

35 Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Asp Pro Glu Arg Lys 

"' 

50 

1 5 10 15 

(181} INFORMATION FOR SEQ ID N0:181 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B)TYPE: amino acid 
(C) TOPOLOGY: linear . 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENC~ DESCRIPTION: SEQ ID N0:181: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Asp Pro Glu Lys Lys 
. 1 5 10 15 

(182) INFORMATION FOR SEQ ID N0:182 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:182: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Glu Pro Glu Lys Lys 
1 5 10 15 

(183) INFORMATION FOR SEQ ID N0:183 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:183: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Glu Pro Asp Lys Lys 
~ 1 5 10 15 

30 

35 

50 

55 

(184) INFORMATION FOR SEQ ID N0:184 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:184: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ala.Glu Pro Glu Lys Lys 
l 5 10 15 

(185) INFORMATION FOR SEQ ID N0:185 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16-amino acids 
(B) TYPE: ·amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:185: 

Gln Thr Ser val Arg Pro Gly Lys val Arg Ser Asx Pro Glx Lys Lys 
l 5 10 15 
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{186) INFORMATION FOR SEQ ID N0:186 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:186: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Asp Pro Asx Lys Lys 
1 5 10 15 

(187) INFORMATION FOR SEQ ID N0:187 

. (i) SEQUENCE CHARACTERISTICS: 
(Af LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:187: 

Gln Thr Ser Val Arg Pro Gly Gln Val Arg Ser Asp Pro Glu Arg Lys 
l 5 10 15 

(188) INFORMATION FOR SEQ ID N0:188 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: ·linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:188: 

Gln Thr_S9!' Val Arg Pro Giy Lys Val Arg Ser His Pro Glu Lys Lys 
1 5 10 • 15 

'5 (189) INFORMATION FOR SEQ IO N0:189 

55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:18~: 
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Gln Thr Ser Val Arg Pro Gly Asn Val Arg Ser Asp Pro Asp Lys Lys 
1 5 10 15 

(190) INFORMATION FOR SEQ ID N0:190 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:190: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Asp Pro Glu Lys Thr 
l 5 . 10 . 15. 

(191) INFORMATION FOR SEQ ID N0:191 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:191: 

Gln Thr Ser Val Arg Pro Gly Thr Val Arg Ser Glu Pro Glu Lys Lys 
1 5 10 15 

(192) INFORMATION FOR SEQ IO N0:192 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(j.i) - MOLECULE TYPE: ~eptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:192: 

Gln Thr Ser Val Arg Pro Glu Lys Val Arg Ser Glu Pro Asp Lys Lys 
1 5 10 15 

(193) INFORMATION FOR SEQ IO N0:193 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:193: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Glu Ser Asp Lys Lys 
1 5 10 15 

{194) INFORMATION FOR SEQ ID N0:194 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:194: 

Gln Thr Ser Val Arg Pro Gly Glu Val Arg Ser Glu Pro Asp Lys Lys 
l 5 10 15 

(195) INFORMATION FOR SEQ ID N0:195 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:195: 

35 Gln Thr Ser Val Arg Pro Gly Asx Val Arg Ser Asx Pro Glx Arg Lys 

50 

55 

1 . 5 10 15 

(196) INFORMATION FOR SEQ ID N0:196 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi} SEQUENCE DESCRIPTION: SEQ ID N0:196: 

Gin Thr Ser Val Ser Pro Gly Lys Val Arg Ser Asp Pro Glu Lys Lys 
1 5 · 10 15 

(197) INFORMATION FOR SEQ ID N0:197 

(1) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:197: 

Gln Thr Ser Val Arg Pro Gly Lys Val Asn Ser Asp Pro Glu Lys Lys 
l 5 10 15 

(198) INFORMATION FOR SEQ ID N0:198 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:198: 

Gln Thr Ser Val Arg Pro Gly Lys Val Arg Ser Asp Pro Asp Thr Lys 
l 5 10 15 

(199) INFORMATION FOR SEQ ID N0:199 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:199: 

Gln Thr ser·val Arg Pro Lys Lys Val Arg Ser Asp Pro Glx Lys Lys 
1 5 10 15 

(200) IN1'0RKATION FOR SEQ ID N0:200 

(i) SEQUENCE CHARACTERISTICS: . 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:200: 

Gln Thr Ser Val Arg Pro Lys Lys Val Arg Phe Asp Pro Glu Lys Lys 
1 5 10 15 
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(201) INFORMATION FOR SEQ ID N0:201 

' 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:201: 

Gln Thr Ser Val Arg Ser Gly Lys Val Arg Ser Glu Pro Glu Thr Lys 
l 5 10 15 

(202) INFORMATION FOR SEQ ID N0:202 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

.( ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:202: 

Val Thr Asn Leu Arg Pro Gly Lys Val Arg Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(203) INFORMATION FOR SEQ ID_N0:203. 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide · 

(zi) SEQUENCE DESCRIPTION: SEQ IO N0:203: 

Val Thr Asp Leu Arg Pro Gly Lys Val Arg Ser Asp Ala Glu Lys Lys 
l - - 5 10 , 15 · 

(204) INFORMATION FOR SEQ ID N0:204 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE.TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:204: 
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Gln Thr Ser Val Ser Pro Gly Asn Ile Arg Ser Glu Ser Asp Lys Lys 
1 5 10 15 

(205) INFORMATION FOR SEQ ID N0:205 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: a~ino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:205: 

Lys Thr Ser Val Thr Pro Gly Lys Phe Arg Ser Glu Pro Glu Lys Lys 
1 5 10 15 

(206) INFORMATION FOR SEQ ID N0:206 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE:. peptide 

(Xi) SEQUENCE DESCRIPl'ION: SEQ ID N0:206: 

Val Thr Leu Leu Pro Pro Gly Arg Val Arg Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(207) INFORMATION FOR SEQ IO N0:207 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii)_MOLECULE TYPE: peptide 

(xi) SEQtTENCE DESCRIPTION: SEQ ID N0:207: 

Val Thr Leu Leu Pro.Pro Gly Glu Val Arg Ser As~ Ala Glu Lys Lys 
1 · 5 10· 15 

(208) INFORMATION FOR SEQ ID N0:208 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:208: 

Val Thr Leu Pro Pro Pro Gly Glx Val Arg Ser Asp Ala Glu Arg Lys 
l 5 10 15 

(209) INFORMATION FOR SEQ ID N0:209 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 

,(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:209: 

Val Thr Leu Pro Pro Pro Gly Glx Val Arg Ser Asx Ala Glx Asn Lys 
1. S 10 15 

(210) INFORMATION FOR SEQ ID N0:210 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
( C) TOPOLOGY:. linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:210: 

Val Thr Leu Pro Pro Pro Gln Gln Val Arg Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(211) IK1'01UIATION FOR SEQ ID N0:211 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:211: 

Val Thr Leu Pro Pro Pro Gly Gln Val Thr Ser Asp Ala Glu Lys Lys 
1 . 5 10 15 

(212) INFORMATION FOR SEQ ID N0:212 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

' .. ' 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:212: 

Val Thr Leu Pro Pro Ala Gly Gln Val Arg Ser Asp Ala Glu Lys Arg 
1 5 10 15 

(213) INFORMATION FOR SEQ ID N0:213 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SEQ ID N0:213: 

~ Ala Leu Ser Pro Ser Ser Gly Gln Ser Ser Ser Ala Ser Glu Arg Leu 

30 

35 

50 

55 

l 5 10 15 

(214) INFORMATION FOR SEQ IO N0:214 

· ( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:214: 

Glu Lya Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Arg'Gly Asp Ser Gln Arg Pro Glu Ser 
20 25 

(215) .INFORMATION FOR SEQ ID N0:215 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: .linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:215: 
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Glu Lys Val•- Gly Gly Leu Gln pro Gly Arg Gly Thr Pro Gly Lys Val 
l 5 10. 15 

5 

Ser Arg Gly Asp Ser Gln Arg Pro Glu Ser 
20 25 

1o (216) INFORMATION FOR SEQ ID N0:216 

15 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:216: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Thr Gly Ala Pro Gly Lys Ala 
l 5 , 10 15 

Ser Arg Gly Asp Ser Gln Arg Pro Glu Ser 
20 25 

(217) INFORMATION FOR SEQ ID N0:217 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: .26 amino acids 
(B) TYPE: a.Ji!ino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:217: 

· Giu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
l . - 5 10 15 

Ser Lye Gly Asn Ser Gln Arg Ala Glu Ser 
20 25 

(218) INFORMATION FOR SEQ ID N0:218 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:218:. 
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• . 

Glu Lys Met Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
l 5 10 15 

Ser Lys Gly Asn Ser Gln Arg Ala Glu Ser 
20 .25 

(219) INFORMATION FOR SEQ ID N0:219 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:219: 

20 Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 

25 

30 
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55 

l 5 10 · lS 

Ser Lys Gly Thr Ser Gln Arg Ala Glu Ser 
20 2S 

(220) INFORMATION FOR SEQ ID N0:220 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:220: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Lya Gly Thr Ser Gln Arg Ala Glu Thr 
20 25 

(221) INFORMATION FOR SEQ IO N0:221 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:221: 
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Glu Lys Val Gly Gly Leu Lys Pro Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Lys Gly Thr Ser Gln Arg Ala Glu Thr 
20 25 

{222) !NFORMATION FOR SEQ ID N0:222 

· (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:222: 

Glu Asn Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Lys Gly Thr Ser Gln Arg Ala Glu Thr 
20 25 

(223) INFORMATION FOR SEQ ID N0:223 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:223: 

Glu Lys Val Gly Gly Leu Gln Ser Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Lye Gly Thr Ser Gln Arg Ala Glu Thr 
20 25 

(224) INFORMATION FOR SEQ ID N0:224 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:224: 
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• • 
. . . . 

Glu Lys Val Gly Gly Leu Gln Ser Gly Arg Gly Thr Pro Gly Lys Ala 
l 5 10 15 

Ser Lys Gly Thr Ser Glri Arg Ala Glu Ser 
20 25 

(225) INFORMATION FOR SEO ID N0:225 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:225: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
l 5 10 15 

Ser Lys Gly Ile Ser Gln Arg Ala Glu Arg 
20 25 

(226) INFORMATION FOR SEQ ID' N0:226 

( i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:226: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ser 
1 5 10 1,5 

Ala Lye Gly Asx Ser Glx Arg Ala Gln Ser 
20 25 

(227) INFORMATION FOR SEQ ID N0:227 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino.acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:227: 
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Glu Lys Val Gly Gly Leu Gln Pro Gly Ser Gly Thr 
l 5 10 

Ser Lys Gly Asn Ser Gln Arg Ala Glu Ser 
20 25 

(228) INFORMATION FOR SEQ ID N0:228 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

( ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:228: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Ser Gly Thr 
l 5 10 

Ser Lys Gly Ser Ser Gln Arg Ala Glu Ser 
20 25 

(229) INFORMATION FOR SEQ ID N0:229 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:229: 

Pro Gly Lys Ala 
15 

Pro Gly Lys Ala 
15 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Arg Lys Ala 
1 5 10 15 

Ser Lye Gly Asn Ser Gln Arg Ala Glu Ser 
20 25 

(230) INFORMATION FOR SEQ ID N0:230 

(i) SEQUENCE.CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:230: 
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EP O !9~06 A1 • . . 

• . 

Glu Lys Met Gly Asn Leu Gln Pro Gly Ser Gly Thr Pro Gly Lys Ala 
1 5 10 . 15 

Ser Lys Gly Asn Ser Gln Arg Pro Asp Ser 
20 25 

(231) INFORMATION FOR SEQ ID N0:231 

(i) SEQUENCE CHARAC!ERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) 'TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:231: 

Glu Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Ser Lys Gly Asn Ala Arg ArgSer Glu Thr 
20 25 

(232) INFORMATION FOR SEQ ID N0:232 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:232: 

Glu Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Ala Pro Glu Lys Asp 
l 5 10 15 

Ser Lya Gly Asn Ala Arg Arg Ser Glu Thr 
20· 25 

(233) INFORMATION FOR SEQ ID N0:233 

(i) SEQUENCE CHARAC!ERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

( ii)· MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:233: 
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Glu Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro· Glu Arg Asp 
5 1 5 10 15 
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Ser Lys Gly Asn. Ala Arg Arg Ser Glu Thr 
20 25 

(234} INFORMATION FOR SEQ ID N0:234 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:234: 

Asp Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lys Gly Asn Ala Lys Arg Ser Glu Thr 
20 25 

(235) INFORMATION FOR SEQ ID N0:235 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:235: 

Asp Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lya Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(236) INFORMATION FOR SEQ ID N0:236 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B} TYPE: amino acid 
(C) TOPOLOGY: li~ear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:236: 

114 

I. 
'-

BIOEPIS EX. 1002 
Page 3773



5 

10 

15 

20 

25 

30 

3S 

50 

55 

. 
EP0692106A1: . . . . . . . . 

Asp Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Asp Lys Asp 
1 5 10 15 

Asn Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(237) INFORMATION FOR SEQ ID N0:237 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY:_linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:237: 

Glu Lys Val Gly Cly Leu Thr Pro Gly-Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Ser Lys Gly Asn Gly Arg Arg Ser Glu Thr 
20 25 

(238) INFORMATION FOR SEq IO N0:238 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:238: 

Glu Met Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lya Gly Asn Asp Arg Arg Ser Glu Thr 
20 25 

(239) INFORMATION FOR SEQ ID N0:239 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: a.mino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:239: 
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Glu Met Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1. 5 10 15 

5 
Ser Lys Gly Asn Asp Lys Arg Ser Glu Thr 

20 25 

(240) INFORMATION FOR SEQ ID NO: 24.0 
10 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid · 
(C) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:240: 

Glu Met Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
20 1 5 10 15 
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Ser Lys Gly Asn Ala Lys Arg Ser Glu Thr 
20 25 

(241) INFORMATION FOR SEQ ID N0:241 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:241: 

Glu Gln Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro· Glu Lys Asp 
l . . 5 10 15 

Ser Lye Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(242) INFORMATION FOR SEQ ID N0:242 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:242: 
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• . . 

Glu Gln Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Thr Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(24J) INFORMATION FOR SEQ IO N0:243 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 

.(C) TOPOLOGY: linear 

(ii) _MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:243: 

Glu Gln Val Cly Gly Leu Lys Pro Gly Lys Gly Ala Pro Glu Lys Asp 
l 5 10 15 

Thr Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(244) INFORMATION FOR SEQ ID N0:244 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:244: 

Glu Lys Val Gly c·1y Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lya Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(245) INFORMATION FOR SEQ ID N0:245 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:245: 
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Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Thr Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(246) INFORMATION FOR SEQ ID N0:246 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:246: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Thr Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(247) INFORMATION FOR SEQ ID N0:247 

(i) SEQUENCE CijARACTE.RISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:247: 

· Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Ser Pro Glu Lys Asp 
l 5 10 15 

Ser Lya Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(248) INFORMATION FOR SEQ ID N0:248 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 ·amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:248: 
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EP 0~91196 A1: 
• . . . . 

Asp Lys Met Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lys Gly Asn Ala Lys Gln Ser Glu Thr 
20 25 

(249) INFORMATION FOR SEQ ID N0:249 

(i) SEQUENCE CHARACTERISTICS: 
(A) LtNGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ.ID N0:249: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Asp Lys Asp 
l 5 10 15 

· Ser Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

{250) INFORMATION FOR SEQ ID N0:250 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:250: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lye Gly Asn Ala Glu Lys Ser Glu Thr 
20 25 

(251) IN1"0RMATION FOR SEQ ID N0:251 

· (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 

. (B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:251: 
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Glu Gln Val Gly Asp Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Thr Lys Gly Asn Ala Arg Arg Ser Glu Thr 
20 25 

(252) INFORMATION FOR SEQ ID N0:252 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:252: 

Glu Asn Val Gly Asp Leu Lys Pro Gly Lys Gly Ala Pro Glu Lys Asp 
l 5 10 15 . 

Ser Lys Gly Asn Ala Arg Arg Ser Glu Thr 
20 25 

(253) INFORMATION FOR SEQ ID N0:253 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

·(xi) SEQUENCE DESCRIPTION: SEQ ID N0:253: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Ser Asp Lys Asp 
l. 5 10 15 

Ser Lye Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

. (254) INFORMATION FOR SEQ ID N0:254 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:254: 
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Glu Gln Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
5 l 5 10 15 
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Ser Lys Gly Asn Ala Lys Lys Ser GlY Thr 
20 25 

{255) INFORMATION FOR SEQ ID N0:255 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:255: 

Asp Gln Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Thr Lys.Gly Asn Pro Lys Arg Ser Glu Thr 
20 25 

(256) INFORMATION FOR SEQ ID N0:256 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLO.GY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:256: 

Asp Gln Val Gly Gly Leu Gln Pro Gly Gln Gly Thr Pro Glu Lys Asn 
l 5 10 15 

Thr Lye Gly Asn Pro Lys Arg Ser Asp Thr 
20 . 25 

(257) INFORMATION FOR SEQ IO N0:257 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 

. (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:257: 
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Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Ser Glu Lys Asp 
1 5 10 15 

Ile Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(258) INFORMATION FOR SEQ ID N0:258 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:258: 

Asp Lys Val Gly Gly Leu Lys Pro Gly Lys Arg Thr Pro Glu Lys Asp 
1 5 10 15 

Asn Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(259) INFORMATION FOR SEQ ID N0:259 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 

· (B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:259: 

Asp Lys Val Cly Gly Leu Lys Leu Gly Lys Cly Thr Pro Glu Lys Asp 
1 5 10 15 

Thr Lye Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(260) INFORMATION FOR SEQ ID N0:260 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:260: 

·...._ i 

BIOEPIS EX. 1002 
Page 3781



5 

10 

15 

20 

25 

30 

35 

50 

55 

. . .. 
EP o:592 1p6 A1: 

• . 

Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Ser Lys Gly Asn Ala Asn Thr Ser Glu Thr 
20 25 

(261) INFORMATION FOR SEQ ID N0:261 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE:. peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:261: 

Glu His Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 · 10 15 

Ser Lys Gly Asn Ala Gly Arg Ser Glu Thr 
20 25 

{262) INFORMATION FOR SEQ ID N0:262 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
.( B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:262: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Asn Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Thr Thr Gly Asn Ala Lys Arg Ser Glu Thr 
20 25 

(263) INFORMATION FOR SEQ ID N0:263 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:263: 
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Glu Lys Glu Gly Cly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Glu 
1 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Ala Glu Thr 
20 25 

(264) INFORMATION FOR SEQ IO N0:264 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:264: 

20 Glu Lys Glu Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Glu 

25 

30 

35 

50 

55 

1 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Pro Glu Thr 
20 25 

(265) INFORMATION FOR SEQ ID N0:265 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:265: 

Glu Lye Glu Gly Gly Leu Gln Pro Gly Lys Gly Ser Pro Glu Lys Glu 
l 5 10 15 

Ser Lye Gly Asp Ser Lys Arg Ala Glu Thr 
20 25 

(266) INFORMATION FOR SEQ IO N0:266 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:266: 
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EP 0:59'2 1J)6 A 1: 
• . 

. . . 

Glu Lys Asp Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Val Glu Met 
20 25 

(267) INFORMATION FOR SEQ ID NO: 267 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:267: 

Glu Gln var Gly Gly Leu Lys Pro Gly Arg Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Thr Thr Gly Asp Ala Gln Arg Ser Glu Thr 
20 25 

(268) INFORMATION FOR SEQ ID N0:268 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) .MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:268: 

Glu Gln Val Gly Gly Leu Lys Pro Gly Arg Gly Thr Pro Glu Lys Asp 
1 5 10. · 15 

Thr Thr Cly Asn Ala Lys Gly Ser Glu Thr 
·20 . 25 

(269) INFORMATION FOR SEQ ID H0:269 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear_ 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:269: 
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Glu Lys Val Gly Gly Ser Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
l 5 10 15 

Ser Lys Gly Asn Ala Lys Thr Ser Glu Thr 
20 25 

(270) INFORMATION FOR SEQ ID N0:270 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:270: 

Ser Asp Gln Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Thr Lys Gly Asn Ala Arg Arg Ser Glu Ser 
20 25 

(271) INFORMATION FOR SEQ ID N0:271 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQ~CE DESCRIPTION: SEQ ID N0:271: 

Glu Lys Ile Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Pro 
l 5 10 15 

Ser Lye Asp Asn Ala Lys Arg Ser Glu Thr 
20 25 

{272) INFORMATION FOR SEQ ID N0:272 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: aJ1ino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:272: 
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EP 6 5§2 io6 A1 
• . 

Glu Lys Leu Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Pro 
l 5 10 15 

Ser Lys Asp Asn Ala Lys Arg Ser Glu Thr 
20 25 

1o (-273) INFORMATION FOR SEQ ID N0:273 

15 

20 

25 

35 
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55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:273: 

Glu Lys Leu Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Pro 
l 5 , 10 15 

Phe Lys Asp Asn Ala Lys Arg Ser Glu Thr 
20 25 

(274) INFORMATION FOR SEQ ID N0:274 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

.(xi) SEQUENCE DESCRIPTION: SEQ ID N0:274: 

Glu Lys Leu Gly Gly.Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Leu 
l 5 10 . 15 

Met Lye Glu Asn Ala Lys Arg Ser Glu Thr 
20 25 

(275) INFORMATION FOR SEQ I,D N0:275 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:275: 
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Glu Asn Leu Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Leu 
l 5 10 15 

Lys Xaa Glu Asn Ala Lys Arg Pro Glu Thr 
20 25 

(276) INFORMATION FOR SEQ ID N0:276 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

. (ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:276: 

Glu Lys Leu Gly Gly Leu Gln Pro Gly Asn Gly Asp Leu Gly Lys Pro 
l 5 . 10 15 

Ser Lys Asp Asn Ala Lys Arg Ser Glu Thr 
. 20 25 

(277) INFORMATION FOR SEQ IO N0:277 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:277: 

Glu Lys Leu Gly Pro Leu Gln Leu.Gly Lys Gly Asp Pro Gly Lys Pro 
1 5 10 15 

Ser Lya Asp Asp Ala Lys Arg Ser Glu Thr 
20 25 

(278) INFORMATION FOR SEQ ID N0:278 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:278: 
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• • . . . . . . 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Gly Gly Thr Pro Gly Lys Pro 
1 .5 10 15 

Ser Lys Asp Asn Asp Lys Arg Ser Glu Thr 
20 25 

(279) INFORMATION FOR SEQ ID N0:279 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:279: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Gly Gly Thr Pro Gly Lys Ala 
l 5 10 15 

Ser Lys Asp Asn Asp Lys Arg Ser Glu Thr 
20 25 

(280) INFORMATION FOR SEQ ID N0:280 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:280: 

Glu Gln Val Gly Gly Leu Lys Ala Arg Lys Gly Thr Pro Glu Lys Asp 
l 5 10 . 15 

Thr Thr Gly Asn Ala Lys Arg Ser Glu Thr 
20 25 

(281) INFORMATION FOR SEQ ID N0:281 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY_: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:281: 
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Glu Met Val Gly Val Leu Glu Pro Gly Lys Gly Thr Pro 
1 5 10 

Gln Glu Gly Asn Ala Lys Arg Ser Glu Thr 
20 25 

(282) INFORMATION FOR SEQ ID N0:282 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:282: 

Glu Gln Val Gly Gly Leu Gln Pro Lys Lys Gly ·Ser Pro 
l 5 10 

Ser Lys Asp Asp Ser Gln Lys Thr Glu Thr 
20 25 

(28" INFORMATION FOR S~Q ID N0:283_ 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:283: 

Glu Lys Arg 
15 

Gly Lys Asp 
15 

Glu Gln Val Gly Gly Leu Gln Pro Lys Lys Gly Ser Pro Gly Lys Asp 
l 5 10 15 

Ser Lya Asp Asp Ser Gln Lys Thr Glu Arg 
20 25 

(284) INFORMATION FOR SEQ ID N0:284 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B)-TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:284: 
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Gln Gln Val Pro Glu Leu Lys Pro Gly Arg Gly Thr Pro Gly Lys Glu 
1 5 10 15 

Asp Lys Gly Thr Ser Ala Arg. Asn Asp Thr 
20 25 

(285) INFORMATION FOR SEQ ID N0:285 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:285: 

Gln Gln Val Pro Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Lys Asp 
1 5 10 15 

Asp Lys Gly Thr Ser Ala Lys Asn Glu Thr 
20 . 25 

(286) INFORMATION FOR SEQ ID N0:286 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:286: 

Gln Gln Val Pro Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Lys Asp 
1 5 10 15 

Asp Lya Gly Thr Ser Ala Lys Asn Glu Met 
20 25 

(287) INFORMATION FOR SEQ ID N0:287 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid · 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:287: 
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Gln Gln Lys Pro Glu Leu Lys Pro Gly Lys Gly Ser Pro Gly Gln Glu 
l 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Thr 
20 25 

(288) INFORMATION FOR SEQ IO N0:288 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:288: 

Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(289) INFORMATION FOR SEQ IO N0:289 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide . 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:289: 

Glu Gln Gln Pro Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Ly• Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(290) INFORMATION FOR SEQ ID N0:290 

(iJ SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE.: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:290: 
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Glu Gln Gln.Pro Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Lys Gly Lys Ser Ser Ala Ser Glu Ser 
20 25 

(291) INFORMATION FOR SEQ ID N0:291 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:291: 

Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Lys Gln 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(292) INFORMATION FOR SEQ ID N0:292 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:292: 

Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Thr His Gly Lys Gln 
1 5 10 . 15 

Lys Lya Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(293) INFORMATION FOR SEQ ID N0:293 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: aDino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE ~YPE: peptide· 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:293: 
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Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Ser His Gly Lys Gln 
'l 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25. 

(294) INFORMATION FOR SEQ ID N0:294 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

( ii)· MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:2~4: 

Glu Gln.Gln Pro Glu Leu Lys Pro Gly Lys Gly Ser His Gly Lys Gln 
1 5 10 .15 

Lys Lys Gly Lys Ser Ser Ala Ser Glu Ser 
20 . 25 

(295) INFORMATION FOR SEQ ID N0:295 

( i) SEQUENCE CHARA.CTERI STICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:295: 

Glu Gln Gln Pro.Glu Leu Lys Pro Gly Lys Gly Thr His Gly Lys Gln 
1. S 10 15 

Lys Lye Gly Lys Ser Ser Thr Phe Glu Ser 
20 25 

(296) INFORMATION FOR SEQ ID N0:296 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:296: 

134 

BIOEPIS EX. 1002 
Page 3793



EP:0 592:.,06 M . . . . . 

Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Thr His Gly Lys Gln 
5 1 5 10 15 
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Lys Gln Gly Lys Ser Ser Thr Phe Glu Ser 
20 25 

(297) INFORMATION FOR SEQ ID N0:297 

(i) SEQUENCE CHARACTERISTICS:. 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:297: 

Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Thr His Gly Lys Glu 
1 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(298) INFORMATION FOR SEQ ID N0:298 

(i) SEQUENCE CHARACTERISTICS: 
· (A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

.(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2~8: 

Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Ser His Gly Lys Gln 
1 5 10 15 

Lys Lye Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(299) INFORMATION FOR SEQ ID N0:299 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids· 
(B) TYPE: .amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:299: 
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Glu Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Thr His Gly Lys Gln 
1 5 10 15 

Lys Lys Ser Asn ·ser Ser Thr Ser Glu Ser 
20 25 

(300} INFORMATION FOR SEQ ID NO:JOO 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:300: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Ala Pro Gly Gln Glu 
1 5 10 15 

Lys Lys· Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(301) INFORMATION FOR SEQ ID N0:301 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 

_ (B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:301: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Ala Pro Gly Gln Glu 
1 5 10 15 

Lys Lya Gly Lys Ser Ser Thr Ser Asp Ser 
. 20 25 

(302) INFORMATION FOR SEQ IO N0:302 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:302: 
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(303) 

Gln 
1 

. . . . 

Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Val 
5 10 

Lys Gly Lys Ser Ser Thr Ser Asp Ser 
20 25 

INFORMATION FOR SEQ ID N0:303 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION:·SEQ ID N0,:303: 

Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Ala 
5 10 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 

Pro Gly Gln Glu 
15 

Pro Gly Lys Gly 
15 

n 20 25 

30 

35 

50 

ss 

(304) INFORMATION FOR SEQ ID N0:304 

.(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: l~near 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:304: 

Gln Gln Gln Pro Glu Leu Lys Pro Cly Lys Gly Ala Pro Gly Lys Cly 
l 5 10 15 

Lys Lya Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(305) INFO~TION FOR SEQ ID N0:305 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:305: 
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Glu Gln Gln Pro Glu Ala Lys Pro Gly Lys Gly Thr His Gly Lys Gln 
l 5 10 15 · 

Lys Lys Gly Lys Ser Ser Thr Ser Asp Ser 
20 25 

(306) INFORMATION FOR SEQ ID N0:306. 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:306: 

20 Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr His Gly Lys Glu 

25 

30 

35 

55 

l 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Asp Ser 
20 25 

(307) INFORMATION FOR SEQ ID N0:307 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:307: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Ala Pro Gly Gln Gly 
l 5 10 15 

~ys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(308) INFORMATION.FOR SEQ ID N0:308 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acid~ 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:308: 
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(309) 

Glu 
1 

Lys 

(310) 

. 
EP 9 592 ~06 Ai . . . 

Gln Gln Ala Glu Leu Lys Pro Gly Arg Gly Thr 
5 10 

Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

INFORMATION.FOR SEQ ID N0:309 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino.acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:309: 

Gln Gln Ala Glu Leu Arg Ala Gly Lys Gly Thr 
5 10 

Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

INFORMATION. FOR SEQ .ID ~0:310 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:310: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Ly& Gly Thr 
1 5 10 

Lys Lye Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(311) INl"ORKATION FOR SEQ ID N0:311 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:311: 

139. 
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Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly His Glu 
1 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(312) INFORMATION FOR SEQ ID N0:312 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: .liriear 

(ii) MOLECULE TYPE: peptide 

(Xi) ·sEQUENCE DESCRIPTION: SEQ IO N0:312: 

20 Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly His Glu 
1 . 5 10 15 

25 

30 

35 

55 

Lys Lys Gly Thr Ser Ser T~r Ser Glu Ser 
. 20 25 

(313) INFORMATION FOR SEQ ID N0:313 

(i) SEQUENCE CHARACTERISTICS: 
· (A) L~GTH: 26 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:313: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly His Glu 
l 5 10 15 

Asn Ly• Gly Thr Ser Ser Thr ser Glu Ser 
20 25 

(314) INFORMATION FOR SEQ ID N0:314 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii)' MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:314: 
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Gln Gln Gln Ala Glu Val Arg Pro Gly Lys Gly Thr Pro Gly His Glu 
l 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(315) INFORMATION FOR SEQ ID N0:315 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:315: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly His Glu 
l 5 10 15 

Asn Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(316) INFORMATION FOR SEQ ID N0:316 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:316: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Lye Gly Lys Ser Ser Ala Ser Glu Ser 
20 25 

(317)· INFOJUQTION FOR SEQ ID NO: 317 · 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:317: 
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His Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25. 

(318) INFORMATION FOR SEQ ID N0:318 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPO.LOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:318: 

Glu Gln Gln Val Glu Leu Arg Ala Gly Lys Gly Thr Pro Gly Gln Glu 
1 . S . 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(319) INFORMATION FOR SEQ ID N0:319 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:319: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Glu 
1 S 10 15 

Lys Gln Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(320) INFORMATION FOR SEQ ID N0:320 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:320: 
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Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly His Asp 
1 5 · 10 15 

Asn Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(321) INFORMATION FOR SEQ ID N0:321 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pep.tide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:321: 

Gln Gln Gln Ala Glu Val Arg Pro Gly Lys Gly Thr Pro Gly His Glu 
1 5 10 15 

Lys Lys Gly Arg Ser Ser Thr Ser Glu Ser 
20 25 

(322) INFORMATION FOR SEQ ID N0:322 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:322: 

Gln Gln· Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Gln 
1 5 . 10 15 

Lys Lye Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(323) INFORMATION FOR SEQ ID N0:323 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:323: 
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Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(324) INFORMATION FOR SEQ ID N0:324 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino aci.ds 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:324: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Asp Ser 
20 25 

(325) INFORMATION FOR SEQ ID N0:325 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(~i) SEQUENCE DESCRIPTION: SEQ ID N0:325: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Ser Pro Gly Gln Gln 
l 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(326} INFORMATION FOR SEQ ID N0:326 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:326: 
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Gln His Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Lys Asn Lys Ser Ser Thr Ser Glu ser 
20 25 

(327) INFORMATION FOR SEQ ID N0:327 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:327: 

20 Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 

25 

30 

35 

so 

55 

1 · 5 10 15 

Asn Lys Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(328) INFORMATION FOR SEQ ID N0:328 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:328: 

Glu Gln Gln Ala Glu Leu Arg Ala Gly Lys Gly Ile Pro Gly Gln Glu 
l 5 10 15 

Lye Lya Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(329) INFORMATION FOR SEQ ID N0:329 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 

. (B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(~i) SEQUENCE DESCRIPTION: SEQ ID N0:329: 
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Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
· l S 10 15 

Lys Lys Ser Lys Ser Ser Thr Ser Glu Ser 
20 25 

(330) INFORMATION FOR SEQ ID N0:330 

(i). SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:330: 

20 Gln Gln Gln Ser Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 

25 

30 
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55 

1 5 10 15 

Lys Lys Ser Lys Ser Ser Thr Ser Glu Ser 
20 25 

(331) INFORMATION FOR SEQ ID N0:331 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:331: 

Gln Gln Gln Thr Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Lya Ser Lys Ser Ser Thr Ser Glu Ser 
20 .25 

(332) INFORMATION FOR.SEQ ID N0:332 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ ID N0:332: 

146 

BIOEPIS EX. 1002 
Page 3805



5 

10 

15 

20 

25 

3() 

35 

-

55 

. 
El20.59l 106 A.1 : 

• 

Glu Gln Gln Ala Glu Leu Arg Thr Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Arg Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(333) INFORMATION FOR SEQ ID N0:333 

(i) SEQUENCE CHARACTERISTICS: 
(A) ~ENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:333: 

Gln Gln Gln Ala Glu Leu·Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Phe Glu Ser 
20 25 

(334) INFORMATION FOR SEQ ID N0:334 

(i) SEQUENCE CHARACTERISTICS:. 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION:.SEQ IO N0:334: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Thr Gly Ala Pro Gly Gln Glu 
l 5 10 15 

Lys Lya Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(335) INFORMATION FOR. SEQ ID N0:335 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

· (xi) SEQUENCE DESCRIPTION: SEQ ID-N0:335: 
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Gln Gln Gln Pro Glu Val Arg Pro Gly Lys Gly Thr His Ala Lys Gln 
5 1 5 10 15 
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Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(336) INFORMATION FOR SEQ ID N0:336 

. ·(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(~i) MOLECULE TYPE: peptide 

(xi) SEQUENCE-DESCRIPTION: SEQ ID N0:336: 

Gln Gln Gln Pro Glu Val Arg Pro Gly Lys·Asp Thr His Ala Lys Gln 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(337) INFORMATION FOR SEQ ID N0:337 

· (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 

· (B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:337: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Glu Gln Glu 
1 5 10 15 

Lys Lye Gly Lys Ser Ser Thr Ser Glu Ser. 
. 20 25 

(338) INFORMAT::::ON FOR SEQ ID NO': 338 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:338: 
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Glu Gln Gln Thr Glu Leu Arg Ala Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Lys Gly Arg Ser Ser Thr Ser Glu Ala 
20 25 

(339) INFORMATION FOR SEQ ID N0:339 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:339: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 
·. l · 5 10 . 15 

Lys Lys Ser Lys Pro Ser Thr Ser Glu Ser 
20 25 

(340) INFORMATION FOR SEQ IO N0:340 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE:· amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi·) SEQUENCE DESCRIPTION: SEQ ID NO: 340: 

Gln Gln Gln Ser Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 
1 5 10 15 

Lys Lye Ser Lys Pro Ser Thr Ser Glu Ser 
20 . 25 

(341) INFORMATION FOR SEQ ID N0:341 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

. (Xi) SEQUENCE DESCRIPTION: SEQ ID N0:341: -
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Gln Gln Arg Ala Glu Leu Lys Pro Gly Lys Asp Thr Pro Gly Arg Glu. 
l 5 10 15 

Lys Lys Asn Lys Pro Ser Thr Ser Glu Ser 
20 25 

(342) INFORMATION FOR SEQ ID N0:342 
10 

15 

20 

25 

30 

3S 

50 

· 55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26.amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

. (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:342: 

Gln Gln Gln ~la Glu ~eu Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 
1 5 10 15 

Lys Lys Ser Thr Ser Ser Thr Ser Glu Ser 
20 25 

(343) INFORMATION FOR SEQ ID N0:343 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:343: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

. Lys Lya Ser Thr Ser Ser Thr Ser Asp Ser 
20 25 

(344) INFORMATION FOR SEQ ID N0:344 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:344: 
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Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Ile Gln Gln 
1 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(345) INFORMATION FOR SEQ ID N0:345 

(i) SEQUENCE CHARACTERISTICS: 
'(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(H) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:345: 

20 Gln Gln Gln Ala Glu Phe Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 

25 

30 

35 

so 

1 5 10 15 

His Arg Ser Lys Pro Ser Thr Ser Glu Ser 
20 25 

(346) INFORMATION FOR SEQ ID N0:346 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:346: 

,Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys ·Gly Ala Leu Gly Gln Glu 
1 5 10 15 

Lys Lya Gly Lys Ser Ser Thr Ser Asp Ser 
20 25 

(347) INFORMATION FOR SEQ IO N0:347 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) .MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:347: 
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Gln Gln Gln Pro Glu Val Lys Pro Gly Lys Gly Ala Pro Gly Lys Gly 
1 5 10 15 

Asn Thr Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(348) INFORMATION FOR SEQ ID N0:348 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:348: 

Glu Gln Gln Ala Glu Val Arg Ala Gly Lys Gly Ser Pro Gly Gln Glu 
1 5 10 . 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(349) INFORMATION FOR SEQ ID N0:349 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid · 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:349: 

Gln Gln Leu Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly His Glu 
l 5 10 15 

Lys Lye Gly Ile Ser Ser Thr Ser Glu Ser 
20 25 

(350) INFORMATION FOR SEQ IO N0:350 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:350: 
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Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Lys Pro Glu Gln Glu 
5· l 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

· 10 · (351) INFORMATION FOR SEQ ID NO: 351 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B} TYPE: amino acid 

15 (C) TOPOLOGY: linear 

20 

25 

30 

35 

55 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:351: 

Gln Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Arg Asn Gly Lys Glu 
1 5 10 15 

Asn Lys Gly·Lys Ser Ser Thr Ser Glu Ser 
20 25 

(352) INFORMATION FOR SEQ ID N0:352 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:J52: 

Gln Gln Gln Thr Glu Leu Arg Pro Gly Arg Gly Thr Thr Gly Gln Glu 
l 5 10 15 

Arg Lya Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(353) INFORMATION FOR SEQ ID N0:353 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE:. amino acid 
(C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:353: 
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Gln His Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly His Glu 
1 5 10 15 

Asn Lys Val Thr Ser Ser Thr Ser Glu Ser 
20 25 

(354) INFORMATION FOR SEQ ID N0:354 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii)·MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:354: 

Glu Gln Gln Ala Glu Leu Arg Ala Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 . 15 

Gln Lys Ala Lys Ser Ser Thr Ser Glu Ser 
20 25 

(355) INFORMATION FOR SEQ ID N0:355 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 

. (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:355: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Thr Gly Thr Ser Ser Thr Thr Glu Ser 
20 25 

(356) INFORMATION FOR _SEQ ID N0:356 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:356: 
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Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Asn Pro Gly Gln Glu 
l 5 10 15 

Lys Lys Ser Thr Ser Ser Ala Ser Glu Ser 
20 25 

(357) INFORMATION FOR SEQ ID N0:357 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:357: 

Glu Gln Gln Thr Val Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Gln 
1 5 10 15 

Lys Lys Gly Thr Ser Ala Thr Asn Glu Ser 
20 25 

(358) INFORMATION FOR SEQ ID N0:358 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:358: 

Gln Gln Leu Thr'Glu Leu Lys Pro Gly Asn Gly Thr Pro Gly Gln Glu 
1 5 10 . 15 

Lys Lye Ser Lye Ser Ser Thr Ser Glu Ser 
20 25 

(359) INFORMATION FOR SEQ ID N0:359 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE_DESCRIPTION: SEQ IO N0:359: 
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Gln Gln.Gln Ser Val Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Lys Ser 
20 25 

(360) INFORMATION FOR SEQ IO N0:360 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:360: 

Leu Gln Gln Pro Val Leu Lys Pro Gly Lys Gly Ser His Gly Lys Gln 
1 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(361) INFORMATION FOR SEQ ID N0:361 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:361: 

Glu Gln Gln Pro Glu Thr Lys Pro Gly Lys Gly Thr Leu Gly Lys Gln 
l 5 10 15 

Lys Lye Ser Lys Ser Ser Thr Ser Glu Ser 
20 25 

(362) INFORMATION FOR SEQ ID N0:362 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:362: 
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Gln Gln Gln Ala Glu Leu Lys Pro Gly Gln Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Lys Asn Lys Ser Ser Thr Pro Glu Phe 
20 25 

(J63) INFORMATION FOR SEQ ID N0:363 

{i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:363: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Gly Thr Ser Ser Thr Ser Glu Thr 
20 25 

(364) INFORMATION FOR SEQ ID N0:364 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SEQ ID N0:364: 

Glu Glri Gln Ala Glu Leu Arg Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5. 10 15 

Lys Gln Gly Thr Ser Thr Thr Ser Glu Thr 
20 25 

(365) INFORMATION FOR SEQ ID N0:365 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:365: 
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Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Cly Thr Ser Ser Thr Ser Glu Thr 
20 25 

(366) INFORMAT.ION FOR SEQ ID NO: 366 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:366: 

Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Asp Thr Ser Ser Thr Ser Glu Thr 
20 25 

{367) INFORMATION FOR SEQ ID N0:367 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:367: 

Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Gly Thr Ser Ser Thr Ser Gly Thr 
20 25 

(368) INFORMATION FOR SEQ ID N0:368 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:368: 
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Glu Gln Gln Ala Glu Val Lys Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Gly Thr Ser Ser Thr Ser Glu Thr 
20 25 

(369) INFORMATION FOR SEQ ID N0:369 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:369: 

20 Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Asn Pro Glu Gln Pro 

25 

30 

35 

55 

1 5 10 15 

Lys Gln Val Thr Ser Ser Thr Ser Glu Thr 
20 25 

(370) INFORMATION FOR SEQ ID N0:370 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:370: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Ile Thr Ser Ser Thr Ser Glu Thr 
. 20 25 

(371) INFORMATION FOR SEQ ID N0:371 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:371: 
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Glu Gln Gln Ala Glu Leu Arg Pro Gly Arg Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys Gln Val Thr.Ser Ser Thr Ser Glu Thr 
20 25 

(372) INFORMATION FOR SEQ ID N0:372 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:372: 

Glu Gln Gln Ala Glu Leu Arg Pro Cly Arg Gly Asn Pro Glu Gln Pro 
l 5 10 15 

Lys His Val Thr Ser Ser Thr Ser Glu Thr 
20 25 

(373) INFORMATION FOR SEQ ID N0:373 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:373: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Asn Thr Glu Gln ~ro 
l 5 10 15 

Lys Gln Val Thr Ser Ser Thr Ser Glu Thr 
20 25 

(374) INFORMATION FOR SEQ ID N0:374 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:374: 
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Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Asn Thr Glu Gln Pro 
l 5 10 15 

Lys Leu Ile Thr Ser Ser Thr Ser Glu Thr 
20 25 

(375) INFORMATION FOR SEQ ID N0:375 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:375: 

Thr Gly Gln Ala Glu Leu Arg Pro Gly Lys Gly Ala Pro Glu Gln Gly 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Asp Arg 
20 25 

(376) INFORMATION FOR SEQ ID NO: 3.76 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:376: 

Gln Tyr Gln A'ia Glu Leu Arg Pro GlyLys Gly Thr Pro Arg Gln Gln 
1 5 10. 15 

Lys Ly• Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(377) INFORMATION FOR SEQ ID N0:377 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IC N0:377: 
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Gln Gln Gln Ala Val Leu Arg His Gly Lys Gly Thr His Gly Gln Glu 
l 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(378) INFORMATION FOR SEQ IO N0:378 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:378:· 

Gln Gln Gln Thr Lys Leu Gly Pro Gly Arg Gly Thr Pro Gly Gln Gly 
1 5 10 15 

Arg Lys Gly Lys Ser Ser Thr Ser Gly Ser 
20 25 

(379) INFORMATION FOR SEQ ID N0:379 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 

. (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:379: 

·c1u Gln Gln Ala Glu Leu Arg Ala Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Lye Gly Lys Ser Ser Val Tyr Phe Ala 
20 25 

{380) INFORMATION FOR SEQ ID N0:380 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:380: 

162 

f"'-. . ..: 

BIOEPIS EX. 1002 
Page 3821



5 

,o 

15 

. 
ER b sAi 1·06 .(1 : . . 

• • . . 

Glu Gln Gln Ala Glu Leu Lys Ala Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Gln Gly Glu Ser Thr Arg Ser Glu Thr 
20 25 

(381)· INFORMATION FOR SEQ ID NO: 381 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECCLE TYPE: peptide 

(xi) SEQUEN~E DESCRIPTION: SEQ ID N0:381: 

~ Gln Gln Lys Ala Glu Leu Ala Ala Ser Lys Gly Thr Pro Gly Gln Glu 
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l 5 10 15 

Lys Lys Gly Arg Ser Ser Thr Ser Glu Ser 
20 25 

(382) INFORMATION FOR SEQ ID N0:382 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:382: 

Gln Gln Gln Thr Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Arg Gly Lys Ser Ser Asn Leu Arg Leu 
20 25 

(383) INFORMATION FOR SEQ ID N0:383 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:383: 
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Glu Lys Val Gly Gly Leu Gln Gly Ser Ser Phe Asp Pro Gly Lys Ala 
1 5 10 15 

Ser Lys Gly Thr Ser Gln Arg Ala Glu Thr 
20 25 

(384) INFORMATION FOR SEQ ID N0:384 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:384: 

Glu Gln Gln Ala Asp Leu Lys Leu Gly Lys Gly Asn Pro Glu Gln Pro 
1 5 10 15 

Lys Leu.Ala Thr Pro Ser Thr Ser Glu Thr 
20 25 

(385) INFORMATION FOR SEQ ID N0:385 

{i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:385: 

Glu Gln Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Asp Lys Ser 
· 1 5 10 15 

Asp Val Lys Asp Asn Ala Lys Ser Glu Thr 
20 25 

(386) INFORMATION FOR SEQ ID N0:386 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:386: 
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Asp Gln Gln Pro Asp Leu Lys Pro Ser Ser Gly Ser Pro Gly His Pro 
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Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(J87) INFORMATION FOR SEQ ID NO:J87 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:J87: 

Asp Gln Gln Pro Asp Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 10 . 15 

Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(J88} INFORMATION FOR SEQ ID NO:J88 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: p~ptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:388: 

Asp Gln Gln Pro Asp Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
· 1 5 10 15 

Ser Ly• Ser Thr Ser Lys Thr Ala Glu Thr 
20 25 

(389) INFORMATION FOR SEQ ID N0:389 

(i) SEQUENCE. CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:J89: 
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Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(390) INFORMATION FOR SEQ ID NO: 3'90 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:390: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Asn Thr Ser Lys Th~ Thr Glu Thr 
20 25 

(~91) INFORMATION FOR SEQ ID N0:391 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:391: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asp Pro 
l 5 10 15 

Ser Lye Thr Thr Ser Lys Thr Thr Glu Thr 
20 25 

(392) INFORMATION FOR SEQ ID N0:392 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE OESCRI~TION: SEQ ID K0:392: 
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Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Thr Thr Ser Lys Thr Thr Glu Thr 
20 25 

(393) INFORMATION FOR SEQ ID N0:393 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:393: 

Asp His Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Asn Thr Ser Lys Thr Thr Glu Thr 
20 25 

(394) INFORMATION FOR SEQ ID N0:394 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 ,amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

· (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3.94: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Arg Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(395) INFORMATION FOR SEQ ID N0:395 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:395: 

167 

BIOEPIS EX. 1002 
Page 3826



5 

10 

15 

20 

25 

30 

3S 

55 

. . . . . 
tp O sb2106 A1 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ala Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ala Glu Thr 
20 25 

·(396) INFORMATION FOR SEQ ID NO: 396 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) ·MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:396: 

Glu Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ser Glu Thr 
20 25 

(397) INFORMATION FOR SEQ ID N0:397 

(i) SEQUENCE CHARACTERISTICS: 
(A). LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO N0:397: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 10 15 

Ser Lya Asn Thr Ser Lys Thr Ile Glu Thr 
20 25 

(398) INFORMATION FOR SEQ ID N0:398 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:398: 
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Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asp Pro 
l . 5 10 15 

Ser Lys Asn Thr Ser Lys Thr Pro Glu Thr 
20 25 

(399) INFORMATION FOR SEQ.ID N0:399 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:399: 

~ Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
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1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(400) INFORMATION FOR SEQ ID N0:400 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:400: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 10 15 

Ser Lya Asn Thr Ser Giu Thr Thr Glu Thr 
20 25 

(401) INFORMATION FOR SEQ ID N0:401 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:401: 

r 
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Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 10 15 

Ser Lys Asn Thr Ser Glu Thr Thr Glx Thr 
20 25 

(402) INFORMATION FOR SEQ ID N0:402 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:402: 

Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser p·ro Gly Asn Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ser Glu Thr 
. 20 25 

(403) INFORMATION FOR SEQ ID N0:403 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
( C) TOPOLOGY:. linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:403: 

Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 . 10 15 

Ser Lya·ser Thr Ser Arg Thr Thr Glu Thr 
20. 25 

(404) INFOIU(ATION FOR SEQ ID N0:404 

{i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:404: 
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Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly. Ser Pro Gly Asn Pro 
1 5 10 · 15 

Ser Lys Ser Thr Ser Lys Thr Ala Glu Thr 
20 25 

(405) INFORMATION FOR SEQ !D N0:405 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:405: 

Asp Gln Gln Pro Asp Leu Lys Pro Ser Ser Gly Phe Pro Gly Asn Pro 
l 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(406) INFORMATION FOR SEQ ID N0:406 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:406: 

Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Lys Pro 
l 5 10 15 

Ser Lye Ser Thr Ser Lys Thr Asn Glu Thr 
20 25 

(407) INFORMATION ·FOR SEQ 'ID N0:407 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:407: 
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Ser Lys Ser Thr Phe Lys Thr Ser Glu Thr 
20 25 

(408) INFORMATION FOR SEQ ID N0:408 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:408: 

Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Thr Thr Ser Glu Thr 
20 25 

(409) INFORMATION FOR SEQ ID N0:409 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:. 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ ID N0:409: 

Glu Gln Gln Leu Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lya Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(410) INFORMATION FOR SEQ ID N0:410 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:410: 
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20 · 

25 

35 

50 

55 

Ser Gln Ser Thr Ser Lys Thr Thr Glu Thr 
. 20 25 

(411) INFORMATION FOR SEQ ID N0:411 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:411: 

Gln Gln Lys Pro Gly Leu Ala Pro Ser Ser Gly Ser Pro Gly Lys Ser 
l 5 10 15 

Thr Lys Ser Asn Ser Lys· Gln Thr Asp Thr 
20. 25 

(412) INFORMATION FOR SEQ ID N0:412 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:412: 

Gln Gln Lys Pro Gly Leu Ala Pro Ser Ser Gly Ser Pro Gly Lys Ser 
l . 5 10 15 

Ala Lya Ser Asn Ser Lys Gln Thr Asp Thr · 
20 25 

(413) INFORMATION FOR SEQ ID N0:413 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLO.GY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:413: 

Gln Gln Lys Pro Gly Leu Ala Pro Ser Ser Gly Ser Pro Gly Lys Ser 
l 5 10 15 
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Ala Met Ser Asn Ser Lys Gln Thr Asp Thr 
5 . 20 25 

10 

15 

(414) INFORMATION FOR SEQ IO N0:414 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:414: 

Gln Gln Lys Pro Gly Leu Ala Pro Ser Ser Gly Ser Pro Gly Lys Ser 
1 5 10 15 

~ Ala Ile Ser Asn Ser Lys Gln Thr Asp Thr 

25 

30 

35 

. 40 

50 

55 

20 25 

(415) INFORMATION FOR SEQ ID N0:415 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(,xi) SEQUENCE DESCRIPTION: SEQ ID. N0:415: 

Gln Gln Lys Pro Gly Leu Gln Pro Ser Ser Gly Ser Pro Gly Lys Ala 
l 5 10 15 

Ala Ile Ser Asn Ser Lys Gln Ser Asn Thr 
20 25 

(416) INFORMATION FOR SEQ ID N0:416 

(i) SEQUENCE CHARACTERISTICS: 
· - - (A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ ID N0:416: 

Gln Gln Lys Pro Cly Leu Gln Pro Ser Ser Gly Ser Pro Gly Lys Ala 
1 . 5 10 15 

Ala Ile Ser Asn Ser Lys Gln Ala Asn Thr 
20 25 
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(417) INFORMATION FOR SEQ ID N0:417 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:417: 

Gln Gln Lys Pro Val Leu Ala Pro Ser Ser Gly Ser Pro Gly Lys Ser 
1 5 10 15 

Ala Met Ser Asn Ser Lys Gln Ile Asp Thr 
20 25 

(418) INFORMATION FOR SEQ ID N0:418 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:418: 

30 Gln Gln Lys Pro Ser Leu Gln Pro Ser Ser Asp Ser Pro Gly Lys Ala 

35 

l 5 10 15 

Ala Met Ser Asn Ser Lys Gln Ala Asp Thr 
20 25 

(419) INFORMATION FOR SEQ ID N0:419 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY_: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:419: 

Glu Arg Val Gly Asp Leu Glu Pro Gly Arg Gly Ile Pro Gly Lys Ala 
1 5 10 15 

~ Pro Lys Gly Asp Ser Lys Lys Ile Glu Thr 
20 25 

(420) INFORMATION FOR SEQ ID N0:420 

55 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:420: 

Glu Arg Val Gly Asp Leu Glu Pro Glu Arg Gly Ile Pro Gly Lys Ala 
1 5 . 10 15 

Pro Lys Gly Asp Ser Lys Lys Ile Glu Thr 
20 25 

(421) INFORMATION FOR SEQ ID N0:421 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:421: 

Glu Gln Val Gly Gly ~eu Lys Pro Gly Arg Gly Thr Pro Gly Lys Ala 
l 5 10 15 

Pro Lys Gly Asp Ser Lys Lys Thr Glu Thr 
20 25 

(422) INFORMATION FOR SEQ ID N0:422 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(j.i)_MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:422: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Ser Gly Lys Ala 
l 5 10 15 

Ser Lys Gly Asp Ser Lys Lys Thr Glu Thr 
20 25. 

(423) INFORMATION FOR SEQ ID N0:423 

(i) SEQUENCE CHARACTERISTICS: 
.(A) 'LENGTH: 26 amino acids 
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(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Ki) SEQUENCE DESCRIPTION: SEQ ID N0:423:. 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asx 
1 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Ala Glu Thr 
20 25 

(424) INFORMATION FOR SEQ ID N0:424 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:424: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
1 5 10 15 

30 Ser Lys Gly Asn Ser Lys Arg ~la Glu Thr 

35 

50 

55 

20 25 

(425) INFORMATION FOR SEQ ID N0:425 

(i) SEQUENCE CHARACTERISTICS: 
(A). LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY! linear 

(ii) MOLECULE TYPE: peptide 

{~i) _SEQUENCE DESCRIPTION:. SEQ ID N0:425: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
1 5 10 15 

Ser Arg Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(426) INFORMATION FOR SEQ ID N0:426 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:426: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
l 5 10 15 

Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(427) INFORMATION FOR SEQ ID N0:427 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:427: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
25 1 S 10 15 

30 

35 

50 

55 

Ser Lys Gly Asn Ala Lys Arg Ala Glu Thr 
20 25 

(428) INFORMATION FOR SEQ ID N0:428 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:428: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
. 1 5 10 15 

Ser Lys Gly Asp Ser Arg Arg Ala Glu Thr 
20 25 

(429) INFORMATION FOR SEQ ID N0:429 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:~29: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
1 5 10 15 

Ser Lys Gly Asn Ser Arg Arg Ala Glu Thr 
20 25 

(430) INFORMATION FOR SEQ ID N0:430 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:430: 

Gln Gln Val Gly Gly Leu Glu Pro Gly Arg Gly Thr Pro Gly Lys Asp 
l 5 10 15 

Ser Lys Gly Asx Ser Lys Arg Ala Glu Thr 
20 25 

(431) INFORMATION FOR SEQ ID N0:431 

· (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:431: 

Glu Gln Leu Gly Asp Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Lys-Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

{432) INFORMATION FOR SEQ ID N0:432 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:432: 
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Glu Gln Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Thr Gly Lys Asp 
5 l 5 10 15 

10 
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Ser Lys Gly Asp Ser Lys Arg Ala Glu Thr 
20 25 

(433) INFORMATION FOR SEQ ID N0:433 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:433: 

Gln Gln Val Gly Gly Val Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
l 5 10 15 

Ser Lys~Gly Asn Ser Lys A=g Ala Glu Thr 
20 ·25 

(434) INFORMATION FOR SEQ ID N0:434 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino a_cids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:434: 

Gln Gln Val Gly Gly Val Gln Pro Gly Arg Gly Ile Pro Gly Lys Asp 
l 5 10 15 

Ser Lya Gly Asn·ser Lys- Arg Pro Glu Thr 
20 25 

(435) INFORMATION FOR SEQ ID N0:435 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide_ 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:435: 
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Glu Gln Val Gly Gly Val G:n Pro Gly Arg Gly Ile Pro Gly Lys Asp 
l 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Pro Glu Thr 
20 25 

(436) INFORMATION FOR SEQ ID N0:436 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 ·amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:436: 

Gln Gln Val Gly Gly Val Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
~ l 5 10 15 

25 

30 

35 

50 

55 

Ser Asn Gly Asp Ser Lys Arg Pro Glu Thr 
20 25 

(437) INFORMATION FOR SEQ ID N0:437 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:437: 

Gln Lys Val Gly Gly Val Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
l 5 10 15 

Ser Lya Gly Asn Ser Lys Arg Thr Glu Thr 
20 25 

(438) INFORMATION FOR SEQ ID N0:438 

(i) -SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:438: 

Gln Glu Val Gly Gly Val Glx Pro Gly Arg Gly Thr Pro Gly Lys Asx 
l 5 10 15 
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Ser Lys Gly ASX Ser Lys Arg Ala Glu Thr 
20 25 

(439) INFORMATION FOR SEQ ID N0:439 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:439: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
1 5 10 15 

20 Ser Asn Gly Asp Ser Lys Gln Ala Glx Thr 

25 

30 

35 

55 

20 25 

(440) INFORMATION FOR SEQ ID N0:440 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ IO·N0:440: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Ser Pro Gly Lys Asp 
l 5 10 15 

Thr Asn Gly Asp Ser Lys Glu Ala Glx Thr 
20 25 

(441) INFORMATION FOR SEQ ID N0:441 

ji)_SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:441: 

Ala Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
1 5 10 15 

Ser Asn Gly Asp Ser Lys Gin Ala Glx Ser 
20 25 
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(442) INFORMATION-FOR SEQ ID N0:442 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pep~ide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:442: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Val 
1 5 10 15 

Ser Gln Gly-Asp Ser Lys Gln Ala Glx Thr 
20 25 

{443) INFORMATION FOR SEQ ID N0:443 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: ·amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:443: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Val 
.1 5 10 15 

Ser Gln Gly Asp Ser Lys Glu Pro Glx Thr 
20 25 

(444) INFORMATION FOR SEQ ID N0:444 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESC~IPTION: SEQ ID N0:444: 

Glu Gln Leu Gly Gly Leu Gln Pro Glu Arg Gly Thr Pro Gly Lys Glu 
. 1 5 10 15 

~ Ser Lys Gly Asn Ser Met Arg Ala Glu Thr 
20 25 

(445) INFORMATION FOR SEQ IO N0:445 

55 

183 

BIOEPIS EX. 1002 
Page 3842



5 

10 

. . . . . . 
EP:O 59~106 A1 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:445: 

Glu Gln Val Gly Asp Leu Gln Pro Gly Arg Gly ASX Pro Gly Lys Asp 
l 5 10 15 

15 Ser Lys Gly Asn Ala Lys Arg Val Glu Thr 

20 

25 

30 

20 25 

(446) INFORMATION FOR SEQ ID N0:446 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:446: 

- Glu Gln Val Gly Asp Leu Gln Pro Gly Arg Gly Asn Pro Gly Lys Asp 
l 5 10 15 

Ser Lys Gly Asn Ala Gln Arg Pro Glu Thr 
20 25 

" (447) INFORMATION FOR SEQ ID N0:447 

50 

55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino.acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii)_MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:447: 

Gln Gln Val Gly Gly Val.Gln Pro Gly Arg Gly Thr Leu Gly Lys Asp 
l 5 10 15 

Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(448) INFORMATION FOR SEQ ID N0:448 

(i)-SEQUENCE ~CTERISTICS: 
(A) LENGTH: 26 amino acids 
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(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:448: 

Gln Glx Val Gly Gly Ala Glx Pro Gly Arg Gly Ser Pro Gly Lys Ala 
1 5 10 15 

Ser Lys Gly ASX Ser Lys Arg Ala Glu Thr 
20 . 25 

(449) INFORMATION FOR SEQ ID N0:449 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:449: 

Gln Gln Val Gly Gly Leu Lys Pro Gly Arg Gly Ser Pro Gly Lys Asp 
1 5 10 15 

Ser Lys Gly Asn Ala Gln Arg Thr Glx Thr 
20 25 

(450) INFORMATION FOR SEQ ID N0:450 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
{C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(~i) _SEQUENCE DESCRIPTION: SEQ ID N0:450: 

Asp Gln Val Gly Gly Leu Lys Pro Gly Arg Gly Thr Pro Gly Lys Asn 
l 5 10 15 

Ser Asn Gly Asp Ser Lys Thr Pro Glx Thr 
20 25 

~ {451) INFORMATION FOR SEQ ID N0:451 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:. 2 6 amino acids 
(B) TYPE: amino acid 

55 (C) TOPOLOGY! linear 
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(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:451: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Ser Arg Gl.u Asp 
l 5 10 15 

Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(452) INFORMATION FOR SEQ ID N0:45.2 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:452: 

Glu Gln Val Gly Ala Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
1 5 ' 10 15 

Ser Gln Ala Asp Ser Lys Glu Ala Glx Thr 
20 25 

(453) INFORMATION FOR-SEQ ID N0:453 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:453: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Val 
l 5 . 10 15 

Glu Gly Ser Val Glu Thr 
~ 20 

50 

55 

(454) INFORMATION FOR SEQ ID N0:454 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(.ii) MOLECULE TYPE: peptide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:454: 

Glu Gln Val Gly Ala Phe Gln Pro Gly Arg Gly Asn Ser Gly Lys Ala 
1 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Pro Asp Thr 
20 25 

(455) INFORMATION.FOR SEQ ID N0:455 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION:. SEQ ID N0:455: 

Glu Gln Val Gly Ala ·Phe Gln Pro Gly Lys Gly Asn Ser Gly Lys Ala 
1 5 10 15 

Ser Lys Gly Asp Ser Lys Arg Pro Asp Thr 
20 25 

(456) INFORMATION FOR SEQ ID N0:456 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2_6 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:456: 

Glu Gln Val Gly Ala Phe Gln Pro Gly Lye Gly Asn Ser Gly Lys Ala 
1 5 10 15 

_Ser Lys-Gly Asp Ser Asn Arg Pro Asp Thr 
. 20 25 

, 
(457) INFORMATION FOR SEQ ID N0:457 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:457: 
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Gln Gln Val Gly Gly Val Gln Ala_Gly Arg Ala Asn Pro Gly Lys Asp 
l 5 10 15 

Ser Arg Gly Ile Ser Lys Arg Thr Glu Thr 
20 25 

(458) INFORMATiON FOR SEQ ID N0:458 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino· acid 
(C) TOPOLOGY: linear 

(ii).MOLECULE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SEQ ID N0:458: 

Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly.Gln Gln 
l 5 10 15 

Lys Gln Gly Glu Ser Thr Arg Ser Glu Thr 
20 25 

(459) INFORMATION FOR SEQ ID N0:459 

(i) SEQUENCE CHARACTERISTICS: 
.(A) LENGTH: 26 amino acids 
(B} TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) SEQUENCE DESCRIPTION: SEQ ID N0:459: 

Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
l 5 10 15 

Lys Gln Gly Thr Ser Thr Arg Ser Glu Thr 
20 25 

(460) INFORMATION FOR SEQ ID N0:460 

(i) SEQUENCE CHARACTERISTICS:. 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:460: 
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Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
1 5 . 10 15 

Lys Gln Gly Thr Ser Ala Arg Ser Glu Thr 
20 25 

(461) INFORMATION FOR SEQ ID N0:461 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:461: 

Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
20 1 5 10 15 

25 

30 

35 

50 

55 

Lys Gln Gly Thr Ser Ile Arg Ser Asp Thr 
20 25 

(462) INFORMATION FOR SEQ IO N0:462 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:462: 

Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
l 5 10 15 

Lys Gln Gly Thr Ser Ile Arg Ser Asp Thr 
20 25 

(463) INFORMATION FOR SEQ IO N0:463 

(i) .SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino.acid 
(C) TOPOLOGY: linear 

{ii). MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:463: 

Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
1 5 10 15 
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Asn Gln Gly Thr Ser Thr Arg Ser Asp Thr 
20 25 

(464) INFORMATION FOR SEQ ID N0:464 

(i) SEQUENCE CHARACTERISTICS: 
(A) ,LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE .DESCRIPTION: SEQ ID NO: 4'64: 

Gln Gln Val Gly Glu Val Lys Pro Gly Arg Gly Thr Pro Gly Gln Gln 
1 5 10 15 

Lys Gln Asp Thr Ser Thr Arg Ser Asp Thr 
20 25 

(465) INFORMATION FOR SEQ ID N0:465 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: a:mino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:465: 

Gln Gln Val Ala Glu Val Lys Pro Gly Arg Gly Thr Pro Gly His Pro 
1 5 10 15 

Arg Gln Gly Ala·ser Phe Arg Ser Asp Ser 
20 25 

(466) IHFORMATION FOR SEQ ID N0:466 

ii) _SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:466: 

Gln Gln Val Ser Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
50 l 5 10 15 

Gly Thr Gly Thr Ser Val Lys Ala Glu Thr 
20 25 

55 
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(467) INFORMATION FOR SEQ ID N0:467 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

• • 41 • • ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:467: 

Glu Gln Val Ala Glu Val Lys Pro Gly Lys Gly Ser Pro Gly Lys Pro 
1 5 10 15 

Ser Gln Gly Lys Ser Ile Lys Ala Ser Thr 
20 25 

(468) INFORMATION FOR SEQ ID N0:468 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear-

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:468: 

Glu Gln Val Ala Glu Val Lys Pro Gly Arg Gly Ser Pro Gly Lys Pro 
1 · 5 10 15 

Ser Gln Gly Lys Ser Ile Lys Ala Ser Thr 
20 25 

(469) INFORMATION FOR SEQ IO N0:469 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:469: 

Gln Gln Val Ala Glu Val Lys Pro Gly Arg Gly Asp Pro Gly Arg Pro 
1 5 10 15 

Arg Gln Ala Ser Ser Thr Ile Ser Ala Thr 
20 25 

(470) INFORMATION FOR SEQ ID N0:470 
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(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE:·a~ino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:470: 

Glu Gln Val Ala Glu Val Pro Gln Gly Lys Gly Arg Pro Gly Lys Ser 
l 5 10 15 

Leu Gln Gly Lys Ser Leu Lys Ala Ser Thr 
20 25 

(471) INFORMATION FOR SEQ ID N0:471 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TY~E: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:471: 

Gln Gln Met Ala Glu Val Lys Pro Gly Arg Gly Thr Pro Gly Lys Pro 
1 5 10 15 

Gly Val Val Pro Ser Phe Phe Ser Glu Thr 
20 25 

35 (472) INFORMATION FOR SEQ ID N0:472 

50 

55 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(!i) _MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:472: 

Gln Gln Val Ala Glu Val Lys Pro Gly Arg Gly Thr Pro Gly Arg Tyr 
l 5 10 15 

Ile Trp Glu Pro Ser Phe Phe Asn Glu Gly 
20 25 

(473) INFORMATION FOR SEQ ID N0:473 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
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(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:473: 

Gln Gln Gln Ala Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Lys Pro 
l 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ala Ala Thr 
20 25 

(474) INFORMATION FOR SEQ ID N0:474 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:474: 

Gln Gln .Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Lys Pro 
1 5 10 15 

Jo Ser Lys Ser Thr Ser Lys Thr Ala Ala Thr 

35 

50 

55 

20 25 

(475) INFORMATION FOR SEQ ID N0:475 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
( B )' TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi)_SEQUENCE DESCRIPTION: SEQ ID N0:475: 

Gln Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Cly Lys Pro 
l 5 10 15 

Ser Lys Ser Thr Ser Asn Thr Ala Ala Thr 
20 25 

(476) INFORMATION FOR SEQ ID N0:476 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:476: 

Gln Gln Gln Pro Gly Leu Lys.Pro Ser Ser Gly Ser Ala Gly Lys Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ala Ala Thr 
20 25 

(477) INFORMATION FOR SEQ ID N0:477 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:477: 

Arg Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Pro Pro Gly Lys Pro 
25 l 5 10 15 

30 

35 

55 

Ser Arg Gly Thr Ser Arg Ser Ala Ala Thr 
20 25 

(478) INFORMATION FOR SEQ ID N0:478 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:478: 

Gln Gln Gln Ala Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Arg Thr 
l 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ala Ala Thr 
20 25 

(479) INFORMATION FOR SEQ ID N0:479 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: ·26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:479: 

Gln Gln Glu Pro Gly Leu Arg Pro Ser Ser Gly Thr Pro Gly Arg Thr 
1 5 10 15 

Pro Arg Ser Thr Ser Lys Thr Ala Ala Thr 
20 25 

(480) INFORMATION FOR SEQ ID N0.:480 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:480: 

Xaa Gln Glu Pro Gly Leu Arg Pro Ser Ser Gly Ser Pro Gly Arg Thr 
1 5 10 15 

Pro Arg Ser Thr Ser Lys Thr Ala Ala Thr 
20 25 

(481) INFORMATION FOR SEQ ID N0:481 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:481: 

Gln Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Ser Arg Val 
1 ·5 10 15 

- -Ser Lys Ser Thr Ser Lys Thr Pro Glu Thr 
20 25 

(482) INFORMATION FOR SEQ ID N0:482 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:482: 
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Gln His Gln Ala Gly Leu Lys Arg Ser Ser Gly Pro Pro Gly Lys Pro 
5 1 5 10 15 

10 
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Ser Thr Ser Thr Ser Lys Thr Ala Ala Thr 
20 25 

(483) INFORMATION FOR SEQ ID N0:483 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE·TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:483: 

Glx Gln Glu Ser Gly Leu Lys Pro Thr Ser Gly Ser Pro Gly Lys Pro 
1 5 10 15 

Ser Lys Ser Arg Ser Lys Ala Ala Asp Ala 
20 25 

(484) INFORMATION FOR SEQ ID N0:484 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:484: 

Gln Thr Lys Pro Thr Leu Lys Pro Thr Thr Gly Ser Pro Gly Arg Pro 
1 5 10 15 

Ser Lya Ser Thr Ser Lys Asp Pro Val Thr 
20 25 

(485) INFORMATION FOR SEQ ID N0:485. 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:485: 
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Gln Thr Lys Pro Thr Leu Lys Pro Thr Thr Gly Ser Pro Gly Lys Pro 
l S 10 15 

Ser Arg Ser Thr Ser Arg Asp Pro Val Ser 
20 25 

(486) INFORMATION FOR SEQ ID N0:486 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:486: 

Glu Thr Arg Pro Ala Leu Lys Pro Thr Thr Gly Ser Pro Gly Lys Thr 
l 5 10 15 

Ser Lys Thr Thr Ser Lys Asp Pro Val Thr 
20 25 

(487) INFORMATION FOR SEQ ID N0:487 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:487: 

Gln Asn Arg Pro Ala Leu Lys Ala Thr Thr Gly Ser Pro Gly Lys Thr 
l 5 10 15 

Ser Glu Thr Thr Ser Lys Asp Pro Ala Thr 
20 25 

(488) INFORMATION FOR SEQ ID N0:488 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:488: 

Gln Thr Thr Pro Ala Leu Lys Pro Lys Thr Gly Ser Pro Gly Lys Thr 
l 5 10 15 
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Ser Arg Thr Asp Ser Lys Asn Pro Val Thr 
20 25 

(489) INFORMATION FOR SEQ ID N0:489 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:489: 

Gln Thr Arg Pro Ala Leu Arg Pro Thr Thr Gly Ser Pro Gly Glu Ala 
l 5 lO 15 

- 20 Ser Glu Thr Thr Ser Lys Gly Pro Gly Thr 

25 

35 

50 

55 

20 25 

(490) INFORMATION FOR SEQ ID N0:490 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:490: 

Gln Thr Arg Pro Ala Leu Lys Pro Thr Thr Gly Ser Pro Gly Lys Thr 
1 5 . 10 15 

Ser Glu Thr Thr Ser Arg Asp Thr Ala Tyr 
· 20 25 

(491) INFORMATION FOR SEQ ID N0:491 

4i)_SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:491: 

Leu Glu Gly Val Gln Leu Trp Gly Gly Arg Gly Ile Ser Arg Lys Tyr 
l 5 10 15 

Ala Lys Gly Asn Gly Lys Arg Glu Asp Ser 
20 25 
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(492) INFORMATION FOR SEQ ID N0:492 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) ·SEQUENCE DESCRIPTION: SEQ ID NO: 492: 

Tyr Asn Asn Pro Gly Asn Gly Tyr Ile Ala 
1 5 10 

(493) INFORMATION FOR SEQ ID N0:493 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:493: 

Tyr Ile Asn Pro Gly Lys Gly Tyr Leu Ser 
1 5 10 

(494) INFORMATION FOR SEQ ID N0:494 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:494: 

Arg Ala Ser Gln Glu Ile Ser Gly Tyr Leu Ser 
1 5 10 

(495) INFORMATION FOR SEQ ID N0:495 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:495: 

Arg Ala Ser Gly Asn Ile His Asn Tyr Leu Ala 
1 5 10 
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( 496) INFORMATION FOR SEQ ID N0:496 

( i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
10 

(Xi) SEQUENCE DESCRIPTION: ·SEQ ID N0:496: 

Arg Ala Ser Gln Asp Ile Asn Asn Phe Leu Asn 
l 5 10 

15 (497) INFORMATION FOR SEQ ID N0:497 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
{BJ TYPE: amino acid 

20 (C) TOPOLOGY: linear. 

- ( ii) MOLECULE TYPE: peptide 

25 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:497: 

Arg Ala Ser Gln Ser Ile Gly Asn Asn Leu His 
1 5 10 

(498) INFORMATION FOR SEQ ID N0:498 
30 

( i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 

. (C) TOPOLOGY: linear 
35 

( ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE· DESCRIPTION: SEQ ID N0:498: 
~ 

Ala Ala Ser Thr Leu Asp Ser -
1 5 

(499) INFORMATION FOR SEQ ID N0:499 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:499: 

Tyr Thr Thr Thr Leu Ala Asp 
55 l 5 
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(500) INFORMATION FOR SEQ ID N0:500 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: ~mino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:500: 

-Phe Thr Ser Arg Ser Gln Ser 
1 5 

(501) INFORMATION FOR SEQ ID N0:501 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi)·SEQUENCE DESCRIPTION: SEQ ID N0:501: 

Lys Ala Ser Ser Leu. Glu Ser 
1 5 

(502) INFORMATION FOR SEQ ID N0:502 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:502: 

Leu Gla Tyr Leu Ser Tyr Pro Leu Thr 
1 5 

(503) INFORMATION FOR SEQ ID N0:503 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B} TYPE: amino .acid 
(C) TOPOLOGY: linear 

(ii). MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:503: 

Gln His Phe Trp Ser Thr Pro Arg Thr 
1 5 
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(504) INFORMATION FOR SEQ ID N0:504 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:504: 

Gln Gln Gly Asn Ala Leu Pro Arg Thr 
1 5 

(505) INFORMATION FOR SEQ ID N0:505 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:505: 

Gln Gln Tyr Asn Ser Tyr Ser 
1 5 

(506) INFORMATION FOR SEQ ID N0:506 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:506: 

Thr Phe Gly Ile Th.r 
l 5 

(507) INFORMATION FOR SEQ ID N0:507 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: s amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:507: 

Gly Tyr Gly Val Asn 
1 5 
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(508) INFORMATION FOR SEQ ID N0:508 

. . . . 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:508: 

Ser Asn Gly Ile Asn 
1 5 

(509} INFORMATION FOR SEQ ID N0:509 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:509: 

Asp Tyr Ala Met His 
1 5 

(510)' INFORMATION FOR SEQ ID N0:510 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:510: 

Glu Ile Phe Pro Gly Asn Ser Lys Thr Tyr 
1 5 10 

(511) INFORMATION FOR SEQ ID N0:511 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear . 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:511: 

Met Ile Trp Gly Asp Gly Asn Thr Asp 
l 5 
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(512) INFORMATION FOR SEQ ID N0:512 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:512: 

Tyr Asn Asn Pro Gly Asn Gly Tyr Ile Ala 
1 5 10 

(513) INFORMATION FOR SEQ IO N0:513 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:513: 

Ile Ser Trp Asp Ser Ser Ser Ile Gly 
1 5 

(514) INFORMATION FOR SEQ ID N0:514 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:514: 

Arg Glu Ile Arg Tyr 
1 5 

(515) INFORMATION FOR SEQ ID N0:515 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:515: 

Glu Arg Asp Tyr Arg Leu Asp Tyr 
l 5 
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(516) INFORMATION FOR SEQ ID N0:516 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 12 amino acids 
(B} TYPE: amino acid 
(C} TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:516: 

Ser Glu Tyr Tyr Gly Gly Ser Tyr Lys Phe Asp.Tyr 
l 5 10 

(517) INFORMATION FOR SEQ ID N0:517 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:517: 

Gly Arg Asp Tyr Tyr Asp Ser Gly Gly Tyr Phe Thr Val Ala Phe Asp 
1 5 10 15 

30 Ile 

3S 

50 

55 

(518) INFORMATION FOR SEQ ID N0:518 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

~!)_SEQUENCE DESCRIPTION: SEQ ID N0:518: 

Arg Ala Ser .Gln Ser Ile Ser Arg Trp Leu Ala 
1 5 10 

(519) INFORMATION FOR SEQ ID N0:51~ 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:519: 

205 

BIOEPIS EX. 1002 
Page 3864



5 

10 

15 

20 

25 

30 

35 

. 40 

•· . . . . . 
:ep O 592 106 A1 . 

Glu Ala Ser Asn Asp Leu Ala 
1 5 

(520) INFORMATION FOR SEQ IO N0:520 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE:· amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:520: 

Asp Phe Tyr·Met Glu 
1 5 

(521) INFORMATION FOR SEQ IO N0:521 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi} SEQUENCE DESCRIPTION: SEQ ID N0:521: 

Ile Ile Trp Asp Asp Gly Ser Asp Gln 
1 5 

(522} INFORMATION FOR SEQ IO N0:522 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii). MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:522: 

Gln Ala Ser Gln Ser Ile Ile Lys Tyr Leu Asn 
1 5 10 

Claims 
50 

1. A method for determining how to humanize a rodent antibody or fragment thereof by resurfacing. said 
method comprising: 

(a) determining the conformational structure of the variable region of said rodent antibody or fragment 
thereof by constructing a three-dimensional model of said rodent antibody variable region; 

55 (b) generating sequence alignments from relative accessibility distributions from x-ray crystallographic 
structures of a sufficient number of rodent antibody variable region heavy and light chains to give a set 
of heavy and light chain framework positions wherein said set is identical in 98% of said sufficient num
ber of rodent antibody heavy and light chains; 
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(c) defining for said rodent antibody or fragment thereof to be humanized a set of heavy and light chain 
surface exposed amino acid residues using said set of framework positions generated in said step (b); 
(d) identifying from huma·n antibody amino acid sequences a set of heavy and light chain surface ex
posed amino acid residues that is r:nost dosely identical to said set of surface exposed amino acid re-

5 sidues defined in said step (c). wherein said heavy and light chain from said human antibody are or 
are not naturally paired; 
(e) substituting. in the amino acid sequence of said rodent antibody orfragmenUhereofto be humanized 
said set of heavy and light chain surface exposed amino acid residues defined in said step (c) with 
said set of heavy and light chain surface exposed amino acid residues identified in said step {d); 

10 (f) constructing a three-dimensional model of said variable region of said rodent antibody or fragment 
thereof resulting from the substituting specified in said step (e); 
(g) identifying, by comparing said three-dimensiona.1 models constructed in said steps (a) and (f). any 
amino acid residues from said set identified in said step (d), that are within 5 Angstroms of any atom 
of any residue of the complementarity determining regions of said rodent antibody or fragment thereof 

15 to be humanized; and 

20 

25 

30 

(h) changing any residues identified in said step (g) from the human to the original rodent amino acid 
residue to thereby define a rodent antibody humanizing set of surface exposed amino acid residues; 
with the proviso that said step (a) need not be conducted first, but must be conducted prior to said step 
{g). 

2. The method of claim 1, wherein said rodent antibody is an·antibody fragment 

3. The method of claim 2. wherein said rodent antibody fragment is a single chain antibody, a Fv fragment. 
a Fab fragment, a Fab2 fragment or a Fab' fragment. 

4. The method of claim 1 or 2, wherein said step (d) identifies a set of naturally paired heavy and light chain 
surface exposed amino acid residues that is most closely identical to said set of surface exposed amino 
acid residues defined in said step (c}. 

5. The method of claim 1 or 2, wherein said surface exposed amino acid residues are those residues whose 
solvent accessibility is above 30%. 

6. The method of claim 1 or 2. wherein the rodent antibody orfragment thereof to be humanized is a murine 
antibody. 

35 7. The method of claim 6, wherein said set of framework positions of surface exposed amino acid residues 
is defined by the set shown in Table 1 and the alignments set forth in Figures 3A and 38. 

Light Chain 

Position Human Mouse 

1 051 E34A5S5 D 76 Q 9 E 6 

3 V 38 Q 24 S 24 Y 6 V63022L5 

5 T 61 L 37 T87 

9 P 26 S 26 G 17 A 14 L 7 S 36 A29 L 17 P 5 

15 P 62 V 25 L 12 L47 P 30V SA 7 

50 18 R 57 S 18 T 13 P 6 R 38 K 22 S 13 Q 12 T 9 

46 P 94 P82 S 9 

47 GS9 G 71 D 18 

55 51 K 43 R 31 K 70 Q 13 RS T5 

63 G91 G98 

207 

BIOEPIS EX. 1002 
Page 3866



. . . 
EP O ~2106A1 . . 

66 043 S 25A9 D 38A26S 26 

73 S 96 S 9015 

s 76 D 43 T 18 S 16 E 15 D 67 S 15A5 K 5 

86 P 44 A 27 S 17 T 8 A50 P 11 T 8 E 7 Q 6 

87 E 71 D 11 G 7 E91 06 

10 
111 K 74 R 12 N 6 K93 

-
115 K54 L40 K87 LS 

116 R60 G 33 S 5 R89G9 

1S 
117 Q 50 T 37 E 6 P 6 A 74 Q 14 P 5 R 5 

Heavy Chain 

Position Human Mouse 

20 118 E 47 Q 46 E 59 Q 29 D 10 

120 Q 83T7 Q 68 K 26 

122 V 59 L 15 Q 13 Q 57V27 LS KS 

2S 126 G 54 A23 P 18 G 36 P 30 A29 

127 G 53 E 22 A 14 D 7 E45G43 S 6 

128 L 61 V 31 F 7 L96 

3D 
130 K 46 Q 41 E 5 K52 Q 27 R 17 

131 P 95 P91 AS 

132 G 74 S 16 T7 G 82 S 17 
3S 

136 R 53 K 23 S 17 T 7 K66 S 17 R 13 

143 G96 G98 

145 T 46 S 32 N 917 T 63 S 19 N 7 A 5 D 5 ·;.,.,· 

160 P 84 S 10 P89H7 

161 G93 G 71 E24 

162 K 76 Q 10 RS K 50 Q 30 N 10 H 5 

183 D 26 P 25 A 17 Q 10 T 7 E 31 P 22 D 17 A 12 Q 11 

184 S 70 K 9 P 8 K42 S 37 T 6 

so 186 K 53 Q 22 R 7 N 5 K83Q7 

187 G 66 S 21 T 5 G 62 S 18 D 10 

195 T 30 D 26 N 19 K 7 T 36 K 30 N 26 D 6 

ss 
196 S 91 S 76A 16 

197 K65 I 8 T 8 R 5 S 46 K34 Q 11 
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208 

209 

210 

212 

. 
EP o 'ssi 10& .i..1 : 

R 46 T 18 K 17 D 6 

A50P21S13T8 

. . . . 

E 46 A 18 D 13 S 9 Z 8 V 5 

T91 

Table 1 

. . . 
S 67 A ~4 T 11 

E 88 D .7 

T53 S 43 

8. The method of claim 1 or 2. wherein the rodent antibody or fragment thereof to be humanized is murine 
antibody antisN901. 

9. The method of claim 8; wherein said set of framework positions of surface exposed amino acid residues 
is defined by the set shown in Table 1 and the alignments set forth in Figures 3Aand 38. 

Light Chain 

Position Human Mouse 

1 D 51 E 34 ASS 5 D 76 Q 9 E 6 

3 V 38 Q 24 S 24 Y 6 V63Q 22 LS 

5 T 61 L 37 T87 

9 P 26 S 26 G 17 A 14 L 7 S 36 A29 L 17 P 5 

15 P 62 V 25 L 12 L47 P 30 V SA 7 

18 R57S18T13P6 R 38 K 22 S 13 Q 12 T.9 

46 P 94 P82S 9 

47 G89 G 71 D 18 

51 K 43 R 31 K 70 Q 13 RS T 5 

63 G 91 G98 

66 D 43 S 25A9 D 38A26 S 26 
._ 

73 S 96 S 9015 

76 D 43 T 18 S 16 E 15 D 67 S 15A5 K 5 

86 P 44 A 27 S 17 T 8 ASO P 11 T 8 E 7 Q 6 

87 E 71 D 11 G 7 E91 06 

111 K 74 R 12 NS K93 · 

115 K 54 L40 K87 LS 

116 R60G33S5 R89G9 

117 Q 50 T 37 E 6 P 6 A74Q14P5R5 

Heavy Chain 

Position Human Mouse 

118 E 47 046 E 59 029 D 10 
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j 120 Q 83T7 Q 68 K 26 

122 V 59 L 15 Q 13 Q 57V27LS K 5 

126 G 54 A23 P 18 G36 P 30A29 

127 G 53 E 22 A 14 D 7 E.45G 43 S 6 

128 L 61 V 31 F 7 L96 

130 IK46 a 41 Es K 52 Q 27 R 17 

131 P95 P91 AS 

132 G 74 S 16 T7 G 82 S 17 

136 R 53 K 23 S 17 T 7 K 66 S 17 R 13 

143 G96 G98 

145 T 46 S 32 N 917 T 63 S 19 N 7 A 5 D 5 

160 P 84 S 10 P89 H 7 

161 G93 G 71 E 24 

162 K76Q10R8 K 50 Q 30 N 10 H 5 

183 026P25A17Q10T7 E 31 P 22 D 17 A 12 Q 11 

184 · 5 70 K 9 P 8 K42 5 37T6 

186 K 53 Q 22 R 7 N 5 K83Q7 

187 G 66 S 21 T 5 G 62S 18 D 10 

195 T 30 D 26 N 19 K 7 T 36 K 30 N 26 D 6 

196 S9'.1 S 76A 16 

197 K65 I 8 T 8 R 5 S 46 K 34 Q 11 

208 R 46 T 18 K 17 D 6 S 67 A 14 T 11 

209 A 50 P 21 S 13 T 8 E8807 

210 E 46 A 18 D 13 S 9 Z 8 V 5 T53S43 

212 T91 

Table 1 

1 O. A method for producing a humanized rodent antibody or fragment thereof from a rodent antibody or frag-
ment thereof by resurfacing. said method comprising. 

(I) carrying out the method of claim 1; and 
(II) modifying the rodent antibody or fragment thereof by replacing the set of rodent antibody surface 
exposed amino acid residues with the rodent antibody humanizing set of surface exposed amino acid 
residues defined in said step (h). · 

11. The method of claim 10, wherein said rodent a·ntibody is an antibody fragment. 

12. The method of claim 11, wherein said rodent antibody fragment is a single chain antibody, a Fv fragment, 

210 
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a Fab fragment, a Fab2 fragment or a Fab' fragment. 

13. The method of daim 10 or 11, wherein said step (d) identifies a set of naturally paired heavy and light 
chain surface exposed amino acid residues that is most closely identical to said set of surface exposed 

5 amino acid residues defined in said step (c). 

10 

15 

20 

25 

30 

35 

50 

55 

14. The method of claim 10 or 11, wherein said surface exposed amino acid residues are those residues 
whose solvent accessibility is above 30%. 

15. The method of claim 10 or 11. wherein the rodent antibody or fragmentthereof to be humanized is a murine 
antibody. 

16. The method of claim 15, wherein said set of framework positions of surface exposed amino acid residues 
is defined by the set shown in Table 1 and the alignments s~t forth in Figures 3A and 3B. 

light Chain 

Position Human Mouse 

1 051 E34A5S5 D76Q9E6 

3 V 38 Q 24 S 24 Y 6 V63022L5 

5 T 61 L 37 T87 

9 P 26 S 26 G 17 A 14 L 7 S 36 A 29 L 17 P 5 

15 P 62 V 25 L 12 L47P30V8A7 

18 R 57 S 18 T 1 3 P 6 R 38 K 22 S 13 Q 12 T 9 

46 p 94 P82S9 

47 G89 G 71 D 18 

51 K 43 ~ 31 K 70 Q 13 RS TS 

63 G 91 G98 

66 D 43 S 25A9 D 38A26S 26 

73 S 96 S9015 

76 D 43 T 18 S 16 E 15 D 67 S 15A5 K 5 

86 P 44 A 27 S 17 T 8 ASO P 11 T 8 E 7 Q 6 

87 E 71 D 11 G 7 E91 06 

111 K 74 R 12 N 6 K93 

115 K 54 L40 K87 LS 

116 R60G33S5 R89G9 

117 Q 50T37 ES PS A 74 Q 14 P 5 R 5 

Heavy Chain 

Position Human Mouse 

118 E 47 Q 46 E 59 a 29 0 10 

120 Q 83T7 Q 68 K 26 

122 V 59 L 15 Q 13 Q 57 V27 LS K 5 
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10 

1S 

20 

2S 

30 

3S 

50 

ss 

. . . 
l;p O &92106 A1 

126 G 54 A23P 18 G 36 P 30A29 

127 G 53 E 22 A 14 D 7 E 45 G43 S 6 

128 L61 V 31 F 7 L96 

130 K 46 Q 41 E 5 K52 Q 27 R 17 

131 P 95 P91 AS 

132 G 74 S 16 T7 G 82 S 17 

136 R 53 K 23 S 17 T 7 K66S17R13 

143 G96 G98 

145 T 46 S 32 N 917 T 63 S 19 N 7 A 5 D 5 

160 P 84 S 10 P89 H7 

161 G93 G 71 E24 

162 K76Q10R8 K50030N10H5 

183 D 26 P 25 A 17 Q 1 0 T 7 E 31 P 22 D 17 A 12 Q 11 

184 S 70 K 9 P 8 K42 S 37T 6 

186 K 53 Q 22 R 7 N 5 K83 Q 7 

187 G 66 S 21 T 5 G62S18010 

195 T 30 D 26 N 19 K 7 T36K30N26D6 

196 S 91 S 76 A 16 

197 K 6518 T 8 R 5 S 46 K 34 Q 11 

208 R 4!> T 18 K 17 D 6 S 67 A 14 T 11 

209 A 50 P 21 S 13 T 8 E8807 

210 E 46 A 18 D 13 S 9 Z 8 V 5 T 53 S 43 

212 T91 

Table 1 

17. The method of claim 10 or 11, wherein the rodent antibody orfragmentthereofto be humanized is murine 
antibody anti-N901. 

18. The method of claim 17. wherein said set of framework positions of surface exposed amino acid residues 
is defined by the set shown in Table 1 and the alignments set forth in Figures 3A and 38. 

Light Chain 

Position Human Mouse 

1 051 E34A5S5 D76Q9 E 6 

3 V 38 Q 24 S 24 Y 6 V63Q 22 LS 

212 
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5 

9 

5 
15 

18 

46 

10 
47 

51 

63 

15 
66 

73 

76 

20 
86 

87 

111 

25 
115 

116 

117 

30 

Position 

118 

35 120 

122 

126 

127 

128 

130 

131 

132 

136 
50 

143 

145 

5S 
160 

161 

T 61 L 37 

• • . 

P 26 S 26 G 17 A 14 L 7 

P 62 V 25 L 12 

R 57 S 18 T 13 P 6 

P 94 

G89 

K 43 R 31 

G 91 

043 S 25A9 

S 96 

D43T18S16E15 

P 44 A 27 S 17 T 8 

E71D1iG7 

K 74 R 12 N 6 

K 54 L40 

R 60 G 33 S 5 

Q 50 T 37 E 6 P 6 

Heavy Chain 

Human 

E 47 Q 46 

083 T7 

V 59 L 15 Q 13 

G 54 A23 P 18 

G 53 E 22 A 14 D 7 

L61 V 31 F 7 

K46 Q 41 E 5 

P95 

G 74 S 16 T 7 

R 53 K 23 S 17 T 7 

G96 

T 46 S 32 N 917 

P 84 S 10 

G93 

213 

T 87 

S 36 A 29 L 17 P 5 

l47 P 30 V BA 7 

R 38 K 22 S 13 Q 12 T 9 

P82 S9 

G 71 D 18 

K 70 Q 13 R 8 T 5 

G98 

D 38A26 S 26 

S 9015 

D 67 S 15A5K5 

A 50 P 11 T 8 E 7 Q 6 

E 91 D6 

K93 

K87 LS 

R89G9 

A 74 Q 14 P 5 R 5 

Mouse 

E 59 Q 29 D 10 

Q 68 K26 

Q 57V 27 LS K 5 

G 36 P 30A29 

E45 G43 S 6 

L96 

K52 Q 27 R 17 

P91A5 

G82 S 17 

K 66 S 17 R 13 

G98 

T 63 S 19 N 7 A 5 0 5 

P89 H 7 

G 71 E24 
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162 K 76 Q 10 R 8 K 50 Q 30 N 1 O H 5 

183 D 26 P 25 A 17 Q 10 T 7 E 31 P 22 D 17 A 12 Q 11 

5 184 S 70 K 9 P 8 K42 S 37T6 

186 K 53 Q 22 R 7 N 5 K8307 

187 G 66 5 21 TS G 62 5 18 D 10 

10 195 T 30 D 26 N 19 K 7 T 36 K 30 N 26 D 6 

196 5 91 S 76 A 16 

197 K6518T8R5 S 46 K 34 Q 11 

15 
208 R 46 T 18 K 17 D 6 S 67 A 14 T 11 

209 A 50 P 21 5 13 T 8 E 8807 

210 E 46 A 18 D 13 S 9 Z 8 V 5 T53S 43 
20 

212 T 91 

Table 1 

25 

30 

35 

50 

55 
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FIG. 3A 
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0.2 

. . 

0 I 100 20 40 60 80 
RESIDUE POSITION 

. lfR 1 CDR LI LFR 2 CDR t2 lfR 3 CDR l3 LFR 4 
I I I I I I ................. 11 I ....... , I I I II ••••••••••• ·I 111 

m .. .., ~. 
0. 
IJ'I •. .. 6 .. 
.... 
0 
O'I . ,., . . .... . . 

glb2 Dl(.141QSPSSLSASLGtRVSLTCRASQEISG---~--YLSWLOOKPOOTIIRLIYAASTLOs;VPmFSGRRSGSDYSLTISSLESEDFADYYCLQYLS··YPLTFGAGTKLELKRA (SEQ ID IO: ll .•. 
lfdl D!(Jfl1JS?ASLSASVGETVTITCRASGNIHN------YT...AWYQQKQGXS?QLLVYY'l'Tl'LA!X:VPSRFSGSGSGTQYSLKINSI.-OPEDFGSYYCQHFWS--TPR~EIXRR ISEQ ID IO: 2) 

2h(l DIVLTQS?AIMSASPGE~ASSSVN··--···YKYWYQQKSGTSP~wtYIYl'SKLASGVi'VRFSGSGSGTSYSLTISSM£TEDAAEYY~--NP-TFCCG1'KLEIKRA ISEQ ID t«l: JI 
l hf m DIVL n;)SPATLSVTPGNSVSLSCAASQSIC:N· --- - -NLltY!'QQKSRESP!ILLIIYASQSISGI PSRFSGSGSGTOFTLS INSVETEDFOOFCQQSNS 0 WPYTF(l;Gffl,E!m I SEQ ID 10: 41 

2 f o j EIVL TQSPAITMS~MITCSASSSVSS· • • • • • ·LEWYQQKSGTSPKPWIYEISKLA$VPARFSGSGSGTSYSLT Dmlf.A..fllAAIYYCQCl,'TY--PLITFGAGTKLELKAA I SEQ ID tll: S l 
2 fb4 ESVLn;)PPSASG·TPQJRVTISt"l'CTSSNIG· -- ·SI'lVNWYQQLPGMAPKLLIYIUW!RP!WPI'RFSGSXSGTSASLAISGLWDESDYYCAS"ifNSsr:NSYVFCTGTKV'l'Vl.GJ (SEQ ID IO: 61 
2mcp DIVlffl)S?SSLSVSAGr:RVTMSCXSSQSLLNSGNQKNFI.AWYOOKFWPPKLLIYGAS'l'R!$VPDRfTCSGSGTDrrLTISSVQAEDLAVYYCONDHS-• YPLTFGAGTKLEIIOIA I SEQ I!) IO: 71 
Hab -SVL WPPSVSG-AP(JJRV'i'ISrn:SSS!iiG- -• AGNh"VKWYOOLPGTAPKLLirrOOIA· • • • • • • RFSVSXSGSSATI..,\ ITGLOAEDEADYY('QSYDR- • SLRvm;cm. 'IVLRQ mo ID 00: e I 
( fab DVVM'lVl'PLSLPVSLGIX)ASISCRSSQSLVliS-(XmYLRWYLQK!WSP!M.IYIVSNRFSGVPNRfSGSGSGTDFTLK ISRVWDLGVYFCSQS'l'H- ~VPW'l'rniGTKLEIKRA (SEO ID 00: 91 
lf19 DI~SLSAStGDRVTISCRASQDISN······YLi'IWYOOKP!Xil'VKLLVYY'l'Si!Li!SGVPSRFSGSGSGTDYSLTISNLEBEDIATYFCQC.x;ST··TPRTFO:iGTKLEIKRR (SEO ID IO: 101 
6 f ab DI(.l!WI ?SSLSASLGDRVSISCAASOOINN- • • • • • FLNWYOOKPOO'!!KLLI'!FTSRSOSGVPSRFSGSGSGT!JYSLTISNLF.OEDIAT'!flWNA •• LPRTFO:mltL£1 !IBA I SEQ ID ~'O: 1 ! I 
1 dfi> D!QM'l'QS?S"!":.SASVGD!IVTiTC!USQSIS~ • • • • • • wl.1.wYOO~~~V?KLL!m5SLES<lVPSRFSGSC:SGTI:r1'LT ISSl-OPOOFATY'!('QQYNS • -• • YSFGPGTKVDllG'!' I SEO !O NO: 121 
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HFR I COR HI HFR 2 COR H2 HFR] COR H3 
I I I Ill Ill I I I·,...... Ill 111 '* 1111

••• II II 111 111 I ••••••••••••••••• 

glb2 CJYQIOOOOTELAR~~IT··W.<Q~OOGEIF~S-·XTmERFKGXATLTADXSSTl'AYKQLSSLTSEDSAVYFCAREIR·············OO IStQ iD NO: lJi 
lfdl QVQWSG~LVAP9JSLSI'ltTVSGFSL'roYGVK··Wl!QP!'GXGLMOO~---tn'DYNSMJCSRLSISX!JfSX9JVTimSLJm)M'AJIYYCAIIL'IDYlU.········-()Yl«; 1St'Q ID ~: HI 
2bfl ·VO~PGASVXISCXASCY'l'FSOYW1£··WVKQRP(;tGLE.WIGEILKlSG··S'l'HYHEIU1GKA'l'rl'Al71'SSSTAY!4QLHSLTSED9'.iVYYCUJGNYDF··········~ (Sa:) ID NO: 15) 

lhf!a IWOLO~PSLVK~L'ltSY'l'GDSlTSD'IWS· ·WIRXF!Gm.EYHGYVSYSG·· • S'l'Y'YNPSLXSRISITRDTSll«JmDLHSV'l'l'EDTAfflc:AHWlXi· •• • •• ••• ···IM«i (SEO ID I«>: 161 
2fbj EVKLLESOO,LVOPOOS~FSlYWMS··WRQ.\PGXGLE.WIGEIHPOSG··TimPSLXDKFIIS'RllruJfSLYI/JfSKVRSEl7l'ALYYCARI..HY'tUYK········AOO IStQ ID NO: 171 
2 fb4 EVQLV~PGRSUU.SCS$1FSSYAMY ··WRQAPGXGLlYIAIIWOCXiS· ·DJIIYAl1iVXGmIS!Uf00Ktn'LFLO(!)SLR.P£171.'GVYFCARmGFCSSASCFGPDOO (SDJ ID I«>: 18) 
2111Cp MLVESOO:LVOPOOSLR!S:ATSGFTrSDFYl'.E··INRQP~f.WIAAS~GN'ml'EYSASVKGRFtvSRM'SQSILYU)INALRA£D'l'AiYYCARNYYGSTWYF··· ···DVl«i (SDJ ID 00: 19 l 

7fab ·VOLDJSGKlLVRP,JTLSL'ltTVSGTSF'DDYYST··WROP!lGRGLE.WIGYVTYHG···TSrtrorPLRSRY'OO.YNTSOOFSLRLSSVTMl7l'AVYYCARMLIAGCI ········IM«:i (SDJ ID NO: 201 
Hab EVKLDEtro:;LVQPGRPMXLltVASGFTFSDYWIOl··WRQSPEXGLL'WVAQ!RIIX.PYNYmYSOOVXGRM'ISaDOOKSSVYl{IOOILRVEIYYt'roSYYQ!··········DYWG (SDJ ID 00: 211 
1f 19 CJYQI.m,GA£LVAASSSVICH~SYGVN-·WVKOR~Lf.WIGY1MKlKG· • YLSYHEXFKGX1TL TVORSSSTA ~LRSLTSEDSAVYFCARSFYCGSDLAVYYF • -OSK; (St(! ID NO: 22) 
6{al> 1:VQ~L'tit'GSSV:Q!SC1l.scrf~Sl«?!N··RV:<QR~iooGYNN!GIG··r!AYM~FXGX'!'!'L1VDXSSSTAY!()LRSL'!'SrosAVYrCARSE."f!GCS'ro'·····DOO (SW lD NO: n) 

i dfl i:'/OLVt:iC'.,'T:L'IOP<:~51.a!,.~.l,\~;'ITli'O'rnf.~ • • ~10:. ?(;:,{C:L2'1f/~ 1 ~=-S • • rm:'!'ADS'l~r.amlimHAIOISL '!'!..mN.ii,AA£Dl~LY'!r.r~r.mrro.cn:;mvAFDil«"i I 5i.'O ii) l,1'l: 241 ,. 

. "' ... -0 .. 
0 •• 

• tB" •.•• 
N .... 
0 
a, 
:,,. .... 
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FIG. 4A 
Light Chain Sequences 

1 N901L 

2 KOL 

3 N901L/KOL 

4 KV2F$HUMAN 
[most identical seq) 

5 N901L/KV2F 
(CDR grafted) 

6 KV4B$HUMAN 
N. (most identical surf) .... 

7 N901L/KV4B IO 

[Resurfaced) 

1 N901L 

2 KOi, 

· 3 N901L/KOL 

4 KV2F$HUMAN 
[most identical seq] 

5 N901L/KV2F 
(CDR grafted) 

6 KV48$HUMAN. 
(most identical surf) 

7 N901L/KV4B 
[Resurfaced] 

c.· .... _ 

10 20 30 40 50 60 70 
---------+---------•--- ------•-- - ---+ ---------+----- ----+-- ---- --+ 

:DVLMTQTPLSLPVSLGDQASISC RSSQIIIHSDGNTY-LE WFLQKPGQSPKLLIY KVSNRFS GVPDRFSG 

:QSVLTQPPSASG-TPGQRVTISC SGTSSNIGS----STVN WYQQLPGMAPKLLIY RDAMRPS GVPDRFSG 
I * I . I I 

:QVLMTQTPSSLPVTLGQQASISC RSSQTTIHSDGNTY-LE WFLQKPGQSPKLLIY KVSNRFS GVPqRFSG 

:DVVMTQSPLSLPVTLGQPASISC RSSQSI.VYSDGNTY-LN WFQQRPGQSPRRLIY KVSNRDS GVPDRFSG . I I 11 .-. 
: DVI,MTQSPLSLPVTLGQPASISC RSSQI I IHSDGNTY-LE WFQQRPGQSPRLLIY KVSNRFS GVPDRFSG 

:DIVMTQSPDSLAVSLGERATINC KSSQSVLYSSNNKNYLA WYQQKPGQPPKLLIY WASTRES GVPDRFSG 
• I I 

:DVLHTQTPDSLPVSLGDRASISC RSSQIIIHSDGNTY-LE WFLQKPGQSPKLLIY KVSNRFS GVPDRFSG 
( Ll I I L2 

80 90 1.00 110 
- -------•---------+------ ---•------- --+-----

:SGSGTDFTLHISRVEAEOLGVYYC FQGSH--VPHT FGGGTKLEI- (SEQ ID NO: 25 I 

:SKSGASASLAIGGLQSEDETDYYC AJ\WDVSLNAYV FGTGTKVTVL ( 44) (SEQ ID NO:· 26) 
I I I * 

:SGSGTSFTLAISRVEAEDEGVYYC FQGSH--VPHT FGGGTKLEI- (104) (SEQ ID NO: 27) 

:SGSGTOFTLKISRVEAEDVGVYYC HQGTH--WSW'r FGQGTKVEIK ( 87) (SEQ ID NO: 28) 
I I • 

:SGSGTDFTLKISRVEAEDVGVYYC FQGSH--VPHT FGGGTKVEI- (101) (SEQ ID NO: 29) 

:SGSGTDFTLTISSLQAEDVAVYYC QQYDT---IPT FGGGTKVEIK ( 71) (SEQ ID NO: 30) 

:SGSGTOFTLMISRVEAEOLGVYYC FQGSH--VPHT FGGGTKLEI- (109) (SEQ ID NO: 31) 
I L) I 

.. ~:. 
0 
I.II • . ....... 
N .... 
0 -~· • ·p • .... 
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FIG. 48 
Heavy Chain Sequences 

N901H 

2 KOL 

) N901H/KOL 

4 GJ6005 
(most identical seq) 

5 N901H/GJ6005 
(CDR grafted) 

6 PL012J 
(most identical surf) 

7 N901H/PL012J 
(Resurfaced) 

1 N901H 

2 KOL 

3 N901H/KOL 

4 GJ6005 

120 130 140 150 160 170. 180 
--•---------+-----~---+------- --·---- -----•-------- -·---------• -------

:OVQLVESGGGLVQPGGSRKLSCAASGFTFS SFGHH-- WVRQAPEKGLEWVA YISSGSF--TIY HAOTVKG 

:EVQLVQSGGGVVQPGRSLRLSCSSSGFIFS SYAMY-- WVRQAPGKGLEWVA IIWDDGS--DQH YADSVKG 
I I I 11 I I 11 I 

:EVOLVESGGGVVQPGRSLRLSCAASGFIFS SFGMH- WVRQAPGKGLEWVA YISSDGF--TIY HADSVKG 

:QVQLVESGGGVVQPGRSLRLSCAASGFTFS SYAMH-- WVRQAPGKGLEWVA VISYDGS--NKY YADSVKG 
I . I I 11 I I I 

:QVQLVESGGGVVQPGRSLRLSCAASGFTFS SFGMH-- WVRQAPGKGLEWVA YISSGSF--TIY YADSVKG 

:EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMS-- WVRQAPGKGLEWVA NIKODGS--EKY YVDSVKG 
I II I I 

:EVQLVESGGGLVQPGGSLRLSCAASGFTFS SFGMH-- WVRQAPGKGLEWVA YISSGSF--TIY HADSVKG 
I Hl I ( H2 ) 

190 200 210 220 230 240 
--•---------·---------+--------- +---------+------ ---•------

:RFTISRDNPKNTLFLQMTSLRSEOTAMYYCAR MRKGYAM--------DY WGQGT'IVI'VS (SEQ ID NO: 32) 

:RFTISRNDSKNTLFLOMDSLRPEOTGVYFCAR DGGHGFCSSASCFGPDY WGQGTPVTVS ( 77) (SEQ ID NO: 33) 
1 • • 

:RFTISRDDPKNTLFLQMTSLRSEOTAMYYCAR HRKGYAM--------DY WGQGTTVTVS (106) (SEQ ID NO: 34) 

:RFTISRDNSKNTLYLQMNSLRAEOTAVYYCAR DRKDWGWALF-----DY WGQGTLVTVS ( 89) (SEO IO NO: 35) 
(most identical 

5 N901H/G36005 
seq) I I I I I 

. (CDR grafted) 
6 PL012) 

(most identical 
7 N901H/PL0123 

(Resurfa_ced) 

:RFTISRDNSKNTLYLQMNSLRAEOTAVYYCAR MRKGYAM--------DY WGQGTLVTVS 

:RFTISRDNAKNSLYLQMNSLRAEOTAVYYCAR ----------------- ---------
surf) 

:RFTISRDNAKNTLFLQMTSLRAEOTAMYYCAR MRKGYAM--------DY WGQGTTVTVS 
I HJ 

i. 

(103) ( SEQ IO NO: 3 6 ) 

( 74) (SEO ID NO: 37) 

(110) (SEO IO NO: 38) 

. ,,, ... 
"'O • 
o• . ~ ... 

. ..., 
.... 
0 
0, 

> .... 
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iP ;'s;21o&A1: 

. . . . . . 
• • . . . .. 
• • . . 

Knowledge base 

1. Brookhnen databank 
2. Antibody sequence database 
3. Antibod) structure database 

4. Loop database 

I 
Framework 

construction . 
} 

Modelling 

protocol fur 

each CDR . 
I I I I 

Database Database & ab-inilio canonical 
construction ab-inilio construction constnictlon 

construction 

I I I I 
I 

Anall'.sis and validation 

1. Energy screening 

2. Filtering 

3. Torsional clustering 

4. Comparison with canonical structures 

Loop 

insertion . 
Energy 

minimisation 

I 
Fl~AL 

F\ G. 7 MODF.L 
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@ Multichaln polypeptides or proteins and processes for their production." 

@ This invention relates to multichain polypeptides or pro- __ - ---------
teins and processes for their production in cells of host organ- .,.... ---- -
ismswhlch'have·been transfortned tiy'recomblnant·oNK /7..,,,. HVl ', ', 
techniques. / / ~ HV2 . ' ', 

According to a first aspect of the present invention, there / / ~ HVJ \ , 
is provided a process for producing a heterologous mul- { / HVl~ \ \\ 
tlchain polypeptide or protein in a single host cell, which I I\ HVi I I 
comprises transforming the host cell with DNA sequences \ '"'" HVJ J I 
coding for each of the polypeptide chains and expressing said \ .... 
polypeptide chains In said transformed host cell. , F. 'i., / 

According to another aspect of the present invention ,: ~,...... ,.f ,....._ Cl // 
there Is provided as a product of recombinant DNA technol- , -~ -..... / 
ogy an lg heavy or light chain or fragment thereof having an 1 /" - - · ---
intact variable domain. (Fob )2 

The Invention also provides a process for Increasing the CH3 
level of protein expression In a transformed host cell and 
vectors and transformed host cells for use In the processes. 
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MULTICHAIN POLYPEV-TIDES OR PROTEINS AND PROCES_SES FOR 
THEIR PRODUCTION 

This invention relates to mul tich~in polypeptides or .. 

5 proteins and processes for their production in cells 

.of host: organisms which have been transformed by recombi~ 
nant DNA techniques •. 

In recent years ~dvances in molecular biology base~ 

10 on recombinant DNA techniques. have provided pr.ocesses . 

for the producti_on of heterologous ('foreign) polyp~pti:'des· 

or proteins in host cells which have been transformed 

with heterologous DNA sequ~nces which code for the 

production of these products. 

15 

Theoretically, the recombinant DNA approach may be 

applied to the production of any heterologous po~ypeP.tide 
or pro_tein in a suitable host cell, provided _that appro
priat~ -DNA coding sequences can be ident_ified and· used 

.. 
20 to .transform the~host cell. In practice, when.the_ 

reco~binant DNA approach was first applied to the prodµc-
- . . . . .· . . 

tion of commerci~lly. useful products, its _applicatioil . 

for the production of any specified polypeptide or 

protein presented partic"9lar p~oblems _and. diff'icul ties,-· 

25 and the success of applying this approach to the pr~ductio~ 

of any particula~ polypeptide or product was not readily 

predictable. 

However, a large~ number of heterologous singte chain 

30 polypeptides or protein~ have n9w been produced b~. 

host cells tranaformed by recombinant DNA techniques. 
. - . . 

Examples of' such.:. heterologous sing_le chain polypeptides 

or proteins include humar:i interferons, the A and B 
. - . : 

.?hains of hum~-~nsulin,_ human and bovine growth hormone, 

35 somatostatin, calf prochymo~i~ and urokinase. Such 
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transformed host cells provide a reproducible supp·ly 

of· authent·1c heterologous polypeptide or protein which 

may be prdduced cn an industrial scale using industr1al 

fermentation technology. 

It should be pointed out that some of these polypeptides. 

f'or instance urokinase, af'ter secreticn . by a host cell 

appear as . two chain·molecules. However, i.n such cases, 

the molecule is synthesised by the host ce11·as a s1ngle 

10 chain polypeptide, coded f'or by a sin~le l.)NA sequence, 

whi.ch is cleaved i.n the host cell subsequent to synthesis 

to form the two chain structura. 

It is known that in both human and animal systems there 
15 are a number of polypeptides or proteins whi.ch have 

multichain structure in which the chains are not derived 

from the cleavage of a single chain polypeptide coded 

for by a single DNA sequence. In such cases, the gene 
for ehCh of the chains may be located at different points .. 

20 on the same chromosome or even on different chromosomes. 
In these cases, the polypeptide chains are synthesised 

separately and then assembled into the--compiete moiecule 

subsequent to synthesis. Heretofore, no such multichain 

polypeptide or protein has.been.produced by recombinant 

25 DNA techniques from a single host cell. 

A particular example of a class of su ·ch mu1 ticha:i;n ·poly

P~B,tj.,.des. or. pr.o,teins. is, the~ immunoglobulins .•. 

30 Immunoglobulins, commonly referred to as antibodies, 

are protein molecules produced in animals by B-lymphocyte 

cells in response to challenge with foreign antigenic 

agents, such as bacteria, viruses and foreign proteins. 

The immunoglobulins comprise a crucial part of the immune 

35 systems of humans and animals. The immunoglobulins 
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recognise specific parts of the foreign agents and 

bind onto them. Th~ specific parts are usually known 

as antigenic determinants or antibody binding sites. 

A given foreign agent is likely to have a number of 

5 different antigenic determinants. 

A typical immunoglobulin (I&) molecule. is shown in. 

Figure 1 of the accompanying drawings, to which ref eren·ce 

is now made. The I~ molecule comprises two identical 

. 10 polypeptide chains.of~QUt 690.amiti9acid· residues (usually 
referred to as ~he heavy ch~ins H),disulphide bonded 

to each other, and two identical shorter polypeptide 

chains of about 220 amino acid residues (usually referred 

to as. the light cha~ns L),each light chain being disulphide 
15 bonded to one end of each heavy chain as shown. 

When the Ig molecule is correctly folded;each chain 

is formed into a number of distinct globular areas, 
usualiy known as domains, joined by a more linear· poly-

20 peptide chain. The light chains have two such domains, 

one of which is of variable f?equence VL, · and the other 
:r 

of which is of constant sequence CL. The--heavy chai:.ns 

have a· single variable domain v8 adjacent the variable 

doma.1n VL .of the light chain, .and three.· or four constant 

25 domainp CH1 _3 or 4 • 

The variable domains on both the heavy and the light 

chains. e.ach. c.on:tain. thr.e.e hype.r.van-iable. r.egions (HVl-3) 

which, when the Ig molecule is correctly folded)are 

30 located adjacent one another and form the antigen binding 

site. It is this area which recognises and binds to 

the antigenic determinant for which the Ig,molecule ..• 
is specific. 

35 
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The constant domains 0£ the I~ molecule do not take part 

in the bind·ing to the antigenic determinant, but mediate 

the actions triggered by the binding of the Ig molecule 

to the antigenic determinant. It is believed that this 

5 triggering is caused by an allosteric ef£ect induced 

10 

by the binding of the I_g molecule to the antigenic deter

minant. The constant domain may enable the rg molecule 
C 

·to fix complement or may cause mast cells to release 

histamine. 

ig •s may be categorised oy class or subclass, depending 

on which of a number of possible heavy chain constant 

domains they contain, there being eigh~ such possible 

heavy chains· in Ih~ce. Thus, for instance, an I g molecule 

15 with aJ.l heavy chain belongs to the class ISM, and one 

with a t 1 heavy chain to the class IgG1 • · 

Ig's may also contain one of two light chains, designated 

as K ·and A light chains, which have dit'ferent ·const~t 
20 domains and different sets of variable domains. 

The structure of the I g molecule and the_ location of 

the genes coding for the various domains thereof are 

discussed more fully by Early and Hood, in Genetic 

25 Engineering,Principles and Methods, Vol.3, pages 153-158 

(edited by Setlow and Hollaender, Plen~Press). 

I_t is known. th.at I&. mo,J,~cules qn dige~st,ion wi tl) selected 

enzymes can produce a number of' immunolo_gically · functional 

30 fragments. Two such fragments are known as the Fab 

and (Fa;) 2 fragments •. The Fab fragment;comprises one 

light chain linked: to the VH and CHl. domains of a heavy 

chain as shown in Figure 1. The (Fa;) 2 fragment consists 

essentially of two Fab fragments linked-~ogether by a 

35 small additional portion of the heavy chains as shown 

BIOEPIS EX. 1002 
Page 3894



), 

5 

•·. 

........... 
... 

- & -
0120694 

in Figure 1. 'l'he.s.e f.:c:agmen-j;s .. ~4~ <;>:the.r.:·.s±mi.!~r.-· f.r.a:gments: 
~ ·. -;, ·.:. -.. ·. ··~. . .:. .:,'.". . ; . . . : · .· . : . . .. 

can be _of use i:n .. yarious ~~s:ta and Q.i~gnostic and m~_dical 
• • ~ •• r. • i • ~. •• •"' > •• • • .• •; • • .• I. • ., · . • : ,. 

methods:~.-, . 

i' .. •.···· f "J. 

The principJe method .~mplpye .. d far.- th~ p~o:duc·tion_ of: Ig'·s· 
involyes th~ .immUI1isati~~ · of ,.sU:s~~,Pt1b·l~: ~im~ls :-with=_ 

. ·the- antigenic agentr.--;to, .. pr.ov:14~· an. iirunun~·;r.ea_e:tion .• 
·Generally ·the a:n:imal_' i_s;: ,i~uni.s,ed, :·~· .. se-~on.ti:· ·taie to 

. .. . . I,. ·'"< :· .• • •: • • • '. . •• 

. . :": '.1.~p.rove the yield· of., Ig,~ ·•: .. The animal. is .-then-=bled and 
• -;~ ti.- ••• ·=:·:: ~ , .. · ·;" . ·. . .• •. . ·- .. :.::-: : ' ... ··.t ::.-,f.~ ... . . ·:·l .. ·· ... """:,,. ·. . 

·.<:.1~. · -~·.1?he .:~~ i~ r~c<:>v~~e<:1:.ft.~~-:f,~e _se_~um.-. ·. · · -

. ·. ,:._: -:~ .·_t\t.-·:: :: . ··,· _:·::_..:;{ .. ·: ~--~-~{( .. < .· . ·. ··• .· ; ·::· ..... . 
· · ·. ·: ----~: ... Howeye_r, . .-the.-pr.oduc:t .of :.this method ·is not .a homogeneous 

:_- _ ... · :·· .. -~.r~\~.1~. _;; ~~i ~;-~~i ~-~~-~- p_,-0~1.1c __ ~. l~··bf ~iff~r~nt c;asse~: . 

. ·_ .:;~.- .. ·: ~ · .~~?~:l.s9 · I*1 -~p~ci.f~9_.for \~_,<?h ._Pf t.:t:e :-~i£~er~~t antigeni_c 
·15 ··: de:te:rminants_-. o~: the _antig~niQ age~t, . and; its blood.~ wil1 .. 

·····.·· . ~h~~~.f ore .···c:~~t:~f.~. ~ he_tere>gepo:u.s :.~fi!~~f~~ ·a._f. :I.~.i ~.. . . . . 
Obtaini_ng .. ~-'-~pecific, Ig:_ of P.~-~t·cti~ar :c;:1~~.s :. and ·desired 

• • , • ;: ... ~ • \• • • • ;,~ •.• · .:.,.. • •. • • • •• " • • !. "• •. • • • • • ,:.,_ •.• • • ·.• ' . . ' • . a •• .... -.~ • •.•I • • • .' '• 

specif.ici cy:,:fr~m. such a mi~ture · +equJres vecy_ difficul.t· 
and tea'.-i'ciu~·t) pur(fi_catio~. pro·~-~d~~es. . . . 

•. • •• • • . . . . . . i . . ··. . . . ... 

20 

Recently, it .has bec9~e possib_le··· to produce a homogeneous_ . . . ' . : . . .•. . . . . . : . 
Ig~of a single class and a singl.e specificit_r by-a 

techniqu~ first describ~d by_Kp)'ller arld Mil~tein {Nature, 
.· . 256, 495-f479, 1975) -~ Th.e .. ~techn~que in:v·oives :th~- ·fusi6n 

.. .- . • .. · ... '·. ·.'·_. i·:~ .. · ··:,. . .. ·. 

-~ .. .-··}s .. ;. ·~~ ·-~~ngle _J;~~p~~~;i~in~ parent. ce~f..s. ~~~~~ :c~~er _cells .• 
_:·:·:-~- -.. :.:~ -.~~ produce·:~~-monocionai_. ~ybr~d~~~'l::~~ ... PI?Od~ces • .... · · 

-:, :·)_<"}/the··i~ •. · ig\;tod;~~d.:b! i,~is ·t~-~¥.i~u.e ~~ ?~~aily ~no~ ·.··'? }·:r:-_ .. 
. ·l. • - ·• as monoclonal ari'~~body .: . 1he na:tu~e o~ tl}e. ~Of!-oc1=,onal . .. ·: .... , .. · ·)/ .. ·: · 
· .. __ _. .... ··.·. :· '. i~.- is . c1e·term:i~~c1 i;y the.·cii~ss· anl sped1:r1:~-iey <1:r the ~{; ·: . 

- . ::_....:. 

30 . produ9ed_ ?Y __ the p_arent: cell •. · .... , .:.J: :.::"::: 
. . · •• ~ ' . :-:!_ ·.·~·~ ·:;!: .-. ~ 

35 

··:·. .•. . .• . =-· •'"'!:•• • ; ... :·. 

Recently~ .. -. a.tte~pts: ~ave :bee~ m~de ~o us~ ~e~mbinant 
.. :-· .. 

DNA techniq~e_s to prod~ce .fragm~nt~_._9:r. I&:. mo_lecules •.. 
For instance, ~ste~ et al. (Nucleic .A~ici ·R~search,. 8, 
·No.9., 1980, pp ·205~ ~~ .2065) · .. diac1o~~-:;th~ cfoning of-

. .:~ :·· . :• . < .:. : : . . 

~-
. . '-~ ; :· . :. -·~:. ~ 

• . •· .#- :·· ~ •. J .. .. ' ... 
. : .. "' ... 

. ~' 
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double· stran~ed cDNA sequences encod:ing for· a mouse Ig 

light chain into a plasmid. An E. Coli strain transformed 

by the plasmid synthesised a protein thought to comprise 

the complete constant domain of the l~ght chai.n and. 
5 .· :• 1 :about 40 amino acid res1.dues of its ·variabl.e region. 

Kemp· and Cowman (Proc. Natl. Acad. Sci. USA~ 78.,,1981, 

pp 452Q to 4524) disclose the· cloni.ng o.~· cDNA sequences.· 

encoding for mouse heavy chain fragments and the· trans-

10 forming of an E. Coli strain which then synthesised 

heavy chain polypeptide fragments.· 

In both these C-8es, the polypeptides were produced as 

fusion proteins, in which the fragments of the Ig poly-. . 
15 peptides were fused with additional non-lg.polypeptide 

seque~ces, and with incomplete variable domains. Thus, 

the polypeptide chains produced in these studies were. 

not immunologically functional polypeptides as they 

were ~ncapabl.e of combining with compl.ementary heavy 
20. or light chains· to provide rg,molecules having intact 

antigen binding sites and immunological function. 

-Research.studies have also been carried out in mammalian 

systems. For instance, Falkner and Zachau\(Nature,298, 

25 1982, pp 286 to 288) report the cloning of cDNA sequences 

encoding for mouse light chains into a plasmid which 

30 

35 

was used to transfect genomic eukaryotic cells which 

could then transiently s~thesise li~ht chain~ • 

. 
Rice and Baltimore (Proc.Natl. Acad. Sci. USA, 79, -rl982, 

PP 7St2 to 7865) report on the transf~~tion of a functio
nally_rearranged K light chain Ig gene into a mur1ne 

leukemia virus-transformed lymphoid cell line. The 

cell _line i~ then able to express the gene continuously. 
In both these cases, the K genes used to transfect the 
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mammalian cells were obtained from mycloma cells. and 

the K polypeptides produced were of indeterminate 1mmuno

logical function. 

5 A further approach is exemplified in a series of papers 

by Valle et al. (Nature,_ ~. 1981~ 338.~340; Nature, 

~, 1982, 71-74; ·and J. ~ol. Biol., 1601 1982, 459-474), 

which describe the microinjection ofmRNAs encoding for 

heavy or light ·chains of Ig isolated :from a mouse myeloma 
~ -

1.0. line~ in:t.o oocy:tes o:t: Xenopus lae:v:is.. Under certain. 

conditions complet~ I~ molecules were formed. However, 

the mRNAs were obtained f:rom myeloma cells and the I g\ · 
molecules were of indeterminate immunological function~ 

15 It can thus be seen that hitherto it has not been possible 

to produce functional Ig by recombinant-~ technology. 
"· . . •i 

According to a first aspect: of the pres~nt invention, 

there·is provided a process for producing a he~erologous 

20 multichain polypeptide or protein in a single host cell, 

which comprises transforming the host cell with DNA .: 

sequences coding ·for each of the polypeptide -chains 

25 

30 

35 

and expressing said polypeptide chains in said transformed 

host cell.· 

According to a second aspect of the present invention, 

there is provided a heterblogous·multichairi polypeptide 

or pro·tEr~n pro'duc'e·a by· re'combi:nant· DN:Av· "technoi'ogy· :from 

a single host cell. 

The present invention· is.of particular,~but not exclusive, 
. . 

application in the pro~uction of Ig·. mole·cules and immuno-

logically functional·---·~-------------~-------------------~~---

, 

: . 
I ; 

- :' .. ' 
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Ig fragments of the type referred to abo.ve. However, 

it will be appreciated that the· present i·nvention 

can be applied to the produc~ion of other multichain 

polypeptides or proteins. 

In relation to the product of ~g molecules according 

to the 1.·nvention it will be appreciated that, in order 

to produce a functional molecpl.e ,. the .J>NA sequences· 

used to transform the host c~ll will need to encode 

10 for at least the VL and v8 domai.ns of' an Ig molecule. 

15 

20 

Moreover; these domains w!fr need, to be complementary 

so that when the two polypeptide chains fold togethe~ 

they form an antigen binding site of predetermined 

specificity. 

Preferably, the Ig molecule ~r fragment inc:udes 

a complete light chain and at least the Cm. domain 

in, addition to the v8 domain of the heavy chain. 

Most pzie:ferably the Ig molec.ule is intact. 

It has also been shown by the present applicants 

that it is now possible to produce individual heavy 

and light chains having intact variable domains. 

This has not previously been possible. Therefore, 

25 according to a third aspect of the present invention 

there is provided as a prod~ct of recombinant DNA 

technology an Ig heavy or light chai.n or :fragment. 

tJ1.~_reQf hE!.V.ing_ an. 1.n:tacot v.;ar.iable domain .•. 

. 
30 Advantageously, the Ig molecule or :functional :fragment 

thereof according to the present invention has a 

variable region (formed by ~he VL and v8 domains) 

which defines a binding site :for an antigeni.c determi

nant of clinical or industrial importance. ~he DNA 

35 coding sequences necessary to produce such a molecule 

may be derived from naturally occurring or hybridoma 

tmonoclonal)Ig-producing cel1s with the desired 
specificity. 
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The.~onstant domains of the Ig mo~ecu~e or. fragmen~,1.f 

present_, may be derived from the same cell line as 

the variable region. However, the constant domains 

may_be specifically altered, partially or completely 

5 omitted, or derived from a cell xin~_producing a dif

ferent class of Ig to provide Ig molecules or fragments 

havi~g desired properties. 

~ 

For example, an Ig niol.ecule·may be produced having 

10 var~able domains (v8 and VL) idential with those from 

a· monoclonal antibody having a desired specif'i:ci·ty, 
. . 

and constant domain(s-) from a different monoclonal 

antibody havil')g desired properties, for iris_tance to 

provide human compatibility or to provide a complement 

15 bind:i.ng site. 

Such alterations iri the·amino acid sequence:of the 

constant domains may be achieved by suitable _mutation 

or ~a~tJal synthesis and replacement or partial. p~ 

20 complete substitution of appropriate regions of the 
-

corresponding DNA coding sequences. Substitute constant 

domain portions may be obtained from compatible recombi

nant DNA sequences. 

25 The invention·may be utilised for the production of 

Ig molecules or fragments useful for immunopurificatio~ 
J • 

immunoassays, cytochemical labelling and targetting 

methods, and methods-of diagnosis or therapy. ·For 

example, the :i:g molecule or fragment 
I 

may bind to a 

30 therapeuti.cally active protein such as interferon 

35 

or a blood clotting factor, for exampl~ Factor·=YIIl,. 

and·may therefore be used to produce an affinity 
-

chromatorgraphy medium ·for use in the immunopurification 

or assay of the protein. 
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It is aiso envisaged that the Ig molecule may be· synthe

sised by ·a host· cei1,witb ·another peptide moie,ty attached 

to one of its constant domains. Such a further peptide 

moiety may be.cytotoxic or enzymatic. ALternative1y, 

S the moiety may be useful in attachin_g the Ig mo1ecuI.e 

to a bio1ogica1 substrate, .such· as a cel.l. or tissue, 

or to a non-bLological. substrate, such as a chromatog

J'::o I raphy medium. • Such a pept:ide moiety is herein. ·r.efer~ed 
to as a struc~ural peptide moiety •. 

10 
It is further envisaged that c~toto~i9, enz~ic or 

structural peptide .moieties coul.d be attached to the 
Ig mol.ecule by.normal peptide chemical methods,. as 

are already known in the art, rather than by being 

15 synthesised with the Ig molecule. 

The Ig molecule or fragment may also comprise a thera-. 
peutic agent in its own right. For instance, an Ig 

molecule or fragment specific for D blood group_~tigen 

20 may be useful=for the prevention of haemol.ytic disease 

of the new born. 

Any suitable -t-ecombinant DNA techrlique may be used 

in the production of the multichain polypeptides or 

25 proteins of the prese~t invention. Typical expression 
. 

vectors such as plasmids are constructed comprising 

DNA sequences coding for each of the chains of the- poly-
' peptide or protein. 

30 It will be appreciated that a single vector may be 

constructed which contains the DNA sequences coding 

for more than-one of the chains. For instance, the 

DNA sequences-coding for Ig heavy and light chains 

may be inserted at different positions· on the same 

35 plasmid. --
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Alternatively, the DNA sequence· C'C'ding f.or.· each cha±n. 

may be inserted individually into. a plasm±d'~ thus 

producing a number of constructed plasmids, each coding 

for a particular chain. Preferably the P.·lasmids· into 

5 which the sequences are inserted a.Te. compatible •. 

The or each constructed plasmid is used to transform 

a host cell SC? that each host ce.11 con..~ns: DNA sequences. 

coding for each of the chains in the-po1ypept1de or 
10 protein. 

Suitable expression vectors which may be used for cloning 

in bacteria1 systems include plasmids, such as Co1 El, 

pcRl, pBR322, pACYC 184 and RP4, phage DNA or derivatives 

15 of any of these. 

For use in cloning in yeast systems, suitable expression 

vectors inc1ude plasmids based on a 2 micron origin. 

20 Any plasmid containing an appropriate mammalian gene 

promoter sequence-may be used for c~oning in mammalian 

systems. Such vectors include plasmids derived from, 

for instance, pBR322, bovine papilloma virus, retrovi;_: 1 • 

25 

• 
ruses, DNA viruses and vaccinia viruses. 

Suitable·host cells which may be used for expression 

of the heterologous multichain polypeptide or p~otein 

in~~lJ,lQ~. 1::> .. El~.t~.r:t.Eil,~ ~~~Jj. ~.f? ~ .,C_qli 81:ld ~. SuJ)tilis, 

streptomyces, .yeasts,. such as S. cervisiae, and eukary- · .:: 

30 otic cells, such as insect or mammalian cell lines. 

35 

Examples of suitable bacterial host cells include 

E. Coli HB 101, E. Coli Xl776, E. Coli X2882, E. Coli 

PS 410, E .• Coli MRC 1, E. Coli RV308, E •. Coli E103S 

and E. Coli B. 
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The present invention aiso· includes constructed expre·ssj;on 

vectors and, transformed host ce2ls for use in producing 

the multichain polypeptides or proteins of the present 

invention. 

After expression of the individual chains in the same 

host cell, they may be recovered to provide the complete 

multichain polypeptide or protein. in active form~. 
; 

for instance to provide an Ig molecule of predetermined 
10 immunological :function • 

. ,~tis envisaged that in preferred forms of the invention, 

the individual chains will·be processed by the host 

cell to form the complete polype~tide ·or protein which 

15 advantageously is ~1creted therefrom. 

However, it may be that the individual chains may be 

produced in insoluble or membrane-bound form. It 
. . 

may th&refore be necessary to solubilise the individual 
20 cha:ins and~ allow the chains to refold in solution 

to form the active multichain polypeptide or protein. 

A suitable procedure for solubilising polypeptide 

chains expressed in insoluble or membrane-bound form 

is disclosed in our copending application No. 

25 (Protein Recov~ry, Agent's ·Ref. GF 402120 and 402121). 

It will be appreciated that the present application 

shows for the first time that it is possible to transform 

a host ceil so that :{ f can express two or more separate 
30 polypeptides which may be assembled to form a complete 

multichain polypeptide or protein~ There is no disclo

sure or suggestion of the present invention in the 

prior art, which relates solely to the production of 

a single chain heterologous polypeptide or protein 
' 

35 :from each host cell. 
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The present invention will now be described, by way 

of example only, with reference ~o the· accompanying 

drawings, in which:-
Figure 1 shows a diagrammatic· represeatati.on of a typi·cal 

5 intact Ig molecule; 

Figure 2 shows the construction·of plasmids for the 

direct synthesis of a X light chain in E. Col.1.; 
Figure 3 shows the construction of p1asm~ds for the. 
direct synthesis of a ..Jl heavy chain· in E •. Cb 11:; 

10 Figure 4 is·a diagrammatic representation of P. mRNA 

sequences around· the· d·nrt:tation- codon;· 

Figure 5 shows the-construction of plasmids having 

altered secondary stru~ture around the ·initiation 

codon; 

15 Figure 6 is a polyacrylamide gel showing expression 

and distribution of p protein from E. Col.i B; 
Figure 7 is a polyacrylamide gel showing pulse chase 

autoradiograms of .J.l protein in E. Coli. B and in E. Col.i 

HBlOl;_ ..... . 
20 Figure 8 is a polyacr~l.amide gel showing the results 

of 7-- gene expression in E. Coli; 

Figure 9 is a polyacrylamide gel showing the distribution 

of recombinant ~light chain polypeptide between the 

soluble and insoluble cell fractions; 

25 Figure 10 is a polyacrylamide gel showing expression 

and distribution of A. protein from E. Col.j,. El03S; 
. . . . . L. 

Figure 11 shows the results of the fracitonation of 

.p and ""-.protein expressed by E. Coli Bon DEAE Sephacel; 

Figure -12 shows. the specific hapten binding of recon-

30 stituted Ig molecules; and 

Figure 13 shows the heteroclitic nature of the hapten 

binding of the reconstituted Ig molecules. 
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In the following examples, there is deserj:bed the pro

duction of Ig light and heavy chain polypeptides derived 

from monoclonal antibodies which recognise and bind to 

the antigenic de.terminant 4-hyda:-oxy-:--p-n1. trophenyl .. aceatyl 

5 (NP), using E.coli ands. cerevisiae as ·the host cells 

Recombinant DNA techniques were used to enable the host 

ce11s to express bqth the-polyp.eptide·cha.1-ns. 

It will be appreciated that the invention is not limited 

to· the specific metnods and· @tmstructi<Xl 4 described here-

10 after. 

Construction of Lambda Light Chain Expression Plasmid 

Figure 2, to w~-iich re!'e~ence is nOii. i!lade, · s~ows 

schematically the meth~d used· to construct a·(tlight chain 

expression plasmid. 

15 It was decided to express the lampda gene in E.coli 

by dir~ct expression of the gene lacking the eucaryotic 

signal peptide but containing a methionine initiator 

residue at the amino-terminus (met-lambda). The approach . . 
us~d for bacterial synthesis of met-lambda was to·reconstruct 

20 the· gene in vitro from restriction fragments of a cDNA clone 

and to utilise synthetic DNA fragments for insertion into 

the bacteriaTplasmid pCT54 (Emtage et al., Proc. Natl. 

Acad. Sci. USA., BQ,;3671 to 3675, 1983). This vecto~· 

contains the E.coli trp_'promoter, ope~ator and leader 

2,5- i:-i:bosome· bi:n<:i<l!-ng s.i.:te,;. in addi-tion. 14 nucleo;tides downstream .. 

of the ribosome binding site is an initiator ATG followed 

immediately by EcoRl and HindIII sites and the terminator 

for E.coli RNA polymerase· from bacteriophage T7. 

As a source.of light chain we used a plasmid pABil-15 

30 which contains a fu11-1e~gth /\1 light chain cDNA cloned into 

the PstI site of pBR322. This rt1 light chain is derived 

from a monoclonal antibody, designated S43, which binds to 

4-hydroxy-3-nitrophenylacetyl (NP) haptens. 
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In order to creat:a a HindIII si.te 3' to the end of the 

lambda gene for insertion into the H1ndIII si·te o:t: pC~S4. 

tfie cDNA was excised from pAB(\1-rs using Pstl. The cohesive 

ends were blunt ended using the Klenow fragment of DNA poly-

5 rnerase and synthetic HindIII linker· molecul.es o'f se.quence 

5 • -CCAAGCTTGG-3' ligated. . The DNA was diges.ted with 

HindIII and the 850bp lambda gene isolated by gel electro

phoresis and cloned into Hino:III c.ut ·pAT_153 to· yi.e1d 

plasmid pAT(ll-15 •. The 3 1 end of" the lambda· -gene was 

10 isolated from pAT I\ 1-15 by HindIII plus partial Sacl. 

digestion as a · 630bp SacI-HindIII fragment. (2 in Figure 2.). 

The HindIII cohesive end was dephosphorylated by calf 

intestinal alkaline phO~phatase during isolation of the 

fragment to prevent unwanted ligations at this end in 

15 subsequent reactions.-
. . , 

A HinfI restriction site is located ·between codons T: 

and 8· and the lambda sequence. The 5~ eµd of the lambda 

gene was isolated ·as a 148bp Hinf'I to SacI fragment (1 in 

Figure_g). 
Two oligodeoxyribonucleotides were designed to restore 

20 codons 1-8, and to provide an initiator ATG as well as Bc1I 

and HinfI sticky ends. The two chemically synthesised 

oligonucleotides made·to facilitate assembly of the gene 

25 

30 

had the sequences: 
R45 . 5 1 -pGATCAATGCAGGCTGTTGTG ... 

·-....::: . . . . . . . --.r .. .. ·:·· 
. R44 . . . .. _ .... 3 • . . ~-~~~CM~A~-~~J\.G_~qcTTAp- · s I i-.: -:-.- :--> ... 

pCT54 was cut with b~th ·Bell and HindIII and the . · 

resulting linear molecules isolated, mixed together with the 

two oligodeoxy;ribonucleot.i.de l.inkeEs R4.4 and R45 and both-. 
fragments 1 and 2, and ligated using T4 ligase (Figure 2). 

The mixture was used to transform _E.coli DH1 to ampicill~n 

resistance. Recombinant clones in pCT54 were identified by -. 

hybridisation of' DNA from replica plated_~olonies on nitro-

cellulose to a.nick-translated probe derived.from the 

pATA 1-15 insert. 
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A clone was 1.denti.~ied whi.ch hybr.idised to 1ambda cDNA 
and al.so showe·d the pred1;cted restri:ct~on' :f'ragm:ene pattern. 

This plasmid (designated pCT54 19-1). was sequenced from the 

ClaI site and shown to have the anticii;>ated sequence 

5 except that there was a mutation of ~he- :Courth codon from 

CTG to ATG, changing the amino acid at this poi.nt from 

Valine to methi.onine. 
The sequence in __ thi.s area was.: !' 

• • • GATlGA'lCA.A'ro .CJtG .GCT .GTT .MG .!Cr ~CAG .GAA.. 'lCT .GCA.~ .NX ;PCA. 'lCA •• 
- ·-· ·······--

··~-· ......... -- ---- .. --------.....: .. -.--.... :. 
met gln al.a val met thr gln glu ser ala leu ~ thr ser 

• · ·• -- -- -· ......... ~. ····-· · -'-·--·-•=~•......c.:e·:._:.:-.;...· --.:..::.:.:a=i::::z..:c=::a:=oo1C=..n=-~· ====--= :_ ___ ... 

. ·- ............ 

- - - ......... 

·-·-. ··- ----·--·--
10 The restriction enzyme sites in pC~54 between the Shine 

and Dalgarno sequence (AAGG) , which is important for 

ribosome binding, and the ATG allow for the adjustment of . . 

the SD-ATG distance, an important parameter in determining 

expre~sion rates. The SD~ATG distance was reduced by 

15 cutting the plasmid with ClaI or Bel~ and creati~g_ blunt 
ended· ·species by digestion with SJ: nuclease. 2 pg of 

ClaI cut DNA was digested with 200 units of S1 nuclease for 

30 minutes at 30° using standard bufrer conditions. The 

solution was dep~oteinised with phenol and the DNA re-

20 covered by ethanol precipitation. -This DNA on religation 

with T4 DNA ligase and transformation into E.coli strain 

HB101 gave rise to a number of p1asmids which had lost the 
= ClaI or BclI site. 

-.. 

--
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The plasmids which. bad 1.ost 'their CJ..aI. si.te. ware· s.eqtJ.enc--

ed in the region surrounding the initiator ATG. 

•••• AAGGGTATTGATCAATG CAG •.••• plasmi.d· pNP3 

SD met glu 

•••• AAGGGTTTGATCAATG CAG plasmi.d pNP4 

SD 

-
In order to achieve. high level expression a- number of 

5 other approaches were followed. Firstly, a series·of 

constructs were obtained which had increasing amounts of 

the 3 1 untranslated region of the cDNA removed by Ba1 31 

exonuclease. Secondly, a high copy number plasmid con

taining A cDNA was co~structed •. This plasmid contained 

10 a par function {Meacock, RA.and Cohen,_S.N.Cell, 20, 529-· 

542, 1980) as well as being present in high ~opy number. 

Thirdly, the pNP3 plasmid was transformed ·1nto ~ •. ~~mber 
of prO~ease-deficient strains or into HB101 in conjunction 

with a protease deficient dominant acting plasmid (Gross-

15 man, A.D.et al Cell, 32, 151-159, 1983). 
·- ·-·-......__··-·-·· ... : .. -,. ...... . 

Construction of p Heavy Chain Expression P1.asmid 

The full-lengthµ heavy chain cDNA derived from the NP 

binding monoclonal antibody Bl-8 had been_c16ned into the 

20 PstI site of pBR3~2 yielding a plasmid design_ated 'pABp-11 

( Bo.:thwell et .. al.,~ Cell, i:4 ,~ 62.5-637 ,. · 19.SlJ~·- In,, or.der.. to., /: 

achieve high level expression, the p cDNA minus the . _ -···---- .. 

e~kary~tic leader ~as reconst~ucted into ~CT54. The· con-· 

struction of theµ heavy chain expression plasmid is shown 

25 diagramatically in Figure 3. Two chemically synthesised 

30-

oligonucleotides were made to facilit~te this. These 

have the following sequences: 

,.. 
• 

R43 

R46 

5 1 GATCAATGCAGGTTCAGCTGCA 

31 T.TACGT.C.CAAGTCG 

--
3' 

51 

BIOEPIS EX. 1002 
Page 3907



- 18 - 0120694 

These were ligated into' Bc'lI cut· pCT54 using T4 DNA ligase 

and the resulting plasmid designated pCT54 Pst. The 

linkers were designed to replace the sequence in pCT54 

between the Be lI site and the AT.G .. ,. to provide an internal 

SPstI site and to recreate the sequence from pABp-11 5' to 

the PstI site up to codon +1. pC.T54 Pst was cut·brie:f1y 

with PstI, treated with.alkaline· phosphatase and. full 

length DNA glass isolated from a 1% agarose gel. 

Similarly pABp-11 was 9rierly cut with PstI and the full 

ro-rength p: insert f sofated· farrowing agarose gel elec:cro~

phoresis. The p. cDNA was ligated with the full length 

pCT54Pst fragment using T4 DNA ligase under standard 

cond~tions and a plasmid designated pCT54µ was identified 

which by restriction enzyme analysis was shown to contain 

15 a full-length p insert. The plasmid was sequenced 

around the 5 1 linker region and was found to have the 

anticipated sequence: 

3', demon

strating that it was, indeed, a full length clone. A 

2ocomplete PstI digest of pCT54p liberated a 1.4 Kb fragment 

which was purified by 0.8% agrose gel electrophoresis and 

glass powder isolation. This was ligated with PstI cut 

pCT54 Pst (see above) using T4 DNA.1igase under standard 

conditons, followed by transformation into HB101. A 

25plasmid designated pNPl was isolated which was shown by 

restriction endonuclease pattern analysis to contain the 

1. 4" K:b" µ·cDNk fragment· in~ an' appropriate ori:'entati:on, ____ '7' 

:: 
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(F::.gu:~·.:: '3), illP'.:". ,.c:,.,:_ n pla~mtd which cons.iste.d o:£ an 

appropria~e 5' end for axp:cess·ion, whilst· pCT54· contained 

an approp~iate 3' end. The .full length gene was re

constructed into pCT54 by cutting both· pNP1 and PCT54J.l 

5 with Aval which cuts once in the pl~smid and once in the; 

p gene. Both dig~st:S were run on a 1% agrose gel and 

the 1. 9 Kb fragment from pNPl:: and the 3. 65 Kb fragment 

f'rom pCT54p isolated. Follo"ting alkal:f.ne phosphatase 

treatment of the 3.65 Kb pCTS~ fragment, the two pieces 

10 of DNA were ligated to each other and transformed into 

HB101. A plasm:f.d designated pl.JP2. was identif'i~,d which 

demonstrated the correct restricfion endonuc1ease pattern. 

It was sequenced in the area surrounding the initiator 

ATG and found to have the anticipated sequence: 

15 5 1 •••• TIGA'It:AA'IGCAGG~AGC'IGCAGCAGCC'IGGGGC'IGAGCT'IG'IGAAG. • • • 3 ' 
.. · ..... ~·· .......... ··- --·· --·--· ,._ .. ,, ···-----·-1--·-··-·-· ... ···-:"-· .... :._,.· ... - .. ---··---...·-.--·---·- · .. 

The ~ector pC~54 had been constructed to·inciude.two restriction sites 

(Bell and Clal) betwe~n the S-D ·sequence· (AAGG) and the :L~:ltiat:fon codon 

so t.li.a.t the. distance between these sequence elements cou1c. be .. varied •. As . . 
most E.coli mRNAs ~ave 6-11 nucleotides

0
between the S-D se~ence and 'tile 

20 AUG ·"-. .'the ·dist~-ice in pNP2 was reduced by J:10dificatic:i at the C.lal site_ 

p:NP2 was cut with C:!.a.1 and incubated with S1. The amount of S1 nucl.ease 

was adjusted so that some DNA .:i:olecules. would lose 1-2 ex~a base pairs as 

a result of 'nibbling' by the enzyme. 'rhis DNA on religation· wit.l\ T4 DNA 
. . 

ligase and trans~or::?ation into E.co1i strain HB101 gave.rise to a numbe~ 
. 

25 of c~lo~ies harbou:ing plasmids which h~d lost the Clal s~te. The se~e::ices 

arcund the initia-:.ion codon of folU:' plasmids pNP223. pNP261,, p'NP9 and 

pNP282 :were deteroined end are given !n ~able 1. part A below. 
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w oHP2 1, 

Sl p,cpz23 12 

Cll:r1:f 1YeS 
D l)IIP261 10 ONP2 

pHP.212~ > 7 

pHp9 9 

II) pHP11 11 

011 VO ;,RPl2 cxns~a 11 

pHPlfl 9 

plP8 -
ptT70 -

- 20 -

TABLE 1 

: 
k9vcnce cs• - ,., 

. . 

~al 
-AUJ1"6G6TAT :nGAT~ • 

-AA11AfPiTATAll&A~ 

-AAA!&,6TATTGAT~ 

~~ 

-1,ll~!a&G.GTATGAT~ 

-W1:Y"..66TATTGCACA~ 

aa~ATTGCACAl!Io:AGGTI'CAG-

• -AAAHG&GTATGATC/im:AAGT&CAA-

. 
-

-

. 
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T~~ expression of' these constructs :f:n E.~. coll R 

was~exarnined- in three experimen:t.~t, anq. c:oncentrat~9rrs of 

·F prote~n ~ere determined by ELISA as relative units (ru), 

a measure of p concentration~·normalised to pNP9. The 

5 resu1 ts are shown in Table 1 • 
. . ' 

~-9,uctions were cax:ri.ed. out by· resus.i=ending eel~. • ,. 
--· . ·.. . ··: . 

at 1:50 ~uticn from overnight cultures into induction medi.um, ~nsi.stinq 

of: KH2P04 (Jq/L), NazBP04 (6q/L),. Nacl. (O.SgtL) • Difeo• vj;tami·n. as~a.y· 
C • • 

casamino acids (30g/L), NB4Cl. (4g/L) g1ycerol: ·("16g/Ll, ;,ro1ine.- (O.Sc;1~:r;)., 

10 Difeo yea~t extract (1q/L), caCl2. 6H20 (0.022g/L), MgS04. 7B:20 .(0.02Sq/L), 

tliiam:.ine (O.Olg/L)·, and:-carben±cil4in° (0·.1g/L)'. CUl:.tures- were~ sha.'ce~- at· 

-...-··- ·-· 

15 

37°c and.~ells h~estec by centr:lfugation. 
.. . .. ,,._ - ... -. • ~.T. ~---· -- -

ELISA assays were performed essentia1ly as described 

by Patel et al. (Nucleic Acid Research, 10, 5605 to 5620, 

1982), using af'f'inity purif'ied goat ant:f.-mouse IgM (Tago) 

and aff'~ni ty purif'ied goat anti-mouse IgM {Tago) con·jugate·d 

toperoxidase, with 3,:·3,,, 5, 5' tetramethylbenzid,ine (Miles) 
' . . . . .. . 

as a substrate. . Bacterial cell pellets were boiled :tor 2· 

minutes .. in 9M urea (BRL) and loaded directly into the 
- d' 

20 ELISA, ~uch that all wells contained 2. 25M urea, 10mM 

Tris-HCi pH7.8, 150mM NaCl, 0.05% NP40 and 0.5% casein 

(Hammarsten, B.D.H.). 
-
Alte~!.:.~g t.~e S-D to ATG distance with nuc1ease S1 was found to 

increase t.1-ie le~e!. of I,! expression, relative to the parental plasmid pNP2, 

25 f>iit only to a ,sI:?all extent (compare pNP9) - The optima!. S-D to AUG distance 

was found to_be 9-10 nucleotides, as foll;Ild in pNP9 and pNP261 respectively. - . . . 

Haf rp~n loo:ss· we~e- :t'de~'it:!:f':i:e"cY 1:>y· ust:f o:!" · the·, ccm;,uter 

programme HAIRGU developed by Dr. Roger Staden. The6,G 

30 values were calculated as described by Trioco et al. (Nature 

NB, 24&. 40-41, 1973). 

--
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l\nalys.1.s of tile potential secondary.· structu,:-e· of· JL. naNA .. encaced by pNP.2 

and. ~NP9 (one o: the S1 ~ri.vatives of !)NP2) revealed an extens.ive array o~ 

possible hairpL-t :loops. Attenti.on was focused on the region of this mRNri.. 

containi.?lg the r:..::osome binding site since the sequester:!:nq of. S-D sequences . 

and initiation cccons into seconda..~ ~cture· i::m.y inhil>it the .initiation 

of translation. It was found that B: hairpin _1.oop incl.uding the ·u and G of 

the ini.tiation cccon could be for:.:ed (a:e Eigxe 4). 9Eh.is hairpin 1.oop is 
. . . 

formed e.TJ.tirel.y wit.'1.1.n coding sequences and has a ~c· = -7:...6 xcal... No 

secondar.!' _!>truct:1 res were found \\hichbur!.ed the 5-D sequence, and. none 

O... wh:ich, mutua-l.:hy, e.xciuded, t!le, hairpin 1.oop described above, and which had 

a lower dG. 

5 

0 

5 

To test whether expression of p protein eou1d be influenced 

by changes designed to alter potential secondary structure in 

the ribosome binding region we used synthetic o1igonuc1eotiie·s 

to mutagenise this regiqn of Jl rnRNA. The plasmids were 

constructed by insertion of a pair of oligonuc1eot:ides between 

the blunted Cla I site and the 5 1 Pst site of pin pNP2 (see 

Figure SJ. The cloning strategy used to accomplish ~his. 
- -· howe_verJ was multi-staged due to the presence of four Pst 

sites in pNP2. The vector pACYC184CM. which lacks Cla I and 

Pst I ~ites, was first constructed by cutting pACYC184 at 

its unique Cla I site, 'filling~in' the cohesive termini using 

T4 DNA polymerase and re1igating. Next, PACYC184CM was cut 

with BamHI, and the BamHI fragment from pNP2, bearing the 

5 1 p sequence, was inserted into it ~o ~orm pCMp (see Figure 

4). The vector pCMp contained unique C·la I and Pst sites 

w.2-t.cJJ.. w:~r~ +:~.q~ir.~g fo~ t._he <;>lig?Ijucle9tiqe qJ_oni11g (f:>ee Figµre 
5). 

pCM:J. was cut with Cl.a :I to co:npletion, blunted wi:t:?i. nuc!.ease Sl., and 

10 then cut_ with Pst :r. 'the cut p1asmid was purified by agazose gel. 

el.ectropm::iresis a.~d l.igated separately wit..~ pairs of ol.ic;onucleotides, 

with the l.atter L~ a 100-fol.d molar excess. The· pairs of· ol.igonucl.eatic.es 

used wer~..: Rl31 and R132 · (for pNP11); Rl96 and Rl97 (for pNPl.2); and. 

R202 anc. R203 (:=or pMP14) • ! These have t'!'le se~::.:.ences g:tyen be1o;,;. 
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TGCAC~TATGC..~G'i'C-Crl..Z\C1'C-C~ (Rl.J 1) , GTTG~CTTC..C.Z\.TATGTGCA (R! 32) , 

GCTGAACCTGCATATGTGCA (R:'196), TGCACAT-~TGCAGGTI'CAGCTGCA (Rf97}, 

GTTGCACTl'GCATl'GATC (R202) , GATCA..~TC-CAAGTGC..?\ACTGCA (R203) • 

The ligation mixture was then used to transform HB101. 

?..ecombina;:-:: clones ·we.re d:?tacted ::q =c lony hybr.i.disa.:.ior., on 

nitrocellulose filters, using one of each pa~ of oligonucleotides as a 

probe. Positive clone~ were sequenced and shol-m to have the correct 

nucleotide sequence. The µ.sequences containing t..,e cioned oligonucieoti~es 

were excised on Eco RV-3gl ±I fragments. Thes~ were 1igated to Eco 3.V-Bg1 

II cut pNP2 to reconst..--uct the full. length µgenes(~~ !?)JO 'I'hree 

different plasmids w~~e created by these pro~edures; pNP11, pNP12 anc 

pNP14. having the nucleotide sequences shown in Tab1e 1 above. 
In the constructp:,.lP11--=thEfpotentiallydeieterious hairpin 

loop of pNP2 was abolished by changing the residues in the 

degenerate pos~. tion of three codons and by introducing a 

different A-D to_·.AtJb sequence. These changes allow the. region 

between the S-D and AUG to base pair with the s• _end of p 
codinK sequence to form a hairpin loop of b.G = -7. 8 kcal, 

approximately equal to that of pNP2, but leaving the AUG and 

S-D sequences exposed (see Figure 4). The only other 

mutually exclusive hairpin· loops are of'.O.G = ~2.3; -3.6 and 

+0.4 kcal. 
The const=uc-= p~TP12 -reta~ns the S-D to AUG sequence of pNPll, 

has t!le coding: se(iuenca of p?-.':?2, such that the hairpin. loop of pl>.~2 can 

form (see Figure 4). 
The fi.,.-ial. µ const::::uct was· pNPl~, whic:i had the S-D to AUG- sequence of · 

P.~9 ,, ~ut the 5' cod:...~g se~en_ce of pN~l l, so that ~;.e hairpin l.opp c= 

pNP12 could not forp •. The construct pNPl~ had no seconcary structure 

buryL-ig the S-D or µ. AUG. 

µ Protein Expression =~om Const-..-ucts with Differing~~ s~condary 

Structures 

E.col.i :a strains containing plasmids pNP9, pNPll, pNP12 and pNP!.~ 

were grown in induc-=ion medium and samples :removed for ELISA assay. The 

concentration of µ was increased 6-:7 fold in E.col.i B ce11.s contain.LT?:; 

P'{:)11 relati~ 1D ~ (S3e 'Thble 1, Part b). PlEsmd Ii'P.12, w"lich has ttB S-D 1D 

AUG sequence of pNPll, but the 0 coding sequence of pNP9, showed on1y a 

two-fold increase in level. ofµ expression compared to pNP9. 
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Plasm.id pNP14, which has the S-D to AOG sequence of pNP9 but the s• J£ 

coding sequence of pNPU, and thus differed from P&,-u,g on1y in three residu~~ 

was found to express p. protein over ~O.til.:es that found. in ptIP9. 

A pl3!:",iiU.d, pN?8. has also been constnicted, from Wli.ch p is -expressed,' 

also from the ~ prc:.:cter, as part of a .!=2E-p. fusion protei.n con ta i:iing · 

the amino termi.'lal 53 amino acids of .!EE.E and the carbo~I1 ter.nina1:-_JJ3_ 

amino acids of i,1. '!'he rationale for making this fusi.on ge!'le was t."iat JJ. 

would be translated from an efficient bacterial. ribosome bindug site 

. 

I 
rather t.."i.an from one of unknown efficiency. Then, by comparing the a'QOunts / 

lO of trpE-µ. produced £::om ~"iPS with those of·µ. produced from the different ,: 
. . . 

constr,:c~s, an estimate of relative ribosome binding efficiency u:ay be 

made. When the ~-11 gene in pNPS was induced and the proc!u.cts 

quanti.ta.ted by ELISA., it was found that the 11- ex¢ession in strains 

contai."ling pNP8 and pNP14 were very similar (see ~ab,_e ~ part B1' . - ~, . 

f . 

E 'lrJ? riJ • ...;· 11e -~ site (1£6) ~ of JN'll, Iff'l.2. a"rl rRpl.4 W!re d3sigEd in mEr' to 
-·· . .. . . . ····-

test the hypothesis t.'lat sequestering of t.~e initiation codon into 

secondary structure il'lh:ibits trans1a.tion ini.tiation. and to increase the 

rate of inii1.i.ation by releasing the initiation codon. In p~l;l, the RBS 

hairpin loop of pNP2 and pNP9 was abol.ished by c:ianqing the s• µ coding 
. . 

• 2) • seCilJence :l:n· the degene._~te-posi.t1.on-of-three-codons.- -In acdi~ien7 -the 

- 5-D to AUG sequence was changed to all.ow the base-pai.ring of th.is reqion 

with the 5' coding se~ence. '!"he resul.t of these changes is that the 

initi.ati.on ccdon is e.~sed J.n t~ 1oop of a_hairpin with 1:he S-D 

sequence at the base of the stem (~ F1glCe ~). -ihi.s ha.i.rpin 1oop bad a. 

25 6 G approximately equival.ent to the 6.G of the p..~ hairpin J.oop. Stra.in.s 

3J 

containing p.~11 produced -6-7 times as much µ as did those with pNP9. To 

tes.t.. whether: this. w.as.. d~e ti:>, tl!-~ ~~ 1n s-~ to ATG sequence 

characteristics, ra~er than to the liberation of the initiation codon, 

' pNP12 was constiucted as a .cootrol. 1'.l'he l.atter has the S-D to AUG se~ence 

' of j;>.."qPll, b~t retains the 5' µ coding sequence of pr.~, so that the RBS 

hairpin loop of pNPl 1 cannot form, but the potentiall.y de1eterious one 

of pMP9 can form. '11:e level of µ. expression from pNP12 was found to be 

increased by only two-fold relative to pNP9. 'l'his inc::-ease is probably· 

due to an a1terec S-D to AUG distance, au immediatel.y s• to the 

initi.ation codon · · , and the s-D to AUG sequence being G-poor eac?i 

of' whJ:ch has· been sho•..in to· be, advantageous. :tt i.s therefore l.ike1y t.."1.at 
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. 

the increased expression from pNPU is due co a· preferab~e JDa."\JiL secondalcy 

_ structure. T"ne RBS hairp1~ l<?OP of pNP9 probabl.y acts to ±nhil):it 

transiation whi1e · creation of another haL"""Pin l.oop which exposes the . . 
initiation codon is responsible for the increased expressiOA. 

The p1asmid ~"ll>14 was constructed, such that it had the S-!>, to AUG 

sequence of pNP9, but t!ie coding sequence of pNP! 1. The expression plasmic . 
. • I 

pNP14, therefore, di,ffered_ from pNP9 in only three residues, those in the . j 

_degenerate positiJ?n of t.ltree codons, yet strains containing pNP.14. expressec. I 
over ninety times more 11 than those containi.ng· pNP9._ Th-is inc:ease 1.-i · • j 

• I 

-expr1::ssion. cannot -be explained.o~-the..basj_s ..0£ . .the-three resicc.e changes ..... 

optimizing codon usa~, for t:l:iey int:r~duce · 1e~s i;avo.u.red codons, as judged 

by the frequency of their occurrence in strongl.y expressed E.col.i genes. 
·, 
i 'J:'he increased expression is best exp1ained by the abol.ition of ·. l . 

· the RBS hai.rpin 1oop in ~"1P9. 

observed, and the few residue 

The magnitude of the inc=eases in expression: 
. i 

changes introduced, makes it di.fficuit =or 
. 

t.ltese results to be interpreted in terms of changes in mRNA stabil.ity:.. 

The expression of pNPS, which en_codes the trpE-µ :faision protein ==om 

a native ~E RBS, was also e.'Cami.nea, and found to express at appro..·•d-atel.y~ 
. I 

the sall!e_1eve1 as pNP!-3. 'Ibis may i..-idicate that the RBS .c:>f. p1'.'P14 is 

eqµival.ent to t."lat of ~E in te~s of its efficiency i.:."""l dµ:~i::;.L"-lg 

translation initiation. 'iihe native trpE RBS of pNPB anc that of pNP14 

were found to have no secondary structures_hindering·the·use of their 

.:. 

t 
I 

! 
i. 
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Expression of J.l Protein in E. Co.11 

E. Coli B cells containing theJJ expression plasmid pNPll 

were grown under inducing conditions and. soluble and 

5 insoluble extracts prepared, and analysed by SOS-PAGE. 

A novel band ~as seen after staining the gel with 

Coomassie blue in the lane containing proteins from 

the insoluble fraction ( see Figure 6 ,. lane 2) • This 

band was not -seen in the negative control lane which 

10 contained proteins from the same fraction from cells 

h~rbouring pCT70 (see, Fi~re 6,,_lane .3) ~ The novel 

band was found to migrate to a position corresponding 

to ·a protein of a molecular weight within less than 5% 

of the actual molecular weight of non-glycosylatedJl 

15 of' 62. SKd. A duplicate set of lanes were transferred 

to nitrocellulose, and Western blotted. Ali~ent 

of' the stained gel and the blot autoradiogram confirms 

that this novel band is antigenically related to IgM 

(see ftgure 6, lanes 4 and 8). No band_was fow:i~.in 

20 extracts.from cells containing pCT70 (see Figure 6, 

lanes 5 and 7). Only a low amount of Jl was found 

in the soluble fraction (see Figure 6, lane 6}. 

A greatly increased level of expression of JI was found 

25 in E. Coli B compared to HB101. Pulse chase analysis. 

demonstrated that in E. Coli B,a similar le·vel of-11 

protein was detected after a 60 minute chase (figure 7, 

lane 3) as was seen after the initial labelling period 

~F-icgure· 7.e, £ane· 1!') .- :En HBl:01:", however, very· l:i ttle-11 

30 protein could be seen after a lQ minute chase (Figure 7, 

lane 7), and none after 30 minutes (Figure~, lane 8), 

compared to the amount detected after the initial 

labelling period (Figure 7, lane 5). 

35 For pulse chase analysis, inductions were set up as 

described above,except that the medium used consisted 

of,: proline (0.3g/L), leucine (O.lg/L), Difeo methionine 

assay medium (Sg/L), glucose (60mg/i.), thiamine (10mg/L), 
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cac~2, (22mg/L),, MgSO,.; {0.25g/L)m and· cart)enicillin (O •. lg/L) •. 

During exponential growth cells were pulse label'l.-ed·.-wf:th 30..UCi/ml 

L- t35s] methionine :for 2 -mirultes; af'ter .which unlabelled metniane 
. . 

( 100 )l&lml) was added and the incubation _continued :for .the t:fmes 
S indicated. 

Induced E. Coli B cells haroouring pNP14 ~en examined by phase 

_ contrast microscopy were :found to contain;:inclusion_ bodies. 
. . . .. .. 

Expression of A Light Chain· in E .Coli 

A fresh 1 ml overnight culture of E.Coli HB101 or RV308 

containing the plasmid under study was grown in L Broth 

(Maniatis et al, , :_Molecular Cloning, C~la Spring Harbor 

25 Laboratory, 1982), supplemented with carbenicillin to 

100 µg/ml._ 

A 1:100 dilution of this eulture was made into M9 medium 

(Maniatis, 1982, .op~ ci t:i.) suppleme.nted with glucose, - - : ... 
vitamin B1 , carbeni:cillin, leucine_ and, praline and the 

• . .J 
... -~·.:os.. .• . . 

.. ·- -· ..... ----
= 

..:. 

:-
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\::Ul tures shaken at 37°- f'or 5-6 h.o\ll"s... At thizs. time 
35s:

meth1onine was added for 5-20 minutes. 'l'he eel.ls were 

then harvested by centrifugation, lysed by boiling in i%. 
SDS for 2 minutes and dil.uted by addition of a buffer 

5 consisting of 2" Triton X-100, 50 mM·Tris pH 8, 0.15 M 

NaCl. and 0.1 mM EDTA. Inmpmoprecipitations were carried 

out ·by addition of antisera to aliquots of l.abel.1.ed E .• Col.1 
. ~ 

extracts and, after incubation at 4° overnight, immune· 

complexes were isolated by binding to Staphylococcus .-
~<:r aureus· f:txl:fd' c·e·l'rs. Tile · compTEfxes were dissociated by 

boiling in 60 mM Tris pH 6.8 buffer containing 10% 
glycerol, 3% SDS and 5~ mercaptoethanol. and the l.iberated 

p~oteins analysed on 10% or 12.5% acrylamide/SDS gel.s 

(Laemmli, UK. Nature, 227, 680-685, 1970). Gel.s were 

15 stained with Coomassie Brilliant blue to visualise the· 

protein bands while.l.abell.ed proteins were detected on 

Fuji-RX film by fluorography using 1 M sodium sa1icylate. 

HB101 cells contain:1.ng pNP3 and other p1asm1ds were grown 

under inducing conditions to an on600 = 0.6 and the pro-

20 teins present examined by specific immunoprecipitation 

substantially as described above. The results obtained 

are given in Figure 8 \ in which :Danes l and 2 respecti vel.y 

were extracts from pCT54-19 and pNP3, immunoprecipitated 

with normal rabbit serum; lanes 3, 4 and 5 were extracts 

25 

30 

35· 

immunoprecipitated with rabbit anti-lambda serum and -

represent pNP4 (lane 3), pNP3 (lane 4) and pCT54-19 (lane 

5). The position of unlabelled lambda protein from 

MOPC104E is indicated on the l.eft hand side of Figure ~:. 

Al.1 of the plasmids produced a protein which reacted wit~ 

rabbit anti-mouse A light chain serum and comigrated with 

authentic A1 light chain from the mouse myeloma MOPC104E .• 

pNP3 however produced the most of th~s protein (compare 

lane 4 with lanes 3 and 5 i.n. Figure· 8 J • No such band--was 

detected with control irnmunoprecipitations using normal. 

rabbit ser.um ( Figure ·a~, lanes 1 and 2). Studies us:l.ng 

brief pulses with 35s-methion~ne followed by chasing with 
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excess cold methionine indicated that the recombinant 

~ light chain had a 1/2 life of about 20 minutes. 

In vitro transcription/translation (Pratt tl al, Nuclei.c. 

Acids Research,, 9., 4459-447, 1981) confirmed that pNP3 

5 coded for a protein -which comigrated with authenti_c A 
light chain. This ='25 Kd product was sy:nthes·i:.sed. in. vitro 

at a rate compar~ble to that of r-la~tamase indicS:ting . 

that it is synthesised i~ v~vo at a level of 0.5% of total 

E.coli proteins. This figure is iri good agreement with 

10 t~e percentag~ of recombinant :X product synthesised 

in vivo (0.4-2%) as determined from the following 

equation: 

% specific· CPM =··1cxvx ·(ce-Mwith anti-A );:..(CIM with'normal: .serun) 

total CIM 
The procedure .. used to disrupt cells was as follows (Emtage · 

15 J· s et al, Proc. Na:t1. Acad. Sci., 80, ·ao?l-3715·, .. \983). · 

E.ColiHB101/pNP3 grown-under inducing conditions were 

harvested and resuspended in 0.05 M Tris pH 8, 0.233 M 

NaCl, 5% glycerol containing 130 g/ml of 1ysozyme and 

incubated at 4°C·:or-room temperature for 20 minutes. Sodium 

20 deoxycholate was then added to a final concentration of 

O.OS%_and 10 pg of DNAase 1 (from bovine pancreas) was 

added per g ~wet w~ of E.Coli. The s~lution was incubated 

at 15'Cfor 30 minutes by which time the viscosity ·of the 
. . 

solution had decreas.ed markedlr. The extract was centri-

25 fuged (at lo', 000 x g for ls:rminutes for small volumes ( 1 ml) 

or 1 hour for larg~r volumes) to produce a soluble and an. 

insoluble fraction-. · 

For immunoprecipitations, the soluble fraction was diluted 

30 in the Triton-conta1ni@g buffer described above and the 

insoluble. fraction-solubilised by boiling in 1% SDS fol

lowed by dilution in Triton-containing buffer. HB101 

ce,lls. containing pNP3 or pNP4 were grown under inducing 
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conditions., . pulse labelled with c"35f0 methionine, 

separated into soluble and insoluble fractions and analy

sed by sodium dodecyl sulfate polyacrylamide gel electro-
c 

phoresis. The results obtained· are shown 1n Figure· S in. 

which lanes 1 and 3 correspond to the soluble fraction 

. from HB101-pNP3 1mmunoprec1.pitated with normal rabbit 
. , 

serum and rabbit anti-lambda serum respect~vely; lanes 2 

and 4 correspond to the insoluble fraction from HB101-

pNP3 immunoprecipitated with normal rabbit serum and 

10 rabbit anti-lambda serum respectively, lanes 5 and 7 

correspond to the soluble fraction from HB101-pNP4 

1mmunoprecip1.tated with normal rabbit serum and· rabbit 

anti-lambda serum respectively; lane 9 corresponds to the 

soluble fraction from HB101-pNP3, and lane 10 corresponds 

15 to the insoluble fraction from HB101-pNP3. The position 

of unlabelled lambda protein from MOPC104E is indicated 

on the left hand side of Figure g. When such a procedure 

was carried out using pNP3, the~recombinant A light chain 

protein was present in the insoluble fraction (Figure 9, 

20 lane 4) rather than the soluble fraction (Figure g, lane 

3). No 25 Kd band comigrating with authentic ~ 1 light 

chain was present when either tne soluble or insoluble 

fraction were immunoprecipitated using normal rabbit 

ser.um (Figure 9,1 • lanes .. l. ana 2).. By.. inf:erence. i.t is 

25 likely that all Ig light chains:will fractionate as in 

this specific exa.~ple. 
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In the absence of specific immunoprecipitation a 

novel protein band was not visible from extracts of 

HBlOl containing pNP3 nor was the~ protein found 

to accumulate. ·However, there was a dramatic difference 

5 when pNP3 was induced in the K12 strain El03s. In 

this strain A protein· was found to accumulate during 

induction until the cells reaches stationary phase 

( figure 10, lhnes 3-5) to a leve·l o:r. about 15Cl times 

that found irr HB101 as determined by an. ELISA ( enzyme 

:t.Q. l.inl5.~d, irn.qiur:i9-sQ.:rbe-nt4 ~~f?~ayl. These cells WQ~~ :found 
to contain inclusion bodies which appeared refractile 

under-light microscopy, a phenomenon characterist~c. 

of high levei e~pression of foreign proteins. An 
estimate of the_pa~centage of total E. Coli protein. 

15 repre~ented by recombinant /\,. protein was·· obtained 

by separating· .the protei~s by gel ~lectrophor.esis. 
. .· . . \ . 

staining them 1 witp Cooma.ssie blue and scanning ·_the: 
. . . . .. . ~ . . . . . 

stained gel with a Joyce-Loebl chromoscan 3. This 

:'.t' methoa -showed that '),... was the m~jor protein present 

20 (Figure 10, lane 5) and represented 13% of total E. 

Coli protein. The/\... protein had a half-life of 20 

minute in HBl01 but accumulated to very high levels 

in El03s, suggesting that Lambda protein was much more 

stable in the latter strain. After cell lysis and 

25 centrifugation of HBlOl or El03s containing pNP3, )\._ 

light chain was detected in the insoluble {Figure 10., 
. . ' 

lanes 7 and 10) ~ut not in the soluble fracti_oris . ( 

fF~·gure·· 10"'; l!'ane·s~ 6°')"f a:s, de·termined by Coomass·ie b·lue 

staining. Th.e identity of the major Coomassie.blue 

30 stained band as ,'- protein was confirmed by Western 

blot analysi~ (Figure 10, lanes 8-10). The presence 

of such immurioreactive bands was specific to pNP3 

containing cells.. When extracts frol!l cells containing 
pCX70, a proc}l~osin expressing plasmid, were subjected 

35 to the same ana1-ysis no bands wer~ detected. . This 

more sensitive technique showed that a small amount 

of the~ protein was in the soluble fraction (Figure 10, 

lane 9). The presence of a number of distinct immune-
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reactive proteins all snal!_l.er, than full-length protein were 

aiso detected. These may result :rran proteolytic degradation of 
of ~ protein, f'ran premature termination of transcription or 

:f'ran intemal 1nit1at1cn of translation. . . 

· Expressioo of p and Lani:>da Poln,eptides in· .the· same Bacterial. Cell 

Each of' the Ig µand;. genes in expression plasmids were 

transformed into the sar11e E.Coli cell to direct.the 

5 synthesis of' both Ig p. and A polypeptides. In order to 

overcome plasmid incompatibility and provide a second 

anti,biotic resistanqe marker, t.ne . ··. ·. trp pr~mo,ter and A. 
sequences .were excised f'rom pNP3 on a Hing III - Bam HI 

fragment and inserted into the ·Hind III - Bam HI fragment 

10 of' pACYC 184. The resultant plasmid pACYC · A caused the 

15 

E.Col1 to grow very poorly. This weak growth was thought 

_to result_ from read-through of' RNA.polymerase into the 

origin of' replication. However, the inhibition of gro~th 

was virtually eliminated by the cloning in of' the bacterio

phage T7 transcriptional terminator at the Hind III site 

of' pl~s'"mid pACYC ~. 

This terminator functions in both orientations. The re

sultant plasmid pAC ;\ T7-·1 has a chloramphen1c.ol resistance 

gene and an origin compatible with the pBR 322-derived 

:20 origin on pNP14, the Ig p expressing plasmid. Transform-

25 

.:. 

30 

ation of' both plasmids in the same E.Coli B was achieved 

in two steps. Firstly pNP14 was introduced followed by· 

pAC ;:\ T7 - I in two sequential transformations to give 

amp-i>e i~l: ~in• and,, c,n,J!o·ram;,hen,.i:ee1:' re'S1i"'stan°t· cl:'one·s·. 

E.Co1i B ce11s derived f'orm this double-trarisfomant clone 

showed the presence of inclusion bodies and two novei 

polypeptide bands on stained gels of the insoluble 

fraction af'ter 1ysis. These two bands correspond both 

. with immuno1ogical activity by Western blotting for Ig p 
and Ig l and in their expected molecular weights. It has 

thus been shown that the double-transformant clone expres

ses both the fiet'ero'logous genes. This had not hitherto 

been shown. 
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The presence of~ i1ght chain in the insoluble fraction 

was. a useful pur-if'ication step since it both concentrated 

the protein and separated it from the bulk of E. Coli 

·soluble proteins. 

. 
For further puri:fieation of the/\ light chain, the 

cell.debris were dissolved in lOmM Tris-lJCl pHS.O, 

25% formamide, 7M urea, lmM EDTA·and 2mM dithiothreitol. 

This material was loaded onto a DEAE Sephacel col:umn 

10 {Pharmacia) (lx 25cm at a flow rate of _Srql/hr} which 
·' n:a-a.· be·err e·quilibrated" fn 9M' urea·, _lOmM Tr'i:s-HC1 pH8. o, 

lmM EDTA and 2mM DTT. The DEAE Sephacel column_was 

developed·using .a 0-lSOm?rt NaCl gradient in loading 

buffer. ->The eluted peak A. light chain immunoreact~vity, 

15. corresponding to the major peak of protein, was diluted 

to a final concentration of 2. 25M urea, lOmM Tris-Hcl·· 

pH8.0, lmM EDTA, 2mM DTT. and loaded ont~ an octyl~ 

Sepharose column (Pharmacia) (2.5 x 10cm) .: '·Material 

was eJ.\!ted by use of a urea gradient of 2·. 25-9M .u~ea. 
20 The peak material was pooled, dialysed into ammonium 

bicarbonate and lyophilised. Following this step, 

25 

30 

. r 

only a single band of Coomassie blue stainable material 

corresponding to recombinant ~ protein was visualised 

by SDS-PAGE. 

Thep heavy chain was purified from 9M urea solubilised 

pellets by anion exchange chromatogrpahy and chromato

focussi:_ng (Ph~macia) ... 

It was of great interest to determine whether the con-r, ;:: 

comi tant expression of .}J. and A would lead to the forma

tion of fun~~~~nal IgM. In order to determine this, 

extracts were made from E. Coli containing both I&Jl 

and~ polypeptides and these tested for antigen binding. 

35 We used a two~site sandwich ELISA which_detects...,u chain 

binding ~o haptenalated bovine serum albumin (NIP

caproate-BSA) • 

BIOEPIS EX. 1002 
Page 3923



- 34 - 0120694 

:tn·the NIP binding assay, bovine- serum.-albt1II1in (BSA) 

is reacted with an equimolar·amount of.NIP-Cap~N

hyaroxy-succ1namide at pH 7.5 in lOmM phosphate buffer. 

The resulting NIP-Cap~BSA is separated from free 

5 NIP-Cap on a G-50 Sephadex co.lumn. 

Mic·rotitre plates (96 well Nunc Immune Plate 1) are 

co~ed with 100 _u.1 of a sol~tion of 10.J.lg/m1. NIP~BSA

in ~sodium carbonate/sodium bicarbonate 0.1M, pH 9.6 

10 buffer (coating buffer) overnight at 4°C. 

The coated plates are then blocked for n~n-specific 

bit:iding by addition of 100 J.J.1 of O. 5% casein in coating 

buffer (blocking buffer) and incubating at 37°C for 

15 l hour. 

25 

The coated and blocked plates are the~ washed three 

times in 150 mM NaCl, 0.05% NP40, 20mM Tris-HC1, 

p~ 7.S~buffer (washing buffer). 

The washed plates are shaken free of excess washing 

bu~fer and samples are added in their buffer or typically 

i~ 0.5% casein in washing buffer {sample buffer) to 

a 100 \11 final volume. 

In order to demonstrate the nature of the binding to 

NIP-BSA, samples for testing were suppl~mented with 
i 

either NIP or NP is free solution at various concentra-

t~ons (from 60 to 0.3 ..uM :for NIP or from 600 to 3 JlM 

30 for NP) • 

35 

The plates with samples are then incubated at 37°C 

for one hour and thereafter washed three times with 

washing buffer. --
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The washed plates are then innoculated with 100 pl 

of' anti p-peroxidase conjugate (1 :·1000 dilution; TAGO 

Inc) in sample buffer, and incubated for one hour at 

37°c. The plates are then washed three times in washing 

5 buffer. 

The washed plates are innoculated with 100..).11 of 

O.lM Na acetate-~itrate, pH 6.0, 0.1 mg/ml tetramethyl

benzidineJ 13mM H2o2 (peroxidase substrate) and 

10 incubated at room temperature f'or ~ne hour.: The 

reac.tion is. terminat~d by the a.ddi.tion of 25).11 · of 

2.5M H2so4 • 

~he microtitre plates are then read in a plate reader 

15 (Dynatech) at 450 :nm with a reference of' 630.::n.m. 

The A450 was related to the level of' a standard protein, 

Bl-8 anti-NIP IgM. 

T~is ~§say demonstrates sensitivty to-60pg of Bl-8 IgM. 

2'0 •;The extracts were prepared as s·oluble and insoluble 

material. The insoluble material was solubilized in 
the same buffer used in 1ysis but containing SM urea 

followed by its dilution for assay. 

25 In order to obtain activity for the Ig .Al and 'X , ext~acts 

were made of' the insoluble fraction and these dialysed 

into buffer conditions in w~ich disulphide interchange 

will occur at a higher frequency. 

30 Production of functional antibodies from E. Coli 

expressi·ng both heavy and light chains was achieved 

by lysing the cells and clarifying the supernatant by 

centrifugation. The insoluble material ·was washed,_ 

followed by sonicati~n (3 times for 3 minutes), and 

35 fi~ally dissolved in·9M urea, 50mM glycine-NaOH pHl0.8, 

BIOEPIS EX. 1002 
Page 3925



~ 

- 36 - 0120694 
1mM EDTA, and 20mM 2-mercaptoethano1. ~hia extract 

was d1.a1ysed i'or 40 hours against 3 changes of 20 vols·. 

of lOOmM KCl, 50rnM gl'ycine...;NaOR pHIO". 8, 5% glycerol, 

O.OSmM EDTA, O.SmM reduced gl.utathione and O.lmM oxidised 

5 glutathione. The dialysate was cle~ed by centrifugation 

at 30,000g for 15 minutes and loaded directly onto 

DEAE Sephace1, followed by development with a 0-0.SM KCl 

linear .gradient in lOmM Tris-HCl.,. O.SmM_ED'rA.,. pHB.O.' 

10 The purified Ig ...u and ")\.,, were treated as above, except 

that no anion exchange chromatography was carried out. 

The p'reparat!on was· :finaiiy dialysed into phosphate 

buffered saiine, 5% glycerol,·0.01% sodium azide and 

0.5mM EDTA pH7.4. 

15 

The results from assays of material processed in this 

way ±ndicated that some activity was obtained. The 

level of activity obtained in_ this way was·too.low 

to do ~Y detailed studies on, so the resultant o.ia_lysate 

20 was pur·ified by anion exchange chromatography (Figure J.1 ~ 

11). This process resulted in the isolation of signifi~ 

cant NIP-cap-BSA binding activity over that of background 

binding to BSA (Figure 11). The assay of the fractions 

for the level.of IgJl, expressed as Bl-8 IgM equivalents 

25 demonstrated two peaks of activity. This was not 

found to correlate with full length Ig.).1 by Western 

blotting. The first peak observed may represent a 

fragment of Ig Ji. The separation of NIP-CAP~BSA binding 

~c.tiv,i_ty. from the. maj~ori ty of. full length Lg,JJ, and 

30 protein indicates that the hapten binding activity 

is contained within a particular molecular species 

formed at low efficiency. 

The processing of insoluble material obtained from Ig 

35 p expression in E. Coli produced a similar IgM protein 
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profile but without NIP-cap-BSA binding activity. 
. . ... 

This demonstrates that the ac.tiyi ty recovered was a 

property of' the combined immunog1obulin expression, 

not of' some E. Coli factor, or of'_the Ig,Jl heavy chain 

5 alone. 

Further studies of' the. charac~erist~cs of the hapten 

(NIP-cap~BSA) binding were carried out. As samples 
C . 

were diluted they showed less bi"ndirig to hapten in a. 

10 very similar way to the or~ginal an~ibody ( Figure . 12) • 

Free hapten was found to inhibit most of' the binding 

activi:ty iri both indftu~ed and. :diluteci' s~ples. Using 

Bl-a· antibody as a standard for.both IgM and hapten 

binding, the specific activity·ot the assembled antibody 

15 was calculated to· be 1.4· x 104 gm/gm of' IgM equivalents. 

20 

This value demonstrates the inef'f'icient recovery of 

activity, but possibly repre~ents ah underesti~ate · 

of' the specific ·activity:due to· ·an overestimate of' f'ull

lengt!1 .. Ig y in these fractions, .as ~ascribed above. 

Heteroclitic Nature of' Recombined Antibody 

Detailed specificity of' binding to NIP-cap-BSA was 

investigated by comparing the asseml:>led antibodies 

with Bl-8 IgM in the presence of'-f'ree NIP-cap and NP-

25 cap . ( Figure 13) • Both Bl-8 IgM and the assembled anti

bodies showed -that higher NP-cap than NIP-cap concentra

·tions were required to inhibit NIP-cap-BSA binding •. 

':£'.hp ll.~.~E:1.ro.c),:i- t_j,._c na,t:u.r~~ i.s~ d~mons.t:cat.ed. bN,. the,. mol.an,. 

30 ratio of NIP to NP at 50% inhibition. The concentrations 

of' NIP and NP at 50% inhibition (I50) were f'ound to 

be similar f~r both·Bl-8 and the assembled antibodies 

as shown in·Table 2. Also the NP I~O/NIP ISO ratios 

were similar ( Table 2·) • . 

35 
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Table 2. Hapten concentration at SO% inhibition (ISO) 
-· 0£ binding. 0£ antibodies to NIP-cap-BSA so1id phase. 

SD =·Standard Deviation. 

5 

NP ISO 
NIP ISO \:K NP ISO t:M NIP ISO 

Bl-8 °IgM 
Fraction 26 

10 Fraction 27 and 28 

Eu·r.1.:f:1:e d' ...u0 and.. A=' 

0.13 

0.34 

. 0.11 
0, •. 4--. 

(SD, 0.05) 3. 7 (SD,2..9) 

(SD, 0.09) 1.9. (SD,0;.4) 

(SD,0.02) · 1.1 (SD,0.3) 

0.84 

It has thus been shown that not only is it possible 

to express fl and ?\ proteins having intact variable 

15 domains, but also that it is possible to express both 

..u and /\ proteins o~ Jcompatible plasmids in the same . . 
cell. This latter has not hitherto been disclosed 

or even suggested. Moreover, it proved possible to 

derive·£unctional Ig molecules £rom E. Coli· celis· 

20 which expressed both _p. and r-- proteins. 

29 
6" 

10 

22 

It has thus been shown that the process· of the present 

invention produces a functional Ig molecule by recombi
nant.DNA techniques. 

25 

= 

.:. 
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Construction. of Expression Plasmids for Yeast 

The plasmids used for e~ress~on in yeast (Saccharomyces 

cerevisiae) are based on pBR322 and the yeast 2 mic·ron 

15 plasmid. These plasmids are the subject of copending 

European Patent Application EP O 073 635, the disclosure 

of which is incorporated hereby reference~ The yeast 

phosphoglycerate kinase _gene (PGK) provl.des the 5 ,· 

sequence necessary for initiation of transcription and 

20 insertion of genes can be made at the unique BglII si~e 

in the plasmid pMA 3013-described in the above mentioned· 

European patent application.· ;his plasmid has now been 
renamed pMA91 as is so referred to·hereinafter. 

a) met-mu (J.t) 

25 BglII and BclI produce compatible 5'-GATC.ends. The met-

µ gene from pNP2 was excised on a partial:. BclI fragment 

and ligated into the unique Bg1II site of pMA91. 

b) Pre-mu (µ) 

The plasmid pCT54 u con~aining the full length pre-p cDNA 

30 was digested with Hind III. This cuts at the 3' side of 
the, p cDNA. This~ H:Lnd II:E site was· changed to· a B~clI · ·· 

site by incubation with._ T 4 DNA polymerase in the presence 

·-· ............. · ... ... 

".'-
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of all 4 nucleotides. The linker. ~107 af sequence 

TTTTGATCAAAA, whi~h contains an internal BclI was ligated 

to the DNA obtained above. After ligation one aliquot 

of' the resultant DNA was digested with Bell and AccI and 

5 the p AccI-BclI fragment was isolate.d f'rom the resultant 

mixture by gel electrophoresis. A separate aliquot of 

the resultant DNA~was digested with MboII and ligated 

with· chemically s~nthesised oligonu~leotide linkers·R121 

and R112 which have cohesive Bell and MboII ends. 
-· -~ 

10 
R121 5 1 GATCAATGGGATGGAGCTGT 3' 

R112 5' TT~CCCTACCTCGAC 3 1 

.The ligation reaction was terminated and the resultant DNA 

.digested with AccI to give aµ MboII-AccI fragment which 

.was isolated from the resultant mixture by gel electro

phoresis on a 5% polyacrylamide gel. 

15 The two p f'ragmen~s obtained above were ligated together 

and then digested with Bell to eliminate unwanted ligation 

products after w~ich the resultant pre-p DNA was ligated to 

BglII cut plasmid pMA.91. 

The resultant ligation mix was used to transform E.coli 

20 strain HB101 to ~p1cil1in resistance. A colony of: the 

25 

transformed bacteria was isolated and was found to cqntain 

a plasmid exni"Qi.t.ing tb~ ppedicted eQ~~e. ~ig~9tion ~at tern. 

The 5 1 end of the inserted DNA from this plasmid was se

quenced and shown to have the'anticipated sequence ·for a 

pre-p cDNA. 
.:. 

c) met-lambda ci> 
The met-A DNA was cloned into the BglII site of plasmid pMA9i. 

Plasmid pCT54 Clone 1 was cut with Hind III to the 3'.side 

of the met-,. cDNA and this cleavage site was a1 tered to 

! 
I 
I 

\ 
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a Bell site in a similar manner as p~e~ious·ly qe~_cri.bed 

for pNP2 •. Following this the plasmid DNA ~as cut 5' of 

the A gene at the Bell site and the resultant'>. DNA was 

cloned into the Bg1II si.te of' pJ'4A9.1 .•. 

5 d) Pre-lambda (A) 

Pre-A cDN.A: was recons·.tructed into pMA. 9.1 as. follows.. The 

plasmid pCT54 was~ -digested with BcII and Hi.nd III and the 

resultant vector DNA was isolated. by gel elec1;rophoresis 

a_I19, llgc:lt.ed tog~_ther W,i.th t:wo syntheti:C··. oligo.nuc·leotides; 

10 'R162 and R163, and the two f'ragm~nts: :fr~m ·p.lasmi~_ pATAl-15. 

R162 5 1 GATCAATGGCCTGGATT a• 
R163 5' GTGAAATCCAGGCCAfT 3' 

These fragments were produced by digesting pAT A. 1.:....15 ·with 

FokI and Hind III and isolating the · 5' · 300-_ b~se pair Fok! 

fragment and the 3' 600 base .. pai·r FokI"'.:-_!i:i.n.d :(rr fragment 

15 by ger electrophoresis. The resu.l_ta.nt, l_igation. m·ixture 

was used to transform E.Coli strain HBI,01 to ·ampicillin 

:c:es.istance and a colony of bact~ria co~tainiri~ ·_a. piasmid 

having the_predicted correct -rest:ri_ct;i.on enzyrrie digestion 

pattern was isolated. The 5' end Of the ·inserted DNA was 

.. 20 sequenced and found to hav~ ttje "·.anticipcited: sequence of a 

·pre-A cDNA. This pl.asmid. was· digested with Hind III and 

. the resultant Hi~d III clea~ed ends ·converted ·to a Bel I 

Site oy blunting with T 4 . p.~iyrne~~s:e aµd ligating Wl. th · .tl}e 

linker R107. The resul taijt pta~rnid ~as th¢n .dig~ste,d 
:t- • • • ~' . . . : • . . • . . 

25 with BclI-.and the pre-A ·cDNA.is<>lated on a ··aciI fragment 

by gel electrophoresis. . This a~iI frsagmeJ:it· ·_was then 

ligated tQ. BglI cut pMA91 t6 give· a .pMA · 91 :~,ia.smid con-
. taining the full length p·re--: A: cI>~A •. · .. 

ExpressioQ.. of Immunogloublin Genes in. Yeast 

30 The pMA91 derivative plasmids coritainin~ the ,p:r~-::- .A and 

pre- J.J. genes. as prepared above were used . to t~ahsform 
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Saccharomyces cerevisiae yeast host organisms and the 

pre:- :X and pre-p genes were expressed by the transformed 

cells. 

Saccharomyces cerevisiae strain MD46 when transformed 

5 with pMA91 pre- A or pMA91 pre-p. gave rise to co·1oriies 

which expressed immunoreactive proteins as revealed on 

Western blots. Yeast cells containing plasmid pMA91 

pre- A p·roduc'ed· a protein wh:tch re·acted" with, anti:.:). 

antiserum and co-migrated on·polyacrylamide gels with 

10 bacterially synthesised mature) Similarly yeast 

cells containing pMA 91 pre-p pr~duced·a protein which 

reacted with anti-p antiserum and co-migrated on poly

acrylamide gels with bacterially synthesised mature p 
protein. These observations indicate that both pre-A 

15 and pre-pare being processed to the corre~ponding mature 

proteins within the yeast host cell environment • 
. .. . .•. 

= 

Additionally the p protein product (but not the ~prote:i.n) 

was shown to be glycosylated. Cells were incubated in 

the presence or absence of tunicamycin at a concen~ration 

20 of 15 pg/ml. This compound specifically arrests the 

N-linked glycosylation of proteins. Cell extracts derived 

from cells incubated in the absence of tunicamycin showed 

higher molecular weight bands (as revealed by Western 

b.lo.t.ting,l_ wJtit~t ext,~a~~:t;;~ {roJ? (?ells ~~cubated in the 
25 presence of tunicamycin showed no such higher molecular 

weight bands. 

When cells were lysed with glass beads and the sol?1ble and 
insoluble fractions examined it was found that the~p and 

) proteins were exclusively in the insoluble frac-1;ions, 
30 as determined by Western blotting. __ 
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Secretion 

After incubation transformed yeast cells were spun down 

and 1 ml volumes of supernatant were removed and passed 
' 

through BSA-coated 0.2 )lM Millipore· :filte·rs to remove 

any remaining cellular-_material~ · ELISA assays for p 

and A prote1n were thep carried out on the· f'i'l-ter.ea 

supernatants. Only s~pernatants· from.pY.aA.91 pre--) 

harbouring cells showed detec.table levels o:f immuno

globulin protein. I~creased ~m9unts of A protein w~s 

detected in the supernatant when cells were gr.own in 

_minimal medium to on660 = ?·2 and then spun down and 

resuspended in YPAa, and harvested at on660 = 1.0~1.S. 

Thus the A protein but not theµ protein is secreted 

:from yeast cells. 

Intracellular Location 

After incubation cells .. conta:i.riing pV~91 pre-p were pon

verted to spheroplasts-arid fixed in 5% acetic acid/95% 

ethanl (v/v) and incubated with :fluorescein.conjugated 

goat anti-mouse Ji·. Tne fixed cells were examined by 

20 fluorescent microscopy and the pprotein was found to be 

localised in the periphery of the spheroplasts and 

especially in vacuoles. 

25 

30 

= 
Expression o:f bothp and 1 Proteins ip the Sarne Cells 

In order to express ho.th . genes in the . same host cells it 

was necessary to provide. coinp~tible plasmids-· ".cor use in 

transformation. The ~re-A . . gene was exc.ised from pMA.91 

pre-A on. a Hind III fragment ~d inserted ·1.pto the Hind 

III site of plasmid pLG89 .( Gri ti L, and Davies J, Gene, 
. . 

25 179-188, 1983) • ~~his plasmid contains a ura3 marker 

which can be used as a posftiv~ selection·f'or transformed 

host cells. A-convenient ura3- hos:t organism is s. 
cer.evisiae strain :X:4003--SB... Both plasmids, . pMA91 pre·-p· 

BIOEPIS EX. 1002 
Page 3933



0120694 
- 44 -

and pLG89 pre- l , were transf'ormed fnto this strain, 

and colonies were grown which contained together both 

the ura3 and leu2 markers. After incubation of' the 

transf'ormed cells both ) and p. pro~eins together were 

5 detected in the same cultures of' X4003-SB 

using ELISA techniques. Levels of' exp~ession were 

comparable to those obtained for the 1ndi~idua1 genes ip 

MD46 cells and f'or the )i gene alone in X4003-5B. 

In addition, to check for assembly of' the>. andµ pro-

10 teins in vivo the following procedure was f'ollowd. 

After the growth to an on660 ~ 1., the transformed X4003-

SB cells were spun down and resuspende·d in buf'f'er, either 

S mM borate buf'f'er at pH 8.0 or phosphate buf'f'er at pH 

5.8 either with or without detergent {e.g. 0.5% Triton X). 

15 The suspended cells were then lysed by vortexing with 

glass_~eads in buf'f'er as above and the insoluble. mater~al 

was spun down. After centrifugation aliquots of the 

supernatant were assayed in a NIP binding assay (as de~ 

scribed previously f'or assembled E.Coli µ and A proteins). 

20 Specific antigen binding activity was detected in the -

supernatant and this activity was shown to be specif'icaliy 

. , competed out by free NIP (the specific antigen). 

These results indicated that p and i protein were ex

pressed within the X4003-5B cells and assembled into -

25 f'unctionai. i:mmunog~aub:bin mo,lecules in vi.vo. 

In the above experiments the culture medium used for 

incubating the transformed cells was yeast minima1 medium 

{containing, per litre, 6.7 g DIFCO yeast nitrogen bas~e 

without amino acids,10 g glucose, and 200 mg each of' 

30 histidine, tryptophan, methionine and adenine). 

the 'A protein alone was being expressed the medium -

contained in additon 200 mg/1 of' leucine, and when the p 
protein a1one was being expressed the medium contained 

in addition 200 mg/1 of' uracil. 
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CLAIMS: 

1. A process for producing a heterologous multi chain 

polypeptide_or protein in a single host cell, which 

comprises transforming the host .cell with DNA sequences 

coding for each o~ the polypeptide chains and expressing 

s said polypeptide chains in said transformed host cells. 

10 

2. A process according to cla:i:m 1:, wherein each DNA 

sequence is inserted individually into a vector and ·the 

individual vectors are used to transform the single host 

cell. 

3. A process according to claim 1, wherein at least 

··:;~~
0!.e!::/:!:!!qt:n:::/:: •. !1;;:;::ir;:::.:~r;rr:;:t:s,.,·.·· .. -

cell. 

4. _/\.process apcording to claim 2 or claim 3 wherein 

. ·. 1 s . _·thi(, _Qt<·::e~9.h;:· :ye_c ~or;--:_~--~-::·_ ~--:_P.;:~~1,:~J;if.I'ffa~w::??\:I(\){\f:/;\\ ... ;- ·;/-F:~::~·::tt::, _·:·_ .. ·. · · 
s. A process according· to· clai·m 4, whe_rein ·the .. plasmid 
is ~~l .. E·l. ~ p·cRl •· pBR322: R.P4 ~;-:;ha~e···:n'NA:··,._: . . . . . . . .. 

· · · · · ·.· s.-: . A;'. i>r,o'ce~:$,: ;_a~c.orci.fh'gi/t9{~~\~:tl~J.?iPfJs!~~}t~:l/t~{(~{C/}i \.:_:_;:: .· .. 
wherein the host cell is a bacterium or a·yea.st. 

. . 

20 7. . A process according to cla:im s·,- ~he_rei.rr the host· 

ce11 is E.Coli,."B- ·subtilis or: $.-cerev-isiae~·: ·.· ·. · · · · .. _· .,·_ 

8. A process according to claim 7, wherein the host 

cell is E.Coli strain. HB101, _JCl-7_76,~ ~2887,. P~4~0, tmC 1 
. . 

R'-:.:-08, .3 or El035. 
•.' ... 

. . ' .. _ ... 

..:. 
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~. !-, prqcess according to any one of c·laims. 1. to· 8-, 

wherein the polypeptide chains are expressed· and secreted· 

by the host cell. 

5 10. A process according to any one.of claims l to. 8, 

wherein the polypeptide chains expressed by the host 

cell are solubilised under conditions which. facilitate 

assembly of the active multi chain.polypeptide.or 

protein. 
i 1..0~ 

11. A process according to any one of claims l to iO, 
for p~oducing an Ig molec~le ~ran immunologically 

functional Ig fragment, wherein the host cell is 

transformed with DNA sequences coding for at least 

15 the variable domains of the Ig heavy and light chains. 

20 

12~ A process according to claim 11, wherein the DNA 

sequences code for the complete Ig heavy and light 

chainsr 

13. A process according to claim 11 or claim 12, 

for producing an Ig molecule or fragment having at 

least one constant domain, wherein the constant domain 

is derived from the same source as the variable domain 

25 to which it is attached. 

14. A process according to claim 11 or claim 12, 

fc:ir pro'ducirtg· an Ig· mo':tecu1:e· or fragment, havi:ng, a;t 

least one constant domain, wherein the constant domain 

30 is derived from a different source for that from 

which the variable domain to which it is attached 
7·,., 

is derived·;·v 

15. A process according to any one of claims 11 to 14, 

35 wherein the DNA coding sequences for the Ig molecule 
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or fragment are derived from one. o.r mor.e monoclonal 

antibody producing hybridomas. 

16. A process for increasing the level of protein 

5 expression in a transformed host cell comprising 

altering the vector ~NA sequence in. the region of the 

initiator AT~. codon to one which substantially eliminates 

RNA sec~ndary structure. 

1.0~ :1.7·. A~ process accord4-r,ig, to,,_ cJ..a-d.m 16~ w-ae•Fe4n .. 't·l:l.e"' DNA .. 

sequence is altered to minimise the absolute value 

of the AG value.of the sequence. 

18. A heterologous multi chain polypeptide or protein 

15 produced by recombinant DNA technology from a single 

20 

host· cell. 1 

19. An Ig molecule or an immunologically functional Ig 

fragment produced by recombinant DNA technology·:rrom 

a single host cell. 

20. An Ig molecule or fragment according to· claim 19,. 

including at least one constant domain derived from 

the same source as the variable domain to which it 

25 is attached. 
= 

. I 
I 

i 
i 

BIOEPIS EX. 1002 
Page 3937



0120694 
- 48 -

21. An Ig molecule' or fragment according to claim 1:9., 

1nc1ud1ng at least one constant domain derived from a 
source different from the source from which the variable 

domain to which it is attached was d~rived. 

5 22. An Ig fragment according to claim 20 or claim 21, 

comprising only one constant domain attached to each 

c variable domain. 

- 23. An Ig molecule according to claim 20 or claim 21, 

- c~mprising sufficient constant domains attached to each 

1ovariable domain to produce a complete Ig molecule. 

24. An Ig heavy or light chain or a fragment thereof 

having a complete variable domain, as a product of re

combinant DNA technology. 

25. A vector for use in a process according to any one 

15 of claims 1 t<? 17. 

26. A vector for use in transforming a host cell to enable 

1 t to produce a molecule according to any one of claims. 18 

to 24. 

27. A vector according to claim 25 or claim 26, which is 

20 a plasmid. 

28. A host cell transformed with a vector according to 

any one of claims 25 to 27. 

29. A therapeutic composition comprising a molecule 

according to any one of claims 18 to 24 and a pharmaceuti-

-25 cally acceptable carrier. 

30. A process for preparing a composition according to 

c·l,aim 29,, compFi:,sdmgom:i:-xi:ng~ a. mole.cule according to @Y 

one of claims 18 to 24 with a pharmaceutically acceptable 

carrier. 

=p031. An affinity chromatography medium comprising a mole

cule according to any one of claims 18 to 24 immobilised 

on a chromatographic medium. 

32. An immunological assay method in which the or each 

antigen binding Ig molecule or fragment is a molecule or 

35.fragment according to any one of claims 19 to 24. 
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33. An Ig mo1ecu1e or fragment according to any one 

of c1aims 1s·to 24 having attached thereto a cytotoxic. 

enzymic or structural polypeptide moiety synthesised 

in the ce11 with the Ig molecule or ~ragment 

. -... 
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5 RECOMBINANT IMMUNOGLOBULIN PREPARATIONS, METHODS 

10 

15 

20 

25 

30 

35 

FOR THEIR PREPARATION, DNA SEQUENCES, EXPRESSION 

VECTORS AND RECOMBINANT HOST CELLS THEREFOR 

Background of the Invention 

This invention relates to the field of inmunoglobulin production 
and to modification of naturally occuring immunoglobulin amino acid 

sequences. Specifica1 ly, the invention rel ates to using recombinant 
techniques to produce both irrununoglobulins which are analogous to 
those normally found in vertebrate systems and to take advantage of 

these gene modi!Jcation techniques to·construct chimeric or.other 
modified forms. 

A. Immunoglobulins and Antibodies 

Antibodies are specific inmunoglobulin polypeptides produced by 

the vertebrate immune system in response to challenge by foreign 
proteins, glycoproteins, cells, or other antigenic foreign 
s.ubstances.. The sequence. of events_. which permits the organism t.o 

overcome invasion by foreign cells or to rid the system of foreign 

substances is at least partially understood. · An important part of 
this process is the manufacture of antibodies which bind 

specifically to a particular foreign substance. The binding 
specificity of such polypeptides to a particular antigen is highly 

refined~ and the multitude of specificities capable of being 

generated by the individual vertebrate is remarkable in its 

complexity and variability. Thousands of antigens are capable of 
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eliciting responses, each almost exclusively directed to the 
particular antigen which elicited it. 

Imnunoglobulins include both antibodies, as above described, and 

5 analogous protein substances which lack antigen specificity. The 

latter are produced at low levels by the l.)fflph system and in 
increased levels by myelomas. 

10 

15 

20 

25 

30 

35. 

A. f Source and Ut i1 i ty 
Two major sauces of vertebrate antibodies are presently 

util ized--generation in situ py the ma11111al ian B lymphocytes and in 
cell culture by B-cell hybrids. Antibodies are made in situ as a 
result of ··the differentiation of inmature B l;mphocytes into plasma 
cells, which occurs in response to sti1I1Jlation by specific 
antigens. In the undifferentiated B cell, the portions of DNA 
coding for the various regions on the irmunoglobulin chains are 
separated in the genomic ONA. The sequences are reassembled 
sequentially prior to transcription. A review of this process has 
been given by Go_ugh, Trends in Biochem Sci, 6: 203 (1981). The 

resulting rearranged genome is capable of expression in the mature B 
lymphocyte to produce the desired antibody. Even when only a single 
anti gen is introduced into the sphere of the inmune system for a 
particular mammal, however, a uniform population of antibodies does 
not result. The in situ immune response to any particular antigen 
is defined by the mosaic of responses to the various determinants 

which are present on the anti gen. Each subset of homologous 

antibody is contributed by a single population of 8 cell~-hence in 
situ generation of antibodies is •polycl onal •. 

This limited but inherent heterogeneity has been overcome in 

numerous particular cases by use of hybridoma technology to create 
11monocl onal a antibodies (Kohler, et ~., Eur. J. I11111unol •• 6: 511 

(1976)). In this process, splenocytes or 1.)fflphocytes from a mammal 
which has been injected with antigen are fused with a tumor cell 

0312L 
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1 ine, thus producing hybrid ce 11 s or 11hybri domas II which are both 

immortal and capable of producing the genetically coded antibody of 
the 8 cell. The hybrids thus formed are segregated into single 

genetic strains by selection, dilution, and regrowth, and each 
5 strain thus represents a single genetic line. They therefore 

produce imnunoreactive antibodies against a desired antigen which 
are assured to be homogenous, and which antibodies, referencing_ 
their pure genetic parentage, are called 11monoclonal 11

• Hybridoma 
technology has to this time been focused largely on the fusion of 

10 murine 1 ines, but human-human hybridomas {01 sson, L.- et~- s Proc. 
Natl. Acad. Sci. (USA), 77: 5429 (1980)); human-rnurine hybridomas 

(Schlom, J., et al. (ibid) 77: 6841 {1980}} and several other 
. -- . 

xenogenic-hybrid combinations have been prepared as wel 1. 

Alternatively, primary, antibody producing, B cells have been 
15 immortalized in vitro by transformation with viral DNA. · 

Polyclonal, or, much more preferably, monoclonal, antibodies 
have a variety of useful properties similar to those of the present 
invention. For-example, they can be used as specific 

20 immunoprecipitating reagents to detect the presence of the antigen 
which elicited the initial processing of the B cell genome by_ 
coupling this antigen-antibody reaction with suitable detection 
techniques such as labeling with radioisotopes or with enzymes 

capable of assay (RIA, EMIT, and ELISA). Antibodies are thus·the 
i~ foundation of imnuno .dia9-nostic tests for many antigenic 

substances. In another important use, antibodies can be directly 
injected into subjects suffering from an attack by a substance or· 

organism containing the antigen .1!1 question to combat this attack. 
This process is currently in its experimental stages, but its 

30 potential is clearly seen. Third, whole body diagnosis and 
treatment is made possible because injected antibodies are directed 
to specific target disease tissues, and thus can be used either to 
determine the presence of the disease by carrying with them a 

35 
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suitable label, or to attack the diseased tissue by carrying a 
suitable drug. 

Monoclonal antibodies produced by hybridomas, while 
5 theoretically effective as suggested above and clearly preferable to 

polyclonal antibodies because of their specificity, suffer from 

certain disadvantages. First, they tend to be contaminated with 
o·tfier profeins and· eel 1 ul'ar mater·fal s of hybrfdoma, (and·, fherefore, 

ma1T111alian) origin. These cells contain additional materials, 
10 notably nucleic acid fragments, but protein fragments as well, which 

are capable of enhancing, causing, or mediating carcinogic 

responses. Second, hybridoma lines producing monoclonal antibodies 
tend to be unstable and may alter the structure of antibody produced 
or stop producing antibody altogether (Kohler, G., et.!!_., Proc. 

15 Natl. Acad. Sci (USA) 77: 2197 (1980); Morrison, S.L., J. Illl1lunol. 

123: 793 (1979)). The cell line genome appears to alter itself in 
response to stimuli whose nature is not currently known, and this 

alteration may result in production of incorrect sequences. Third, 

both hybridoma and B cells inevitably produce certain antibodies in 
20 glycosylated form (Melchers, F., Biochemistry, 10: 653 (1971)) 

which. under some circumstances, may be undesirable. Fourth, 
production of both monoclonal and polyclonal antibodies is 
relatively expensive. Fifth, and perhaps most important, production 
by current techniques (either by hybridoma or by B cell response) 

25 does not permit manipulation of the genome so as to produce 
antibodies with more effective design components than those normally 
elicited in response to antigens from the mature B cell in situ. 
The antibodies of the present invention do not suffer from the ·-
foregoing drawbacks, and, furthennore, offer the opportunity to 

30 provide molecules of superior design. 

35 

Even those inmunoglobulins which lack the specificity of 
antibodies are useful, although over a smaller spectrum of potential 
use.s, than the antibod.ie~ th.emsehre.s. I.i:i pre$,en~ly und(;!rstood 
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applications, such immunoglobulins are helpful in protein 

replacement therapy for globulin related anemia. In this context, 
an inability to bind to antigen is in fact helpful, as the 

therapeutic value of these proteins would be impaired by such 
s functionality. At present, such non-specific antibodies are 

derivable in quantity only from myeloma cell cultures suitably 
induced. The present invention offers an alternative, more 
economi-cal source.. It. al so offers the opportun.ity of canceU.ing~ ou,t. 
specificity by manipulating the four chains of the tetramer 

10 

15 

separately. 

A. 2 General Structure Characteristics 
The basic ifl'ITlunoglobin structural unit in vertebrate systems is 

now well understood {Edelman, G.M., Ann. N.Y. Acad. Sci., 190: 5 
(1971)). The units are composed of two identical light polypeptide 
chains of molecular weight approximately 23,000 daltons, and two 
identical heavy chains of molecular weight 53,000 - 70,000. The 
t;our chains are joined by disulfide bonds in a 11 Y11 configuration 
wherein the ligh! chains bracket the heavy chains starting at the 

20 mouth of the Y and continuing through the divergent region as _shown 
in figure 1. The .,branch" portion, as there indicated, is 
designated the Fab region •. Heavy chains are classified as gamma, 
mu, alpha, delta, or epsilon, with some subclasses among them, and 
the nature of this chain, as it has a long constant region, 

25 determines the "cl ass 11 of the antibody as IgG, IgM, IgA, · IgD, or 
IgE~s ti•ght cha•i1ns• ar-e, €lassi,fled, as, e'i-ther· IMppa or· larmda.._ Each

heavy chain cl ass can be prepared with either kappa or 1 ambda 1 ight 
chain. The light and heavy chai~~ are covalently bonded to each 
other, and the "tail" portions of the two heavy chains are bonded to 

30 each other by covalent disulfide linkages when the immunoglobulins 
are generated either by hybridomas or by B cells. However, if 

non-covalent association of the chains can be effected in the 
correct geometry~ ·the aggregate will still be capable of reaction 

031a 

BIOEPIS EX. 1002 
Page 3958



• j 

-6-

with antigen, or of utility as a protein supplement as a 

non-specific immunoglobulin. 

0125023 

The amino acid sequence runs from the N-terminal end at the top 
5 of the Y to the C-terminal end at the bottom of each chain. At the 

N-terminal end is a variable region which is specific for the 
antigen which elicited it, and is approximately 100 amino acids in 

length, there bein~ slight variations bet~een light and heavy chain 
and from antibody to antibody. The variable region is linked in 

lO each chain to a constant region which extends the remaining length 
of the chain. Linkage is see~, at the genomic level, as occuring 

through a 1 inking sequence known currently as the •J11 region in the 
light chain gene, which encodes about 12 amino acids, and as a 

combination of •0 11 region and "J" region in the heavy chain gene, 

15 which together encode approximately 25 amino acids. 

20 

25 

30 

35, 

The remaining portions of the chain are referred to as constant 
regions and within a particular class do not to vary with the 
specificity of the antibody {i.e., the antigen eliciting it). 

As stated above, there are five known major classes of constant 

regions which determine the class of the inmunoglobulin molecule 
(IgG, IgM, IgAs IgD, and IgE corresponding toy, µ 1 u, 6, and£ 

heavy chain constant regions). The constant region or class 
determines subsequent effector function of the antibody, including 

«)Ct ivati on o.~ complement {Kabat, E.A., Stru~tural, Concepts in:

IfiiTlunology and Inmunochemistry, 2nd Ed., p. 413-436, Holt, Rinehart, 

Winston (1976)}, and other cellular responses (Andrews, D.W., 
et~., Clinical !ITITiunobiology pp·l-18 1 W.B. Sanders {1980); Kohl, 

S., et al., Immunology, 48: 187 (1983}); while the variable region 
determines the antigen with which it will react. 

B. Reconbinant DUA Technology 

Recombinant DNA technology has reached sufficient sophistication 
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tl1at it includes a repertoire of techniques for cloning and 

expression of gene sequences. Various DNA sequences can be 
recombined with some f ac i 1 i ty, er eating new ON A entities cap ab 1 e of 

producing heterologous protein product in transformed microbes and 
5 cell cultures. The general means and methods for the in vitro 

1 igation of various blunt ended or 11 sticky11 ended fragments of DNA. 
for producing expression vectors, and for transforming organisms are 
now in hand. 

10 ONA recombination of the essential elements {i.e., an origin of 

15 

replication, one or more phen9typic selection characteristics, 
expression control sequence,. heterol.ogous gene insert and remainder 
vector) generally is performed outside the host cell. The resulting 
recombinant replicable expression vector, or plasmid, is introduced 
into cells by transformation and large quantities o.f the recombinant 

vehicle is obtained by growing the transformant. Where the gene is 
properly inserted with reference to portions which govern the 
transcription and translation of the encoded ONA message, the 
resulting expres?ion vector is useful to produce the polypeptide 

20 sequence for which the inserted gene codes, a process referred to as 
"expression. 0 The resulting product may be obtained by lysis, if 

necessary, of the host cell and recovery of the product by 
appropriate purifications from other proteins. 

25 In practice, the use of recombinant DNA technology can express 
en.tirel~ heterologous polypeptides--so-called direct expression-or 
alternatively may express a heterologous polypeptide fused to a 

portion of the amino acid sequence of a homologous polypeptide. In 
. -- . 

the latter cases, the intended bioactive product is sometimes 
30 rendered bioinactive within the fused, homologous/heterologous 

polypeptide until it is cleaved in an extracellular environment. 

35· 

The art of maintaining cell or tissue cultures as well as 

microbial systems for studying genetics and cell physiology is well 
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established. Means and methods are available for maintaining 

permanent cell lines. prepared by successive serial transfers from 
isolated cells. For use in research. such cell lines are maintained 

on a solid support in liquid medium, or by growth in suspension 
5 containing support nutriments. Scale-up for large preparations 

seems to pose only mechanical problems. 

Summary of the Invention 
The invention relates to antibodies and to non-specific 

10 imrnunoglobulins (NSis) formed by reconoinant techniques using 
suitable host cell cultures •.. These antibodies and NSls can be 

readily prepared in pure -monoclonal" form. They can be manipulated 
at the genomic level to prodiice chimeras of variants which draw 

their homology from species which differ from each other. They can 

15 also be manipulated at the protein level, since all four chains do 

no·t need to be produced by the same eel 1. Thus, there are a number 
of "types 11 of immunogl obul ins encompassed by the invention. 

First, inmun_qglobulins, particularly antibodies, are produced 
20 using recombinant techniques which mimic the amino acid sequence of 

naturally occuring antibodies produced by either mammalian B cells 

in situ, or by B cells fused with suitable inmortalizing tumor 

lines, i.e., hybridomas. Second, the nethods of this invention 

produce, and the invention is directed to, inmunoglobulins which 
25 comprise polypeptides not hitherto found associated with each other 

i'n nature. Such reassemf>l'y i's particularly useful in producing 

"hybrid" antibodies capable of binding more than one antigen; and in 

producing 11compos i te" i mmunogl ob~!ns wherein heavy and 1 i ght chains 
of different origins essentially damp out specificity. Third, by 

30 genetic manipulation, "chimeric" antibodies can be formed wherein, 
for example, the variable regions correspond to the amino acid 
sequence from one mammalian model system, whereas the constant 

region mimics the amino acid sequence of another. Again, the 

derivation of these two mimicked sequences may be from different 

35 
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species. Fourth, also by genetic manipulation, "altered" antibodies 

with improved specificity and other characteristics can be formed. 

Two other types of immunoglobulin-like moieties may be 
s produced: "univalent" antibodies, which are useful as homing 

carriers to target tissues, and "Fab proteins" which include only 
·the 11 Fab 11 region of an immunogl obul in molecule i .e, the branches of 

the "Y 11
• These univalent antibodies and fab fragments may also be 

11marruna l ian 11 i.e., mimic mamma 1 ian amino acid sequences; novel 
10 assemblies of mammalian chains, or chimeric, where for example, the 

constant and variable sequence patterns may be of different origin. 
Finally, either the light chain or heavy chain alone, or portions 
thereof, p~oduced by recombinant techniques are included in the 
invention and may be mammalian or chimeric.· 

15 

20 

25, 

In other aspects, the invention is directed to DNA which encodes 
the aforementioned NS Is, antibodies, and portions thereof, as well 
as expression vectors or plasmids capable of effecting the 
p·roduction of such immunoglobuHns· in suitable host cells •. · It -- . 

includes the host cells and cell -cultures which result from 
transformation with these vectors~ Finally, the invention is 

directed to methods of producing these NSis and antibodies; and the 
ONA sequences, plasmids, and transformed cells intermediate to them. 

Brief Description of the Drawings 

Figure 1 is a representation of the general structure of 

immunogl obul ins. . .. 

30 . Figure 2 shows the detailed sequence of the cONA insert of pK17G4 
which encodes kappa anti CEA chain. 

35 

Figure 3 shows the coding sequence of the fragment shown in Figure 

2,. along with the correspond,in.g. amino aci g sequen.c.e. 
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Figure 4 shows the combined detailed sequence of the cDNA inserts of 
py298 and pyll which encode gamma anti CEA chain. 

Figure 5 shows the corresponding amino acid sequence encoded by the 
s fragment in Figure 4. 

f:.igures. 6 and 7 ou,tline the con,struction of expressi.on vecto~s. for .. 
kappa and ganma anti-CEA chains respectively. 

10 Figures BA> 88, and 8C show the results of sizing gels run on 
extracts of E.coli expressing the genes for ganma chain, kappa 
chain, and both kappa and gamma chains respectively. 

15 

Figure 9 shows the results of western blots of extracts of cells 
transformed as those in Figures 8. 

Figure 10 shows a standard curve for ELISA assay of anti CEA 
activity. 

20 Figures 11 and 12 show the construction of a plasmid for expression 
of the gene encoding a chimeric heavy chain. 

25>-

30 

35 

Figure 13 shows the construction of a plasmid for expression of the 
gene encoding the Fab region of heavy chain. 

Detailed Description 

A. Definitions 
As used herein, uantibodies" refers to tetramers or aggregates 

thereof which have specific irrmunoreactive activity, comprising 
light and heavy chains usually aggregated in the "Y" configuration 
of Figure 1, with or without covalent linkage between them; 
11irrmunogl obul ins" refers to such assemblies whether or not specific 
irmnunoreactive-activity is a property. ·Non-specific 
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immunoglobulin 11 
(

11 NSI 11
) means those immunoglobulins which do not 

possess specificity--i .e., those which are not antibodies. 

"Mammalian antibodies" refers to antibodies wherein the amino 
s acid sequences of the chains are homologous with those sequences 

found in antibodies produced by manvnalian systems, either in situ, 
or in hybridomas. These antibodies mimic antibodies which are 
oth'erwise capable of being generated, although in impure form, in 
these traditional systems. 

10 

15 

20 

30 

35 

"Hybrid antibodies" refer_s to antibodies wherein chains are 

separately homologous with referenced marrrnalian antibody chains and 
represent-novel assemol ies of them, so that two different anti gens 
are precipitable by the tetramer. In hybrid antibodies, one pair of. 
heavy and light chain is homologous to antioodies raised against one 
antigen, while the other pair of heavy and light chain is homologous 
to those raised against another antigen. This results in the 
property of "divalence" i.e., ability to bind two antigens 
simultan~ously. Such hybrids.may, of cour:-se, also be formed using· 
chimeric chains, as set forth below. 

"Composite" invnunoglobulins means those wherein the heavy and 
light chains mimic those of different species origins or 
specificities, and the resultant is thus likely to be a non-specific 
immunoglobulin (NSI), i.e.--lacking in antibody character. 

"Chimeric antibodies" refers to those antibodies wherein one 
portion of each of the amino acid sequences of heavy and light 
chains is homologous to corresponaing sequences. in antibodies 
derived from a particular species or belongi_ng to a particular 
class. while the remaining segment of the chains is homologous to 
corresponding sequences in another. Typically, in these chimeric 

antibodies, the variable region of both light and heavy chains 

mimics the variable regions of antibodies derived from one species 
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of manmals, while the constant portions are homologous to the 

sequences in antibodies derived from another. One clear advantage 
to such chimeric forms is that, for example, the variable regions 
can conveniently be derived from presently known sources using 

5 readily available hybridomas or B cells from non human host 
organisms in combination with constant regions derived from, for 
example, human cell preparations. While the variable region has the 
advantage of ease of preparation., and the specificity is not 
affected by its source, the constant region being human, is less 

10 

15 

likely to elicit an inmune response from a human subject when the 
antibodies are injected than would the constant region from a 

non-human source. 

However, the definition is not limited to this particular 
example. It includes any antibody in which either or both of the 
heavy or light chains are composed of combinations of sequences 
mimicking the sequences in antibodies of different sources, whether 
these sources be differing classes, differiog antigen responses, or 
differing species of origin and whether or not the fusion point is 

20 at the variable/constant boundary. Thus, it is possible to produce 
antibodies in which neither the constant nor the variable region 
mimic known antibody sequences. It then becomes possible, for 

25 

30 

35 

example, to construct antibodies whose variable region has a higher 
specific affinity for a particular antigen, or whose constant region 
can elicit enhanced complement fixation or to make other 
improvements in properties possessed by a particular constant region. 

"Altered antibodies'' means antibodies wherein the amino acid 
sequence has been varied from thaf of a marrmal ian or other 

vertebrate antibody. Because of the relevance of reconbinant DNA 
techniques to this invention, one need not be confined to the 
sequences of amine acids found in natural antibodies; antibodies can 
be redesigned to obtai~ desired characteristics. The possible 
variations are many and range from the changing of just one or a few 
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amino acids to the complete redesign of, for example, the constant 

region. Cnanges in the constant region will, in general, be made in 
order to improve the cellular process characteristics, such as 
complement fixation, interaction with membranes, and other effector 

5 functions. Changes in the variable region will be made in order to 

improve the antigen binding characteristics. The antibody can also 

be engineered· so as to aid the· specific delivery of a toxic agent 

according to the 11magic bullet 11 concept. Alterations, can be made 
by standard recombinant techniques and also by oligonucleotide-

10 directed mutagenesis techniques (Dalbadie-McFarland, et al Proc. 
Natl. Acad. Sci. (USA), 79:6409 (1982)). 

"Univalent antibodies 11 refers to aggregations which comprise a 

heavy chain/light chain dimer bound to the Fe (or stem} region of a 

15 second heavy chain. Such antioodies are specific for antigen, but 

have the additional desirable property of targeting tissues with 

specific antigenic surfaces, without causing its antigenic 

effectiveness to be. impaired--i.e., there is no antigenic 
modulation. This phenomenon and the property of univalent 

20 antibodies in this regard is set forth in Glennie, M.J., et i!.!_., 
Nature, 295: 712 (1982). Univalent antibodies have heretofore been 

formed by proteolysis. 

11 Fab 11 region refers to those portions of the chains which are 
25 ro'ugnfy equfvafent, or anafogous, to the sequences which comprise 

the Y branch portions of the heavy chain and to the light chain in 
its entirety, and which collectively (in aggregates) have been shown 
to exhibit antioody activity. ·~tab protein", which protein is one 
of the aspects of the invention, includes aggregates of one heavy 

30 and one light chain (commonly known as Fab'}, as well as tetramers 
which correspond to the two branch segments of the antibody Y. 
(conunonly known as F(ab)2 ), whether any of the above are 

35 

covalently or non-covalently aggregated, so long as the aggregation. 
is capable of selectively reacting with a particular antigen or 
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antigen family. Fab antibodies have, as have univalent ones, been 

formed heretofore by proteolysis, and share the property of not 
eliciting antigen modulation on target tissues. However, as they 
lack. the 11effector11 Fe portion they cannot effect, for example, 

5 lysis of the target cell by macrophages. 

10 

15 

20 

2s· 

30 

35 

"Fab pr.ote,in" h,as. similar subsets .. ac<::or.ding to the definition of 
the present invention as does the general tenn "antibodies• or 
11 inmunoglobulins". Thus, 1inammalian 11 Fab protein, 11hybrid 11 Fab 
protein "chimericu Fab a·nd Haltered" Fab protein are defined 
analogously to the corresponding definitions set forth in the 
previous paragraphs for the various types of antibodies. 

Individual heavy or 1 ight chains may of course be "manrnal ian''s 
11 chimeric 11 or "al tered 11 in accordance with the above. As will 
become apparent from the detailed description of the invention, it 
is possible, using the techniques disclosed to prepare other 
combinations of the four-peptide chain aggregates, besides those 
specifically defined, such as hybrid antibodies containing chimeric 
light and manmalian heavy chains, hybrid Fab proteins containing 
chimeric Fab proteins of heavy chains associated with manmalian 
light chains, and so forth. 

"Express ion vector" includes vectors which are capab 1 e of 
express.ing. ONA sequences contq.-ined. the~e-in-, i~.e., the· cod-ing 
sequences are operably 1 inked to other sequences capable of 
effecting their expression. It is implied, although not always 
explicitly stated, that-these expression vectors ITIJSt be replicable 
in the host organisms either as episomes or as an integral part of 
the chromosomal ONA. Clearly a lack of replicability would render 
them effectively inoperable. A useful, but not a necessary, 
element of an effective expression vector is a marker encoding 

sequence -- i.e. a sequence encoding a protein which results in a 
phenotypic property (e.g,. tetr·acycl'i'ne· resistance)' of' the ce·lTs 
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con ta in ing the protein which permits those cells to be readily 
identified. In sum, 11expression vector" is given a functional 
definition, and any ONA sequence which is capable of effecting 
expression of a specified contained DNA code is included in this 

5 term, as it is applied to the specified sequence. As at present, 
such vectors are frequently in the form of plasmids, thus 11plasmid 11 

and "expression vector" are often used interchangeably. However, 
the invention is fotended to· include such other for-ms of expres·s ion 
vectors which serve equivalent functions and which may, from time to 

10 

15 

20 

25 

time become known in the art. 

"Recombinant host cells" refers to cells which have been 
tran sf armed with vectors constructed using recombinant DNA 
ted1niques. As defined herein, the antibody or modification thereof 
produced by a recomb.inant host cell is by virtue ·of this 
transformation, rather than in such lesser amounts, or more 
commonly, in such less than detectable amounts, as would be produced 
by the untransformed host. 

In descriptions of processes for 'isolati~n of antibodies >f~oin· 
reconi>inant hosts, the terms 11cel iii and 11cell culture II are used 
interchangeably to denote the source of antibody unless it is 
clearly specified otherwise. In other words, recovery of antibody 
from the 11cells 11 may mean either from spun down whole cells, or from 
the cell culture containing both the medium and the suspended cells. 

B. Host Cell Cultures and Vectors 

The vectors and methods disclosed herein are suitable for use in 
host cells over a wide range of prokaryotic a·nd eukaryotic organisms. 

30 In general, of course, prokaryotes are preferred for cloning of 

35 

DNA sequences in constructing the vectors useful in the invention. 
For example.!,. coli K12· strain 294 (ATCC No. 31446} is particularly 
useful. Other microbial strains which may be used include!· coli 
strains such as !·. coli 8, and _;. coli Xl776 ( ATTC No. 31537}. 
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These examples are, of course, intended to be illustrative rather 
than limiting. 

Prokaryotes may also be used for expression. The aforementioned 

5 strains, as well as E. coli W3110 (F-, >.-, prototrophic, ATTC 

No. 27325), bacilli such as Bacillus subtilus, and other 
enterobacteriaceae such as Salmonella typhimurium or Serratia 
marcesans, and various Pseudom:>nas species may be used. 

10 

15 

20 

25> 

30 

35 

In general, plasmid vectors containing replicon and control 
sequences which are derived from species compatible with the host 
cell are used in connection with these hosts. The vector ordinarily 
carries a-replication site, as well as marking sequences which are 
capable of providing phenotypic selection in transformed cells. For 
example,_;_. coli is typically transformed using pBR322, a plasmid 
derived from an_;_. coli species (Bolivar, et al., Gene 2: 95 

(1977)}. pBR322 contains genes for ampicillin and tetracycline 
resistance and thus provides easy means for identifying transforned 
cells. The pBR322 plasmid, or other microbial plasmid must also 
contain, or be modified to contain, promoters which can be used by 
the microbial organism for expression of its own proteins. Those 
promoters most corrrnonly used in recorrbinant DNA construction include 
the a-lactamase {penicillinase) and lactose promoter systems (Chang 
et al, Nature, 275: 615 (1978); Itakura, et al, Science, 198: 1056 
(1977); {Goeddel, et al Nature __ 281: 544 {1979)) and a tryptophan 
(trp) promoter system (Goeddel, et al, Nucleic Acids Res., 8: 4057 
{1980); EPO Appl Publ No. 0036776). While these are the most 
corrrnonly used, other microbial pronx>ters have been discovered and 
utilized, and details concerning .• fheir nucleotide sequences have 
been published, enabling a skilled worker to ligate them 
functionally with plasmid vectors {Siebenlist, et al, Cell 20: 269 
(1980}). 

In addition to ~rokaryates, eqkaryotic microbes, such as ye~st 
cultures may also be used. Saccharomyces cerevisiae, or conman 
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baker's yeast is the most conmonly used among eukaryotic 
microorganisms, although a number of other strains are commonly 
available. For expression in Saccharomyces, the plasmid YRp7, for 
example, (Stinchcomb, et al, Nature, 282: 39 (1979); Kingsman et al, 

5 Gene, 7: 141 (1979); Tschemper, et al, Gene, 10: 157 (1980)} is 
comrrK)nly used. This plasmid already contains the .!!:.E_l gene which 
provides a selection marker for a mutant strain of yeast lacking_ the 
q,b i1. ity to,. grow in trypt.oph ao,. for. example AtCC No. 440]6 or PEP.4-1 
(Jones, Genetics, 85: 12 (1977)). The presence of the trpl lesion 

10 

15 

20 

25 

30 

35 

as a characteristic of the yeast host cell genome then provides an 
effective environment for det~cting transformation· by growth in the 
absence of tryptophan. 

--
Suitable promoting sequences in yeast vectors include the 

promoters for 3-phosphoglycerate kinase (Hitzeman, et al., J. ~iol. 

Cbem., 255: 2073 (1980)) or other glycolytic enzymes (Hess, et al, 
J. Adv. Enzyme Reg., 7: 149 {1968); Holland, et al, Biochemistry, 
17: 4900 (1978) ), such as enolase, glyceraldehyde-3-phosphate · 
dehydrogenase, h~xokinase, pyruvate decarboxylase, 
phosphofructokinase, glucose-6-phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. In 
constructing suitable expression plasmids, the termination sequences 
associated with these genes are also ligated into the expression 
vector 3' of the sequence desired to be expressed to provide 
polyadenylati.on of the mRNA,. and terminati-on. Other promoter.·s, which, 
have the additional advantage of transcription controlled by growth 
conditions are the pro1TOter regions for alcohol dehydrogenase 2, 
isocytochrome C, acid phosphatase; degradat ive enzymes associated 
with nitrogen metabolism, and the aforementioned glyceraldehyde-3-

phosphate dehydrogenase, and enzymes responsible for maltose and 
galactose utilization (Holland, ibid.). Any plasmid vector 
containing yeast-compatible promoter, origin of replication and 
termination sequences is suitable. 
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In addition to microorganisms, cultures of cells derived from 

multicellular organisms may also be used as hosts. In principle, 
any such cell culture is workable, whether from vertebrate or 

invertebrate culture. However interest has been greatest in 

5 vertebrate cells, and propagation of vertebrate cells in culture 

(tissue culture} has become a routine procedure in recent years 
(Tissue Culture, Academic Press, Kruse and Patterson, editors 
(1973)). Examples of such useful host cell 1 ines ·are VERO and Hela 
cells, Chinese hamster ovary ('CHO) cell lines, and Wl38, BHK, COS-7 

10 

15 

20 

25 

30 

and MOCK cell lines. Expression vectors for such cells ordinarily 
include (if necessary) an ori_~in of replication, a promoter located 
in front of the gene to be expressed, along with any necessary 
ribosome binding sites, RNA splice sites, polyadenylation site, and 

transcriptional terminator sequences. 

For use in manmalian cells, the control functions on the 

expression vectors are often provided by viral material. For 
example, conrnonly used promoters are derived from polyoma, 
Adenovirus 2, and most frequently Simian Virus 40 (SV40). The early 
and late promoters of SV40 virus are particularly useful because 
both are obtained easily from the virus as a fragment which also 
contains the SV40 viral origin of replication (Fiers, et al, Nature, 
273: 113 (197~)) incorporated herein by reference. Smaller or 

larger SV40 fragments may also be used, provided there is included 

the approximately 250 bp sequence extending from the Hind III site 

t:<>w~.rd the l}g,1 I site loc;.ated in. th.e viral origin of replication. 
Further, it is also possible, and often desirable, to utilize 
promoter or control sequences normally associated with the desired 
gene sequence, provided such control sequences are compatible with 
the host cel 1 systems. 

An origin of replication may be provided either by construction 
of the vector to include an exogenous origin, such as may be derived 

· from SV40 or other viral (e.g. Polyoma, Adena, VSV, BPV, etc.) 
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source, or may be provided by the host cell chromosomal replication 

mechanism. If the vector is integrated into the host eel l 
chromosome, the latter is often sufficient.· 

5 It will be understood that this invention, although described 

10 

15 

20 

30 

35 

herein in terms of a preferred embodiment, should not be construed 
as limited to those host cells, vectors and expression systems 
e.xempl,i,f ied. 

C. Methods Employed 
C.l Transformation: 

If cells without formidable cell wall barriers are used as host 

cells, transfection is carrieu out by the calcium phosphate 

precipitation method as described by Graham and Van der Eb, 
Virology, 52: 546 (197 8). Ho~ever, other methods for introducing 

DNA into cells such as by nuclear injection or by protoplast fusion 
may also be used •. 

If prokaryotic cells or cells \·1hich contain substantia.1 cell 
-:--· 

wall constructions are- used, the preferred method of transfectiort is•· 

calcium treatment using calcium chloride as described by Cohen, F.N. 

et al Proc. Natl. Acad. Sci. (USA), 69: 2110 {1972). 

C. 2 Vector Construction 
Construction of suitable vectors containing the desired coding 

and,·control' sequences- employ, s,tandar-d 1.iga.tion technJqµes. l~QJ~~~<;I 

plasmids or DNA fragments are cleaved, tailored, and rel igated in 

the form desired to form the plasmids required. The methods 

employed are not dependent on the.ONA source, or intended host. 

Cleavage is performed by treating with restriction enzyme (or 

enyzmes) in suitable buffer. In general, about 1 µg plasmid or ONA 

fragments is used with about 1 unit of enzyme in about 20 µl of 

b·uffer solution. (Appropriate buffers and substrate amounts for 
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particular restriction enzymes are specified by the manufacturer.} 

Incubation times of about 1 hour at 37•c are workable. After 
incubations, protein is removed by extraction with phenol and 

chloroform, and the nucleic acid is recovered from the aqueous 

fraction by precipitation with ethanol. 

If blunt ends are required, the preparation is treated for 15 

minutes at 15·• wi tti 10 unf ts of _.;:. coli ONA Polymerase I ( Kl enow), 

phenol-chloroform extracted, and ethanol precipitated. 

Size separation of the cl_eaved fragments is perf,armed using 6 

percent polyacrylamide gel described by Goeddel, D., et al, Nucleic 
A::i ds Res:-·, 8: 405 7 (1900) incorporated herein by reference. 

For ligation, approximately equimolar amounts of the desired 
components, suitably end tailored to provide correct matching are 
treated with about 10 units T4 DNA ligase per 0.5 µg DNA. {~~en 

cleaved vectors are used as components, it may be useful to prevent 
religation of the cleaved vector by pretreatment with bacterial 

alkaline phosphatase.) 

In the examples described below correct ligations for plasmid 
construction are confirmed by transforming E.coli Kl2 strain 294 
(ATCC 31446) with the ligation mixture. Successful transformants 
were selected by ampicillin or tetracycline resistance depending on 

the mode of plasmid construction. Plasmids from the transformants 
were then prepared, analyzed by restriction and/or sequenced by the 

method of Messing, et al, Nucleic Acids Res., 9:309 (1981) or by the 

method of Maxam, et al, Methods in Enzymology, 65:499 (1980). 

D. Outline of Procedures 
0.1 Maqmalian Antibodies 
The first type of antibody which forms a part of this invention, 

and is P,repared by the ~thods_ thereof, is "mamnal ian antibody"-one 
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wherein the heavy and li9ht chain~ mimic the amino acid sequences of 
an antibody otherwise produced by a mature mammalian B lymphocyte 

either in situ or when fused with an immortalized cell as part of a 

hybridoma culture. In outline, these antibodies are produced as 
fol 1 ows: 

Messenger RNA coding for heavy or light chain is isolated from a · 
suitable source, either mature B cells or a hybridoma culture, 
employing standard techniques of RNA isolation, and the use of 
oligo-dT cellulose chromatography to segregate the poly-A mRNA •• 
The poly-A mRNA may, further, be fractionated to obtain sequences of 

sufficient size to code for the amino acid sequences in the light or 
heavy chain of the desired antibody as the case may be. 

A cONA library is then prepared from the mixture of mRNA using a 

su.jtable primer, preferably a nucleic acid sequence which is 
characteristic of the des ired cDNA. Such a primer may be 

hypothesized and synthesized based on the amino acid sequence of the 
antibody if the sequence is known. In the alternative cDNA from 

unfractionated poly-A mRNA from a cell line producing the desired 
antibody or poly-dT may also be used. The resulting cDNA is 

optionally size fractionated on polyacrylamide gel and then extended 
with, for example, dC residues for annealing with pBR322 or other 
suitable cloning vector which has been cleaved by" a suitable 
res-triction enzyme·; such, a·s Pst I, and extended with dG resi·dues. 
Alternative means of forming cloning vectors containing the cbNA 
using other tails a·o.d other cloning vector remainder may, of course, 

also be used but the foregoing is a standard and preferable choice. 
A suitable host cell strain, typfcally !_. coli, is transformed with 

the annealed cloning vectors~ and the successful transformants 
identified by means of, for example, tetracycline resistance or 
other phenotypic characteristic residing on the cloning vector 

plasmid! 
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Successful transfonnants are picked and transferred to 

microtiter dishes or other support for further growth and 

preservation. Nitrocellulose filter imprints of these growing 
cultures are then probed with suitable nucleotide sequences 

5 containing bases known to be complementary to desired sequences in 
the cDNA. Several types of probe may be used, preferably synthetic 
sir'i'gTe' stranded DN/\ sequerice·s laoel'ed by lc'fnasfrig with ATP32·• The 

cells fixed to the nitrocellulose filter are lysed, the DNA 
denatured, and then fixed before reaction with kinased probe. 

10 Clones which successfully hybridize are detected by contact with a 
photoplate, then plasmids from.the growing colonies isolated and 
sequenced by means known in the art to verify that the desired 
portions of the gene are present. 

15 The desired gene fragments are excised and tailored to assure 

20 

appropriate reading frame with the control segments when inserted 
into suitable expression vectors. Typically, nucleotides are added 
to the 5 1 end to include a start signal and a suitably positioned 
restriction endonuclease site. 

The tailored gene sequence is then positioned in a vector which 
contains a promoter in reading frame with the gene and compatible 
with the proposed host cell. A number of plasmids such as those 
de~crtbed in U.S. Pat. Appln. Ser. Nos. 3074?3; 291892; and 30~657 

25 (EPO Publ. Nos. 0036776; 0048970 and 0051873) have been described 
which already contain the appropriate promoters, control sequences. 
ribosome binding sites. and transcription termination sites, as well 
as convenient markers. 

30 In the present invention, the gene coding for the light chain 

35 

and that coding for the heavy chain are recovered separately by the 
procedures outlined above. Thus they may be inserted into separate 

expression. plasmids,. or together in. the same plasmid, so long as 
each is under suitable promoter and translation control. 
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The expression vectors constructed above are then used to 
transform suitable cells. The light and heavy chains may be 
transformed into separate _cel 1 cultures, either of the same or of 
differing species; separate plasmids for light and heavy chain may 

5 be used to co-transform a single cell culture, or, finally, a.single 
expression plasmid containing both genes and capable of expressing 
the genes for both light and heavy chain may be transformed into a 
single cell culture. 

10 

15 

20 

25 

30 

35. 

Regardless of which of the three foregoing options is chosen, 
the cells are grown under conditions appropriate to the production 
of the desired protein. Such conditions are primarily mandated by 
the type of promoter and control systems used in the expression 
vector, rather than by the nature of the desired protein. The 
protein thus produced is then recovered from the cell culture by 

me.thods known in the art, but choice of which is necessarily 
dependent on the form i.n which the protein is expressed. For 
example, it is common for mature heterologous proteins expressed in 
i• coli to be deposited within the cells as insoluble particles 
whiP'} require eel 1 lys is. and. sol ubilizatiori in denaturant to permit-.. 
recovery. On the other hand,. proteins under proper synthesis 
circumstances, in yeast and bacterial strains, can be secreted into 
the medium (yeast and gram positive bacteria) or into the 
periplasmic space (gram negative bacteria) allowing recovery by less 
drastic procedures. Tissue culture cells as hosts also appear, in 
Qeneral~ to permit reasonably facile recqvery of heterologous 
proteins. 

When heavy and 1 i ght chain are coexpressed in .the same host, the 
isolation procedure is designed so as to recover reconstituted 
antibody. This can be accomplished in vitro as described below, or 
might be possible in vivo in a-microorganism which secretes the IgG 
chains out of the reducing environment of the cytoplasm. A more 
detailed description is given in 0.2, below. 
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0.2 Chain Recortbination Techniques 

The ability of the method of the invention to produce heavy and 
light chains or portions thereof, in isolation from each other 

offers the opportunity to obtain unique and unprecedented assemblies 

5 of invnunoglobul ins, Fab regions, and univalent antibodies. Such 
preparations require the use of techniques to reassemble isolated 
ch.~.i,ns. Such,mea~_s are known in the ar~. and it is, thus, 
appropriate to review them here. 

10 

15 

20 

25' 

30 

35 

While single chain disulfide bond containing proteins have been 
reduced and reoxi dized to regenerate in high yield native structure 

and activity (Freedman, R.8., et!.!_. In Enzymology of Post 
Translational M:ldification of Proteins, I: 157-212 {1980) Academic 
Press, NY.), proteins which consist of discontinuous polypeptide 
chains held together by disulfide bonds are more difficult to 
re.cons.truct. in vitro· after reductive cleavage. Insulin,. a cameo 
case, has received much experimental attention over the years, and 
can now be reconstructed so efficiently that an industrial process 
has been built around it (Chance, R.E.. et tl·, In Peptides: 

-
Proceedinos of the Seventh Annual American Peptide Symposium (Rich, 
D.H. and Gross, E., eds.} 721-728, Pierce Chemical Co., Rockford, 
IL. ( 1981)). 

Immunoglobulin has proved a more difficult problem than 
insulin.. The. te,tr;amer. is s.tabil ... ized. in,tra~ and, inter-molecular:.ly b:Y, 

15 or more disulfide bonds. It has been possible to reconbine heavy 
and light chains, disrupted by cleavage of only the interchain 

disulfides, to regain antibody activity even without restoration of 

the inter-chain disulfides (Edelman, G.M., et~-, Proc. Natl. Acad. 

Sci. (USA) 50: 753 (1963)). In addition, active fragments of IgG 
formed by proteolysis (Fab fragments of -50,000 MW) can be split 
into their fully reduced heavy chain and 1 ight chain components and 
fairly efficiently reconstructed to give active antibody (Haber, E., 
Proc: •. Natl-. Ac-ad., Sc,i. (USA)' 52 :.. 1099· {· 1964'}-; Wh·i-tney, P. L., 
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et!!_., Proc. Natl. Acad. Sci. (USA) 53: 524 (1965)) •. Attempts to 
reconstitute active antibody from fully reduced native IgG have been 
largely unsuccessful, presumably due to insoluMlity of the reduced 
chains and of side products or intennediates in the refolding 

5 pathway (see discussion in Freedman, M.H., et!!_., J. Biol. Chem. 
241: 5225 (1966)). If, however, the immunoglobulin is randomly 
modi-fied by polyal)anylatfon of i'ts lysi nes· before complete 
reduction, the separated chains have the ability to recover 
antigen-combining activity upon reoxidation (ibid). 

10 

A particularly suitable method for immunoglobulin reconstitution 
is derivabJe from the now classical insulin recombination studies, 
wherein starting material was prepared by oxidative sulfitolysis, 
thus generating thiol-labile S-sulfonate groups at all cysteines in 

15 the protein, non-reductively breaking disulfides (Chance et!]_. 

fsupral). Oxidative sulfitolysis is a mild disulfide cleavage 
reaction (Means, G.E., et!!_., Chemical Modification of Proteins, 
Holden-Day, San Francisco (1971)) which is sometimes more gentle 
than reduction, and which generates derivatives which are stable 

20 until exposed to mild reducing agent at which time. disulfide 
refonnation can occur via thiol-disulfide interchange. In the 
present invention the heavy and 1 ight chain S-sul fonates generated 
by oxidative sulfitolysis were reconstituted utilizing both air 
oxidation and thiol-disulfide interchange to drive disulfide bond 

2s· forinatfon. ihe general procedure is set forth in detail in U.S. 
Serial No. 452,187, filed Dec. 22, 1982 (EPO Appln. No. 
83.307840.5), incorporated herein by reference. 

0.3 Variants Pennitted by Recombinant Technology 
30 Using the techniques described in paragraphs 0.1 and D.2, 

35 

additional operations which were utilized to gain efficient 
production of mammalian antibody can be varied in quite 
straig~tforward and simple ways to produce a great variety of 
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modifications of this basic antibody form. These variations are 
inherent in the use of reconbinant technology, which permits 
modification at a genetic level of amino acid sequences in normally 

( 

encountered mammalian inrnunoglobul in chains, and the great' power of 

5 this approach lies in its ability to achieve these variations, as 
well as in its potential for economic and specific production of 
desired scarce. and often contaminated, molecules. The variations 
al so inhere in the abi'l ity to isolate product ion of individual 
chains, and thus create novel assemblies • 

. 10 

15 

20 

25. 

30 

35· 

Briefly, since genetic manipulations permit reconstruction of 

~enomic material in the process of construction of expression 

vectors, such reconstruction can be manipulated to produce new 

coding sequences for the components of "natural II antibodies or 

irrrnunoglobulins. As discussed in further detail below, the coding 
sequence for a mammalian heavy chain may not be derived entirely 
from a single source or single species, but portions of a sequence 
can be recovered by the techniques described in 0.1 from differing 
pools of mRNA, such as murine-murine hybridomas, human-murine 

hybridomas, or B cells differentiated in response to a series of 
antigen challenges. The desired portions of the sequences in each 
case can be recovered using the probe and analysis techniques 
described in D.l, and recombined in an expression vector using the 

same ligation procedures as would be employed for portions of the 
same model sequence. Such chimeric chains can be constructed of any 

desired length; hence, for example, a complete heavy chain can be 
constructed, or only sequence for the Fab region thereof. 

The additional area of flexibility which arises from the use of 

.recombinant techniques results from the power to produce heavy and 
light chains or fragments thereof in separate cultures or of unique 
combinations .of heavy and 1 ight chain in the same culture, and to 
prevent reconstitution of the antibody or immunoglobulin aggregation 

UIJ~i.l the ~uitable compcmeqts are assembled. Thus, while normal 
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antibody production results automatically in the formation of 

"mammalian antibodies 11 because the 1 ight and heavy chain portions 

are constructed in response to a particular determinant in the same 

cell, the methods of the present invention present the opportunity 
to assemble entirely new mixtures. Somewhat limited quantities of 

"hybrid" antibodies hav.e been produced by 11quadromas 11 i.e., fusions 

of two hybridoma cell cultures which permit random assemblies of the 

heav.)'.' and 1 ight chains so produced. 

The present invention permits a more controlled assembly of 

desired chains~ either by mix~ng the desired chains in vitro .. or by 

transforming the same culture with the coding sequences for the 
des ired ch·ains. 

D.4 Composite Immunoglobulins 

The foregoing procedure~ which describes in detail the 

recombinant production of mammalian antibodies is employed with some 

modifications to construct the remaining types of antibodies or NSis 
encompassed by the present invention. To prepare the pa.rti cul ar 

embodiment of composite non-specific ininunogl obul in. wherein the 

homology of the chains corresponds to the sequences of 
immunoglobulins of different specificities, it is of course, only 
necessary to prepare the heavy and light chains in separate cultures 

and reassemble them as desired. 

(:Qr, e.xampl e, in o.r.der to make an· anti-CEA. 1 ight cha1n/ an.ti

hepatiti s heavy chain composite antibody, a suitable source for the 

mRNA used as a template for the· light chain clone would comprise, 

for instance, the anti CEA producing eel 1 1 ine of paragraph E.1. 

The mRNA corresponding to heavy chain would be derived from B cells 
raised in response to hepatitis infection or from hybridoma in which 
the B cell was of this origin. It is clear that such composites can 
be assembled using the methods of the invention almost at will, and 

are limited only by available sources. of mRNA suitable for use as 
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templates for the respective chains. All other features of the 
process are similar to those described above. 

0.5 Hybrid Antibodies 
Hybrid antibodies are particularly useful as they are capable of 

simultaneous reaction with more than one antigen. Pairs of heavy 

and ligit chains corresponding to chains of antibodies for different 
antigens, such as those set forth in· paragraph 0.-4 are pr-epared, in 
four separate cultures, thus preventing premature assembly of the 
tetramer. Subsequent mixing of the four separately prepared 
peptides then permits assembly into the desired tetramers. While 
random aggregation may 1 ead to the formation of considerable 

' undesired product, that portion of the product in which h()(ll)logous 
1 i ght and heavy cha ins are bound to each other and mismatched to 
another pair gives the desired hybrid antibody. 

0.6 Chimeric Antibodies 
For construction of chimeric antibodies (wherein, for example, 

the variable sequences are separately derived from the constant 
sequences) the procedures of paragraph D.l and 0.2 are again 
applicable with appropriate additions and m:>di~ications. A 
preferred procedure is to recover desired portions of the genes 
encoding for parts of the heavy and light chains from suitables 
differing, sources and then to religate these fragnents using 
restriction endonucleases to reconstruct the gene coding for each 
ch·ain°. 

For example, in a particularly preferred chimeric construction, 
portions of the heavy chain gene·-and of the light chain gene which 
encode the variable sequences of antibodies produced by a murine 
hybridoma culture are recovered and cloned from this culture and 
gene fragments encoding the constant regions of the heavy and light 
chains for human antibodies recovered and cloned from, for example, 

human myeloma cells. Suitable restriction enzymes may then be used 
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to ligate the variable portions of the mouse gene to the constant 
regions of the human gene for each of the two chains. The chimeric 

cha ins are produced as set forth in O.l, aggregated as set forth in 
D.2 and used ·;n the same manner as the non-chimeric forms. Of 

5 course, any splice point in the chains can be chosen. 

0.7 Altered Antibodies 
Afte~ed an.tibodies present, in essence, an extension of chimeric 

ones. Again, the techniques of 0.1 and 0.2 are applicable; however,. 

10 rather than splicing portions of the chain{s), suitable amino acid 
alterations, deletions or additions are made using available 
techniques such as mutagenesis (supra). For example, genes which 
encode antibodies having diminished complement fixation properties,. 

or which have enhanced metal binding capacities are prepared using 

15 such techniques. The latter type may, for example, take advantage 

of the known gen.e sequence encoding metalothionein II {Karin, M., 
et!!._., Nature, 299: 797 (1982)). The chelating properties of this 
molecular fragment are useful in carrying heavy metals to tumor 
sites as an aid in tumor imaging (Scheinberg, D.A., et al., Scienc~, 

' . --: . 

20 215: 19 (1982). 

30 

35 

0.8 Univalent Antibodies 
In another preferred embodiment, antibodies are formed which 

comprise one heavy and light chain pair coupled with the Fe region 
of a t!l,i.rd (!:ieavY.'t ch~i.r:1,"'. The~e antibodies have a particularl~ 
useful property. They can, like ordinary antibodies, be used to 
target antigenic surfaces of tissues, such as tumors, but, unlike 
ordinary antibodies, they do not cause the antigenic surfaces of the 
target tissue to retreat and becoine non-receptive~ Ordinary 
antibody use results in aggregation and subsequent ina~tivation, for 
several hours, of such surface antigens.· 

The method of construction of univalent antibodies is a 

s.b7:atght.forwar.d, appl.i.c.a,ti.on of. tile. inv_enti.OQ.. The g~_ne for heavy 
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chain of the desired Fe region is cleaved by restriction enzymes, 
and only that portion coding for the desired Fe region expressed. 
This portion is then bound using the technique of 0.2 to separately 
produced heavy chain the desired pairs separated from heavy/heavy 
and Fe/Fe conbinations, and separately produced 1i ght chain added. 
Pre-binding of the two heavy chain portions thus diminishes the 
probability of formation of ordinary antibody. 

0.9 Fab Protein 
Similarly, it is not necessary to include the entire gene for 

the heavy chain portion. All of the aforementioned variations can 
be superimposed on a procedure for Fab protein production and the 
overall procedure differs only in that that portion of the heavy 
chain coding for the amino terminal 220 amino acids is employed in 
the appropriate expression vector. 

E. Specific Examples of Preferred Embodiments 
The invention has been described above in general terms and 

there follow several specific examples of ermodiments which set 
forth details of experimental procedure in producing the desired 
antibodies. Example E.1 sets forth the general procedure for 
preparing anti CEA antibody components, i.e. for a "malllTlalian 
antibody". Example E.3 sets forth the procedure for reconstitution 
and thus is applicable to preparation of marnnalian, composite, 
hybrid and chimeric inmunoglobulins, and Fab proteins and univalent 
antibodies. Example E.4 sets forth the procedure for tailoring the 
heavy or light chain so that the variable and constant regions may 

be derived from different sources. Example E.5 sets forth the 
method of obtaining a shortened fieavy chain genome which permits the 

production of the Fab regions and, in an analogous manner, Fe region. 

The examples set forth below are included for illustrative 
purposes and do not limit the scope of the invention. 
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E.l Construction of Expression Vectors for Murine anti-CEA 
Antibody Chains and Peptide Synthesis 

Carcinoembryonic antigen (CEA) is associated with the surface of 
certain tumor cells of human origin (Gold, P., et!}_., J. Exp. Med., 

5 122: 467 (1965)). Antibodies which bind to CEA (anti-CEA anti
bodies) are useful in early detection of these tumors (Van Nagell, 
T.R., et!!_., Cancer Res. 40: 502 (1980)), and have the potential 
for use in trea'bnent of those human tumors which appear to support 
CEA at their surfaces. A mouse hybrfdoma cell line which secretes 

10 anti-CEA antibodies of the lgy1 class, CEA.66-E3, has been prepared 
as· described by Wagener, C. et al., J. Immunol. 130, 2308 (1983) which 
is incorporated herein by reference, and was used as mRNA source. The 
production of anti CEA antibodies by this cell line was detennined. 
The N-terminal sequences of the antibodies produced by these cells 

15 was compared with those of monoclonal anti CEA as follows. Purified 
IgG was treated with PCAse (Podell, D.N., et!}_., Biochem. Biophys. 

Res-•. Commun. 81: 176 (1978)), and then dissociated in 6M guanidine 
hydrochloride, 10 mM 2-mercaptoethanol (l.O mg of immunoglobulin, 5 
min, 100°C water bath). The dissociated chains were separated on a 

20 Waters Associates ·alkyl phenyl c.olumn using a linear. gradient from 
100 percent A (0.1 percent TFA-water) to 90 percent B (TFA/H20/MeCN 
0.1/9.9/90) at a flow rate of 0.8 ml/min. Three major peaks were 
eluted and analyzed on SOS gels by silver staining. The first two 
peaks were pure light chain (MW 25,000 daltons), the third peak 

25 showed a (7:3) mixture of heavy and light cha.in. 1.2 nmoles of light 
chain wer-e, sequenced by, the method O·f Sh,ively, J.E., Methods in 
Enzymology, 79: 31 (1981), with an NH2-tenninal yield of 0.4 
nmoles. A mixture of heavy a·nd Ught chains (3 nmoles) was also 
sequenced, and sequence of light chain was deducted from the double 

30 sequence to yield the sequence of the heavy chain. 

35. 

In the description which follows, isolation and expression of the 
· genes for the heavy and light chains for anti CEA antibody produced 

by CEA.66-E3 are described. As the constant regions of these chains 
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belong to the gallllla and kappa families, respectively, •1ight chain• 
and •kappa chain•, and •heavy chain• and •ganr.ia chain•, 
respectively, are used interchangeably below. 

E.1.1 Isolation of Messenger RNA for Anti CEA Light and Heavy 
(Kappa and Ganma} Chains 

Total RNA from CEA.66-E3 cells, was extracted essentially as 
reported by Lynch et al, Virology, 98: 251 (1979). Cells were 
pelleted by centrifugation and approximately 1 g portions of pellet 
resuspended in 10 ml of 10 IJj.f NaCl, 10 mM Tris HCl {pH 7.4), 1.5 mM 
MgC1 2• The resuspended cells were lysed by addition of non-ionic 
detergent NP-40 to a final concentration of 1 percent, and nuclei 
removed by centrifugation. After addition of SDS {pH 7.4) to 1 
percent final concentration, the supernatant was extracted twice 
with 3 ml portions of phenol (redistilled)/chlorofonn: isoamyl 

alcohol 25:1 at 4•c. The aqueous phase was made 0.2 Min NaCl and 
total RNA was precipitated by addition of two volumes of 100 percent 
ethanol and overnight storage at -20°C. After centrifugation, polyA 
mRNA was purified from total RNA by oligo-dT cellulose 
chromatography as described by Aviv and Leder, Proc. Nat 1 l. Acad. 
Sci. (USA), 69: 1408 (1972). 142 pg of polyA mRNA was obtained 
from 1 g cells. 

E.1.2 Preparation of E.coli Colony Library Containing 
Pl asmi,ds W·i th Heavy- and, l i:ght DNA,, Sequence'· Inserts 

5 pg of the unfractionated polyA mRNA prepared in paragraph 
E.1.1 was used as template for oligo-dT primed preparation of 
double-stranded (ds) cDNA by standard procedures as described by 
Goeddel et al., Nature 281: 544 {1979} and Wickens et al., J. Biol. 
Chem. 253: 2483 (1978) incorporated herein by reference. The cDNA 
was size fractionated by 6 percent polyacrylamide gel 
electrophoresis and 124 ng of-ds cDNA greater than 600 base pairs in 
length was recovered by electroelution. A 20 ng portion of ds cDHA 
was extend'ed with de·oxy C residues using· terminal deoxynucleotidyl 
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transferase as described in Chang et al., Nature 275: 617 (1978) 

incorporated herein by reference, and annealed with 200 ng of the 

plasmid pBR322 (Bolivar et al., Gene 2: 95 (1977)) which had been 

cleaved with Pst I and tailed with deoxy G. Each annealed mixture 

5 was then transformed into 1· coli Kl2 strain 294 (ATCC No. 31446). 

Approximately 8500 ampicillin sensitive, tetracycline resistant 

transformants were obtained. 

E.1.3 Preparation of Syntnetfc P'rolies 

10 The 14mer, 5 1 GGTGGGAAGATGGA 3 1 complementary to the coding 

15 

20 · 

25 

sequence of constant region for mouse MOPC2l kappa chain which 

begins 25 basepairs 3 1 of the variable region DNA sequence was used 

as kappa chain probe. A 15 mer, 5' GACCAGGCATCCCAG 3', 

complementary to a coding sequence located 72 basepairs 3 1 of the 

variable region DNA sequence for mouse MOPC21 gamma chain was used 

to probe gamma chain gene. 

Botti probes .were synthesized by the phosphotriester method 
described in German Offenlegungschrift 2644432, incorporated herein 

by reference,· ·and -made radioac:tive by kinasing as fol.low~: .. 250,··ng_ 

of deoxyoligonucleotide were combined in 25 1,11 of 60 mM Tris HCl 

(pH 8), 10 mM MgC1 2 , 15 mM beta-mercaptoethanol, and 100 ·11ci 
(y-32P) ATP (Amersham, 5000 Ci/mMole). 5 units of T4 · 

polynucleotide kinase were added and the reaction was allowed to 

proceed at 37°C for 30 minutes and terminated by addition of EDTA to 

20 mM. 

E.1.4 Screening of Colony Library for Kappa or Ganma Chain 

Sequences 

30 -2000 colonies prepared as described in paragraph E.1.2 were 
individually inoculated into wells of microtitre dishes containing 

LB (Miller, Experiments in Molecular Genetics, p. 431-3, Cold Spring 

Harbor Lab., Cold Spring Harbor> New York (1972)) + 5 1,19/ml 

tetracycline and s·tored at -20°C after addition of DMSO to 7 
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percent. Individual colonies from this 1 ibrary were transferred to 

duplicate sets of Schleicher and Schuell BA85/20 nitrocellulose 
filters and grown on agar plates containing LB+ 5 µg/ml 
tetracycline. After -10 hours growth at 37•c the colony filters 

5 were transferred to agar plates containing LB+ .5 µg/ml tetracycline 
and 12.5 µg/ml chloramphenicol and reincubated overnight at 37°C. 
The DNA from each colony was then denatured and fixed to the filter 
by a. modification of the Grunstein-Hogness procedure as described·, in 
Grunstein et al., Proc. Natl. Acad. Sci. (USA) 72: 3961 (1975), 

10 

15 

20 

25 

30 

35 

incorporated herein by reference. Each filter was floated for 3 
minutes on 0.5 N NaOH, 1.5 M NaCl to lyse the colonies and denature 
the DNA then neutralized by floating for 15 minutes on 3M NaCl, 0.5 
M Tris HCl {pH 7 .5). The filters were then floated for an 
additional 15 minutes on 2XSSC, and subsequently baked for 2 hours 
in an 80°C vacuum oven. The filters were prehybridized for -2 hours 
at room temperature in 0.9 M NaCl, lX Denhardts, 100 mM Tris HCl (pH 
7 .5)-, 5 11"1 Na-EDTA, 1 nt-1 ATP, 1 M sodium phosphate (dibasic), 1 nt-1 

sodium pyrophosphate, 0.5 percent NP-40, and 200 µg/ml f. coli 
t-RNA, and hybridized in the same solution overnight, essentially as 

described by Wallace et al. Nucleic Acids Research 9: 879 (1981) 

using -40xl06 cpm of either the k inased kappa or garm1a probe 

described above. 

After extensive washing at 37•c in 6X SSC, 0.1 percent SOS, the 
filters were exposed to Kodak XR-5 X-ray film with DuPont 

hi0g:1,tn·ing:.:Plus' fo 0ten·s·ifyfng· s'cr·eerrs~ for 16-24"' fi'ours af -8Cl
0 c·. 

Approximately 20 colonies which hybridized with kappa chain probe 
and 20 which hybridized with ganma chain probe were characterized. 

E.1.5 Characterization of Colonies btJich Hybridize to Kappa 
ONA Sequence Probe 

Plasmid ONAs isolated from several different transformants which 
hybridized to kappa chain probe were cleaved with Pst I and 

fractionated by_ polyacrylamide gel electrophoresis (PAGE). This 
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analysis demonstrated that a number of plasmid DNAs contained cDNA 
inserts large enough to encode· ful 1 length kappa chain. The 

complete nucleotide sequence of the cDNA insert of one of these 
plasmids was determined by the dideoxynucleotide chain termination 

5 method as described by Smith, Methods Enzymol. 65, 560 (1980) 

incorporated herein by reference after subcloning restriction 
endonuclease cleavage fragments into Ml3 vectors (Messing et al., 
Nucfei·c Acfds Research 9: 309 {1981). Figure 2 shows the nucleotide 
sequence of the cDNA insert of pK17G4 and Figure 3 shows the gene 

10 sequence with the corresponding amino acid sequence. Thus, the 
entire coding region of mouse anti-CEA kappa chain was isolated on 
this one large. DNA fragment. The amino acid sequence of kappa 
chain, deduced from the nucleotide sequence of the pK17G4 cDNA 

insert» corresponds perfectly with the first 23 N-terminal amino 

15 acids of mature mouse anti-CEA kappa chain as determined by amino 

acid sequence analysis of purified mouse anti-CEA kappa chain. The 
coding region of pK17G4 contains 27 basepairs or 9 amino acids of 
the presequence and 642 basepairs or 214 amino acids of the mature 
protein. The mature unglycosyl cited protein (MW ·24 ,553) has: a 

. 20 variable region of 119 amino acids, including the Jl joining region· 
of 12 amino acids, and a constant region of 107 amino acids. After 
the stop codon behind amino acid ?15 begins 2_12 basepairs of 3' 

untranslated sequence up to the polyA addition. The kappa chain 
probe used to identify pl<17G4 hybridizes to nucleotides 374-388 

25. (fi g_ure., ~}. 

E.1.6 Characterization of Colonies which Hybridize to Gamma 1 
DNA Probe 

Plasmid ONA isolated from several transformants positive for 

30 hybridization with the heavy chain gamma 1 probe was subjected to. 

35 

Pst I restriction. endonuclease analysis as described in E.1.5.: 
Plasmid.DNAs demonstrating the largest cDNA insert fragments were 
selected for further study. Nucleotide sequence coding for mouse 
heavy. (garrma-1} cha.in, shows. an. Ncol restriction endonuclease 
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cleavage site near the junction between variable and constant 

region. Selected plasmid ONAs were digested with both Pstl and Ncol 
and sized on polyacrylamide. This analysis allowed identification 

of a number of plasmid DNAs that contain Neal restriction 

5 endonuclease sites, although none that demonstrate cDNA insert 

fragments large enough to encode the entire coding region of mouse 
anti-CEA heavy chain. 

10 

15 

20 

30 

35 

In one plasmid isolated, p y298 the cDNA insert of about 1300 bp 
contains sequence information for the 5' untranslated region, the 
signal sequence and the N-terminal portion of heavy chain. Because 

py298 did not encode the C-terminal sequence for mouse anti-CEA 
gamma 1 chain, plasmid DNA was isolated from other colonies and 
screened with PstI and Neal. The C-terminal region of the cONA 
insert of pyll was sequenced and shown to contain the stop codon, 3 1 

untranslated sequence and that portion of the coding sequence 
missing from p y298. 

Figure 4 presents the entire nucleotide sequence of mouse 

anti-CEA heavy chain (as determined by the dideoxynucleotide chain 
termination method of Smith, Methods Enzymo1., 65: 560 (1980}) and 
Figure 5 includes the translated sequence. 

The amino acid sequence of ganma 1 (heavy chain} deduced from 
the nucl eocti de, sequence, of the py298 cDNA insert corresponds 

perfectly to the first 23 N-terminal amino acids of mature mouse 
anti-CEA ga(JII)a 1 chain as determined by amino acid sequence analysis 

of purified mouse anti-CEA ganma-1 chain. The coding region 
consists of 57 basepairs or 19 am1no acids of presequences and 1346 
basepairs or 447 amino acids of mature protein. The mature 
unglycosolated protein (MW 52,258) has a variable region of 135 
amino acids, including a O region of 12 amino acids, and a J4 

joining region of 13 amino acids. The constant region is 324 amino 

acids. After the stop codon behind amino acid 447 begins 96 bp of 
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3• untranslated sequences up to the polyA addition. The probe used 

to identify py298 and pyll hybridized to nucleotides 528-542 (Figure 
4). 

E.1.7 Construction of a Plasmid For Direct Expression of Mouse 
Mature Anti-CEA Kappa Chai~ Gene, pKCEAtrp207~1* 

Figure 6 illustrates the construction of pKCEAtrp207-l* 

First, an intermediate plasmid pHGH207-1*, having a single trp 
oromoter, was prepared as follows: 

The plasmid.pHGH 207 (described in U.S. Pat. Appl. Serial No. 
307,473, filed Oct. 1, 1981 {EPO Publn. No. 0036776)) has a double 
lac promoter foll owed by the trp promoter, flanked by EcoR I sites 
and was used to prepare pHGH207-1. pHGH207 was digested with BamH 
1, followed by partial digestion with EcoR I. The largest·fragment, 
which contains the entire trp promoter, was isolated and ligated to 
the largest EcoR I- BamH I fragment from pBR322, and the ligation 
mixture used to transform r- coli 294. TetR AmpR colonies were 
isolated, and most of them contained pHGH207-l. pHGH207-1* which 
lacks· the EcoRl site between the ampR gene and the trp promoter, 
was obtained by partial digestion of pHGH207-1 with EcoR I, filling 
i.n. t_he ends. with~ K.1.enow, and dNTPs.,~ and rel i.gation. 

5 pg of pHGH207-l* was digested with EcoRI, and the ends 
extended to blunt ends using 12 units of DNA Polymerase I in a 50 µl 
reaction containing 60 mM NaCl, 7~mM MgC1 2, 7 mM Tris HCl (pH _7.4) 
and 1 mM in each dNTP at 37°C for 1 hour, followed by· extraction 
with phenol/CHCl 3 and precipitation with ethanol •. The 
precipitated DNA was digested with BamH I, and the large vector 
fragment (fragment l) purified ·using 5 per~ent polyacrylamide gel 
electrophoresis, electroelution, phenol/CHC1 3 extraction and 
ethanol precipitation. 
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The ONA was resuspended in 50 µl of 10 nt-1 Tris pH 8, 1 rwt EOTA 

and treated with 500 units Bacterial Alkaline Phosphatase (BAP) for 
30' at 65• followed by pheno1/CHC1 3 extraction and ethanol 

preci pi tat ion. 

A ONA fragment containing part of the light chain sequence was 
~repared as follows: 7 µg of pK17G4 DNA was digested with Pst I and 

the kappa chain containing cDNA insert was isolated by 6 percent gel 
electrophoresis, and electroelution. After phenol/CHC1 3 

10 extraction, ethanol precipitation and resuspension in water, this 
fragment was digested with Ava II. The 333 bp Pst I-Ava II DNA 

fragment was isolated and purified from a 6 percent polyacrylamide 
gel. 

15 

20 

30 

35 

A 15 nucleotide DHA primer was synthesized by the 

phosphotriester method G. O. 2,644,432 (supra) and has the following 
sequence: 

~t Asp Ile Val Met 

5 1 ATG GAC ATT GTT ATG 3' 

The 5 1 methionine serves as the initiation codon. 500 ng of 
this primer wa·s phosphorylated at the 5 1 end with 10 units 14 DNA 
kinase in 20 µl reaction containing 0.5 fii.1 ATP. -200 ng of the Pst 
·I-Ava II ONA fragment was mixed with the 20 µl of the phosphorylated 

P.r.i~r::,. i:t.ea_ted to 95•c for 3 minutes and quick frozen in a dry-ice 

ethanol bath. The denatured ONA solution was made 601N NaCl, 7mM 

MgC1 2 , 7 rrN Tris HCl (pH 7 .4), 12 m-1 in each dNTP and 12 units DNA 

Polymerase I-Large Fragment was added. After 2 hours incubation at 
37•c this primer repair reaction.was phenol/OlC1 3 extracted, 

ethanol precipitated, and digested to completion with Sau 3A. The 
reaction mixture was then electrophoresed on a 6 percent 

polyacrylamide gel and -so ng of the 182 basepair amino-terminal 
blunt-end to Sau 3A fragment (fragment 2} was obtained after 
electroel ution. 
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100 ng of fragment 1 (supra) and SO ng of fragment 2 were 

combined in 20 .,1 of 20 mM Tris HCl ·(pH 7.5), .10 mM MgC1 2, 10 mM 

OTT, 2.5 mM ATP and 1 unit of T4 DNA ligase. · After overnight 

ligation at 14·c the reaction was·transformed into!_. coli Kl2 

5 strain 294. Restriction endonuclease digestion of plasmid DNA from 

a number of ampicillin resistant transformants indicated the proper 
construction and ONA sequence analysis proved the desired nucleotide 

~eqµen~e through the initiation codon of t,his. new plasmid,. pKC.EAintl 
(Figure 6). 

10 

15 

20 

25 

30 

35' 

The remainder of the coding sequence of the kappa light chain 

gene was prepared as follows: 

The Pst I cONA insert fragmen_t from 7 µg of Kl7G4 ONA was 
partially digested with Ava II and the Ava II cohesive ends were 

extended to blunt ends in a DNA Polymerase I large fragment 

reac.tion. Following 6 percent polyacrylamide gel electrophoresis 

the 686 basepair Pst I to blunt ended Ava II DNA fragment was 
isolated .. purified and subjected to Hpa II restrict ion endonucl ease 

digestion. The 497 baiepair Hpa II to blu~t ended A~a iI DNA: 
fragment (fragment 3) was isolated and purified after ·gel 

e 1 ectrophores is. 

10 µg of pKCEAintl DNA was digested with Ava I. extenc;led with 
ONA polymerase I large.fragment. and digested with Xba I. Both the 
large. blunt. ended. Ava,. I. to,. Xba l vector fr.agmen,t and the sma,11, blunt 

ended Ava I to Xba I fragment wer~ isolated and purified from a· 6 

percent polyacrylamide gel after ·electrophoresis. The large vector 
fragment (fragment 4) was treatecf"with Bacterial Alkaline 

Phosphatase (SAP), and the small fragment was digested with Hpa II,·. 

electrophoresed on a 6 percent polyacrylamide and the 169 basepair 

Xba I-Hpa II DNA fragment (fragment 5) was purified. -75 ng of 

fragment 4, -so ng of fragment 3 and .;..50 ng of fragment 5 were 

combined in a T4 DNA 1 igase reaction and incubated overnight at 14·
0

, 

0312L 

BIOEPIS EX. 1002 
Page 3992



5 

0125023 

-40-

and the reaction mixture transfonned into~- coli Kl2 strain 294. 
Plasmid DNA from six ampicillin resistant transfonnants were 
analyzed by restriction endonuclease digestion. One plasmid DNA 
demonstrated the proper construction and was designated pKCEAlnt2. 

Final construction was effected by ligating the K-CEA fragment. 
including. the .. trp promoter from pKCEAint2. into pBR322(XAP). 
(pBR322(XAP) is prepared as described in U.S. Application 452.227. 
filed December 22. 1982; from p8R322 by deletion of the AvaI-PvuII 

10 fragment followed by ligation.) 

15 

20 

The K-CEA fragment was prepared by treating pKCEAint2 with 
Ava I, blunt ending with DNA polymerase I {Klenow fragment} in the 
presence of DNTPs, digestion with Pst I and isolation of the desired 
_fr~gment by gel electrophoresis and electroelution. 

The large vector fragment from pBR322(XAP} was prepared by 
successive treatment with EcoR I, blunt ending with polymerase, and 
redigestion with~st I, followed by isolation of the large vector 
fragment by electrophoresis and electroelution. 

The K-CEA and large vector fragments as prepared in the 
preceding paragraphs were ligated with T4 DNA ligase 9 and the 
ligation mixture transformed into f· coli as above. Plasmid DNA 

25, from· several ampi'cf-llin resi'stant transfonnants were selected· for 
analysis~ and one plasmid DNA demonstrated the proper construction. 
and was designated pKCEAtrp207-I*. 

E.1.8 Construction of a Plasmid Vector for Direct Expression 
30 of Mouse Mature Anti-CEA Heavy (Ga1t111a 1) Chain Gene, 

pyCEAtrp207-1* 

35 

Figure 7 illustrates the construction of pyCEAtrp207-1*. This 
plasmid was constructed in two parts beginning with construction of 
the C-terminal region of.the ga11111a 1 gene. 
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5 µg of plasmid pHGH207-l* was digested with Ava I~ extended to 
blunt ends with DNA polymerase l large fragment (Klenow fragment), 
extracted with pheno1/CHC1

3
, and ethanol precipitated. The DNA 

was digested with BamH I treated with BAP and the large fragment 
5 (fragment A) was purified by 6 percent polyacrylamide gel 

electrophoresis and electroelution. 

10 

15 

20 

25, 

30 

-s· µg· of pyll was di ges·ted with Pst I and the gamma cha in cDNA 
insert fragment containing the C-terminal portion of the gene was 
purified, digested with Ava II followed by extension of the Ava II 
cohesive ends with Klenow, followed by Taq I digestion. The 375 
basepair blunt ended Ava II to Taq I fragment (fragment B) was 
isolated and purified by gel electrophoresis and electroelution. 

9 µg of py298 was digested with Taq I and BamH I for isolation 

of the 496 basepair fragment (fragment C). 

Approximately equimolar amounts of fragments A, B, and C were 
1 igated· overnight at 14° ira 20µ1 reaction mixture, then transformed 
into f. coli strain 294. The plasmid ONA from six ampi ci 11 in .. 
resistant transformants was committed to restriction endonuclease 
analysis and one plasmid DNA, named pyCEAint, demonstrated the 
correct construction of the C-terminal portion of garrma 1 (Figure 5). 

To obtain the N-terminal sequences, 30 ll9 of py298 was digested 
wfth Pst f and the 628" fiasepafr DNA fragment encoding the· N-terminal 
region of mouse anti-CEA gamma chain was isolated and purified. 
This fragment was further digested with Alu I and Rsa I for 
isolation of the 280 basepair fragment. A 15 nucleotide DNA primer 

met glu val met leu 
5 1 ATG GAA GTG ATG CTG 31 

was synthesized by the phosphotriester method (supra). 

The 5 1 methionine serves as the initiation codon. 500 ng of 
3S. this synthetic oligomer primer was phosphorylated at the 5' end in.a 

• .-_,t. 
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reaction with 10 units T4 DNA kinase containing 0.5 ni·1 ATP in 20u1 
reaction mixture. -500 ng of the 280 basepair Alu I-Rsa I DNA 
fragment was mixed with the phosphorylated primer. The mixture was 
heat denatured for 3 minutes at 95• and quenched in dry-ice 
ethanol. The denatured DftA solution was made 60Jt,1 NaCl, 7mM 

MgC1 2 , 7 ni4 Tris HCl (pH 7.4), 12 _rrN in each dNTP and 12 units DNA 
Polymerase I-Large Fragment was added. After 2 hours incubation at 
37°C. this primer repair reaction was pheno1/0IC1 3 -extracted, 
ethanol precipitated, and digested to completion with HpaII. -song 
of the expected 125 basepair blunt-end to Hpa II DNA fragment 
{fragment D) was purified from the gel. 

A second aliquot.of p-y298 DNA was digested with Pst I, the 628 
basepair DNA fragment purified by polyacrylamide gel 
electrophoresis, and further digested with BamH I and Hpa II. The 

resulting 380 basepair fragment {fragment E) was purified by gel 

electrophoresis. 

-5 ug of pyCEAintI was digested with EcoR I, the cohesive ends 

were made flush with DNA polymerase I {Klenow), further digested 
with BamH·r. treated with BAP and electrophoresed on a 6 percent 
polyacrylamide gel. The large vector fra~~ent {fragment F) was 
isolated and purified. 

In a three fragment ligation, 50 ng fragment 0, 100 ng fragment 
E·, andplc:fO ng fragment F' were figated overnight at 4•· in a 20 111 

reaction mixture and used to transform E.coli Kl2 strain 294. The - --
plasmid DNAs from 12 ampicillin resistant transformants were 
analyzed for the correct construction and the nucleotide sequence 

surrounding the initiation codon was verified to be correct for the 
plasmid named pyCEAint2. 

The expression plasmid,. pyCEAtrp207-I* used for expression of 

the heav.r, chain ~ene. is pregared l:>Y. a 3-way li.g~:tton ~sing~ the. lar.ge. 
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vector fragment from pBR322(XAP) (supra) and two fragments prepared 
from pyCEAint2. 

pBR322(XAP) was treated as above by digestion with EcoRl, blunt 
ending with ONA polymerase {Klenow) in the presence of dNTPs, 

followed by digestion with Pst I, and isolation of the large vector 
fragment by gel electrophoresis. A 1543 base pair fragment from 
py,CEAint2. aon.tainsing trp promoter 1 inked, with the N-termi.nal coding 
region of the heavy chain gene was isolated by treating pyCEAint2 
with Pst I followed by BamH I, and isolation of the desired fragment 
using PAGE. The 869 base pai~ fragment containing the C-terminal 
coding portion of the gene was prepared by partial digestion of 
pyCEAint2 with Ava I, blunt ending with Klenow, and subsequent 
digestion with BamH I, fol lowed by purification of the des ired 
fragment by gel electrophoresis. 

The aforementioned three fragments were then ligated under 
standard conditions using T4 ONA ligase, and a ligation mixture used 
to transform E. coli strain 294. Plasmid DrlAs from several - --
tetracycline resistant transformants were analyzed; one plasmid DNA· 
demonstrated the proper construction and was designated 
pyCEAtrp207-l*. 

E.1.9 Production of lmmunoglobulin Chains by E.coli 
E. coli.strain W3110 {ATTC No. 27325) was transformed with - -- ( . 

pyCEAtrp20?!...l* or pKCEAtrp207-l*· using· standard techniques .• 

To obtain double transformants, _s. coli strain W3110 celis were 
transformed with a modified pKCEAtrp207-1*, pKCEAtrp207-l*A, which 
had been modified by cleaving a Pst 1-Pvu I fragment from the ampR 
gene and religating. Cells transformed with pKCEAtrp207-l*A are 
thus sensitive to ampicill in but still resistant to tetracycline. 
Successful transformants were retransformed ·using pyCEAint2 which 
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confers resistance to ampicillin but not tetracycline. Cells 

containing both pKCEAtrp207-l*~ and pyCEAint2 thus identified by 

growth in a medium containing both ampicillin and tetracycline. 

To confirm the production of heavy and/or light chains in the 

transfonned cells, the cell samples were inoculated into M9 

tryptophan free medium containing lOµg/ml tetracy~line, and induced . 

with indoleacrylic acid f!AA) when the OD- 550 reads o·.s. The 
induced cells were grown at 37•c during various time periods and 

10 then spun down, and suspended in TE buffer containing 2 percent SOS 
and 0.1 M B-mercaptoethanol and boiled for 5 minutes. A 10 x volLnne 
of acetone was added and the cells kept at 22·c for 10 minutes, then 
centrifuged at 12,000 rpm. Tne precipitate was suspended in 
0 1 Farrell SOS sample buffer (O'Farrell, P.H., J. Biol. Chem., 250: 

15 4007 (1975)); boiled 3 minutes, recentrifuged, and fractionated 

using SDS PAGE (10 percent). and stained with silver stain (Goldman, 
D. et ~-, Science 211: 1437 { 1981)); or:- subjected to Western blot 

using rabbit anti-mouse IgG (Burnett, W. N., et !1_., Anal. Biochem. 
112: 195 (1981~), for identification light chain and heavy chain. 

20 

Cells transformed with pyCEAtrp207-l* showed bands upon SOS PAGE 

corresponding to heavy chain molecular weight as developed by silver 
stain. Cells transfonned with pKCEAtrp207-l* showed the proper 

molecular weight band for light chain as identified by Western blot; 
25 double transformed cells showed bands for both heavy and light chain 

mofecular wefght proteins when developed using rabbit anti-mouse IgG 
by Western blot. These results are shown in Figures BA, 88, and BC. 

Figure BA shows results developed by silver stain from cells 

30 transfonned with pyCEAtrp207-l*. Lane 1 is monoclonal anti-CEA 
heavy chain (standard) from CEA.66-E3. Lanes 2lr5b are timed 

samples 2 hrs, 4 hrs, 6 hrs, and 24 hrs after IAA addition. Lanes 
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2a-5a are corresponding untransf armed con tro1 s; Lanes 2c-Sc are 

corresponding uninducea transformants. 

Figure 88 shows results developed by Western blot from cells 

5 transformed with pKCEAtrp207-l*. Lanes lb-6b are extracts from 

induced cells immediately, 1hr, 3.5 hrs, 5 hrs, 8 hr·s, and 24 hrs 

~.ft~r IM additi_on, and la-6.a corr.esponding uninduced controls. 

10 

15 

20 

25" 

Lane 7 is an extract from a pyC£Atrp207-1* control, lanes 8, 9; and 

10 are varying aroounts of anti CEA-kappa chain from CEA.66-E3 cells. 

Figure BC shows results developed by Western blot from four 

colonies of double transformed cells 24 hours after IAA addition 
(1 anes 4-7}. lanes 1-3 are varying amounts of monocl anal gamma 

chain controls, lanes 8 and 9 are untransformed and pyCEAtrp207-1* 

transformed cell extracts, respectively. 

ln another quantitative assay, frozen, transformed i• coli cells 

grown according to E.1.10 (below) were lysed by heating in sodium 

dodecyl sulfate (SDS)/a~mercaptoethanol. cell ly~is buffer at 100°. 

Aliquots were loaded on an SOS polyacrylamide gel next to lanes 

1 oaded with various amounts of hybridoma anti-CEA. The gel was 

developed by the Western blot, Burnett (supra), using 1251-labeled 

sheep anti-mouse IgG antibody from. New Engl and Nuclear •. The results 

are shown in Figure 9. The figure shows that the i• coli products 

co,-rn.i.gr.ate wJth. the authentic_ hybr.idoma. chains., indicating no 

detectable proteolytic degradation in E. coli. Heavy chain from 
. . . ~ --

mammalian cells is expected to be slightly heavier than i• coli 

material due to glycosylation in. the former. Using the hybridoma -· 1 anes as a standard, the following_ estima.tes of heavy and 1 ight 

30 chain production wer~ ,made: 

35 

·(P$r q~am of c~tls) 

f. coli (W3110/pyCEAtrp207-1*) 
f. coli {W3110/pKCEAtrp207-1*) 

i· coli· (W3110f,pKCEAtrp20'7-l*b, pyCEA1nt2) 

0312L. 
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E.1.10 Reconstitution of Antibody from Recombinant Kand Ganma 

Chains 
In order to obtain heavy and light chain preparations for 

reconstitution, transfonned cells were grown in larger batches, 
5 harvested and frozen. Conditions of growth of the variously 

transformed cells were as follows: 

f. coli {W3110/pyCEAtrp207-l*) were inoculated into 500 ml LB 
medium containing 5µg/ml tetracycline and grown on a rotary shaker 

,o for 8 hours. The culture was then transferred to 10 liters of 
fermentation medium containing yeast nutrients, salts, glucose, and 

2lJg/ml tetracycline. Additional glucose was added during growth and 
at OD 550 ~ 20, indoleacrylic· (IAA),. a trp derepressor, was added to 
a concentration of 50 µg/ml. The cells were fed additional glucose 

15 to a final OD 550 = 40, achieved approximately 6 hours from the IAA 
addition. 

l· coli {W3110) cells transformed with pKCEA trp 207-1* and 
double transforme? (with pKCEAtrp207-l*~ and pyCEAint2) were grown 

20 in a manner analogous to that described above except that the OD 550 
six hours after !AA addition at harvest was 25-30. 

25 

30 

35 

The cel 1 s were then harvested by centrifugation, and frozen. 

E.2 Assay ~thod for Reconstituted Antibody 
Anti-CEA activity was determined by ELISA as a criterion for 

successful reconstitution. Wells of microtiter plates (Oynateth 
Immulon) were saturated with CEA by incubating 100 µl of 2-5 µg 
CEA/ml solution in O.lM carbonat~··buffer, pH 9.3 for 12 hours at 

room temperature. The wells were then washed 4 times with phosphate 

buffered saline (PBS), and then saturated with BSA by incubating 200 
µl of 0.5 percent BSA in PBS for 2 hours at 37•c, followed by 
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washing 4 times with PBS. Fifty microliters of each sample was 

applied to each \'lel 1. A standard curve ( shown in Figure 10), was 
run, which consisted of SO 1-11 samples of 10 µg, 5 1J9, 1 1,.19, 500 ng, 
100 ng, 50 ng, 10 ng, 5 ng and 1 ng anti-CEA/ml in 0.5 percent BSA 

5 in PBS. plus 50 1,.11 of 0.5 percent BSA in PBS alone as a blank. All 
of the samples were incubated in the plate for 90 minutes at 37°C. 

10 

15 

20 

25~ 

30 

35 

The pl ates were then washed 4 ti.mes with .PBS. and sheep 
anti-mouse IgG-a lk al ine phosphate (TAGo; Inc.) was applied to each 
well by adding 100 1,11 of an enzyme concentration of 24 units/ml in 
0.5 percent BSA in PBS. ThE sol ~tion was incubated at 37°C for 90 

minutes. The plates were washed 4 times with PBS before adding the 
substrate.--100 1,11 of a 0.4 mg/ml solution of p-nitrophenylphosphate 
(Sigma) in ethanolamine buffered saline, pH 9.5. The suQstrate was 
incubated 90 minutes at 37°C for color development. 

The A450 of each well was read by the Microelisa Auto Reader 

{Oynatech) set to a threshold of 1.5, calibration of 1.0 and the 0.5 
percent BSA in P~S (Blank) wel 1 set to 0. 000. The A450 data ·was 

tabulated in RS-1 on the VAX system, and the standard curve data 
fitted to a four-parameter logistic model. The unknown samples• 
concentrations were calculated based on the A450 data. 

E.3 Reconstitution of Recombinant Antibody and Assay 
Fro~en cells prepared as described in garagraph E.l.10 wer~ 

thawed in cold lysis buffer [lOnM Tris H~l, pH 7.5, lmM EOTA, O.lM 
NaCl, lmM phenylmethylsulfonyl fluoride_ (PMSF)] and lysed by 
sonication. · The lysate was partially clarified by centrifugation 
for 20 mins at 3 ~ 000 rpm. The supernatant was protected from 

proteolytic enzymes by an additional lmM R-1SF, and used immedia_tely 
or stored frozen at -80°C; frozen lysates were never thawed more 
than once. 

The S-sul fonate off. co.l i produced anti-CEA heavy chain {y )- was 
prepared as follows: Recombinant E. coli cells transformed with - --
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