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.cant's Guide - Volume II - National Chaptc s· lnnex b's~. page I 

11 ft...,.aPCrJPTr. 17 NOV .. --'"'"" EX0: ss MAIL: BB214759358Us 
fllljU ~ MAILED: 17 NOVEMBER 1993 

U.S. DEPAR~T~M;,EN~;'f~O~F ~CO~M~M~E~RC!!'!E~P~AT!!'!E!!'!l>,~AN~'O~T~RA""!O~E""!M""!AR~l.:~O~F~FIC~E~ATT~OR~N~'EY'~S~DOC~~l.:ET~N~U~M~BE~R;;..;.,;;;;;;,;;;,;~..;;,,;;.;.;;.._ FOl<M rro.1 )•JO 
(REV 11-9lJ 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 709Pl 

NTERNATIONAL Al'l'LICATION NO. PRIORITY DATE CLAIMED 

PCT/US92/05126 14 June 1991 14.06.91 
TITLE OF INVENTION 

METHOD FOR MAK.ING HUMANIZED ANTIBODIES 
Al'PLICANT(S) FOR DO/EO/US 

Paul J. CARTER Leonard G. PRESTA 
pplicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items under 35 U.S.C. 371: 

I. cg This express request to immediately begin national examination procedures (35 U.S.C. 37J(f)). 
2. C!I The U.S. National Fee (35 U.S.C. 37l(c){l)) and other fees as follows: 

(2) NUMBER FILED (3) NUMBER EXTRA (4) RATE 
23 -20 = 3 X $22.00 

-3 ... 7 X$74.00 
+ $230.00 

'BAsrc NATXONAL FEE (37 CFR 1.492(a)(l)-(S))l 

. D For filing with EPO or JPO search report (37CFR l .492(a)(5))..... S830.00 

D Intemational preliminary examination fee paid to USPTO (37 CFR 1.482) 
................................................................................................ S640.00 
No international preliminary examination fee paid to USPTO (37 CFR 1.482) 
but international search fee paid to USPTO (37 CFR I .445(a)(2)).. $710.00 

Neither international preliminary examination fee (37 CFR 1.482) nor 
international search fee (37CFR I .445(a)(2)) paid to USPTO....... $950.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 
and all claims satisfied provisions of PCT Articles 33(2)-33(4)... S90.00 

Surcharge ofSIJ0.00 for fumishing the National fee or oath or 
declaration later thanO 20 0 30 months from the earliest 
claimed priority date (37 CFR I .492(e)). 

(5) CALCULATIONS 
$ 

518.00 
230.00 

950.00 

TOTAL OF ABOVE CALCULATIONS = 1,. 764.00 

Affidavit must be filed also. 

SUBTOTAL + 

D 20 D 30 

TOTAL NATIONAL FEE $1~764.00 

+ 40.00 

TOTAL FEES ENCLOSED S1,,804.00 

a. 0 A check in the amount of S to cover the above fees is enclosed. 
b. ~ Please charge my Deposit Accourit No. 07-0630 in the amount of $1,804.00 to cover the above fees. 

A duplicate copy of this sheet is enclosed. 
c. ~ The Commissioner is hereby authorized to c_ha~Jl8Y additional fees which may be required, or credit any 

overpayment to Deposit Account No. 0/-U-b::i' A duplicate copy of this sheet is enclosed. 

(January 1993) 

BIOEPIS EX. 1002 
Page 6



- JI":. I . 

. US i i\~;l;,. fr\ )ri· 
Annex U~. Vl,,page. 2.· . · 

. . 
Applicant's Guide - Volume II - National Cl r- US 

3. A copy of the International Application as filed (35 U.S.C. 37l(c)(2)) . 
a. O is transmitted herewith (required only if not transmitted by the International bureau). 
b. ~ is not required, as the application was filed in the United States receiving Office (RO/US). 
c. D has been transmitted by the International Bureau. 

4. D A translation of the International Application into English (35 U.S.C. 37l(c)(2)). 

5. Amendments to the claims of the International Application under PCT Anicle 19 (35 U.S.C. 371(c){3)) 
a D are transmitted herewith (required only if not transmitted by the International Bureau). 
b. D have been transmitted by the International Bureau. 

6. D A translation of the amendments to the claims under PCT Anicle 19 (35 U.S.C. 37l(c}(3)). 

7. IKl An oath or declaration of the inventor (35 U.S.C. 37I(c)(4)). 

8. D A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371(c)(5)). 

Other docwnent(s) or information included: 
9. D An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

10. ~ An assignment document for recording. 

11. 

PLEASE MAIL THE RECORQED ASSIGNMENT DOCUMENT TO : 
a. Cl the person whose signature, name and address appears at the bottom of this page. 
b. D the following: 

The above checked items are being transmited: 
a. 0 before the eighteenth ( 18) month publication. 
b. D after publication of the Article 20 communication but before twenty (20) months from the priority date. 
c. D after twenty (20) months but before twenty-two (22) months (surcharge and/or processing fee included). 
d. O after twenty-two (22) months (surcharge and /or processing fee included). · 
NOTE: Petition to revive (37 CFR l.137(a) or (b)) is necessary if3S U.S.C. 371 requirements submitted 

after 22 months and NO propel' dema11d for lntematio11al Preliminary Examination was made by 19 months 
from the earliest claimed priority date. 

e. !XI by thirty (30) months and a proper·demand for International Preliminary Examination was made by the 19th 
month from the earliest claimed priority date. 

f. O after thirty (30) months but before thirty-two (32) months and a proper demand for International Preliminary 
Examination was made by the 19th month from the earliest claimed priority date (surcharge and/or processing 
fee included). 

g. D after thirty-two (32) months (surcharge and/or processing fee included). 
NOTE: Petition to revive (37 CFR l.137(a) or (b)) is necessary if JS U.S.C. 371 requirements submitted 

after 32 months and a proper demand for International Preliminary Examination was made by 19 months 
from the earliest claimed priority date. 

12. At the time of transmittal, the time limit for amending claims under Anicle 19: 
a. IE has expired and no amendments were made. 
b. D has not yet expired. 

13. D Certain requirements under 35 U.S.C. 371 were previously submitted by the applicant on ________ _ 

\ 
namely: 

14. Submitted herewith ares 
Amendment 

Sequence Diske~te, Sequence Listing, Preliminary 

NAME Janet E. Hasak 
ADDRESS Genent;ech, Inc 

460 6oiDt San Bruno Boule::n:al:'d 
Sout San Francisco, CA 94080-4990 Etll 6 I i.::: 

SIONA TURI! REGISTRATION NUMBER 

28,616 n I r1 I I ') I': n.:i-.: .:J 
•ormr10-JJ90(REv 11-92) 

.. . 
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I • 
CERTIFICATION UNDER 37 CFR 1.10 

HB214759358US : Express Mail Number 17 NOVEMBER 1993 : Date of Deposit 

I hereby certify that this request to initial national processing, including: TRAN SM ITT AL 
LETTER, PRELIMINARY AMENDMENT, SEQUENCE LISTING & DISKETTE, COMBINED 
DECLARATION & POWER OF ATTORNEY, ASSIGNMENT and COPY OF PRELIMINARY 
EXAMINATION REPORT is being deposited with the United States Postal Service "Express 
Mail Post Office to Addressee" service under 37 CFR 1.10 on the date indicated above and 
is addressed to the Commissioner of Patents and Trademarks, Washington, D.C. 20231. 

Carol Koehler 
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I 1111 I 
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• 
Anneal hu VL or huV8 oligomers to pAKl template 

1. Ligate 
2. Isolate assembled oligomers 
3. Anneal to pAKl template (XhoJ-, StuJ+) 
4. Extend and ligate 

I 

1. Transform E. coli 
2. Isolate phagemid pool 
3. Enrich for hu\i and huV8 (Xho / ~ Srul-) 
4. · Sequence verify 

Xhol 

pAK2 
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VL 
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muxCD3 
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hulCI 

Va 
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huIII 

10 20 30 40 
• • • • • • 
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** * * 
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50 60 
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70 80 
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**** * * * * ** 
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90 100 
••••••• EDIATYFCQQGNTLPWTFAGGTKLEIK 

* * ** * 
EDFATYYCQQGNTLPWTFGQGTKVEIK 

# # 
EDFATYYCQQYNSLPWTFGQGTKVEIK 

CDR-L3 

10 20 30 40 
• • • • • EVQLQQSGPELVKPGASMKISCKASGYSFTGYTMNWVKQS 

** ** * * *** * * * 
EVQLVESGGGLVQPGGSLRLSCAASGYSFTGYTMNWVRQA 
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50 a 60 70 
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* * ** * **** ** ** ** 
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muxCD3 
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huIII 

.,/ 
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########### # 
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l'XGURB 6A 

'f ?T!US 9 2 /-0 5 1 2 6 
. 0 ~ /1 4C:i 2-0&, 

10 20 30 
H52H4-160 QVQLQQSGPELVKPGASVKISCKTSGYTFTE 

·*** ·** **·**·*···** ******** 
pH52-8.0 MGWSCIILFLVATATGVHSEVQLVESGGGLVQPGGSLRLSCATSGYTFTE 

10 20 30 40 50 

40 50 60 70 80 
H52H4-160 YTMHWMKQSHGKSLEWIGGFNPKNGGSSHNQRFMDKATLAVOKSTSTAYM 

******·*· **·***··*·******·********· *··********** 
pH52-8.0 YTMHWMRQAPGKGLEWVAGINPKNGGTSHNQRFMDRFTISVOKSTSTAYM 

60 70 80 90 100 

90 100 110 120 130 
H52H4-160 ELRSLTSEOSGIYYCARWRGLNYGFDVRYFOVWGAGTTVTVSSASTKGPS 

•• ** ·**···********************** ** ************ 
pH52-8.0 QMNSLRAEDTAVYYCARWRGLNYGFDVRYFOVWGQGTLVTVSSASTKGPS 

110 120 130 140 150 

140 150 160 170 180 
H52H4-160 VFPLAPSSKSTSGGTAALGCLVKOYFPEPVTVSWNSGALTSGVHTFPAVL 

****** *·*** ·************************************ 
pH52-8.0 VFPLAPCSRSTSESTAALGCLVKOYFPEPVTVSWNSGALTSGVHTFPAVL 

160 170 180 190 200 

190 200 210 220 230 
H52H4-160 QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCOKTH 

************** **··***** ***·********** ** * * 
pHS2-8.0 QSSGLYSLSSVVTVTSSNFGTQTYTCNVOHKPSNTKVOKTVERl<CC---v 

210 220 230 240 

240 250 260 270 280 
H52H4-160 TCPPCPAPELLGGPSVFLFPPKPKOTLMISRTPEVTCVVVOVSHEOPEVK 

******* ··*************************************· 
pHS2-8.0 ECPPCPAPP-VAGPSVFLFPPKPKDTLMISRTPEVTCVVVOVSHEOPEVQ 

250 260 270 280 290 

290 300 310 320 330 
HS2H4,-160· FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQOWLNGKEYKCKVS 

*******·*************·***·********·*************** 
pH52-8.0 FNWYVOGMEVHNAKTKPREEQFNSTFRVVSVLTVVHQOWLNGKEYKCKVS 

300 310 320 330 340 
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H52H4-160 

pHS2-8.0 

H52H4-l60 

pHS2-8.0 

H52H4-160 

pH52-8.0 

340 350 360 370 380 
NKALP!NPIEKTISKAKGQPREPQVYTLPPSREEMT~QVSLTCLVKGFY~
**·***********·******•**************************** 
NKGLPAPIEKTISKTKGQPREPQVYTLPPSREEM'f.'ANQV~LTCLVKGFYP 

350 360 370 38~ 390 

390 400 410 420 430 
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
**********************·*************************** 
SDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSR'liQ03NVFS 

400 410 420 430 440 

440 450 
CSVMHEALHNHYTQKSLSLSPGK 
*********************** 
CSVMHEALHNHYTQKSLSLSPGK 

450 460 
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10 20 30 
H52L6-158 DVQMTQTTSSLSASLGDRVTINCRASQDINN 

*·****· ******·****** ********* 
pH52-9.0 MGWSCIILFLVATATGVHSDIQMTQSPSSLSASVGDRVTITCRASQDINN 

10 20 30 40 50 

40 50 60 70 80 
H52L6-158 YLNWYQQKPNGTVKLLIYYTSTLHSGVPSRFSGSGSGTDYSLTISNLDQE 

********* • ***************************·****·*·. 
pH52-9.0 YLNWYQQKPGKAPKLLIYYTSTLHSGVPSRFSGSGSGTDYTLTISSLQPE 

60 70 80 90 100 

90 100 110 120 130 
H52L6-158 DIATYFCQQGNTLPPTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTAS 

*·***·******************************************* 
pH52-9.0 DFATYYCQQGNTLPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTAS 

110 120 130 140 150 

140 150 160 170 180 
H52L6-158 VVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL 

************************************************** 
pH52-9.0 VVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL 

160 170 180 190 200 

190 200 ·210 
H52L6-158 SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 

pH52-9.0 
********************************* 
SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 

210 220 230 

BIOEPIS EX. 1002 
Page 17



... J 

:5 

10 

...... : 
-. ""'' 

15 

20 

25 

rr·· 

30 

-,,- --... _ ,, ·----·-~·.'."°'~_ .. 

I 

IMMUNOGLOBULIN VARIANTS 

This invention relates to methods for the preparation and use of variant antibodies and 

application particularly in the fields of immunology and cancer diagnosis and therapy. 

Background of the Invention 

Naturally occurring antibodies (immunoglobulins) comprise two heavy chains linked 

together by disulfide bonds and two light chains, one light chain being linked to each of the 

heavy chains by disulfide bonds. Each heavy chain has at one end a variable domain (V H) 

followed by a number of constant domains. Each light chain has a variable domain CVL) at one 

end and a constant domain at its other end; the constant domain of the light chain is aligned 

with the first constant domain of the tieavy chain, and the light chain variable domain is 

aligned with the variable domain of the heavy chain. Particular amino acid residues are 

believed to form an interface between the light and heavy chain variable domains, see e.g. 

Chothia et al., J. Mo/. Biol. 186:651-663 ( 1985); Novotny and Haber, Proc. Natl. A cad. Sci. 

USA 82:4592-4596 {1985). 

The constant domains are not involved directly in binding the antibody to an antigen, 

but are involved in various effector functions, such as participation of the antibody in antibody

dependent cellular cytotoxicity. The variable domains of each pair of light and heavy chains 

are involved directly in binding the antibody to the antigen. The do.mains of natural light and 

heavy chains have the same general structure, and each domain comprises four framework 

(FR} regions, whose sequences are somewhat conserved, connected by three hyper-variable 

or complementarity determining regions (CDRs) (see Kabat, E. A. et al., Sequences of Proteins 

of lf!lmunological Interest, National Institutes of Health, Bethesda, MD, (1987)). The four 

framework regions largely adopt a P-sheet conformation and the CDRs form loops connecting, 

and in some cases forming part of, the P-sheet structure. The CDRs in each chain are held in 

close proximity by the framework regions and, with the CDRs from the other chain, contribute 
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to the formation of the antigen binding site. 

Widespread use has been made of monoclonal antibodies, particularly those derived 

from rodents including mice, however they are frequently antigenic in human clinical use. For 

example, a major limitation in the clinical use of rodent monoclonal antibodies is an 

5 anti-globulin response during therapy (Miller, R. A. eta/., 8/ood62:988-995 (1983); Schroff, 

R. W. et al., Cancer Res. 45:879-885 (1985)). 

The art has attempted to overcome this problem by constructing "chimeric" antibodies 

in which an animal antigen-binding variable domain is coupled to a human constant domain 

(Cabilly eta/., U.S. patent No. 4,816,5-67; Morrison, S. L. eta/., Proc. Natl. Acad. Sci. USA 

10 81:6851-6855 (1984); Boulianne, G. L. eta/., Nature 312:643-646 (1984); Neuberger, M. S. 

et al., Nature 314:268-270 {1985)). The term "chimeric" antibody is used herein to describe 

a polypeptide comprising at least the antigen binding portion of an antibody molecule linked 

to at least part of another protein (typically an immunoglobulin constant domain). 

The isotype of the human constant domain may be selected to tailor the chimeric 

15 antibody for participation in · antibody-dependent cellular cytotoxicity (ADCC) and 

complement-dependent cytotoxicity (see e.g. Bruggemann, M. et al., J. Exp. Med. 

166:1351-1361 (1987); Riechmann, L. et al., Nature 332:323-327 (1988); Love et al., 

Methods in Enzymology 178:515-527 (1989); Bindon et al., J. Exp. Med. 168:127-142 

(1988). 

20 In the typical embodiment, such chimeric antibodies contain about one third rodent (or 

other non-human species) sequence and thus are capable of eliciting a significant anti-globulin 

response in humans. For example, in the case of the murine anti-CD3 antibody, OKT3, much 

of the resulting anti-globulin response is directed against the variable region rather than the 

constant region (Jaffers, G. J. et al., Transplantation 41 :572-578 (1986)). 

25 In a further effort to resolve the antigen binding functions of antibodies and to minimize 

the use of heterologous sequences in human antibodies, Winter and colleagues (Jones, P. T. 

et al., Nature 321 :522-525 (1986); Riechmann, L. et al., Nature 332:323-327 (1988); 

Verhoeven, M. et al., Science 239:1534-1536 (1988)) have substituted rodent CDRs or CDR 

sequences for the corresponding segments of a human antibody. As used herein, the term 

30 "humanized" antibody is an embodiment of chimeric antibodies wherein substantially less than 

an intact human variable domain has been substituted by the corresponding sequence from a 

non-human species. In practice, humanized antibodies are typically human antibodies in which 

some CDR residues and possibly some FR residues are substituted by residues from analogous 

sites in rodent antibodies. 
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The therapeutic promise of. this approach is supported by the clinical efficacy of a 

humanized antibody specific for the CAMPA TH-1 antigen with two non-Hodgkin lymphoma 

patients, one of whom had previously developed an anti-globulin response to the parental rat 

antibody (Riechmann, L. et al., Nature 332:323-327 (1988); Hale, G. et al., Lancet 

5 i: 1394-1399 ( 1988)). A murine antibody to the interleukin 2 receptor has also recently been 

humanized (Queen, C. et al., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)) as a 

potential immunosuppressive reagent. Additional references related to humanization of 

antibodies include Co eta/., Proc. Natl. Acad. Sci. USA 88:2869-2873 (1991}; Gorman eta/., 

Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991 ); Daugherty et al., Nucleic Acids Research 

10 19(9):2471-2476 (1991 ); Brown et al., Proc. Natl. Acad. Sci. USA 88:2663-2667 (1991 ); 

Junghans et al., Cancer Research 50: 1495-1502 ( 1990). 

In some cases, substituting CDRs from rodent antibodies for the human CDRs in human 

frameworks is sufficient to transfer high antigen binding affinity (Jones, P. T. et al., Nature 

321 :522-525 (1986); Verhoeven, M. eta/., Science239:1534-1536 (1988)), whereas in other 

15 cases "it has been necessary to · additionally replace one (Riechmann, L. et al., Nature 

332:323-327 (1988)) or several (Queen, C. et al., Proc. Natl. Acad. Sci. USA 

86:10029-10033 (1989)) framework region (FR} residu~s. See also Co eta/., supra. 

For a given antibody a small number of FR residues are anticipated to be important for 

antigen binding. Firstly for example, certain antibodies have been shown to contain a few FR 

20 residues which directly contact antigen in crystal structures of antibody-antigen complexes 

(e.g., reviewed in Davies, D.R. eta/., Ann. Rev. Biochem. 59:439-473 (1990)). Secondly, 

a number of FR residues have been proposed by Chothia, Lask and colleagues (Chothia, C. & 

Lesk, A. M., J. Mo/. Biol. 196:901-917 (1987); Chothia, C. et al., Nature 342:877-883 

(1989); Tramontano, A. et al., J. Mo/. Biol. 215:175-H!2 (1990)) as critically affecting the 

25 conformation of particular CDRs and thus their contribution to antigen binding. See also 

Margolies eta/., Proc. Natl. Acad. Sci. USA 72:2180-2184 (1975). 

It is also known that, in a few instances, an antibody variable domain (either VH or VL) 

may contain glycosylation sites, and that this glycosylation may improve or abolish antigen 

binding, Pluckthun, Biotechnology 9:545-51 (1991 ); Spiegelberg eta/., Biochemistry 9:4217-

30 4223 ( 1970); Wallie et al., J. Exp. Med. 168: 1099-1109 ( 1988); Sox et al., Proc. Natl. A cad. 

Sci. USA 66:975-982 (1970); Margni et al., Ann. Rev. lmmunol. 6:535-554 (1988). 

Ordinarily, however, glycosylation has no influence on the antigen-binding properties of an 

antibody, Pluckthun, supra, (1991 ). 

The three-dimensional structure of immunoglobulin chains has been studied, and crystal 
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structures for intact immunoglobulins, for a variety of immunoglobulin fragments, and for 

antibody-antigen complexes have been published (see e.g., Saul et al., Journal of Biological 

Chemistry 25:585-97 (1978); Sheriff eta/., Proc. Natl. Acad. Sci. USA 84:8075-79 (1987); 

Segal et al., Proc. Natl. Acad. Sci. USA 71 :4298-4302 (1974); Epp et al., Biochemistry 

5 14(22):4943-4952 (1975); Marquart eta/., J. Mo/. Biol. 141:369-391 {1980); Furey eta/., 

J. Mo/. Biol. 167:661-692 (1983); Snow and Amzel, Protein: Structure, Function, and 

Genetics 1 :267-279, Alan R. Liss, Inc. pubs. ( 1986); Chothia and Lesk, J. Mo/. Biol. 196:901-

917 (1987); Chothia et al., Nature 342:877-883 (1989); Chothia et al., Science 233:755-58 

( 1986); Huber et al., Nature 264:415-420 ( 1976); Bruccoleri et al., Nature 335:564-568 

10 (1988) and Nature 336:266 (1988); Sherman eta/., Journal of Biological Chemistry 263:4064-

4074 (1988); Amzel and Poljak, Ann. Rev. Biochem. 48:961-67 (1979); Silverton et al., Proc. 

Natl. Acad. Sci. USA 74:5140-5144 (1977); and Gregory et al., Molecular Immunology 

24:821-829 (1987). It is known that the function of an antibody is dependent on its three 

dimensional structure, and that amino acid substitutions can change the three-dimensional 

15 structure of an antibody, Snow and Amzel, supra. It has previously been shown that the 

antigen binding affinity of a humanized antibody can be increased by mutagenesis based upon 

molecular modelling (Riechmann, L. et al., Nature 332:323-327 ( 1988); Queen, C. et al., Proc. 

Natl. Acad. Sci. USA 86:10029-10033 (1989)). 

Humanizing an antibody with retention of high affinity for antigen and other desired 

20 biological activities is at present difficult to achieve using currently available procedures. 

Methods are needed for rationalizing the selection of sites for substitution in preparing such 

antibodies and thereby increasing the efficiency of antibody humanization. 

The proto-oncogene HER2 (human epidermal growth factor receptor 2) encodes a 

protein tyrosine kinase (p185HER2) that is related to and somewhat homologous to the human 

25 epidermal growth factor receptor (see Coussens, L. et al., Science 230: 1132-1139 (1985); 

Yamamoto, T. et al., Nature 319:230-234 {1986); King, C. R. et al., Science 229:974-976 

( 1985))!- HER2 is also known in the field as c-erbB-2, and sometimes by the name of the rat 

homolog, neu. Amplification and/or overexpression of HER2 is associated with multiple human 

malignancies and appears to be integrally involved in progression of 25-30% of human breast 

30 and ovarian cancers (Slamon, D. J. et al., Science 235:177-182 (1987), Slamon, D. J. et al., 

Science 244: 707-71 2 ( 1 989)). Furthermore, the extent of amplification is inversely correlated 

with the observed median patient survival time (Slamon, supra, Science 1989). 

The murine monoclonal antibody known as muMAb405 (Fendly, B. M. et al., Cancer 

Res. 50:1550-1558 (1990)), directed against the extracellular domain (ECD) of p185HER2, 
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specifically inhibits the growth of tumor cell lines overexpressing p1 s5HER2 in monolayer 

culture or in soft agar {Hudziak, R. M. et al., Malec. Cell. Biol. 9: 1165-11 72 ( 1989}; Lupu, R. 

et al., Science 249:1552-1555 (1990)). MuMAb405 also has the potential of enhancing 

tumor cell sensitivity to tumor necrosis factor, an important effector molecule in 

s macrophage-mediated tumor cell cytotoxicity {Hudziak, supra, 1989; Shepard, H. M. and 

Lewis, G.D. J. Clinical Immunology 8:333-395 (1988)). Thus muMAb405 has potential for 

clinical intervention in and imaging of carcinomas in which p195HER2 is overexpressed. The 

muMAb405 and its uses are described in PCT application WO 89/06692 published 27 July 

1989. This murine antibody was deposited with the ATCC and designated ATCC CAL 10463. 

10 However, this antibody may be immunogenic in humans. 

It is the ref ore an object of this invention to provide methods for the preparation of 

antibodies which are less antigenic in humans than non-human antibodies but have desired 

antigen binding and other characteristics and ·activities. 

It is a further object of this invention to provide methods for the efficient humanization 

15 of antibodies, i.e. selecting non-human amino acid residues for importation into a human 

antibody background sequence in such a fashion as to retain or improve the affinity of the non

human donor antibody for a given antigen . 

20 

25 

30 

. It is another object of this invention to provide humanized antibodies capable of binding 

p195HER2. 

Other objects, features. and characteristics of the present invention will become 

apparent upon consideration of the following description and the appended claims. 

Summary of the Invention 

The objects of this invention are accomplished by a method for making a humanized 

antibody comprising amino acid sequence of an import, non-human antibody and a human 

antibody, comprising the steps of: 

a. obtaining the amino acid sequences of at least a portion of an import antibody 

variable domain and of a consensus variable domain; 

b. identifying Complementarity Determining Region (CDR) amino acid sequences 

in the import and the human variable domain sequences; 

c. substituting an import CDR amino acid sequence for the corresponding human 

CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework Region (FR) of the import 
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antibody and the corresponding FR of the consensus antibody; 

e. identifying import antibody FR residues in the aligned FR sequences that are 

non-homologous to the corresponding consensus antibody residues; 

f. 

g. 

determining if the non-homologous import amino acid residue is reasonably 

expected to have at least one of the fallowing effects: 

1 . non-covalently binds antigen directly, 

2. interacts with a CDR; or 

3. participates in the VL - VH interface; and 

for any non-homologous import antibody amino acid residue which is reasonably 

expected to have at least one of these effects, substituting that residue for the 

corresponding amino acid residue in the consensus antibody FR sequence. 

Optionally, the method of this invention comprises the additional steps of determining 

if any non-homologous residues identified in step (e) are exposed on the surface of the domain 

or buried within it, and if the residue is exposed but has none of the effects identified in step 

15 (f), retaining the consensus residue. 

Add_itionally, in certain embodiments the method of this invention comprises the feature 

wherein the corresponding consensus antibody residues identified in step (e) above are 

selected from the group consisting of 4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 
. ' 

65L,66L,67L,68L,69L,70L,71L,73L,85L,87L,98L,2H,4H,24H,36H,37H,39H,43H, 

20 45H,49H,58H,60H,67H,68H,69H,70H,73H,74H,75H,76H,78H,91H,92H,93H,and 
"' 103H (utilizing the numbering system set forth in Kabat, E. A. et al., Sequences of Proteins 

of Immunological Interest (National Institutes of Health, Bethesda, MD, 1987)). 

In certain embodiments, the method of this invention comprises the additional steps of 

searching either or both of the import, non-human and the consensus variable domain 

25 sequences for glycosylation sites, determining if the glycosylation is reasonably expected to 

be important for the desired antigen binding and biological activity of the antibody (i.e., 

determining if the glycosylation site binds to antigen or changes a side chain of an amino acid 

residue that binds to antigen, or if the glycosylation enhances or weakens antigen binding, or 

is important for maintaining antibody affinity). If the import sequence bears the glycosylation 

30 site, it is preferred to substitute that site for the corresponding residues in the consensus 

human if the glycosylation site is reasonably expected to be important. If only the consensus 

sequence, and not the import, bears the glycosylation site, it is preferred to eliminate that 

glycosylation site or substitute therefor the corresponding amino acid residues from the import 

sequence. 
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7 
Another embodiment of this invention comprises aligning import antibody and the 

consensus antibody FR sequences, identifying import antibody FR residues which are non

homologous with the aligned consensus FR sequence, and for each such non-homologous 

import antibody FR residue, determining if the corresponding consensus antibody residue 

5 represents a residue which is highly conserved across all _species at that site, and if it is so 

conserved, preparing a humanized antibody which comprises the consensus antibody amino 

acid residue at that site. 

Certain alternate embodiments of the methods of this invention comprise obtaining the 

amino acid sequence of at least a portion of an import, non-human antibody variable domain 

IO having a CDR and a FR, obtaining the amino acid sequence of at least a portion of a consensus 

antibody variable domain having a CDR and a FR, substituting the non-human CDR for the 

human CDR in the consensus antibody variable domain, and then substituting an amino acid 

residue for the consensus amino acid residue at at least one of the following sites:. 

a. (in the FR of the variable domain of the light chain) 4L, 35L, 36L, 38L, 43L, 

15 44L, SSL, 46L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 71 L, 73L, 85L, 

87L, 98L, or 

b. (in the FR of the variable domain of the heavy chain) 2H, 4H, 24H, 36H, 37H, 

39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H,75H,76H, 

78H, 91H, 92H, 93H, and 103H. 

20 In preferred embodiments, the non-CDR residue substituted at the consensus FR site is the 

residue found at the corresponding location of the non-human antibody. 

Optionally, this just-recited embodiment comprises the additional steps of following the 

method steps appearing at the beginning of this summary and determining whether a particular 

amino acid residue can reasonably be expected to have undesirable effects. 

25 This invention also relates to a humanized antibody comprising the CDR sequence of 

an import, non-human antibody and the FR sequence of a human antibody, wherein an amino 

acid residue within the human FR sequence located at any one of the sites 4L, 35L, 36L, 38L, 

43L,44L,46L,58L,62L,63L,64L,65L,66L,67L,68L,69L,70L,71L,73L,85L,87L,98L, 

2H,4H,24H,36H,37H,39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H, 

30 75H, 76H, 78H, 91 H, 92H, 93H, and 103H has been substituted by another residue. In 

preferred embodiments, the residue substituted at the human FR site is the residue found at 

the corresponding location of the non-human antibody from which the non-human CDR was 

obtained. In other embodiments, no human FR residue other than those set forth in this group 

has been substituted. 
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This invention also encompasses specific humanized antibody variable domains, and 

isolated polypeptides having homology with the following sequences. 

1. SEQ. ID NO. 1, which is the light chain variable domain of a humanized version of 

muMAb4D5: 

DI OMTOSPSSLSASVGDRVTITCRASODVNTAVAWYOOKPGKAPKLLIYSASFLESGVP 

SRFSGSRSGTDFTL TISSLOPEDFATYYCOQHYTTPPTFGQGTKVEIKRT 

2. SEO. ID NO. 2, which is the heavy chain variable domain of a humanized version of 

muMAb4D5): 

EVOLVESGGGL VOPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLEWVARIYPTNGYTR 

Y ADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFY AMDVWGQGTLV 

TVSS 

In another aspect, this invention provides a consensus antibody variable domain amino 

1s acid sequence for use in the preparation of humanized antibodies, methods for obtaining, 

using, and storing a computer representation of such a consensus sequence, and computers 

comprising the sequence data of such a sequence. In one embodiment, the following 

consensus antibody variable domain amino acid sequences are provided: 

20 

25 

30 

SEQ. l'D NO. 3 (light chain): 

DIOMTOSPSSLSASVGDRVTITCRASQDVSSYLAWYOOKPGKAPKLLIY AASSLESGVP 

SRFSGSGSGTDFTL TISSLOPEDFATYYCOOYNSLPYTFGOGTKVEIKRT, and 

SEO. ID NO. 4 (heavy chain): 

EVOLVESGGGLVQPGGSLRLSCAASGFTFSDY AMSWVROAPGKGLEWVAVISENGGYT 

RYADSVKGRFTISADTSKNTA YLOMNSLRAEDTAVYYCSRWGGDGFY AMDVWGOGTL 

VTVSS 

Brief Description of the Drawings 

FIGURE 1A shows the comparison of the VL domain amino acid residues of 

muMAb4D5, huMAb4D5, and a consensus sequence (Fig. 1 A, SEO.ID NO. 5, SEO. ID NO. 1 

and SEO. ID NO. 3, respectively). FIGURE 1 B shows the comparison between the VH domain 
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. . . ~""MAb~ . 
amino acid residues of the FAliMAb4dS, huMAb405, and a consensus sequence (Fig. 1 B, SEO. 

ID NO. 6, SEO. ID NO. 2 and SEO. ID NO. 4, respectively). Both Figs 1A and 1 B use the 

generally accepted numbering scheme from Kabat, E. A., et al., Sequences of Proteins of 

Immunological Interest (National Institutes of Health, Bethesda, MD (1987)). In both Fig. 1 A 

5 and Fig. 1 B, the CDR residues determined according to a standard sequence definition (as in 

Kabat, E. A. et al., Sequences of Proteins of Immunological Interest (National Institutes of 

Health, Bethesda, MD, 1987)) are indicated by the first underlining beneath the sequences, and 

the CDR residues determined according to a structural definition (as in Chothia, C. & Lesk, A. 

M., J. Mo/. Biol. 196:901-917 (1987)) are indicated by the second, lower underlines. The 

10 mismatches between genes are shown by the vertical lines. 

15 

20 

f 
25 
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FIGURE 2 shows a scheme for humanization of muMAb405 VL and VH by gene 

conversion mutagenesis. 

FIGURE 3 shows the inhibition of SK-BR-3 proliferation by MAb405 variants. Relative 

cell proliferation was determined as described (Hudziak, R. M. et al., Malec. Cell. Biol. 

9: 1165-1172 ( 1989)) and data (average of triplicate determinations) are presented as a 
(-). {o) 

percentage of r@sults 
(0) 

huMAb4D5-1 j.1-t. 

" 

with untreated cultures for muMAb405 pr. huMAb405-8 ('1) and 
,{ A 

FIGURE 4 shows a stereo view of a-carbon tracing for a model of huMAb405-8 VL and 

VH. The CDR residues (Kabat, E. A. et al., Sequences of Proteins of Immunological Interest 

(National Institutes of Health, Bethesda, MO, 1987)) are shown in bold and side chains of VH 

residues A71, T73, A78, S93, Y102 and VL residues Y55 plus R66 (see Table 3) are shown. 

FIGURE 5 shows an amino acid sequence comparison of VL (top panel) and VH (lower 

panel) domains of the murine anti-CD3 monoclonal Ab UCHT1 (muxC03, Shalaby et al., J. 
I 

Exp. Med. 175, 217-225 (1992) with a humanized variant of this antibody (huxCD3v~). Also 

shown anfc_Q~s~n~us_~~_qµences (most commonly occurring residue or pair of residues) of the 

most abundant human subgroups, namely VL K 1 and VH Ill upon which the humanized 

sequences are based (Kabat, E. A. et al., Sequences of Proteins of Immunological Interest, 5th 

edition, National Institutes of Health, Bethesda, MD, USA (1991 )). The light chain sequences-

muxCD3, huxCD3~and huKl--correspond to SE0.10.NOs 16, 17, and 18, respectively:. The 
. I ~ 

heavy chain sequences--muxCD3, huxCD3vJrcmd huKl--correspond to SE0.10.NOs 19,,2(/, and 

21, respectively. Residues which differ between muxCD3 and huxCD3~are identified by an 

asterisk ( *), whereas those which differ between humanized and consensus sequences are 

identified by a sharp sign (#). A bullet <•> denotes that a residue at this position has been 

found to contact antigen in one or more crystallographic structures of antibody/antigen 
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complexes (Kabat eta/., 1991; Mian, I. S. eta/., J. Mo/. Biol. 217, 133-151 (1991)). The 

location of CDR residues according to a sequence definition (Kabat et al., 1991 ) and a 

structural definition (Chothia and Lesk, supra 198 7) are shown by a line and carats (") beneath 

the sequences, respectively. 

5 FIGURE 6A compares murine and humanized amino acid sequences for the heavy chain 

of an anti-CD18 antibody. H52H4-160 (SEQ. ID. NO. 22) is the murine sequence, and pH52-

8.0 (SEO. ID. NO. 23) is the humanized heavy chain sequence. pH52-8.0 residue 143S is the 

final amino acid in the variable heavy chain domain VH• and residue 144A is the first amino 

acid in the constant heavy chain domain CH1. 

10 FIGURE 68 compares murine and humanized amino acid sequences for the light chain 

15 

of an anti-CD18 antibody. H52L6-158 (SEO. ID. NO. 24) is the murine sequence, and pH52-

9.0 (SEO. ID. NO. 25) is the humanized light chain sequence. pH52-9.0 residue 128T is the 

final amino acid in the light chain variable domain Vl, and residue 129V is the first amino acid 

in the light chain constant domain CL. 

Detailed Description of the Invention 

Definitions 

In general, the following words or phrases have the indicated definitions when used in 

20 the description, examples, and ·claims: 

The murine monoclonal antibody known as muMAb405 (Fendly, B. M. et al., Cancer 

Res. 50:1550-1558 (1990)) is directed against the extracellular domain (ECO) of p1 s5HER2. 

The muMAb405 and its uses are described in PCT application WO 89/06692 published 27 July 

1989. This murine antibody was deposited with the ATCC and designated ATCC CAL 10463. 

25 In this description and claims, the terms muMAb405, chMAb405 and huMAb405 represent 

murine, chimerized and humanized versions of the monoclonal antibody 405, respectively. 

A humanized antibody for the purposes herein is an immunoglobulin amino acid 

sequence variant or fragment thereof which is capable of binding to a predetermined antigen 

and which comprises a FR region having substantially the amino acid sequence of a human 

30 immunoglobulin and a CDR having substantially the amino acid sequence of a non-human 

immunoglobulin. 

Generally, a humanized antibody has one or more amino acid residues introduced into 

it from a source which is non-human. These non-human amino acid residues are referred to 

herein as "import" residues, which are typically taken from an "import" antibody domain, 

II 
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particularly a variable domain. An import residue, sequence, or antibody has a desired affinity 

and/or specificity, or other desirable antibody biological activity as discussed herein. 

In general, the humanized antibody will comprise substantially all of at least one, and 

typically two, variable domains (Fab, Fab', F(ab') 2 , Fabe, Fv) in which all or substantially all 

5 of the CDR regions correspond to those of a non-human immunoglobulin and all or substantially 

all of the FR regions are those of a human immunoglobulin consensus sequence. The 

humanized antibody optimally also will comprise at least a portion of an immunoglobulin 

constant region (Fe), typically that of a human immunoglobulin. Ordinarily, the antibody will 

contain both the light chain as well as at least the variable domain of a heavy chain. The 

10 antibody also may include the CH1, hinge, CH2, CH3, and CH4 regions of the heavy chain. 

The humanized antibody will be selected from any class of immunoglobulins, including 

lgM, lgG, lgD, lgA and lgE, and any isotype, including lgG1, lgG2, lgG3 and lgG4. Usually the 

constant domain is a complement fixing constant domain where it is desired that the 

humanized antibody exhibit cytotoxic activity, and the class is typically lgG 1 • Where such 

15 cytotoxic activity is not desirable, the constant domain may be of the lgG 2 class. The 

humanized antibody may comprise sequences from more than one class or isotype, and 

selecting particular constant domains to optimize desired effector functions is within the 

ordinary skill in the art. 

The FR and CDR regions. of the humanized antibody need not correspond precisely to 

20 the parental sequences, e.g., the import CDR or the consensus FR may be mutagenized by 

substitution, insertion or deletion of at least one residue so that the CDR or FR residue at that 

site does not correspond to either the consensus or the import antibody. Such mutations, 

however, will not be extensive. Usually, at least 75% of the humanized antibody residues will 

correspond to those of the parental FR and CDR sequences, more often 90%, and most 

25 preferably greater than 95%: 

In general, humanized antibodies prepared by the method of this invention are produced 

by a process of analysis of the parental sequences and various conceptual humanized products 

using three dimensional models of the parental and humanized sequences. Three dimensional 

immunoglobulin models are commonly available and are familiar to those skilled in the art. 

30 Computer programs are available which illustrate and display probable three dimensional 

con_formational structures of selected candidate immunoglobulin sequences. Inspection of 

these displays permits analysis of the likely role of the residues in the functioning of the 

candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability of 

the candidate immunoglobulin to bind its antigen. 

/2-
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Residues that influence antigen binding are defined to be residues that are substantially 

responsible for the antigen affinity or antigen specificity of a candidate immunoglobulin, in a 

positive or a negative sense. The invention is directed to the selection and combination of FR 

residues from the consensus and import sequence so that the desired immunoglobulin 

s characteristic is achieved. Such desired characteristics include increases in affinity and greater 

specificity for the target antigen, although it is conceivable that in some circumstances the 

opposite effects might be desired. In general, the CDR residues are directly and most 

substantially involved in influencing antigen binding (although not all CDR residues are so 
I 

involved and therefore need not be substituted into the consensus sequence). However, FR 

10 residues also have a significant effect and can exert their influence in at least three ways: 

They may noncovalently directly bind to antigen, they may interact with CDR residues and they 

may affect the interface between the heavy and light chains. 

A residue that noncovalently directly binds to antigen is one that, by three dimensional. 

analysis, is reasonably expected to noncovalently directly bind to antigen. Typically, it is 

15 necessary to impute the position of antigen from the spatial location of neighboring CDRs and 

the dimensions and structure of the target antigen. In general, only those humanized antibody 

residues that are capable of forming salt bridges, hydrogen bonds, or hydrophobic interactions 

are likely to be involved in non-covalent antigen binding, however residues which have atoms 

which are separated from antigen spatially by 3.2 Angstroms or less may also non-covalently 

20 interact with antigen. Such residues typically are the relatively larger amino acids having the 

side chains with the greatest bulk, such as tyrosine, arginine, and lysine. Antigen-binding FR 

residues also typically will have side chains that are oriented into an envelope surrounding the 

solvent oriented face of a CDR which extends about 7 Angstroms into the solvent from the 

CDR domain and about 7- Angstroms on either side of the CDR domain, again as visualized by 

25 three dimensional modeling. 

A residue that interacts with a CDR generally is a residue that either affects the 

conformation of the CDR polypeptide backbone or forms a noncovalent bond with a CDR 

residue side chain. Conformation-affecting residues ordinarily are those that change the spatial 

position of any CpR backbone atom (N, Ca, C, 0, CP> by more than about 0.2 Angstroms. 

JO Backbone atoms of CDR sequences are displaced for example by residues that interrupt or 

modify organized structures such as beta sheets, helices or loops. Residues that can exert a 

profound affect on the conformation of neighboring sequences include proline and glycine, both 

of which are capable of introducing bends into the backbone. Other residues that can displace 

backbone atoms are those that are capable of participating in salt bridges and hydrogen bonds. 

/3 
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A residue that interacts with a CDR side chain is one that is re~sonably expected to 

form a noncovalent bond with a CDR side chain, generally either a salt bridge or hydrogen 

bond. Such residues are identified by three dimensional positioning of their side chains. A salt 

or ion bridge could be expected to form between two side chains positioned within about 2.5 -

s 3.2 Angstroms of one another that bear opposite charges, for example a lysinyl and a 

10 

glutamyl pairing. A hydrogen bond could be expected to form between the side chains of 

residue pairs such as seryl or threonyl with aspartyl or glutamyl (or other hydrogen accepting 

residues). Such pairings are well known in the protein chemistry art and will be apparent to 

the artisan upon three dimensional modeling of the candidate immunoglobulin. 

lmmunoglobulin residues that affect the interface between heavy and light chain 

variable regions ("the VL - VH interface") are those that affect the proximity or orientation of 

the two chains with respect to one another. Certain residues involved in interchain interactions 

are already known and include VL residues 34, 36, 38, 44, 46, 87, 89, 91, 96, and 98 and 

VH residues 35, 37, 39, 45, 47, 91, 93, 95, 100, and 103 (utilizing the nomenclature set forth 

15 in Kabat et al., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1987)). Additional residues are newly identified by the inventors herein, and 

include 43L, 85L, 43H and 60H. While these residues are indicated for lgG only, they are 

applicable across species. In the practice of this invention, import antibody residues that are 

reasonably expected to be involved in interchain interactions are selected for substitution into 

20 the consensus sequence. It is believed that heretofore no humanized antibody has been 

prepared with an intrachain-affecting residue selected from an import antibody sequence. 

Since it is not entirely possible to predict in advance what the exact impact of a given 

substitution will be it may be necessary to make the substitution and assay the candidate 

antibody for the desired characteristic. These steps, however, are per se routine and well 

25 within the ordinary skiU of the art. 

CDR and FR residues are determined according to a standard sequence definition (Kabat 

et al., Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda 

MD (1987), and a structural definition (as in Chothia and Lesk, J. Mo/. Biol. 196:901-917 

(1987). Where these two methods result in slightly different identifications of a CDR, the 

30 structural definition is preferred, but the residues identified by the sequence definition method 

are considered important FR residues for determination of which framework residues to import 

into a consensus sequence. 

Throughout this description, reference is made to the numbering scheme from Kabat, 

E. A., et al., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

I<+ 
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Bethesda, MD (1987) and (1991 ). In these compendiums, Kabat lists many amino acid 

sequences for antibodies for each subclass, and lists the most commonly occurring amino acid 

for each residue position in that subclass. Kabat uses a method for assigning a residue number 

to each amino acid in a listed sequence, and this method for assigning residue numbers has 

5 become standard in the field. The Kabat numbering scheme is followed in this description. 

For purposes of this invention, to assign residue numbers to a candidate antibody amino 

acid sequence which is not included in the Kabat compendium, one follows the following 

steps. Generally, the candidate sequence is aligned with any immunoglobulin sequence or any 

consensus sequence in Kabat. Alignment may be done by hand, or by computer using 

10 commonly accepted computer programs; an example of such a program is the Align 2 program 

discussed in this description. Alignment may be facilitated by using some amino acid residues 

which are common to most Fab sequences. For example. the light and heavy chains each 

typically have two cysteines which have the same. residue numbers; in VL domain the two 

cysteines are typically at residue numbers 23 and 88, and in the VH domain the two cysteine 

15 residues are typically numbered 22 and 92. Framework residues generally, but not always, 

have approximately the same number of residues, however the CDRs will vary in size. For 

example, in the case of a CDR from a candidate sequence which is longer than the CDR in the 

sequence in Kabat to which it is aligned, typically suffixes are added to the residue number to 

indicate the insertion of additional residues (see, e.g. residues 100abcde in Fig. 5). For 

20 candidate sequences which, for example, align with a Kabat sequence for residues 34 and 36 

but have no residue between them to align with residue 35, the number 35 is simply not 

assigned to a residue. 

Thus, in humanization of an import variable sequence, where one cuts out an entire 

human or consensus CDR and replaces it with an import CDR sequence, (a) the exact number 

25 of residues may be swapped, leaving the numbering the same, (b) fewer import amino acid 

residues may be introduced than are cut, in which case there will be a gap in the residue 

numbers, or (c) a larger number of amino acid residues may be introduced then were cut, in 

which case the numbering will involve the use of suffixes such as 1 OOabcde. 

The terms "consensus sequence" and "consensus antibody" as used herein refers to 

30 an amino acid sequence which com prises the most frequently occurring amino acid residues 

at each location in all immunoglobulins of any particular subclass or subunit structure. The 

consensus sequence may be based on immunoglobulins of a particular species or of many 

species. A "consensus" sequence, structure, or antibody is understood to encompass a 

consensus human sequence as described in certain embodiments of this invention, and to refer 

/~ 
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to an amino acid sequence which comprises the most frequently occurring amino acid residues 

at each location in all human immunoglobulins of any particular subclass or subunit structure. 

This invention provides consensus human structures and consensus structures which consider 

other species in addition to human. 

The subunit structures of the five immunoglobulin classes in humans are as follows: 

Class Heavy Cbaio s, ,bclasses I igbt Cbaio Mctee, dac Eocro, Ila 

lgG y y1 I y2, y3, y4 Kor A (Y~2) , (YiA2> 

lgA a a1, a2 Kor A (0~2>/ , <aiA2>/ 

lgM µ none Kor A Vl~2>s , VliA2)5 

lgD 6 none Kor A {62K2) , (6iA2) 

lgE E none Kor A (E~2) , (EiA2) 

(
8 

n may equal 1, 2, or 3) 

In preferred embodiments of an lgGy1 human consensus sequence. the consensus 

variable domain sequences are derived from the most abundant subclasses in the sequence 

· compilation of Kabat et al., Sequences of Proteins of Immunological Interest, National Institutes 

of Health, Bethesda MD (1987), namely VLK subgroup I and VH group Ill. In such preferred 

embodiments, the VL consensus domain has the amino acid sequence: 

20 DIOMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQOKPGKAPKLLIYAASSLESGVPSRFSG 

SGSGTDFTLTISSLOPEDFATYYCOOYNSLPYTFGOGTKVEIKRT (SEQ. ID NO. 3); 

the VH consensus domain has the amino acid sequence: 

EVOL VESGGGL VOPGGSLRLSCAASGFTFSDYAMSWVROAPGKGLEWVAVISENGGYTRY AD 

SVKGRFTISADTSKNTA YLOMNSLRAEDTAVYYCSRWGGDGFY AMDVWGQGTL VTVSS (SEO. 

25 ID NO. 4). 

These sequences include consensus CDRs as well as consensus FR residues (see for example 

in Fig. 1·) .. 

While not wishing to be limited to any particular theories, it may be that these preferred 

embodiments are less likely to be immunogenic in an individual than less abundant subclasses. 

30 However. in other embodiments, the consensus sequence is derived from other subclasses of 

human immunoglobulin variable domains. In yet other embodiments, the consensus sequence 

is derived from human constant domains. 

Identity or homology with respect to a specified amino acid sequence of this invention 

is defined herein as the percentage of amino acid residues in a candidate sequence that are 
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identical with the specified residues, after aligning the sequences and introducing gaps, if 

necessary, to achieve the maximum percent homology, and not considering any conservative 

substitutions as part of the sequence identity. None of N-terminal, C-terminal or internal 

extensions, deletions, or insertions into the specified sequence shall be construed as affecting 

5 homology. All sequence alignments called for in this invention are such maximal homology 

alignments. While such alignments may be done by hand using conventional methods, a 

suitable computer program is the "Align 2" program for which protection is being sought from 

the U.S. Register of Copyrights. (Align 2, by Genentech, Inc., application filed 9 December 

1991). 

10 "Non-homologous" import antibody residues are those residues which are not identical 

to the amino acid residue at the analogous or corresponding location in a consensus sequence, 

after the import and consensus sequences are aligned. 

The term "computer representation" refers to information which is in a form that can -

be manipulated by a computer. The act of storing a computer representation refers to the act 

15 of placing the information in a form suitable for manipulation by a computer. 

This invention is also directed to novel polypeptides, and in certain aspects, isolated 

novel humanized anti-p1 s5HERl antibodies are provided. These novel anti-p195HERl 

antibodies are sometimes collectively referred to herein as huMAb4D5, and also sometimes 

as the light or heavy chain variable domains of huMAb4D5, and are defined herein to be any 

20 polypeptide sequence which possesses a biological property of a polypeptide comprising the 

25 

30 

following polypeptide sequence: 

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYOOKPGKAPKLLIYSASFLESGVP 

SRFSGSRSGTDFTLTISSLOPEDFATYYCOOHYTTPPTFGOGTKVEIKRT (SEO. ID NO. 1, 

which is the light chain variable domain of huMAb405); or 

EVQLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLEWVARIYPTNGYTR 

YADSVKGRFTISADTSKNTA YLQMNSLRAEDTAVYYCSRWGGDGFY AMDVWGOGTLV 

TVSS (SEQ. ID NO. 2, which is the heavy chain variable domain of huMAb4D5). 

"Biological property", as relates for example to anti-p1 g5HER2, for the purposes herein 

means an in vivo effector or antigen-binding function or activity that is directly or indirectly 

performed by huMAb4D5 (whether in its native or denatured conformation). Effector functions 

include p1 g5HER2 binding, any hormonal or hormonal antagonist activity, any mitogenic or 

agonist or antagonist activity, any cytotoxic activity. An antigenic function means possession 

I~ 
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of an epitope or antigenic site that is capable of cross-reacting with antibodies raised against 

. the polypeptide sequence of huMAb4D5. 

Biologically active huMAb4D5 is defined herein as a polypeptide that shares an effector 

function of huMAb4D5. A principal known effector function of huMAb4D5 is its ability to bind 

5 to p1 g5HER2. 

Thus. the biologically active and antigenically active huMAb405 polypeptides that are 

the subject of certain embodiments of this invention include the sequence of the entire 

translated nucleotide sequence of huMAb4D5; mature huMAb4D5; fragments thereof having 

a consecutive sequence of at least 5, 10, 15, 20, 25, 30 or 40 amino acid residues comprising 

10 sequences from muMAb4D5 plus residues from the human FR of huMAb405; amino acid 

sequence variants of huMAb4D5 wherein an amino acid residue has been inserted N- or C

terminal to. or within, huMAb4D5 or its fragment as defined above; amino acid sequence 

variants of huMAb4D5 or its fragment as defined above wherein an amino acid residue of 

huMAb4D5 or its fragment as defined above has been substituted by another residue, including 

15 predetermined mutations by, e.g .• site-directed or PCR mutagenesis; derivatives of huMAb4D5 

or its fragments as defined above wherein huMAb4D5 or its fragments have been covalent 

modified, by substitution. chemical, enzymatic, or other appropriate means, with a moiety 

other than a naturally occurring amino acid; and glycosylation variants of huMAb405 (insertion 

of a glycosylation site or deletion of any glycosylation site by deletion, insertion or substitution 

20 of suitable residues). Such fragments and variants exclude any polypeptide heretofore 

identified, including muMAb4D5 or any known polypeptide fragment, which are anticipatory 

order 35 U.S.C.102 as well as polypeptides obvious thereover under 35 U.S.C. 103. 

An "isolated" polypeptide means polypeptide which has been identified and separated 

and/or recovered from a component of its natural environment. Contaminant components of 

25 its natural environment are materials which would interfere with diagnostic or therapeutic uses 

for the . polypeptide, and may include enzymes, hormones, and other proteinaceous or 

nonproteinaceous solutes. In preferred embodiments, for example, a polypeptide product 

comprising huMAb405 will be purified from a cell culture or other synthetic environment ( 1) 

to greater than 95% by weight of protein as determined by the Lowry method, and most 

30 preferably more than 99 % by weight, (2) to a degree sufficient to obtain at least 1 5 residues 

of N-terminal or internal amino acid sequence by use of a gas- or liquid-phase sequenator (such 

as a commercially available Applied Biosystems sequenator Model 470,477, or 473), or (3) 

to homogeneity by SOS-PAGE under reducing or nonreducing conditions using Coomassie blue 

or, preferably, silver stain. Isolated huMAb4D5 includes huMAb4D5 in~ within recombinant 
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cells since at least one component ·of the huMAb405 natural environment will not be present. 

Ordinarily, however, isolated huMAb405 will be prepared by at least one purification step. 

In accordance with this invention, huMAb405 nucleic acid is RNA or DNA containing 

greater than ten bases that encodes a biologically or antigenically active huMAb405, is 

s complementary to nucleic acid sequence encoding such huMAb405, or hybridizes to nucleic 

acid sequence encoding such huMAb405 and remains stably bound to it under stringent 

conditions, and comprises nucleic acid from a muMAb405 CDR and a human FR region. 

Preferably, the huMAb405 nucleic acid encodes a polypeptide sharing at least 75% 

sequence identity, more preferably at least 80%, still more preferably at least 85%, even more 

10 preferably at 90%, and most preferably 95%, with the huMAb405 amino acid sequence. 

Preferably, a nucleic acid molecule that hybridizes to the huMAb405 nucleic acid contains at 

least 20, more preferably 40, and most preferably 90 bases. Such hybridizing or 

complementary nucleic acid, however, is further defined as being novel under 35 U.S.C. 102 

and unobvious under 35 U.S.C. 103 over any prior art nucleic acid. 

15 Stringent conditions are those that ( 1 ) employ low ionic strength and high temperature 

for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0/1 % NaDodS04 at 50° C; 

(2) employ during hybridization a denaturing agent such as formamide, for example, 50% 

(vol/vol) formamidewith0.1 % bovineserumalbumin/0/1 % Ficoll/0/1 % polyvinylpyrrolidone/50 

mM sodium phosphate buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42° C; 

20 or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM 

sodium phosphate (pH 6.8), 0.1 % sodium pyrophosphate, 5 x Denhardt's solution, sonicated 

salmon sperm DNA (50 g/ml), 0.1 % SOS, and 10% dextran sulfate at 42 C, with washes at 

42 C in 0.2 x SSC and 0.1 % SOS. 

The term "control sequences" refers to DNA sequences necessary for the expression 

25 of an operably linked coding sequence in a particular host organism. The control sequences 

that are. suitable for prokaryotes. for example, include a promoter, optionally an operator 

sequence, a ribosome binding site, and possibly, other as yet poorly understood sequences. 

Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid i.s "operably linked" when it is placed into a functional relationship with 

30 another nucleic acid sequence. For example, DNA for a presequence or secretory leader is 

operably linked to DNA for a polypeptide if it is expressed as a preprotein that participates in 

the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding 

sequence if it affects the transcription of the sequence; or a ribosome binding site is operably 

linked to a coding sequence if it is positioned so as to facilitate translation. Generally, 
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"operably linked" means that the DNA sequences being linked are contiguous and, in the case 

of a secretory leader, contiguous and in reading phase. However enhancers do not have to 

be contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites 

do not exist, then synthetic oligonucleotide adaptors or linkers are used in accord with 

5 conventional, practice. 

An "exogenous" element is defined herein to mean nucleic acid sequence that is foreign 

to the cell, or homologous to the cell but in a position within the host cell nucleic acid in which 

the element is ordinarily not found. 

As used herein, the expressions "cell," "cell line," and "cell culture" are used 

10 interchangeably and all such designations include progeny. Thus, the words "transformants" 

and "transformed cells" include the primary subject cell and cultures derived therefrom without 

regard for the number of transfers. It is also understood that all progeny may not be precisely 

identical in DNA content, due to deliberate or inadvertent mutations. Mutant progeny that 

have the same function or biological activity as screened for in the originally transformed cell 

15 are included. Where distinct designations are intended, it will be clear from the context. 

"Oligonucleotides" are short-length, single- or double-stranded polydeoxynucleotides 

that are chemically synthesized by known methods (such as phosphotriester, phosphite, or 

phosphoramidite chemistry, using solid phase techniques such as described in EP 266,032 

published 4 May 1988, or via deoxynucleoside H-phosphonate intermediates as described by 

20 Froehler et al., Nucl. Acids Res., 14: 5399-5407 [ 19861). They are then purified on 

polyacrylamide gels. 

The technique of "polymerase chain reaction," or "PCR," as used herein generally refers 

to a procedure wherein minute amounts of a specific piece of nucleic acid, RNA and/or DNA, 

are amplified as described in u~s. Pat. No. 4,683,195 issued 28 July 1987. Generally, 

25 sequence information from the ends of the region of interest or beyond needs to be available, 

such that oligonucleotide primers can be designed; these primers will be identical or similar in 

sequence to opposite strands of the template to be amplified. The 5' terminal nucleotides of 

the two primers may coincide with the ends of the amplified material. PCR can be used to 

amplify specific RNA. sequences, specific DNA sequences from total genomic DNA, and cDNA 

30 transcribed from total cellular RNA, bacteriophage or plasmid sequences, etc. See generally 

Mullis et al., Cold Spring Harbor Symp. Quant. Biol., fil: i63 (1987); Erlich, ed., PCR 

Technology, (Stockton Press, NY, 1989). As used herein, PCR is considered to be one, but 

not the only, example of a nucleic acid polymerase reaction method for amplifying a nucleic 

acid test sample, comprising the use of a known nucleic acid (DNA or RNA) as a primer and 
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utilizes a nucleic acid polymerase t<> amplify or generate a specific piece of nucleic acid or to 

amplify or generate a specific piece of nucleic acid which is complementary to a particular 

nucleic acid. 

Suitable Methods for Practicing the Invention 

Some aspects of this invention include obtaining an import, non-human antibody 

variable domain, producing a desired humanized antibody sequence and for humanizing an 

antibody gene sequence are described below; A particularly preferred method of changing a 

10 gene sequence, such as gene conversion from a non-human or consensus sequence into a 

humanized nucleic acid sequence, is the cassette mutagenesis procedure described in Example 

1. Additionally, methods are given for obtaining and producing antibodies generally, which 

apply equally to native non-human antibodies as well as to humanized antibodies. 

Generally, the antibodies and antibody variable domains of this invention are 

15 conventionally prepared in recombinant cell culture, as described in more detail below . 

. Recombinant synthesis is preferred for reasons of safety and economy, but it is known to 

prepare peptides by chemical synthesis and to purify them from natural sources; such 

preparations are included within the definition of antibodies herein. 

20 Molecular Modeling 

An integral step in our approach to antibody humanization is construction of computer 

graphics models of the import and humanized antibodies. These models are used to determine 

if the six complementarity-determining regions (CDRs) can be successfully transplanted from 

the import framework to a human one and to determine which framework residues from the 

25 import antibody, if any, need to be incorporated into the humanized antibody in order to 

maintain CDR conformation. In addition, analysis of the sequences of the import and 

humanized antibodies and reference to the models can help to discern which framework 

residues are unusual and thereby might be involved in antigen binding or maintenance of proper 

antibody structure. 

30 All of the humanized antibody models of this invention are based on a single three-

dimensional computer graphics structure hereafter referred to as the consensus structure. This 

consensus structure is a key distinction from the approach of previous workers in the field, 

who typically begin by selecting a human antibody structure which has an amino acid 

sequence which is similar to the sequence of their import antibody. 

BIOEPIS EX. 1002 
Page 37



• P4j1US 9 2 / 0 5 1 2 6 
21 

The consensus structure of one embodiment of this invention was built in five steps as 

described below. 

Step 1: Seven Fab X-ray crystal structures from the Brookhaven Protein Data 

Bank were used (entries 2FB4, 2RHE, 3FAB, and 1 REI which are human structures, and 2MCP, 

5 1 FBJ, and 2HFL which are murine structures). For each structure, protein mainchain geometry 

and hydrogen bonding patterns were used to assign each residue to one of three secondary 

structure types: alpha-helix, beta-strand or other (i.e. non-helix and non-strand). The 

immunoglobulin residues used in superpositioning and those included in the consensus 

structure are shown in Table 1. 
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Table I 
Immunoglobulin Residues Used in Superpositioning and Those Included in the 

Consensus Structure 

VLlC domain 
lg& 2FB4 2RHE 2MCP 3FAB lFBJ 2HFL lREI Consensusb 

2-11 
18-24 18-24 19-25 18-24 19-25 19-25 19-25 16-27 
32-37 34-39 39-44 32-37 32-37 32-37 33-38 33-39 

41-49 
60-66 62-68 67-72 53-66 60-65 60-65 61-66 59-77 
69-74 71-76 76-81 69-74 69-74 69-74 70-75 
84-88 86-90 91-95 84-88 84-88 84-88 85-89 82-91 

101-105 
RMSC 0.40 0.60 0.53 0.54 0.48 0.50 

V9 domain 
Jg& 2FB4 2MCP 3FAB lFBJ 2HFL Consensusb 

3-8 
18-25 18-25 18-25 18-25 18-25 17-23 
34-39 34-39 34-39 34-39 34-39 33-41 
46-52 46-52 46-52 46-52 46-52 45-51 
57-61 59-63 56-60 57-61 57-61 57-61 
68-71 70-73 67-70 68-71 68-71 66-71 
78-84 80-86 77-83 78-84 78-84 75-82 
92-99 94-101 91-98 92-99 92-99 88-94 

102-108 
RMSC 0.43 0.85 0.62 0.91 
RMSd 0.91 0.73 0.77 0.92 

a Four-letter code for Protein Data Bank. file. 
b Residue numbers for th: crystal structures are taken from the Protein Data 

Bank files. Residue numbers for the consensus structure are according to 
Kabat et al. 

c Root-mean-square deviation in A for (N,Ca,C) atoms superimposed on 2FB4. 
d Root-mean-square deviation in A for (N,Ca,C) atoms superimposed on 2HFL. 
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Step 2: Having identified the alpha-helices and beta-strands in each of the seven 

structures, the structures were superimposed on one another using the INSIGHT computer 

program (Biosym Technologies, San Diego, CA) as follows: The 2FB4 structure was arbitrarily 

chosen as the template (or reference) structure. The 2FB4 was held fixed in space and the 

s other six structures rotated and translated in space so that their common secondary structural 

elements (i.e. alpha-helices and beta-strands) were oriented such that these common elements 

were as close in position to one another as possible.· (This superpositioning was performed 

using accepted mathematical formulae rather than actually physically moving the structures 

by hand.) 

10 Step 3: With the seven structures thus superimposed, for each residue in the 

template (2FB4) Fab one calculates the distance from the template alpha-carbon atom (Ca) to 

the analogous Ca atom in each of the other six superimposed structures. This results in a table 

of Ca-Ca distances for each residue position in the sequence. Such a table is necessary in 

order to determine which residue positions will be included in the consensus model. Generally, 

15 if all Ca-Ca distances for a given residue position were :s 1.0A., that position was included in 

the consensus structure. If for a given position only one Fab crystal structure was > 1.0A., 

the position was included but the outlying crystal structure was not included in the next step 

(for this position only). In general, the seven P-strands were included in the consensus 

structure while some of the loops connecting the P-strands, e.g. complementarity-determining 

20 regions (CDRs), were not included in view of Ca divergence. 

Step 4: For each residue which was included in the consensus structure after step 

3, the average of the coordinates for individual mainchain N, Ca, C, 0 and CP atoms were 

calculated. Due to the averaging procedure, as well as variation in bond length, bond angle 

and dihedral angle among the crystal structures, this "average" structure contained some bond 

25 lengths and angles which deviated from standard geometry. For purposes of this invention, 

"standard geometry" is understood to include geometries commonly accepted as typical, such 

as the compilation of bond lengths and angles from small molecule structures in Weiner, S.J. 

et. al., J. Amer. Chem. Soc., 106: 765-784 (1984). 

Step 5: In order to correct these deviations, the final step was to subject the 

30 "average" structure to 50 cycles of energy minimization (DISCOVER program, Biosym 

Technologies) using the AMBER (Weiner, S.J. et. al., J. Amer. Chem. Soc., 106: 765-784 

( 1984)) parameter set with only the Ca coordinates fixed (i.e. all other atoms are allowed to 

move) (energy minimization is described below). This allowed any deviant bond lengths and 

angles to assume a standard (chemically acceptable) geometry. See Table II. 
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Table II 
Average Bond Lengths and Angles for "Average" (Before) and 

Energy-Minimized Consensus (After 50 Cycles) Structures 

VLK VLK VH VH Standard 
before after before after Geometry 

<A> <A> <A> <A> <A> 
1.459(0.012) 1.451(0.004) 1.451(0.023) 1.452(0.004) 1.449 
1.515(0.012) 1.523(0.005) 1.507(0.033) 1.542(0.005) 1.522 
1.208(0.062) 1.229(0.003) 1.160(0.177) 1.231(0.003) 1.229 
1.288(0.049) 1.337(0.002) 1.282(0.065) 1.335(0.004) 1.335 
1.508(0.026) 1.530(0.002) 1.499(0.039) 1.530(0.002) 1.526 

c·> c·> (.) c·> C> 
123.5(4.2) 123.8(1.1) 125.3(4.6) 124.0(1.1) 121.9 
110.0(4.0) 109.5(1.9) 110.3(2.8) 109.5(1.6) 110.1 
116.6(4.0) 116.6(1.2) 117.6(5.2) 116.6(0.8) 116.6 
123.1(4.1) 123.4(0.6) 122.2(4.9) 123.3(0.4) 122.9 
110.3(2.1) 109.8(0.7) 110.6(2.5) 109.8(0.6) 109.5 
111.4(2.4) 111.1(0.7) 111.2(2.2) 111.1(0.6) 111.l 

Values in parentheses arc standard deviations. Note that while some bond length 
and angle averages did not change appreciably after energy-minimization. the 
corresponding standard deviations are reduced due to deviant geometries assuming 
standard values after energy-minimization. Standard geometry values arc from the 
AMBER forcefield as implemented in DISCOVER (Biosym Technologies). 
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The consensus structure might conceivably be dependent upon which crystal structure 

was chosen as the template on which the others were superimposed. As a test, the entire 

procedure was repeated using the crystal structure with the worst superposition versus 2FB4, 

i.e. the 2HFL Fab structure, as the new template (reference). The two consensus structures 

5 compare favorably (root-mean-squared deviation of 0.11 A for all N, Ca and C atoms). 

Note that the consensus structure only includes mainchain (N, Ca, C, 0, CP atoms) 

coordinates for only those residues which are part of a conformation common to all seven X

ray crystal structures. For the Fab structures, these include the common P-strands (which 

comprise two P-sheets) and a few non-CDR loops which connect these P-strands. The 

IO consensus structure does not include CDRs or sidechains, both of which vary in their 

conformation among the seven structures. Also, note that the consensus structure includes 

only the VL and VH domains. 

This consensus structure is used as the archetype. It is not particular to any species, 

and has only the basic shape without side chains. Starting with this consensus structure the 

15 model of any import, human, or humanized Fab can be constructed as follows. Using the 

. amino acid sequence of the particular antibody VL and VH domains of interest, a computer 

graphics program (such as INSIGHT, Biosym Technologies) is used to add sidechains and CDRs 

to the consensus structure. When a sidechain is added, its conformation is chosen on the 

basis of known Fab crystal structures (see the Background section for publications of such 

20 crystal structures) and rotamer libraries (Ponder, J.W. & Richards, F. M., J. Mo/. Biol. 193: 

775-791 (1987)). The model also is constructed so that the atoms of the sidechain are 

positioned so as to not collide with other atoms in the Fab. 

CDRs are added to the model (now having the backbone plus side chains) as follows. 

The size (i.e. number of amino acids) of each import COR is compared to canonical CDR 

25 structures tabulated by Chothia et al., Nature, 342:877-883 (1989)) and which were derived 

from Fab crystals. Each COR sequence is also reviewed for the presence or absence of certain 

specific amino acid residues which are identified by Chothia as structurally important: e.g. light 

chain residues 29 (CDR1) and 95 (CDR3), and heavy chain residues 26, 27, 29 (CDR1) and 

55 (CDR2). For light chain CDR2, and heavy chain CDR3, only the size of the CDR is 

30 compared to the Chothia canonical structure. If the size and sequence (i.e. inclusion of the 

specific, structurally important residues as denoted by Chothia eta/.) of the import CDR agrees 

in size and has the same structurally important residues as those of a canonical COR, then the 

mainchain conformation of the import CDR in the model is taken to be the same as that of the 

canonical COR. This means that the import sequence is assigned the structural configuration 
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of the canonical CDR, which is then incorporated in the evolving model. 

However, if no matching canonical CDR can be assigned for the import CDR, then one 

of two options can be exercised. First, using a program such as INSIGHT (Biosym 

Technol~gies), the Brookhaven Protein Data Bank can be searched for loops with a similar size 

s to that of the import CDR and these loops can be evaluated as possible conformations for the 

import CDR in the model. Minimally, such loops must exhibit a conformation in which no loop 

atom overlaps with other protein atoms. Second, one can use available programs which 

calculate possible loop conformations, assuming a given loop size, using methods. such as 

described by Bruccoleri et al., Nature 335: 564-568 (1988). 

10 When all CDRs and sidechains have been added to the consensus structure to give the 

final model (import, human or humanized), the model is preferably subjected to energy 

minimization using programs which are available commercially (e.g.· DISCOVER, Biosym 

Technologies). This technique uses complex mathematical formulae to refine the model by 

performing such tasks as checking that all atoms are within appropriate distances from one 

1s another and checking that bond lengths and angles are within chemically acceptable limits. 

Models of a humanized, import or human antibody sequence are used in the practice 

of this invention to understand the impact of selected amino acid residues of the activity of 

the sequence being modeled. For example, such a model can show residues which may be 

important in antigen binding, or for maintaining the conformation of the antibody, as discussed 

20 in more detail below. Modeling can also be used to explore the potential impact of changing 

any amino acid residue in the antibody sequence. 

Methods tor Obtaining a Humanized Antibody Sequence 

In the practice of this invention, the first step in humanizing an import antibody is 

25 deriving a consensus amino acid sequence into which to incorporate the import sequences. 

Next a model is generated for these sequences using the methods described above. In certain 

embodiments of this invention, the consensus human sequences are derived from the most 

abundant subclasses in the sequence compilation of Kabat et al. (Kabat, E. A. et al., 

Sequences of Proteins of Immunological Interest (National Institutes of Health, Bethesda, MD, 

30 1987)), namely VLK subgroup I and VH group Ill, and have the sequences indicated in the 

definitions above. 

While these steps may be taken in different order, typically a structure for the candidate 

humanized antibody is created by transferring the at least one CDR from the non-human, 

import sequence into the consensus human structure, after the entire corresponding human 
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CDR has been removed. The humanized antibody may contain human replacements of the 

non-human import residues at positions within CDRs as defined by sequence variability (Kabat, 

E. A. et al., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1987)) or as defined by structural variability (Chothia, C. & Lask, A. M., J. Mo/. 

s Biol. 196:901-917 ( 198 7)). For example, huMAb405 cor:'tains human replacements of the 

muMAb405 residues at three positions within CDRs as defined by sequence variability (Kabat, 

E. A. et al., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MO, 1987)) but not as defined by structural variability (Chothia, C. & Lesk, A. M., 

J. Mo/. Biol. 196:901-917 (1987)}: VL-CDR1 K24R, VL-CDR2 R54L and VL-CDR2 T56S. 

10 Differences between the non-human import and the human consensus framework 

residues are individually investigated to determine their possible influence on CDR conformation 

and/or binding to antigen. Investigation of such possible influences is desirably performed 

through modeling, by examination of the characteristics of the amino acids at particular 

locations, or determined experimentally through evaluating the effects of substitution or 

IS mutagenesis of particular amino acids. 

20 

25 

30 

In certain preferred embodiments of this invention, a humanized antibody is made 

comprising amino acid sequence of an import, non-human antibody and a human antibody, 

utilizing the steps of: 

a. obtaining the amino acid sequences of at least a portion of an import antibody 

variable domain and of a consensus human variable domain: 

b. identifying Complementarity Determining Region (COR) amino acid sequences 

in the import and the human variable domain sequences; 

c. substituting an import CDR amino acid sequence for the corresponding human 

CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework Region (FR) of the import 

antibody and the corresponding FR of the consensus antibody; 

e; identifying import antibody FR residues in the aligned FR sequences that are 

non-homologous to the corresponding consensus antibody residues; 

f. determining if the non-homologous import amino acid residue is reasonably 

expected to have at least one of the following effects: 

1 . non-covalently binds antigen directly, 

2. interacts with a CDR; or 

3. participates in the VL - VH interface; and 

g. for any non-homologous import antibody amino acid residue which is reasonably 
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expected to have at least one of these effects, substituting that residue for the 

corresponding amino acid residue in the consensus antibody FR sequence. 

Optionally, one determines if any non-homologous residues identified in step (e) are 

exposed on the surf ace of the domain or buried within it, and if the residue is exposed but has 

s none of the effects identified in step (f), one may retain the consensus residue. 

Additionally, in certain embodiments the corresponding consensus antibody residues 

identified in step (e} above are selected from the group consisting of 4L, 35L, 36L, 38L, 43L, 

44L,46L,58L,62L,63L,64L,65L,66L,67L,68L,69L, 70L, 71L, 73L,85L,87L,98L,2H, 

4H,24H,36H,37H,39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H,75H, 

lO 76H, 78H, 91 H, 92H, 93H, and .103H (utilizing the numbering system set forth in Kabat, E. 

A. et al., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1987)). 

In preferred embodiments, the method of this invention comprises the additional steps 

of searching either or both of the import, non-human and the consensus variable domain 

15 sequences for glycosylation sites, determining if the glycosylation is reasonably expected to 

be important for the desired antigen binding and biological activity of the antibody (i.e., 

determining if the glycosylation site binds to antigen or changes a side chain of an amino acid 

residue that binds to antigen, or if the glycosylation enhances or weakens antigen binding, or 

is important for maintaining antibody affinity). If the import sequence bears the glycosylation 

20 site, it is preferred to substitute that site for the corresponding residues in the consensus 

human sequence if the glycosylation site is reasonably expected to be important. If only the 

consensus sequence, and not the import, bears the glycosylation site, it is preferred to 

eliminate that glycosylation site or substitute therefor the corresponding amino acid residues 

from the import sequence. 

25 Another preferred embodiment of the methods of this invention comprises aligning 

import antibody and the consensus antibody FR sequences, identifying import antibody FR 

residues· which are non-homologous with the aligned consensus FR sequence, and for each 

such non-homologous import antibody FR residue, determining if the corresponding consensus 

antibody residue represents a residue which is highly conserved across all species at that site, 

30 and if it is so conserved, preparing a humanized antibody which comprises the consensus 

antibody amino acid residue at that site. 

In certain alternate embodiments, one need not utilize the modeling and evaluation steps 

described above, and may instead proceed with the steps of obtaining the amino acid sequence 

of at least a portion of an import, non-human antibody variable domain having a CDR and a FR, 
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obtaining the amino acid sequence of at least a portion of a consensus human antibody 

variable domain having a CDR and a FR, substituting the non-human COR for the human CDR 

in the consensus human antibody variable domain, and then substituting an amino acid residue 

for the consensus amino acid residue at at least one of the following sites: 

5 a. (in the FR of the variable domain of the light chain) 4L, 35L, 36L. 38L, 43L, 

44L,58L,46L,62L,63L,64L,65L,66L,67L,68L,69L,70L, 71L,73L,85L, 

87L, 98L, or 

10 

15 

b. (in the FR of the variable domain of the heavy chain) 2H. 4H, 24H, 36H, 37H, 

39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H,75H,76H, 

78H, 91 H, 92H, 93H, and 103H. 

Preferably, the non-CDR residue substituted at the consensus FR site is the residue found at 

the corresponding location of the non-human antibody. If desired, one may utilize the other 

method steps described above for determining whether a particular amino acid residue can 

reasonably be expected to have undesirable effects, and remedying those effects. 

If after making a humanized antibody according to the steps above and testing its 

activity one· is not satisfied with the humanized antibody, one preferably reexamines the 

potential effects of the amino acids at the .specific locations recited above. Additionally, it is 

desirable to reinvestigate any buried residues which are reasonably expected to affect the VL -

VH interface but may not directly affect CDR conformation. It is also desirable to reevaluate 

20 the humanized antibody utilizing the steps of the methods claimed herein. 

In certain embodiments of this invention, amino acid residues in the consensus human 

sequence are substituted for by other amino acid residues. In preferred embodiments, residues 

from a particular non-human import sequence are substituted, however there are 

circumstances where it is desired to evaluate the effects of other amino acids. For example, 

25 if after making a humanized antibody according to the steps above and testing its activity one 

is not satisfied with the humanized antibody, one may compare the sequences of other classes 

or subgroups of human antibodies, or classes or subgroups of antibodies from the particular 

non-human species, and determine which other amino acid side chains and amino acid residues 

are found at particular locations and substituting such other residues. 

30 

Antibodies 

Certain aspects of this invention are directed to natural antibodies and to monoclonal 

antibodies, as illustrated in the Examples below and by antibody hybridomas deposited with 

the ATCC (as described below). Thus, the references throughout this description to the use 
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of monoclonal antibodies are intended to include the use of natural or native antibodies as well 

as humanized and chimeric antibodies. As used herein, the term •antibody" includes the 

antibody variable domain and other separable antibody domains unles~ specifically excluded. 

In accordance with certain aspects of this invention, antibodies to be humanized (import 

5 antibodies) are isolated from continuous hybrid cell lines formed by the fusion of 

antigen-primed immune lymphocytes with myeloma cells. 

In certain embodiments, the antibodies of this invention are obtained by routine 

screening. Polyclonal antibodies to an antigen generally are raised in animals by multiple 

subcutaneous (sc) or intraperitoneal (ip) injections of the antigen and an adjuvant. It may be 

10 useful to conjugate the antigen or a fragment containing the target amino acid sequence to a 

protein that is immunogenic in the species to be immunized, e.g., keyhole limpet hemocyanin, 

serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a bifunctional or 

derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester (conjugation through 

cysteine residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic 

15 anhydride, S0Cl 2 , or R1N = C = NR, where Rand R1 are different alkyl groups. 

The route and schedule of the host animal or cultured antibody-producing cells 

therefrom are generally in keeping with established and conventional techniques for antibody 

stimulation and production. While mice are frequently employed as the test model, it is 

contemplated that any mammalian subject including human subjects or antibody-producing 

20 cells obtained therefrom can be manipulated according to the processes of this invention to 

serve as the basis for production of mammalian, including human, hybrid cell lines. 

Animals are typically immunized against the immunogenic conjugates or derivatives by 

combining 1 mg or 1 pg of conjugate (for rabbits or mice, respectively) with 3 volumes of 

Freund's complete adjuvant and injecting the solution intradermally at multiple sites. One 

25 month later the animals are boosted with 1 /5 to 1/10 the original amount of conjugate in 

Freund's complete adjuvant (or other suitable adjuva,nt) by subcutaneous injection at multiple 

sites. 7 to 14 days later animals are bled and the serum is assayed for antigen titer. Animals 

are boosted until the titer plateaus. Preferably, the animal is boosted with the conjugate of the 

same antigen, but conjugated to a different protein and/or through a different cross-linking 

30 agent. Conjugates also can be made in recombinant cell culture as protein fusions. Also, 

aggregating agents such as alum are used to enhance the immune response. 

After immunization, monoclonal antibodies are prepared by recovering immune lymphoid 

cells--typically spleen cells or lymphocytes from lymph node tissue--from immunized animals 

and immortalizing the cells in conventional fashion, e.g. by fusion with myeloma cells or by 

31 
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Epstein-Barr (EB)-virus transformation and screening for clones expressing the desired antibody. 

The hybridoma technique described originally by Kohler and Milstein, Eur. J. lmmunol. 6:511 

(1976) has been widely applied to produce hybrid cell lines that secrete high levels of 

monoclonal antibodies against many specific antigens. 

5 It is possible to fuse cells of one species with another. However, it is preferable that 

the source of the immunized antibody producing cells and the myeloma be from the same 

species. 

The hybrid cell lines can be maintained in culture in vitro in cell culture media. The cell 

lines of this invention can be selected and/or maintained in a composition comprising the 

10 continuous cell line in hypoxanthine-aminopterin thymidine (HAT) medium. In fact, once the 

hybridoma cell line is established, it can be maintained on a variety of nutritionally adequate 

media. Moreover, the hybrid cell lines can be stored. and preserved in any number of 

conventional ways, including freezing and storage under liquid nitrogen. Frozen cell lines can 

be revived and cultured indefinitely with resumed synthesis and secretion of- monoclonal 

15 antibody. The secreted antibody is recovered from tissue culture supernatant by conventional 

methods such as precipitation, Ion exchange chromatography, affinity chromatography, or the 

like. The antibodies described herein are also recovered from hybridoma cell cultures by 

conventional methods for purification of lgG or lgM as the case may be that heretofore have 

been used to purify these immunoglobulins from pooled plasma, e.g. ethanol or polyethylene 

20 glycol precipitation procedures. The purified antibodies are sterile filtered, and optionally are 

conjugated to a detectable marker such as an enzyme or spin label for use in diagnostic assays 

of the antigen in test samples. 

While routinely rodent monoclonal antibodies are used as the source of the import 

antibody, the invention is not limited to any species. Additionally, techniques developed for 

25 the production of chimeric antibodies (Morrison eta/., Proc. Natl. Acad. Sci., 81 :6851 (1984); 

Neuberger eta/., Nature 312:604 (1984); Takeda eta/., Nature 314:452 (1985)) by splicing 

the genes from a mouse antibody molecule of appropriate antigen specificity together with 

genes from a human antibody molecule of appropriate biological activity (such as ability to 

activate human complement and mediate ADCC) can be used; such antibodies are within the 

30 scope of this invention. 

Techniques for creating recombinant DNA versions of the antigen-binding regions of 

antibody molecules (known as Fab fragments) which bypass the generation of monoclonal 

antibodies are encompassed within the practice of this invention. One extracts antibody

specific messenger RNA molecules from immune system cells taken from an immunized animal, 
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transcribes these into complementary DNA (cDNA), and clones the cDNA into a bacterial 

expressions system. One example of such a technique suitable for the practice of this 

invention was developed by researchers at Scripps/Stratagene, and incorporates a proprietary 

bacteriophage lambda vector system which contains a leader sequence that causes the 

5 expressed Fab protein to migrate to the periplasmic space (between the bacterial cell 

membrane and the cell wall) or to be secreted. One can rapidly generate and screen great 

numbers of functional FAb fragments for those which bind the antigen. Such FAb fragments 

with specificity for the antigen are specifically encompassed within the term "antibody" as it 

is defined, discussed, and claimed herein. 

10 

Amino Acid Sequence Variants 

Amino acid sequence variants of the antibodies and polypeptides of this invention 

(referred to in herein as the target polypeptide) are prepared by introducing appropriate 

nucleotide changes into the DNA encoding the target polypeptide, or by in vitro synthesis of 

15 the desired target polypeptide. Such variants include, for example, humanized variants of non

human antibodies, as well as deletions from, or insertions or substitutions of, residues within 

particular amino acid sequences. Any combination of deletion, insertion, and substitution can 

be made to arrive at the final construct, provided that the final construct possesses the desired 

characteristics. The amino acid changes also may alter post-translational processes of the 

20 target polypeptide, such as changing the number or position of glycosylation sites, altering any 

m_embrane anchoring characteristics, and/or altering the intra-cellular location of the target 

polypeptide by inserting, deleting, or otherwise affecting any leader sequence of the native 

target polypeptide. 

In designing amino acid sequence variants of target polypeptides, the location of the 

25 mutation site and the nature of the mutation will depend on the target polypeptide 

characteristic(s) to be modified. The sites for mutation can be modified individually or in 

series, e~g., by (1) substituting first with conservative amino acid choices and then with more 

radical selections depending upon the results .achieved, (2) deleting the target residue, or (3) 

inserting residues of the same or a different class adjacent to the located site, or combinations 

30 of options 1-3. In certain embodiments, these choices are guided by the methods for creating 

humanized sequences set forth above. 

A useful method for identification of certain residues or regions of the target 

polypeptide that are preferred locations for mutagenesis is called "alanine scanning 

mutagenesis" as described by Cunningham and Wells (Science,~: 1081-1085 [1989)). 

33 
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Here, a residue or group of target residues are identified (e.g .. charged residues such as arg, 

asp. his, lys, and glu) and replaced by a neutral or negatively charged amino acid (most 

preferably alanine or polyalanine) to affect the interaction of the amino acids with the 

surrounding aqueous environment in or outside the cell. Those domains demonstrating 

s functional sensitivity to the substitutions then are refined by introducing further or other , 

variants at or for the sites of substitution. Thus. while the site for introducing an amino acid 

sequence variation is predetermined, the nature of the mutation per se need not be 

predetermined. For example, to optimize the performance of a mutation at a given site, ala 

scanning or random mutagenesis may be conducted at the target codon or region and the 

IO expressed target polypeptide variants are screened for the optimal combination of desired 

activity. 

There are two principal variables in the construction of amino acid sequence variants: 

the location of the mutation site and the nature of the mutation. In general, the location and 

nature of the mutation chosen will depend upon the target polypeptide characteristic to be 

15 modified. 

Amino acid sequence deletions of antibodies are generally not preferred, as maintaining 

the generally configuration of an antibody is believed to be necessary for its activity. Any 

deletions will be selected so as to preserve the structure of the target antibody. 

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging 

20 in length from one residue to polypeptides containing a hundred or more residues, as well as 

intrasequence insertions of single or multiple amino acid residues. lntrasequence insertions 

(i.e., insertions within the target polypeptide sequence) may range generally from about 1 to 

10 residues, more preferably 1 to 5, most preferably 1 to 3. Examples of terminal insertions 

include the target polypeptide with an N-terminal methionyl residue, an artifact of the direct 

25 expression of target polypeptide in bacterial recombinant cell culture, and fusion of a 

heterologous N-terminal signal sequence to the N-terminus of the target polypeptide molecule 

to facilitate the secretion of the mature target polypeptide from recombinant host cells. Such 

signal sequences generally will be obtained from, and thus homologous to, the intended host 

cell species. Suitable sequences include STII or lpp for E. coli, alpha factor for yeast, and viral 

30 signals such as herpes gD for mammalian cells. 

Other insertional variants of the target polypeptide include the fusion to the N- or C

terminus of the target polypeptide of immunogenic polypeptides, e.g., bacterial polypeptides 

such as beta-lactamase or an enzyme encoded by the E. coli trp locus, or yeast protein, and 

C-terminal fusions with proteins having a long half-life such as immunoglobulin constant 

3<f 
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regions (or other immunoglobulin regions), albumin, or ferritin, as described in WO 89/02922 

published 6 April 1989. 

Another group of variants are amino acid substitution variants. These variants have at 

least one amino acid residue in the target polypeptide molecule removed and a different residue 

5 inserted in its place. The sites of greatest interest for substitutional mutagenesis include sites 

identified as the active site(s) of the target polypeptide, and sites where the amino acids found 

in the target polypeptide from various species are substantially different in terms of side-chain 

bulk, charge, and/or hydrophobicity. Other sites for substitution are described infra, 

considering the effect of the substitution of the antigen binding, affinity and other 

10 characteristics of a particular target antibody. 

Other sites of interest are those in which particular residues of the target polypeptides 

obtained from various species are identical. These positions may be important for the 

biological activity of the target polypeptide. These sites, especially those falling within a 

sequence of at least three other identically conserved sites, are substituted in a relatively 

15 conservative manner. If such substitutions result in a change in biological activity, then other 

changes are introduced and the products screened until the desired effect is obtained. 

Substantial modifications in function or immunological identity of the target polypeptide 

are accomplished by selecting substitutions that differ . significantly in their effect on 

maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for 

20 example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule 

at the target site, or (c) the bulk of the side chain. Naturally occurring residues are divided into 

groups based on common side chain properties: 

(1) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophUic: cys, ser, thr; 

25 (3) acidic: asp, glu; 

(4) basic: ·asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 

Non-conservative substitutions will entail exchanging a member of one of these classes 

30 for another. Such substituted residues may be introduced into regions of the target 

polypeptide that are homologous with other antibodies of the same class or subclass, or, more 

preferably, into the non-homologous regions of the molecule. 

Any cysteine residues not involved in maintaining the proper conformation of target 

polypeptide also may be substituted, generally with serine, to improve the oxidative stability 
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of the molecule and prevent aberrant crosslinking. 

DNA encoding amino acid sequence variants of the target polypeptide is prepared by 

a variety of methods known in the art. These methods include, but are not limited to, isolation 

from a natural source (in the case of naturally occurring amino acid sequence variants) or 

5 preparation by oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and 

cassette mutagenesis of an earlier prepared variant or a non-variant version of the target 

polypeptide. A particularly preferred method of gene conversion mutagenesis is described 

below in Example 1 . These techniques may utilized target polypeptide nucleic acid (DNA or 

RNA), or nucleic acid complementary to the target polypeptide nucleic acid. 

10 Oligonucleotide-mediated mutagenesis is a preferred method for preparing substitution, 

deletion, and insertion variants of target polypeptide DNA. This technique is·well known in the 

art as described by Adelman et al., J;lli,A, 1: 1 83 ( 1983). Briefly, the target polypeptide DNA 

is altered by hybridizing an oligonucleotide encoding the desired mutation to a DNA template, 

where the template is the single-stranded form of a plasmid or bacteriophage containing the 

15 unaltered or native DNA sequence of the target polypeptide. After hybridization, a DNA 

polymerase is used to synthesize an entire second complementary strand of the template that 

will thus incorporate the oligonucleotide primer, and will code for the selected alteration in the 

target polypeptide DNA. 

Generally, oligonucleotides of at least 25 nucleotides in length are used. An optimal 

20 oligonucleotide will have 1 2 to 1 5 nucleotides that are completely complementary to the 

template on either side of the nucleotide(s) coding for the mutation. This ensures that the 

oligonucleotide will hybridize properly to the single-stranded DNA template molecule. The 

oligonucleotides are readily synthesized using . techniques known in the art such as that 

described by Crea et al. (Proc. Natl. Acad. Sci. USA, 1..§.: 5765 [1978)). 

25 Single-stranded DNA template may also be generated by denaturing double-stranded 

plasmid. (or other) DNA using standard techniques. 

For alteration of the native DNA sequence (to generate amino acid sequence variants, 

for example), the oligonucleotide is hybridized to the single-stranded template under suitable 

hybridization conditions. A DNA polymerizing enzyme, usually the Kienow fragment of DNA 

30 polymerase I, is then added to synthesize the complementary strand of the template using the 

oligonucleotide as a primer for synthesis. A heteroduplex molecule is thus formed such that 

one strand of DNA encodes the mutated form of the target polypeptide, and the other strand 

(the original template) encodes the native, unaltered sequence of the target polypeptide. This 

heteroduplex molecule is then transformed into a suitable host cell, usually a prokaryote such 
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as E.coli JM101. After the cells are grown, they are plated onto agarose plates and screened 

using the oligonucleotide primer radiolabeled with 32-phosphate to identify the bacterial 

colonies that contain the mutated DNA. The mutated region is then removed and placed in an 

appropriate vector for protein production, generally an expression vector of the type typically 

5 employed for transformation of an appropriate host. 

The method described immediately above may be modified such that a homoduplex 

molecule is created wherein both strands of the plasmid contain the mutation(s). The 

modifications are as follows: The single-stranded oligonucleotide is annealed to the 

single-stranded template as described above. A mixture of three deoxyribonucleotides, 

10 deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP), and deoxyribothymidine (dTTP), is 

combined with a modified thio-deoxyribocytosine called dCTP-(aS) (which can be obtained from 

Amersham Corporation). This mixture is added to the template-oligonucleotide complex. 

Upon addition of DNA polymerase to this mixture, a strand of DNA identical to the template 

except for the mutated bases is generated. In addition, this new strand of DNA will contain 

15 dCTP-(aS) instead of dCTP, which serves to protect it from restriction endonuclease digestion. 

After the template strand of the double-stranded heteroduplex is nicked with an 

appropriate restriction enzyme, the template strand can be digested with w_lll nuclease or 

another appropriate nuclease past the region that contains the site(s) to be mutagenized. The 

20 reaction is then stopped to leave a molecule that is only partially single-stranded. A complete 

double-stranded DNA homoduplex is then formed using DNA polymerase in the presence of 

all four deoxyribonucleotide triphosphates, ATP, and DNA ligase. This homoduplex molecule 

can then be transformed into a suitable host cell such as E. coli JM101, as described above. 

DNA encoding target polypeptide variants with more than one amino acid to be 

25 substituted may be generated in one of several ways. If the amino acids are located close 

together in the polypeptide chain, they may be mutated simultaneously using one 

oligonucleotide that codes for all of the desired amino acid substitutions. If, however, the 

amino acids are located some distance from each other (separated by more than about ten 

amino acids), it is more difficult to generate a single oligonucleotide that encodes all of ·the 

30 desired changes. Instead, one of two alternative methods may be employed. 

In the first method. a separate oligonucleotide is generated for each amino acid to be 

substituted. The oligonucleotides are then annealed to the single-stranded template DNA 

simultaneously. and the second strand of DNA that is synthesized from the template will 

encode all of the desired amino acid substitutions. 
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The alternative method involves two or more rounds of mutagenesis to produce the 

desired mutant. The first round is as described for the single mutants: wild-type DNA is used 

for the template, an oligonucleotide encoding the first desired amino acid substitution(s) is 

annealed to this template, and the heteroduplex DNA molecule is then generated. The second 

5 round of mutagenesis utilizes the mutated DNA produced in the first round of mutagenesis as 

the template. Thus, this template already contains one or more mutations. The 

oligonucleotide encoding the additional desired amino acid substitution(s) is then annealed to 

this template, and the resulting strand of DNA now encodes mutations from both the first and 

second rounds of mutagenesis. This resultant DNA can be used as a template in a third round 

10 of mutagenesis, and so on. 

PCR mutagenesis is also suitable for making amino acid variants of target polypeptide. 

While the following discussion refers to DNA, it is understood that the technique also finds 

application with RNA. The PCR technique generally refers to the following procedure (see 

Erlich, supra, the chapter by R. Higuchi, p. 61-70): When small amounts of template DNA are 

15 used as starting material in a PCR, primers that differ slightly in· sequence from the 

corresponding region in a template DNA can be used to generate relatively large quantities of 

a specific DNA fragment that differs from the template sequence only at the positions where 

the primers differ from the template. For introduction of a mutation into a plasmid DNA, one 

of the primers is designed to overlap the position of the mutation and to contain the mutation; 

20 the sequence of the other primer must be identical to a stretch of sequence of the opposite 

strand of the plasmid, but this sequence can be located anywhere along the plasmid DNA. It 

is preferred, however, that the sequence of the second primer is located within 200 

nucleotides from that of the first, such that in the end the entire amplified region of DNA 

bounded by the primers can be easily sequenced. PCR amplification using a primer pair like 

25 the one just described results in a population of DNA fragments that differ at the position of 

the mutation specified by the primer, and possibly at other positions, as template copying is 

somewhat error-prone. 

If the ratio of template to product material is extremely low, the vast majority of 

product DNA fragments incorporate the desired mutation(s). This product material is used to 

30 replace the corresponding region in the plasmid that served as PCR template using standard 

DNA technology. Mutations at separate positions can be introduced simultaneously by either 

using a mutant second primer, or performing a second PCR with different mutant primers and 

ligating the two resulting PCR fragments simultaneously to the vector fragment in a three (or 

more)-part ligation. 

3S 
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In a specific example of PCR mutagenesis, template plasmid DNA ( 1 pg} is linearized 

by digestion with a restriction endonuclease that has a unique recognition site in the plasmid 

DNA outside of the region to be amplified. Of this material, 100 ng is added to a PCR mixture 

containing PCR buffer, which contains the four deoxynucleotide tri-phosphates and is included 

5 in the GeneAmpe kits (obtained from Perkin-Elmer Cetus, Norwalk, CT and Emeryville, CA}, 

and 25 pmole of each oligonucleotide primer, to a final volume of 50 pl. The reaction mixture 

is overlayed with 35 pl mineral oil. The reaction is denatured for 5 minutes at 1 OOoC, placed 

briefly on ice, and then 1 µI Thermus aquaticus (TaqJ DNA polymerase (5 units/pl, purchased 

from Perkin-Elmer Cetus, Norwalk, CT and Emeryville, CA) is added below the mineral oil layer. 

10 The reaction mixture is then inserted into a DNA Thermal Cycler (purchased from Perkin-Elmer 

Cetus} programmed as follows: 2 min. at 55oC, then 30 sec. at 72oC, then 19 cycles of the 

following: 30 sec. at 94oC, 30 sec. at 55oC, and 30 sec. at 120c. 

At the end of the program, the reaction vial is removed from the thermal cycler and the 

aqueous phase transferred to a new vial, extracted with phenol/chloroform (50:50:vol), and 

15 ethanol precipitated, and the DNA is recovered by standard procedures. This material is 

subsequently subjected to the appropriate treatments for insertion into a vector. 

Another method for preparing variants, cassette mutagenesis, is based on the technique 

described by Wells et al. (~. ~: 315 (19851}. The starting material is the plasmid (or other 

vector) comprising the target polypeptide DNA to be mutated. The codon(s) in the target 

20 polypeptide DNA to be mutated are identified. There must be a unique restriction 

endonuclease site on each side of the identified mutation site(s). If no such restriction sites 

exist, they may be generated using the above-described oligonucleotide-mediated mutagenesis 

method to introduce them at appropriate locations in the target polypeptide DNA. After the 

restriction sites have been introduced into the plasmid, the plasmid is cut at these sites to 

25 linearize it. A double-stranded oligonucleotide encoding the sequence of the DNA between the 

restriction- sites but containing the desired mutation(s} is synthesized using standard 

procedures. The two strands are synthesized separately and then hybridized together using 

standard techniques. This double-stranded oligonucleotide is referred to as the cassette. This 

cassette is designed to have 3' and 5' ends that are compatible with the ends of the linearized 

30 plasmid, such that it can be directly ligated to the plasmid. This plasmid now contains the 

mutated target polypeptide DNA sequence. 

Insertion of DNA into a Cloning Vehicle 

The cDNA or genomic DNA encoding the target polypeptide is inserted into a replicable 
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vector for further cloning (amplification of the DNA) or for expression. Many vectors are 

available, and selection of the appropriate vector will depend on 1) whether it is to be used for 

DNA amplification or for DNA expression, 2) the size of the ONA to be inserted into the vector, 

and 3) the host cell to be transformed with the vector. Each vector contains various 

5 components depending on its function (amplification of DNA or expression of ONA) and the 

host cell for which it is compatible. The vector components generally include, but are not 

limited to, one or more of the following: a signal sequence, an origin of replication, one or more 

marker genes, an enhancer element, a promoter, and a transcription termination sequence. 

10 (a) Signal Sequence Component 

In general, the signal sequence may be a component of the vector, or it may be a part 

of the target polypeptide DNA that is inserted into the vector. 

The target polypeptides of this invention may be expressed not only directly, but also 

15 as a fusion with a heterologous polypeptide, preferably a signal sequence or other polypeptide 

having a specific cleavage site at the N-terminus of the mature protein or polypeptide. In 

general, the signal sequence may be a component of the vector, or it may be a part of the 

target polypeptide DNA that is inserted into the vector. Included within the scope of this 

invention are target polypeptides with any native signal sequence deleted and replaced with 

20 a heterologous signal sequence. The heterologous signal sequence selected should be one that 

is recognized and processed (i.e. cleaved by a signal peptidase) by the host cell. For 

prokaryotic host cells that do not recognize and process the native target polypeptide signal 

sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for 

example, from the group of the alkaline phosphatase, penicillinase, lpp, or heat-stable 

25 enterotoxin II leaders. For yeast secretion the native target polypeptide signal sequence may 

be substituted by the yeast invertase, alpha factor, or acid phosphatase leaders. In mammalian 

cell expression the native signal sequence is satisfactory, although other mammalian signal 

sequences may be suitable. 

30 Cb> Origin of Replication Component 

Both expression and cloning vectors contain a nucleic acid sequence that enables the 

vector to replicate in one or more selected host cells. Generally, in cloning vectors this 

sequence is one that enables the vector to replicate independently of the host chromosomal 
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DNA, and includes origins of replication or autonomously replicating sequences. Such 

sequences are well known for a variety of bacteria, yeast, and viruses. The origin of 

replication from the plasmid pBA322 is suitable for most Gram-negative bacteria, the 2µ 

plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV 

5 or BPV) are useful for cloning vectors in mammalian cells. Generally, the origin of replication 

component is not needed for mammalian expression vectors (the SV40 origin may typically be 

used only because it contains the early promoter). 

Most expression vectors are "shuttle" vectors, i.e. they are capable of replication in at 

least one class of organisms but can be transfected into another organism for expression. For 

10 example, a vector is cloned in E. coli and then the same vector is transfected into yeast or 

mammalian cells for expression even though it is not capable of replicating- independently of 

the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily 

accomplished using Bacillus species as hosts, for example, by including in the vector a DNA 

15 sequence that is complementary to a sequence found in Bacillus genomic DNA. Transfection 

of Bacillus with this vector results in homologous recombination with the genome and insertion 

of the target polypeptide DNA. However, the recovery of genomic DNA encoding the target 

polypeptide is more complex than that of an exogenously replicated vector because restriction 

enzyme digestion is required to excise the target polypeptide DNA. 

20 

<c> Selection Gene Component 

Expression and cloning vectors should contain a selection gene, also termed a selectable 

marker. This gene encodes a protein necessary for the survival or growth of transformed host 

25 cells grown in a selective culture medium. Host cells not transformed with the vector 

containing the selection gene will not survive in the culture medium. Typical selection genes 

encode proteins that (a) confer resistance to antibiotics or other toxins, e.g. ampicillin, 

neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 

critical nutrients not available from complex media, e.g. the gene encoding D-alanine racemase 

30 for Bacilli. 

One example of a selection scheme utilizes a drug to arrest growth of a host cell. 

Those cells that are successfully transformed with a heterologous gene express a protein 

conferring drug resistance and thus survive the selection regimen. Examples of such dominant 

selection use the drugs neomycin (Southern et al., J. Malec. Appl. Genet., 1.: 327 [19821), 
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mycophenolic acid (Mulligan et al., Science, .2Q,i: 1422 l 1980)) or hygromycin (Sugden et al., 

Mol. Cell, Biol.,~: 410-413 (19851). The three examples given above employ bacterial genes 

under eukaryotic control to convey resistance to the appropriate drug G418 or neomycin 

(geneticin), xgpt (mycophenolic acid), or hygromycin, respectively. 

5 Another example of suitable selectable markers for mammalian cells are those that 

enable the identification of cells competent to take up the target polypeptide nucleic acid, such 

as dihydrofolate reductase (DHFR) or thymidine kinase. The mammalian cell transformants are 

placed under selection pressure which only the transformants are uniquely adapted to survive 

by virtue of having taken up the marker. Selection pressure is imposed by culturing the 

10 transformants under conditions in which the concentration of selection agent in the medium 

is successively changed, thereby leading to amplification of both the selection gene and the 

DNA that encodes the target polypeptide. Amplification is the process by which genes in 

greater demand for the production of a protein critical for growth are reiterated in tandem 

within the chromosomes of successive generations of recombinant cells. Increased quantities 

15 of the target polypeptide are synthesized from the amplified DNA. 

For example, cells transformed with the DHFR selection gene are first identified by 

culturing all of the transformants in a culture medium that contains methotrexate (Mtx}, a 

competitive antagonist of DHFR. An appropriate host cell when wild-type DHFR is employed 

is the Chinese hamster ovary (CHO) cell line deficient in DHFR activity, prepared and 

20 propagated as described by Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77: 4216 (19801. 

The transformed cells are then exposed to increased levels of methotrexate. This leads to the 

synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other 

DNA comprising the expression vectors, such as the DNA encoding the target polypeptide. 

This amplification technique can be used with any otherwise suitable host, e.g., ATCC No. 

2s CCL61 CHO-K1, notwithstanding the presence of endogenous DHFR if, for example, a mutant 

DHFR gf;1ne that is highly resistant to Mtx is employed (EP 117,060). Alternatively, host cells 

(particular.ly wild-type hosts that contain endogenous DHFR) transformed or co-transformed 

with DNA sequences encoding the target polypeptide, wild-type DHFR protein, and another 

selectable marker such as aminoglycoside 3' phosphotransferase (APH) can be selected by cell 

30 growth in medium containing a selection agent for the selectable marker such as an 

aminoglycosidic antibiotic, e.g., kanamycin, neomycin. or G418. See U.S. Pat. No. 

4,965,199. 

A suitable selection gene for use in yeast is the trp1 gene present in the yeast plasmid 

YRp7 {Stinchcomb eta/., Nature, 282: 39 (19791; Kingsman etal.,~,1.= 141 (1979); or 
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Tschemper et al.,~. 1.Q: 157 (1980)). The trp1 gene provides a selection marker for a 

mutant strain of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 

or PEP4-1 (Jones, Genetics,~: 12 (1977)). The presence of the UQ1 lesion in the yeast host 

cell genome then provides an effective environment for detecting transformation by growth 

s in the absence of tryptophan. Similarly, Leu2-deficient yeast strains (ATCC 20,622 or 38,626) 

are complemented by known plasmids bearing the Leu2 gene. 

10 

(d) Promoter Component 

Expression and cloning vectors usually contain a promoter that is recognized by the host 

organism and is operably linked to the target polypeptide nucleic acid~ Promoters are 

untranslated sequences located upstream (5') to the start codon of a structural gene (generally 

within about 100 to 1000 bp) that control the transcription and translation of a particular 

nucleic acid sequence, such as that encoding the target polypeptide, to which they are 

15 operably linked. Such promoters typically fall into two classes, inducible and constitutive. 

Inducible promoters are promoters that initiate increased levels of transcription from DNA 

under their control in response to some change in culture conditions, e.g. the presence or 

absence of a nutrient or a change in temperature. At this time a "large number of promoters 

recognized by a variety of potential host cells are well known. These promoters are operably 

20 linked to DNA encoding the target polypeptide by removing the promoter from the source DNA 

by restriction enzyme digestion and inserting the isolated promoter sequence into the vector. 

Both the native target polypeptide promoter sequence and many heterologous promoters may 

be used to direct amplification and/or expression of the target polypeptide DNA. However, 

heterologous promoters are preferred, as they generally permit greater transcription and higher 

25 yields of expressed target polypeptide as compared to the native target polypeptide promoter. 

Promoters suitable for use with prokaryotic hosts include the P-lactamase and lactose 

promoter systems (Chang et al., Nature,~: 615 (19781; and Goeddel et al., Nature,~: 

544 l 1979)), alkaline phosphatase, a tryptophan (trp) promoter system (Goeddel, Nucleic Acids 

~. S,: 405 7 [ 1980J and EP 36,776) and hybrid promoters such as the tac promoter (deBoer 

JO et al., Proc. Natl. Acad. Sci. USA, s.Q: 21-25 [1983)). However, other known bacterial 

promoters are suitable. Their nucleotide sequences have been published, thereby enabling_ a 

skilled worker operably to ligate them to DNA encoding the target polypeptide (Siebenlist et 

al., ~. ~= 269 I 1980)) using linkers or adaptors to supply any required restriction sites. 

Promoters for use in bacterial systems also generally will contain a Shine-Dalgarno (S.D.) 
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sequence operably linked to the DNA encoding the target polypeptide. 

Suitable promoting sequences for use with yeast hosts include the promoters for 3-

phosphoglycerate kinase (Hitzeman et al., J. Biol. Chem., ~: 2073 (19801) or other 

glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg., Z: 149 (1968); and Holland, 

5 Biochemistry, 17: 4900(1978]), suchasenolase, glyceraldehyde-3-phosphate dehydrogenase, 

hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 

3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose 

isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage 

10 of transcription controlled by growth conditions, are the promoter regions for aicohol 

dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated with 

nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and 

enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for 

use in yeast expression are further described in Hitzeman eta/., EP 73,657A. Yeast enhancers 

15 also are advantageously used with yeast promoters. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an 

AT-rich region located approximately 25 to 30 bases upstream from the site where 

transcription is initiated. Another sequence found 70 to 80 bases upstream from the start of 

transcription of many genes is a CXCAA T region where X may be any nucleotide. At the 3' 

20 end of most eukaryotic genes is an AA T AAA sequence that may be the signal for addition of 

the poly A tail to the 3' end of the coding sequence. All of these sequences are suitably 

inserted into mammalian expression vectors. 

Target polypeptide transcription from vectors in mammalian host cells is controlled by 

promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 

25 2,211,504 published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, 

avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-a virus and most preferably 

Simian Virus 40 CSV40), from heterologous mammalian promoters, e.g. the actin promoter or 

an immunoglobulin promoter, from heat-shock promoters, and from the promoter normally 

associated with the target polypeptide sequence, provided such promoters are compatible with 

30 the host cell systems~ 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 

restriction fragment that also contains the SV40 viral origin of replication. Fiers et al., Nature, 

273: 113 ( 1978); Mulligan and Berg, Science, 2Qi: 1422-1427 ( 1980); Pavlakis et al., Proc. 

Natl. Acad. Sci. USA, H: 7398-7402 (1981). The immediate early promoter of the human 
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cytomegalovirus is conveniently obtained as a Hind Ill E restriction fragment. Greenaway et al., 

~ • .la.: 355-360 (1982). A system for expressing DNA in mammalian hosts using the 

bovine papilloma virus as a vector is disclosed in U.S. 4,419,446. A modification of this 

system is described in U.S. 4,601,978. See also Gray et al., Nature,™= 503-508 (1982) 

s on expressing cDNA encoding immune interferon in monkey cells;, Reyes eta/., Nature, 297: 

598-601 ( 1982) on expression of human P-interferon cDNA in mouse cells under the control 

of a thymidine kinase promoter from herpes simplex virus, Canaani and Berg, Proc. Natl. Acad. 

Sci. USA, ZS.: 5166-51 70 ( 1982) on expression of the human interferon P1 gene in cultured 

mouse and rabbit cells, and Gorman et al., Proc. Natl. Acad, Sci. USA, .ZS: 6777-6781 (1982) 

10 on expression of bacterial CAT sequences in CV-1 monkey kidney calls, chicken embryo 

fibroblasts, Chinese hamster ovary cells, Hela cells, and mouse NIH-3T3 cells using the Rous 

sarcoma virus long terminal repeat as a promoter. 

(e) Enhancer Element Component 

15 

Transcription of DNA encoding the target polypeptide of this invention by higher 

eukaryotes is often increased by inserting an enhancer sequence into the vector. Enhancers 

are cis-acting elements of DNA, usually about from 10-300 bp, that act on a promoter to 

increase its transcription. Enhancers are relatively orientation and position independent having 

20 been found 5' (Laimins et al., Proc. Natl. Acad. Sci. USA, H: 993 (1981]) and 3' (Lusky et 

al., Mol. Cell ·Bio., ~: 1108 ( 1983)) to the transcription unit, within an intron (Banerji et al., 

Ciill, ,33: 729 [1983)) as well as within the coding sequence itself (Osborne et al., Mol. Cell 

Bio., .4,: 1293 [1984)). Many enhancer sequences are now known from mammalian genes 

{globin, elastase, albumin, a-fetoprotein and insulin). Typically, however, one will use an 

25 enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer on the late side 

of the replication origin {bp 100-270), the cytomegalovirus early promoter enhancer, the 

polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See 

also Yaniv, Nature, _m: 17-18 (1982) on enhancing elements for activation of eukaryotic 

promoters. The enhancer may be spliced into the vector at a position 5' or 3' to the target 

30 polypeptide DNA, but is preferably located at a site 5' from the promoter. 

(f) Transcription Termination Component 

Expression vectors used in eukaryotic host cells {yeast, fungi, insect, plant, animal, 
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human, or nucleated cells from other multicellular organisms) will also contain sequences 

necessary for the termination of transcription and for stabilizing the mRNA. Such sequences 

are commonly available from the ·5, and, occasionally 3' untranslated regions of eukaryotic or 

viral DNAs or cDNAs. These regions contain nucleotide segments transcribed as 

5 polyadenylated fragments in the untranslated portion of the mRNA encoding the target 

polypeptide. The 3' untranslated regions also include transcription termination sites. 

Construction of suitable vectors containing one or more of the above listed components 

the desired coding and control sequences employs standard ligation techniques. Isolated 

plasmids or DNA fragments are cleaved, tailored, and religated in the form desired to generate 

10 the plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures 

are used to transform E. coli K 1 2 strain 294 (A TCC 31 ,446) and successful transformants 

selected by ampicillin or tetracycline resistance where appropriate. Plasmids from the 

transformants are prepared, analyzed by restriction endonuclease digestion, and/or sequenced 

15 by the method of Messing et al., Nucleic Acids Res., 9,: 309 ( 1981) or by the method of 

Maxam et al., Methods iri Enzymology,~: 499 (1980). 

Particularly useful in the practice of this invention are expression vectors that provide 

for the transient expression in mammalian cells of DNA encoding the target polypeptide. In 

general, transient expression involves the use of an expression vector that is able to replicate 

20 efficiently in a host cell, such that the host cell accumulates many copies of the expression 

vector and, in turn, synthesizes high levels of a desired polypeptide encoded by the expression 

vector. Transient expression systems, comprising a suitable expression vector and a host cell, 

allow for the convenient positive identification of polypeptides encoded by cloned DNAs, as 

well as for the rapid screening of such polypeptides for desired biological or physiological 

25 properties. Thus, transient expression systems are particularly useful in the invention for 

purposes of identifying analogs and variants of the target polypeptide that have target 

polypeptide-like activity. 

Other methods, vectors, and host cells suitable for adaptation to the synthesis of the 

target polypeptide in recombinant vertebrate cell culture are described in Gathing et al., Nature, 

30 ™= 620-625 [1981 J; Mantei et al., Nature, 2.fil.: 40-46 (1979); Levinson et al.; EP 117,060; 

and EP 117,058. A particularly useful plasmid for mammalian cell culture expression of the 

target polypeptide is pRK5 (EP pub. no. 307,247) or pSVl6B. 

Selection and Transformation of Host Cells 
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Suitable host cells for cloning or expressing the vectors herein are the prokaryote, 

yeast, or higher eukaryote cells described above. Suitable prokaryotes include eubacteria, such 

as Gram-negative or Gram-positive organisms, for example, E. coli, Bacilli such as B. subtilis, 

Pseudomonas species such as P. aeruginosa, Salmonella typhimurium, or Serratia marcescans. 

s One preferred E. coli cloning host is E. coli 294 (ATCC 31,446), although other strains such 

as E.coli 8, E. colix1776 (ATCC 31,537), and E. co/iW3110 (ATCC 27,325) are suitable. 

These examples are illustrative rather than limiting. Preferably the host cell should secrete 

minimal amounts of proteolytic enzymes. Alternatively, in vitro methods of cloning, e.g. PCR 

or other nucleic acid polymerase reactions, are suitable. 

IO In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are 

suitable hosts for target polypeptide-encoding vectors. Saccharomycescerevisiae, or common 

baker's yeast, is the most commonly used among lower eukaryotic host microorganisms. 

However, a number of other genera, species, and strains are commonly available and useful 

herein, such as Schizosaccharomyces pombe [Beach and Nurse, Nature,™= 140 (1981 ); EP 

IS 139,383 published May 2, 1985), Kluyveromyces hosts (U.S. 4,943,529) such as, e.g., K. 

lactis [Louvencourt et al., J. Bacteriol., 737 (1983)1, K. fragilis, K. bulgaricus, K. 

thermotolerans, and K. marxianus, yarrowia [EP 402,226), Pichia pastoris [EP 183,070; 

Sreekrishna et al., J. Basic Microbiol., ~= 265-278 (1988)), Candida, Trichoderma reesia [EP 

244,234), Neurospora crassa [Case et al., Proc. Natt. Acad. Sci. USA, H: 5259-5263 

20 (1979)], and filamentous fungi such as, e.g, Neurospora, Penicillium, Tolypocladium [WO 

91 /00357 published 10 January 1991 J, and Aspergillus hosts such as A. nidulans [Ballance 

et al., Biochem. Biophys, Res. Commun,, ~: 284-289 < 1983); Tilburn et al.,~. 2§: 205-

221 (1983); Yelton eta/., Proc. Natl. Acad. Sci. USA, fil: 1470-1474 (1984)1 and A. niger 

[Kelly and Hynes, EMBO J., ~: 475-479 (1985)). 

2S Suitable host cells for the expression of glycosylated target polypeptide are derived from 

multiceUular organisms. Such host cells are capable of complex processing and glycosylation 

activities. In principle, any higher eukaryotic cell culture is workable, whether from vertebrate 

or invertebrate culture. Examples of invertebrate cells include plant and insect cells. 

Numerous baculoviral strains and variants and corresponding permissive insect host cells from 

30 hosts such as Spodoptera frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes albopictus 

(mosquito), Drosophila melanogaster (fruitfly), and Bombyx mori host cells have been 

identified. See, e.g., Luckow eta/., Bio/Technology,§: 47-55 (1988); Miller eta/., in Genetic 

Engineering, Setlow, J.K. et al., eds., Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and 

Maeda et al., Nature, .3.l.5.: 592-594 ( 1985). A variety of such viral strains are publicly 
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available, e.g., the L-1 variant of Autographs californica NPV and the Bm-5 strain of Bombyx 

mori NPV, and such viruses may be used as the virus herein according to the present 

invention, particularly for transfection of Spodoptera frugiperda cells. Rait eel aJtues 

of cotton, corn, potato, soybean, petunia, tomato, and tobacco can be utilized as hosts. 

s Typically, plant cells are transfected by incubation with certain strains of the bacterium 

Agrobacterium tumefaciens, which has been previously manipulated to contain the target 

polypeptide DNA. During incubation of the plant cell culture with A. tu"!efaciens, the DNA 

encoding target polypeptide is transferred to the plant cell host such that it is transfected, and 

will, under appropriate conditions, express the target polypeptide DNA. In addition, regulatory 

10 and signal sequences compatible with plant cells are available, such as the nopaline synthase 

promoter and polyadenylation signal sequences. Depicker et al., J. Mol, Appl. Gen., .1: 561 

(1982). In addition, DNA segments isolated from the upstream region of the T-DNA 780gene 

are capable of activating or increasing transcription levels of plant-expressible genes in 

recombinant DNA-containing plant tissue. See EP 321,196 published 21 June 1989. 

15 However, interest has been greatest in 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 useful mammalian host 

cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651 ); human 

embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham 

20 et al., J. Gen Virol,, .3.§: 59 1197-7)); baby hamster kidney cells (BHK, ATCC CCL 1 O); Chinese 

hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc, Natl, Acad. Sci, USA, 77: 4216 

[1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod., 2..3,: 243-251 119801); monkey kidney 

cells (CV1 ATCC CCL 70); African green monkey kidney cells (VER0-76, ATCC CRL-1587); 

human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MOCK, ATCC CCL 

25 - 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 

75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC 

CCL51 ); TRI cells (Mather et al., Annals N.Y. Acad. Sci.,™= 44-68 (1982)); MRC 5 cells; 

FS4 cells; and a human hepatoma cell line (Hep G2). Preferred host cells are human embryonic 

kidney 293 and Chinese hamster ovary cells. 

30 Host cells are transfected and preferably transformed with the above-described 

expression or cloning vectors of this invention and cultured in conventional nutrient media 

modified as appropriate for inducing promoters, selecting transformants, or amplifying the 

genes encoding the desired sequences. 

Transfection refers to the taking up of an expression vector by a host cell whether or 
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not any coding sequences are in fact expressed. Numerous methods of transfection are known 

to the ordinarily skilled artisan, for example, CaP04 and electroporation. Successful 

transfection is generally recognized when any indication of the operation of this vector occurs 

within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable, 

either as an extrachromosomal element or by chromosomal integrant. Depending on the host 

cell used, transformation is done using standard techniques appropriate to such cells. The 

calcium treatment employing calcium chloride, as described in section 1.82 of Sambrook et 

al., supra, is generally used for prokaryotes or other cells that contain substantial cell-wall 

10 barriers. Infection with Agrobacterium tumefaciens is used for transformation of certain plant 

cells, as described by Shaw et al., ~, ~: 315 (1983) and WO 89105859 published 29 

June 1989 .. For mammalian cells without such cell walls, the calcium phosphate precipitation 

method described in sections 16.30-16.37 of Sambrook et al, supra, is preferred. General 

aspects of mammalian cell host system transformations have been described by Axel in U.S. 

1s 4,399,216 issued 16 August 1983. Transformations into yeast are typically carried out 

according to the method of Van Solingen et al., J. Bact., 1.32: 946 (1977) and Hsiao et al., 

Proc. Natl. Acad. Sci. (USA>. 1.§.: 3829 (1979). However, other methods for introducing DNA 

into cells such as by nuclear injection, electroporation, or protoplast fusion may also be used. 

20 Culturing the Host Cells 

Prokaryotic cells used to produce the target polypeptide of this invention are cultured 

in suitable media as described generally in Sambrook et al., supra. 

The mammalian host cells used to produce the target polypeptide of this invention 

25 may be cultured in a variety of media. Commercially available media such as Ham's F10 

(Sigma). Minimal Essential Medium ([MEMJ, Sigma), RPMl-1640 (Sigma}, and Dulbecco's 

Modified Eagle's Medium {(DMEMJ, Sigma) are suitable for culturing the host cells. In addition, 

any of the media described in Ham and Wallace, Meth. Enz,, ll: 44 (1979), Barnes and Sato, 

Anal. Biochem., .102,: 255 (1980), U.S. 4,767,704; 4,657,866; 4,927,762; or 4,560,655; 

30 WO 90/03430; WO 87/00195; U.S. Pat. Re. 30,985, may be used as culture media for the 

host cells. Any of these media may be supplemented as necessary with hormones and/or 

other growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as 

sodium chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleosides 

(such as adenosine and thymidine), antibiotics (such as Gentamycin™ drug), trace elements 
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(defined as inorganic compounds usually present at final concentrations in the micromolar 

range), and glucose or an equivalent energy source. Any other necessary supplements may 

also be included at appropriate concentrations that would be known to those skilled in the art. 

The culture conditions, such as temperature, pH, and the like, are those previously used with 

s the host cell selected for expression, and will be apparent to the ordinarily skilled artisan. 

The host cells referred to in this disclosure encompass cells in in vitro culture as well 

as cells that are within a host animal. 

It is further envisioned that the target polypeptides of this invention may be produced 

by homologous recombination, or with recombinant production methods utilizing control 

10 elements introduced into cells already containing DNA encoding the target polypeptide 

currently in use in the field. For example, a powerful promoter/enhancer element, a 

suppressor, or an exogenous transcription modulatory element is inserted in the genome of the 

intended host cell in proximity and orientation sufficient to influence the transcription of DNA 

encoding the desired target polypeptide. The control element does not encode the target 

1s polypeptide of this invention, but the DNA is present in the host cell genome. One next 

screens for cells making the target polypeptide of this invention, or increased or decreased 

levels of expression, as desired. 

Detecting Gene Amplification/Expression 

20 

Gene amplification and/or expression may be measured in a sample directly, for 

example, by conventional Southern blotting, northern blotting to quantitate the transcription 

of mRNA (Thomas, Proc. Natl. Acad. Scj. USA, 77: 5201-5205 11980)), dot blotting (DNA 

analysis), or in situ hybridization, using an appropriately labeled probe, based on the sequences 

25 provided herein. Various labels may be employed, most commonly radioisotopes, particularly 
32P. However, other techniques may also be employed, such as using biotin-modified 

nucleotid.es for introduction into a polynucleotide. The biotin then serves as the site for binding 

to avidin or antibodies, which may be labeled with a wide variety of labels, such as 

radionuclides, fluorescers, enzymes, or the like. Alternatively, antibodies may be employed 

30 that can recognize specific duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA 

hybrid duplexes or DNA-protein duplexes. The antibodies in turn may be labeled and the assay 

may be carried out where the duplex is bound to a surface, so that upon the formation of 

duplex on the surface, the presence of antibody bound to the duplex can .be detected. 

Gene expression, alternatively, may be measured by immunological methods, such as 
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immunohistochemical staining of tissue sections and assay of cell culture or body fluids, to 

quantitate directly the expression of gene product. With immunohistochemical staining 

techniques, a cell sample is prepared, typically by dehydration and fixation, followed by 

reaction with labeled antibodies specific for the gene product coupled, where the labels are 

s usually visually detectable, such as enzymatic labels, fluorescent labels, luminescent labels, 

and the like. A particularly sensitive staining technique suitable for use in the present invention 

is described by Hsu et al., Am. J. Clin, Path., 2§: 734-738 (1980). 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may 

be either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the 

10 antibodies may be prepared against a native target polypeptide or against a synthetic peptide 

based on the DNA sequences provided herein as described further in Section 4 below. 

Purification of The Target polypeptide 

The target polypeptide preferably is recovered from the culture medium as a secreted 

IS polypeptide, although it also may be recovered from host cell lysates when directly expressed 

without a secretory signal. 

When the target polypeptide is expressed in a recombinant cell other than one of human 

origin, the target polypeptide is completely free of proteins or polypeptides of human origin. 

However, it is necessary to purify the target polypeptide from recombinant cell proteins or 

20 polypeptides to obtain preparations that are substantially homogeneous as to the target 

polypeptide. As a first step, the culture medium or lysate is centrifuged to remove particulate 

cell debris. The membrane and soluble protein fractions are then separated. The target 

polypeptide may then be purified from the soluble protein fraction and from the membrane 

fraction of the culture lysate, depending on whether the target polypeptide is membrane 

25 bound. The following procedures are exemplary of suitable purification procedures: 

fractionation .on immunoaffinity or ion-exchange columns; ethanol precipitation; reverse phase 

HPLC; chromatography on silica or on a cation exchange resin such as DEAE; 

chromatofocusing; SOS-PAGE; ammonium sulfate precipitation; gel filtration using, for 

example, Sephadex G-75; and protein A Sepharose columns to remove contaminants such as 

30 lgG. 

Target polypeptide variants in which residues have been deleted, inserted or substituted 

are recovered in the same fashion, taking account of any substantial changes in properties 

occasioned by the variation. For example, preparation of a target polypeptide fusion with 

another protein or polypeptide, e.g. a bacterial or viral antigen, facilitates purification; an 
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immunoaffinity column containing antibody to the antigen (or containing antigen., where the 

target polypeptide is an antibody) can be used to adsorb the fusion. lmmunoaffinity columns 

such as a rabbit polyclonal anti-target polypeptide column can be employed to absorb the 

target polypeptide variant by binding it to at least one remaining immune epitope. A protease 

s inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit 

proteolytic degradation during purification, and antibiotics may be included to prevent the 

growth of adventitious contaminants. One skilled in the art will appreciate that purification 

methods suitable for native target polypeptide may require modification to account for changes 

in the character of the target polypeptide or its variants upon expression in recombinant cell 

10 culture.· 

Covalent Modifications of Target Polypeptides 

Covalent modifications of target polypeptides are included within the scope of this 

invention. One type of covalent modification included within the scope of this invention is a 

15 target polypeptide fragment. Target polypeptide fragments having up to about 40 amino acid 

residues may be conveniently prepared by chemical synthesis, or by enzymatic or chemical · 

cleavage of the full-length target polypeptide or variant target polypeptide. Other types of 

covalent modifications of the target polypeptide or fragments thereof are introduced into the 

molecule by reacting specific amino acid residues of the target polypeptide or fragments 

20 thereof with an organic derivatizing agent that is capable of reacting with selected side chains 

or the N- or C-terminal residues. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding 

amines), such as chloroacetic acid or chloroacetamide, to give carboxymethyl or 

carboxyamidomethyl derivatives. Cysteinyl residues also are derivatized by reaction with 

25 bromotrifluoroacetone, a-bromo-,8-(5-imidozoyl)propionic acid, chloroacetyl phosphate, N

alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p-chloromercuribenzoate, 

2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-oxa-1 ,3-diazole. 

Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5-7.0 

because this agent is relatively specific for the histidyl side chain. Para-bromophenacyl 

30 bromide also is useful; the reaction is preferably performed in 0.1 M sodium cacodylate at pH 

6.0. 

L ysinyl and amino terminal residues are reacted with succinic or other carboxylic acid 

anhydrides. Derivatization with these agents has the effect of reversing the charge of the 

lysinyl residues. Other suitable reagents for derivatizing a-amino-containing residues include 
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imidoesters such as methyl picolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydride; 

trinitrobenzenesulfonic acid; 0-methylisourea; 2,4-pentanedione; and transaminase-catalyzed 

reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents, 

5 among them phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin. 

Derivatization of arginine residues requires that the reaction be performed in alkaline conditions 

because of the high pK. of the guanidine functional group. Furthermore, these reagents may 

react with the groups of lysine as well as the arginine epsilon-amino group. 

The specific modification of tyrosyl residues may be made, with particular interest in 

10 introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium 

compounds or tetranitromethane. Most commonly, N-acetylimidizole and tetranitromethane 

are used to form 0-acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl 

residues are iodinated using 1251 or 131 1 to prepare labeled proteins for use in radioimmunoassay, 

the chloramine T method described above being suitable. 

15 Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with 

carbodiimides (R'-N = C = N-R'), where R and R' are different alkyl groups, such as 1-

cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1 -ethyl-3-(4-azonia-4,4-dimethylpentyl) 

carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and 

glutaminyl residues by reaction with ammonium ions. 

20 Derivatization with bifunctional agents is useful for crosslinking target polypeptide to 

a water-insoluble support matrix or surface for use in the method for purifying anti-target 

polypeptide antibodies, and vice versa. Commonly used crosslinking agents include, e.g., 1, 1-

bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example, 

esters with 4-azidosalicylic acid, homobifunctional imidoesters, including,disuccinimidyl esters 

25 such as 3,3'-dithiobis(succinimidylpropionate), and bifunctional maleimides such as bis-N

maleimido-1 ,8-octane. Derivatizing agents such as methyl-3-((p-azidophenyl)dithiolpropioimi

date yield. photoactivatable intermediates that are capable of forming crosslinks in the presence 

of light. Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated 

carbohydrates and _the reactive substrates described in U.S. 3,969,287; 3,691,016; 

30 4,195,128; 4,247,642; 4,229,537; and 4,330,440 are employed for protein immobilization. 

Glutaminyl and asparaginyl residues are frequently deamidated to the corresponding 

glutamyl and aspartvl residues; respectively. Alternatively, these residues are deamidated 

under mildly acidic conditions. Either form of these residues falls within the scope of this 

invention. 
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Other modifications include hydroxylation of proline and lysine, phosphorylation of 

hydroxyl groups of seryl or threonyl residues, methylation of the a-amino groups of lysine, 

arginine, and histidine side chains (T.E. Creighton, Protejns: Structure and Molecular 

Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)), acetylation of the N-

S terminal amine, and amidation of any C-terminal carboxyl group. 

Another type of covalent modification of the target polypeptide included within the 

scope of this invention comprises altering the native glycosylation pattern of the polypeptide. 

By altering is meant deleting one or more carbohydrate moieties found in the native target 

polypeptide, and/or adding one or more glycosylation sites that are not present in the native 

10 target polypeptide. 

Glycosylation of polypeptides is typically either N-linked or 0-linked. N-linked refers 

to the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The 

tri-peptide sequences asparagine-X-serine and asparagine-X-threonine, where Xis any amino 

acid ~xcept proline, are the recognition sequences for enzymatic attachment of the 

1s carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tri

peptide sequences in a polypeptide creates a potential glycosylation site. 0-linked 

glycosylation refers to the attachment of one of the sugars N-acetylgalactosamine, galactose, 

or xylose, to a hydroxyamino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used. 

20 Addition of glycosylation sites to the target polypeptide is conveniently accomplished 

by altering the amino acid sequence such that it contains one or more of the above-described 

tri-peptide sequences (for N-linked glycosylation sites). The alteration may also be made by 

the addition of, or substitution by, one or more serine or threonine residues to the native target 

polypeptide sequence (for 0-linked glycosylation sites). For ease, the target polypeptide amino 

25 acid sequence is preferably altered through changes at the DNA level, particularly by mutating 

the DNA encoding the target polypeptide at preselected bases such that codons are generated 

that wilf translate into the desired amino acids. The DNA mutation(s) may be made using 

methods described above under the heading of "Amino Acid Sequence Variants of Target 

Polypeptide". 

30 Another means of increasing the number of carbohydrate moieties on the target 

polypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. These 

procedures are advantageous in that they do not require production of the polypeptide in a host 

cell that has glycosylation capabilities for N- and 0- linked glycosylation. Depending on the 

coupling mode used, the sugar(s) may be attached to (a) arginine and histidine, (b) free 
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carboxyl groups, (c) free sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups 

such as those of serine, threonine, or hydroxyproline, (e) aromatic residues such as those of 

phenylalanine, tyrosine, or tryptophan, or {f) the amide group of glutamine. These methods 

are described in WO 87/05330 published 11 September 1987, and in Aplin and Wriston~ 

s Crit. Rev, Biochem .• pp. 259-306 [1981 ]). 

Removal of carbohydrate moieties present on the native target polypeptide may be 

accomplished chemically or enzymatically. Chemical deglycosylation requires exposure of the 

polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent compound. This 

treatment results in the cleavage of most or all sugars except the linking sugar (N-

10 acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide intact. Chemical 

deglycosylation is described by Hakimuddin et al. {Arch. Biochem. Biophys:, ~:52 [1987)) 

and by Edge et al. (Anal. Biochem,, .ill,: 131 [1981 ]). Enzymatic cleavage of carbohydrate 

moieties on polypeptides can be achieved by the use of a variety of endo- and exo

glycosidases as described by Thotakura et al. (Meth. Enzymol,, .lla:350 [1987)). 

15 Glycosylation at potential glycosylation sites may be prevented by the use of the 

compound tunicamycin as described by Duskin et al. (J, Biol. Chem,. ~:3105 l 1982)). 

Tunicamycin blocks the formation of protein-N-glycoside linkages. 

Another type of covalent modification of the target polypeptide comprises linking the 

target polypeptide to various nonproteinaceous polymers, e.g. polyethylene glycol, 

20 polypropylene glycol or polyoxyalkylenes. in the manner set forth in U.S. 4,640,835; 

4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

The target polypeptide also may be entrapped in microcapsules prepared, for, example, 

by coacervation techniques or by interfacial polymerization (for example, 

hydroxymethylcellulose or gelatin-microcapsutes and poly-[methylmethacylate] microcapsules, 

25 respectively), in colloidal drug delivery systems (for example, liposomes, albumin microspheres, 

microemulsions, nano-particles and nanocapsules), or in macroemulsions. Such techniques are 
.. 

disclosed in Remington's Pharmaceutical Sciences, 16th edition. Osol, A., Ed., (1980). 

Target polypeptide preparations are also useful in generating antibodies, for screening 

for binding partners, as standards in assays for the target polypeptide (e.g. by labeling the 

30 target polypeptide for use as a standard in a radioimmunoassay, enzyme-linked immunoassay, 

or radioreceptor assay), in affinity purification techniques, and in competitive-type receptor 

binding assays when labeled with radioiodine, enzymes, fluorophores, spin labels, and the like. 

Since it is often difficult to predict in advance the characteristics of a variant target 

polypeptide, it will be appreciated that some screening of the recovered variant will be needed 
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to select the optimal variant. For example, a change in the immunological character of the 

target polypeptide molecule, such as affinity for a given antigen or antibody, is measured by 

a competitive-type immunoassay. The variant is assayed for changes in the suppression or 

enhancement of its activity by comparison to the activity observed for the target polypeptide 

5 in the same assay. Other potential modifications of protein or polypeptide properties such as 

redox or thermal stability, hydrophobicity, susceptibility to proteolytic degradation, stability in 

recombinant cell culture or in plasma, or the tendency to aggregate with carriers or into 

multimers are assayed by methods well known in the art. 

10 Diagnostic and Related uses of the Antibodies 
The antibodies of this invention are useful in diagnostic assays for antigen expression 

in specific cells or tissues. The antibodies are detectably labeled and/or are immobilized on an 

insoluble matrix. 

The antibodies of this invention find further use for the affinity purification of the 

15 antigen from recombinant cell culture or natural sources. Suitable diagnostic assays for 

the antigen and its antibodies depend on the particular antigen or antibody. Generally, such 

assays include competitive and sandwich assays, and steric inhibition assays. Competitive and 

sandwich methods employ a phase-separation step as an integral part of the method while 

steric inhibition assays are conducted in a single reaction mixture. Fundamentally, the same 

20 procedures are used for the assay of the antigen and for substances that bind the antigen, 

although certain methods will be favored depending upon the molecular weight of the 

substance being assayed. Therefore, the substance to be tested is referred to herein as an 

analyte, irrespective of its status otherwise as an antigen or antibody, and proteins that bind 

to the analyte are denominated binding partners, whether they be antibodies, cell surface 

25 receptors, or antigens. 

30 

Analytical methods for the antigen or its antibodies all use one or more of the following 

reagents: labeled analyte analogue, immobilized analyte analogue, labeled binding partner, 

immobilized binding partner and steric conjugates. The labeled reagents also are known as 

"tracers." 

The label used (and this is also useful to label antigen nucleic acid for use as a probe) 

is any detectable functionality that does not interfere with the binding of analyte and its 

binding partner. Numerous labels are known for use in immunoassay, examples including 

moieties that may be detected directly, such as. fluorochrome, chemiluminescent, and 

radioactive labels, as well as moieties, such as enzymes. that must be reacted or derivatized 
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to be detected. Examples of such labels include the radioisotopes 32P, 14C, 1261, 3H, and 131 1, 

fluorophores such as rare earth chelates or fluorescein and its derivatives, rhodamine and its 

derivatives, dansyl, umbelliferone, luceriferases, e.g., firefly luciferase and bacterial luciferase 

(U.S. Pat. No. 4,737,456), luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase 

s (HRP), alkaline phosphatase, p-galactosidase, glucoamylase, lysozyme. saccharide oxidases, 

e.g., glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase, 

heterocyclic oxidases such as uricase and xanthine oxidase, coupled with an enzyme that 

employs hydrogen peroxide to oxidize a dye precursor such as HRP, lactoperoxidase, or 

microperoxidase, biotin/avidin, spin labels, bacteriophage labels, stable free radicals. and the 

10 like. 

Conventional methods are available to bind these labels covalently to proteins or 

polypeptides. For instance, coupling agents such as dialdehydes, carbodiimides, dimaleimides, 

bis-imidates, bis-diazotized benzidine, and the like may be used to tag the antibodies with the 

above-described fluorescent, chemiluminescent, and enzyme labels. See, for example, U.S. 

IS Pat. Nos. 3,940,475 (fluorimetry) and 3,645,090 (enzymes); Hunter et al., Nature, 144: 945 

(1962); David eta/., Biochemistry, .1..3: 1014-1021 (1974); Pain eta/., J. lmmunol. Methods, 

~: 2f9-230 (1981); and Nygren, J. Histochem. and Cytochem., ~= 407-412 (1982). 

Preferred labels herein are enzymes such as horseradish peroxidase and alkaline phosphatase. 

The conjugation of such label, including the enzymes, to the antibody is a standard 

20 manipulative procedure for one of ordinary skill in immunoassay techniques. See, for example, 

· O'Sullivan et al., "Methods for the Preparation of Enzyme-antibody Conjugates for Use in 

Enzyme Immunoassay," in Methods in Enzymology, ed. J.J. Langone and H. Van Vunakis, Vol. 

73 (Academic Press, New York, New York, 1981 }, pp. 147-166. Such bonding methods are 

suitable for use with the antibodies and polypeptides of this invention. 

25 Immobilization of reagents is required for certain assay methods. Immobilization entails 

separatin.g the binding partner from any analyte that remains free in solution. This 

conventionally is accomplished by either insolubilizing the binding partner or analyte analogue 

before the assay procedure, as by adsorption to a water-insoluble matrix or surface (Bennich 

et al .. , U.S. 3,720, 76()), by covalent coupling (for example, using glutaraldehyde cross-linking), 

30 or by insolubilizing the partner or analogue afterward, e.g., by immunoprecipitation. 

Other assay methods, known as competitive or sandwich assays, are well established 

and widely used in the commercial diagnostics industry. 

Competitive assays rely on the ability of a tracer analogue to compete with the test 

sample analyte for a limited number of binding sites on a common binding partner. The binding 
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partner generally is insolubilized before or after the competition and then the tracer and analyte 

bound to the binding partner are separated from the unbound tracer and analyte. This 

separation is accomplished by decanting (where the binding partner was preinsolubilized) or 

by centrifuging (where the binding partner was precipitated after the competitive reaction). 

s The amount of test sample analyte is inversely proportiona_l to the amount of bound tracer as 

measured by the amount of marker substance. Dose-response curves with known amounts 

of analyte are prepared and compared with the test results to quantitatively determine the 

amount of analyte present in the test sample. These assays are called ELISA systems when 

enzymes are used as the detectable markers. 

10 Another species of competitive assay, called a "homogeneous" assay. does not require 

a phase separation. Here. a conjugate of an enzyme with the analyte is prepared and used 

such that when anti-analyte binds to the analyte the presence of the anti-analyte modifies the 

enzyme activity. In this case, the antigen or its immunologically active fragments are 

conjugated with a bifunctional organic bridge to an enzyme such as peroxidase. Conjugates 

IS are selected for use with antibody so that binding of the antibody inhibits or potentiates the 

enzyme activity of the label. This method per se is widely practiced under the name of EMIT. 

Steric conjugates are used in steric hindrance methods for homogeneous assay. These 

conjugates are synthesized by covalently linking a low-molecular-weight hapten to a small 

analyte so that antibody to hapten substantially is unable to bind the conjugate at the same 

20 time as anti-analyte. Under this assay procedure the analyte present in the test sample will 

bind anti-analyte, thereby allowing anti-hapten to bind the conjugate, resulting in a change in 

the character of the conjugate hapten, e.g .• a change in fluorescence when the hapten is a 

fluorophore. 

Sandwich assays particularly are useful for the determination of antigen or antibodies. 

25 In sequential sandwich assays an immobilized binding partner is used to adsorb test sample 

analyte,.the test sample is removed as by washing. the bound analyte is used to adsorb labeled 
"._t;il<. 

binding ·partner, and bound material is then separated from residual tracer. The amount of 

bound tracer is directly pro.portional to test sample analyte. In "simultaneous" sandwich 

assays the test sample is not separated before adding the labeled binding partner. A sequential . 

30 sandwich assay using an anti-antigen monoclonal antibody as one antibody and a polyclonal 

anti-antigen antibody as the other is useful. in testing samples for particular antigen activity. 

The foregoing are merely exemplary diagnostic assays for the import and humanized 

antibodies of this invention. Other methods now or hereafter developed for the determination 

of these analytes are included within the scope hereof, including the bioassays described 
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above. 

lmmunotoxins 

This invention is also directed to immunochemical derivatives of the antibodies of this 

5 invention such as immunotoxins (conjugates of the antibody and a cytotoxic moiety). 

Antibodies which carry the appropriate effector functions. such as with their constant 

domains. are also used to induce lysis through the natural complement process, and to interact 

with antibody dependent cytotoxic cells normally present. 

For example. purified, sterile filtered antibodies are optionally conjugated to a cytotoxin 

10 such as ricin for use in AIDS therapy. US Patent Application Serial No. 07/350,895 illustrates 

methods for making and using immunotoxins for the treatment of HIV infection. The methods 

of this invention, for example. are suitable for obtaining humanized antibodies for use as 

immunotoxins for use in AIDS therapy. 

The cytotoxic moiety of the immunotoxin may be a cytotoxic drug or an enzymatically 

15 active toxin of bacterial. fungal. plant or animal origin. or an enzymatically active fragment of 

such a toxin. Enzymatically active toxins and fragments thereof used are diphtheria A chain, 

· nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas 

aeruginosa). ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii 

proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-S). momordica 

20 charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, 

restrictocin, phenomycin, enomycin and the tricothecenes. In another embodiment, the 

antibodies are conjugated to small molecule anticancer drugs such as cis-platin or 5FU. 

Conjugates of the monoclonal antibody and such cytotoxic moieties are made using a variety 

of bifunctional protein coupling agents. Examples of such reagents are SPDP, IT , bifunctional 

25 derivatives of imidoesters such as dimethyl adipimidate HCI, active esters such as 

disuccinimidyl suberate, aldehydes such as glutaraldehyde, bis-azido compounds such as bis 

(p-azidobenzoyl) hexanediamine, bis-diazonium derivatives such as bis- (p-diazoniumbenzoyl)

-ethylenediamine, diisocyanates such as tolylene 2,6-diisocyanate and bis-active fluorine 

compounds such as 1,5-difluoro- 2,4-dinitrobenzene. The lysing portion of a toxin may be 

30 joined to the Fab fragment of the antibodies. 

lmmunotoxins can be made in a variety of ways, as discussed herein. Commonly 

known crosslinking reagents can be used to yield stable conjugates. 

Advantageously, monoclonal antibodies specifically binding the domain of the antigen 

which is exposed on the infected cell surface, are conjugated to ricin A chain. Most 

59 
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advantageously the ricin A chain is deglycosylated and produced through recombinant means. 

An advantageous method of making the ricin immunotoxin is described in Vitetta et al., 

Science 238:1098 (1987). 

When used to kill infected human cells in vitro for diagnostic purposes, the conjugates 

5 will typically be added to the cell culture medium at a concentration of at least about 10 nM. 

The formulation and mode of administration for in vitro use are not critical. Aqueous 

formulations that are compatible with the culture or perfusion medium will normally be used. 

Cytotoxicity may be read by conventional techniques. 

Cytotoxic radiopharmaceuticals for treating infected cells may be· made by conjugating 

10 radioactive isotopes (e.g. I, Y, Pr) to the antibodies. Advantageously alpha particle-emitting 

isotopes are used. The term 'cytotoxic moiety" as used herein is intende-d to i'°'clude such 

isotopes. 

In a preferred embodiment, rit:in A chain is deglycosylated or produced without 

oligosaccharides, to decrease its clearance by irrelevant clearance mechanisms (e.g., the liver). 

IS In another embodim~nt, whole ricin (A chain plus B chain) is conjugated to antibody if the 

galactose binding property of a-chain can be blocked ("blocked ricin"). 

20 

In a further embodiment toxin-conjugates are made with Fab or F(ab')2 fragments. 

Because of their relatively small size these fragments can better penetrate tissue to reach 

infected cells. 

In another embodiment, fusogenic liposomes are filled with a cytotoxic drug and the 

liposomes are coated with antibodies specifically binding the particular antigen. 

Antibody Dependent Cellular Cytotoxicity 

Certain aspects of this invention involve antibodies which are (a) directed against a 

25 particular antigen and (b) belong to a subclass or isotype that is capable of mediating the lysis 

of cells .to. which the antibody molecule binds. More specifically, these antibodies should 

30 

·-
belong to. a subclass or isotype that, upon complexing with cell surface proteins, activates 

serum complement and/or mediates antibody dependent cellular cytotoxicity (ADCC) by 

activating effector cells such as natural killer cells or macrophages. 

Biological activity of antibodies is known to be determined, to a large extent, by the 

constant domains or Fe region of the antibody molecule (Uananue and Benacerraf, Textbook 

of Immunology, 2nd Edition, Williams & Wilkins, p. 218 ( 1984)). This includes their ability to 

activate complement and to mediate antibody-dependent cellular cytotoxicity (AOCC) as 

effected by leukocytes. Antibodies of different classes and subclasses differ in this respect, 
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as do antibodies from the same subclass but different species; _according to the present 

invention, antibodies of those classes having the desired biological activity are prepared. 

Preparation of these antibodies involves the selection of antibody constant domains are their 

incorporation in the humanized antibody by known technique. For example, mouse 

5 immunoglobulins of the lgG3 and lgG2a class are capable of activating serum complement 

upon binding to the target cells which express the cognate antigen, and therefore humanized 

antibodies which incorporate lgG3 and lgG2a effector functions are desirable for certain 

therapeutic applications. 

In general, mouse antibodies of the lgG2a and lgG3 subclass and occasionally lgG 1 can 

10 mediate ADCC, and antibodies of the lgG3, lgG2a, and lgM subclasses bind and activate serum 

complement. Complement activation generally requires the binding of -at least two lgG 

molecules in close proximity on the target cell. However, the binding of only one lgM molecule 

activates serum complement. 

The ability of any particular antibody to mediate lysis of the target cell by complement 

IS activation and/or ADCC can be assayed. The cells of interest are grown and labeled in vitro; 

the antibody is added to the cell_ culture in combination with either serum complement or 

immune cells which may be activated by the antigen antibody complexes. Cytolysis of the 

target cells is detected by the release of label from the lysed cells. In fact, antibodies can be 

screened using the patient's own serum as a source of complement and/or immune cells. The 

20 antibody that is capable of activating complement or mediating ADCC in the in vitro test can 

then be used therapeutically in that. particular patient. 

This invention specifically encompasses consensus Fe antibody domains prepared and 

used according to the teachings of this invention. 

2S Therapeutic and Other uses of the Antibodies 

~~n used in vivo tor therapy. the antibodies of the subject invention are administered 

to the pa~ient in therapeutically effective amounts (i.e. amounts that have desired therapeutic 

effect). They will normally be administered parenterally. The dose and dosage regimen will 

depend upon the de.gree of the infection, the characteristics of the particular antibody or 

30 immunotoxin used, e.g., its therapeutic index, the patient, and the patient's history. 

Advantageously the antibody or immunotoxin is administered continuously over a period of 1-2 

weeks. intravenously to treat cells in the vasculature and subcutaneously and intraperitoneally 

to treat regional lymph nodes. Optionally, the administration is made during the course of 

adjunct therapy such as combined cycles of radiation, chemotherapeutic treatment, or 
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administration of tumor necrosis factor, interferon or other cytoprotective or 

immunomodulatory agent. 

For parenteral administration the antibodies will be formulated in a unit dosage injectable 

form (solution, suspension, emulsion) in association with a pharmaceutically acceptable 

s parenteral vehicle. Such vehicles are inherently nontoxic, and non-therapeutic. Examples of 

· such vehicles are water, saline, Ringer's solution, dextrose solution, and 5% human serum 

albumin. Nonaqueous vehicles such as fixed oils and ethyl oleate can also be used. Liposomes 

may be used as carriers. The vehicle may contain minor amounts of additives such as 

substances that enhance isotonicity and chemical stability, e.g., buffers and preservatives. 

10 The antibodies will typically be formulated in such vehicles at concentrations of about 1 mg/ml 

to 10 mg/ml. 

Use of lgM antibodies may be preferred for certain applications, however lgG molecules 

by being smaller may be more able than lgM molecules to localize to certain types of infected 

cells. 

15 There is evidence that complement activation in vivo· leads to a variety of biological 

effects, including the induction of an inflammatory response and the activation of macrophages 

(Uananue and Benacerraf, Textbook of Immunology, 2nd Edition, Williams & Wilkins, p. 218 

(1984)). The increased vasodilation accompanying inflammation may increase the ability of 

various agents to localize in infected cells. Therefore, antigen-antibody combinations of the 

20 type specified by this invention can be used therapeutically in many ways. Additionally, 

purified antigens (Hakomori, Ann. Rev. lmmunol. 2: 103 ( 1984)) or anti-idiotypic antibodies 

(Nepom eta/., Proc. Natl. Acad. Sci. 81 :2864 (1985); Koprowski eta/., Proc. Natl. Acad. Sci. 

81 : 21 6 ( 1 984)) relating to such antigens could be used to induce an active immune response 

in human patients. Such a response includes the formation of antibodies capable of activating 

25 human complement and mediating ADCC and by such mechanisms cause in.fected cell 

destruction: 

Optionally, the antibodies of this invention are useful in passively immunizing patients, 

as exemplified by the administration of humanized anti-HIV antibodies. 

The antibody compositions used in therapy are formulated and dosages established in 

30 a fashion consistent with good medical practice taking into account the disorder to be treated, 

the condition of the individual patient, the site of delivery of the composition, the method of 

administration and other factors known to practitioners. The antibody compositions are 

prepared for administration according to the description of preparation of polypeptides for 

administration, infra. 

; 
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Deposit ot Materials 

As described above, cultures of the muM.Ab405 .have been deposi~d with the 
{ O'(/ l> t . Lu..,'. \Jo,':>;~ !J l vJ/.. I t..u.CA t-tC... SScc.-5 ~ V 

American Type Culture Collection,?,2301 Perklavwnri'4e, Rockville, MO, USA (ATCC). 

This deposit was made under the provisions of the Budapest Treaty on the International 

s Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and the 

Regulations thereunder (Budapest Treaty). This assures maintenance of viable cultures for 30 

years from the date of the deposit. The organisms will be made available by A TCC under the 

terms of the Budapest Treaty, and subject to an agreement between Genentech, Inc. and 

ATCC, which assures permanent and unrestricted availability of the progeny of the cultures 

10 to the public upon issuance of the pertinent U.S. patent or upon laying open to the public of 

any U.S. or foreign patent application, whichever comes first, and assures-availability of the 

progeny to one determined by the U.S. Commissioner of Patents and Trademarks to be entitled 

thereto according to 35 USC § 122 and the Commissioner's rules pursuant thereto (including 

37 CFR § 1.12 with particular reference to 886 OG 638). 

15 

20 

In respect of those designations in which a European patent is sought, a sample of the 

deposited microorganism will be made available until the publication of the mention of the 

grant of the European patent or until the date on which the application has been refused or 

withdrawn or is deemed to be withdrawn, only by the issue of such a sample to an expert 

nominated by the person requesting the sample. (Rule 28(4) EPC) 

The assignee of the present application has agreed that if the cultures on deposit should 

die or be lost or destroyed when cultivated under suitable conditions, they will be promptly 

replaced on notification with a viable specimen of the same culture. Availability of the 

deposited strain is not to be construed as a license to practice the invention in contravention 

of the rights granted under the authority of any government in accordance with its patent 

25 laws. 

irn•.i1bregoing written specification is conside~ed to be sufficient to enable one skilled .... __ _ 

in the a~ito~ practice the invention. The present invention is not to be limited in scope by the 
~:. ...... "' ~ ..... ~ .. ~· 

constructs deposited,. since the deposited embodiments are intended to illustrate only certain 

aspects of the invention and any constructs that are functionally equivalent are within the 

30 scope of this invention. The deposit of material herein does not constitute an admission that 

the written description herein contained is inadequate to enable the practice of any aspect of 

the invention, including the best mode thereof, nor is it to be construed as limiting the scope 

of the claims to the specific illustrations that they represent. Indeed, various modifications of 

the invention in addition to those shown and described herein will become apparent to those 
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skilled _in··the art from the foregoing description and fall within the scope of the appended 

claims. 

It is understood that the application of the teachings of the present invention to a 

specific problem or situation will be within the capabilities of one having ordinary skill in the 

s art in light of the teachings contained herein. Examples of the products of the present 

invention and representative processes for their isolation, use. and manufacture appear below, 

10 

but should not be construed to limit the invention. J 
EXAMPLES 

EXAMPLE 1. HUMANIZATION OF muMAb405 

Here we report the chimerization of muMAb405 (chMAb405) and the rapid and 

simult~neous humanization of heavy (VH) and light (VL) chain variable _region genes using a 

15 novel "gene conversion mutagenesis" strategy. Eight humanized variants (huMAb405) were 

constructed to probe the importance of several FR residues. identified by our molecular 

modeling or previously proposed to be critical to the conformation of particular CDRs (see 

Chothia, C. & Lesk. A. M .• J. Mo/. Biol. 196:901-917 (1987); Chothia. C. eta/., Nature 

342:877-883 (1989); Tramontano. A. et al., J. Mo/. Biol. 215:175-182 (1990)). Efficient 

20 

25 

transient expression of humanized variants in non-myeloma cells allowed us to rapidly 

investigate the relationship between binding affinity for p1 s5HER2 ECO and anti-proliferative 

activity against p1 s5HER2 overexpressing carcinoma cells. 

MATERIALS and METHODS 

Cloning of Variable Region Genes. The muMAb405 VH and VL genes were isolated by 

polymerase chain reaction (PCR) amplification of mRNA from the corresponding hybridoma 

(Fendly,,:.s._e.: M. et al., Cancer Res. 50:1550-1558 (1990)) as described by Orlandi et al. 

(Orlandi; R •. et al., Proc. Natl. Acad. Sc,: USA 86:3833-3837 (1989)). Amino terminal 

sequencing of muMAb405 VL and VH was used to design the sense strand PCR primers, 

whereas the anti-sense PCR primers were based upon consensus sequences of murine 

30 framework residues (Orlandi, R. et al., Proc. Natl. Acad. Sci. USA 86:3833-3837 ( 1989); 

Kabat, E. A. et al .• Sequences of Proteins of Immunological Interest (National Institutes of 

Health. Bethesda, MD, 1987)) incorporating restriction sites for directional cloning shown by 

underlining and listed after the sequences: VL sense, 5'

TCCGATATCCAGCTGACCCAGTCTCCA-3' (SEO. ID NO. 7), EcoRV; VL anti-sense, 5'-
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GTTTGATCTCCAGCTTGGTACCHSCDCCGAA-3' {SEO. ID NO. 8), Asp718; VH sense, 5'

AGGTSMARCTGCAGSAGTCWGG-3' (SEO. ID NO. 9), Pstl and VH anti-sense, 5'

TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-3' (SEO. ID NO. 10), BstEII; where H = 
A or C or T, S = C or G, D = A or G or T, M = A or C, R = A or G and W = A or T. The 

· 5 PCR products were cloned into pUC119 (Vieira, J. & Messing, J., Methods Enzymol. 153:3-11 

(1987)) and five clones for each variable domain sequenced by the dideoxy method (Sanger, 

F. et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1977)). 

10 

15 

20 

1 
25 

30 

Molecular Modelling. Models for muMAb405 VH and VL domains were constructed 

separately from consensus coordinates based upon seven Fab structures from the Brookhaven 

protein data bank (entries 1 FB4, 2RHE, 2MCP, 3FAB, 1 FBJ, 2HFL and 1 REI). The Fab 

fragment KOL (Marquart, M. et al., J. Mo/. Biol. 141 :369-391 ( 1980)) was first chosen as a 

template for VL and VH domains and additional structures were then superimposed upon this 

structure using their main chain atom coordinates (INSIGHT program, Biosym Technologies). 

The distance from the template Ca to the analogous Ca in each of the superimposed structures 

was calculated for each residue position. If all (or nearly all) Ca-Ca distances for a given 

residue were ~ 1 A, then that position was included in the consensus structure. In most cases 

tti'e P-sheet framework residues satisfied these criteria whereas the CCR loops did not. For 

each of these selected residues the average coordinates for individual N, Ca, C, O and CP 

atoms were calculated and then corrected for resultant deviations from non-standard bond 

geometry by 50 cycles of energy minimization using the DISCOVER program (Biosym 

Technologies) with the AMBER forcefield (Weiner, S. J. et al., J. Amer. Chem. Soc. 

106:765-784 ( 1984)) and Ca coordinates fixed. The side chains of highly conserved residues, 

such as the disulfide-bridged cysteine residues, were then incorporated into the resultant 

consensus structure. Next the sequences of muMAb405 VL and VH were incorporated 

starting with the CCR residues and using the tabulations of CDR conformations from Chothia 

et al. (Chothia, C. et al., Nature 342:877-883 ( 1989)) as a guide. Side-chain conformations 
t' 

· were ch.osen on the basis of Fab crystal structures, rotamer libraries (Ponder, J. W. & Richards. 

F. M., J: Mo/. Biol. 193:775-791 (1987)) and packing considerations. Since VH-CDR3 could 

not be assigned a definite backbone conformation from these criteria, two models were created 

from a search of similar sized loops using the INSIGHT program. A third model was derived 

using packing and solvent exposure considerations. Each model was then subjected to 5000 

cycles of energy minimization. 

In humanizing muMAb405, consensus human sequences were first derived from the 

most abundant subclasses in the sequence compilation of Kabat et al. (Kabat. E. A. et al., 
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' . • Sequences of Proteins of Immunological Interest (National Institutes of Health, Bethesda, MO, 

1987)), namely VLK subgroup f and VH group Ill, and a molecular model generated for these 

sequences using the methods described above. A structure for huMAb4D5 was created by 

transferring the· CDRs· from the muMAb4D5 model into the consensus ~uman structure. All 

5 . huMAb4D5 variants contain human replacements of muMAb4D5 residues at three positions 

within CDRs as defined by sequence variability (Kabat,-E. A. et al .• Sequences of Proteins of 

Immunological Interest (National-Institutes of Health, Bethesda, MD, 1987)) but not as defined 

by structural variability (Chothia,"C. & Lesk, A. M., J. Mo/. Biol. 196:901-917 (1987)): 

VL-COR1 K24R, VL-CDR2 R54L and VL-CDR2 T56S. Difference$ betw~en muMAb405 and 

10 the human consensus framework residues (Fig. 1) were individually modeled to investigate 

their possible influence on CDR conformation and/or binding Jo the p185HER2 ECO. 

Construction of Chimeric Genes. Genes encoding chMAb4D5 light and heavy chains 

were separately assembled in previously described phagemid vectors c~:,ntaining the human 

cytomegalovirus enhancer and promoter, a 5' int,on and SV40 polyadenylation signal (Gorman, 

15 C. M. et al., DNA & Prot. Engin. Tech. 2:3-10 (1990)). Briefly, gene segments encoding 

muMAb4D5 VL (Fig. 1A) and REI human K1 light chain CL (Palm. W. & Hilschmann, N., Z. 

Physiol. Chem. 356: 167-191 (1975)) were precisely joined as were genes for muMAb405 VH 

(Fig. 1 B) and human y1 constant region (Capon, 0. J. et al., Nature 337:525-531 (1989)) by 

simple subcloning (Boyle, A., in Current Protocols in Molecular Biology, Chapter 3 {F. A. 

20 Ausubel et al., eds., Greene Publishing & Wiley-lnterscience, New York, 1990))" and 

site-directed mutagenesis (Carter, P., in Mutagenesis: A Practical Approach, Chapter 1 (IRL 

Press, Oxford, UK 1991 )). The yl isotype was chosen as it has been found to be the preferred 

human isotype for supporting ADCC and complement dependent cytotoxicity using matched 

sets of chimeric (Bruggemann, M. et al., J. Exp. Med. 166: 1351-1361 ( 1987)) or humanized 

25 antibodies (Riechmann, L. et al., Nature 332:323-327 (1988)). The PCR-generated VL and VH 

fragments (Fig. 1) were subsequently mutag~nized so that they faithfully represent the 

sequence of muMAb4D5 dete.rmined at the protein level: VH 01E, VL V104L and T109A 

(variants are denoted by the amino acid residue and number followed by the replacement 

amino acid). The human y1 constant regions are identical to those reported by Ellison et al. 

30 (Ellison, J. W. eta/., Nucleic Acids Res. 13:4071-4079 (1982)) except for the mutations 

E3590 and M361 L (Eu numbering, as in Kabat, E. A. et al., Sequences of Proteins of 

lmn:,unological Interest (National Institutes of Health, Bethesda, MD; 1987)) which we installed 

to convert the antibody from the naturally rare A allotype to the much more common non-A 

allotype (Tramontano, A. et al., J. Mo/. Biol. 215:175-182 (1990)). This was an attempt to 
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reduce the risk of anti-allotype antibodies interfering with therapy. 

Construction of Humanized Genes. Genes encoding chMAb405 light chain and heavy 

chain Fd fragment (VH and CH 1 domains) were subcloned together into pUC119 (Vieira~ J. & 

Messing, J., Methods Enzymol. 153:3-11 (1987)) to create pAK1 and simultaneously 

s humanized_ in a single step (Fig. 2). Briefly, sets of 6 contiguous oligonucleotides were 

designed to humanize VH and VL (Fig. 1 ). These oligonucleotides are 28 to 83 nucleotides in 

length, contain zero to 19 mismatches to the murine antibody template and are constrained 

to have 8 or 9 perfectly matched residues at each end to promote efficient annealing and 

ligation of adjacent oligonucleotides. The sets of VH and VL humanization oligonucleotides (5 

10 pmol each) were phosphorylated with either ATP or r-32P-ATP (Carter, P. Methods Enzymol. 

154:382-403 (1987)) and separately annealed with 3.7 pmol of pAK1 template in 40 µI 10 

mM Tris-HCI (pH 8.0) and 10 mM MgCl 2 by cooling from 100 cc to room temperature over 

- 30 min. The annealed oligonucleotides were joined by incubation with T 4 DNA ligase ( 1 2 

units; New England Biolabs) in the presence of 2 µI 5 mM ATP and 2 µI 0. 1 M OTT for 10 min 

15 at 14 cc. After electrophoresis on a 6% acrylamide sequencing gel the assembled 

oligonucleotides were located by autoradiography and recovered by electroelution. The 

assembled oligonucleotides ( - 0.3 pmol each) were simultaneously annealed to 0. 1 5 pmol 

single-stranded deoxyuridine-containing pAK1 prepared according to Kunkel et al. (Kunkel, T. 

A. eta/., Methods Enzymol. 154:367-382 (1987)) in 10µ140 mM Tris-HCI (pH 7.5) and 16 

20 mM MgCl2 as above. Heteroduplex DNA was constructed by extending the primers with T7 

DNA polymerase and . transformed into E. coli BMH 71-1 8 mutL as previously described 

(Carter, P., in Mutagenesis: A Practical Approach, Chapter 1 URL Press, Oxford, UK 1991 )). 

The resultant phagemid DNA pool was enriched first for huVL by restriction purification using 

Xhol and then for huVH by restriction selection using Stul as described in Carter, P., in 

25 Mutagenesis: A Practical Approach, Chapter 1 URL Press, Oxford, UK 1991 ); and in Wells, 

J. A. eta/., Phil. Trans. R. Soc. lond. A 317:415-423 (1986). Resultant clones containing 

both. huVL and huVH genes were identified by nucleotide sequencing (Sanger, F. et al., Proc. 

Natl. A cad. Sci. USA 74:5463-5467 ( 1977)) and designated pAK2. Additional humanized 

variants were generated by site-directed mutagenesis (Carter, P., in Mutagenesis: A Practical 

30 Approach, Chapter 1 {IRL Press, Oxford, UK 1991 )). The muMAb405 VL and VH gene 

segments in the transient expression vectors described above were then precisely replaced 

with their humanized versions. 

Expression and Purification of MAb405 Variants. Appropriate MAb405 light and heavy 

chain cDNA expression vectors were co-transfected into an adenovirus transformed human 
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embryonic kidney cell line, 293 (Graham, F. L. et al., J. Gen. Viral. 36:59-72 (1977)) ·using a 

high efficiency procedure (Gorman, C. M. et al., DNA & Prat. Engin. Tech. 2:3-10 ( 1990); 

Gorman, C., in DNA Cloning, vol II, pp 143-190 (D. M. Glover, ed., IRL Press, Oxford, UK 

1985)). Media ·were harvested daily for up to 5 days and the cells re-fed with serum free 

5 media. Antibodies were recovered from the media and affinity purified on protein A sepharose 

CL-4B (Pharmacia) as described by the manufacturer. The eluted antibody was 

buffer-exchanged into phosphate-buffered saline by G25 gel filtration, concentrated by 

ultrafiltration (Centriprep-30 or Centricon-100, Amicon), sterile-filtered {Millex-GV, Millipore) 

and stored at 4 oC. The concentration of antibody was determined by using both total 

10 immunoglobulin and antigen binding ELISAs. The standard used was huMAb405-5, whose 

· concentration had been determined by amino acid composition analysis. -

Cell Proliferation Assay. The effect of MAb4D5 variants upon proliferation of the 

human mammary adenocarcinoma cell line, SK-8R-3, was investigated as previously described 

(Fendly, B. M. et al., Cancer Res. 50:1550-1558 (1990)) using saturating MAb405 

15 concentrations. 

Affinity Measurements. The antigen binding affinity of MAb405 variants was 

determined using a secreted form of the p185HER2 ECO prepared as described in Fendly, 8. 

M. et al., J. Biol. Resp. Mod. 9:449-455 ( 1990). Briefly, antibody and p185HER2 ECO were 

incubated in solution until equilibrium was found to be reached. The concentration of free 

20 antibody was then determined by ELISA using immobilized p185HER2 ECO and used to 

calculate affinity (Kd) according to Friguet et al. (Friguet, 8. et al., J. lmmunol. Methods 

77:305-319 (1985)). 

RESULTS 

2S Humanization of muMAb405. The. muMAb405 VL and VH gene segments were first 

cloned by PCR and sequenced (Fig. 1 ). The variable genes were then simultaneously 

humanized by gene conversion mutagenesis using preassembled oligonucleotides (Fig. 2). A 

311-mer oligonucleotide containing 39 mismatches to the template directed 24 simultaneous 

amino acid changes required to humanize muMAb405 VL. Humanization of muMAb405 VH 

30 required 32 amino acid changes which were installed with a 361-mer containing 59 

mismatches to the muMAb405 template. Two out of 8 clones sequenced precisely encode 

huMAb405-5, although one of these clones contained a single nucleotide imperfection. The 

6 other clones were essentially humanized but contained a small number of errors: < 3 

nucleotide changes and < 1 single nucleotide deletion per kilobase. Additional humanized 
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variants (Table 3) were constructed by site-directed mutagenesis of huMAb405-5 .. 

Expression levels of huMAb405 variants were in the range of 7 to 1 5 µg/ml as judged 

by ELISA using immobilized p195HER2 ECO. Successive harvests of five 10 cm plates allowed 

200 µg to 500 mg of each variant to be produced in a week. Antibodies affinity purified on 

5 protein A gave a single band on a Coomassie blue stained SOS polyacrylamide gel of mobility 

consistent with the expected Mr of - 1 50 kDa. Electrophoresis under reducing conditions gave 

2 bands consistent with the expected Mr of free heavy (48 kDa) and light (23 kDa) chains (not 

shown). Amino terminal sequence analysis ( 1 0-cycles) gave the mixed sequence expected 

(see Fig. 1) from an equiniolar combination of light and heavy chains (not shown) . .. 
10 

huMAb405 Variants. In general, the FR.residues were chosen from consensus human 

sequences (Kabat, E. A. et al., Sequences of Proteins of Immunological Interest (National 

Institutes of Health, Bethesda, MD, 1987)) and CDR residues from muMAb405. Additional 

variants were constructed by replacing selected human residues in huMAb405-1 with their 

15 muMAb405 counterparts. These are VH residues 71, 73, 78, 93 plus 102 and VL residues 

55 plus 66 identified by our molecular modeling. VH residue 71 has previously been proposed 
"-- . 

by others (Tramontano, A. eta/., J. Mo/. Biol. 215:175-182 (1990)) to be critical to the 

conformation of VwCDR2, Amino acid sequence differences between huMAb405 variant 

molecules are shown in Table 3, together with their p1 s5HER2 ECO binding affinity and 

20 maximal anti-proliferative activities against SK-BR-3 cells. Very similar Kd values were 

obtained for binding of MAb405 variants to either SK-BR-3 cells or to p195HER2 ECO (Table 

3). However, Kd estimates derived from binding of MAb405 variants to p1 s5HER2 ECO were 

more reproducible with smaller standard errors and consumed much smaller quantities of 

antibody than binding measurements with whole cells. 

25 The most potent humanized variant designed by molecular modeling, huMAb405-8, 

contains 5 FR residues from muMAb405. This antibody binds the p1 s5HER2 ECO 3-fold more 

tightly than does muMAb4[?5 itself (Table 3) and has comparable anti-proliferative activity with 

SK-BR-3 cells (Fig. 3). In contrast, huMAb405-1 is the most humanized but least potent 

muMAb405 variant, created by simply installing the muMAb405 CDRs into the consensus 

30 human sequences. huMAb405-1 binds the p195HER2 ECO SO-fold less tightly than does the 

murine antibody and has no detectable anti-proliferative activity at the highest antibody 

concentration investigated ( 1 6 µg/ml). 

The anti-proliferative activity of huMAb405 variants against p1 s5HER2 overexpressing 

SK-BR-3 cells is not simply correlated with their binding affinity for the p1 s5HER2 ECO. For 
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example, installation of three murine residues into the VH domain of huMAb405-2 (073T, 

L 78A and A93S) to create huMAb405-3 does not change the antigen binding affinity but does 

confer significant anti-proliferative activity (Table 3). 

The importance of VH residue 71 (Tramontano, A. et al., J. Mo/. Biol. 215:175-182 

5 ( 1990)) is supported by the observed 5-fold increase in affinity for p1 g5HER2 ECO on 

replacement of R71 in huMAb405-1 with the corresponding murine residue, alanine 

(huMAb405-2). In contrast, replacing VH L78 in huMAb4D5-4 with the murine residue, 

alanine (huMAb405-5), does not significantly change the affinity for the p18sHER2 ECO or 

change anti-proliferative activity, suggesting that residue 78 is not of critical functional 

10 significance to huMAb4D5 and its ability to interact .properly with the extracellular domain of 

p 1 g5HER2. 

VL residue -66 is usually a glycine in human and murine K chain sequences (Kabat, E. 

A. et al., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1987)) but an arginine occupies this position in the muMAb4D5 k light chain. 

15 The side chain of residue 66 is likely to affect the conformation of VL-COR1 and_VL-COR2 and 

the hairpin turn at 68-69 (Fig. 4). Consistent with the importance of this residue, the mutation 

VL G66R (huMAb4D5-3 - huMAb4D5-5) increases the affinity for the p1 g5HER2 ECO by 

4-fold with a concomitant increase in anti-proliferative activity. 

From molecular modeling it appears that the tyrosyl side chain of muMAb4D5 VL 

20 residue 55 may either stabilize the conformation of VwCDR3 or provide an interaction at the 

VL-VH interface. The latter function may be dependent upon the presence of VH Y102. In the 

context of huMAb405-5 the mutations VL ESSY (huMAb405-6) and VH V102Y (huMAb405-7) 

individually increase the affinity for p185HER2 ECO by 5-fold and 2-fold respectively, whereas 

together (huMAb405-8) they increase the affinity by 11-fold. This is consistent with either 

25 proposed role of VL Y55 and VH Y102. 

Secondary Immune Function of huMAb4D5-8. MuMAb405 inhibits the growth of 

human breast tumor cells which overexpress p 1 s5HER2 (Hudziak, R. M. et al., Malec. Cell. 

Biol. 9:1165-1172 (1989)). The antibody, however, does not offer the possibility of direct 

tumor cytotoxic effects. This possibility does arise in huMAb405-8 as a result of its high 

30 affinity (Kd = 0.1 µM) and its human lgG 1 subtype. Table 4 compares the AOCC mediated 

by huMAb405-8 with muMAb405 on a normal lung epithelial cell line, Wl-38, which expresses 

a low level of p185HER2 and on SK-BR-3, which expresses a high level of p1 s5HER2. The 

results demonstrate that: (1) huMAb4D5 has a greatly enhanced ability to carry out ADCC as 

compared with its murine parent; and (2) that this activity may be selective for cell types 
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which overexpress p 18 5HER2. 

DISCUSSION 

MuMAb405 is potentially useful for human therapy since it is cytostatic towards 

s human breast and ovarian tumor lines overexpressing the HER2-encoded p1 s5HER2 

receptor-like tyrosine kinase. Since both breast and ovarian carcinomas are chronic diseases 

it is anticipated that the optimal MAb405 variant molecule for therapy will have low 

immunogenicity and will be cytotoxic rather than solely cytostatic in effect. Humanization of 

muMAb405 should accomplish these goals. We have identified 5 different huMAb405 

10 variants which bind tightly to p1 ssHER2 ECO (Kd s 1 nM) and which have significant 

anti-proliferative activity (Table 3). Furthermore huMAb405-8 but not muMAb405 mediates 

ADCC against human tumor cell lines overexpressing p185HER2 in the presence of human 

effector cells (Table 4) as anticipated for a human y1 isotype (Bruggemann, M. et al., J. Exp. 

Med. 166:1351-1361 (1987); ~iechmann, L. eta/., Nature 332:323-327 (1988)). 

15 Rapid humanization of huMAb405 was facilitated by the gene conversion mutagenesis 

strategy developed here using long preassembled oligonucleotides. This method requires less 

than half the amount of synthetic DNA as does total gene synthesis and does not require 

convenient restriction sites in the target DNA. Our method appears to be simpler and more 

reliable than a variant protocol recently reported (Rostapshov, ·V. M. et al., FESS Lett. 

20 249:379-382 (1989)). Transient expression of huMAb405 in human embryonic kidney 293 

cells permitted the isolation of a few hundred micrograms of huMAb405 variants for rapid 

characterization by growth inhibition and antigen binding affinity assays.. Furthermore, 

different combinations of light and heavy chain were readily tested by co-transfection of 

corresponding cDNA expression vectors. 

25 The crucial role of molecular modeling in the humanization of muMAb405 is illustrated 

by the designed variant huMAb405-8 which binds the p1 s5HER2 ECO 250-fold more tightly 

than the simple CDR loop swap variant, huMAb405-1. It has previously been shown that the 

antigen binding affinity of a humanized antibody can be increased by mutagenesis based upon 

molecular modelling (Riechmann, L. et al., Nature 332:323-327 ( 1988); Queen, C. et al., Proc. 

30 Natl. Acad. Sci. USA 86:10029-10033 (1989)). Here we have extended this earlier work by 

others with a designed humanized antibody which binds its antigen 3-fold more tightly than 

the parent rodent antibody. While this result is gratifying, assessment of the success of the 

molecular modeling must await the outcome of X-ray structure determination. From analysis 

of huMAb405 variants (Table 3) it is apparent that their anti-proliferative activity is not a 
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simple function of their binding affinity for p1 g5HER2 ECD. For example the huMAb4D5-8 

variant binds p1 g5HERZ 3-fold more tightly than muMAb4D5 but the humanized variant is 

slightly less potent in blocking the proliferation of SK-BR-3 cells. Additional huMAb4D5 

variants are currently being constructed in an attempt to identify residues triggering the 

s anti-proliferative activity and in an attempt to enhance this activity. 

In addition to retaining tight receptor binding and the ability to inhibit cell growth, the 

huMAb4D5-8 also confers a secondary immune function (ADCC). This allows for direct 

cytotoxic activity of the humanized molecule in the presence of human effector cells. The 

apparent selectivity of the cytotoxic activity for cell types which overexpress p1 g5HERZ allows 

IO for the evolution of a straightforward clinic approach to those human cancers characterized 

by overexpression of the HER2 protooncogene. 
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Table 3. p155HER2 ECO binding affinity and anti-proliferative activities of MAb405 variants 

MAb4D5 71 73. 78 93 102 55 66 Relative 

cell 

Variant 

proliferation* 

FR3 FR3 FR3 FR3 CDR3 CDR2 FR3 nM 

huMAb4D5-1 R D L A V E G 25 102 

huMAb4D5-2 Ala D L A V E G 4.7 101 

huMAb4D5-3 Ala Thr Ala Ser V E G 4.4 66 

huMAb4D5-4 Ala Thr L Ser V E Arg 0.82 56 

huMAb4D5-5 Ala Thr Ala Ser V E Arg 1.1 48 

huMAb4D5-6 Ala Thr Ala Ser V Tyr Arg 0.22 51 

huMAb4D5-7 Ala Thr Ala Ser Tyr E Arg 0.62 53 

'huMAb4D5 - 8 Ala Thr Ala Ser Tyr Tyr Arg 0.10 54 

muMAb4D5 Ala Thr Ala Ser Tyr Tyr Arg 0. 30 37 

• Human and murine residues are shown in ·one letter and three letter amino acid code 

respectively. 

t Kd values for the p1 a5HER2 ECO were determined using the method of Friguet et al. (431 and 

the standard error of each estimate is s ± 10%. 

* Proliferation of SK-BR-3 cells incubated for 96 hr with MAb405 variants shown as a 

percentage of the untreated controi'as described (Hudziak, R. M. et al., Molec. Cell. Biol . 
..t_.. 

9:1165-1172 (1989)). Data represent the maximal anti-proliferative effect for each variant 

(see Fig. 3A) calculated as the mean of triplicate determinations at a MAb4D5 concentration 

of 8 pg/ml. Data are all taken from the same experiment with an estimated standard error of 

BIOEPIS EX. 1002 
Page 89



• :s ± 15%. 

PCT/US ~ 2 / 0 5 1 2 6 

• 
_______ _;_ __ 

/ 

,/ 
I 

I 

BIOEPIS EX. 1002 
Page 90

POTUS 92/U9126

@ 23
s + 15%.

 
FY

BIOEPIS EX. 1002

Page 90



5 

/Q 

1'u~ 
IO 

15 

20 

25 

• Table 4. Selectivity of antibody dependent tumor cell cytotoxicitv mediated by huMAb4D5-8 

. SK-BR-3 

Effector:Target 

ratiot muMAb4D5 huMAb4D5-8 muMAb4D5 huMAb4D5-8 

A.* 25:1 <1.0 9.3 7.5 40.6 

12.5:1 <1.0 11.1 4.7 36.8 

6.25:1 <1.0 8.9 0.-9 35.2 

3.13:1 <1.0 8.5 4.6 19.6 

B. 25:1 <1.0 3.1 6.1 33.4 

12.5:1 <1.0 1. 7 5.5 26.2 

6.25:1 1. 3 2.2 2.0 21.0 

3.13:1 <1.0 0.8 2.4 13.4 

• Sensitivity to ADCC of two human cell lines (Wl-38, normal lung epithelium; and SK-BR-3, 

human breast tumor cell line) are compared. Wl-38 expresses a low level of pl 55HER2 (0.6 

pg per µg cell protein) and SK-BR-3 expresses a high level of p1 s5HER2 (64 pg p1 s5HER2 per 

µg cell protein), as determined by ELISA (Fendly et al., J. Biol. Resp. Mod. 9:449-455 (1990)). 

t ADCC assays were carried out as described in BrOggemann et al., J. Exp. Med. 

166:1351-1361 (1987). Effector to target ratios were of IL-2 activated human peripheral 

. blood lymphocytes to &ither Wl-38 fibroblasts or SK-BR-3 tumor cells in 96-well microtiter 

plates for 4 hours at 37 ~C. Values given represent percent specific cell lysis as determined 

by 51 Cr release. Estimated standard error in these quadruplicate determinations was s 

±10%. 

* Monoclonal antibody concentrations used were 0.1 pg/ml (A) and O. 1 pg/ml (8). 
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EXAMPLE 2. Schematic Method for Humanizi.nq an ·Antibody Sequence 

This example illustrates one stepwise elaboration of the methods for 

creating a humanized sequence described above. It will be understood that 

not all of these steps are essential to the claimed invention, and that steps 

may be taken in different order. 

1 . ascertain a consensus ~uman variable domain amino acid sequence and 

prepare from it a consensus structural model. 

2. 

3. 

prepare model of import (the non-human domain to be humanized) 

variable domain sequences and not~ structural differences with respect 

to consensus human model. 

identify CDR sequences in human and in import, both by using Kabat 

(supra, 1987) and crystal structure criteria. If there is any difference 

in CDR identity from the different criteria, use of crystal structure 

definition of the CDR, but retain the Kabat residues as important 

framework residues to import. 

4. substitute import CDR sequences for human CDR sequences to obtain 

initial "humanized" sequence. 

5. compare import non:.coR variable domain sequence to the humanized 

sequence and note divergences: 

6. Proceed through the following analysis for each amino acid residue 

where the import diverges from the humanized. 

a. 

b. 

If the humanized residue. represents a residue which is generally 

highly conserved across all species, use the residue in the 

humanized sequence. If the residue is not conserved across all 

species, proceed with the analysis described in 6b. 

If the residue is not generally conserved across all species, ask if 

the residue is generally conserved in humans. 

i. If the residue is generally conserved in humans but the 

import residue differs, examine the structural models of the 

import and human sequences and determine if the import 

residue would be likely to affect the binding or biological 
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activity of the CORs by considering 1 ) could it bind antigen 

directly and 2) could it affect the conformation of the CDR. 

If the conclusion is that an affect on the CDRs is likely, 

substitute the import residue. If the conclusion is that a 

COR affect is unlikely, leave the humanized residue 

unchanged. 

ii. If the residue is also not generally conserved in humans, 

examine the structural models of the import and human 

sequences and determine if the import residue would be 

likely to affect the binding or biological activity of the CDRs 

be considering 1 ) could it bind antigen directly and 2) could 

it affect the conformation of the CDR. If the conclusion is 

that an affect on the CO Rs is likely, substitute the import 

residue. If the conclusion is that a CDR affect is unlikely, 

proceed to the next step. 

a) Examine the structural models of the import and 

human sequences and determine if the residue is 

exposed on the surface of the domain or is buried 

within. If the residue is exposed, use the residue in 

the humanized sequence. If the residue is buried, 

proceed to the next step. 

(i) Examine the structural models of the import and 

human sequences and determine if the residue is 

likely to affect the VL - V" interface. Residues 

involved. with the interface include: 34L, 36L, 

38L,43L, 33L, 36L, 85L, 87L, 89L, 91L, 96L, 

98L, 35H, 37H, 39H, 43H, 45H, 47H, 60H, 

91H, 93H, 95H, 100H, and 103H. If no effect 

is likely, use the residue in the humanized 

sequence. If some affect is likely, substitute the 

import residue. 

7. Search the import sequence, the consensus sequence and the 

humanized sequence for glycosylation sites outside the CDRs, and 

determine if this glycosylation site is likely to have any affect on 
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antigen binding and/or biological activity. If no effect is likely, use the 

human sequence at that site; if some affect is likely, eliminate the 

glycosylation site or use the import sequence at that site. 

After completing the above analysis, determine the planned humanized 

sequence and prepare and test a sample. If the sample does not bind 

well to the target antigen, examine the particular residues listed below, 

regardless of the question of residue identity between the import and 

humanized residues. 

a. 

b. 

Examine particular peripheral (non-CDR) variable domain residues 

that may, due to their position, ·possibly interact directly with a 

macromolecular antigen, including the following residues (where 

the * indicates residues which have been found to interact with 

antigen based on crystal structures): 

i. Variable light domain: 36, 46, 49·, 63-70 

ii. Variable heavy domain: 2, 47·, 68, 70, 73-76. 

Examine particular variable domain residues which could interact 

with, or otherwise affect, the conformation of variable domain 

CDRs, including the following (not including CDR residues 

themselves, since it is assumed that, because the CDRs interact 

with one another, any residue in one CDR could potentially affect 

the conformation of another CDR residue) (L = LIGHT, 

H =HEAVY, residues appearing in bold are indicated to be 

structurally important according the Chothia et al., Nature 

342:877 (1989), and residues appearing in italic were altered 

during humanization by Queen et al. (POL), Proc. Natl. Acad. Sci. 

USA 86:10029 (1989) and Proc. Natl. Acad. Sci. USA 88:2869 

(1991 ).): 

i. Variable light domain: 

a) CDR-1 {residues 24L-34L): 2L, 4L, 66L-69L, 71L 

b) CDR-2 (residues 50L-56L): 35L, 46L, 47l, 48L, 49L, 

58L,62L,64~66L,71L,73L 

c) COR-3 (residues 89L-97L): 2L, 4L, 36L, 98L, 37H, 

45H,47H,58H,60H 

ii. Variable heavy domain: 
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a) CDR-1 (residues 26H-35H): 2H, 4H, 24H, 36H, 71 H, 

73H,76H,78H,92H,94H 

b) CDR-2 (residues 50H-55H): 49H, 69H, 69H, 71H, 

73H, 78H 

c) CDR-3 (residues 95H-102H): examine all residues as 

possible interaction partners with this loop, because 

this loop varies in size and conformation much more 

than the other CDRs. 

If after step 8 the humanized variable domain still is lacking in desired 

binding, repeat step 8. In addition, re-investigate any buried residues 

which might affect the VL - VH interface (but which would not directly 

affect CDR conformation). Additionally, evaluate the accessibility of 

non-CDR residues to solvent. 
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EXAMPLE 3. Engineering a Humanized Bispecific F<ab'>2 fragment 

This example demonstrates the construction of a humanized bispecific 

antibody (Bsf(ab') 2 v1 by separate E. coli expression of each Fab' arm 

followed by directed chemical coupling in vitro. BsF(ab'h v1 (anti-C03 / 

anti-pl 85HER2
) was demonstrated to retarget the cytotoxic activity of human 

CD3+ CTL in vitro against the human breast tumor cell line, SK-BR-3, which 

overexpresses the pl s5HER2 product of the protooncogene HER2. This 

example demonstrates the minimalistic humanization strategy of installing as 

few murine residues as possible into a human antibody in order to recruit 

antigen-binding affinity and biological properties comparable to that· of the 

murine parent antibody. This strategy proved very successful for the anti

p 1 s5HeR2arm of Bsf(ab') 2v1. In contrast Bsf(ab') 2 v1 binds to T cells via its 

anti-CD3 arm much less efficiently than does the chimeric Bsf(ab') 2 which 

contains the variable domains of the murine parent anti-CD3 antibody. Here 

we have constructed additional BsF(ab') 2 fragments containing variant anti

CD3 arms with selected murine residues restored in an attempt to improve 

antibody binding to T cells. One such variant, Bs F(ab') 2 v9, was created by 

replacing six residues in the second hypervariable loop of the anti-CD3 heavy 

chain variable domain of Bsf(ab') 2 v1 with their counterparts from the murine 

parent anti-CD3 antibody. BsF(ab') 2 v9 binds to T cells (Jurkat) much more 

efficiently than does Bsf(ab') 2 v1 and almost as efficiently as the chimeric 

BsF(ab')2 • This improvement in the efficiency of T cell binding of the 

humanized Bsf(ab') 2 is an important step in its development as a potential 

therapeutic agent for. the treatment of pl s5HeR2-overexpressing cancers. 

Bispecific antibodies (BsAbs) with specificities for tumor-associated 

antigens and surface markers on immune effector cells have proved effective 

for retargeting effector cells to kill tumor targets both in vitro and in vivo 

(reviewed by Fanger, M. W. e~ al., lmmunol. Today 10: 92-99 (1989); 

Fanger, M. W. eta/., lmmunol. Today 12: 51-54 (1991); and Nelson, H., 

Cancer Cells 3: 163-172 ( 1991 )). Bsf(ab') 2 fragments have often been used 

in preference to intact BsAbs in retargeted cellular cytotoxicity to avoid the 

risk of killing innocent bystander cells binding to the Fe region of the 

antibody. An additional advantage of Bsf(ab')2 over intact BsAbs is thatthey 
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are generally much simpler to prepare free of contaminating monospecific 

molecules (reviewed by Songsivilai, S. and Lachmann, P. J., Clin. Exp. 

lmmunol. 79: 315-321 (1990) and Nolan, 0. and O'Kennedy, R., Biochim. 

Biophys. Acta 1040: 1-11 (1990)). 

BsF(ab') 2 fragments are traditionally constructed by directed chemical 

coupling of Fab' fragments obtained by limited proteolysis plus mild reduction 

of the parent rodent fl'.lOnoclonal Ab (Brennan, M. et al., Science 229, 81-83 

(1985) and Glennie, M. J. etal.,J. lmmunol. 139: 2367-2375 (1987)). One 

such BsF(ab') 2 fragment (anti-glioma associated antigen / anti-CD3) was 

found to have clinical efficacy in glioma patients (Nitta, T. et al., Lancet 335: 

368-371 (1990) and another BsF(ab') 2 (anti-indium chelate / anti

carcinoembryonic antigen) allowed clinical imaging of colorectal carcinoma 

(Stickney, D.R. et al., Antibody, lmmunoconj. Radiopharm. 2: 1-13 (1989)). 

Future BsF(ab') 2 destined for clinical applications are likely to be constructed 

from antibodies which are either human or at least .. humanized" (Riechmann, 

L. et al., Nature 332: 323-327 (1988) to reduce their immunogenicity (Hale, 

G. eta/., Lanceti: 1394-1399 (1988)). 

Recently a facile route to a fully humanized BsF(ab'h fragment designed 

for tumor immunotherapy has been demonstrated (Shalaby, M. R. et al., J. 

Exp. Med. 175: 217-225 (1992)). This approach involves separate E. coli 

expression of each Fab'. arm followed by traditional directed chemical 

coupling in vitro to form the BsF(ab') 2 • One arm of the BsF(ab')2 was a 

humanized version (Carter, P. eta/., Proc. Natl. Acad. Sci. USA (1992a) and 

Carter, P., et !JI., Bio/Technology 10: 163-167 (1992b)) of the murine 

monoclonal Ab 4D5 which is directed against the p185HER2 product of the 

protooncogene HER2 (c-erbB-2) (Fendly, B. M. et al .. Cancer Res. 50: 1550-

1558 ( 1989)). The humanization of the antibody 405 is shown in Example 

1 of this application. The second arm was a minimalistically humanized anti

CD3 antibody (Shalaby-et al. supra) which was created by installing the CDR 

loops from the variable domains of the murine parent monoclonal Ab UCHT 1 

(Beverley, P. C. L. and Callard, R. E., Eur. J. lmmunol. 11: 329-334 (1981)) 

into the humanized anti-pl g5HER2 antibody. The BsF(ab')2 fragment 

containing the most potent humanized anti-CD3 variant (v 1) was 

demonstrated by flow cytometry to bind specifically to a tumor target 

ii 
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overexpressing p 1 a5HER2 and to human peripheral blood mononuclear cells 

carrying CD3. In addition, Bs F(ab' )2 v1 enhanced the cytotoxic effects of 

activated human CTL 4-fold against SK-BR-3 tumor cells overexpressing 

· p185HER2 • · The example descries efforts to improve the antigen binding 

affinity of the humanized anti-CD3 arm by the judicious recruitment of a 

small number of additional murine residues into the minimalistically 

humanized anti-CD3 variable domains. 

MATERIALS AND METHODS 

Construction of mutations in the anti-CD3 variable region genes .. 

The construction of genes encoding humanized anti-CD3 variant 1 (v1) 

variable light (VL) and heavy (VH) chain domains in phagemid pUC119 has 

been described (Shala by et al. supra). Additional anti-CD3 variants were 

generated using an efficient site-directed mutagenesis method (Carter, P., 

Mutagenesis: a practical approach, (M. J. McPherson, Ed.), Chapter 1, IRL 

Press, Oxford, UK (1991)) using mismatched oligonucleotides which either 

install or remove unique restriction sites. Oligonucleotides used are listed 

below using lowercase to indicate the targeted mutations. Corresponding 

coding changes are denoted by the starting amino acid in one letter code 

followed by the residue numbered according to Kabat, E. A. et al., Sequences 

of Proteins of Immunological Interest, 5th edition, National Institutes of 

Health, Bethesda, MD, USA (1991 ), then the replacement amino acid and 

finally the identity of the anti-CD3 variant: 

HX11, 5' GTAGATAAATCCtctAACACAGCCTAtCTGCAAATG 3' 

(SEO.ID. NO. 11) VH K75S, v6; 

HX12, 5' GTAGATAAATCCAAAtctACAGCCTAtCTGCAAATG 3' 

(SEO.ID. NO. 12) VH N76S, v7; 

HX13, 5' GTAGATAAATCCtcttctACAGCCTAtCTGCAAATG 3' 

(SEO.ID. NO. 13) VH K75S:N76S, v8; 

X 14, 5' CTT AT AAAGGTGTTtCcACCT A TaaCcAgAaatTCAA 

GGatCGTTTCACgATAtcCGTAGATAAATCC 3' (SEO.ID.NO. 14) 

VH T57S:A60N:D61 O:S62K:V63F:G650, v9; 

LX6, 5' CTATACCTCCCGTCTgcatTCTGGAGTCCC 3' (SEO.ID. NO. 15) 
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Oligonucleotides HX 11 , HX 12 and HX 1 3 each remove a site for BspMI, 

whereas LX6 removes a site for Xhol and HX 14 installs a site for EcoRV 

(bold). Anti-CD3 variant v10 was constructed from v9 by site-directed 

mutagenesis using oligonucleotide HX 13. Mutants were verified by 

dideoxynucleotide sequencing (Sanger, F. et al., Proc. Natl. A cad. Sci. USA 

74: 5463-5467 (1977)). 

E. coli expression of .Fab' fragments 

The expression plasmid, pAK 1 9, for the co-secretion of light chain and 

heavy chain Fd' fragment of the most preferred humanized anti-p195HER2 

variant, HuMAb4D5-8, is described in Carter et al., 1992b, supra. Briefly, 

the Fab' expression unit is bicistronic with both chains under the 

transcriptional control of the phoA promoter. Genes encoding humanized VL 

and V H domains are precisely fused on their 5' side to a gene segment 

. encoding the heat-stable enterotoxin II signal sequence and on their 3' side 

to human k, CL and lgG 1 CH 1 constant domain genes, respectively. The CH 1 

·gene is immediately followed by a sequence encoding the hinge sequence 

CysAlaAla and followed by a bacteriophage A t 0 transcriptional terminator. 

Fab' expression plasmids for chimeric and humanized anti-CD3 variants (v1 

to v4, Shalaby et al.,supra; v6 to v12, this study) were created from pAK19 

by precisely replacing anti-p 1 8 5HER2 V L and V H gene segments with those 

encoding murine and corresponding humanized variants of the anti-CD3 

antibody, respectively, by sub-cloning and site-directed mutagenesis. The 

Fab' expression plasmid for the most potent humanized anti-CD3 variant 

identified in this study (v9) is designated pAK22. The anti-p195HER2 Fab' 

fragment was secreted from E. coli K 1 2 strain 25F2 containing plasmid 

pAK 19 grown for 32 to 40 hr at 37 • C in an aerated 10 liter fermentor. The 

final cell density was 1 20-1 50 OD550 and the titer of soluble and functional 

anti-p195HER2 Fab' was 1-2 g/liter as ju~ged by antigen binding ELISA (Carter 

et al., 1992b, supra). Anti-CD3 Fab' variants were secreted from E. coli 

containing corresponding expression plasmids using very similar 

fermentation protocols. The highest expression titers of chimeric and 
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humanized anti-CD3 variants were 200 mg/liter and 700 mg/liter, 

respectively, as judged by total immunoglobulin ELISA. 

Construction of BsF(ab 'J 2 fragments 

Fab' fragments were directly recovered from E. coli fermentation pastes 

in the free thiol form (Fab'-SH) by affinity purification on Streptococcal 

protein G at pH 5 in the presence of EDTA (Carter et al., 1992b supra). 

Thioether linked BsF(ab') 2 fragments (anti-p185HER2 
/ anti-CD3) were 

constructed by the procedure of Glennie et al. supra with the following 

modifications. Anti-p185HER2 Fab'-SH in 100 mM Tris acetate, 5 mM EDTA 

(pH 5.0) was reacted with 0.1 vol of 40 mM N,N'-1,2-phenylenedimalemide 

(o-PDM) in dimethyl formamide for -1.5 hr at 20 ·c. Excess o-PDM was 

removed by protein G purification of the Fab' maleimide derivative (Fab'-mal) 

followed by buffer exchange into 20 mM sodium acetate, 5 mM EDTA (pH 

5.3) (coupling buffer) using centriprep-30 concentrators (Amicon). The total 

concentration of Fab' variants was estimated from the measured absorbance 

at 280 nm (HuMAb405-8 Fab' e0
·
1

'11, = 1.56, Carter et al., 1992b, supra). 

The free thiol content of Fab'. preparations was estimated by reaction with 

5, 5'-dithiobis(2-nitrobenzoic acid) as described by Creighton, T. E., Protein 

structure: a practical approach, (T. E. Creighton, Ed.), Chapter 7, IRL Press, 

Oxford, UK ( 1990). Equimolar amounts of anti-p1 g5HER2 Fab'-mal (assuming 

quantitative reaction of Fab'-SH with o-PDM) and each anti-CD3 Fab'-SH 

variant were coupled together at a combined concentration of 1 to 2. 5 mg/ml 

in the coupling buffer for 14 to 48 hr at 4 • C. The coupling reaction was 

adjusted to 4 mM cysteine at pH 7 .0 and incubated for 1 5 min at 20 • C to 

reduce any unwanted disulfide-linked F(ab' )2 formed. These reduction 

conditions are sufficient to reduce inter-heavy chain disulfide bonds with 

virtually no reduction of the disulfide between light and heavy chains. Any 

free thiols generated were then blocked with 50 mM iodoacetamide. 

BsF(ab') 2 was isolated from the coupling reaction by S100-HR (Pharmacia) 

size exclusion chromatography (2.5 cm x 100 cm) in the presence of PBS. 

The BsF(ab') 2 samples were passed through a 0.2 mm filter flash frozen in 

liquid nitrogen and stored at - 70 • C. 
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Flow cytometric analysis of F(ab' J2 binding to Jurkat cells 

The Jurkat human acute T cell leukemia cell lin~ was purchased from 
~ 'i.S5cts t tM-

the American Type Culture Collection (Roclcv1lle, MD) (ATCC TIB 1 52) and 
t1 

grown as· recommended by the ATCC. Aliquots of 108 Jurkat cells were 

incubated with appropriate concentrations of BsF(ab') 2 (anti-p185HER2 / anti

CD3 variant) or control mono-specific anti-p1 s5HER2 F(ab') 2 in PBS plus 0.1 % 

(w/v) bovine serum albumin and 10 mM sodium azide for 45 min at 4 • C. 

The cells were washed and then incubated with fluorescein-conjugated goat 

anti-human F(ab') 2 (Organon Teknika, West Chester, PA) for 45 min at 4 ·c. 
Cells were washed and analyzed on a FACScan· (Becton Dickinson and Co., 

Mountain View, CA). Cells (8 x 103
) were acquired by list mode and gated 

by forward light scatter versus side light scatter excluding dead cells and 

debris. 

RESULTS 

Design of humanized anti-CD3 variants 

The most potent humanized anti-CD3 variant previously identified, v1, 

differs from the murine parent antibody, UCHT1 at 19 out of 107 amino acid 

residues within VL and at 37 out of 122 positions within VH (Shalaby et 

al. ,supra) 1992). Here we recruited back additional murine residues into anti

CD3 v1 in an attempt to improve the binding affinity for CD3. The strategy 

chosen was a compromise between minimizing ·both the number of additional 

murine residues recr.uited and the number of anti-CD3 varia~'lts to be 

analyzed. We focused our attentions on a few CDR residues which were 

originally kept as human sequen~es in our minimalistic humanization regime. 

Thus human residues in VH CDR2 of anti-CD3 v1 were replaced en bloc with 

t h e i r m u r i n e c o u n t e r p a r~ s . t o 8 i v~ a n t i - C D 3 v 9 : 
· · SEO 1A) f"v· 2.v 
T57S:A60N:D6.1 Q:S62K:V63F:G65 (Fi!:iJ. &). Simi arly, the human residue 

E55 in VL CDR2 of anti-CD3 v1 was replaced with histidine from the murine 

anti-CD3 antibody to generate anti-CD3 v11. In addition, VH framework 

region (FR) residues 75 ana 76 in anti-CD3 v1 were also replaced with their 

murine counterparts to create anti-CD3 v8: K75S:N76S. VH residues 75 and 

76 are located in a loop close to VH CDR1 and CDR2 and therefore might 
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• • influence antigen binding. Additional variants created by combining 

mutations at these three sites are described below. 

Preparation of BsF(ab'J2 fragments 

Soluble and functional anti-p1 s5HER2 and anti-CD3 Fab' fragments were 

recovered directly from corresponding E. coli fermentation pastes with the 

single hinge cysteine predominantly in the free thiol form (7 5-100 % Fab' -

SH) by affinity purification on St_reptococcal protein G at pH 5 in the 

presence of EDTA (Carter et al., 1992b, supra). Thioether-linked BsF(ab')2 

fragments were then constructed by directed coupling using o-PDM as 

described by Glennie et al., supra. One arm was always the most ·potent 

humanized anti-p185HER2 variant, HuMAb405-8 (Carter et al., 1992a, supra) 

and the other either a. chimeric or humanized variant of the anti-CD3 

antibody. Anti-p1 s5HER2 Fab'-SH was reacted with o-PDM to form the 

maleimide derivative (Fab'-mal) and then coupled to the Fab'-SH for each 

anti-CD3 variant. F(ab')2 was then purified away from unreacted Fab' by size 

exclusion chromatography as shown for a representative preparation 

(BsF(ab') 2 v8) in data not shown. The F(ab') 2 fragment represents - 54% of 

the total amount of antibody fragments (by mass) as judged by integration 

of the chromatograph peaks. 

SOS-PAGE analysis of this BsF(ab')i v8 preparation under non-reducing 

conditions gave one major band with the expected mobility (M, - 96 kD) as 

well as several very minor bands (data not shown). Amino-terminal sequence 

analysis of the major band after electroblotting on to polyvinylidene difluoride 

membrane Matsudaira, P., J. Biol. Chem. 262: 10035-10038 (1987) gave 

the expected mixed sequence from a stoichiometric 1 : 1 mixture of light and 

heavy chains (VL / VH: D/E, IN, 0/0, M/L, TN, 0/E, S/S) expected for 

BsF(ab')2 • The amino terminal region of both light chains are identical as are 

· both heavy c~ains and correspond to consensus human FR sequences. We 

have previously demonstrated that F(ab') 2 constructed by directed chemical 

coupling carry both anti-p1 s5HER2 and anti-CD3 antigen specificities (Shalaby 

et al., supra). The level _of contamination of the BsF(ab') 2 with monospecific 

F(ab' )2 is likely to be very low since mock coupling reactions with either anti

p1 s5HER2 Fab'-mal or anti-CD3 Fab'-SH alone did not yield detectable 
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quantities of F(ab' )2 • Furthermore the coupling reaction was subjected to a 

mild reduction step followed by alkylation to remove trace amounts of 

disulfide-linked F(ab' )2 that might be present. SOS-PAGE of the purified 

F(ab' ) 2 · under reducing conditions gave two major bands with 

electrophoretic mobility and amino terminal sequence anticipated for free light 

chain and thioether-linked heavy chain dimers. 

Scanning LASER densitometry of a o-POM coupled F(ab') 2 preparation 

suggest that the minor species together represent - 10% of the protein. 

These minor contaminants were characterized by amino terminal sequence 

analysis and were tentatively identified on the basis of stoichiometry of light 

and heavy chain sequences and their electrophoretic mobility (data not 

shown). These data are consistent with the minor contaminants including 

imperfect F(ab' ) 2 in which the disulfide bond between light and heavy chains 

is missing in one or both arms, trace amounts of Fab' and heavy chain 

thioether-linked to light chain. 

Binding of BsF(ab'J2 to Jurkat cells 

Binding of BsF(ab') 2 containing different anti-CD3 variants to Jurkat 

cells (human acute T cell leukemia) was investigated by flow cytometry (data 

not shown). BsF(ab') 2 v9 binds much more efficiently to Jurkat cells than 

does our starting molecule, BsF(ab')i v1, and almost as efficiently as the 

chimeric BsF(ab') 2 • Installation of additional murine residues into anti-CD3 

v9 to create v10 (VH K75S:N76S) and v12 (VH K75S:N76S plus VL E55H) did 

not further improve binding of corresponding BsF(ab') 2 to Jurkat cells. Nor 

did recruitment of these murine residues into anti-CD3 v1 improve Jurkat 

binding: VH K75S (v6), VH N76S (v7), VH K75S:N76S (v8), VL E55H (v11) 

(not shown). BsF(ab') 2 v9 was chosen for future study since it is amongst 

the most efficient variants in binding to Jurkat cells and contains fewest 

murine residues in the humanized anti-CD3 arm. A monospecific anti

p1 s5HER2 F{ab' )2 did not show significant binding to Jurkat cells consistent 

with the interaction being mediated through the anti-C03 arm. 

DISCUSSION 

A minimalistic strategy was chosen to humanize the anti-p185HER2 
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(Carter et al., 1992a, supra) and anti-CD3 arms (Shalaby et al., supra) of the 

BsF(ab') 2 in this study in an attempt to minimize the potential immunogenicity 

of the resulting humanized antibody in.the clinic. Thus we tried to install the 

minimum · number of murine CDR and FR residues into the context of 

consensus human variable domain sequences as required to recruit antigen

binding affinity and biological properties comparable to the murine parent 

antibody. Molecular modeling was used firstly to predict the murine FR 

residues which might be important to antigen binding and secondly to predict 

the murine CDR residues that might not be required. A small number of 

humanized variants were then constructed to test these predictions. 

Our humanization strategy was very successful for the anti-p1 g5HER2 

antibody where one out of eight humanized variants (HuMAb405-8, lgG1) 

was identified that bound the p185HER2 antigen - 3-fold more tightly than the 

parent murine antibody (Carter et al., 1992a, supra). HuMAb405-8 contains 

a total of five murine FR residues and nine murine CDR residues, including VH 

CDR2 residues 60-65, were discarded in favor of human counterparts. In 

contrast, BsF(ab') 2 v1 containing the most potent humanized anti-CD3 

variant out of four originally constructed (Shala by et al., supra) binds J6 cells 

with an affinity (Kd) of 140 nM which is - 70-fold weaker than that of the 

corresponding chimeric BsF(ab') 2 • 

Here we have restored T cell binding of the humanized anti-CD3 close 

to that of the chimeric variant by replacing six human residues in· VH CDR2 

with their murine counterparts: T57S:A60N:D61 O:S62K:V63F:G65D (anti

CD3 v9, Fig. 5). It appears more likely that tJ'1ese murine residues enhance 

antigen binding indirectly by influencing the conformation of residues in the 

N-terminal part of VH CDR2 rather than by directly contaciing antigen. 

Firstly, only N-terminal residues in VH CDR2 (50-58) have been found to 

contact antigen in one or more of eight crystallographic structures of 

antibody/antigen complexes (Kabat et al., supra; and Mian, I. S. et al., J. 

Mo/. Biol. 217: 133-151 (1991), Fig. 5). Secondly, molecular modeling 

suggests that residues in the C-terminal part of VH CDR2 are at least partially 

buried (Fig. 5). BsF(ab') 2 v9 binds to SK-BR-3 breast tumor cells with equal 

efficiency to BsF(ab') 2 v1 and chimeric BsF(ab') 2 as anticipated since the anti

p1 s5HER2 arm is identical in all of these molecules (Shalaby et al., supra, not 
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shown). 

Our novel approach to the construction of BsF(ab').~ fragments exploits 

an E. coli expression system which secretes humanized Fab' fragments at 

gram per titer titers and permits their' direct ·recovery as Fab'-SH (Carter et 

al., 1992b, supra). Traditional directed chemical coupling of Fab'-SH 

fragments is then used to form BsF(ab') 2 in vitro (Brennan et al.,supra; and 

Glennie et al., supra). This route to Fab'-SH obv~ates problems which are· 

inherent in their generation from intact antibodies: differences in 

susceptibility to proteolysis and nonspecific cleavage resulting in 

heterogeneity, low yield as well as partial reduction that is not completely 

selective for the hinge disulfide bonds. The strategy of using E. coli-derived 

Fab' -SH containing a single hinge cysteine abolishes some sources of 

heterogeneity in BsF(ab') 2 preparation such as intra-hinge disulfide formation 

and contamination with intact parent antibody whilst greatly diminishes 

others, eg. formation of F(ab' h fragments. 

BsF(ab')2 fragments constructed here were thioether-linked as originally 

described by Glennie et al., supra with future in vivo testing of these 

molecules in mind. Thioether bonds, unlike disulfide bonds, are not 

susceptible to cleavage by trace amounts of thiol, which led to the proposal 

that thioether-linked F(ab' )2 may be more stable than disulfide-linked F(ab' 

) 2 in vivo (Glennie et al., supra). This hypothesis is supported by our 

preliminary pharmacokinetic experiments in normal mice which suggest that 

thioether-linked BsF(ab') 2 v1 has a 3- fold longer plasma residence time than 

BsF(ab')2 v1 linked by a single disulfide bond. Disulfide and thioether-linked 

chimeric BsF(ab')2 were found to be indistinguishable in their efficiency of cell 

binding and in their retargeting of CTL cytotoxicity, which suggests that o

PDM directed coupling does not compromise binding of the BsF(ab')2 to 

either antigen (not shown). Nevertheless the nature of the linkage appears 

not to be critical since a disulfide-linked BsF(ab') 2 (murine anti-p185HER2 / 

murine anti-CD3) was recently shown by others (Nishimura et al., Int. J. 

Cancer 50: 800-804 (1992) to have potent anti-tumor activity in nude mice. 

Our previous study (Shala by et al., supra) together with this one and that of 

Nishimura, T. et al., supra improve the potential for using BsF(ab') 2 in 

targeted immunotherapy of p 1 g5HER2-overexpressing cancers in humans. 
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EXAMPLE 4. Humanization of an anti-CD18 antibody 

A murine antibody directed against the leukocyte adhesion receptor /J

chain (known as the H52 antibody) was humanized following the methods 

described above. Figures 6A and 68 provide amino acid sequence 

comparisons for the murine and humanized antibody light chains and heavy 

chains. 
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CLAIMS 

WE CLAIM: 

2. 

A method for making a humanized antibody comprising amino acid 

sequence of a non-human, import antibody and a human. antibody, 

omprising the steps of: · 

c. 

d. 

obtaining the amino acid sequences of at least a portion of an 

import variable domain and of a consensus human variable 

Complementarity Determining Region (CCR) amino 

import and the human amino variable 

sub ituting an import CDR amino acid sequence for the 

onding human CDR amino acid sequence; 

the amino acid sequences of a Framework Region (FR) of 

the imp t antibody and the corresponding FR of the consensus 

e. antibody FR residues in the aligned FR 

f. 

g. 

sequences hat are non-homologous to the corresponding 

determining if e non-homologous import amino acid residue is 

reasonably expe ed to have at least one of the following effects: 

1 . non-covalent y binds antigen directly, 

2. interacts with CDR; or 

3. participates int e VL - VH interface; and 

for s import antibody amino acid residue 

which is reasonably e ected to have at least one of these 

effects, substituting that r sidue for the corresponding amino acid 

residue in the consensus a t:ibody FR sequence. 

The method of claim-..] , having an ad itional step of determining if any 

such non-homologous residues are 

domain or buried within it, and if the res due is exposed, retaining the 

consensus residue. 

11 
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3. ~he method of claim 1, having the additional steps of searching the 

4. 

5. 

6. 

-. 
port variable domain seQuence for glycosylation sites, determining if 

a ~ such glycosylation site is reasonably expected to affect the antigen 

bin ·ing or affinity of the antibody, and if so, substituting the 

glyc sylation site into the consensus sequence. 

ethod of claim 1 , having the additional steps of searching the 

us variable domain sequence for glycosylation sites which are 

nt at the corresponding amino acid in the import sequence, 

glycosylation site is not present. in the import sequence, 

the import amino acid residues for the amino acid residues 

he consensus glycosylation site. 

-
The method f claim 1 , having an additional step which comprises 

aligning impo antibody and consensus antibody FR sequence.s, 

identifying impo antibody FR residues which are non-homologous with 

the aligned for each such non-

homologous FA residue, determining if the 

corresponding cons nsus antibody residue represents a residue which 

is highly conserved cross all species at that site, and if it is so 

conserved, preparing a humanized antibody which comprises the 

consensus antibody am·no acid residue at that site. 

rein the corresponding consensus antibody 

residues are selected from a.group consisting of 4L, 35L, 36L. 38L, 

43L,44L, 46L. SSL, 62L, 6 L, 64L,65L. 66L, 67L, 68L, 69L, 70L, 

71L,73L,85L,87L,98L, 2H, 4H, 24H, 36H,37H, 39H, 43H,45H, 

49H, SSH, 60H, 67H, 68H, 69, 70H, 73H, 74H, 75H, 76H, 78H, 

91 H, 92H, 93H, and 103H. 

7. A method comprising providing at le st a portion of an import, non

human antibody variable domain amin acid sequence ha'Jing a CDA 

and a FR, obtaining the amino acid seque ce of at least a portion of a 

consensus human antibody variable domai having a CDR and a FR, 
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ubstituting the non-human CDR for the human CDR in the consensus 

h man antibody variable domain, and then substituting an amino acid 

re idue for the consensus amino acid residue at at least one of the 

L,36L,3SL,43L,44L,46L,SSL,62L,63L,64L,6SL,66L,67L, 

L, 70L, 71L, 73L, SSL, S7L, 9SL, 2H, 4H, 24H, 36H, 37H, 

39H,4 H,45H,49H, SSH, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 

75H,76 ,78H,91H,92H,93H,and 103H. 

8. The method of claim ?_, wherei4~ substituted residue if rt\~ ,r)l~r:;, ,,l i'\,,/1/'.>: M , V found at the corresponratlo'n \:,f the non-human ~u lt_.;()t{) Ir v,uiv 

~The method of cla 1 -""J, wherein the consensus human variable 

domain . is a co us based on human variable domains and 

omains from species other than human. 

humanized antibody variable domain having a non-human CDR 

orporated into a human antibody variable domain, wherein the 

· p vement comprises substituting an amino acid residue for the 

uma residue at a site selected from the group consisting of: 

L,35L 36L,3SL,43L,44L,46L,58L,62L,63L,64L,65L,66L,67L, 

5H,49H, 58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 

75H,76H,78 ,91H,92H,93H,and 103H. 

11 . The humanized antibody variable of claim 1 0, wherein the 

substituted residue is the residu found at the corresponding location 

of the non-human 

obtained. 

which the non-human CDR was 

12. The humanized a ,body variable domain of claim _10, wherein no 

e other than those set forth in the group has been 
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111 
olypeptide comprising the amino acid sequence: 

MTOSPSSLSASVGDRVTITCRASODVNTAVAWYOQKPGKAPKLLI 

Fl,.ESGVPSAFSGSRSGTDFTL TISSLOPEDFATYYCOOHYTTPPTF 

GLVOPGGSLALSCAASGFNIKDTYIHWVAOAPGKGLEWV 

ARIYPTNG AYADSVKGAFTISADTSKNTAYLQMNSLRAEDTA VYYC 

SRWGGDGFY MDVWGOGTLVTVSS 

ethod for engineering a humanized antibody comprising introducing 

acid residues from an import antibody variable domain into an 

mino cid sequence representing a consensus of mammalian antibody 

16. A computer comprising the sequence data of the following amino acid 

17. 

DIOMTOSPSSLSASVGDAVTITCRASODVSSYLAWYOOKPGKA 

PKLLIY AASSLESGVPSAFSGSGSGTDFTL TISSLOPEDFATYYCQ 

YNSLPYTFGOGTKVEIKRT, or 

b. E OL VESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVROAPGK 

a. SASVGDRVTITCAASODVSSYLAWYOOKPGKA 

SLESGVPSAFSGSGSGTDFTL TISSLOPEDFATYYCQ 

YT GOGTKVEIKRT, or 

b. EVQL VESGG LVQPGGSLRLSCAASGFTFSDY AMSWVAOAPGK 

30 GLEWVAVISE GGYTRYADSVKGRFTISADTSKNTAYLOMNSLA 

AEDTAVYYCSR GGDGFY AMDVWGOGTL VTVSS 

18. A method a computer representation of the 
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PSSLSASVGDRVTITCRASODVSSYLAWYOOKPGKA 

PKLLIYA -s~LESGVPSRFSGSGSGTDFTL TISSLOPEDFATYYCQ 

QYN PY F~QGTKVEIKRT, or 

b. · EVO VES GGLVOPGGSLRLSCAASGFTFSOYAMSWVROAPGK 

S GGYTRY ADSVKGRFTISADTSKNTA YLOMNSLR 

SRWGGDGFY AMDVWGOGTL VTVSS 

~· ;;; ...... 
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Abstract 

Variant immunoglobulins, particularly humanized antibody polypeptides 

~re provided, along with methods for their preparation and use. Consensus 

immunoglobulin sequences and structural models are also provided • 

. .. 

·V.. 
·~-
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SEQUENCE LISTING 

INFORMATION: 

Inc. 

(1) GENE 

(i) 

(ii) 

(iii) 

OF INVENTION: Immunoglobulin Variants 

OF SEQUENCES: 25 

(iv) CORRE 
(A) AD RESSEE: Genentech, Inc. 
(B) s EET: 460 Point San Bruno Blvd 
(C) South San Francisco 
(D) STA E: California 
(E) co TRY: USA 
(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 
(A) MEDI TYPE: 5.25 inch, 360 Kb floppy disk 
(B) TER: IBM PC compatible 
(C) TING SYSTEM: PC-DOS/MS-DOS 
(D) E: patin (Genentech) 

(vi) CURRENT A PLICATION DATA: 
(A) APPL! ATION NUMBER: 
(B) FILIN DATE: 
(C) CLASS FICATION: 

(vii) PRIOR APPL CATION DATA: 
(A) APPLIC TION NUMBER: 07/715272 
(B) APPLIC TION DATE: 14-JUN-1991 

(viii) ATTORNEY/A ENT INFORMATION: 
(A) NAME: dler, Carolyn R. 
(B) REGIS TION NUMBER: 32,324 
(C) REFERE E/DOCKET NUMBER: 709Pl 

(ix) TELECOMMUNI ATION INFORMATION: 
(A) TELEPHO E: 415/225-2614 
(B) TELEFAX 415/952-9881 

(2) 

(C) TELEX: 10/371-7168 

(i) SEQUENCE C 
(A) LENGTH: 
(B) 
(D) 

CTERISTICS: 
acids 

' 
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(xi) SEQU CE DESCRIPTION: SEQ ID NO:l: 

Asp Ile Gl Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

5 
Gly Asp·Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 

20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
10 35 40 45 

Leu Leu Ile Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
50 55 60 

15 Arg Phe Ser Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

20 
His Tyr Thr r Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 

95 100 105 

Ile Lys Arg 
25 

f' (2) INFORMATI FOR SEQ ID N0:2: 

(i) CHARACTERISTICS: 
30 TH: 120 amino acids 

: amino acid 
LOGY: linear 

(xi) DESCRIPTION: SEQ ID N0:2: 
35 

Glu Val Gln u Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu A g Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
40 20 25 30 

Asp Thr Tyr His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

45 Glu Trp Val Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
so 55 60 

Ala Asp Ser Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 70 75 

50 
Lys Asn Thr Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 

80 85 90 
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• 
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 

95 100 105 

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION 

(i) SEQUENCE CTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: 
(D) 

(xi) SEQUENCED SEQ ID N0:3: 

Asp Ile Gln Met Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 10 15 

Gly Asp Arg Val Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 
25 30 

Ser Tyr Leu Ala Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
40 45 

Leu Leu Ile Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
55 60 

Arg Phe Ser Gly S r Gly Ser Gly Thi; Asp Phe Thr Leu Thr Ile 
5 70 75 

Ser Ser Leu Gln P 0 Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
0 85 90 

Tyr Asn Ser Leu P 0 Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 
5 100 105 

Ile Lys Arg Thr 
109 

(2) INFORMATION SEQ ID N0:4: 

(i) SEQUENCE C CTERISTICS: 
(A) LENGTH: acids 
(B) TYPE: 
(D) TOPOLO : linear 

(xi) SEQUENCED SCRIPTION: SEQ ID N0:4: 

Glu Val Gln Leu 
1 

Gly Ser Leu Arg 

Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
10 15 

Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
25 30 
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Asp Tyr Ala Met Se\r Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
3 40 45 

Glu Trp Val Ala Va Ile Ser Glu Asn Gly Gly Tyr Thr Arg Tyr 
5 5 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 70 75 

10 Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

15 
Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Tor Val Ser Ser 

110 115 120 

~o (2) INFORMATION NO:S: 

(i) SEQUENCE C TERISTICS: 
(A) LENGTH: amino acids 
(B) TYPE: amin acid -

25 (D) TOPOLOGY: ihear y\ ,, 
(xi) SEQUENCE DESCR PTION: SEQ ID N0:5: 

Asp Ile Val Met Thr ln Ser His Lys Phe Met Ser Thr Ser Val 
30 1 5 10 15 

Gly Asp Arg Val Ser le Thr Cys Lys Ala Ser Gln Asp Val Asn 
20 25 30 

35 Thr Ala Val Ala Trp yr Gln Gln Lys Pro Gly His Ser Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser la Ser Phe Arg Tyr Thr Gly Val Pro Asp 
50 55 60 

40 
Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 

65 70 75 

Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
45 80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
95 100 105 

50 Ile Lys Arg Ala 
109 
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(2) INFORMATION SEQ ID N0:6: 

(i) SEQUENCE C CTERISTICS: 
(A) LENGTH: acids 
(B) TYPE: 
(D) TOPOLO : linear 

(xi) 

Glu Val 
1 

SEQ ID N0:6: 

Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
10 15 

Ala Ser Leu Lys Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys 
25 30 

Asp Thr Tyr Ile Trp Val Lys Gln Arg Pro Glu Gln Gly Leu 
40 45 

Glu Trp Ile Gly Ar Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Asp Pro Lys Phe I Lys Ala Thr Ile Thr Ala Asp Thr Ser Gln Asp 
65 70 75 

Ser Asn Thr Ala 

Thr Ala Val Tyr 

I Leu Gln Val Ser Arg Leu·Thr Ser Glu Asp Tyf 

81° 85 90 

Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr Tyr 
95 100 105 

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOi SEQ ID N0:7: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: j27 bases 
{B) TYPE: nucleic acid 
(C) STRANDEtjNESS: single 
(D) TOPOLOGY: linear 

I 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

TCCGATATCC lGCTGACCCA GTCTCCA 27 

(2) INFORMATION F~R SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH:/ 31 bases 
(B) TYPE: nucleic acid 
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(C) 
(D) 

single 
Y: linear 

(xi) SEQUENCED SGRIPTION: SEQ ID N0:8: 

PCT/US 9 2 / 0 5 1 2 6 

• 
GTTTGATCT GAGCTTGGTA GGXXGXGCGA A 31 

(2) INFORMATION FOR SEQ ID N0:9: 

(i) 

(xi) 

SEQUENCE 
(A) LENG 
(B) TYPE: 
(C) ST 
(D) TOPO 

CHARACTERISTICS: 
: 22 bases 
nucleic acid 
EDNESS: single 
GY: linear 

ESCRIPTION: SEQ ID N0:9: 

AGGTXXAXC GCAGXAGTGX GG 22 

(2) INFORMATION OR SEQ ID N0:10: 

(i) SEQUENCE CTERISTICS: 
(A) LENGTH: 34 bases 
(B) TYPE: ucleic acid 
(C) STRAND DNESS: single 
(D) TOPOLO Y: linear 

(xi) SEQUENCED SEQ ID N0:10: 

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 

(2) INFORMATIO~ OR SEQ ID N0:11: 

(i) SEQUENCE 
(A) LENG : 36 bases 
(B) TYPE: nucleic acid 
(C) STRAN EDNESS: single 
(D) TOPO GY: linear 

(xi) SEQUENCE ESCRIPTION: SEQ ID N0:11: 

GTAGATAAA CCTCTAACAC AGCCTATCTG CAAATG 36 
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• (2) INFORMATION 

(i) SEQUENCE C 
(A) LENGTH: 
(B) 
(C) 
(D) 

(xi) SEQUENCE D 

,~ 
SEQ ID N0:12: 

GTERISTIGS: 

cleic acid 
NESS: single 
: linear 

SEQ ID N0:12: 

Pius 9 2 1 o 5 1 2 6 

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FR SEQ ID N0:13: 

(i) SEQUENCE C . CTERISTICS: 
(A) LENGTH 
(B) TYPE: ucleic acid 
(C) STRAND DNESS: single 
(D) TOPOLO Y: linear 

(xi) SEQUENCED SEQ ID N0:13: 

GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 

(i) SEQUENCE 
(A) LENG 
(B) TYPE: nucleic acid 
(C) STKJ~UEDNESS: single 
(D) TOPO GY: linear 

(xi) SEQ ID N0:14: 

TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50 

(2) INFORMATION FOR SEQ ID N0:15: 

(i) SEQUENC CHARACTERISTICS: 
(A) LEN TH: 30 bases 
(B) TYP: nucleic acid 
(C) ST DEDNESS: single 
(D) TO OLOGY: linear 
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CTATACCTCC GTCTGCATT CTGGAGTCCC 30 
5 

(2) INFORMATION SEQ ID N0:16: 

10 {i) SEQUENCE C CTERISTICS: 
{A) LENGTH: 07 amino acids 
(B) TYPE: amUno acid 
(D) TOPOLOGY:llinear 

15 {xi) SEQUENCE DESC IPTION: SEQ ID NO: 16: 

Asp Ile Gln Met Thr Gln Thr Thr Ser_ Ser Leu Ser Ala Ser Leu 
1 5 10 15 

?O Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln Asp Ile Arg 
20 25 30 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys 
35 40 45 

25 
Leu Leu Ile Tyr Tyr Thr Ser Arg Leu His Ser Gly Val, Pro Ser 

so 55 60 

Lys Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile 
30 65 70 75 

Ser Asn Leu Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln 

0 80 85 90 

35 Gly Asn Thr Leu Pr9 Trp Thr Phe Ala Gly Gly Thr Lys Leu Glu 
95 100 105 

Ile 
Lys I 107 

40 
(2) INFORMATION FOR SEQ ID NO: l'7: 

(i) SEQUENCE C~CTERI STIC·~ : 
(A) LENGTH: /107 amino acids 

45 (B) TYPE: aJJlino acid 
(D) TOPOLOGY: linear 

. I 
ID N0:17: (xi) SEQUENCE o;scRIPTION: SEQ 

50 Asp Ile Gln Met 11hr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 L: 10 15 

Gly Asp Arg Val Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg 
\20 25 30 
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Asn Tyr Leu Asn Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 

40 45 

Leu Leu Ile Tyr Arg Leu Glu Ser Gly Val Pro Ser 
5 55 60 

Arg Phe Ser Gly Thr Asp Tyr Thr Leu Thr Ile 
70 75 

10 Ser Ser Leti Gln Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
85 90 

Gly Asn Thr Leu Thr Phe Gly Gln Gly Thr Lys Val Glu 
100 105 

15 
Ile Lys 

107 

(2) INFORMATION EQ ID N0:18: 
"'') 

(i) SEQUENCE C CTERISTICS: 
(A) LENGTH: 1•7 amino acids 
(B) TYPE: ami o acid 
(D) TOPOLOGY: linear 

25 
(xi) SEQUENCE DESC IPTION: SEQ ID N0:18: 

t'\ Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

30 
Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser 

20 25 30 

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 35 40 45 

Leu Leu Ile Tyr Al~ Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
5, 55 60 

40 Arg Phe Ser Gly I Gly Ser Gly Thr Phe Thr Leu Thr Ile Ser Asp 
I 

65 70 75 

Ser Ser Leu Gln Prb Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 

810 85 90 
45 

Tyr Asn Ser Leu Pxro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 
I 

95 100 105 

Ile Lys 
50 107 
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(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE C 
(A) LENGTH: 
(B) 
(D) 

CTERISTICS: 
acids 

(xi) SEQUENCE DESC IPTION: SEQ ID N0:19: 

Glu Val Gln Leu 
1 

ln Ser Gly Pro Glu Leu Val Lys Pro Gly 
10 15 

Ala Ser Met Lys Ile er Cys Lys Ala Ser Gly Tyr Ser Phe Thr 
20 25 30' 

Gly Tyr Thr Met Asn rp Val Lys Gln Ser His Gly Lys Asn Leu 
35 40 45 

Glu.Trp Met Gly Leu le Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gln Lys Phe Lys Arg Phe Thr Ile Ser Lys Ala Thr Leu 
65 70 75 

Thr Val Asp Lys Ser Sr Ser Thr Ala Tyr Leu Met Glu Leu Leu 
80 85 90 

Asn Ser Leu Thr Ser u Asp Ser Ala Val Tyr Tyr Cys Ala Arg 
95 100 105 

Ser Gly Tyr Tyr Ser Asp Trp Tyr Phe Asp Val Trp Gly 
115 120 

Ala Gly Thr Thr Val r Val Ser Ser 
125 129 

(2) INFORMATION FOR N0;20: 

(i) SEQUENCE C TERISTICS: 
{A) LENGTH: acids 
(B) 
(D) 

(xi) IPTION: SEQ ID N0:20: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Le Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr 

21 
25 30 

Gly Tyr Thr Met Asn1 Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 
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Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 

so 55 60 

Asn Gln Lys Phe Lys Asp Arg Phe Thr Ile Ser Val Asp Lys Ser 
5 65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

10 Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 115 120 

15 
Ser Ser 

122 

(2) INFORMATION 
?O 

(i) SEQUENCE C CTERISTICS: 
(A) LENGTH: acids 
(B) 
(D) 

25 
(xi) SEQUENCE DESC IPTION: SEQ ID N0:21: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

30 
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 

20 25 30 

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 35 40 45 

Glu Trp Val Ser Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
so 55 · 60 

40 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser 
65 70 75 

TyJ Lys Asn Thr Leu Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
I 

8© 85 90 
45 

Thr Ala Val Tyr I Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu TyF 
95 100 105 

50 
Ser Gly Leu Tyr Ast Tyr Trp Gly Gln Gly Thr Leu Val Thr Val 

11© 115 120 

Ser Ser \ 
122 
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• 10 I • (2) INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE C CTERISTICS: 
(A) LENGTH: acids 

5 (B) 
(D) 

(xi) SEQ ID N0:22: 

10 Gln Val Gln Leu Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 10 15 

Ala Ser Val Lys Ser Cys Lys Thr Ser Gly Tyr Thr Phe Thr 
25 30 

15 
Glu Tyr Thr Met His Trp Met Lys Gln Ser His Gly Lys Ser Leu 

35 40 45 

Glu Trp Ile Gly Gly Phe Asn Pro Lys Asn Gly Gly Ser Ser His 
-') 50 55 60 

Asn Gln Arg Phe Met Asp Lys Ala Thr Leu Ala Val Asp Lys Ser 
65 70 75 

25 Thr Ser Thr Ala Tyr Met Glu Leu Arg Ser Leu Thr Ser Glu Asp 
80 85 90 

Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

30 

YA Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val 
110 115 120 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
35 125 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

40 Cys Leu Val Lys Asp yr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Leu r Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

45 
Leu Gln Ser Ser Gly eu Tyr Ser Leu Ser Ser Val Val Thr Val 

185 190 195 

Pro Ser Ser Ser Leu ly Thr Gln Thr Tyr Ile Cys Asn Val Asn 
50 200 205 210 

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 
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Ser Cys Asp Lys Th His Thr Cys Pro Pro Cys Pro Ala Pro Glu 
23 235 240 

Leu Leu Gly Gly Pr Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
5 24 250 255 

Asp Thr Leu Met 11 Ser Arg Thr Pro Glu Val Thr Cys Val Val 
26 265 270 

10 Val Asp Val Ser Hi Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 
27 280 285 

Val Asp Gly Val Gl Val His Asn Ala Lys Thr Lys Pro Arg Glu 
29 295 300 

15 
Glu Gln Tyr Asn Se Thr Tyr Arg Val Val Ser Val Leu Thr Val 

30 310 315 

Leu His Gln Asp Tr Leu Asn Gly Lys Glu Tyr Lys Cys_Lys Val ... ') 32 325 330 

Ser Asn Lys Ala Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
340 345 

25 Ala Lys Gly Gln Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro 
355 360 

Ser Arg Glu Glu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu 
370 375 • 

30 

~\ 
Val Lys Gly Phe Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 

385 390 

Asn Gly Gln Pro Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 
35 400 405 

Asp Ser Asp Gly s r Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 
4 0 415 420 

40 Lys Ser Arg Trp n Gln Gly Asn Val Phe Ser Cys Ser Val Met 
5 430 435 

His Glu Ala Leu Asn His Tyr Thr Gln Lys Ser Leu Ser Leu 
445 450 

45 
Ser Pro Gly Lys 

454 

(2) INFORMATION OR SEQ ID N0:23: 
50 

(i) SEQUENCE 
(A) LENG : 557 amino acids 
(B) TYPE: 
(D) TOPO 
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(xi) SEQUENCE DESCR I TION: SEQ ID N0:23: 

His His Gln Val Gln Gln Ser Gly Pro Glu Leu Val Lys 
1 5 10 15 

5 
Pro Gly Ala Ser Val Ls Ile Ser Cys Lys Thr Ser Gly Tyr Thr 

20 25 30 

Phe Thr Glu Met Gly T Ser Cys Ile Ile Leu Phe Leu Val Ala 
10 35 40 45 

Thr Ala Thr Gly Val.H s Ser Glu Val Gln Leu Val Glu Ser Gly 
,50 55 60 

15 Gly Gly Leu Val Gln Po Gly Gly Ser Leu Arg Leu Ser Cys Ala 
65 70 75 

Thr Ser Gly Tyr Thr Pe Thr Glu Tyr Thr Met His Trp Met Arg 
80 85 90 

'O 
Gln Ala Pro Gly Lys ly Leu Glu Trp Val Ala Gly Ile Asn Pro 

95 100 105 

Lys Asn Gly Gly Thr er His Asn Gln Arg Phe Met Asp Arg Phe 
25 110 115 120 

Thr Ile Ser Val Asp ys Ser Thr Ser Thr Ala Tyr Met Gln Met 
125 130 135 

30 

~\ 
Asn Ser Leu Arg Ala lu Asp Thr Ala Val Tyr Tyr Cys Ala Arg 

140 145 150 

Trp Arg Gly Leu Asn yr Gly Phe Asp Val Arg Tyr Phe Asp Val 
155 160 165 

35 
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys 

170 175 180 

Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser 
40 185 190 195 

Glu Ser Thr Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro 
205 210 

45 Glu Pro Val Thr Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly 
220 225 

Val His Thr Phe Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser 
235 240 

50 
Leu Ser Ser Val V Thr Val Thr Ser Ser Asn Phe Gly Thr Gln 

2 250 255 
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Thr Tyr Thr Cys Asn 1 Asp His Lys Pro Ser Asn Thr Lys Val 
260 265 270 

Asp Lys Thr Val Glu rg Lys Cys Cys Val Thr Cys Pro Pro Cys 
5 275 280 285 

Pro Ala Pro Glu Leu eu Gly Gly Pro Ser Val ·Phe Leu Phe Pro 
290 295 300 

10 Pro Lys Pro Lys Asp r Leu Met Ile Ser Arg Thr Pro Glu Val 
305 310 315 

Thr Cys Val Val Val sp Val Ser His Glu Asp Pro Glu Val Lys 
320 325 330 

15 
Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly· Pro Ser Val 

335 340 345 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg 
350 355 360 

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 
365 370 375 

25 Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Met Glu Val His 
38 385 390 

Asn Ala Lys Thr Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe v\ 400 405 
30 

Arg Val Val Ser Leu Thr Val Val His Gln Asp Trp Leu Asn 
415 420 

Gly Lys Glu Tyr L)1S Cys Lys Val Ser Asn Lys Gly Leu Pro Ala 
35 425 430 435 

Pro Ile Glu Lys Jr Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu 
440 445 450 

f~ 40 Pro Gln Val Tyr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys 
460 465 

Jeu Asn Gln Val Ser Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
I 

470 475 480 
45 i 

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn 
I 

t85 490 495 

Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe 
' 50 500 505 510 
I 
\ 

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly 
515 520 525 
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25 
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35 

40 

45 

50 

• j 

I 

(0) 

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His 
530 535 540 

Tyr Thr ~ln Lys Ser Leu Ser Leu Ser Pro Gly Lys 
545 550 555 

(2) INFORMATION EQ ID N0:24: 

(i) SEQUENCE C CTERISTICS: 
(A) LENGTH: 14 amino acids 
(B) no acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DES,RIPTION: SEQ ID N0:24: 

Asp Val Gln Met f Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu 
l $ 10 15 

I Gly Asp Arg Val r Ile Asn Cys Arg Ala Ser Gln Asp Ile Asn 
0 25 30 

Asn Tyr Leu Asn Tri Ty! Gln Gln Lys Pro Asn Gly Thr Val Lys 
40 45 

Leu Leu Ile Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser 
55 60 

Arg Phe Ser Gly Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile 
70 75 

Ser Asn Leu Asp Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln 
85 90 

Gly Asn Thr Leu ro Pro Thr Phe Gly Gly Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr al Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 
125 130 135 

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val 
140 145 150 

Asp Asn Ala Le Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu 
155 160 165 

Gln Asp Ser Ls Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 

l 
170 175 180 

Leu.. Ser Lys A a Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 

' 185 190 195 
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40 

45 

50 

• 'j"ll.JS 9 2 / 0 5 1 2 6 

·\ 
Val Thr His Gln Gly 

200 
1 u ~er Ser Pro Val Thr Lys Ser Phe Asn 

205 210 

Arg Gly Glu Cys 
214 

(2) INFORMATION FORS ID N0:25: 

(i) SEQUENCE CHARAC ERISTICS: 
(A) LENGTH: 233 amino acids 
(B) TYPE: amino acid 
(D} TOPOLOGY: linear 

(xi) SEQUENCE DESCRI¥TI0N: SEQ ID N0:25: 

Met Gly Trp Ser Cys I e Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 

Ser Ala Ser Val 

20 25 30 

Gly ~sp Arg Val Thr Ile Thr Cys Arg Ala Ser 
35 . 40 45 

Gln Asp Ile Asn Asn yr Leu Asn Trp Tyr Gln Gln Lys Pro Gly 
50 55 60 

Lys Ala Pro Lys Leu eu Ile Tyr Tyr Thr Ser Thr Leu His Ser 
65 70 75 

Gly Val Pro Ser Arg he Ser Gly Ser Gly Ser Gly Thr Asp Tyr 
80 85 90 

Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr 
95 100 105 

Tyr Cys Gln Gln Gly Asn Thr Leu Pro Pro Thr Phe Gly Gln Gly 
110 115 120 

Thr Lys Val Glu Il1 Lys Arg Thr Val Ala Ala Pro Ser Val Phe 
12 130 135 

Ile Phe Pro Pro S7 Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser 
14 145 150 

Val Val Cys Leu L;u Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val 
1 5 160 165 

Gln Trp Lys Val Atp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu 

r 175 180 

Ser Val Thr Glu ln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
I 

n.as 190 195 

( 
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IT/US 9 2 I O 5 1 2 6 

" 
Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val 

200 205 210 

r\ Tyr Ala Cys Glu Val r His Gln Gly Leu Ser Ser Pro Val Thr 
5 215 220 225 

Lys Ser Phe Asn Arg Glu Cys 
230 233 

' 
' 

. ( 

I 

I 
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W092/11383 PCT/GB91/02300 

REX:OMBINANT ANTIBODIES SPECIFIC FOR TNF-0< 

Field of the Invention 
This invention relates to recombinant, in particular 
humanised, antibody molecules having specificity for 
antigenic detei:mi.nants of tumour necrosis factor alpha 

(TNF-c), to processes for their production using 
recombinant DNA technology, and to their therapeutic uses. 

For the purposes of the present description the term 
"recombinant antibody molecule" is used to describe an 
antibody molecule produced by any process involvingthe 
use of recombinant DNA technology, including any analogues 
of natural immunoglobulins or their fragments. 

Also for the purposes of the present description the term 
•humanised antibody molecule" 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. Thus humanised antibody 
molecules include humanised chimeric antibody molecules 
comprising complete non-human heavy and/or light chain 
variable region domains linked to human constant region 
domains. · Humanised antibody molecules also comprise 

CDR-grafted humanised antibody molecules comprising one or 
more CDRs from a non-human antibody grafted into a heavy 
and/or light chain human variable region. framework • 

The antigen binding specificity of antibodies is 
determined by their complementarily determining regions 
(CDRs) which are relatively short peptide sequences 
carried on the framework regions of the variable 
domains. There are 3CDRs, {CDRl, CDR2 and CDR3J in each 
o: the heavy and light chain variable domains. 
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The abbreviation "MAb" is used to indicate a monoclonal 
antibody. In the present description reference is made 
to a number of publications by number, and these 
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, FV', 

(Fab')2 and Fe fragments, which can be derived by 
enzymatic cleavage. Natural immunoglobulins comprise a 

generally Y-shaped molecule having an antigen-bind~ng 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 immunoglobulins have been used in assay, d;agnosis 
and, to a more.limited extent, therapy. However, such 
uses, especially in therapy, were hindered until recently 
by the polyclonal nature of natural immunoglobulins. A 
significant step towards the realisation of the potential 
of immunoglobulins as therapeutic agents was the discovery 
of procedures for the reproducible production of 
monoclonal antibodies (MAbs) of defined specificity (l). 

However, most MAbs are produced by hybrid~s 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 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 if the MAb is administered 
to a human. Therefore, the use of rodent MAbs as 
therapeutic agents in humans is inherently limited by the 
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fact that the human subject will mount an immunological 
response to the MAb and will either remove it entirely or 
at 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 
IgG2a/k MAb which recognises an antigen in the T-cell 
receptor-CD3 complex has been approved for use in many 
countries throughout the world as an immunosuppressant in 

the treatment of acute allograft rejection [Chatenoud !1 
.!,! (2) and Jeffers et al {3)J. However, in view of the 
rodent nature of this and other such MAbs, a significant 
BAMA 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 
BAMA response and thus enlarge the areas of use of such 
antibodies. 

Proposals have therefore been made to render non-human 
MAbs less antigenic in humans. Such techniques can be 
generically termed "humanisation" 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 humanising 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 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-0 171496 

. (Res. Dev. Corp. Japan), EP-A-0 173 494 (Stanford 
University), and WO 86/01533 (Celltech Limited). These 
prior patent applications generally disclose processes for 
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preparing antibody molecules having the variable domains · ·· 

from a mouse MAb and the constant domains from a human 
immunoglobulin. Such 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 (Begent et al (ref. 4)). 

In an alternative approach, described in EP-A-0239400 
(Winter), the complementarity determining regions {CDRs) 
of a mouse MAb have been grafted onto the framework 
regions of the variable domains of a human immunoglobuli~ 
by site directed mutagenesis· using long oligonucleotides., 
Such CDR-grafted humanised antibodies are much less likely 
to give rise to a RAMA response than humanised chim~ric 
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 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 CDR-grafted 
product. RiechIIiann et al found that it was necessary to 
convert a serine residue at position 27 of the human heavy 
chain sequence to the corresponding rat phenylalanine 

.. .. 
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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 
CDRl. 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 the humanised antibody with the serine to 
phenylalanine change at position 27 alone. These results 
indicated that changes to residues of the human sequence 

outside the CDR regions, in particular in the structural 
loop adjacent to CDRl of the heavy chain, 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 MIU). 

Recently Queen et al (9) have described the preparation of 
a humanised antibody that binds to an interleukin 2 
receptor, by combining 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 
positions in the humanised antibody. 

In W090/07861 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 the acceptor if the human acceptor 
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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 capable 
of interacting with the antige~ or with -the CDRs of the 
humanised immunoglobulin. It is proposed that the 
second, third or fourth criteria may be applied in 
addition or alternatively to the first criterion, and may -- · 
be applied singly or in any combination. 

W090/07861 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 four criteria, as 
above, were employed in designing this humanised antibody, 
the variable region frameworks 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 addition the mouse donor residues were 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 
anti-Tac antibody obtained is 
for p55 of _3 x 109 M-1, about 

murine MAb. 

frameworks. The humanised 
reported to have an affinity 
one-third of that of the 

We have further investigated the preparation of CDR-
-- grafted humanised antibody molecules and have identified a 

hierarchy of positions within the framework of the 
variable regions (i.e. outside both the Kabat CDRs and 
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structural loops of the variable regions) at which the 
amino acid identities of the residues are important for 
obtaining CDR-grafted products with satisfactory binding 
affinity. 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 r~sidues which we have identified 
as being of critical importance overlaps but does not 
coincide with the residues identified by Queen et al 
( 9) • Our copending International patent application 
W091/09967 describes this protocol for the preparation of 
CDR-grafted, in particular humanised, antibody heavy and 
light chains and complete molecules of any desired 
specificity. The full disclosure of International patent 
application W0/91/09967 is incorporated in the present 
description by reference. 

Tempest et al (10) have very recently described the 
preparation of a reshaped human monoclonal antibody for 
use in inhibiting human respiratory syncytial virus (RSV) 
infection in vivo. This reshaped antibody was prepared 
by grafting synthetic oligo nucleotides coding for the 
CDRs of a murine MAb, which neutralises RSV infection, by 
site - directed mutagenesis into DNA coding for the 
frameworks of a human IgGl, monoclonal antibody. However 
the simple reshaped antibody in which the CDRs alone had 
been transferred between mouse and human antibodies had 
only very poor binding for RSV which was not significantly 
above background. In order to partially restore binding 
ability it proved necessary to additionally convert human 
residues to mouse residues in a framework region adjacent 
to CDR3 of the heavy chain. Tempest et al did not 
convert human residues to mouse residues at important 
positions identified in the protocol of W091/09967. 
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TNFa is a cytokine which is released by and interacts.with 

cells of the immune system. Thus TNFa is released by 
macrophages which have been activated by lipopoly

saccharide (LPS) of gram negative bacteria.... As such TNFa 
appears to be an endogenous mediator of central importance 
involved in the development and pathogenesis of endotoxic .· 

shock associated with bacterial sepsis. Antibodies to 
TNFa has been proposed for the prophylaxis and treatment 
of endotoxic shock (Beutler et al (11)). However the 
antibodies to TNFa currently available for use in such 
treatment are typically murine MAbs. As such these 
murine MAbs are of only limited use for treatment of 
humans in view of the undesirable HAMA (Buman Anti-Mouse. ·· 
Antibody) response which they can elicit if used for more. 
than one or a few treatments. It is. thus a· highly 
desirable objective to prepare humanised anti-TNFa 
products for use in human therapy. 

OUr co-pending International patent application W091/09967 . 
describes, among other things, the preparation of 
humanised CDR-grafted antibody products which have 
specificity for TNFa. In particular W091/09967 describes, 
in Example 5, preparation of specific humanised CDR grafted · 
antibodies to human TNFa derived from the murine anti-human .. 
TNFa MAbs identified as 61E71 (alternatively known as 
CB0006), hTNFl (alternatively known as CBOOlO), hTNF3 and, 
101.4. The present application relates specifically to 
recombinant, in particular humanised antibodies to human 
TNFa, including those described in W091/09967 and further 
improved humanised CDR-grafted antibodies to human TNFa 
based upon the hTNFl (CB0010) and 101.4 murine MAbs. 
Further studies of various anti-human TNFa murine MAbs 
have revealed that hTNFl and 101.4 have particularly 
desirable properties for use in anti-TNF therapy. 
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Smmuary of the Invention 

Accordingly the present invention provides recombinant 

antibody molecules which have specificity for human TNFa. 

The recombinant antibody molecules of the invention are 

preferably TNF neutralising, i.e. are capable of re~ucing 

or inhibiting a biological activity of human TNFa as 
measured by an in vitro or in vivo test. 

Preferably the invention provides recombinant antibody 
molecules having antigen binding sites derived from the 
murine MAbs CB0006. CBOOlO, hTNF3 or 101.4, especially 
from the murine MAbs CBOOlO or 101.4. 

Preferably the recombinant antibody molecules of the 
invention are humanised antibody molecules including both 
chimeric humanised antibody molecules and CDR-grafted 

humanised antibody molecules. 

For the purposes of the present description a "chimeric 
humanised antibody molecule" comprises complete non-human 

(e.g. murine MAb) variable domains linked to human 

constant domains, and a "CDR-grafted humanised antibody 
molecule" comprises an antibody heavy and/or light chain 
containing one or more CDRs from a non-human antibody 

(e.g. a murine MAb) grafted into a human heavy and/or 

light chain variable region framework. 

The CDR-grafted humanised anti-TNFa antibody products of 
this invention include anti-human TNFa antibody heavy and 

light chain and molecule products ·as d~fined in the first, 
second, third and fourth aspects of the invention 
described in W091/09967. 
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Detailed Description of the Invention 
Thus in first preferred embodiments, the invention 

provides a CDR-grafted humanised anti-hTNFa antibody heavy 

chain having a variable region domain comprising human 
acceptor framework and donor antigen binding regions 
wherein the framework comprises donor residues at at least 
one of positions 6, 23 and/or 24, 48 and/or 49, 71 and/or 

73, 75 and/or 76 and/or 78 and 88 and/or 91. 

Preferably in these. first preferred embodiments, the heavy 
cha~n framework comprises donor residues at positions 23, 

24, 49, 71, 73 and 78 or at positions 23, 24 and 49. The 
residues at positions 71, 73 and 78 of the heavy chain 
framework are preferably either all acceptor or all donor 
residues. 

Especially in these first preferred embodiments the heavy 
chain framework additionally comprises donor residues at 
one, some or all of positions 6, 37, 48 and 94. Also it 
is particularly preferred that residues at positions.of· 
the heavy chain framework which are commonly conserved 
across species, i.e. positions 2, 4, 25, 36, 39, 47, 93, 
103, 104, 106 and 107, if not conserved between donor and 
acceptor, additionally comprise donor residues. · Most 
preferably the heavy chain framework additionally . 
comprises donor residues at positions 2, 4, 6, 25, 36, 37,-

39, 47, 48, 93, 94, 103, 104, 106 and 107. 

In addition the heavy chain framework optionally comprises 
donor residues at one, some or all of positions: 
1 and 3, 

72 and 76, 

69 (if 48 ·is 
38 and 46 (if 
80 and 20 (if 
67, 

different between donor and acceptor), 
48 is the donor residue), 
69 is the don9r residue), 

: 
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82 and 18 (if 67 is the donor residue), 
91, 

88, and 

PCT/GB91/02300 

any one or more of 9, 11, 41, 87, 108, 110 and 112. 

In the present description, typically the donor antibody 

is a non-human anti-hTNFa antibody, such as a rodent MAb, 
and the acceptor antibody is a human antibody. 

In the CDR-grafted humanised anti-hTNFa antibodies of the 
present invention, the donor antigen binding region 
typically comprises at least one CDR from the donor 
antibody. Usually the donor antigen binding region 
comprises at least two and preferably all three CDRs of 
each of the heavy chain and/or light chain variable 
regions. The CDRs may comprise the Kabat CDRs, the 
structural loop CDRs or a composite of the Kabat and 
structural loop CDRs and any combination of any of thes~. 

Preferably, the antigen binding regions of the CDR-grafted 
heavy chain variable domain comprise CDRs corresponding to 
the Kabat CDRs at CDR2 (residues 50-65) and CDR3 (residues 
95-102) and a composite of the Kabat and structural loop 
CDRs at CDRl (residues 26-35). These preferred CDR 
designations are preferably used for the CDR-grafted heavy 
chains of the first preferred embodiments, i.e. residues 
26-30 are included within CDRl. 

The residue designations given above and elsewhere in the 
present application are numbered according to the Kabat 
numbering [refs. (7) and (8)]. Thus t~e 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 

BIOEPIS EX. 1002 
Page 148



W092/11383 PCT/GB91/02300 

- 12 -

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) 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 ffstandard" Kabat numbered 
sequence. 

It will be appreciated that when the CDR-grafted humanised · ·· 
antibody molecule embodiments· of the invention, as 
described above and elsewhere in the present description, 
are applied to a particular donor/acceptor antibody pair, 
in some cases the donor and acceptor amino acid re~idues 
may be identical at a particular position identified for 
change to the donor residue, and thus no change or 
acceptor framework residue is required. 

The invention also provides in second preferred 
embodiments a CDR-grafted humanised anti-hTNFa antibody 
light chain having a variable region domain comprising 
human acceptor framework and donor antigen binding regions 
wherein the framework comprises donor residues at at least. 
one of positions 1 and/or 3 and 46 and/or 47. 

Preferably the CDR grafted light chain of the second 

preferred embodiment comprises donor residues at positions 
46 and/or 47. 

The invention also provides in third preferred embodiments 
aCDR-grafted humanised anti-hTNFa antibody light chain 
having a variable region domain comprising human acceptor 
framework and donor antigen binding regions wherein the 

·1 
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framework comprises dorior residues at at least one of 
positions 46, 48, 58 and 71. 

In the third preferred embodiments, the framework 
preferably comprises donor residues at all of positions 

46, 48, 58 and 71. 

In particularly preferred embodiments of the second and 
third preferred embodiments, the framework additionally 
comprises donor residues at positions 36, 44, 47, 85 and 
87. Similarly positions of the light chain framework 
which are commonly conserved across species, i.e. 
positions 2, 4, 6, 35, 49, 62, 64-69, 98, 99, 101 and 102, 

.if not conserved between donor and human acceptor, 
additionally comprise donor residues. Most preferably 
the light chain framework additionally comprises don~r 
residues at positions 2, 4, 6 1 35, 36, 38, 44, 47, 49, 62, 
64-69, 85, 87, 98, 99, 101 and 10.2. 

In addition the framework of the second or third preferred 
embodiments optionally comprises donor residues at one, 
some or all of positions: 
1 and 3, 
63, 
60 (if 60 and 54 are able to form at potential saltbridge}, 
70 (if 70 and 24 are able to form a potential saltbridge), 
73 and 21 (if 47 is different between donor and acceptor), 
37 and 45 (if 47 is different between donor and acceptor), 
and 
any one or more of 10, 12, 40, 80, 103 and 105. 

Preferably, the antigen binding regions of the CDR-grafted 
light chain variable domain, including those of the second 
and third preferred embodiments described above, comprise 
CDRs corresponding to the Kabat CDRs at CDRl (residue 
24-34), CDR2 (residues 50-56) and CDR3 (residues 89-97). 
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The invention further provides in a fourth preferred 
embodiment a CDR-grafted antibody mol.ecule comprising at 

least one CDR-grafted heavy chain and at least one 
CDR-grafted light chain according to the first and second 
or first and third preferred embodiments of the invention~ 

In a first particularly preferred embodiment, however, the 
invention provides a CDR-grafted humanised antibody heavy 
chain having a variable region domain comprising human 
acceptor framework (especially·EO human acceptor 
framework) and hTNFi donor antigen binding regions wherein 
the framework comprises hTNFl donor residues at positions.· 
12, 27, 30, 38, 46, 48, 66, 67, 69, 71,· 73, 76, 83, ~9, 91 
and 94. 

~he EU heavy chain framework has residues in framework 4 
(FR4) of the heavy chain which are anomalous for human 
heavy chain frameworks. Thus preferably human consensus 
residues are used in place of EU residues in FR4 of the 
heavy chain. In particular, the human consensus residue 
threonine (T) may be used at position 108. Fortuitously 
the murine hTNFl residue at·position 108 is also threonine. 

In a second particularly preferred embodiment the 
invention provides a CDR-grafted humanised antibody light 
chain having a variable domain comprising human acceptor 
framework (especially BO human acceptor framework) and 
hTNFl donor antigen binding regions wherein the framework· 
comprises hTNFl donor residues at positions 3, 42 and 49. · 

When the EU human framework is used for the light chain it 
is also desirable to change residues from EU residues at 
positions 48, 83, 106 and 108, as the EU residues at these 

·positions are anomalous for human antibodies. Thus the 
human consensus residues may be used at some or preferably 

all of these residues, i.e. isoleucine {I) at position 48, 

.. 
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valine (V) at position 83, isoleucine (I) at position 106 
and arginine (R) at position 108. Fortuitously the 

murine hTNFl residues are the same as the human consensus 

residues at positions 48 (I), 106 (I) and 108 (R). 
However, the human consensus residue valine (V) at 
position 83 differs from both the EU residue (F) ·and the 

hTNFl residue (L) at this position.· 

Especially the invention includes CDR-grafted humanised 
antibody molecules comprising at least one CDR-grafted 

humanised heavy chain according to the first particularly 
preferred embodiment and at least one CDR-grafted 
humanised light chain according to the second particularly 
preferred embodiment. 

Also in a third particularly preferred embodiment the 
invention provides a CDR-grafted humanised antibody heavy 

chain hav~ng a variable region domain comprising human 

acceptor framework (especially .KOL human acceptor 
framework) and 101.4 donor antigen binding regions wherein 
the framework comprises 101.4 donor residues at positions 
4, 11, 23, 24, 28, 73, 77, 78, 79, 91, 93 and 94. 

The KOL residue praline (P) at position 108 of the heavy 
chain is anomalous for human antibodies. Thus preferably 
the human consensus residue leucine (L) is at this 
position if KOL is used as the human acceptor framework. 

Fortuitously the murine 101.4 antibody has the human 
consensus residue (L) at this position. 

Moreover in a fourth particularly preferred embodiment the 

invention provides a CDR-grafted humanised antibody light 
chain having a variable region domain comprising human 
acceptor framework (especially REI human acceptor 
framework) and 101.4 donor residues at positions 1, 3, 4 
and 73. 
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The REI light chain human framework has residues which are 

anomalous for human antibodies at positions 39 (th~eonine,. 
T), 104 (leucine, L), 105 (glutamine, Q), and 107 • -
{threonine, T). Thus when REI is used as the light chairi 
framework, human consensus residues are used at positions -·· · 

39 (lysine, K), 104 {valine, V), 105 (glutamic ac;d,_ E) and · 

107 (lysine,-~) •. Fortuitously the murine 101.4 residues 
are the same as the human consensus residues at positions 
39 .(K), 105 (E) and 107 (K). However, the human 
consensus residue at position 104 (V) differs from the 
l.eucine (L) REI and murine 101.4 residues at this position. 

Especially also the invention includes CDR grafted 
humanised antibody molecules comprising at l.east one 
CDR-grafted humanised heavy chain according to the third 
particularly preferred embodiment and at least one 
CDR-grafted hurnanised light chain according to the fourth 
particularly preferred embodiment. 

Preferably the Kabat CDRs are used for all of the CDRs 
(CDRl, CDR2 and CDR3) of both the heavy and light chains 
of the first, second, third and fourth particularly 
preferred embodiments described above. 

The recombinant and humanised antibody molecules and 
chains of the present invention may comprise: a complete 
antibody molecule, having full length heavy and light 
chains; a fragment thereof, such as a Fab, Fab', F(ab')2. 
or Fv fragment; a light chain or heavy chain monomer or 
dimer; 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 recombinant, chimeric 
or CDR-grafted molecule with the same specificity as the 
original donor antibodies. Similarly the heavy and light. · 
chain variable region may be combined with other antibody 
domains as appropriate. 

/ 

BIOEPIS EX. 1002 
Page 153



W092/11383 
PCT/GB91/02300 

- 17 -

Also the heavy or light chains or recombinant or humanised 
complete 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 CB3 domain of a complete immunoglobulin 

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

The amino acid sequences of the heavy and light chain 
variable domains of the CBOOlO, 101.4, CB0006 and hTNF3 
murine MAbs, CDR-grafted variants thereof and human 
acceptor antibodies are given in the accompanying diagrams 
Figures 1, 2, 3 and 4 respectively. The recombinant and 
humanised antibody products of the invention may be 
prepared using recombinant DNA techniques, for instance 
substantially as described in W091/09967. 

Any appropriate human 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 human acceptor 
framework used is of the same/similar class/type as the 
donor antibody. Conveniently, the framework may be 
chosen to_maximise/ optimise homology with the donor 
antibody sequence particularly at positions close or 
adjacent to the CDRs. However, a big~ level of homology 
between donor and acceptor sequences is ~ot critical 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 CDR-grafted antibody product 
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having satisfactory binding properties. The CDR-grafted 
products usually have binding affinities of at least 105 
M-1, preferably at least about 108 M:-1, or especially in 
the range 108-1012 M-1. In principle, the present 

invention is applicable to any co~ination of anti-hTNFQ 
donor and human acceptor antibodies irrespective of the 
level of homology between their sequences. Examples of 
human frameworks which may be used are KOL, NEWM, REI, BO,_ 

TOR, TEI, LAY and POM (refs. i and 8) and the like; for· 
instance KOL and NBWM for the heavy 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 
functio~ of the antibody in particular the effector 
functions which may be required. For example, the 
constant region domains may be human IgA, IgE, IgG or IgM 
domains. In particular, IgG human constant region domains 
may be used, especially of the IgGl and IgG3 isotypes, when 

the humanised antibody molecule is intended for-therapeutic 
uses, and antibody effector functions are required. 
Alternatively, IgG2 and IgG4 isotypes may be used when the 
humanised antibody molecule is intended for therapeutic 
purposes and antibody effector functions are not required, 
e.g. for simple blocking of TNF activity. 

However, the remainder of the antibody molecules need not 
comprise only protein sequences from 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. 
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In further aspects the invention also includes DNA 
sequences.coding for the recombinant and humanised 
antibody, e.g. CDR-grafted, heavy and light chains, 
cloning and expression vectors containing the DNA 
sequences, host cells transformed with the DNA sequences 

and processes for producing the recombinant and humanised, 

e.g. _CDR-grafted, chains and antibody molecules comprising 
expressing the DNA sequences in the transformed host cells. 

The general methods by which the vectors may be 
constructed, transfection methods and culture methods are 
well known per se. Such methods are shown, for instance, 
in references 12 and 13. 

The DNA sequences which encode the anti-hTNFa antibody 
molecule amino acid sequences may be obtained by met~ods 
well known in the art. For example the anti-TNF coding 
sequences may be obtained by genomic cloning, or cDNA 
cloning from suitable anti-hTNFa producing 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. DNA sequence coding for 
part or all of the antibody heavy and light chains may be 
synthetised as desired from the determined DNA sequence or 
on the basis of the corresponding amino acid sequence. 

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, or may be readily synthetised on the 
basis of their known amino acid sequences (see refs. 
7 & 8). 
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The standard techniques of molecular biology may be used 
to prepare DNA sequences coding for the chimeric and 

CDR-grafted humanised antibody products. Desired DNA 
sequences may be synthesised completely or in part using 
oligonucleotide synthesis techniques. Site-directed 
mutagenesis and polymerase chain reaction (PCR) techniques 
may be used as appropriate. For example oligonucleotide 
directed synthesis as described by Jones et al (ref. 14) 
may be used. Also oligonucleotide directed mutagenesis 
of a pre-existing 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 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 
recombinant, chimeric and CDR-grafted humanised antibody 
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 F(ab')2 
fragments, and especially Fv fragments and single chain 
antibody fragments e.g. single chain Fvs. Eucaryotic 
e.g. mammalian host cell expression systems may be used 
for production of larger CDR-grafted antibody products, 
including complete antibody molecules, and/or if 
glycosylated products are required. Suitable mammalian 
host cells include CHO cells and myeloma or hybridoma cell 

lines. 

Thus, in a further aspect the present invention provides a 
process for producing a recombinant or humanised anti-hTNFa 

.. 

antibody product comprising: . , 
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(a) producing in an expression vector an operon having a 
DNA sequence which encodes an anti-hTNFa antibody 
heavy chain; 

and/or 
·(b) producing in an expression vector an operon having a 

DNA sequence which encodes a complementary anti-hTNFo 
antibody light chain; 

{c) transfecting a host cell with the or each vector; and 
(d) culturing the transfected cell line to produce the 

recombinant anti-hTNFo antibody product. 

The recombinant or humanised anti-hTNFa product may 
comprise only heavy or light chain derived polypeptide, in 
which case only a heavy chain or light chain polypeptide 
coding sequence is used to transfect the host cells. 
For production of products comprising both heavy an~ light 
chains, the cell line may be transfected with two vectors, 
a first vector containing an operon encoding a light 
chain-derived polypeptide and a 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. 

The DNA in the coding sequences for the light and heavy 
chains may comprise cDNA or genomic DNA or both. 

The invention also includes therapeutic and diagnostic 
compositions comprising the recombinant and humanised 
antibody p~oducts of the invention and the uses of these 
products and the compositions in therapy and diagnosis. 
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Thus in a further aspect the invention provides a 

therapeutic ~r diagnostic composition comprising a 
recombinant or humanised antibody according to the 
invention in combination with a pharmaceutically 
acceptable excipient, diluent or carrier. 

The invention.also provides a process for the preparation 
of a therapeutic or diagnostic composition comprising 
admixing a recombinant or humanised antibody according to· 
the invention together with a pharmaceutically acceptable. 
excipient, .diluent or carrier. 

The recombinant or humanised antibody may be the sole 
active ingredient in the therapeutic or diagnostic 
composition or may be accompanied by one or more other 
active ingredients including other antibody ingredients, 
e.g. anti-T cell, anti-IFN7 or anti-LPS antibodies, or 
non-antibody ingredients such as _xanthines. The 
therapeutic and diagnostic compositions may be in unit 
dosage fo:cm, in which case each unit dose comprises an 
effective amount of the recoml;:>inant or humanised antibody· 
of the invention. 

Furthermore, the invention also provides methods of 
therapy and diagnosis comprising administering an 
effective amount of a recombinant or humanised antibody 
according to the invention.to a human or animal subject. 

The antibodies and compositions may be utilised in any 
therapy where it is desired to reduce the level of TNF 
present in the human or animal body. .The TNF may be in • 
circulation in the body or present in an undesirably high 
level localised at a particular site in the body. 

BIOEPIS EX. 1002 
Page 159



PCT/GB91/02300 
W092/11383 

- 23 -

For example, elevated levels of TNF are implicated in 
immunoregulatory and inflammatory disorders and in septic, 
or endotoxic, and cardiovascular shock. The antibody or 
composition may be utilised in therapy of conditions which 
include sepsis, septic or endotoxic shock, cachexia, adult 
respiratory distress syndrome, AIDS, allergies, psoriasis, 
T.B., inflammatory bone disorders, blood coagulation 
disorders, burns, rejection episodes following organ or 
tissue transplant and autoimmune disease e.g. organ 
specific disease such as thyroiditis or non-specific organ 
diseases such as rheumatoid and osteo-arthritis. 

Additionally, the antibody or composition may be used to 

ameliorate side effects associated with TNF generation 
during neoplastic therapy and also to eliminate or 
ameliorate shock related symptoms associated with the 
treatment or prevention of graft rejection by use of an 
antilymphocyte antibody, or may be used for treating 
multi-organ failure (MOF). 

The recombinant and humanised antibodies and compositions 
of the invention are preferably for treatment of sepsis or 
septic/endotoxic shock. 

The antibodies and compositions may be for administration 
in any appropriate form and amount according to the 

. therapy in which they are employed. This may be for 
prophylactic use, for example where circumstances are such 
that an elevation in the level of TNF might be expected or 
alternatively, they may be for use in reducing the level 
of TNF after it has reached an undesirably high level or 
as the level is rising. 

The therapeutic or diagnostic composition may take any 
suitable form for administration, and, preferably is in a 
form suitable for parenteral administration e.g. by 
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.· .-
injection or infusion, for example by bolus injection or.· 
continuous infusion. Where the product is for injection 

or infusion, it may take the form of a suspension, 
solution or emulsion in an oily or aqueous vehicle and it 
may contain formulatory agents such as suspending, 
preservative, stabilising and/or dispersing agents. 

Alter~atively, the antibody or composition may be in dry 
form, for reconstitution before use with an appropriate 
sterile liquid. 

If the antibody or composition is suitable for oral 
administration, e.g. in the case of antibody fragments, 
the formulation may contain,· in addition to the active 
ingredient, additives such as: starch - e.g. potato, maize 
or wheat starch or cellulose - or starch derivatives such.· 
as microcrystalline cellulose; silica; various sugars 
such as lactose; magnesium carbonate and/or calcium 
phosphate. It is desirable that, if the formulation is 
for oral administration it will be well tolerated by the 
patient's digestive system. To this end, it may be 
desirable to include in the formulation mucus formers and 
resins. It may also be desirable to improve tolerance by · 
formulating the antibody or compositions in a capsule 
which is insoluble in the gastric juices. It may also be 
preferable to include the antibody or composition in a 
controlled release formulation. 

In a still further aspect of the invention, there is 
provided a method of treatment of a human or animal subject 

.. 

suffering from or· at risk of a disorder associated with an · • 
undesirably high level of TNF, the method comprising 
administering to the subject an effective amount of the· · 
antibody or composition of the invention. In particular, 
the human or animal subject may be suffering from, or at 
risk from, sepsis, or septic or endotoxic shock. 
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The dose ·at which the antibody is administered depends on 
the nature of the condition to be treated, the d.egree to 
which the TNF to be neutralised is, or is expected to be, 
raised above a desirable level, and on whether the 
antibody is being used prophylactically or to treat an 
existing condition. The dose will also be selected 

according to the age and conditions of the patient. 

Thus, for example, where the product is for treatment or 
prophylaxis of septic shock suitable doses of antibody to 
TNF lie in the range 0.001-30mg/kg/day, preferably 
0.01-lOmg/kg/day and particularly preferably 
O.l-2mg/kg/day. 

The antibody products may be used in diagnosis e.g. in in 
vivo diagnosis and imaging of disease states involvi~g 
elevated TNF levels. 

The invention is further described by way of illustration 
only in the following Examples which refers to the 
~ccompanying diagrams, Figures 1 - 6. 

Brief Description of the Figures 
Figure 1 shows amino acid sequences for the variable 
domains of the heavy and light chains for the human 
acceptor antibody EU {lEU), the murine MAb CB0010 
(h t n :f 1) and humanised CDR grafted light ( gEU) and heavy 

(2hEUg) chains; 

Figure 2 shows amino acid sequences for the variable 
region domains of the human acceptor antibodies 
REI (1 r e 1) for the light chain and KOL (KOL) for the 
heavy chain, of the heavy and light chains of the murine 

MAb. 101.4 (101/4) and humanised grafted light and heavy 
chains (both designated gl014); 
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Figure 3 shows amino acid sequences for the variable 
region domains of the human acceptor antibodies REI (REI) 
for the light chain and KOL (KOL) for the heavy chain, of 
the heavy and light chains of the murine MAb CB0006 (CB6) 

and human~sed grafted light and heavy chains (both 
designated gCB6): 

Figure 4 shows amino acid sequences for the variable 
region domains of the human acceptor antibodies REI (REI) 
for the light chain and KOL (KOL) for the heavy chain, of 
the heavy (BTNF3) and light (hTNF3) chains of the murine· 
MAb BTNF3 and humanised grafted light (gHTNF3) and heavy 
(ghTNF3) chains; 

Figure 5 shows a graph comparing the ability of murine 
CBOOlO (hTNFl) and CDR-grafted .. CB0010 (GrhTNFlJ CDP?71) 
.to compete with BRP-conjugated murine HTNFl for binding to 
recombinant human TNFa, and 

Figure 6 shows a graph comparing the ability of murine 
BTNFl (CB0010} and CDR-grafted HTNFl (CP571) to neutralise 
recombinant TNFa in the L929 bioassay. 
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Detailed Description of Embodiments of the Invention 
Example 1 
CDR-Grafting of murine anti-THFa antibodies 

A number of murine anti-human TNFa MAbs were CDR-grafted 
substantially as described in detail in W091/09967 for the 

CDR-grafting of the murine anti-CD3 antibody OKT3. In 

this and subsequent Examples, the chimeric and CDR-grafted 
humanised antibodies were prepared using human IgG4 
constant region domains, substantially as described for 

preparation of 74 chimeric and CDR-grafted OKT3 antibodies 
in W091/09967. It will be appreciated, however, that 
human constant region domains of other types and isotypes, 
e.g. IgGl, IgG2 and IgG3, could also have been used 
without significantly altering the procedures described. 

These anti-hTNFa antibodies included the murine MAbs 
designated CB0006 {also known as 61E71), CBOOlO (also 
known as hTNFl), hTNF3 and 101.4 A brief summary of the 
CDR-grafting of each of these antibodies is given below. 

CB0006 

A similar analysis as described in Example 1, Section 
12.1. of W091/09967 was carried out for CB0006 and for the 
heavy chain 10 framework residues were identified at 
positions 23, 24, 48, 49, 68, 69, 71, 73, 7S and 88 as 
residues to potentially retain as murine. The human 
frameworks chosen for CDR-grafting of this antibody, and 
the hTNF3 and 101.4 antibodies were REl for the light 
chain and KOL for the heavy chain. The amino acid 

sequences of the murine CB0006 (CB6) (heavy and Light) REI 
(REI) light and KOL (KOL) heavy qhain v~riable domains are 
given in Figure 3. 

Three genes were built, the first of which coded for amino 

acid residues 23, 24, 48, 49, 71 and 73 [gH341(6)] as 

murine residues. The amino acid sequence of the variable 
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domain coded by this first gene is shown as gCB6 in the. 
heavy chain summary in Figure 3. The second gene also 
had amino acid residues 75 and 88 as murine residues 

[gB341{8)] while the third gene additionally had amino 
acid residues 68, 69, 75 and 88 as murine residues 

[gB341(10)]. Bach was co-expressed with gL221, the 
minimum grafted light chain (CDRs only) shown as gCB6 in 
the heavy chain summary in Figure 3. The gL221/gB341(6) 
and gL221/gH341(8) antibodies both bound as well to TNF as 
murine 61B71. 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 gL221/gB341{6) 
antibody was approximately 10% as active as murine CB0006. 

CB0010 {also known as hTNFl} 
CB0010 is a monoclonal antibody which recognises an 
epitope of human TNF-a. The EU human framework was used 
for CDR-grafting of both the heavy and light variable 
domains. The amino acid sequences of the heavy and light 
variable domains of EU (EU), CBOOlO {h t n f 1.) and grafted -· 

versions of CB0010 (gEU, light; 2hBUg, heavy) are shown 
in Figure 1. 

Heavy Chain 
In the CDR-grafted heavy chain mouse CDRs were used at 
positions 26-35 (CDRl), 50-65 (CDR2) and 95-102 {CDR3). 
Mouse residues were also used in the frameworks at 
positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and 108. 
Comparison of the TNFl mouse and EU human heavy chain · 
residues reveals that these are identical at positions 23, . - · 
24, 29 and 78. 
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Light Chain 
In the CDR-grafted light chain mouse CDRs were used at 

positions 24-34 (CDRl), 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 hTNFl mouse and EU human light chain residues reveals 
that these are identical at positions 46, 58 and 71. 

The grafted CB0010 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. 

Similarly, a grafted heavy chain/grafted light chain 
product was co-expre~sed and compared with the fully 
chimeric product and found to have closely similar binding 
properties to the latter product. However when the 
grafted heavy chain/grafted light chain product was 

assayed in the L929 assay (see Example 4), it was found to 
have an activity only half that of the chimeric product. 
Thus further CDR-grafting experiments were carried out as 
described in Example 2. 

hTNF3 

hTNFJ recognises an epitope on human TNF-a. The sequence 
of hTNFJ shows only 21 differences compared to CB0006 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 chain variable 
domain amino acid sequences of hTNFJ (Htnf3, light; 
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hTNF3, heavy), CDR-grafted hTNF3 (gBTNF3, light; ghTNF3, 

heavy) and REI (REI, light) and KOL (KOL, heavy) are shown. 
in Figure 4. The light and·h~avy chains of the CB0006 

and hTNF3 chimeric antibodies can be exchanged without 
loss of activity in the direct binding assay. However 
CB0006 is an order of magnitude less able to compete with 
the TNF receptor on L929 cells for TNF-a compared to 
hTNFJ. Based on the CB0006 CDR grafting data gL221 and 

gB341(+23, 24, 48, 49 71 and 73 as mouse) genes have been 
built for hTNF3 and tested and the resultant grafted 
antibody binds well to TNF-a, but competes very poorly in 
the L929 assay. The gL221 gene codes for the gHTNF3 and 
the gH341 etc. gene codes for the ghTNF3 variable domain 
sequences as shown in Figure 4. It is likely that in 
this case other framework residues may need to be changed 
to improve the competitive binding ability of this 
antibody. 

101.4 
101.4 is a further murine MAb able to recognise human 
TNF-a. The heavy chain of this antibody shows good 
homology to KOL and so the CDR-grafting has been based on 
REl for the light chain and KOL for the heavy chain.· The 
heavy and light variable domain amino acid sequences of 
101.4 (101/4} and a CDR-grafted version of 101.4 (gl014) · 
and the REI ligllt chain ( 1 r e i) and KOL heavy chain (KOL) . 
variable domains are given in Figure 2. 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 the chimeric light chain or the 
Kabat CDR-grafted light chain. In. all cases binding to 

·TNF equivalent to· the chimeric antibody is seen a~d when · 
co-expressed with cL the resultant antibodies are able to 
compete well in the L929 assay. However, with 

. .. 
.. 
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gL221 the resultant antibodies are at least an order of 
magnitude less able to compete for TNF against the TNF 
receptor on L929 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 L92~ assay. 
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Example 2 
Further CDR-Grafting of Murine anti-human TRFa Antibodies 
CB0010 and 101.4 

Murine anti-human TNFa monoclonal antibodies CB0010 and 
101.4 were further_~DR-grafted substantially as described 

in W091/09667. 

CBOOlO 
CB0010 is a monoclonal antibody which recognises an 
epitope on human TNF-a. The EU human framework was used 

for CDR-grafting of both the heavy and light variable 
domains. 

The amino acid sequences of the heavy and light chain 
variable domains of the EU acceptor, CBOOlO (h t n f 1) 

murine donor and CDR-grafted (gEU, light chain and 2hEUg, 
heavy chain) antibodies are given in Figure 1. 

Heavy chain 
In the CDR-grafted heavy chain ( 2hEUg_) , mouse CDRs were 
us·ed at positions 31-35 (CDRl), 50-65 (CDR2) and 95-102 

(CDR3}. 

Mouse residues were also used in the frameworks at 
positions 12, 27, 30, 38, 46, 48, 66, 67, 69, 71, 73, 76, 
83, 89, 91, 94 and 108. Comparison of the CBOOlO mouse 

and EU human heavy chain residues reveals that these are 
identical as positions 23, 24, 29 and 78. 

Light chain 
In the CDR-grafted light ~hain (gEU) mouse CDRs-were used 
at positions 24-34 (CDRl), 50-65 (CDR2) and 89-97 (CDR3). 
In addition mouse residues were used in the frameworks at 
positions 3, 42, 48, 49, 106 and 108. The human consensus 
residue (valine} was used at position 83. Comparison of 
the CBOOlO mouse and EU human light chain residues reveals 
that these are identical at positions 46, 58 and 71. 

. . 
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The grafted CBOOlO 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. 

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. The specific 
combination of grafted light chain (gEU) and grafted heavy 

chain (2hEUg), as shown in Figure 1, provides the antibody 
known as CDP571. The murine CB0010 (CBOOlO), chimeric 
CBOO!O (chimeric CBOOlO) and the grafted heavy 
chain/grafted light chain product(CDP571) were compared 
for binding to human TNFa in a standard assay. The 

results obtained are given in the table below in terms of 
the Kn (pM) measured for each antibody. 

Antibody 
CBOOlO 
Chimeric CBOOlO 
CDP571 

Kn (pM) 

80 

81 

87 

The fully grafted antibody product (CDP571) is currently 
in pre-clinical development for treatment of sepsis 
syndrome and acute transplant rejection. 

101.4 
101.4 is a further murine MAb able to recognise human 
TNF-a. The heavy chain of this antibody shows good 
homology to KOL and so the CDR-grafting has been based on 
REI for the light chain and KOL for the heavy chain. An 
improved CDR-grafted product has been prepared. Variable 
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domain amino acid sequences for REI (rei, light chain), 
KOL (KOL, heavy chain) murine 101.4 (~01/4, heavy .and 
light chain) and fully grafted antibody (g1014, heavy and 
light chain) are shown in Figure 2. 

Heavy chain 
In the CDR-grafted heavy.chain (gl014) mouse CDRs were 
used at position 31-35 ·{CDRl), 50-65 (CDR2) and 95-102 
(CDR3). Mouse residues were also used in the framework 
at positions 4, 11, 23, 24, 28, 73, 77, 78, 79, 91, 93, 94 
and 108. 

Light chain 
In the CDR-grafted light chain (gl014) mouse CDRs were 
used at positions 24-34 (CDRl), 50-56 (CDR2) and 89-97 
(CDR3). In addition mouse residues were used in the 
framework at positions 1, 3, 4, 39, 73, 105 and 107.· The 
human consensus residue (valine) was used at position·I04. 

The fully grafted heavy and light chain (gl014) were 
co-expressed and their binding to TNF compared with murine 
and chimeric 101.4 and also the fully grafted (gEU/2hEUg, 
CDP571) CBOOlO antibody. The fully grafted 101.4 
antibody was found to having binding properties_for human 
TNFa similar to the murine, chimeric, and grafted CBOOlO 
antibodies. 
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Example 3 
In vitro comparison of Murine and CDR-grafted Antibodies 

A. Affinity Measurements for Murine CBOOlO and CDP571 

Materials and Methods 

Materials: 

PBS/BSA: Dulbeccos PBS+ 1% (w/v) bovine serum albumin. 
TNF: 50nM rec. human TNF-alpha (Bissendorf Biochemicals), 

O.SSµg/ml in PBS/BSA. 

Stock 125!-TNF: SµCi, 185kBq (Amersham International) 
dissolved in 500µ1 water and stored at -1ooc. 
Working Solution 125!-TNF: -62pM for titration curve and 

124pM for Scatchard analysis, in PBS/BSA. 
Antibodies: Purified murine CBOOlO (mHTNFl) and CDP571 
were quantified by A280nm (Elmg/ml, 2eonm=1

·'), and 

diluted to a concentration of lµg/ml for titration, or 
200ng/ml for Scatchard analysis. 
Immunobeads: Goat anti-murine IgG whole molecule-agarose 
or goat anti-human IgG whole molecule-agarose (Sigma) were 
used undiluted~ 

Method: 

Antibody titration: mHTNFl and CDP571 were titrated in 
doubling dilutions (100µ1 each) to give a total of 16 
samples and 125I-TNF (100µ1, 62pM) was added. The final 
top concentration of antibody was 500ng/ml and 125I-TNF 
was JlpM. Control tubes (8) contained 125!-TNF and 
PBS/BSA only. The samples were left to equilibrate 
overnight at room temperature, with shaking. After 

equilibration, 25µ1 goat anti-mouse-agarose was added to 
the mHTNFl samples, and 50µ1 goat anti-human beads were 

added to the CDP571 samples except for ~he total 125!-TNF 
controls. Non-specific absorption of 125!-TNF to the 
agarose beads was corrected for by adding beads to 
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4 of the controls and comparing supernatant counts for 
these- samples with those containing PBS/BSA instead of 

beads. After 1 hour equilibration at room temperature 

PBS/BSA (0.5ml) was added and the samples were centrifuged 
at l500rpm for 10 mins at 200c. The supernatant (0.5ml) 
was removed and radioactivity was counted in a gamma 
counter. 
Confirmation that 125I-TNF behaved similarly to the 
unlabelled material in this assay was made by performing 
the antibody titration in the presence of mixtures of 
125I-TNF and unlabelled TNF (at 25% and 75% 125I-TNF) at 
the same total concentration. 
Scatchard analysis:· For both antibodies, unlabelled TNF 
(100µ1, SOnM) was titrated in duplicate, in 13 doubling 
dilutions. One sample containing PBS/BSA in place of TNF 
was included for each antibody. 125I-TNF (50µ1, 124pM) 

was added to each sample. A constant amount of antibody, 
determined from the titration curve (50µ1, 200ng/ml) was 
then added. 
This gave the following final concentrations: antibody, 
SOng/ml; TNF, 25nM top concentration; 125I~TNF, 3lpM. 
The samples were left to equilibrate overnight and then 
·treated exactly as for the antibody titration samples. 

Calculations 
Titration Curves 
Bound 125I-'l'NF cpm = NSB cpm - supernatant cpm 

Bound 125I-TNF cpm 

------------ = B/T 

Total 12 5 I-'l'NF 

NSB = non-specific absorption blank, supernatant cpm 
Total= total· counts £or 125I-TNF only 
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B/T was plotted against antibody concentration and the 
appropriate antibody concentration for use in Scat~hard 
analyses was chosen at B/T = 0.6 

Scatchard analysis 
The mean of duplicate determination was used throughout 

NSB • Total cpm-NSB supernatant cpm 

Free cpm = sample cpm + NSB 

Proportion of free TNF = Free/Total (F/T) = 
sample cpm + NSB cpm l~F/T 

= B/F = ----------
Total cpm F/T 

B/F was plotted against Bound TNF to give a slope of ·-1/Kd 
from which Kd was calculated 

RESULTS 

Dissociation constants for murine CBOOlO and CDP571 

Antibody 

Murine BTNFl 

CDP571 
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B. Competition of murine CBOOlO (Muhtnfl) and CDP571 

(GrhTNFl} with HRP-coniugated in Murine CBOOlO for 
binding to rhuTNF 

Method 
A 96 well microtitre plate (Nunc, _Maxisorb) was coated 
with 100µ1/well TNF at O.Sµg/ml. 
Serial dilutions of murine or grafted antibody were 
prepared using PBS/1% BSA diluent, from 200µg/ml to 
O.Olµg/ml. 50µ1 of antibody was added to each well 
followed by 50µ1 HRP-murine CB0010 at 3 concentrations 
(0~625, 0.315 and 0.16µg/ml). Plates were incubated for 
2 hours at room temperature with agitation, washed 4 times 
with PBS and 100µ1 of TMB substrate added. 
Optical Density was measured and OD plotted against 
antibody concentration. 

Conclusions 
Curves for both murine antibody (MuhTNFl) and grafted 
antibody (GrhTNFl) are superimposable, indicating both 
antibodies compete with similar affinity fo~ binding to 
TNF (see Figure 5). 
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Examp1e 4 

Comparison of Murine CB0010 and CDR-grafted CDP571. 
Antibodies in Bioassay and Animal Model Experiments 

A. Neutralisation of TNF by CBOOlO and CDP571 in the L929 

Assay 

The ability of the parent murine antibody CB0010 (hTNFl) 
and the CDR-grafted antibody CDP571 to neutralise 
recombinant human TNF was determined using the L929 

bioassay. The assay uses the L929 mouse fibroblastoid 

cell line which is killed by TNF. The assay is performed 
in the presence of 1 ug/ml actinomycin D which renders the 
cells more sensitive to TNF. Serial dilution of the two 

antibodies were mixed with a constant amount of recombinant 

human TNF (100 pg/ml) and added to a L929 monolayer in 96 
well flat bottomed plates. After a 16 hour incubation 
the cells which had not been killed by TNF were revealed 
using the stain crystal violet. The apparent amount of 

TNF not neutralised (residual TNF) was. determined by 
comparison with a recombinant TNF standard curve. 
Results from a representative experiment where residual 

TNF is plotted against antibody concentration are shown in 
Figure 6. It can be seen that CBOOlO and CDP571 have 
similar neutralisation activities. 

B. Effect of CDP571 in Baboon Sepsis Model 
In this study the effect of the prior treatment with 
CDP571 on the physiological consequences of severe sepsis 
(including death) was assessed. Baboons were chosen as a 
relevant species to study since CDP571 is known to 
neutralise baboon TNF. 
Male adult baboons, Papio ursinus, weighting 20-25 kg were 

anaesthetised with ketamine hydrochloride and sodium 
pentabarbitone and instrumented for the measurement of 
blood pressure, cardiac index (by thermodilution), ECG and 
right atrial filling pressures. An infusion of either 
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saline only or antibody was then given for 120 min at a 

rate of 2.5 ml/kg/h following which they were given a 
further 120 min infusion of live E.coli at the same 
infusion rate. The bacterial strain used was Hinshaw's 
strain B7 ([086a:61], ATCC 33985) administered whilst in 
the log growth phase at a dose of 2xl0 9 CFO/kg giving a 
plasma concentration of 2-2~5xl0 5 CFU/ml at the end of the 
infusion. Following a further 120 min, animals were 
returned to their home cages, given free access to food 
and water and monitored for cardiovascular changes twice a 
day for 3 days. All animals were given constant fluid 
replacement infusion of 5 ml/kg/h which was adjusted, 
where necessary, to maintain adequate right heart filling 
pressures. Baboons that had.died during treatment or 
that had survived the 72h experimental period, and then 
killed were post-mortemed. All major organs were 
assessed for gross macro-pathalogical damage according to 
semi-quantitative scale(+++ being the most severe). 

Animals were randomly assigned to one of 4 treatment 
groups; 

-saline only 
-CDP571 0.1 mg/kg 
-CDP571 1.0 mg/kg 

-CBOOlO 0.1 mg/kg (parent murine antibody} 

The survival and cumulative organ damage scores are shown 
in table 1. CDP571 at 1.0 mg/kg prevented death and 
significantly (P<0.005) reduced the incidence of organ 
damage in this model; furthermore, these effects were 
dose-related (P<0.005). In aµdition, the survival rate 
and organ damage score seen with CBOOlO.were similar to 
those seen with CDP571 at the same dose, indicating a 
maintained in vivo potency of CDP571 compared to its 
parent murine antibody. 
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GIVEN IV 2H AFTER SALINE OR CDP 571 (D 

..... 

TREATMENI No DEAD SURVIVED PERCENT ORGAN 
SURVIVAL PATHOL. 

SALINE 8 7 1 13 +++ 
I 

e 
CDP571 6 2 4 67 ++ 

0.1 mg/kg 

CDP571 6 0 6 100 +/-
1.0 mg/kg 

CB0010 4 1 3 75 ++ ·~ 

0.1 mg/kg g 
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= '° ... 
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1. A recombinant antibody molecule which has specificity 

for human TNFa. 

2. A recombinant antibody molecule according to Claim 1 
having an antigen binding site derived from the 
murine monoclonal antibody CB0006 (alternatively 
known as· 61E71), CB0010 (alternatively known as 

hTNFl), hTNFJ or 101.4. 

3. A recombinant antibody molecule according to Claim 1 
or 2 which is a humanised antibody molecule. 

4. A humanised chimeric antibody molecule according to 
Claim 3. 

5. A CDR-grafted humanised antibody according to Claim 3. 

6. A CDR-grafted humanised antibody heavy chain 

according to Claim 5 having a variable region domain 

comprising human acceptor framework and donor antigen 
binding regions wherein the framework comprises donor 

residues at at least one of positions 6, 23 and/or 

24, 48 and/or 49, 71 and/or 73, 75 and/or 76 and/or 
78 and 88 and/or 91. 

7. A CDR-grafted humanised heavy chain according to 
Claim 6 comprising donor residues at positions 23, 
24, 49, 71, 73 and 78, or at positions 23, 24 and 49. 

8. A CDR-grafted humanised heavy chain according.to 

Claim 6 comprising donor residues at positions 2, 4,· 

6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 

107. 
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9. A CDR-grafted humanised heavy chain according to 
Claim 7 or 8, comprising donor residues at one, some 

or all of positions: 

10. 

11. 

1 and 3, 
69 (if 48 is different between donor and acceptor), 
38 and 46 (if 48 is the donor residue), 
67, 

82 and 18 (if 67 is the donor residue), 
91, and 
any one or more of 9, 11, 41, 87, 108, 110 and 112 • 

... 
A CDR-g~afted humanised heavy chain according to any 
of Claims 5-9 comprising donor·CDRs at positions 
26-35, 50-65 and 95-100 •. 

A CDR-grafted humanised antibody light chain 
according to Claim Shaving a variable region domain 
comprising human acceptor framework and donor antigen 
binding regions wherein the framework comprises donor 
residues at at least one of positions 1 and/or 3 and· 

46 and/or 47. 

12. A CDR-grafted light chain according to Claim 11 
comprising donor residues at positions 46 and 47. 

13. A CDR-grafted humanised antibody light chain 

according to Claim 5 having a variable region domain 
comprising human acceptor framework and donor antigen 
binding regions wherein the framework comprises donor 
residues at at least one of positions 46, 48, 58 and 

71. 

14. A CDR~grafted light chain according to Claim 13 

comprising donor residues at positions 46, 48, 58 and 
71. 

BIOEPIS EX. 1002 
Page 181



W092/I1383 PCT/GB91/02300 

- 45 -

15. A CDR-grafted light chain according to Claim 11 or 

13, comprising donor residues at positions 2, 4, 6, 
35, 36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99, 
101 and 102. 

16. A CDR-grafted light chain according to Claim 15, 

comprising donor residues at one, some or all of 
positions: 
1 and 3, 

63,. 

60 (if 60 and 54 are able to form a potential 

saltbridge), 
70 (if 70 and 24 are able to form a potential 
saltbridge), 

73 and 21 (if 47 is different between donor and 
acceptor), 
37 and 45 (if 47 if different between donor and· 
acceptor), and 

any one or more of 10, 12, 40, 83, 103 and 105. 

17. A CDR-grafted light chain according to any one of 
Claims 11-16, comprising donor CDRs at positions 
24-34, 50-56 and 89-97. 

18. A CDR-grafted antibody molecule comprising at.least 
one CDR-grafted heavy chain according to any one of 
Claims 6-10 and at least one CDR-grafted light chain 
according to any one of Claims 11-17. 

19. A CDR-grafted humanised antibody heavy chain having a 
variable region domain comprising human acceptor 
framework (especially EU human acceptor framework) 
and hTNFl donor antigen binding regions wherein the 
framework comprises hTNFl donor residues at positions 
12, 27, 30, 38, 46, 48, 66, 67, 69, 71, 73, 76, 83, 

89, 91 and 94. 
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20. A CDR-grafted humanised antibody light chain having a 

variable domain comprising hum.an acceptor framework 

(especially EU hum.an acceptor framework) and hTNFl 

donor antigen binding regions wherein the framework 

comprises hTNFl donor residues at positions 3, 42 and 
49. 

21. A CDR~grafted humanised antibody molecule comprising 
at least one CDR-grafted humanised heavy chain 
according to Claim 19 and at least one CDR-grafted 
humanised light chain according to Claim 20. 

22. A CDR-grafted humanised antibody heavy chain having a 
variable region domain comprising hum.an acceptor 
framework (especially KOL hum.an acceptor framework) 
and 101.4 donor antigen binding regions wherein the 
framework comprises 101.4 donor residues at positions· 

4, 11, 23, 24, 28, 73, 77, 78, 79, 91, 93 and 94. 

23. A CDR-grafted humanised antibody light chain having a 
variable region domain comprising hum.an acceptor 
framework (especially REI hum.an acceptor framework) 
and 101.4 donor residues at positions 1, 3, 4 and 73 •. 

24. A CDR-grafted humanised antibody molecule comprising 
at least one CDR-grafted humanised heavy chain 
according to.Claim 22 and at least one CDR-grafted 
humanised light chain according to Claim 23. 

25. A DNA sequence which codes for a heavy or light chain 
antibody molecule which has specificity for human TNFa. 

26. A DNA sequence which codes for a CDR-grafted heavy 
chain according to any one of Claims 6-10, 19 or 22, 

or a CDR-grafted light chain according to any one of 

Claims 11-17, 20 or 23. 
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27. A cloning or expression vector containing a DNA 
sequence according to Claim 26. 

28. A host cell transformed with a DNA sequence according 
to Claim 27. 

29. A process for the production of a CDR-grafted 
antibody comprising expressing a DNA sequence 
according to Claim 25 or Claim 26 in a transformed 
host cell. 

30. A process for producing a recombinant or humanised 
anti-hTNFa antibody product comprising: 

(a) producing in an expression vector an operon 
having a DNA sequence which encodes an 
anti-hTNFa antibody heavy chain. 

and/or 

(b) producing in an expression vector an operon 
having a DNA sequence which encodes a 
complementary anti-hTNFa antibody light chain. 

(c) transfecting a host cell with the or each vector; 
and 

(d) culturing the transfected cell line to produce 
the anti-hTNFa antibody product. 

31. A therapeutic or diagnostic composition comprising a 
recombinant antibody molecule according to Claim 1 in 
combination with a pharmaceutically acceptable 
carrier, diluent or excipient. 

32. A process for the preparation of a therapeutic or 
diagnostic composition comprising admixing a 
recombinant antibody molecule according to Claim 1 
together with a pharmaceutically acceptable 
excipient, diluent or carrier. 
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33. A method of therapy or diagnosis comprising 
administering an effective amount of a recombinant· 

antibody molecule according to Claim 1 to a human or· 
animal subject. 

34. A recombinant antibody molecule according to Claim 1 

or a therapeutic composition according to Claim 31 
for use in the amelioration of side effects 
associated with TNF generation during neoplastic 
therapy. 

35. A recombinant antibody molecule according to Claim 1 

or a therapeutic composition according to Claim 31 
for use in the elimination or amelioration of shock 
related symptoms associated with antilymphocyte 
therapy. 

36. A recombinant antibody according to Claim 1 or a 
therapeutic composition according to Claim 31 for use 
in the treatment of multi organ failure. 

37. A recombinant antibody according to.Claim 1 or a 
therapeutic composition according to Claim 31 for·use 
in the treatment of sepsis or septic/endotoxic shock. 

38. A method of treatment of a human or animal subject, 
suffering from or at risk of a disorder associated 
with an undesirably high level of TNF, comprising . 
administering to the subject an effective amount of a 
recombinant antibody according to Claim 1. 

39. A method according to Claim 33 or 38 comprising 
administering doses of anti-TNF antibody product in 
the range 0.001-30mg/kg/day, preferably 
0.01-lOmg/kg/day, or particularly preferably 
0.1-2mg/kg/day. 

-·· 
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CDR GRAFTrHG OF hTNF-1 

Light Chain Data 

1 Eu 
htnfl 
g Eu 

DIQMTQSPST LSASVGDRVT ITCRASQSI ••••• NTWLA WYQQKPGKAPK 
DIIP!SQSPSS LAVSVGEXVTMS CKSSQSLLYSlmQXNYLA WYQQKPGQSPK 
DIMMTQSPST LSASVGDRVTIT CKSSQSLLYSNNQKHYLA WYQQKPGQAPK 

EU LLMYKASSLE SGVPSRFIGS GSGTEFTLTI SSLQPDDFAT YYCQQYNSDS 
htnf1 LL~WASTRES GVPDRFTGS GSGTDPTLTI SSVKAED1!AV YYCQQYYDYP 
gEu LLISWASTRES GVPSRFIGS GSGTEFTLTI SSLQPDD~AT YYCQQYYDYP 

3 Eu KMFGQG TltVEVICG •• (KAPPA) 
htnf1 W'l'FGGG SKLEIK ••••• anti human THF seq from 
g Bu W'l'FGQG TKVEXKR••(KAPPA) 

framework residues changed(#= Kabat) 

chgs 3/42/48/49/83/106/108 

Eu 
htnf1 
2hEug 

Heavy Chain Data 

QVQLVQSGAE VKXPGSSVKV SCKASGGTPSRSAII WVRQA PGQGLEWMGG 
EVLLQQSGPE L!XPGASVKI PCKASGX',rF~DYNVD WV~QS HGKSLQWXGH 
QVQLVQSGAE ~PGSSVKV SCKASGYTFTDYNVD WV~QA PGQGLQWIGH 

Eu IVPMFGPPNYAQKFQG RVTITADESTHTAYMELSSLRSED TAFYFCAGGY 
htnf1 -IKPNlfGGTIYNQKFKG KGT~~~SS§TAYMELRSL~SED TAyYXCARSA 
2hEug INPNNGGTIYNQKFKG KGTLTVDKSTSTAYMELSSL~SED TAVYYCARSA 

Eu GIYSPE 
htnf1 FYNNYEYFDV 
2hEug FYNNYEYFDV 

WGQGTLVTVSS.grp lkabat cdr chg frwk4 
WGAGTTVTVSS 
WGQGTTVTVSS 

framework residues changed(#= kabat) 

chgs 12/27/30/38/46/48/66/67/69/71/73/76/83/89/91/94/108 

Fig. 1 
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CDR GRAFTING OF 101-4 

LIGHT CHAIN SUMMARY 

1 rei DIQM'l'QSPSS LSASVGDRVT ITCQASQDI ••••• IKYLNW YQQTPGKAPK 
101/4 QIVLTQSPPI MSASPGEKVT MTCSASSSVSFMY W YQQKPGSSPR 
g1014 QIVLTQSPSS LSASVGDRVT ITCSASSSVSFMY W YQQKPGKAPK 

2 rei 
101/4 
g1014 

3 rei 
101/4 
g1014 

LLIYEASNLQA GVPSRFSGS GSGTDYTFTI SSLQPEDIAT YYCQQYQSLP 
LLIYDASILAS GVPVRFSGS GSGTSYSLTI SRMEAEDVAT YYCQQWS~YS 
LLIYDASILAS GVPSRFSGS GSGTDYTLTI SSLQPEDIAT YYCQQWSDYS 

YTFGQGTKLQ ITR •• celltech rei 
PRTFGGGTKLE IKR ••••• THIS IS MOUSE(INSERTION IN CDR3)JSE 
PRTFGQGTKVE IKR •• celltech rei 

framework residues changed (#=Kabat) 

1/3/4/39/73/104/105/107 

KOL 
101/4 
g1014 

HEAVY CHAIN SUMMARY 

23 48 
QVQLVESGGG VVQPGRSLRL SCSSSGFIFSSYAMY WVRQA PGKGLEWVAI 
EVXIEESGGG WVQPGGSMKL SCIASGFTFSNYWMN WVRQS PEKGLEWVAE 
QVQIVESGGG WVQPGRSLRL SCIASGFTFSNYWMN WVRQA PGKGLEWVAE 

71 88 
KOL Dn>DGSDQBYADSVKG RFTISRDNSKNTLFLQMDSLRPED TGVYFCARDG 
101/4 VRLQSDNFTTHYAESVKGRFTISRDDSKSGVYLQMNNLGAED TGIYYCTPFA 
g1014 VRLQSDNFTTJIYAESVKGRFTISRDDSKNGVYLQMDSLRPED TGVYYCTPFA 

KOL 
101/4 
g1014 

GHGPCSSASCFGPDY WGQGTPVTVSS •••• HUMAN(kabat CDR defn) 
Y WGQGTLVTVSP ••• MOUSE seq 
Y WGQGTLVTVSS 

framework residues changed(#= Kabat) 

4/11/23/24/28/73/77/78/79/91/93/94/108 

Fig. 2 
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61E71 

LIGHT CHAIN SUMMARY 

REI DIQMTQSPSS LSASVGDRVT ITCQASQDI ••••• IKYLN WYQQTPGKAPK 
CBG SIVHTQTPKF LLVSAGDRV'l' ITCKASQSVS NDVA WYQQKSGQSPK 
gCB6 DIQMTQSPSS LSASVGDRV'l' ITCltASQSVS NDVA WYQQTPGKAPK 

REI LLIYEABNLQA GVPSRFSGS GSGTDYTFTI SSLQPEDIAT YYCQQYQSLP 
CB6 VLIYBVSNRYT GVPDRFTGS GYGTDFTFTI T'l'VQAEDLAV YFCQQDYSSP 
gCB6 LLIYBVSNRYT GVPSRFSGS GSGTDYTFTI SSLQPEDIAT YYCQQDYSSP 

REI Y'ffGQGTKLQ ITR ••• celltech rei(KAPPA) 
CB6 WTFGGGTKLE IK •••• MOUSE AB ••• REI (MO FWRICS) 
gCB6 WTFGQGTRLQ ITR. ••• grafted AB sequence 

HEAVY CHAIN SUMMARY 

KOL QVQLVESGGG VVQPGRSLRL SCSSSGFIFSSYAMY WVRQA PGRGLEWVAI 
CB6 QIQLVQSGPD LRRPGETVKI SC~SGYTFTNYGMN WVRQT PGKGLJCWH_GW 
9CB6 QVQLVESGGG VVQPGRSLRL SCRASGYTFTNYGMN WVRQA PGKGLEWMGW 

KOL IWDDGSDQBYADSVKG RFTISRDNSKMTLFLQMDSLRPED TGVYFCARDG 
CB6 INTYTGEPTYDDDFKG RPAFS~El!SASTAYLQINHLKMED MATFFCARQE 
gCB6 INTYTGEPTYDDDFKG RFTIS~DISKN'l'LFLQMDSLRPED TGVYFCARQE 

KOL GHGFCSSASCFGPDY WGQGTPV'l'VS.HUMAN grpl(kabat CDR defn) 
CB6 GFYAMDY WGQGTSL'l'VSS •• MOUSE ANTI-TNF sequence 
gCB6 GFYAMDY WGQGTPVTVS.grafted AB sequence 

Fig. 3 
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hTNF3 

LIGHT CHAIN SUMMARY 

REI DIQMTQSPSS LSASVGDRVT ITCQASQDI ••••• IKYLN WYQQTPGXAPR 
B'1'HF3 NZVHTQ'l'PKF LLVSAGDRIT ITCKASQSVS NDVA WYQQKPGQSPR 
gBT10'3 DIQMTQSPSS LSASVGDRVT ITCKASQSVS NDVA WYQQTPGKAPK 

REI LLIYEASNLQA GVPSRFSGS GSGTDYTFTI SSLQPEDIAT YYCQQYQSLP 
HTNF3 LLIYYVSNRYT GVPDRFTGS GYGTDFTFTI NTVQAEDLAY YFCQQDYSSP 
gHTNF3 LLIYYVSNRYT GVPSRFSGS GSGTDYTFTI SSLQPEDIAT YYCQQDYSSP 

REI YTFGQGTXLQ ITR •• (KAPPA) 
BTNF3 YTFGGGTRLE vx .... MOUSE AB sequence 
gB'1'HF3 YTFGQGTXLQ ITR •• grafted sequence 

HEAVY CHAIN SUMMARY 

KOL QVQLVESGGG VVQPGRSLRL SCSSSGFIFSSYAMY WVRQA PGKGLEWVAI 
hTNF3 RIQLVQSGPE LKKPGETVKI SCRASGYTFTNYGMN WVTQA PGKGLKWMGW 
ghTNF3 QVQLVESGGG VVQPGRSLRL SC~SGYTFTNYGMN WVRQA PGKGLEWK.._GW 

KOL IWDDGSDQHYADSVKG RFTISRDNSKNTLFLQMDSLRPED TGVYFCARDG 
hTNF3 INTYTGEPTYADDFKG RFAFSLETSASTAYLQINNLKNED TATYFCARKE 
ghTNF3 INTYTGEPTYADDFKG RFTISLD~SRNTLFLQMDSLRPED TGVYFCARKE 

KOL 
hTNF3 
ghTNF3 

GHGFCSSASCFGPDY WGQGTPVTVS.BUMAN grp3 
GFYAMDY WGQGTSVTVSS ••• MOUSE.ANTI-TNF sequence 
GFYAMDY WGQGTPVTVS.grafted AB sequence 

Fig. 4 
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hTNFl COMP ASSAY 
MuhTNF1 / GrhTNF1 

00(630-490) 
1000r-------------------

ow-L..LJ..u.w...~..u..u.WL-.J....U..J.U.W---J...J..U:WZ:::1!:!:i1m:t .... a....J...1..1L.Wl 
0.001 0.01 0.1 1 10 100 1000 

ug/ml 

--GRAF1ED -+- MURINE 

Fig. 5 

SUBSTJTUTE SHEET 

BIOEPIS EX. 1002 
Page 190



W092/ti383 

6/5 

I-z 
<( 
z 
m 
~ 
o-ur-... 
UJ u, 
a: Jl. 

C -u 
E 
-c 
tnZ 
c.<( 

oo 
o--o 
~o oB 
Z> 
Qm 
~LL 
lfJZ 
-1-

~ E 
a:: -I- en 
::> C. 
ILi z C 

~ z 
I-
...J 
<( 
::> 
C 

ID 
a: 

0 0 
0 --

SUBSTITUTE SHEET 

0 
0 
0 

0 
0 

0 

PCT/GB91/02300 

E -. en 
C 0 -C 0 

0 

z m 
u 0 

~ t <( 
a: 
I-z 
ILi u -z r,... 
0 u, 
u a.. 
> C 
C u 
0 t m 
.:: z 
<( 

(0 

Cl ·-LL 

BIOEPIS EX. 1002 
Page 191



,. 

INTERNATIONAL SEARCH REPORT 
ln1emat1onalAppllca11D11 :,io PCT /GB 91/023()0 

I. Cl..\SSIFICATIO~ OF SliBJECT '.\1ATTER (if several classification S\'mbols apply, indicate all)• 

Accanlln11 to lnrl!fllarioul Patent Oassification aPC) Of 10 borh !liatlonal Classification and IPC 

Int. CL 5 C 12 P 21/08 C 07 K 15/28 C 12 N 15/13 
C 12 N 15/62 A 61 K 39/395 

II. FIELDS SEARCHED 

!'dillimum Docume111:ation Sean:iiecl7 

Oassific:arlon System Classification Symbols 

Int. Cl. 5 C 12 P C 12 N A 61 K 

Doaunentat1on Searched otbet than Minimum Docamentation 
10 tbe Extent tbat sucb Documents are Included In the Fields Searched' 

Ul. DOC\;'MESTS COSSIDERED TO BE R£LEVANT9 

eateeorY • I Citation of Doc:ament. 11 witb indlca1ion, wbere appropriate. of tbe relevant p~ 12 Relmant to Claim No.ll 

X EP,A,0355067 (CELLTECH LTD) 21 1,2,31-
February 1990, see the whole document 38 

y ,3-30 
---

y EP,A,0403156 (GENZYME CORP.) 19 3-30 
December 1990, see example 12 ---

X Journal of Infectious Diseases, vol. 161, no. 6, 1,2,31, 
June 1990, (Chicago, US), s. OPAL et al.: 32,37, 
"Efficacy of a monoclonal antibody directed 38 
against tumor necrosis factor in protecting 
neutropen1c rats from lethal infection with 
Pseudomonas aerug1nosa11 , pages 1148-1152, see the 
whole article ---

y 3-30,33 
-36 --- -!-

0 Special categories of cited docllments : 10 "T"' later tlocamen1 published after the International filing daie 
• A· doc:amenr defining tbe general state of the an which is not of prlorily date and not In_ conflla wltb 1be ai,pllcatlon but 

cited to Wlderstalld lbe pnaciple or tbeory underlying tbe 
cansidered to be of panicular relllWlca inventiou 

T earlier documeat bat pabllsbed DII ar after tbe latcaa11oal 
filing date "X" document af particular Nll-c:e; 1be dalmed lnveitlan 

cannot be considered novel or CIIIIIOI be considered ta 
"'I.• dOC11mat which may throw doubu OD priority dalm{s) or i11YOIV9 an Inventive step 

•hlcb Is cited 10 establish the publication date of another "i" docam11111 of panicalar rel!IYUCC tbe daimed inYatian 
ciladon ot otb4r speci:al re:asnn {as specified) cannot be considered IO involve an inventive step Wll81I tbe 

·o~ documenr referri11g 10 an or.al disdosuNt, use, ablblrlon Of docament is combined with oae cir more othet sucb docu-
atbermeau menu, such comblnallon belug obviaus to a person slr.illed 

? document published prior to tbe l111caanonal flllna date 11111 In the an. 
Iller 1ban lhe priority date claimed • &• document member of !be same patent family 

IV. CERTIFICATION 

Date of the Aaual Complerion of the Jn1eraa11onal Sean:b 

I 

Date of Mailing of this lntetnaiional Search Repon 

26-03-1992 2 3~~ 199Z' · 
ln11m1110nal Searching Au1bonty I "-~d ........ ~ 

EUROPEA:"i PATENT OFFICE 
I 

BIOEPIS EX. 1002 
Page 192



Page 2 
l111ematio11al Applic:mon No PCT /GB 91/02300 

Jll. DOCl:MEXTS CO.'.\SlDERED TO BE REI.EV A'• (CO~"TI...;t.."ED FROM THE SECO~l> SHEETI 

Cateiory· I Citanon of Document, with indication, where :appropriate. of the nlev2a1 passaces I Relev11111 10 Claim So. 

! 
I 

~ 

y Proceedings of the National Academy of Sciences 3-30,33 
of USA, vol. 86, no. 24, December 1989, -36 
(Washington, US), C. QUEEN et al.: "A humanized 
antibody that binds to the interleukin 2 
receptor", pages 10029-10033, see page 10033, 
left-hand column, lines 10-45 (cited in the 
application) ---

X,P WO,A,9109967 (CELLTECH LTD) 11 July 1-38 
L 1990, see the whole document (cited in the 

application) (cited as L document since it may 
throw doubt on a priority claim) 

-----

; 

... 

BIOEPIS EX. 1002 
Page 193



r 

International. ,.,pllcatlon No. PCT/ GB91 /02300 
FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 

V. Dd OBSERVATION WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 1 

This lntamatlonal surd! raporl has not been ntalllishad in raspect of certain da1m1 undar Articla 17(2l(a) far tha fallOWlng ru-s: 

1. ~ Claim numbars * bac:aun they ralata ta 1ub1act mattar not raquinid ta ba surchad by 1h11 
Aulhanly, narnaly: 

Remark: although claims 33 and 38 are directed to a method 
of treatment of the human/animal body, the search has been 
carried out and based on the alleged effects of the 
compound/composition. 

* claim not searched: 39 See PCT-Rule 39.l (iv) 
2. D Claim numbers bacaun t11ay ralata la patls of Illa lntarnahanal application that do not comply 

with Iha prascrillad raquu•mants ta IUCII an a>dant that no meaningful lntamatJonal saarcll can ba camecl out. specifically. 

3. D Claim numbars ·. 
Iha sKO!ld and third sentancn or PCT Rula 6.4(a). 

bacauu thay ara dapanclant claims and ar• not draftad in accardanca With 

VI n OBSERVATIONS WHERE UNl1Y OF INVENTION IS LACKING 2 

This lntamatlonal Searching Authority tollnd mulllpla lnwntlon1 In thl1 lntamal10nal application as fall-•: 

1. D As all requlnid additional surd! fNs _.. tlmaly paid by Iha applicant. this lntamatlonal surd! raport _. all snrdlabl• daims 
of th• lntarnational application 

2. D As only soma of Ille l'IICllllnid acldltlonal nardl fns wera timely paid by lhl applicant. Uris intemallonal sun:ll repor1 c:owrs only 
thoH claims of tha lntlmali-1 applleation for which t•• _,. paid. spaciflcally claims: 

3. D Na raqulrld additional surch telts -a tlmaly paid by th• applicant. ConsaquanUy, this international aarcll raport is ruttid_ld ta 
Iha inwntion first mentionad in 1111 Claims; It is covarld by c111m numblrl: 

4. D As all surchable claims could be sun:llld without lffort jusufylng an additional r •• the International Surching Authority did not 
invita payment of any additional f-

Remark on Protest 

D Th1 ldditianal saarc:h rns ware accompan11d 11y appllcant·s pro1111. 

0Na pn,1ast accompanied iha payment of additional 1urch r-. 

Form PCT/ISA/210 (supplemental sneet (2)l - P9412B 05/91 

BIOEPIS EX. 1002 
Page 194



• 

I 
:E 
"' 

ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. GB 9102300 

SA 54719. 

This annex mts the patent family members relating to the patmt documents cited in the above-mentioned international search repert. 
'Ille members are as contained in the European Patent Office EDP file on 17 /04/92 · 
'Ille European Patent Office is in no way liable for these particulars wllich are merely given for the purpose of information. 

Patent document I Publication I cited in search repon date 

EP-A- 0355067 21-02-90 

EP-A- 0403156 19-12-90 

WO-A- 9109967 11-07-91 

Patmt family 
member(s) 

AU-A-
WO-A-

CA-A
JP-A-

AU-A-
AU-A-
AU-A-
EP-A-
EP:..A-
EP-A-
WO-A-
WO-A-
GB-A-
GB-A-

4182289 
9001950 

2018248 
3219896 

6974091 
7033091 
7048691 
0460167 
0460171 
0460178 
9109966 
9109968 
2246781 
2246570 

I Pulllic:ation 
'date 

23-03-90 
08-03-90 

· 07-12-90 
27-09-91 

24-07-91 
24-07-91 
24-07-91 
11-12-91 
11-12-91 
11-12-91 
11-07-91 
11-07-91 
12-02-92 · 
05-02-92 

----------------------------------------------------------- -----------

f.._ _____________________________ ____. 

; For mere details about this annex : see Official Journal of tile European Patent Office, Ne. 12/82 

;, 

..; '.• 

·, 

BIOEPIS EX. 1002 
Page 195



PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 

· INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC1) 

(51) International Patent Oassification 5 : 
C12N 15/13, C12P 21/08 
C07K 15/28, C12N 5/10 
A61K39/395 

(11) International Publication Number: WO 93/02191 

Al (43) International Publication Date: 4 February 1993 (04.02.93) 

(21) International Application Number: PCT/GB92/01289 

(22) International Filing Date: 15 July 1992 (15.07.92) 

(30) Priority data: 
9115364.3 16 July 1991 (16.07.91) GB 

(71) Applicant (for all designated States except US): THE WELL
COME FOUNDATION LIMITED [GB/GB]; Unicom 
House, 160 Euston Road, London NWl 2BP (GB). 

(71)(72) Applicant and Inventor: WALDMANN, Herman [GB/ 
GB]; University of Cambridge, Department of Patholo-

(72) Inventors; and 
(75) Inventors/ Applicants (for US only) : SIMS, Martin [GB/ 

GB]; The Wellcome Foundation Limited, Langley 
Court, Beckenham, Kent BR3 3BS (GB). CROWE, Scott 
(GB/GB]; Wellcome Foundation Limited, Langley 
Court, Beckenham, Kent BR3 3BS (GB). 

(74) Agent: STOIT, M., J.; The Wellcome Foundation Limited, 
Langley Court, Beckenham, Kent BR3 3BS (GB). 

(81) Designated States: JP, US, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IT, LU, MC, NL, SE). 

gy, Tennis Court Road, Cambridge, Cambridgeshire Published 
CB2 lQP (GB). With intematwnal search report 

(54) 11tle: HUMANIZED ANTIBODY AGAINST CD18 

(57) AbstJact 

A humanized antibody having all or part of the CDRs as defined and capable of binding to the human CD-18 antigen. The 
antibody is of use in therapy in treating leukocyte mediated conditions such as inhibiting ingress of leukocytes into the lung and 
other organs and treatment of inflammation. 

BIOEPIS EX. 1002 
Page 196



J 

FOR THE PURPOSES OF INFORMATION ONLY 

Codes used lo identify S1ates pany lo the PCT on the flonl pages of pamphlets publishing international 
applications under the PCr. 

AT AU>tria l"I 1-inlanJ Ml. Muli 
AU Au,.tralia FR France MN Mongolia 
BB HJrbi!JO~ CA Uahun MK Maurililnia 
8£ Belgium CB Unih:J Kini;Jum MW M.ilawi 
BF 8udiual-il>U CN Uuim:a NL Ni:thcrland:; 
BC Hulgariu GR Oru:c:.: NO Norway 
BJ Benin HU Hungary PL PulamJ 
BR Br.vii IE Ireland RO Romania 
CA Canada IT llaly RU Ru:.sinn F&:J.:r.11ion 
CF C"i:ntrJI Afncan R&:11ubli1: JP Japan SD SuJan 
CG Congo Kl' IJ&:mui:rJlic l'&:u11lc .,. k&:publi,: SE Swi:d&:n 
CH Swit,c:, land uf Kun:a SN 5&:ni.:gal 
Cl <·ore i1·1vuirc KR R&:publie of Kon:a SU Sovi.:1 Union 
CM Cameroon LI l.h:i.:hlo:D!lli:in . TD Chad 
cs Ca:cho:1lovaLia LK Sri l ... ni.a TG Togo 
DE <Jcrnwny LU Lu..:mbouri; us Uniu:d Sm~ or Amcri,;a 
UK Denmark MC MunJCO 
£S Spain MC Milllilga>l'ar 

• 

... 

,j 

.. 

BIOEPIS EX. 1002 
Page 197



i ... 

W093/02191 PCT/GB92/01289 

5 

HUMANIZED ANTIBODY AGAINST CD18 
The present invention relates to an antibody which 

binds to the CD18 antigen, to the preparation of such an 

antibody and to a pharmaceutical composition which contains 

the antibody. · 

Antibodies typically comprise two heavy chains linked 

together by disulphide bonds and two light chains. Each 

light chain is linked to a respective heavy chain by 

disulphide bonds. Each heavy chain has at one end a 

10 variable domain followed by a number of constant domains. 

Each light chain has a variable domain at one end and a 

constant domain at its other end. The light chain variable 

domain is aligned with the variable domain of the heavy 

chain. The light chain constant domain is aligned with the 

15 first constant ~amain of the heavy chain. The constant 

dc.mains in the light and heavy chains are not involved 

directly in binding the antibody to antigen. 

The variable domains of each pair of light and heavy 

chains form the antigen binding site. The domains on the 

20 light and heavy chains have the same general structure ·and 

each domain comprises a framework of four regions, whose 

sequences are ·relatively conserved, connected by three 

complementarity determining regions (CDRs). The four 

framework regions largely adopt a beta-sheet conformation 

25 and the CDRs form loops connecting, and in some cases 

forming part of, the beta-sheet structure. The CDRs are 

held in close proximity by the framework regions and, with 

the CDRs from the other domain, contribute to the formation 

of the antigen binding site. CORs and framework regions of 

30 

35 

antibodies may be determined by reference to Kabat et al 

{"Sequences of proteins of immunological interest" us Dept. 

of Health and Human services, us Government Printing 

Office, 1987). 

The preparation of an altered antibody in which the 

CDRs are derived from a different species than the 

framework of the antibody's variable domains is disclosed 
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in EP-A-0239400. The CDRs may be derived from a rat or 

mouse monoclonal antibody. The framework of the variable 

domains, and the constant domains, of·the altered antibody 

may be derived from a human antibody. Such a humanised 

antibody elicits a negligible . immun~ response when 

administered to a human compared to the immune response 

mounted by a human against a rat or mouse antibody. 

Humanised CAMPATH-1 antibody is disclosed in EP-A-0328404 

(Campath is a Trade Mark of The Wellcome group of 

10 companies). 

15 

20 

25 

According to one aspect of the present invention, 

there is provided a humanised antibody in which sufficient 

of the amino acid sequence of each CDR shown below is 

provided such that the antibody is capable of binding to 

the human CD18 antigen: 

light chain: CDR1 (SEQ ID NOS: 3 and 4) 

CDR2 {SEQ ID NOS: 5 and 6} 

CDR3 (SEQ ID NOS: 7 and 8) 

heavy chain: CDRl (SEQ ID NOS: 11 and 12) 

CDR2 (SEQ ID NOS: 13 and 14) 

CDRJ (SEQ ID NOS: 15 and 16) 

According to another aspect the invention provides a 

DNA molecule encoding a humanised antibody in which 

sufficient of the amino acid sequence of each COR shown 

above is provided such that the antibody is capable of 

binding to the human CD-18 antigen. 

The antibody preferably has the structure of a 

natural antibody or a fragment thereof. The antibody may 

therefore comprise a complete antibody, a (Fab' )2 fragment, 

30 a Fab fragment, a light chain dimer or a heavy chain dimer. 

35 

The antibody may be an IgG such as ·rgG1, IgG2, IgG3 or 

IgG4; or IgM, IgA, IgE or IgD. The constant domain of the 

antibody heavy chain may be selected accordingly. The 

light chain constant domain may be a kappa or lambda 

constant domain. 

The antibody may be a chimeric antibody of the type 
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described in WO 86/01533. A chimeric antibody according to 

WO 86/01533 comprises an antigen binding region and a non

immunoglobulin region. The antigen binding region is an 

antibody light chatn variable domain and/or neavy chain 

5 variable domain. Typically the chimeric a!}tibody comprises 

both light and heavy chain variable domains. The non

immunoglobulin region is fused to the c-terminus of the 

antigen binding region. The non-immunoglobulin region is 

typically a non-immunoglobulin protein and may be an enzyme 

10 region, a region derived from a protein having known 

binding specificity, from a protein toxin or indeed from 

any protein expressed by a gene. The non~immunoglobulin 

region may be a carbohydrate region. The two regions of 

the chimeric antibody · may be connected via a cleavable 

15 linker sequence. 

The light chain CDRs 1 to 3 and heavy chain CDRs 1 to 

3 of SEQ ID NOS: 3 to 8 and SEQ ID NOS: 11 to 16 

respectively are the CDRs of the YFCSl. L 1 rat antibody 

·which is a CD18 antibody. The specificity of a humanised 

20 antibody for the human CDlS antigen can be determined by 

flow cytometry, monocyte adhesion and/or by T-cell 

proliferation assays as follows: 

Monocyte CMNC) Adhesion 

MNC's are treated with the phorbol diester PDBu (10·9 

25 M) in the presence and absence of antibody (20µ1) for 5 

minutes. These cells are then transferred to bovine aortic 

endothelial cell (BAEC} monolayers .and incubated for 30 

minutes in a humidified atmosphere of 95% air, 5% CO2 at 

37°C. Non-adherent cells are removed by washing in 

30 

35 

phosphate buffered saline (PBS) three times. 

cells are . then lysed in situ with 

The adherent 

50µ1, 0.5% 

hexadecyltrimethyl ammonium bromide. Dianisidine 

dihytirochloride (0. 63mM) containing O. 4mM hydrogen peroxide 

is added ( 250µ1} to each well and incubated· for a further 

10 minutes. Enzyme activity is then assessed using the 

presence of monocyte-specific myeloperoxidase, recorded as 
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an increase in absorbance. The optical density of the 

samples can then be recorded at 450nm using a multi-well 

plate reader (Anthes series, Lab Teck instruments). 

Comparisons can then be made between treated and untreated 

5 samples (Bath et al, J. Immunol. Meth., 118, 59-65, 

(1989)). 

Flow cytometry 

surface lab~lling of rat, rabbit, guinea-pig and 

10 hwnan monocytes with antibody is carried out according to 

the method of Gladwin et gJ.., (Biochim. Biophys. Acta., 

1052, 166-172 (1990)). Briefly, 1 ml aliquots of cells 

suspension (Sxl06) are incubated with the appropriate 

antibody, monodispersed and incubated on melting ice for 30 

15 minutes. The cells are twice washed in PBS and incubated 

for a further 30 minutes with a 1:2.00 dilution of rabbit 

anti-rat F(ab') 2 FITC conjugate on melting ice. The cells 

are finally washed three times in PBS and fixed in o .1% 

para-formaldehyde. Analysis of surface labelling can be 

20 performed using an Epics Elite flow cytometer {Coulter 

cytometry, Hialhea, FL) using standard· computer, 

electronics and optics. The Elite is configured with a 

15mW 488nm Argon-ion laser (Cyonics model 2201, San Jose, 

CA}. Monocyte and lymphocyte populations are separated by 

25 forward angle light scatter and side scatter. Green 

fluorescence data for 2 x 104 monocytes is collected·using 

bit-map gating and collected on a three decade log scale .. 

Green fluorescence data for 2 x 104 neutrophils is collected 

in a similar manner. For each sample, mean fluorescence .. 
30 intensity in the presence of the primary mAb is compared 

with cells incub~ted with rabbit anti-rat F(ab' )z FITC 

fragments alone and the percentage labelling of the cells 

determined. Samples can be labelled in triplicate and -

repeat experiments can be performed on three separate 

35 occasions. 
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T-cell proliferation assay 

Human mononuclear ·cells are 

defibrinated blood using density gradient. 

PCT/GB92/01289 

prepared from 

separation over 
Ficoll-paque. Lymphocytes (2 x 105 cells) are cultured in 

5 each well of a flat bottomed 96-well _microtitre plate 
. . . 

(Nunclon, Roskild, Denmark), in RPMI 1640 supplemented with 

10% autologous serum, 2mM glutamine and lOOiU penicillin/ 

- 100µ.g m1·1 streptomycin. Triplicate cultures are set up with 

the medium alone or with antigen (Tetanus Toxoid, 3µ.g m1·1) 

10 or mitogen (PHA, lµg ml'1), in the presence or absence of 

different concentrations of monoclonal antibodies. Cells 

are cultured at 37°C in a humidified atmosphere of 95% air, 

5% CO2 . for five· days. Wells are then pulsed with lµ.Ci 

(methyl3H] thymidine (2Ci mmo1·1 , Amersham), harvested 18 

15 hours later and radioactivity counted by liquid 

scintillation using a B counter (LKB, Betaplate, Sweden). 

The results are expressed as mean+/- SEM. 

Suitably, the CDRs of a humanised antibody are the 

light chain CDRs 1 to 3 and the heavy chain. CDRs 1 to 3 

20 above. The amino acid sequences of these CDRs may be 

changed, however. The amino acid sequence of each CDR may 
be changed by up to 40% by amino acid substitutions·; 
insertions and/or deletions, for example by up to 30%, up 

to 20% or up to 10%. 

25 Each CDR may therefore include one or two amino acid 

30 

35 

substitutions, insertions and/or deletions. There may be 

up to three amino acid substitutions, insertions, and/or 

deletions in light chain CDR. Up to four amino acid 

substitutions, insertions and/or deletions may be present 

in light chain CDRl or heavy chain CDRJ. Up to six amino 

acid· substitutions, insertions and/or deletions may be 
present in heavy chain CDR2 . Preferably the amino acid 

sequence of each CDR is substantially homologous to that of 

each CDR of YFC 51.1.1. 

The framework and the constant domains of the 

antibody are human framework and human constant domains. 
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Preferably the framework of the variable region of the 

antibody heavy chain is substantially homologous to the 

corresponding framework of the human protein NEWM (Saul et 

al, J .. Biol. Chem. 25, 585-597, (1987)). Homology in 

5 respect of the framework is generally ~0% or more with 

respect to NEWM, for example 90% or more or 95% or more. 

A number of amino acid substitutions, insertions and/or 

deletions may be present. Candidate framework changes that 

may be made to restore binding include changes of amino 

10 acid residues 27, JO, 48, 66, 67, 71, 91, 93 and 94. The 

amino acid numbering is according to Kabat et al. 

The framework of the variable region of the antibody 

light chain is typically substantially homologous to the 

variable domain framework of the protein REI (Epp gt al, 

15 Eur. J. Biochem. 45, 513-524, (1974}). Homology in respect 

of the framework is generally 80% or more with respect to 

REI, for example 90% or more or 95% or more. A number of 

amino acid substitutions, insertions and/or deletions may 

be present, for example.at amino acid residue 71 according 

20 to the numbering of Kabat et al. 

A humanised antibody is prepared according to the 

invention by a process which comprises maintaining a host 

transformed with a first expression vector which encodes 

the light chain of the humanised antibody and with a second 

25 expression vector which encodes the heavy chain of the 

humanised antibody under such conditions that each chain is 

expressed and isolating the humanised antibody formed by 

assembly of the thus-expressed chains. 

The first and second expression vectors may be the 

30 same vector. The invention further provides: 

- a DNA sequence encoding the light chain or the heavy 

chain of the humanised antibody; 

an expression vector which incorporates a said DNA 

sequence; and 

35 - a host transformed with a said expression vector. 

Each chain of the antibody may be prepared by CDR 
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replacement. The CDRs of a variable region of a light or 

heavy chain of a human·antibody are replaced by sufficient 

of the amino acid sequence of each CDR of the rat anti

human-CD18 antibody YFC51.l.l such that the resulting 

antibody is capable of binding to the CD18 antigen. The 

CDR-encoding regions of DNA encoding a hypervariable region 

of a human antibody chain are replaced by DNA encoding the 

desired CDRs. If appropriate, this altered DNA-is linked 

to DNA encoding a constant domain for the antibody chain. 

10 The DNA is cloned into an expression vector. The expression 

vector is introduced into a compatib~e host cell which is 

cultured under such conditions that the antibody chain is 

expressed. 

expressed 

Complementary antibody chains which are co~ 

in this way may then assemble to form the 

15 humanised antibody. 

The present invention is described herein with 

particular reference to the production of a humanised 

antibody having CDRs derived directly or indirectly from 

the rat antibody YFC51.1.1. However the techniques 

20 described herein can equally be used to derive other 

humanised anti CD-18 antibodies. According to a further 

aspect, the present invention provides a humanised ( CDR 

grafted} anti CD-18 antibody. 

There are four general steps to humanise a monoclonal 

25 antibody. These are: 

(l} determining the nucleotide and-predicted amino 

acid sequence of the starting antibody ·light and heavy 

variable domains; 

(2) designing the humanised antibody, i.e. decidi~g 

30 which antibody framework region to· use during the 

humanising process; 

35 

(3) the actual humanising methodologies/techniques; 

and 

( 4) the transfection and. e.xpression of the humanised 

antibody. 
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Step 1: Determining the nucleotide and predicted amino acid 

sequence of the antibody light and heavy chain · variable 

domains 

To humanise an antibody only the amino acid sequence 

5 of antibody's heavy and light chain variable domains needs 

to be known. The sequence of the constant domains is 

irrelevant because these do not contribute to the re~haping 

strategy. The simplest method of determining an antibody's 

variable domain amino acid sequence is from cloned cDNA 

10 encoding the heavy and light chain variable domain. 

There are two general methods for . cloning a given 

antibody's heavy and light chain variable domain cDNAs: (1) 

via a conventional cDNA library, or (2) via the polymerase 

chain reaction (PCR) . Both of these methods are widely 

15 known. Given the nucleotide sequence of the cDNAs, it is 

a simple matter to translate this information into the 

predicted amino acid sequence of the antibody variable 

domains. In the present instance, the nucleotide sequence 

and predicted amino acid sequence of the light and heavy 

20 chains of the rodent YFC51.1.1 antibody are shown in SEQ ID 

NOS: 1 and 2 and SEQ ID NOS: 9 and 10. 

Step 2: Designing the humanised antibody 

There are several factors to consider . in deciding 

25 which human antibody sequence to use during the 

humanisation. The humanisation of light and heavy chains 

are considered independently of one another, but the 

reasoning is basically similar for each. 

This selection process is based on the fallowing 

30 rationale: A given antibody's ar:itigen specificity and 

affinity is primarily determined by the amino acid sequence 

of the variable region CDRs. Variable domain framework 

residues have little or no direct contribution. The 

primary function of the framework regions is to hold the 

35 · CDRs in their proper spatial orientation to recognize 

antigen. Thus the substitution of rodent CDRs into a human 
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variable domain framework is most likely to result in 

retention of their correct spatial orientation.if the human 

variable domain framework is highly homologous to the 

rodent variable domain from which they originated. A human 

5 variable domain should preferably be chosen therefore that 

is highly homologous to the rodent variable domain(s). A 

suitable human antibody variable domain sequence can be 

selected as follqws: 

10 

15 

20 

25 

30 

35 

1. 

2. 

Using a computer program, search all available 

protein (and DNA) databases for those human antibody 

variable domain sequences that are most homologous to 

the rodent antibody va~iable domains. The output of 

a suitable program is a list of sequences most 

homologous to the rodent ~ntibody, the percent 

homology to each sequence, and an al~gnment of each 

sequence to the rodent sequence. This is done 

independently for both the heavy and light chain 

varia·ble domain sequences. The above analyses are 

more easily accomplished if only human immunoglobulin 

sequences are included. 

List the human antibody variable domain sequences and 

compare for homology. Primarily the comparison is 

performed on length of CDRs, except CDR3 of the heavy 

chain which is quite variable. Human heavy chains 

and Kappa and Lambda light chains are divided into 

subgroups; Heavy chain 3 subgroups, Kappa chain 4 

subgroups, Lambda chain 6 subgroups. The CDR sizes 

within each subgroup are similar ·but vary between 

.subgroups. It is usually possible to match a rodent 

antibody CDR to one of the human subgroups as a first 

approximation of homology. Antibodies bearing _CDRs of· 

similar length are then compared for amino acid 

sequence homology, especially within the CDRs, but 

also in the surrounding framework regions. The human 

variable domain which is most homologous is chosen as 

the framework for humanisation. 
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Step 3: The actual humanising methodologies/techniques 

An antibody may be humanised by grafting the 

desired CDRs onto a human framework according. to EP-A-

0239400. A DNA sequence encoding the desired reshaped 

5 antibody can therefore be made beginning with the human DNA 

whose CDRs it is wished to reshape. The rodent variable 

domain amino acid sequence containing the desired CORs is 

compared to that of the chosen human antibody variable 

domain sequence. The residues in the human variable domain 

10 are marked that need to be changed to the c'orresponding 

residue in the rodent to make the human variable region 

incorporate the rodent CDRs .. There may also be residues 

that need substituting in, adding to or deleting from the 

human sequence. 

15 Oligonucleotides are synthesized that can be used to 

mutagenize the human variable domain framework to contain 

the desired residues. Those oligonucleotides can be of any 

convenient size. One is normally only limited in length by 

the capabilities of the particular synthesizer one has 

20 available. The method of oligonucleotide-directed in vitro 

mutagenesis is well known. 

Alternatively, humanisation may be achieved using the 

recombinant polymerase chain reaction (PCR} methodology of 

WO 92/07075. Using this methodology, a CDR may be spliced 

25 between the framework regions of a human antibody. 

In general, the technique of WO 92/07075 can be 

performed using a template comprising two human framework 

regions, AB and CD, and between them, the CDR which is to 

be replaced by a donor CDR. Primers A and Bare used to 

30 amplify the framework region AB, and primers C and D used 

to amplify the framework region CD. However, the primers 

Band C each also contain, at their 5' ends, an additional 

sequence corresponding to all or at least part of the donor 

CDR sequence. Primers B and c overlap by a length 

35 sufficient to permit annealing of their 5' ends to each 

other under conditions which allow a PCR to be performed. 
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Thus, the amplified regions AB and CD may undergo gene 

splicing by overlap extension to produce the humanised 

product in a single reaction. 

5 Step 4: The transfection and expression of the re.shaped 

antibody 

Following the mutagenesis reactions to reshape the 

antibody, the mutagenised DNAs can be linked to an 

appropriate DNA encoding a light or heavy chain constant 

10 region, cloned into an expression vector, and transfected 

into host cells, preferably mammalian cells. These steps 

can be carried out in routine fashion. A reshaped antibody 

may therefore be prepared by a process comprising: 

(a) preparing a first replicable expression vector 

15 including a suitable promoter operably linked to a DNA 

sequence which encodes at least a variable domain of_ an Ig 

heavy or light chain, the variable domain comprising 

framework regions from a human antibody and the CDRs 

required for the humanised antibody of the invention; 

20 (b) preparing a second replicable expression vector 

including a suitable promoter operably linked to a DNA 

sequence which encodes at least the variable domain of a 

complementary Ig light or heavy chain respectively; 

(c) transforming a cell. line with the first or both 

25 prepared vectors; and 

(d) culturing said transformed cell line to produce 

said altered antibody. 

Preferably the DNA sequence in step (a) encodes both 

the variable domain and the or each.constant domain of the 

30 human antibody chain. The humanised antibody can be 

prepared using any suitable recombinant expression system. 

The cell line which is transformed to produce the altered 

antibody may be a Chinese Hamster ovary (CHO) cell line or 

an immortalised mammalian cell line, which is 

35 advantageously of lymphoid origin, such as a myeloma, 

hybridoma, trioma or quadroma cell line. The cell line may 
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also comprise a normal lymphoid cell, · such as a B-cell, 

which has been immortalised by transformation with a virus, 

such as the Epstein-Barr virus. Most preferably, the 

immortalised cell line is a myeloma cell line or a 

5 derivative thereof. 

The CHO cells used for expression of the antibodies 

according to the invention may be dihydrofolate reductase 

(dhfr) deficient and so dependent on thymidine and 

hypoxanthine for growth (Urlaub et al., Proc. Natl. Acac. 

10 Sci. U.S.A., 77 4216-4220 (1980)). The parental dhfr CHO 

cell line is transfected with the DNA encloding the 

antibody and dhfr which enables selection of CHO cell 

transf ormants of dhfr positive phenotype. Selection is 

carried out by culturing the colonies on media devoid of 

15 thymidine and hypoxanthine,. the absence of which prevents 

untransformed cells from growing and transformed cells from 

resalvaging the folate pathway and thus bypassing the 

selection system. These transformants usually express low 

levels of the DNA of interest by virtue of co-integration 

20 of transfected DNA of interest and DNA encoding dhfr. The 

expression levels of the DNA encoding the antibody may be 

increased by amplification using methotrexate (MTX). This 

drug is a direct inhibitor of t~e enzyme dhfr and allows 

isolation of resistant colonies which amplify their dhfr 

25 gene copy number sufficiently to survive under these 

conditions. Since the DNA sequences encoding dhfr and the 

antibody are closely linked in the original transform.ants, 

there is usually concomitant amplification, and therefore 

increased expression of the desired antibody. 

30 Another preferred expression system for use with CHO 

or myeloma · cells is the glutamine synthetase (GS). 

amplification system described in WO 87 /04462. This system 

involves the transfection of a cell with DNA encoding the 

enzyme GS and with DNA encoding the desired antibody. 

35 Cells ar~ then selected which grow in glutamine free medium 

and can thus be assumed to have integrated the DNA encoding 

;,. 
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GS. These selected clones are then subjected to inhibition 

of the enzyme GS using methionine sulphoximine {Msx). The 

cells, in order to survive, will amplify the DNA encoding 

GS with concomitant amplification of the DNA encodin9 the 

5 antibody. 

· Although the cell line used to produce the humanised 

antibody is preferably a mammalian cell line, any other 

suitable cell line, such as a bacterial cell line or a 

yeast cell line, may alternatively be used. In particular, 

10 it is envisaged that E.:.. coli - derived bacterial strains 

could be used. The antibody obtained is checked for 

f~nctionali.ty. If functionality is lost, it is necessary 

to return to step ( 2) and alter the framework of the 

antibody. 

15 Once expressed, the whole antibodies, their dimers, 

individual light and heavy chains, or other irnmunoglobulin 

forms of the_ present invention can be recovered and 

purified according to standard procedures of the art, 

including ammonium sulfate precipitation, affinity columns, 

20 column chromatography, gel electrophoresis and the like 

(See, generally, 

Springer-Verlag, 

Scopes, R., 

N.Y. (1982)). 

Protein Purification, 

Substantially pure 

immunoglobulins of at least about 90 to 95% homogeneity are 

preferred, and. 98 to 99% or more homogeneity most 

25 preferred, for pharmaceutical uses. Once purified, 

partially or to homogeneity as desired,· a humanised 

antibody may then be used therapeutically or in developing 

and perform1ng assay procedures, immunofluorescent 

· stainings, and. the like (See, . generally, Immunological 

30 Methods, Vols. I and II, Lefkovits and Pernis, eds., 

Academic Press, New York, N.Y. (1979 and 1981)). 

The humanis~d CD18 antibodies can be used for example 

in the treatment of leukocyte mediated conditions. The 

humanised CD18 antibodies typically find use in- inhibiting 

35. influx of leukocytes into the lungs and other organs during 

sepsis or other infectious or non-infectious trauma. The 
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humanised CD18 antibody can therefore be used for 

inhibiting the ingress of leukocytes into the lung and 

other organs in patients having endotoxic shock or adult 

respiratory distress syndrome. The antibody can be used .to 

5 treat asthma or leukocyte-mediated reperfusion damage post 

thrombolytic therapy, to treat inflammation in the lung and 

other organs in patients having an inflammation caused by 

sepsis or other infectious or non-infectious trauma, to 

eliminate or reduce inflammation in a patient being 

io administered with an anti-infective agent or to assist in 

the adm.j.nistration of a therapeutic drug to a patient 

during chemotherapy {EP-A-0346078). 

The humanised antibodies of the present invention may 

also be used in combination with other antibodies, 

15 particularly human monoclonal antibodies reactive with 

other markers on cells responsible for the disease. For 

example, suitable T-cell markers can include those grouped 

into the so-called "Clusters of Differentiation" as named 

by the First International Leukocyte Differentiation 

20 Workshop, Leukocyte Typing, Bernard, 

Springer-Verlag, N.Y. (1984). 

et al . , Eds . , 

The antibodies can also be used as 

separatelyadministered compositions given in -conjunction 

with chemotherapeutic or immunosuppressive agents. 

25 Typically, the agents will include cyclosporin A or a 

purine analog (e.g., methotrexate, 6-mercaptopurine, or the 

like), but numerous additional agents (e.g., 

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

skilled in the art may also be utilized. 

30 

35 

An antibody of the present invention may form part of 

an immunotoxin. Immunotoxins are characterized by two 

components and are particularly useful for killing selected 

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

agent which is usually fatal to a cell when attached or 

absorbed. The second component, known as the "delivery 

vehicle", provides a means for delivering the toxic agent 
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to a particular cell type, such as cells comprising a 

carcinoma. The two components are commonly chemically. 

bonded together by any of a variety of well-known chemical 

procedures. 

protein and 

For example, when the cytotoxic agent is a 

the second component is an intact 

the linkage may be by way of i:nmiunoglobulin, 

heterobifunc~ional cross-linkers, e.g., SPDP, carbodiimide, 

glutaraldehyde, or the like. Production of various 

immunotoxins.is well-known with the art, and can be found, 

for example in "Monoclonal Antibody-Toxin Conjugates: 

Aiming the Magic Bullet", Thorpe et al, Monoclonal 

Antibodies in Clinical Medicine, Academic Press, pp. 

168-190 (1982). 

A variety of cytotoxic agents are suitable for use in 

15 immunotoxins. Cytotoxic agents can include radionuclides, 

such as Iodine-131, Yttrium-90, Rhenium-188, and Bismuth-

212; a number of chemotherapeutic drugs, such as vindesine, 

methotrexate, adriamycin, and cisplatin; and cytotoxic 

proteins such as ribosomal inhibiting proteins like 

20 pokeweed antiviral protein, Pseudomonas exotoxin A, ricin, 

diphtheria toxin, ricin A chain, etc., or an agent active 

at the cell surface, such as the phospholipase' enzymes · 

(e.g., phospholipase cf. See, generally, "Chimeric Toxins, 11 

Olsnes and Phil, Pharmac. Ther., A.a, 335-381 (1982), and 

25 "Monoclonal Antibodies for Cancer Detection and Therapy," 

eds. Baldwin and Byers, pp.. 159-179, 224-266, Academic 

Press (1985). 

The delivery component of the immunotoxin is a 

humanised antibody according to the present invention. 

30 Intact immunoglobulins or their binding fragments, such as 

Fab, are preferably used. Typically, the antibodies in the 

immunotoxins will be of the human IgA, IgM or IgG isotype, 

but other mammalian constant regions may be utilized as 

· desired. 

35. The invention further provides a pharmaceutical 

composition comprising a pharmaceutically acceptable 
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carrier or diluent and, as active ingredient, a humanised 

antibody according to the in~ention. The composition may 

comprise an immunotoxin according to the invention. The 

humanised antibody, immunotox'in and pharmaceutical 

5 compositions thereof of this invention _are particularly 

useful for parenteral administration, i.e., subcutaneously, 

intramuscularly or intravenously. 

The compositions for parenteral administration will 

commonly comprise a solution of the antibody or a cocktail 

10 thereof dissolved in an acceptable carrier, preferably an 

aqueous carrier. A variety of aqueous carriers can be 

used, e.g., water, buffered water, 0.4% saline, 0.3% 

glycine and the like. These solutions are sterile and 

generally free of particulate matter. These compositions 

15 may be sterilized by conventional, well known sterilization 

techniques. The compositions may contain pharmaceutically 

acceptable auxiliary substances as required to approximate 

physiological conditions such as pH adjusting and buffering 

agents, toxicity adjustment agents and the like, for 

20 example sodium acetate, sodium chloride, potassium 

chloride, calcium chloride, sodium lactate, etc. The 

concentration of antibody in these formulations can vary 

widely, for example from less than about 0.5%, usually at 

or at least about 1% to as much as 15 or 20% by weight and 

25 will be selected primarily based on fluid volumes, 

viscosities, etc., in accordance with the particular mode 

of administration selected. 

Thus, a typical pharmaceutical composition for 

intramuscular injection could be made up to contain l ml 

30 sterile buffered water, and 50 mg of antibody. A typical 

composition for intravenous infusion could be made up to 

contain 250 ml of sterile Ringer's solution, and 150 mg of 

antibody. Actual methods for preparing parenterally 

administrable compositions will be known or apparent to 

35 those skilled in the art and are described in more detail 

in, for example, Remington's Pharmaceutical Science, 15th 
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ed., Mack Publishing Company, Easton, Pennsylvania (1980). 

The antibodies of this invention can be lyophilized 

for storage and reconstituted in a suitable carrier prior 

to use. This technique has been shown to be effective with 

5 conventional immune globulins. Any suita~le lyophilization 

and reconstitution techniques can be employed. It will be 

appreciated by those skilled in the art that lyophilization 

and reconstitµtion can lead to varying degrees of antibody 

activity loss (e.g., with conventional immune globulins, 

10 IgM antibodies tend to have greater activity loss than IgG 

antibodies) and that use levels may have to be adjusted to 

compensate. 

The compositions containing the present human- like 

antibodies or a cocktail thereof can· be administered for 

15 prophylactic and/or therapeutic treatments. In therapeutic 

application, c.ompositions are administered to a patient 

already suffering from a disease, in an amount sufficient 

to cure or at least partially arrest or alleviate the 

disease and its complications. An amount adequate to 

20 accomplish this is defined as a "therapeutically effective 

dose." Amounts effective for this use will depend upon the 

severity of the infection and the general state of the 

patient's own immune system, but generally range from about 

1 to about 200 mg of antibody per· dose, with dosages of 

25 from 5 to 25 mg per patient being more commonly used. It 

must be kept in mind that the materials of the invention 

may generally be employed in serious disease states, that 

is life-threatening or potentially life-threatening 

situations. In such cases, in view of the minimization of 

30 extraneous substances- and the lower probability of "foreign 

substance" rejections which are achieved by the present 

human~like antibodies of this invention, it is possible and 

may be felt desirable by the treating physician to 

administer substantial excesses of these antibodies. 

35 In prophylactic applications, compositions containing 

the present antibodies or a cocktail thereof are 
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administered to a patient not already in a disease state to 

enhance the patient's resistance. such an amount is 

defined to be a "prophylactically effective dose 11
• In this 

use, the .precise amounts again depend upon the patient's 

5 state of health and general level of immunity, but 

generally range from 0.1 to 25 mg per dose, especially o.s 
to 2. 5 mg per patient. A preferred prophylactic use is for 

the prevention of kidney transplant rejection. 

Single or multiple administrations of the 

10 compositions· can be carried out with dose levels and 

pattern being selected by the treating physician. In any 

event, the pharmaceutical formulations should provide a 

quantity of the antibody(ies) of this invention sufficient 

to effectively treat the patient. 

15 Human-like antibodies of the present invention can 

further find a wide variety of utilities in vitro. By way 

of example, the exemplary antibodies can be utilized for T

cell typing, for isolating specific CD18 antigen-bearing 

cells or fragments of the receptor, for vaccine 

20 preparation, or the like. 

For diagnostic purposes, the antibodies may either be 

labelled or unlabelled. Unlabelled antibodies can be used 

in· combination with other labelled antibodies (second 

antibodies) that are reactive with the humanised antibody, 

25 such as antibodies specific for human ·immunoglobulin 

constant regions. Alternatively, the antibodies can be 

directly labelled. A wide variety of labels may be 

employed, such as radionuclides, fluors, enzymes, enzyme 

substrates, enzyme cofactors, enzyme inhibitors, ligands 

30 (particularly haptens), etc. Numerous types of 

immunoassays are available and are well known to those 

skilled in the art. 

Kits can also be supplied for use with the subject 

antibodies in the protection against or detection of a 

35 cellular activity or for the presence of a selected 

antigen. Thus, a humanised antibody of the present 
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invention may be provided, usually in a lyophilized form in 

a container, either alone or in conjunction with additional 

antibodies specific for the desired cell type. Th'e 

antibodies, which may be conjugated to a label or toxin, or 

5 unconjugated, are included in the kits with buffers, such 

.as Tris, phosphate, carbonate, etc., stabilizers, biocides, 

inert proteins, e.g., serum albumin, or the like. 

Generally, these· materials will be present in less than 

about 5% wt. based on the amount of active antibody, and 

10 usually present in total amount of at least about 0.001% 

wt. based again on the antibody concentration. Frequently, 

it will be desirable to include an inert extender or 

excipient to dilute the active ingredients, where the 

excipient may be present in from about 1 to 99% wt. of the 

15 total composition. Where a second antibody capable of 

binding to the chimeric antibody is employed in an assay, 

this will usually be present in a separate vial. The 

se~ond antibody is typically conjugated to a label and 

formulated in an analogous manner with the antibody 

20 formulations described above. The kit will generally also 

include a set of instructions for use. 

25 

The following Example illustrates the invention. 

EXAMPLE 

Cloning and sequencing of the YFC51.1.1 rat anti-human-CD18 

heavy and light chains 

Total RNA was isolated from 2. 5 x 107 YFC51. l. l 

expressing cells following the method of Chomczynski and 

JO- Sacchi (Anal. Biochem., 162, 156-159, (1987)), using 1ml of 

extraction solution per 1 x 107 cells. The resulting RNA 

pellet was redissolved in /50µ1 diethyl pyrocarbonate 

(DEPC}-treated distilled water, and spectrophotometrically 

determined to be at a concentration of 4µ.g/µl. Dynabeads 

35 . Oligo (dT) 25 (Dynal} was used to extract mRNA from 75µg 

total.RNA employing the ~anufacturer's protocol. 
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cDNA was synthesized from the isolated mRNA and 
cloned into the plasmid pSPORT-1 using the SUPERSCRIPT 

Plasmid system for cDNA synthesis and Plasmid Cloning kit 

(BRL) following the method recommended by the manufacturer. 

Escherichia coli MAX EFFICIENCY DH5a Competent Cells (BRL) 

were transformed with the resulting cDNA/pSPORT-1 ligation. 

Approximately 5000 colonies were lifted onto Hybond-N nylon 

filters (Amersham) and lysed, denatured and fixed following 

the method of Buluwela et al (Nucleic Acids Res., 17, 452, 

10 (1989)). The filters were treated with proteinase K 

(SOµg//ml) in 0.2 x ssc, 0.1% sos at 55°C for 30 min, and 

then excess debris removed with a tissue. 

(i) Heavy chain 

An oligonucleotide as shown in SEQ ID NO: 17 
15 complementary to a portion of rat gamma-CHl constant region 

(bases 496-515) was end-labelled and used to screen the 

filters for YFC51.1.1 heavy chain following the standard 

protocols. Approximately 50 potential positive colonies 

were detected, and 20 selected for further analysis. 

20 Plasmid DNA was prepared using the method of Del Sal et Al 
(Nucleic Acids Res., 16, 9878, (1988)) and 12 of the 20 

25 

30 

contained inserts of the expected size for rat 
immunoglobulin heavy chain cDNA. A clone, p51H.6, was 

selected, and the variable region sequenced in both 

directions by plasmid priming following the dideoxy chain 

termination method ·(Sanger gt al, (Proc. Natl. Acad. Sci., 

USA, 74, 5463-5467, (1977)), according to the Sequenase kit 

(USS) protocol. The sequence of the variable region is 

shown in SEQ ID NOS: 9 and 10. 

(ii} Light Chain 

A clone of the rat myeloma Y3-Ag 1.2.3 light chain 

(Crowe et Al, Nucleic Acid Res., 17, 7992, (1989)) was 

labelled with digoxigenin-11-dUTP using the Nonradioactive 

35. DNA labelling and Detection Kit (Boehringer Mannheim) and 

used to screen the filters for the YFC51.1.1 light chain, 
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Approximately 40 

potential positive colonies were detected, and 24 selected 

for further _analysis. Plasmid DNA was prepared as 

described above. Both Y3-Ag 1. 2. 3 and YFCSl.1.1 light 

5 chains were isolated (Y3 cell line being hybridoma fusion 

partner) but were distinguishable by ·having different 

restriction patterns. One clone, p51L.4, containing the 

YFCSl.1.1 light chain was chosen and sequenced as described 

for the heavy chain. The sequence of the variable region 

10 is shown in SEQ ID NOS: 1 and 2. 

Designing the humanised antibody 

Using the selection procedure described in step (2) 

above, the human variable domain frameworks of the NEWM 

15 heavy chain and REI light chain (Kabat et al, 1987) were 

chosen for the humanisation process. 

Construction of the humanised heavy and light chain genes 

The humanised heavy and light chains were constructed 

20 following the method of Lewis and Crowe (Gene, 101, 297-

302, (1991)}. 

25 

30 

(i) Light Chain 

Light chain oligonucleotide primers: 

AL: SEQ ID NO: 18: 

BL: SEQ ID NO: 19: 

CL: SEQ ID NO: 20: 

DL: SEQ ID NO: 21: 

EL: SEQ ID NO: 22: 

FL: SEQ ID NO: 23: 

GL: SEQ ID NO: 24.: 

HL: SEQ ID NO: 25: 

PCR reactions (Saiki et al., Science 239, 487-491, 

(1988)) were performed in a programmable heating block 

35 (Hybaid} using 20 rounds of.temperature cycling (94°C for 

1 min, 50°C for 2 min, and 72°C for 3 min) followed by a 
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final 10 min step at 72°C. lµg of each primer, a specified 

amount of template, and 2.5 units of Tag polymerase (Perkin 

Elmer Cetus) were used in a final volume of 100 µl with the 

reaction buffer as recommended by the manufacturer. 

5 The initial template for the PCR was CAMPATH-lH 

light chain (humanised CAMPATH-1 on REl framework; Page and 

Sydenham, Biotechnology,~, 64-68, (1991)). Four initial 

PCR reactions were carried out, with lOng of template per 

reaction, using the primer pairs AL with BL, CL with DL, EL 

10 with FL, and GL with HL respectively. The products of these 

PCR reactions, fragments ABL, COL, EFL and GHL respectively, 

were purified using Prep-A-Gene (Bio-Rad) following the 

protocol recommended by the manufacturer. Fragments ABL 

with CDu and EFL with GHL were combined using a quarter of 

15 each purified product, and subjected to recombinant PCR 

reactions with primers AL plus DL, and EL plus HL 

respectively. The products of these reactions, fragments 

AOL and EHL, were purified as above, and a quarter of each 

combined in a recombinant PCR reaction using primers AL and 

20 HL. The final humanised light chain recombinant PCR 

product, AHL, was cloned into the HindIII site of pUC-18 

(BRL) following the method of Crowe et al., Nucleic Acids 

Res., li, 184, (1991), utilising the HindIII sites in 

primers AL and HL. Plasmid isolates were sequenced by the 

25 dideoxy chain termination method, and clones of the correct 

sequence chosen. 

(ii) Heavy Chain 

Heavy chain oligonucleotide primers: 

AH: . SEQ ID NO: 26: 

30 BH: . SEQ ID NO: 27: 

CH: . SEQ ID NO: 28: 

DH: . SEQ ID NO: 29: 

EH: . SEQ ID NO: 30: 

FH: . SEQ ID NO: 31: 

35 GH: . SEQ ID NO: 32: 

HH: . SEQ ID NO: 33: 
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The initial template for the PCR was CAMPATH-lH heavy 

chain. The rodent CDR's were grafted on to the template 

following the recombinant PCR method as described above, 

but using oligonucleotide primers A~ to HH. The final PCR, 

5 i.e. fragments ADH and EHH with primers AH and HH, did not 

give a high yield of product so a fragment AF H was generated 

(from fragments ADH and EFH) and used with fragment EHH in 

a PCR with primers AH and HH. Oligonucleotides AH and HH 

were designed with HindIII and EcoRI sites respectively to 

10 enable initial cloning of the humanised variable region, 

and a Spel site was introduced into the NEWM framework 4 

{FR4) re.gion of oligonucleotide GH to facilitate subsequent 

cloning of the variable region with a suitable constant 

15 

region of choice. 

alter the leucine 

The SpeI site was chosen so as not to 

residue at position 109 (numbering 

according to Kabat et al, 1987) of the humanised heavy 

the six human heavy chain template. Four out of 

J-minigenes possess a leucine at this position (Kabat et 

al, 1987). Thus the use of the engineered SPeI site should 

20 be generally applicable. 

The humanised heavy chain variable region recombinant 

PCR product was cloned into HindIII/EcoRI-cut pUC-18 (BRL), 
and plasmid isolates of the correct sequence were chosen. 

The FR4 and ,1 constant regions of CAMPATH-lH heavy chain 

25 were PCR cloned into pUC-18 CBRL) using oligonucleotide 

primers XH (SEQ ID NO: 34) and YH. (SEQ ID NO: 35). Primer 

XH contains ~I and HindIII sites, and YH an EcoRI site. 

The HindIII and ECoRI sites were used to clone the PCR 

product into pUC-18, and plasmid isolates of the correct 

30 

35 

sequence were selected. The complete heavy chain was 

subsequently reconstituted from the humanised variable 

region and ~1 constant region clones using the engineered 

FR4 Spel site. 

Transient expression in cos cells 
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DNA encoding the humanised heavy and light chains 

were cloned into the vectors pEE6. hCMV and pEE12 

respectively, see Stephens & Cockett, Nucleic Acids Res., 

17, 7110 (1989); Bebbington et al., Biotechnology, 10, 169 

5 (1992); and Bebbington and Hentschel in Glover ed., DNA 

Cloning Volume III, Academic Press (1987). The vector 

pEE12 is a pBR322 - based vector containing the h-CMV-MEI 

promoter and the hamster glutamine synthetase (GS) cDNA 

under control of the SV40 early region promoter. The 
< 

10 vector pEE12 corresponds to pEE6 (see EP-A-0338841) with 

the GS cDNA expression cassette driven by the SV40 promoter 

transcribing in the same direction as the h-CMV-MEI 

promoter. Cells transfected with the vectors pEE6, hCMV 

and pEE12 are capable of growth in glutamine free medium 

15 because of the presence of the GS cDNA. As the selection 

is only on the pEE12 plasmid, effective expression relies 

upon co-integration of both plasmids. 

The recombinant plasmids ( 5µ.g of each) were 

transfected into 5x105 cos-1 cells using the Transfectam 
. . . 

20 reagent (Promega, Southampton, U.K.) under the conditions 

recommended by the manufacturer. Stock cos-1 cells (source· 

ECACC, Parton Down, U.K.) were maintained in DMEM medium 

(Flow, Irvine, U.K.) supplemental with 10% foetal calf 

serum (APP, Dudley, U.K.). cos cell transfections were 

25 carried out in DMEM medium (Flow, Irvine, U.K.). Growth 

media from COS-1 cells four days post transfection were 

assayed by a sandwich ELISA assay using flexible microtitre 

plates (Falcon, Becton-Dickinson, Plymouth, U.K.) coated 

with polyclonal anti-human IgG (Sigma, Poole, u .K.} as 

3 O capture antibody. The. assay sample was added and detection 

performed with an anti-human IgG . 7 chain-specific 

peroxidase conjugate (Seralab, Crawley Down, U.K.) and 

orthophenylene dimine-HCl (Sigma, Poole U.K.) as substrate. 

The humanised antibody was shown to be e>epressed 

35 transiently in the cos cells by using the spent cos cell 

supernatant to surface label MF-14 (a T-cell clone} cells 
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for FACS analysis according to the method of Gladwin et_al, 

Biochem. Biophs. Acta, 1052, 166-172 ( 1990) . - Briefly 

100µ1 aliquots of a cell suspension ( 105
) were incubated 

with the appropriate antibody (spent cos cell supernatant) 

5 and incubated on melting ice for 30 minutes. The cells 

were washed twice in PBS and incubated for a further 30 

minutes with the appropriate second antibody (see·below). 

The cells were washed again and 1:50 dilutions of anti-rat 

Ig-FITC or anti-human Ig-FITC conjugates were added on 

10 melting ice. Finally, the cells were washed three times in 

PBS and fixed in o, 1% paraformaldehyde. Analysis of 

surface labelling was performed using a Becton-Dickenson 

FACScan using standard computer, electronics and optics. 

The humanised antibody in the cos cell supernatant 

15 was shown to bind MF-14 cells as well as inhibiting the 

binding of the rat YFCSl.1.1 monoclonal antibody. Since 

the humanised antibody was shown to have retained binding 

for CD18 by blocking the binding of the rat monoclonal 

antibody, stable NSO transfactants were generated. 

20 

Stable expression in NSO cells 

A single expression vector for generating stable 

transfectants · of NSO cells was generated by cloning the 

complete heavy chain .. expression cassette from pEE6 into the 

25 BamHI site of the pEE12 - light chain plasmid. Thus both 

heavy and light chain coding sequences are transcribed in 

the same direction from the same vector. 40µg of plasmid 

for transfection was linearised by digestion with SalI 

restriction enzyme that has a recognition sequence within 

30 the bacterial plasmid sequence. The linearised DNA was 

precipitated from solution using ethanol, washed in 70% 

ethanol, dried and resuspended in sterile water. 

Exponentially growing NSO cells (a Human mycloma cell 

line; see Jarvis, Methods in Enzymology, 738, 3 (1981); 

35 source ECACC, Porten Down, U.K.) were maintained in non

selective DMEM medium (i.e. without glutamine and ferric 
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nitrate but with sodium pyruvate at 110 mg/1 (GIBCO/BRL, 

Paisley, U. K.) supplemented with lX non-essential amino 

acids (Flow, Irvine, U.K.) 2mM glutamine (GIBCO) and 10% 

foetal calf serum (APP, Dudley, U.K.). NSO cells were 

5 centrifuged, washed and re-suspended in cold PBS, such that 

after the addition of the DNA the celis would be at a 

concentration of 107 cells/ml. The linearised plasmid DNA, 

40µg, was added to 107 cells in an electroporation cuvette 

on ice. The cells and DNA were mixed gently so as to avoid 

10 generating bubbles and the mixture was left on ice for 5 

minutes. The outside of the cuvette was wiped dry and two 

consecutive pulses at 1500V, 3mF were delivered using a 

Gene Pulser (Bio-Rad). The cuvette was returned to ice for 

5 minutes. 

15 Transfected cells were transferred to 96 well plates 

at densities of 3 x 105 , 7. 5 x 104 and 1. 5 x 10" cells/ml in 

50µ1 of non-selective medium and incubated at 37°C for 24 

hours. Subsequently 100 µl of selective DMEM medium {i.e. 

without glutamine and ferric nitrate but with sodium 

20 pyruvate at 100 mg /1 (GIBCO/BRL, Paisley, U .K.} 

supplemented with glutamate (60 mg/ml), asparagine (60 

mg/ml; Sigma, Poole, U.K.), lX non-essential amino acids, 

7 mg/1 of adenosine, cytidine, guanosine and uridine, 2.4 

mg/1 of thymidine {Sigma, Poole, U.K.) and 10% dialysed 

25 foetal calf serum (APP, Dudley U.K.)) was added to selected 

clones which had integrated the transfected plasmid. The 

plates were returned to the incubator and left until 

substantial cell death had occurred and discrete surviving 

colonies had appeared. Once colonies of glutamine-

30 independent· transfectants could be seen, wells with single 

colonies were selected and spent tissue culture 

supernatants were collected and assayed for human IgG 

secretion. 

Wells with single colonies that were positive for IgG 

35 secretion were then expanded in culture using selective 

medium. The cells were distributed in 96 well plates at 10" 
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cells/well in 100µ.l of medium and incubated overnight. 

100µ1 of selective medium containing a concentration of 

L-methionine sulphoximine (MSX) was added. MSX is a toxic 

glutamine analogue that allows for selection of vector 

5 amplification. Each 96-well plate had a different final 

concentration of MSX, ranging from 200µM down to 12.SµM. 

Individual colonies were isolated from each independent 

transfectant at the highest MSX concentration at which MSX 

resistance occur~ed. The colonies were expanded and 

10 antibody secretion rate (in µg/10 6 cells/day} was compared 

with the unamplified rate. Clones were obtained that 

expressed th~ humanised antibody at 1 to 3 µ.g/10 6 cells/ 

day. 

The human.ised antibody was purified from spent tissue 

15 culture supernatant by affinity chromatography over a 

Superose protein-G column (Pharmacia) and used in T-cell 

proliferation assays and Clq binding studies. 

20 

T-cell Proliferation 

Peripheral human mono-nuc.lear cells were isolated 

from defibrinated whole human blood using Lymphoprep 

(Nycomed, Oslo, Norway} and following the manufacturer's 

protocol. Triplicate cultures were set up in 96 well flat 

bottomed microtitre plates (Nunclon, Roskild, Denmark) with 

25 the medium clone· (RPMI 1640 supplemented with 10% 

autologous serum, 2mM glutamine and 100 IU/ml penicillin, 

100µ.g/ml streptomycin) or with medium and antigen (Tetanus 

toxoid, Sµg/ml) or medium and mitogen (FHA, 5µg/ml), in the 

presence or absence ofYFC 51.1.1 or the humanised antibody. 

30 Cells were cultured at 37°C in a humidified atmosphere of 

95% air, 5% CO2 for five days. Wells were then pulsed with 

lµCi (methyl 3H]thymidine (2Ci/mmol, Amersham), harvested 4 

hours later and radioactivity counted by liquid 

scintillation using a B counter (LKB, Betaplate, Sweden). 

35 Both the rat YFCSl.1.1 monoclonal antibody and the 

humanised antibody strongly inhibited the antigen specific. 
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T-cell response but had little effect on the PHA induced 

proliferation. However, at high levels of antibody 

(50µg/ml) and low levels of PHA (2.5µg/nil) up to 80% 

inhibition could be obtained. 

Complement binding 

Human mononuclear cells (prepared as above) were 

stimulated with PHA at 5µg/ml and incubated at 37°c for 3 

days. The PHA was removed by washing the cells in PBS. 

10 The cells were then incubated with lOµg/ml of test antibody 

for 20 minutes on ice, cells washed in ice cold PBS and 

incubated with ice cold human serum for 20 minutes. The 

human serum was removed by washing in ice cold PBS. The 

cells were then incubated for 20 minutes with a 

15 fluoreceinated polyclonal sheep anti-human Clq. Unbound 

anti-Clq was removed by washing cells in PBS and cells were 

analysed on a Becton-Dickenson FACScan. YFC51. l. l was 

found to bind human Clq weakly and no binding was detected 

for the humanised antibody. Potential therapeutic uses for 

20 anti-CD18 antibodies rely on transient inhibition of CD18-

mediated adherence of leukocytes rather than depletion of 

CD18 positive cells. Accordingly the inability of the 

humanised antibody to fix human complement on CD18 positive 

cells is an advantage since it suggests that in vivo the 

25 antibody will not deplete using complement but will 

function as a blocking antibody. 

· FACS analysis 

A CD18 positive T-cell clone (MF14) was used to 

30 determine the binding of humanised compared with rat 

antibody. Cells were incubated with rat:; or humanised 

antibody for 30 minutes on ice. Unbound antibody was 

removed by washing and the second antibody was added (i.e. 

rat antibody was added to cells pre-incubated with 

35 humanised antibody and vice versa) and incubated for 30 

minutes on ice. Cells were washed to remove unbound 
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antibody and a FITC-labelled anti-human or anti-rat 

antibody added. Unbound label was removed by washing and 

the cells were analysed on a Becton-Dickenson FACScan. 

Pre-incubation of MF14 cells with lOµg/ml of YFCSl.1.1 

5 · antibody completely blocked the binding of o. lµg /ml of 

humanised antibody. In the reciprocal · experiment, pre

incubation with lOµg/ml of humanised antibody completely 

blocked the binding o.f o. lµg/ml YFCS1.1.1. In both cases 

use of 1. O and O. lµg/ml of the first antibody led to . a 

10 titration of blocking. 
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SEQUENCE L:IST:cNG 

(1} INFORMATION FOR SEQ ID NO: 1 

{i} SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

{B) TYPE 

(C) STRANDEDNESS 

{D) TOPOLOGY 

(ii) MOLECULE TYPE 

375 base pairs 

nucleic acid 

double 

linear 

cDNA 

PCT/GB92/01289 

15 (vi) ORIGINAL SOURCE: 

20 

25 

30 

35 

(A} ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(D} OTHER INFORMATION 

(ix} FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

Rattus rattus 

cos 
1. .375 

/product= "Variable region 

light chain" 

/standard_ name= "YFCS 1. 1. l" 

misc_signal 

1.. 60 

/function= 

Sequence" 

misc_feature 

: 130 •• 162 

"Signal 
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(D) OTHER INFORMATION_ : /function= ·11 CDR 111 

(ix) FEATURE: 

(A) NAME/KEY 
(B) LOCATION 
(D) OTHER INFORMATION 

(ix) FEATURE: 

(xi) 

(A} NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

SEQUENCE DESCRIPTION : 

misc feature 

208 •• 228 

/function= "CDR 2" 

misc feature 

325 •• 351 

/function= "CDR 3" 

SEQ ID NO: 1: 

ATG AGG GTC CAG GTT CAG TTT CTG GGG CTC CTT CTG CTC TGG ACA 
Met Arg Val Gln vai Gln _Phe Leu Gly Leu Leu Leu Leu Trp Thr 

l 5 10 15 

TCA 

Ser 

GGT GCC CAG TGT GAT GTC CAG ATG ACC CAG TCT CCG TCT TAT CTT GCT 
Gly Ala Gl,n Cys Asp Val Gln Met Thr.Gln Ser Pro Ser Tyr Leu Ala 

20 25 30 

GCG TCT CCT GGA GAA AGT GTT TCC ATC ACT TGC AAG GCA AGT AAG AGC 

Ala·Ser Pro Gly Glu Ser Val Ser Ile Ser cys Lys Ala Ser Lys Ser 

JS 40 45 

48 

96 

144 

ATT AGC AAT .TAT TTA GCC TGG TAT CAA CAG AAA CCT GGG GAA GCA AAT 192 

30 Ile Ser Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Glu Ala Asn 

35 

40 

50 55 60 

AAA CTT CTT GTC TAT TAT GGG TCA ACT TTG CGA TCT GGA ATT CCA.TCG 

Lys Leu Leu Val Tyr Tyr Gly Ser Thr Leu Arg Ser Gly Ile Pro Ser 
65 70 75 80 

240 

AGG TTp AGT GGC AGT_GGA TCT GGT ACA GAT TTC ACT CTC ACC ATC AGA 288 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Arg 

85 90 95 
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AAC CTG GAG CCT GCA GAT TTT GCA GTC TAC TAC TGT CAA CAG TAT TAT 336 

Asn Leu Glu Pro Ala Asp Phe Ala Val Tyr Tyr cys Gln Gln Tyr Tyr 
100 105 

GAA AGA CCG CTC ACG TTC GGT TCT GGG ACC AAG CTG GAG 

Glu Arg Pro Leu Thr Phe Gly Ser Gly Thr Lys Leu Glu 

115 120 125 

(2) INFORMATION FOR SEQ ID NO 2 

(i) SEQUENCE CHARACTERISTICS: 

110 

(A) LENGTH 125 amino acids 

(B) TYPE amino acid 

(D) TOPOLOGY linear 

(ii} MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 2: 

Met Arg Val Gln Val Gln Phe Leu Gly Leu Leu Leu Leu Trp Thr Ser 

1 5 10 15 

375 

25 Gly Ala Gln cys Asp Val Gln Met Thr Gln Ser Pro Ser Tyr Leu Ala 

20 25 30 

Ala Ser Pro Gly Glu Ser Val Ser Ile Ser cys Lys Ala Ser Lys Ser 

JS 40 45 

30 

Ile Ser Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Glu Ala Asn 

50 55 60 

Lys Leu Leu Val Tyr Tyr Gly Ser Thr Leu Arg Ser Gly Ile Pro Ser 

35 65 70 75 80 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Arg 
85 90 95 

40 Asn Leu Glu Pro Ala Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr 

100 105 110 
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Glu Arg Pro Leu Thr Phe Gly Ser Gly Thr Lys Leu Glu 

115 120 125 

(3) INFORMATION FOR SEQ ID NO: 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

{C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

33 base pairs 

nucleic acid 
double 
linear 

cDNA 

15 {vi} ORIGINAL SOURCE:. 

20 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

Rattus rattus 

misc feature 
1. .33 

PCT/GB92/0tl89 

(0) OTHER INFORMATION /function= "CDR 1 11 

25 (ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

CDS 

1.. 33 

30 (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3: 

35 

AAG GCA AGT AAG AGC ATT AGC AAT TAT TTA GCC 
Lys Ala Ser Lys Ser Ile Ser Asn Tyr Leu Ala 

l S 10 

(4) 
\ 

INFORMATION FOR SEQ ID NO: 4 

33 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 11 amino acids 

(B) TYPE amino acid 

5 (D) TOPOLOGY linear 

(ii) MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4: 
10 

Lys Ala Ser Lys Ser Ile Ser Asn Tyr Leu Ala 

1 5 10 

15 (5) INFORMATION FOR SEQ ID NO: 5 

Ci) SEQUENCE. CHARACTERISTICS: 

{A) LENGTH 21 base pairs 
20 {B) TYPE nucleic acid 

(C) STRANDEDNESS double 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE : cDNA 

25 

(vi) ORIGINAL SOURCE: 

{A) ORGANISM Rattus rattus 

30 (ix) FEATURE: 

(A) NAME/KEY misc_feature 

(B) LOCATION 1.. 21 

(D) OTHER .INFORMATION /function= "CDR 211 

35 

(ix) FEATURE: 
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(A) NAME/KEY 

(B) LOCATION 

(xi) SEQUENCE DESCRIP1ION 

TAT GGG TCA ACT TTG CGA TCT 
Tyr Gly Ser Thr Leu Arg Ser 

l 5 

35 

CDS. 

1. .21 

SEQ ID NO: 5: 

(6) INFORMATION FOR SEQ ID NO: 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(xi) SEQUENCE DESCRIPTION 

Tyr Gly Ser Thr Leu Arg Ser 

l 5 

7 amino acids 

amino acid 

linear 

protein 

SEQ ID NO: 6: 

(7) INFORMATION FOR SEQ ID NO: 7 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 27 base pairs 

.. (B) TYPE nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE cDNA 

(Vi) ORIGINAL SOURCE: 

PCT/GB92/01289 

21 
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(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

36 

Rattus rattus 

misc feature 

1. .27 

PCT/GB92/01289 

(D) OTHER INFORMATION /function= "CDR 311 

(ix) FEATURE 

{A) NAME/KEY 

(B) LOCATION 

{xi) SEQUENCE DESCRIPTION 

CAA CAG TAT TAT GAA AGA CCG CTC ACG 

Gln Gln Tyr Tyr Glu Arg Pro Leu Thr 
l 5 

CDS 

1.. 27 

SEQ ID NO: 7: 

(8) INFORMATION FOR SEQ ID NO: 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

{xi) SEQUENCE DESCRIPTION 

Gln Gln Tyr Tyr Glu Arg Pro Leu Thr 

9 amino acids 
amino acid 

linear 

protein 

SEQ ID NO: 8: 

27 

35 1 5 
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(9) !NFORMATION FOR SEQ ID NO 9 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM 

·-
(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

417 base pairs 

nucleic acid 

double 

linear 

cDNA 

Rattus rattus 

CDS 

1.. 417 

/product= "Heavy chain 

variable r~gion with 

signal sequence" 

/standard_name "YFCSL 1.1" 

25 (ix) FEATURE: 

30 

35 

(A} NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

(ix) FEATURE: 

(A) NAME/KEY 

misc_signal 

1 •• 57 

/function= 

sequence" 

misc_feature 

"Signal 

(B) LOCATION : -148 .. 162 

(D} OTHER INFORMATION: /function= "CDR 1 11 

BIOEPIS EX. 1002 
Page 234



5 

10 

15 

20 

25 

30 

35 

40 

WO 93/02191 PCT/GB92/01289 

38 

( ix) FEATURE: 

(A) NAME/KEY 
(B) LOCATION 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

misc_feature . 

205 .• 255 

misc feature 

352 •. 384 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 9: 

ATG AAA TGC AGC TGG ATC AAC CTC TTC TTG ATG GCA CTA GCT TCA GGG 

Met Lys Cys Ser Trp Ile Asn Leu Phe Leu Met Ala Leu Ala Ser Gly 

l 5 10 15 

GTC TAC GCA GAA GTG CAG CTG CAA CAG TCT GGG CCC GAG CTT. CGG AGA 
Val Tyr Ala Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Arg Arg 

20 25 30 

CCT GGG TCC TCA GTC AAG TTG TCT TGT AAG ACT TCT GGC TAC AGC ATT 

Pro Gly Ser Ser Val Lys Leu Ser Cys Lys Thr Ser Gly Tyr Ser Ile 
35 40 45 

AAA GAT TAC CTT CTG CAC TGG GTA AAA CAT AGG CCA GAA TAC GGC CTG 
Lys Asp Tyr Leu Leu His Trp Val Lys His Arg Pro Glu Tyr Gly Leu 

so 55 60 

GAA TGG ATA GGA TGG ATT GAT CCT GAG GAT GGT GAA ACA AAG TAT GGT 

Glu Trp Ile Gly Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly 

65 70 75 80 

CAG AAG TTT CAA AGC AGG GCC ACA CTC ACT GCA GAT ACA TCC TCC AAC 

Gln Lys Phe Gln Ser Arg Ala Thr Leu Thr Ala Asp Thr Ser Ser Asn 

85 90 95 

ACA GCC TAC ATG CAA CTC AGC AGC CTG ACG TCT GAC GAC ACA GCA ACC 

Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Asp Asp Thr Ala Thr 

100 105 110 

TAT TTT TGT ACT AGA GGC GAA TAT AGA TAC AAC TCG TGG TTT GAT TAC 

48 

96 

144 

192 

240 

288 

336 

384 
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Tyr Phe Cys Thr Arg Gly Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 
115 120 125 

TGG GGC CAA GGC ACT CTG GTC ACT GTC TCT TCA 
5 Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 

10 

15 

130 135 

(10) INFORMATION FOR SEQ ID NO 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 
(B) TYPE 

(D) TOPOLOGY 

139 amino acids 

amino acid 

linear 

(ii) MOLECULE TYPE protein 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: 

20 Met Lys cys Ser Trp Ile Asn Leu Phe Leu Met Ala Leu Ala Ser Gly 
l 5 10 . 15 

Val Tyr Ala Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Arg Arg 
20 25 30 

25 
Pro Gly Ser Ser Val Lys Leu Ser Cys Lys Thr Ser Gly Tyr Ser Ile 

35 40 45 

Lys Asp Tyr Leu Leu His Trp Val Lys Hie Arg Pro Glu Tyr Gly Leu 
30 50 55 60 

Glu Trp Ile Gly Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly 
65 70 75 so 

3·5 Gln Lys Phe Gln Ser Arg Ala Thr Leu Thr Ala Asp Thr Ser Ser Asn 
85 90 95 

Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser·Asp Asp Thr Ala Thr 

100 105 110 

40 

Tyr Phe cys Thr Arg Gly Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 

417 
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40 

115 120 125 

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
130 135 

(11) INFORMATION FOR SEQ ID NO: 11 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

{B) TYPE 
( C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION · 

15 base pairs 

nucleic acid 
double 

linear 

cDNA 

Rattus rattus 

misc feature 

1. .15 

PCT/GB92/01289 

(D) OTHER INFORMATION /function= "CDR 1 11 

(ix) FEATURE: 

(A) NAME/KEY 

(8) LOC~TION. 

(xi} SEQUENCE DESCRIPTION 

GAT TAC CTT CTG CAC 

Asp Tyr Leu Leu His 
1 5 

CDS 

1. .15 

SEQ ID NO: 11: 

15 
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(12) INFORMATION FOR SEQ ID NO 12 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 
(D)· TOPOLOGY 

(ii) MOLECULE TYPE 

(Xi) SEQUENCE DESCRIPTION 

5 amino acids 

amino acid 

linear 

protein 

SEQ ID NO: 12: 

PCT/GB92/01289 

15 Asp Tyr Leu Leu His 

20 

25 

30 

35 

1 5 

(13) INFORMATION FOR SEQ IO NO: 13 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM 

(ix) FEATURE: 

51 base pairs 
nucleic acid 

double 
linear 

cDNA 

Rattus rattus 

(A) NAME/KEY misc_feature 
(B) LOCATION 1 .. 51 

(D) OTHER INFORMATION /function= "CDR 2" 
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(ix) FEATURE: 

(A) NAME/KEY 
(B) LOCATION 

(xi) SEQUENCE DESCRIPTION 

42 

CDS 

1.. 51 

SEQ ID NO: 13: 

TGG ATT GAT CCT.GAG GAT GGT GAA ACA AAG TAT GGT CAG AAG TTT CAA 48 

10 Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly Gln Lys Phe Gln 

15 

20 

25 

l 5 10 15 

AGC 

Ser 

(14) INFORMATION FOR SEQ ID NO: 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 17 amino acids 

(B} TYPE amino acid. 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 14: 

Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly Gln Lys Phe Gln 

30 l . 5 10 15 

Se~ 

35 {15) I~F9RMATI0N FOR SEQ ID NO: 15 

(i) SEQUENCE CHARACTERISTICS: 

51 
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(A} LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D} TOPOLOGY 

(ii) MOLECULE TYPE 

(vi) ORIGINAL SOURCE: 

(Af ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

(ix) FEATURE: 

(A) NAME/KEY 

43 

33 -base pairs 

nucleic acid 

double 

linear 

cONA 

Rattus rattus 

misc_feature 

1.. 33 

/function= "CDR 3" 

CDS 

(B) LOCATION 1 •• 33 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15: 

GGC GAA TAT AGA TAC AAC TCG TGG TTT GAT TAC 
Gly Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 

l 5 10 

(16) INFORMATION FOR SEQ ID NO: 16 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 11 amino acids 

(B) TYPE amino acid 

(D) TOPOLOGY linear 

33 
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(ii) MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 16: 

5 Gly Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 

10 

15 

20 

25 

30 

35 

l 5 10 

(17) INFORMATION FOR SEQ ID NO: 17 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

(iv) ANTI-SENSE 

(vi) ORIGINAL SOURCE 

(A} ORGANISM 

(xi) SEQUENCE DESCRIPTION 

AGTGGATAGA CAGATGGGGC 

20 .bases 

nucleic acid 
single 

linear 

cDNA 

NO 

NO 

Rattus Rattus 

SEQ ID NO: 17: 

(18) INFORMATION FOR SEQ ID NO: 18 

(i) SEQUENCE CHARACTERISTICS: 

(A} LENGTH : 30 bases 

PCT/GB92/01289 

20 
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(B) TYPE nucleic acid 
(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

5 (ii) MO::i:.,ECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 
10 

(xi) SE.QUENCE DESCRIPTION SEQ ID NO: 18: 

GATCAAGCTT CTCTACAGTT ACTGAGCACA 30 

15 

(19) INFORMATION FOR SEQ ID NO: 19 

(i) SEQUENCE CHARACTERISTICS: 

20 (A) LENGTH 43 bases 
(B) TYPE nucleic acid 
(C) STRANDEDNESS single 

- (D) TOPOLOGY linear 

25 (ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 
30 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 19: 

GCTAAATAAT TGCTAATGCT CTTACTTGCT TTACAGGTGA TGG 43 

35 

(20) INFORMATION FOR SEQ ID NO 20 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 43 bases 

(B) TYPE nucleic 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

acid 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 20: 

I 
AGAGCATTAG CAATTATTTA GCCTGGTACC AGCAGAAGCC AGG 

(21) INFORMATION FOR SEQ ID NO: 21 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B} TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

41 bases 

nucleic acid 

single 

linear 

ssDNA 

NO 

(iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 21: 

AGATCGCAAA GTTGACCCAT AGTAGATCAG CAGCTTTGGA G 

PCT/GB92/01289 

43 

41 
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(22) INFORMATION FOR SEQ ID NO 22 

(i) SEQUENCE CHARACTERISTICS: 

5 (A) LENGTH 41 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

10 { ii) MQLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

15 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 22: 

TATGGGTCAA CTTTGCGATC TGGTGTGCCA AGCAGATTCA G 41 

20 

(23) INFORMATION FOR SEQ ID NO: 23 

{i) SEQUENCE CHARACTERISTICS: 

25 (A) LENGTH 47 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

30 (ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 

35 

(Xi) SEQUE~CE DESCRIPTION SEQ ID NO: 23: 

--- ,-~- --·····-
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CGTGAGCGGT CTTTCATAAT ACTGTTGGCA GTAGTAGGTG GCGATGT 47 

(24) INFORMATION FOR SEQ ID NO: 24 

5 

( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 47 bases 

(B) TYPE nucleic acid 

1.0 {C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

15 (iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 24: 
20 

CAACAGTATT ATGAAAGACC GCTCACGTTC GGCCAAGGGA CCAAGGT 47 

(25} INFORMATION FOR SEQ ID NO: 25 

.25 · 

( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 30 bases 

(B) TYPE nucleic acid 

30 {C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssONA 

35 (iii) HYPOTHETICAL NO 
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(iv) ANTI-SENSE YES 

{xi) SEQUENCE DESCRIPTION SEQ.ID NO: 25: 

GATCAAGCTT CTAACACTCT CCCCTGTTGA 

(26) INFORMATION FOR SEQ ID NO: 26 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 
(B) TYPE 
(C) STRANDEDNESS 
(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

{iv) ANTI-SENSE 

(xi) SEQUENCE DESCRIPTION 

TGGGATCGAT CAAGCTTTAC AGTTACTGAG C 

31 bases 

nucleic acid 

single 

linear 

ssDNA 

NO 

NO 

SEQ ID NO: 26: 

(27) INFORMATION FOR SEQ ID NO: 27 

(l) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 36 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

( ii) MOLECULE TYPE ssDNA 

PCT/GB92/01289 
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(iii) HYPOTHETICAL NO 

(iv)·ANTI-SENSE YES 

5 (xi} SEQUENCE DESCRIPTION : SEQ ID NO:· 27: 

GTGCAGAAGG TAATCGGTGA AGGTGAAGCC AGACAC 

10 (28} INFORMATION FOR SEQ ID NO: 28 

15 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B} TYP.E 

(C} STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

(iv) ANTI-SENSE 

36 bases 

nucleic acid 

single 

linear 

ssDNA 

NO 

NO 

25 (Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 28: 

GATTACCTTC TGCACTGGGT GAGACAGCCA CCTGGA 

30 (29) INFORMATION FOR SEQ ID NO: 29 

(i) SEQUENCE.CHARACTERISTICS: 

(A) LENGTH 54 bases 

35 (B) TYPE nucleic acid 

{C) STRANDEDNESS single 

(D) TOPOLOGY linear 

PCT/GB9l/01289 
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(ii} MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 

. (xi} SEQUENCE DESCRIPTION : SEQ ID NO: 29: 

ATACTTTGTT TCACCATCCT CAGGATCAAT CCATCCAATC CACTCAAGAC CTCG 54 

(3.0} INFORMATION FOR SEQ ID NO : 30 

(i) SEQUENCE CHARACTERISTICS: 

(A} LENGTH 54 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

( ii) MOLECULE TYPE ssDNA· 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 30: 

GGTGAAACAA AGTATGGTCA GAAGTTTCAA AGCAGAGTGA CAATGCTGGT AGAC 54 

(31) INFORMATION FOR SEQ ID NO: 31 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

45 bases 

nucleic acid 
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(C} STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 
5 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 

10 (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 31: 

CCACGAGTTG TATCTATATT CGCCTCTTGC ACAATAATAG ACCGC 45 

15 (32) INFORMATION FOR SEQ ID NO: 32 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 54 bases 
20 (B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

25 

(iii) HYPOTHETICAL NO 

(iv) ANTI'-SENSE NO 

30 (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 32: 

AGATACAACT CGTGGTTTGA TTACTGGGGT CAAGGCTCAC TAGTCACAGT CTCC 54 

35 (33} INFORMATION FOR SEQ ID NO. : 33 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH 
(B) TYPE 

(C) STRANDEDNESS 

(D} TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

(iv) ANTI-SENSE 

(xi) SEQUENCE DESCRIPTION 

53 

36 bases 

nucleic acid 

single 

linear 

ssONA 

NO 

YES 

SEQ ID NO: 33: 

TAGAGTCCTG AGGGAATTCG GACAGCCGGG AAGGTG 

(34) INFORMATION FOR SEQ ID NO: 34 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 
(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

(iv) ANTI-SENSE 

48 bases 
nucleic acid 

single 

linear 

ssDNA 

NO 

NO 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 34: 

GCTGCTCCTT TTAAGCTTTG GGGTCAAGGC TCACTAGTCA CAGTCTCC 

(35) INFORMATION FOR SEQ ID NO 35 

PCT/GB9l/01289 
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(i) SEQUENCE CHARACTERISTICS:· 

(A) LENGTH 33 bases 

(B) TYPE nucleic acid . 
5 (C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

10 (iii) HYPOTHETICAL : NO 

(iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 35: 

15 

AAGCTTCCGT CGAATTCATT TACCCGGAGA CAG 33 
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CLAIMS: 

1. A humanised antibody in which sufficient of the 

5 amino acid sequence of each CDR shown .1:;,elow is provided 
such that the antibody is capable of binding·to the human 

CD-18 antigen: 
light chain: CDR1 (SEQ ID NOS: 3 and 4) 

CDR2 .(SEQ ID NOS: 5 and 6) 

10 CDR3 (SEQ ID NOS: 7 and 8) 

heavy chain: CORI· (SEQ ID NOS: 11 and 12) 

CDR2 (SEQ ID NOS: 13 and 14) 

CDR3 (SEQ ID NOS: 15 and 16) . 

2. An antibody as claimed in claim 1 1 in which the 

15 variable domain framework of the light chain is or is 
substantially homologous to the variable domain framework 
of the protein REI. 

3. An antibody as claimed in claim 1 or 2, in which 
the variable domain framework of the heavy chain is or is 

20 substantially homologous to the variable domain framework 
of the protein NEWM. 

4. An antibody as claimed in any one of claims 1 to 
3 in which. the CDRs are the light chain CDRs 1 to 3 and the 
heavy chain CDRs 1 to 3 specified in claim 1. 

25 5. A process for the preparation of a humanised 
antibody as defined in any of claims 1 to 4, which process 
comprises providing a host transformed with either (i) a 
first expression vector which encodes the light chain of 
the humanised antibody and a second expression vector which 

30 encodes the heavy chain of the humanised antibody; or (ii) 
a single expression vector which encodes both the light 

chain and the heavy chain of the humanised antibody; and 
maintaining said host under such conditions that each chain 

is expressed and isolating the humanised antibody formed by 
35 assembly of the thus-expressed chains. 

6. A DNA molecule encoding a humanised antibody in 
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which sufficient of the amino acid sequence of each CDR 

shown below is provided such that the antibody is capable 

of binding to the human CD-18 antigen: 

light chain: CDRl (SEQ ID NOS: 3 and 4) 

CDR2 (SEQ ID NOS: 5 and 6) 

CDRJ (SEQ ID NOS: 7 and 8) 

heavy chain: CDRl (SEQ ID NOS: 11 and 12) 

CDR2 {SEQ ID NOS: 13 and 14) 

CDRJ (SEQ ID NOS: 15 and 16). 

10 7. A DNA molecule as claimed in claim 6, in which 

the variable domain framework of the light chain is or is 

substantially homologous to the variable domain framework 

of the protein REI. 

8. A DNA molecule as claimed in claim 6 or 7, in 

15 which the variable domain framework of the heavy chain is 

or is substantially homogenous to the variable domain 

framework of the protein NEWM .. 

9. A DNA molecule as claimed in any one of claims 

6 to 8 in which the CDRs are the light chain CDRs 1 to 3 

20 and the heavy chain CORs 1 to 3 specified in claim 6. 

10. A DNA molecule as claimed in any of claims 6 to 

9 in the form of an expression vector. 

11. A host transformed with an expression vector as 

claimed in claim 10. 

25 12. A pharmaceutical composition comprising a 

pharmaceutically acceptable carrier or diluent · and, as 

active ingredient, a humanised antibody as defined in any 

of claims 1 to 4. 

~ 
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Description 

The present invention relates to a method for 
producing recombinant ONA proteins1 and in par
ticular to a method for producing antibody Fv frag
ments by recombinant DNA technology. 

In the following description, various publica
tions are referred to. These are indicated by a 
name and a number in square brackets. The full 
references to the publications are given in numeri
cal order at the end of the description. 

The structure of natural antibody molecules is 
well known. It comprises four chains, two heavy 
chains and two light chains, the N-terminal ends of 
which are aligned. Each chain of the antibody 
forms a number of domains linked to the other 
domains by relatively flexible amino acid se
quences. The light chains consist of an N-terminal 
variable domain linked to a C-terminal constant 
domain. The heavy chain consists of an N- terminal 
variable domain followed by three or more constant 
domains. The light and heavy chain variable do
mains in each pair co-operate to form an antigen 
binding region. 

It has been reported in a few isolated instances 
that it is possible, by careful proteolytic digestion, 
to separate the antigen binding (or variable) regions 
of an antibody, each comprising a light and a 
heavy chain variable domain, from the remainder. 
This separated region is generally known as the Fv 
region. It is also known that isolated heavy or light 
chain variable domains can dimerise to give pseu
do-Fv regions. 

It has been suggested that Fv or pseudo-Fv 
regions (hereinafter collectively referred to as Fv 
fragments) could be ot use as diagnostic or thera
peutic agents. For instance, an Fv fragment which 
has been radiolabelled could be used to locate 
tumours in the body. An Fv structure to which is 
linked a cytotoxic agent may be used as a 
chemotherapeutic agent. It has been conjectured 
that, since Fv fragments are relatively small com
pared to whole antibody molecules or Fab or F
(ab')2 fragments, they will be able readily to reach 
their targets, bind in large numbers on the targets, 
and be cleared rapidly from the patient. 

Producing Fv regions by proteolytic cleavage 
is difficult to achieve, even under laboratory con
ditions, and could not practically be achieved in an 
industrial context. It has been proposed by Moore 
and Zaffaroni (1] that Fv fragments could be pro
duced in microorganisms by use of recombinant 
DNA technology. However, it has been found that. 
although a microorganism transformed so that it 
contains the genetic information necessary to pro
duce an Fv fragment can synthesise the required 
proteins, it is extremely difficult to obtain active Fv 
fragments. The synthesised protein is usually found 

in insoluble inclusions in the microorganism. In 
order to obtain the Fv fragments, it is necessary to 
disrupt the microorganism structure, isolate the 
protein and. then renature the protein, as described 

5 by Field et al. [2]. However, yields of Fv fragments 
made by such methods are low. 

Skerra and Pluckthun [3] confirm that in gen
eral it was believed that it was not possible to 
produce functional Fv fragments by recombinant 

10 DNA technology using bacterial host cells. How
ever, they devised a particuiar expression system 
which enabled them to produce a functional anti
phosphorylcholine Fv fragment in E. Coli. Only 
small amounts of protein (0.2 mg/I of culture) were 

15 produced by this expression system. Thus, it re
mains to be seen whether the system they have 
developed can produce commercially viable quan
tities of product. It also remains to be seen whether 
the particular expression system can be used to 

20 produce Fv fragments derived from other anti
bodies in other bacterial systems. 

It is therefore desirable to be able to produce 
Fv fragments in good yields by recombinant DNA 
technology. 

25 According to the present invention, there is 
provided a method for producing Fv fragments 
comprising: 

transforming a eukaryotic host cell with a 
eukaryotic expression vector comprising an operon 

30 having a DNA sequence which encodes the vari
able domain only of an antibody light or heavy 
chain, , 

culturing the transformed host cell under con
ditions which cause the protein encoded by the 

35 DNA sequence to be synthesised; and 
collecting the synthesised protein. 
Preferably, the chains of the Fv fragment are 

secreted and correctly assembled by the host cell 
such that fully functional Fv fragments are pro-

40 duced in the culture supernatant. 
In one preferred alternative, the host cell is also 

transformed with a second eukaryotic expression 
vector comprising an operon having a ONA se
quence encoding a complementary heavy or light 

45 chain variable domain respectively. In a second 
preferred alternative, the first expression vector has 
a second operon comprising a DNA sequence en
coding a complementary heavy or light chain vari
able domain respectively. In either case, the trans-

50 ration product will be an Fv fragment comprising a 
dimer of a light and a heavy chain variable domain. 

If desired, the or each variable domain may be 
expressed as a fusion protein having an effector 
protein, such as an enzyme, ligand or toxin, fused 

55 to its C- terminal end. The effector protein may be 
used to bind radioactive or fluorescent molecules 
for imaging, or cytotoxic agents for therapeutic 
use). In this case, the or each operon will include a 

3 
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DNA sequence encoding the effector protein linked 
in reading frame to the 3' end of the variable 
domain encoding sequence. 

Where the or each variable domain is trans
lated separately, the Fv fragments produced will be 
held together only by non-covalent bonding. Thus, 
the Fv fragment may be susceptible to disassoci
ation, for instance by lowering of pH. In order to 
improve the stability of the Fv fragment, the or 
each DNA coding sequence may be altered to
wards its 3' end so that one or more cysteine 
residues are produced towards the C- terminal end 
of each variable domain. If such an alteration is 
made, the variable domains in the dimer may be
come linked together by disulphide bonding. This 
may also promote assembly of the Fv fragment. 

Alternatively, the Fv fragment may be stabilis
ed by use of a vector having in the operon a first 
DNA sequence encoding a first variable domain 
and a second DNA sequence encoding a second 
variable domain, the first and second sequences 
being linked by a third DNA sequence which en
codes a joining peptide sequence. A similar pro
posal to this is disclosed by Ladner and Bird [4]. 
The domain encoding sequences may be arranged 
so that, in the translated product, the first variable 
domain has its C- terminus linked by the joining 
peptide sequence to the normal N-terminal of the 
second variable domain. In this case, the joining 
peptide sequence will need to be reasonably · long 
and flexible. 

The first and second domain encoding se
quences may encode the same domain, but prefer
ably encode complementary light and heavy chain 
domains. In this case, only one effector protein, if 
desired, could be fused to the Fv fragment. 

The DNA coding sequence(s) may comprise 
cDNA, genomic DNA or mixtures thereof. Prefer
ably, the coding sequence(s) are derived from 

· monoclonal antibodies, advantageously mo~se 
monoclonal antibodies. The coding sequences may 
be "native" sequences or may be "humanized" 
sequences wherein the complementarity determin
ing regions (CDRs) from a monoclonal antibody 
from one species has been grafted onto the frame
work regions (FRs) from another species. The tech
niques which can be used for "humanizing" anti
bodies have been described by Reichmann et al. 
[5]. 

According to a second aspect of the invention, 
there is provided an Fv structure wherein one or 
both of the domains comprises a fusion protein 
having the variable domain at its N-terminal end 
and an enzyme, ligand or toxin at its C-terminal 
end. 

The domain encoding sequences will be under 
the control of a promoter in the operon. Preferably 
the promoter is a strong promoter such as the 

promoter from the human cytomegalovirus (HCMV) 
major immediate early (MIE) gene. 

The eukaryotic host cells to be transformed are 
preferably mammalian cells, and such cells as 

5 CHO cells may be used. However, it is most pre
ferred that the host cells are mammalian myeloid 
cells, and in particular myeloma cells which, prior 
to transformation, do not secrete whole antibody or 
light chains. Such cell lines are well known and 

10 widely available. 
The techniques by which expression vectors 

suitable for use in the present invention can be 
produced and transformed into host cells are well 
known in the art, and are described, for instance, 

15 by Maniatis [6]. 
The Fv fragment produced by the transformed 

host cell may be collected by any. of the methods 
currently available. For instance, the antigen may 
be immobilised on a chromatography medium and 

20 the culture supernatant passed over the medium. 
This separates the Fv fragment from the remaining 
constituents of the supernatant. 

The present invention also includes eukaryotic 
expression vectors for use in the method of the 

25 present invention, eukaryotic host cells transformed 
with the vectors and Fv fragments produced by the 
method of the present invention. 

Given the failure to produce easily recoverable 
quantities of functional Fv structures using recom-

30 binant DNA technology in microorganisms (except 
using the particular expression system of Skerra 
and Pluckthun [3]), it is surprising that Fvs can be 
produced in eukaryotic cells in good yields as 
stable products which are secreted into the culture 

35 medium. Yields of Fvs of about 10 mg/I of culture 
have been obtained and improved yields are ex
pected with further development of the eukaryotic 
expression systems. Thus, the present invention 
provides the unexpected benefit of being able to 

40 produce Fv structures in commercially useful quan
tities by recombinant DNA technology. Additionally, 
an advantage of the use of eukaryotic host cells is 
that the secreted Fv structures are typically pro
duced in the absence of bacterial pyrogens. 

45 A further surprising feature is that the Fv frag-
ment can be assembled properly in the absence of 
a binding site in the Fv fragment for BIP (heavy 
chain binding proteln). It has been conjectured that 
binding of BIP is essential to ensure correct as-

50 sembly of antibody. 
It is believed that the process of the present 

invention will be generally applicable to any Fv 
fragment and will thus enable the production of Fv 
fragments having desired specificities in an easy 

55 manner. Moreover, since the Fv fragments may be 
produced in mammalian cells, it will be possible 
readily to obtain regulatory .approval for their use l!! 
vivo. 
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Some embodiments of the present invention 
are now described, by way of example only, with 
reference to the accompanying drawings, in which: 

Figure 1 shows the construction of a vector for 
use in producing a humanised anti-lysozyme Fv 5 

fragment; 
Figure 2 shows the nucleotide sequence and 
corresponding amino acid sequence of the re
shaped HuVLL YS gene used in the vector of 
Figure 1; 10 

Figure 3 shows the construction of a vector for 
use in producing an anti-TAG72 Fv fragment; 
and 
Figure 4 ~hows a fluorograph of an SDS 
polyacrylamide gel of 872.3 Fvs. 15 

Example 1 

The heavy chain variable domain of antibody 
D1 .3 (a mouse monoclonal antibody specific for 20 

lysozyme (Verhoeyen et al.[7]) was "humanised" 
by grafting the DNA sequences encoding its CDRs 
onto the DNA sequences encoding the FRs of the 
monoclonal antibody produced by the human 
myeloma NEW (Saul et al. [81). The light chain 25 

variable domain of D1 .3 was also humanised by 
grafting the DNA sequences encoding its CDRs 
onto the DNA sequences encoding the FRs of a 
human kappa chain concensus sequence (Kabat et 
al. [9]) similar to the sequence of a Bence Jones 30 

protein REI (EPP et al. [101). The grafting was 
carried out using site directed mutagenesis with 
long oligoriucleotides according to the procedure of 
Reichmann et al. [4]. 

For t_he expression of an Fv structure, stop 35 

codons were introduced at the 3' end of the coding 
sequences for the humanised light and heavy chain 
variable domains. 

In a first construct, the coding sequences were 
placed in a single vector, but independently under 40 

the control of an immunoglobulin heavy chain pro
moter/enhancer sequence (Verhoeyen et al. [71). In 
a second construct, the coding sequences were 
each placed under the control of the HCMV-MIE 
gene promoter/enhancer sequence (Stenberg et al. 45 

[11] and Boshart et al. [12]). The HCMV-MIE gene 
promoter/enhancer sequences were fused to the 5' 
flanking sequences of the signal sequences at the 
5' end of the variable domain coding · sequences 
utilizing the RNA start site of the HCMV sequence. 50 

The second construct, pLR1, is shown in Figure 1. 
A "reshapedn light chain variable domain HuV

LL YS and a "reshaped" heavy chain variable do
main HuVHLYS (Verhoeyen et al. [71) were each 
cloned as Hindlll-BamHI fragments in M13. The 55 

nucleotide sequence and corresponding amino acid 
sequence of the reshaped HuVLL YS gene are 
shown in Figure 2. At the 3' end of each coding 

5 

sequence two stop codons followed by a Sacl site 
were introduced by site directed mutagenesis. 

Between the RNA start site and the translation 
start of the leader sequence in each gene, a Hindlll 
site was introduced as shown in Figure 2. The 
resulting variable domain genes were cloned as 
Hindlll-BamHI fragments into a pSVgpt vector (Mul
ligan and Berg [14]). The vector contained a EcoRI
Hindlll fragment of an lg-heavy chain enhancer 
(lgHenh) as a linker (Neuberger et al. [15]). The 3' 
Sacl-BamHI fragment of each gene was then ex
changed with a Sacl-BamHI fragment of the human 
kappa constant region (3' end CK) (Hieter et al. 
[13]) to provide a polyadenylation signal. Into the 
Hindlll site of each vector a Hindlll fragment of the 
HCMV-MIE gene (Stenberg et al. [11] and Boshart 
et al. [12]} containing its enhancer, promoter and 
the first nontranslated exon (HCMV enh-pro) was 
cloned. The complete VL-gene (containing lg-en
hancer, HCMV-promoter, VL-coding region and 
polyadenylation signal) was then subcloned as an 
EcoRI fragment into pBGS18 (Spratt et al. [16]) and 
the resulting vector pBGS-HvVLL YS was cloned 
into the pSVgpt-HuVHLYS vector as a BamHl-frag
ment as shown in Figure 1. The final plasmid PLR1 
further contained the resistance genes for the 
drugs ampicillin (ampR), kanamycin (KanR) and 
mycophenolic acid (Eco gpt), two col E1 origins of 
replication (col E1 ori) and the SV40 enhancer 
($V40 enhpro). The BamHI (B), Hindlll (H), EcoRI 
(E) and Sacl (S) restriction sites used for the clon
ing steps are indicated. 

The plasmid was transfected by electroporation 
(Potter et al. [17]) into the non-producer myeloma 
cell line (NSO Galfre et al. [18]). Transfectants 
were selected with mycophenolic acid (Mulligan 
and Berg (14]). 

Pools of transfected cell clones were screened 
by 35 S-methionine incorporation, affinity purification 
of culture supernatants with lysozyme-Sepharose, 
and analysis on SDS-acrylamide gels. 

The yield of secreted Fv fragments was about 
100 to 1000 fold higher when the HCMV promoter 
was used as compared to constructs with the lg 
promoter. The cloned cell line used for the prep- · 
aration of Fv fragments secreted about 8 mg/I 
when grown in roller bottles. Thus it is possible to 
produce Fv fragments in myeloma cells with yields 
similar to recombinant versions of intact antibodies. 

The Fv fragment contains two chains of about 
12kD (calculated values: 12,749 for VH and 11,875 
for VL) when analysed on SOS gels. It is secreted 
in a functional form, as it can readily be purified 
from the culture supernatant with lysozyme
Sepharose. When the purified Fv fragment was 
investigated on an HPLC sizing column (Biozorbax 
GB250) in phosphate buffered saline (PBS), a sin
gle peak was observed and its retention time did 
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not change between concentrations of 70 and 0.3 
mg/I. 

The Fv fragment was also analysed on native 
acrylamide gels at pH 7.5. The Fv fragment ran as 
a single band, which contained both the VH and 
the VL domain when analysed on SDS gels. This 
band was shifted on the native gel in the presence 
of lysozyme. The shifted band contained lysozyme 
and the VH and VL domains. Further, the isolated 
VL domain ran with a mobility different from that of 
the Fv fragment. The isolated VH did not run into 
the gel. These results strongly suggest that the 
predominant form of the Fv fragment at pH 7.5 is 
an associated VH-VL heterodimer. 

Also its apparent molecular weight in ultracen
trifuge sedimentation analysis was about 23.05 :t 

0.35kD (assuming a partial specific volume of 
0.73). 

The formation of VH-VL heterodimers was fur
ther established by erosslinking with 3.7% formal
dehyde/PBS at a protein concentration of 0.5mg/l. 
Crosslinked VH-VL heterodimers of about 25 kD 
were formed. Such heterodimers still bound to 
lysozyme-Sepharose. Overloading of SDS gels with 
crosslinked material also made visible a small frac
tion (less than 5%) of slightly lower molecular 
weight material suggesting the formation of cros
slinked VL homodimers. No higher molecular 
weight band for possible VH homodimers was ob
served. 

Nevertheless the Fv fragment dissociated on 
native acrylamide gels at pH 4.5. The VH and the 
VL each formed a single band. Incubation of anti
bodies at low pH has been used historically to 
facilitate their proteolytic digestion, probably re
flecting the same underlying structural change. 

Also at neutral pH, when the Fv fragment is 
predominantly associated, it is in a dynamic equi
librium. The purified, biosynthetically labelled VH 
domain exchanges with the unlabelled VH domain 
when incubated with unlabelled VH-VL 
heterodimer. The labelled VH-VL heterodimers 
could be trapped by crosslinking with formalde
hyde. The exchange is fast enough to reach an 
equilibrium during the overnight crosslinking proce
dure without a pre-incubation in the absence of 
reagent. 

The type of protein produced by the method of 
the present invention is of potential value for both 
structural studies and clinical applications. Thus 
these Fv fragments should especially simplify the 
assignment of signals in NMR spectra, because the 
same ~-sheet frameworks can be used for different 
antigen binding sites. For clinical applications the 
reuse of hypervariable regions (and thereby the 
specificity) in the context of new frameworks might 
help to overcome a primary anti-immunoglobulin 
response to the frameworks of the original Fv-

fragment. The dissociation of Fv fragments should 
not cause problems in diagnostic or therapeutic 
applications, although crosslinking might be ad
vantageous in some situations. The crosslinking of 

5 the VH and VL domain is possible either chemi
cally as shown here or by the introduction of pep
tide linkers on the gene level, which could contain 
for example cysteines for the formation of inter
domain disulphide bridges. 

10 

Example 2 

The light and heavy chain genes for antibody 
672.3, an antitumour monoclonal antibody (Colcher 

15 et. al. (19] and Whittle et al. [20]) were subjected to 
site-directed mutagenesis (Kramer et al. [21 ]) to 
introduce EcoRI restriction sites and translation 
stops at the 3' ends of the variable domains. In 
addition, to facilitate the manipulation of the vari-

20 able gene sequences, EcoRV and Hindlll sites 
were also incorporated into VL to match the natu
rally occurring Pvull and Bgll sites in VH. These 
genes were cloned, either separately or in tandem, 
into an expression vector under the control of the 

25 HCMV promoter with an SV-40 polyA addition se
quence. A construct with the genes arranged in 
tandem is shown · in Figure 2. These constructs 
were tested by transient expression in COS 1 cells. 
Synthesis and secretion of variable domains was 

30 assayed by biosynthetically labelling the transfec
ted cells with 35 S-methionine (100 1.1,Ci/106 cells/ml 
for 48 hours). The cell supernatants were subjected 
to immunoprecipitation with antisera reacting with 
either VL or VH framework epitopes. · 

35 The VHNL construct was transfected into Chi-
nese hamster ovary (CHO) cells by electroporation. 

VH and Vl domains were detected in COS cell 
supernatants as 14 kD (cf. calculated mol. wt. of 
12.6 kD) and 12 kD (cf. calculated mol. wt. of 11.8 

40 kD) polypetides on both reducing and non-reducing 
SDS polyacrylamide gels. Apparently higher levels 
of expression of both domains were obtained from 
the dual VHNL plasmid compared to the single VH 
or Vl plasmids. VH was co-precipitated with VL 

45 from both labelled COS cell media by the an
tiserum specific for VL implying some degree of 
association of the domains. However, insufficient 
amounts of material were produced by either the 
COS cells to enable the function of the putative Fv 

50 fragment to be tested in an antigen-binding com
petition assay. Higher levels of expression are re
quired to investigate whether the 872.3 variable 
domains are functionally assembled ~ vivo. To this 
end, the VHNL single and dual plasmids have 

55 been introduced into CHO cells, which with these 
plasmids appear to give greater yields of recom
binant antibodies than the COS cells. 

6 
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Figure 4 shows a fluorograph of an SDS 
polyacrylamide gel of B72.3 Fvs. CHO cells trans
fected with the vector of Figure 1 were labelled 
with 35s methionine (100 uCi/ml, 48h) and cell 
supernatants were subjected to immunoprecipita
tion using a rat antiserum specific for the B72.3 VL 
domain. Samples were analysed on 15% SDS 
polyacrylamide gels under reducing conditions. 
Tracks 1 to 5 show the results for five independent 
CHO cell lines. The numbers on the left refer to 
size markers. 

The B72.3 Fv polypeptides were isolated from 
the culture supernatant of one of these cell lines 
(Fv3, Track 3, Figure 4) by affinity chromatography 
on a mucin-Sepharose matrix. Mucin has been 
shown to mimic the B72.3 antigen [22]. The mucin
Sepharose used was prepared by coupling bovine 
submaxil!ary mucin to CNBr-activated Sepharose 
by standard techniques at 5mg/ml of gel. 

100 ml of supernatant from CHO cell line Fv3 
was incubated on a roller mixer at 4 • C overnight 
with 1 ml of a 50% suspension of mucin-Sepharose 
(in 50mM Tris, pH 8.0). The mucin-Sepharose was 
then recovered by pouring the incubation mix into 
a column. The retained mucin-Sepharose was 
washed with 50mM Tris pH 8.0 until no absorbance 
was seen at 280 nm in the eluent from the column. 
Fv was then eluted with 1 ml of 0.1 M citric acid. 
The pH of the acid eluent was then adjusted to 5.5 
and assayed for antigen binding activity by ELISA. 

Samples were serially diluted in microtitre 
plates coated with 5 1.1.9 ml bovine submaxillary 
gland mucin and incubated for 50h at 4 • C. After 
washing with phosphate buffered saline, pH 7.2, 
containing 0.2% Tween 20, 100 I.L of a rabbit 
polyclonal antiserum raised to B72.3 (Fab')2 was 
added to each well at a dilution of 1 in 2,000. This 
antiserum contains antibodies that recognise both 
B72.3 VH and VL and chains. The plates were 
incubated for 1 h at room temperature, washed 
again and 100 1.1.I goat anti-rabbit lgG Fe-horse 
radish peroxidase conjugate added to each well at 
a dilution of 1 in 5,000. 

After a further 1 h incubation at room tempera
ture, the plates were washed again and bound 
antibody visualised by adding TMB substrate and 
reading optical density of the samples at 605nm. 
The results showed that the CHO Fv3 supernatant 
sample was capable of binding the solid-phase 
mucin in this assay. 

It is by no means certain that the hydrophobic 
interactions which are involved in the association of 
VH and Vl will be strong enough to maintain the 
FV fragment in an assembled state. Further modi
fications of the domains may therefore be neces
sary to enhance or stabilise the Fv fragment. For 
example, this may be achieved by the introduction 
of covalent linkages, such as disulphides. 

It will be appreciated by the skilled man that 
the embodiments set out above have been de
scribed by way of illustration only and that vari

. ations of detail can be made without departing from 
5 the scope of the present invention. · 
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Claims 
45 

1. A method for producing Fv fragments, wherein 
the chains of the Fv fragment are secreted and 
correctly assembled by the host cell such that 
fully functional Fv fragments are produced in 

50 the culture supernatant, comprising: 
transforming a eukaryotic host cell with a 

eukaryotic expression vector comprising an 
operon having a DNA sequence which en
codes the variable domain only of an antibody 

55 light or heavy chain, 

7 

culturing the transformed host cell under 
conditions which cause the protein encoded by 
the DNA sequence to be synthesised; and 
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collecting the synthesised protein. 

2. The method of claim 1, wherein the host cell is 
also transformed with a second eukaryotic ex
pression vector comprising an operon having a 
DNA sequence encoding a complementary 
heavy or light chain variable domain respec
tively. 

3. The method of claim 1, wh·erein the first ex
pression vector has a second operon compris
ing a DNA sequence encoding a complemen
tary heavy or light chain variable domain re
spectively. 

4. The method of claim 2 or claim 3, wherein the 
or each variable domain is expressed as a 
fusion protein having an effector protein, such 
as an enzyme, ligand or toxin, fused to its C
terminal end. 

5. The method of any one of claims 2 to 4, 
wherein the or each DNA coding sequence 
may be altered towards its 3' end so that one 
or more cysteine residues are produced to
wards the C-terminal end of each variable do
main. 

6. The method of any one of claims 2 to 4, 
wherein the Fv fragment is stabilised by use of 
a vector having in the operon a first DNA 
sequence encoding a first variable domain and 
a second DNA sequence encoding a second 
variable domain. the first and second se
quences being linked by a third DNA se
quence which encodes a joining peptide se
quence. 

7. The method of any one of claims 1 to 6, 
wherein the coding sequence(s) are derived 
from monoclonal antibodies. 

Patentanspri.iche 

1. Ein Verfahren zur Herstellung von Fv-Fragmen
ten, bei welchem die Ketten des Fv-Fragments 
von der Wirtszelle ausgeschieden und korrekt 
zusammengefOgt warden, sodaB voll funktions
fahige Fv-Fragmente im KulturOberstand pro
duziert warden, welches Verfahren umfaBt: 

Transformation einer eukaryotischen Wirts
zelle mit einem eukaryotischen Expressions
vektor, der ein Operon mit einer DNA-Se
quenz, die fur den variablen Bereich nur einer 
leichten oder schweren Antikorperkette codiert, 
enthalt, 

ZOchtung der transformierten Wirtszelle 
unter Bedingungen, die die Synthetisierung 

des von der DNA-Sequenz codierten Proteins 
bewirken; und 

Sammlung des synthetisierten Proteins. 

5 2. Das Verfahren nach Anspruch 1, bei welchem 
die Wirtszelle auch mit einem zweiten eukaryo
tischen Expressionsvektor transformiert wird, 
der ein Operon mit einer DNA-Sequenz, die fur 
einen komplementaren variablen Bereich einer 

10 schweren bzw. leichten Kette codiert, enthalt. 

3. Das Verfahren nach Anspruch 1, bei welchem 
der erste Expressionsvektor ein zweites Oper
on mit einer DNA-Sequenz aufweist, die fur 

15 einen komplementaren variablen Bereich einer 
schweren bzw. leichten Kette codiert. 

4. Das Verfahren nach Anspruch 2 oder Anspruch 
3, bei welchem der oder jeder variable Bereich 

20 als ein Fusionsprotein mit einem Effektorpro
tein, wie etwa einem Enzym, Ligand oder To
xin, das an sein C-terminales Ende fusioniert 
ist. exprimiert wird. 

25 5. Das Verfahren nach einem der AnsprOche 2 
bis 4, bei .welchem die oder jede DNA-Codie
rungssequenz gegen ihr 3'-Ende hin verandert 
sein kann, sodaB ein oder mehrere Cystein
Reste in Richtung zum C-terminalen Ende je-

30 des variab!en Bereichs produziert warden. 

6. Das Verfahren nach einem der AnsprOche 2 
bis 4, bei welchem das Fv-Fragment durch 
Verwendung eines Vektors stabilisiert ist, der 

35 in dem Operon eine erste DNA-Sequenz, die 
fOr einen ersten variablen Bereich codiert, und 
eine zweite DNA-Sequenz, die fur einen zwei
ten variablen Bereich codiert, aufweist, wobei 
die ersten und zweiten Sequenzen durch eine 

40 dritte DNA-Sequenz verknOpft sind, die fOr 
eine Verbindungspeptidsequenz codiert. 

7. Das Verfahren nach einem der AnspUrche 
bis 6, bei welchem die Codierungssequenz-

45 (en) von monoklonalen Antikorpern abge!eitet 
sind. 

Revendicatlons 

50 1. Precede de production de fragments Fv, dans 
lequel les cha1'nes du fragment Fv sont secre
tees et correctement assemblees par la cellule 
hote de telle sorta que des fragments Fv com
pletement fonctionnels sont produits dans le 

55 surnageant de culture, !edit procede compre
nant: 

8 

la transformation d'une cellule hote euca
ryote avec un vecteur d'expression eucaryote 
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comprenant un operon ayant une sequence 
d' AON qui code uniquement pour le domaine 
variable d'une cha1ne legere ou lourde d'anti
corps, 

la culture de la cellule hote transformee 5 

dans des conditions qui provoquent la synthe- . 
se de la proteine codee par la sequence 
d'ADN; et 

la recuperation de la proteine synthetisee. 

2. Procede selon la revendication 1, dans lequel 
la cellule hote est egalement transformee avec 
un deuxieme vecteur d'expression eucaryote 
comprenant un operon ayant une sequence 

10 

d'ADN codant respectivement pour un domai- 15 

ne variable de chaihe lourde ou legere com
plementaire. 

3. Procede selon la revendication 1, dans lequel 
le premier vecteur d'expression possede un 20 

deuxieme operon comprenant une sequence 
· d'ADN qui code respectivement pour un do

maine variable de cha1ne lourde ou legere 
complementaire. 

4. Procede salon la revendication 2 ou la revendi
cation 3, dans lequel le ou chaque domaine 
variable est exprime sous forme d'une proteine 
de fusion ayant une proteine effectrice, telle 

25 

qu'une enzyme. un ligand ou une toxine, fu- 30 

sionnee a son extremite C-terminale. 

5. Procede selon l'une quelconque des revendi
cations 2 a 4, dans lequel la ou chaque se-
quence codante d'ADN peut etre modifiee du 35 

cote de son extremite 3' de maniere a ce qua 
Un OU plusieurs residus de type cysteine SOient 
produits du cote de l'extremite C-terminale de 
chaque domaine variable. 

6. Procede salon l'une quelconque des revendi
cations 2 a 4, dans lequel le fragment Fv est 
stabilise a l'aide d'un vecteur ayant dans l'ope
ron une premiere sequence d'ADN codant 

40 

pour un premier domaine variable et une 45 

deuxieme sequence d'ADN codant pour un 
deuxieme domaine variable, la premiere et la 
deuxieme sequence etant reliees par une troi
sieme sequence d'ADN qui code pour une 
sequence peptidique de jonction. 50 

7. Procede salon l'une quelconque des revendi· 
cations 1 a 6, dans lequel la ou les sequences 
codantes sont derivees d'anticorps monoclo· 
naux. 55 

9 
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HuVHYS .· =reshaped heavy chain variable domain 
HuVLLYS = reshaped light chain variable domain 
AmpR = ampicillin resistance gene 
KanR = Kanamycin resistance gene 
Eco-gpt = mycophenolic acid resistance gene 
col El on = col El origin of replication 
enh · = enhancer 
pro = promoter 
Restriction sites: -B = BamHI; H= Hind III; E= EcoRI; 

S = Sac I 

Fig. 1 
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Fig.2 
HINDIII 

AAGCTTACTGAGCACACAGGACCTC 

M G W S C I I L F L V A T A T 

ACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTAAGGGGCTC 

ACAGTAGCAGGCTTGAGGTCTGGACATATATATGGGTGACAATGACATCCACTTTGCCTT 

1 5 10 

G V H S D I Q M T Q S P S S L S A 

TCTCTCCACAGGTGTCCACTCCGACATCCAGATGACCCAGAGCCCAAGCAGCCTGAGCGC 

20 CDR1 30 

s VG DR VT ITC RIA s G NIH Ny LI 
CAGCGTGGGTGACAGAGTG.;CCATCACCTGTAGAGCCAGCGGTAACATCCACAACTACCT 

40 so CDR2 
[3w y Q Q KP GK AP KL LI YIY TT Tl 
GGCTTGGTACCAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACTACACCACCAC 

60 70 

LA DIG VP SR F SGS GS GT D FT F 

CCTGGCTGACGGTGTGC~GCAGATTCAGCGGTAGCGGTAGCGGTACCGACTTCACCTT 

so 90 CDR3 
T Is s L Q p ED I AT y y c(a HF w s! 

CACCATCAGCAGCCTCCAGCCAGAGG.;CATCGCCACCTACTACTGCCAGC.;CTTCTGG.;G 

100 108 

T p R TIF G Q GT KV EI KR 

CACCCCAAGG.;CGTTCGGCC.ll;AGGGACCAAGGTGGAAATCAAACGTGAGTAGAATTTAAA 

CTTTGCTTCCTCAGTTGGATCC 
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SPECIFICATION antibodies capable to inhibit interleukin-2 de-
pendent lymphozyte proliferation. The anti-

Monoclonal antibodies recognizing human bodies of the present Invention can be used 
interleukin-2-receptor for preparation of chimeric animal-human anti-

5 70 bodies recognizing human interleukin-2-recep-
This invention relates generally to new hybrid tor wherein the constant Fe region of the im-
cell lines and more specifically to hybrid cell munoglobulin is obtained from human and the 
lines for production of monoclonal antibody to variance Fab region is obtained from an ani-
an antigen found on activated human lympho- mal. Preferably the Fab region is obtained 

10 cytes, the interleukin-2-receptor, to the anti- 75 from mice. 
body so produced, and to therapeutic and di- The present invention further provides hybri-
agnostic methods and compositions employing doma cell lines, characterized by the pro-
this antibody. duction of monoclonal antibodies of the lgG, 

class recognizing human interleukin-2-receptor. 
15 INTRODUCTION 80 Particular preferred are the hybridoma cell lines 

For many, if not all cells, the initial trigger having the NTCC designation number ... 
for proliferation appears to be the interaction and ..... 
of growth factors with the cell surface growth Human T-lymphoblasts expressing ll-2-R 
factor receptor. Activation of the growth fac- were prepared by known methods (Osawa, H., 

20 tor receptor leads in tum to yet undefined 85 and Oiamantstein, T. (1983) J. lmmunol. 
cytoplasmic signalling systems. 130:51 .) were used to produce a mouse mo-

Resting T lymphocytes are long living cells noclonal antibody against ll-2-R by the tech-
in the G0 phase of the cell cycle. They only nique of Kohler and Milstein (Kohler, G., and 
enter proliferative cycles under antigenic stim- C. Milstein, (1975) Nature 256:495). The fu-

25 ulation in the presence of a T cell growth 90 sion resulted in two hybrid clones AHT-54 
factor, interleukin 2 (IL-2). Receptors for ll-2 and AHT-107 producing anti-lL-2-R antibodies 
are not detectable on the surface of resting T of lgG1 subclass. The hybrid clones secreting 
cells. Expression of ll-2 receptors (IL-2R) is anti-lL-2-R antibodies were selected as pre-
the consequence of interaction of antigen pre- ferred embodiment of the present invention. 

30 senting cells with the antigen receptor. As. 95 Both mAb i) inhibit binding of 125J labelled 
shown recently, IL-2 receptor expression is a IL-2 to IL-2-R positive human lymphocytes, ii) 
transient even and repeated restimulation by inhibit IL-2 dependent proliferation in vitro and 
lectins (Cantrell, P.A., and K.A. Smith. (1984). iii) precipitates the identical cell ~urface mole-
Science (Wash. DC) 224:1312); (Osawa, H., cule of 55KD, the IL-2 binding protein. Com-

35 and Diamantstein, T. (1984). J. lmmunol. 100 petitive binding of AHT-54 and AHT-107 re-
132:2445) or the antigen (Reske-Kunz, A.B., vealed that they recognize different epilops of 
D.v. Steldem, E. Rude, H. Osawa and T. Di- the IL-2-R molecule. 
amantstein, (1984). J. lmmunol. 133:1356) is AHT-107 is different from anti-Tac (Uchi-
required for continuous ll-2 receptor expres- yama, T. et al., (1981) J. lmmunol. 126:1398) 

40 sion and consequently for long term cell 105 i) because competitive inhibition studies re-
growth. vealed that they recognize two different epi-

Since, IL-2-R are expressed exclusively on tops of the IL-2-R molecule; AHT-107 is also 
activated lymphocytes monoclonal antibody different from 7G7 86, a recently published 
(mAb) that reacts with the IL-2-R may be use- antihuman IL-2-R mAb (A. Rubin, C. Kurman, 

45 ful as specific and selective immunosuppres- · 110 E. Biddison, D~ Goldman, and L. Nelson 
sive agent. Furthermore, such antibodies may (1985) Hybridoma Vol. 4:91), because in con-
serve as diagnostic reagents in order to detect trast to 7G7 86 AHT-107 inhibits binding of 
qualitatively and quantitatively activated lym- IL-2 to the IL-2-R as well as IL-2 dependent 
phocytes as well as neoplastic cells express- proliferation of lymphocytes. 

50 ing ll-2-R. 115 Both mAb react specifically with activated 
lymphocyte (T and B) but not with resting 

SUMMARY OF THE INVENTION lymphocytes or other non-lymphoid cells. This 
An object of the present invention is to pro- statement is based on FACS-analysis data 

vide a composition of at least two monoclonal (Fig. 6-11). 
55 antibodies recognizing human interleukin-2-re- 120 According to previous studies in animal 

ceptor capable to inhibit interleukin 2 induced models such Ab reacting with the rat (ART-
lymphocyte proliferation. In an preferred em- 18) and with the mouse ll-2-R (AMT-13 and 
bodiment one or more of the antibodies are of M7 /20) has been shown to inhibit selectively 
the lgG, class. In another preferred emodiment and specifically i) local GVH-reaction (Diam-

60 the antibody composition is capable to inhibit 125 antstein, T. and H. Osawa, (1986), Immune 
interleukin-2 binding to the receptor. The pre- Rev. 92 in press.) ii) cardiac allograft rejection 
sent invention provides monoclonal antibodies (L. Kirkman, E. Kelley, A. Koltun, J. Schoen, 
of the lgG1 class recognizing human inter- A. Ythier and B. Strom, (1985), Transplanta-
leukln-2-receptor capable to Inhibit Interleukin- tion 40:719), (L. Kirkman, L.V. Barrett, N. 

65 2 binding to the receptor and in particular 130 Gaulton, E. Kelley, A. Ythier and B. Strom, 
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(1985), J. Exp. Med. 162: 358.) and iii) T-cell- RPMI medium (Seromed GmbH, MOnchen, 
mediated autoimmune reaction such as acute F.R.G.) supplemented with 2x 10-3 M L-glu-
autoimmune encephalomyelitis and adjuvant ar- tamine, 5 x 10-5 M 2-mercaptoethanol, 100 U 
thritis induced by T-cell transfer (Wekerle, H. m1-1 penicillin, 100µg m1-1 streptomycin, and 

5 and T. Diamantstein, (1986), Autoimmunity: 70 5 to 10% (v/v) fetal calf serum (FCS; batch 
Experimental and Clinical Aspects Eds: R.S. No. 104; Seromed GmbH). 
Schwarz, N.R. Rose. Ann. New York Acad. 
Sci.. In press.) ' Immunization, cell fusion, cloning, and pro-

The anti-IL-A monoclonal antibodies of the duction of monoclonal antibodies (mAb) 
10 present invention are also useful as therapeu- 75 Ten-week-old BALB/c mice were primed 

1 tic agents in clinical syndromes which are as- with 2 x 107 T lymphoblasts. The cells were 
sociated with pathological proliferation of IL-2 injected in 0, 1 ml portions (108 cells) subcuta-
dependent cells. Thus, for example, hyperim- neously into the footpads and into the necks 

i, 
mune syndromes such as Host versus of the mice as well as i.V. (107 cells in 0.5 · 

15 Graft(HvG) Graft versus Host (GvH) diseases 80 ml). Four weeks later, the mice were chal-
and autoimmune diseases (e.g. multiples scle- lenged i.v. with 107 T-lymphoblasts. Three 
rosis, autoimmune diabetis, Crohn's disease) days later, spleen cells from the immunized 
may be treated. In a preferred embodiment of mice were fused with X63-Ag8.653 mouse 
the present invention, the anti-lL-2-R monoclo-. myeloma cells in the presence of polyethylene 

20 nal antibodies are used as therapeutic agents 85 glycol (Kohler and Milstein, {1975), Nature 
directly without further modification thereof. 256:495, as modified by Lemke H .• G.J. Ham-
Furthermore, the invention includes preparation marling, C. Hohmann and K. Rajewsky, (1978), 
of anti IL-2-R chimeric antibodies using human Nature 271 :249). Fused cells suspended in 
heavy chain of different classes and sub- HAT medium were distributed into each well 

25 classes in combination with the variable region 90 of ten 24-well tissue culture plates (1 to 
of the AHT-54 and AHT-107 mAb, in order 2 x 108 spleen cells/well). Supernatants of the 
to optimise for therapeutic use. · wells ·in which vigorous growth was observed 

Alternatively, the antibodies may be coupled after 3 to 4 wk were screened for their capa-
to drugs including cytotoxic agents., The mo- city to bind a) human T lymphoblasts, b) 

30 noclonal antibodies of the present invention 95 mouse T lymphoblasts, and c) human thyme-
are capable of recognizing specifically cells ex- cytes attached to the surface of the wells of 
pressing IL-2 receptors, inhibiting their function microtiter plates. Cell-bound immunoglobulin 
and of eliminating them selectively. was then detected by enzyme-linked immuno-

The monoclonal antibodies of the present sorbent assay (ELISA) as described (Kincade, 
35 invention are also useful diagnostic reagents 100 P.W., G. Lee, L. Sun, and T. Watanabe, 

for cells which contain IL-2-R either on the cell (1981), J. lmmunol. Methods 42:17.) by using 
surface or within the cells and in body fluids. p-galactosidase-coupled sheep F(ab''2 anti-
Thus by mea,ns of the present invention, cells mouse immunoglobulin (New England Nuclear, 
containing IL-2-R may be identified in samples Dreieich, F.R.G.) as a second antibody. The 

40 having different kinds of cells. Localization of 105 hybridomas grown in HAT or RPMI medium 
IL-2-containing cells is possible in cultured cell that constantly produced antibodies binding 
colonies or in tissue specimens. When used in specifically to human T lymphoblasts were se-
this manner the monoclonal antibodies are lected. Supematants of growing hybridomas 
preferably coupled to fluorescent, color-form- were repeatedly tested and selected for hybri-

45 ing substances such as an enzyme or chromo- 110 domas producing supematants active in the 
phor, or a radioactive substance (ELISA, RIA). functional assay (inhibition of the T-lymphob-

last response to IL-2) as well as the absorp-
~ 

DETAILED DESCRIPTION OF THE INVENTION tion assay (inhibition of the capacity of T lym-
The following description is intended to ii- phoblasts to absorb IL 2 after preincubation). 

50 lustrate this invention without limiting the 115 Positive hybridomas were cloned by limiting 
same in any manner especially with respect to dilution with mouse thymocytes used as a 
substantially functional equivalents of hybrido- feeder layer. The clones were retested and 
mas and monoclonal antibodies as described expanded. The supernatants of the relevant 
herein. clones were used for isolation and purification 

55 120 of the mAb. 
I. Production of mAb 
Source of IL-2-R Purification of the mAb 

IL-2-R expressing cells were prepared as de- As tested in the Ouchterlongy double immu-
scribed using human-T-lymphoblast. Mixed hu- nodiffusion test with rabbit anti-mouse lgM, 

60 man peripheral blood lymphocytes were stimu- 125 lgA, lgG1, lgG2a, lgG2b, and lgG3 sera (Miles 
lated with 3 mg/ml of concanavalin A (Con A) Laboratories, Ltd., Slough, England), the hybri-
for 3 days. The cells were converted, treated doma clone AHT-54 and AHT-107 were 
with a-methyl mannoside (20 mg per ml), found to produce lgG 1 antibodies. Excepting 
washed and used as immunogens in culture the initial screening experiments, in which un-

65 medium. Cultures were performed in Click's 130 purified culture supernatants were used, the 
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following experiments were perfonned with according to the standard procedure (Diam-
purified lgG 1. Purification was achieved by antstein et al, Mol. lmmunol., (1984), 
successive binding/elution from protein A-Se- 21:1229. 
pharose (Pharmacia. Fine Chemicals) according 

5 to the method described by Ey et al, (Ey, P.L., 70 Figure 2 
S.J. Prowse and C.R. Jenkin, (1978), lmmuno- Synergistic action of AHT-54 and AHT-107 
chemistry 15:429). About 600 ml of the cul- mAbs on IL-2 dependent proliferation 
ture supernatants, brought to pH 8.0, · were T-lyrnphoblasts were cultured with 20U/ml 
passed over a 5 ml protein A-Sepharose col- of r-lL-2 for 3 days (for detail see Fig. 1) in 

10 umn equilibrated in 0. 1 M sodium phosphate 75 the presence of either AHT-54 or AHT-107 
buffer (pH 8.0) lgG 1 was eluted from the col- mAB or in combination of both mAbs. 
umn with 0.1 M sodium citrate buffer (pH 
6.0). The purified antibody was then dialyzed Figure 3 

• against a buffer containing 0.01 M HEPES (pH Competition for .the binding of 125 I-labelled 
15 7 .4) and 0.9% NaCl. The purity of mAb was 80 antibodies 

confirmed by sodium dodecyl sulfate (SOS) 2 x 106 human T blasts were first sus-
polyacrylamide gel electrophoresis performed pended in 100 µI of a binding buffer 
in reducing conditions as described {Laemmli, (PBS=0.5% BSA/10 mM NaN~ containing dif-
U.K. 1970. Cleavage of structural proteins ferent dilutiO!'\S of the mAbs anti-Tac (-0-), 

20 during the assembly of the head of bacterio- 85 AHT-54 (-Li-) and AHT-107 (-*->· The sus-
phage T4• Nature 227:429). The protein con- pensions were mixed with 100 µI of a 1 :40 
centration of the purified lgG 1 was determined dilution of the 1251-labelled mAb. 
by absorption of ultaviolet light at 280 nm, The mixture was incubated for 1h at 4°C. 
assuming an extinction coeficient (1% The relative amount of 125 I-labelled mAb 

25 w/v:1cm) of 14, and by the method of Lowry 90 (cpm) bound to the pelleted cells was mea-
et al, 1951 (Lowry, O.H., NJ. Rosebrogh, A.L. sured by using a gamma-radiation counter 
Farr, and R.J. Randall (1951). J. Biol. Chem. after washing them twice with the binding 
193:265.) with bovine serum albumin (BSA) buffer. 
used as the standard. 

30 Recombinant lnterleukin-2 provided from Sa- 95 Figure 4 
nolez Mena was used. 125 I-labelled recombi- Inhibition of 1251-/L-2 binding to human T blasts 
nant IL-2 was produced from NEN. by different mAbs 

2 x 106 human T blasts were first incubated 
Labelling of the mAB with 12sJ for 30 min. at 37°C in 0.25 ml of a buffer 

35 MoAb were labelled with 125J according to 100 (RPMI/Hepes/BSA/NaN3) containing the indi-
McConahey and Dixon (McConahey, P.J., and cated amounts of different mAbs. The incuba-
F.J. Dixon, (1980) Methods Enzymo1, 70:210). tion was further continued at 37°C in the 
Briefly, 20 µg of lgG 1 dissolved in 60 µI of presence of 1251-IL-2. After 40 min. the incuba-
Na125J(100 mCi ml ·· 1, carrier-free; Amersham tion mixture was centrifuged to pellet the cells 

40 Buchler). Ten microliters of chloramine-T (2.5 105 and the pelleted cells were taken up in 100 µI 
mg m1- 1 in 0.05 M Na-P) were added to the of the buffer and overlaid on the oil phase 
mixture. After 45 sec of incubation at room consisting of dibutylphthalate/olive oil (10+3). 
temperature, 20 µI of Na2S50 5 (3 mg ml- 1 in After centrifuga:tion the tips of the tube con-
0.05 Na-P) were added to the tube. The mix- taining the cell pellets were cut out and 

45 ture was immediately loaded onto a 15-ml Se- 110 counted in a gamma-radiation counter. 
phadex G-75 column (prewashed with 0.05 M 
Na-P containing 4% BSA and washed conse- Figure 5 
cutively with 0.05 M Na-P until the eluate was SOS-PAGE analysis of immunoprecipitates with 
protein-free), and the radiolabel in the ex- different mAbs 

50 eluded fraction was collected. 115 2 x 107 human T blasts were surface-iodi-
nated with· 0.5 mCi of Na ['251] and lysed in 

Detailed description of the drawings: 0.5 ml of the lysis buffer. The lysate was 
Figure 1 centrifuged and preabsorbed with 1 /5 volume 
Inhibition of IL-2 dependent human T-lymphob- of protein A-sepharose beads (10 µI) through 

55 last proliferation by different mAbs. 120 a bridge antibody rabbit anti-mouse lgG. After 
2 x 106 human T-lymphoblasts were incu- 1h at 4°C the beads were washed three times 

bated for 3 days in 0.2 ml of medium con- with a buffer containing 50mM Tris-HCL, pH 
taining the indicated amounts of recombinant 8.3, 450 mM NaCl, 5mM Kl, 0.02% NaN3 and 
IL-2 (Fig. 1a, 20U/ml; Fib. 1b,4U/ml) in the 0.5 Nonidet P-40, and extracted with 100 µI 

60 absence or presence of the different mAbs, 125 of the sample buffer. 50 µI aliquots of the 
anti-Tac f-0-), HT-54 (-Li-), AHT-107 extracts were subjected to SOS-PAGE analysis 
(-*-) and of a control mAb anti-hurnan-TSH either under non-reducing (lanes 1-6) or re-
(-0-). The cells were pulsed with 3H-thymi- ducing (lanes 7-12) conditions. the mAbs 
dine for the last 4 h of the incubated period. used were control mouse UPC-10 ascites 

65 Incorporation of 3H-thymidine was measured 130 (lanes 1 & 71, anti Tac ascites (lanes 2 & 8), 
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AHT-54 ascites lanes 4 & 10}, AHT-107 as
cites (lanes 5 & 11) and AHT-107 culture su
pernatants (lanes 6 & 12). . 

5 Figures 6 to 11 
FA CS-analysis 

Human peripheral blood cells (HPBL) and ac
tivated T-lymphoblasts derived from HPL were 
incubated at 4°C in presence of 0.1 % NaN3 

10 for 30 min with AHT-54 or AHT-107 mAB 
( 1 : 1000 ascites fluid and as negative control 
with a TSH, washed and stained using satu
rating amount of goat anti-mouse lgG labelled 
with FITC. Fluorescence activated cell sorter 

15 analysis performed with Epics V. · 
Fig. 6 shows the negative control. The a 

TSH antibody did not bind to the T-lymphob
lasts. In Fig. 7 and 8 it is shown that AHT 54 
(Fig. 7) and AHT 107 (Fig. 8) are capable to 

20 bind to the lymphoblasts. Fig. 9 to 11 are 
refering to the same experiment except the 
lymphoblasts are substituted by HPBL. With 
none of the three antibodies a reaction occurs. 

25 CLAIMS 
1. A composition of at least two monoclo

nal antibodies regognizing human interleukin-2-
receptor capable to inhibit interleukin-2 depen
dent lymphocyte proliferation. 

30 2. A composition according to claim 1, 
wherein at least one of the monoclonal anti
bodies is of the l9G1 class. 

3. A composition according to any of 
claims 1 and 2 inhibiting interleukin-2 binding 

35 to the receptor. 
4. A monoclonal antibody of the lgG1• class 

recognizing human interleukin-2-receptor 
capable to inhibit interleukin-2 binding to the 
receptor. 

40 5. A monoclonal antibody according to 
claim 4 capable to inhibit interleukin-2 induced 
lymphozyte proliferation. 

6. A chimeric animal-human antibody re
cognizing human interleukin-2-receptor. 

45 7. A chimeric antibody according to claim 
. 6, wherein the Fe region is obtained from hu

man and the Fab region is obtained from an 
animal. 

8. A chimeric antibody according to any of 
50 claims 6 and 7, wherein the Fab region is 

obtained from mice. 
9. Hybridoma cell lines, characterized by 

the production of monoclonal antibodies of the 
lgG1 class recognizing human interleukin-2-re-

55 captor. 
10. The hybridoma cell lines of claim 9 

having the NTCC designation number ... 
and ..... 

Printed for Her Majesty"s Stationery Office 
by Burgess & Son (Abingdon! Ltd, Dd 8991686. 1987. 
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® 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 thre~imensional model of said rodent antibody variable region ; 

(b) generating sequence alignments from relative accessibility distributions from x-ray aystal
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 
(b); 

(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 exposed amino acid 
residues 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 or fragment thereof to 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) ; 

(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 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). 
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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 
the variable regions CV-regions) of antibodies. The development of these rules and their application in the pre-

5 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 ofthe original non-human monoclonal antibody, with improved 

10 therapeutic efficacy in patients due to the presentation of a human surface on the V-region. 

15 

BACKGROUND OF THE INVENTION 

General Background of Antibodies 

Murine monoclonal 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, for the 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 monoclonals rarely results in high affinity 
antibodies. 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 antibodies 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, reshape or humanize murine mono
clonal antibodies in an effort to improve the therapeutic application of these molecules in patients. 

35 

Strategies of Antibody Humanization 

The earliest reports of the 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 ONA sequences encoding 
mouse antibody variable light and heavy chain domains and human antibody light chain (LC) and heavy chain 
(HC) constant domains to permit expression of the first recombinant "near-human• antibody (chimeric antibody) 

45 product (Morrison, S.L, Johnson, M.J., Herzenberg, LA. 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, R.H., Trang, J., Haynes, A •• Rogers, K., Harvey, E.B., Sun, L., Ghrayeb, J. and Khazaeli, M.8. (1989), 
Proc. Nau. Acad. Sci. 86, pp. 4220-4224). 

50 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 (COR's) of murine 

monoclonal antibodies have been grafted by molecular means in the ONA 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 monodonal 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 0438310A1 and 0438310A2; International Patent Publication No. W091/09967; and International Patent Pub
lication No. WO 90/07861. 

However, it is questionable whether European Patent Application (EP), Publication No. 0239400 is truly 
enablirig. 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 N"o. 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 monodonal 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 

15 protein or DNA databases. 
International Patent Publication No. WO 91/09967 attempts a further variation of the method disdosed 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 first antibody humanized by this method 
retained less than 1/3 the affinity of the 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 all V-re-

30 gions and ii) accurate 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. 

40 

Antigenicity of Antibodies 

The antigenicity/immunogenicity of an antibody, induding 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 circulation 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 VH regions will be 'scanned'. 

Surface Reshaping or Resurfacing of Antlbobies 

50 The notion of surface presentation of proteins to the immune system raises the prospect of redesigning 
murine monodonal 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 monodonal anti
bodies to reduce their immunogenicity could be beneficial in maintaining the avidity of the original monodonal 
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 

(anti-human CD4), were generated (Gorman, S.D., Clark, M.R., Routledge, E.G., Cobbold, S.P. and Waldmann, 
H. (1991), Proc. Natl. Acad. Sci. U.S.A. 88, pp. 4181-4185). In one version, pVHNEW/CG1, 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/CG1, the acceptor VH framework was from the human KOL antibody, 
which has 72% identical residues to Campath-9 VH. Each reshaped antibody contained the identical VL domain 
from the human REI antibody sequence. However, the recombinant product of pVHKOL/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 concept of reducing rodent-derived antibody immunogenicity through the replacement of exposed re

sidues in the antibody framework regions which differfromthose 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 ofthe Fab fragments 

15 of these two antibodies have been elucidated to high resolution. The solventaccessibility 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 VL 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 Cmse: 

Among the murine VH sequences examined for which the autologous VL has also been sequenced, 
MOPC21 VH has the least number of residues that need to be replaced to humanize it. IVIOPC21VH is most sim
ilar in its framework to the members of the human subgroup HIii and JH6. The exposed or partially exposed 

40 residues that need 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, ~. 12, 15, 22, 41, 63, 68, 83 and 85. A total of 17 amino acids need to 
be replaced to humanize the variable domains of MOPC21. 

Of the light chains in the Best- and Worst-Case examples cited above, S107VL required changes at 15 
45 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). 

so 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 thatthe surface residues in Padlan's analysis are only determined by reference 
to the crystal structure analysis of one 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, EA. (1990), Molecular Immunology 28, pp. 489-498) were comput-

55 ed, where: 0 to 0.2 = completely buried, 0.2 to 0.4 = mosUy 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 particular, humanized rodent monodonal 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 for 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 

15 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 to the 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 a three-dimensional model of the variable region of the rodent antibody orfragment thereof 
resulting from the substituting specified in step (e); 
(g) identifying, by comparing the three-dimensional models constructed 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 

30 (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. 

40 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 

45 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 38 are plots of relative accessibility of amino acid residues for twelve antibody Fv struc-
50 tures, mapped onto the sequence alignment of these structures. Structures Glb2 (Jeffrey, P.D., Doctor of Phi

losophy Thesis, University of Oxford, United Kingdom, 1991), D1 .3 (Amit, A.G., Mariuzza, R.A., Phillips, S.E. V. 
and Poljak, R.J. (1986), Science 233, pp. 747-753), 3D6(Grunow, R., Jahn, S., Porstman, T., Kiessig, T., Steink
_eller, H., Steindl, F., Mattanovich, D., Gurtler, L., Deinhardt, F., Kalinger, H. and von R., B. (1988), J. lmmunol. 
Meth. 106, pp. 257-265) and 36-71 (5fab) (Rose, D.R., Strong, R.K., Margolis, M.N., Gefter, M.L. and Petsko, 

55 G.A. (1990), Proc. Natl. 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), 3hfrn (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., Amzel, 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, 
D., 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. Mol. Biol.141, pp. 369-391), and 1f19 
(Lascombe, 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 38 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.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 
H(PL0123) (Bird, J., GalUi, 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 

25 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 p.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 ofVL and VH regions. 

Figure 6 is a plot of RMS deviation from the mean of the eight f,-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 9D are stereo (N,C-a,C,O) representations of crystal structures and models of D1 .3, 3671 
,ro and Gloop-2 variable domain and p-barrel strands described in Example 2. Crystal structures are shown with 

open bonds, model with solid bonds. The difference between the 3D6-H3 in the model and the crystal structure 
is due to a 5-7° twist in the extended p-sheet conformation of this loop, Figure 9A: D1 .3, Figure 98: 36-71, 
Figure 9C: Gloop-2, Figure 9D: 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, K.S. (1987), Sequences of Proteins of Im

munological Interest. U.S. Department of Health and Human Services, Fourth Edition). 

DETAILED DESCRIPTION OF THE INVENTION 

5lJ 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 famHies 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 
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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 on 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 of their surface residue profiles. 

Ration&! 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 of the 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 closest 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 

so 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 modify 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'J 9268-9272; Methods in Enzymology (1991), 203, pp. 121-152) and as described in detail in Example 2. 
Martin et al. 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. 

45 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 p-berrel. 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. DetaDed descriptions of 

50 these methods are described in Example 2 herein and in the above two references (Martin et al. 1989 and 
1~i . 

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. 
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-

s ing numbering system as defined by Kabat, E.A. (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 identify arr 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. 

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 rr1ajority (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 an 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 B 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-D model of the original rodent antibody or fragment thereof. 

While the antigenicity of this fully "resurfaced0 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-

8 

BIOEPIS EX. 1002 
Page 291



EP O 592106 A1 

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. 

s 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 eta I. (1991), Nucleic Acids Research 19, pp. 2471-2476). 

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-De-leu-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, SP2/0 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. 

A light 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 presenUy 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 Murlne 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 

40 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 accessibDity 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 cessibUity was greater than 30%. The alignment positions of these residues were conserved in all twelve struc
tures (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 accessibDity, and 
the 30% accessibility cutoff. Figure 3A shows the alignments relative accessibility for the twelve murine anti-

50 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 
Fvsequences (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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Lia:h.t chain 
Position Human :\louse 
1 D 51 E 34 A 5 S 5 D i6 Q 9 E 6 
3 V 38 Q 24 S 24 Y 6 V 63 Q 22 LS 
s T 61 L 37 T 87 
9 P 26 S :?6 G 17 A U L 7 S 36 A 29 L 17 P 5 
15 P 62 V 25 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 D43S25A9 D38A26S2I 
73 S 96 S 90 I5 
76 D 43 T 18 S 16 E 15 D 61 S 15 A 5 K 5 
86 P 4'l A 27 S 17 T 8 ASOP11T8ETQ8 
81 E 71 D 11 G 7 E91 D8 
111 K 74 R 12 N 6 K 93 
115 K54L40 K8T L 5 
116 R60G33S5 R 89 G 9 
UT Q50T37E6P8 A7'QUP5R5 

Heandwa 
Po1iuo11 Humm Moue 
118 E 4T Q 46 E 59 Q 29 D 10 
120 Q 83 TT QS8K28 
122 V 59 L 15 Q 13 Q ST V 27 L 5 K 5 
126 GS4A23P18 G3SP30Al9 
127 G53E22AHD7 E41G43S8 
128 L61V31FT L 91 
130 K 46 Q 41 E 5 K 52 Q 2T R 17 
131 P 95 P 91 AS 
132 G 74 S 18 TT G82SIT 
138 R 53 K 23 S lT TT K61Sl7R.13 
143 091 G 91 
HS T41S32M9l7 T83SHNTA5D5 
180 PMS 10 PHIIT 
181 093 onEu 
162 K 78 Q 10 R. 8 K50Q30NlOB5 
183 D28P25A1TQ10TT E 31 P 22 D 17 A 13 Q 11 
184 STOK9P8 K42S3TTI 

- lU K53Q22R.T?fS KAQT 
laT G SIS 21 T 5 Gl2S1ID10 
195 T 30 D 26 N 19 K 7 T38K30N28D8 
198 S 91 S TS A 18 
19T K&5I8T8B.5 S41K34Q11 
208 R 41 T 18 K 17 DI TS5R28K8 
209 A50P21Sl3T8 S8TAHT11 
210 E ti A 18 D 13 S 9 Z 8 V 5 EUDT 
212 T 91 T53S43 
222 G 17 D 11 P 10 Y 9 V N 8 D4T.Al8 

Table 1: Diatribu\ion of acceaible residu• ia human VB ud Vt chain se
quenca All of the poeiuou appear to be couerved, which leada to the hy
phothesia ihat inununogenecity arises from a specific combiaation of theae sur
face residues. The sequence numbering is explaned in Figurea 3A ud 3B. 

None of the entire combinations of surface residues in the human sequences are found in the murine se
quences and vice veraa (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 54and 91 of the Lchain and 168 and 216 of the Hchain. 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 mouse sequence patches made up of the surface accessible re
sidues. The data was then represented as a density map (not shown) in 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 Fvframework 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 antibodyj is available commercially from Coulter 

20 Corporation under the name NKH-1. 
The alignment of the light chain sequences and heavy chain sequences in Figures 4Aand 4B, respectively, 

show the original N901 antibody and the sequences used in each of the three approaches outlined here. 
Figures 4A and 4B 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(KV4B) (Klobeck, H., Bronkamp, 
G., Combriato, G., Mocikat, R., Pohelnz, H. and Zachau, H. (1985), Nucleic Acids Res. 3, pp. 6515-6529) and 

so H(PL0123) (Bird, J., Galili, 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 
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. 

40 (1) Classical Humanization 

In classical humanization the rationale is to graft the rodent CDR's onto a framework of known 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-

45 work residues are back mutated (marked with'•' in alignment) in order to retain the three-dimensional shape 
of the CDR's. In 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 H and 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. Nau. 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 oft he 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 thatthe similarity is calculated only over the surface 
residues ouUined 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., Po
helnz, H: and Zachau, H. (1985), Nucleic Acids Res. 3, pp. 651~6529)., 

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 LIGHT CHAIN SURFACE PATCHES 

l KV5E$M00S! :KTSLRPGKGSSDYEKIC* (SEQ ID NO: 40) 2 PL0101 :KTSLRPGKGSSEY!XK* (SEQ ID NO: 41) 3 N$1F19L :QTSLRPDKGSSDHEKK* (SEQ ID NO: 42) 
4 KV5U$MOUS! :QTSLRPDKGSSOQEXX• (SEQ ID NO: 43) 10 5 KUSIGLDD :QSSLRPDKGSSOQEKK* (SEQ ID NO: 44) 
6 PL0220 :QTSLRPDKGSSDPEXK* (SEQ ID NO: 45) 7 KV!5J$MOUS8 :QTSLRPDKGSSDPZKJC* (SEQ ID NO: 46) 8 KUSIGKABB :QTSLRPDKGSSDPEXT• {SEQ ID NO: 47) 
9 KUSIGKCLG :QTSLRADKGSSOQ!XK• (SEQ ID NO: 48) 

15 
10 KUSIGGVJ2 :QTSLRPDKGXSDSIJCX• (SEQ ID NO: 49) 
11 KUSIGXCRN :QTSLRPARGSSDQUX• (SEQ IO NO: 50) 
12 KUSIGJCCLP :QTSLICPGRGSSDPEU• ·(SEQ ID NO: 51) 
13 KUSIGKACN :QTStRPGROSSDTmat• (SEQ ID NO: 52) 
14 KUSIGKABB :QISI.RPGKGSSDSZJat• (SEQ ID NO: 53) 15 KV5P$N00SI :QTSLRPGKCDSDIDKX• (SEQ ID NO: 54) 

20 16 MUSIGKallt : E'l'Al.RPGJ(GASDADIClt* (SEQ ID NO: 55) 
17 KV3D$lf0USS : VTALUGltGASDIDIClt* (SEQ ID NO: 56) 
18 KUSIGDIJI : VTALRPGJtCASD&m• (SEQ ID NO: !57) 
19 KV3G$lf0USB :VTALJUIQXGASBA8U* (SEQ ID NO: 58) 
20 KVlB$KOUSB :VTA1JUIGKGASDIDDI• (SEQ ID NO: 59) 
21 MUSIG1t1A1 : QTSLllPDXGSSDQB'ft• (SEQ ID NO: 60) 

25 22 MUSIQKCIIS :QJfSLTJIGKGSSSPDX• (SEQ ID NO: 61) 
23 MUS1GDA :VTKVRPGKGDSDSDD• (SEQ ID NO: 62) 
24 KV9A$11DVS• :VTltYRJIGKGDSDAaa• (SEQ ID NO: 63) 
25 MUSIGKV :VTllVR.PGKGDSDADJC• (SEQ ID NO: 64) 
21 MUSIGKOQI :LTJtVRIIGJtGDSDSBIClt* (SEQ ID NO: 65) 

30 
27 MUSIGKCI.1 :Y'l'ltVRPGKGDSDSBQK* (SEQ ID NO: 66) 
28 KV58$ll0USa :VTDRPDGDSOADJC• (SEQ ID NO: 67) 
29 MUSIGXCSA • :ffaRPDGOSDSmat• (SEQ ID NO: 68) 
lO MUSicacsa :V'l'XVSJICaGDIDAm• (SEQ ID NO: 69) 
Jl MUSlGKCft :VTKVIISGKGBSDAIIX• (SEQ ID NO: 70) 
32 IIUSIGD8 :VTSVUGKGDSDADZ• (SEQ ID NO: 71) 

35 13 Pt.0014 :VSSVDGJrGDSDAm• (SEQ ID NO: 72) 
34 MUSIGIW:U =~· (SEQ ID NO: 73) 
39 PS0023 :VSSADGKGDSDADK• (SEQ ID NO: 74) 
le Kt211CPL =~· (SEQ ID NO: 75) 
37 IIUUGDDV :VSPAUGKGDSDA.ID• (SEQ ID NO: 76) 
31 NVUca:n :V'l'JtAUGKGDSDVIIQI• (SEQ ID NO: 77} 
39 ,mnau,a :VTLIPPGJtGDSDABD• (SEQ ID NO: 78} 
40 NUSJ:cac:111 :VTU.QfCltGDSDAIIQt• (SEQ ID NO: 79) 
41 827887 :YTU,,QPQ&GDSDADD* (SEQ ID NO: 80) 
42 H21140 :VTLLQPCltGDSDA.11&• (SEQ ID NO: 81) 
43 ltV2G$ll0USI :VTLLQAGltGDSo.uat• (SEQ ID NO: 82) 
44 C:27817 :V'l'LLQl'GBGDSDAm• (SEQ ID NO: 83) 

45 
45 J'I.0021 :L'ft,LQJiGIIGDSDAZIK* (SEQ ID NO: 84) 
41 JIUSIGJWIII =~· {SEQ ID NO: 85) 
47 PS001• :V'l'I.rQPGQGOSDPBD* (SEQ ID NO: 86) 
48 llUSIGltCIIY :VTLPQICJtGDSDADK* (SEQ ID NO: 87) 
49 MUSIGKCIIX :VTI.JIQJIGJtGOWDADX• (SEQ ID NO: 88) 

50 !50 KV2D$JIDOSI :VTPLSPGQqDSDAIIK* (SEQ ID NO: 89) 

55 
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51 MUSIGKADW :ESSARPGKGDSDA!lCX• (SEQ ID NO: 90) 
5 

52 KV2A$M0USI! :VTLSSPGQCDSOAEJ<JC• (SEQ ID NO: 91) SJ KV1A$JIOUS1 :VTTAI<PEXGDSOVEJOC• (SEQ ID NO: 92) 54 F305l4 :VTTPKPDKCDSDV!l(X• (SEQ ID NO: 93) 55 MUSICKCLO :VTAPRPGKGASSAEl(l(• (SEQ IO NO: 94) 56 G27887 :VTAPKPGKGTSSA!l(l(• (SEQ IO NO: 95) 57 MUSIGVK'Vl. :VTTPI<PGKGASSAEIQ(* (SEQ ID NO: 96) 
10 58 KUSIGKCNA :VSAPl<PCKGASSAEIQC• (SEQ ID NO: 97) 59 S03'10 : VTAPRSGICGASSADX• (SEQ ID NO: 98) 

60 832456 :VT~KGASSA!D• {SEQ ID NO: 99) 
61 PLODll :VTAPKPDKGVSSABIK• (SEQ ID NO: 100) 62 MOSIGLAET :VTAPKSE1CGVSSAE10C* (SEQ ID NO: 101) 

15 
63 MUSIGVICVl : FTAPBPGICGASSAZIOt• (SEQ ID NO: 102) 64 I<V6I<$MOUSB. :LTAPltPGRCNSSAEIOt• (SEQ ID NO: 103) 
65 Gl0560 :VTAPKSGltGASSADR• (SEQ ID.NO: 104) · 
H M0SIG1CBO :VSAPJalGKZCSSADJC• (SEQ ID NO: 105) 
67 MOSIGICClfB :VTAPKPUGASSAm• (SEQ ID NO: 106) 
68 833730 :VTn.5PCQGJ1SDA1LP• (SEQ ID NO: 107) 

20 69 MOSIGKCPC :VTPLSPGQGNSD1DLP1t (SEQ ID NO: 108) 
70 KV2C$M0USI :VTLSSPQRCDSDADK• (SEQ ID NO: 109) 
71 MOSIGLAV :VTAPKSSltGGSSAmac• (SEQ ID NO: 110) 
72 MOSIGKCHB :QTSPl'PCl[GSSDPDK* (SEQ ID NO: 111) 
73 KV5R$M0USB :QISI.IPGKCSYDOBU• (SEQ ID NO: 112) 
74 KV6B$IIOUS8 :'lTAUSGKGASSAm• (SEQ ID NO: 113) 25 75 NUSIGltCIII :V'l'AI.KSDKCASSGBU• (SEQ ID NO: 114) 
76 MOSIGU>A :V'ffPSPGQGDSAHD• (SEQ ID NO: 115) 
77 C26317 :VTPPSPGQGDSA.ltm• (SEQ ID NO: 116) 
78 PS0073 :V'l"llt1CPGKCDSDIIK* {SEQ ID NO: 117} 
79 A239a, :QTSVltLGQCUo•m• (SEQ ID NO: 118) 

30 80 NUSIGltAllf : ltftJ.UlllltGSSDSDD• (SEQ ID NO: 119) 
81 KV5D$11DUS& :Q'fDVTQQQ=sSQPm• (SEQ ID KO: 120) 
82 IIUSICUI, :Q'IAVSQCQGSSQSDK• (SEQ ID NO: 121) 
83 MUSIGJCCOS :LTAPR'.INNSSDSm• (SEQ ID NO: 122) 
84 IIUSIGD:D :'lTUSIJDIGSIDl'Dlt• (SEQ ID NO: 123) 
85 JIUSIGLVD 1U.SUP1.sGDSDPIIN* (SEQ ID NO: 124) 35 ae S06822 :ff~• (.SEQ ID KO: 125) 
87 908821 :V'HHIVl'GAIDIIL• (SEQ ID KO: 126) 
•• IIJSlGI.AS :AVS~• (SEQ ID NO: 127) 
89 .. IGIM. • :Avs~• (SEQ ID NO: 128) 
90 LVU$11DUD :AVSPnDl'GVDlTDL• (SEQ ID NO: 129) 

40 9l 111SlOIM :AVSPnD'IGAllt'l'DS• (SEQ ID NO: 130) 
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5 HUMAN LIGHT CHAIM SURFACE. PATCHES 

l LV4A$HUMAK :. YLPPTPGVIRSTAMI<L• (SEQ ID NO: 131) 
2 LV48$KUMAN :YLPPTPGVIRSTAHRL• (SEQ IO NO: 132) 
J LV4E$KUMAN :YLPPTPGLIRSTSMlU.• {SEQ IO NO: 133) 
4 LV40$HUMAH :YLPPTP<iLIRSTSVKL• (SEQ IO NO: 134) 

10 5 LV4C$KUMAN :YLPPTPGVIRSTAEXL• (SEQ IO NO: 135) 
6 LV!5A$KUMAH :YLPPTP<iVIRSTACKL• (SEQ ID NO: 136) 
7 LV7A$KUMAN :YLPATPGWRSSAGHL• (SEQ ID NO: 137) 
8 LV2G$KUMAM :SLPPSPGKVRSTAEKL* (SEQ ID NO: 138) 
9 LV2I$KUMAM :SLPPSP<iKVRSTAHJCL• (SEQ ID NO: 139) 

10 N$21lHB :SLPPRPGXVRSSSEKL* (SEQ ID NO: 140) 
15 ll HUMIGLAH :SLPPJUl(;KVRSSSDICI.* (SEQ ID NO: 141) 

12 LV1A$HUJWI :SLPPRPGRVRSSSDL* (SEQ ID NO: 142) 
13 LV18$JIUJWI :SLPPRPGXVRSSSBQL• (SEQ ID NO: 143) 
l4 LV1P$IRJJWI :SLPPJUl'GKVRSSSITL• (SEQ ID NO: 144) 
15 LV1C$HUIWI :SLPPUGKIRSSTCKL• (SEQ ID NO: 145) 

20 16 A29700 :SLPPUGllIRSS'1'Gla.• (SEQ ID NO: 146) 
17 HUJ1ICLAK4 :SLPPUGKIRSSTGQL• (SEQ ID NO: 147) 
18 LV1D$1RJJW1 :SLPPDGKIRSSTGRL• (SEQ ID NO: 148) 
19 LV21t$IRJJWI :SLAPSPGKIRSTAUL* (SEQ ID NO: 149) 
20 LV1I$HUIWI : SLPPRICIURSSTCJl'V* (SEQ ID NO: 150) 
21 LV2E$IIUIWI :SLRPSPGKVRSTAUL• (SEQ ID NO: 151) 

25 22 LV2D$J1U1W1 :SLRPSPGKVRSTADJa.• (SEQ ID NO: 152) 
23 LV2C$BUIWI :SLRPSIIGKVRSTADL• (SEQ ID NO: 153) 
24 LV2J$JIUIWI :SLRPSJIGICVRSAVDL* (SEQ ID NO: 154) 
25 LVl.BSJIUIWI :SLPPRIGl!C•RSSABL* (SEQ ID NO: 155) 
2e LV28$JIUIWI :SLAPSICllVRSTVDL* (SEQ ID NO: 156) 
27 lf$1KCIIII :SLAPSl'DKIRSTPDKL* (SEQ ID NO: lS7) 

30 28 LV2HSJIUIWI :SLALSIGKVRSTADL* (SEQ ID NO: 158) 
29 1($311CG2 • :S~AIICL* (SEQ ID NO: 159) 
l0.LV2A$JDJIWI : SUPSJJGKVRSTASYL• (SEQ ID NO: 160) 
31 S02013 :SLPLTIGLDISTABla.• (SEQ ID NO: 161) 
32 HOIIIGLlll2 : SLPLTPRVUtSTADL* (SEQ ID NO: 162) 

35 ll LV6C,IIUIIAII :l'LIIPl'fG'ft)S• (SEQ ID NO: 163) 
34 LVeD$BU1W1 :PLt.P1'flGTDSSS• (SEQ ID NO: 164) 
35 LVIUIIDIIAII :PLIIPl"ll9TDSS• (SEQ ID NO: 165) 
JI Lff8'81111111 : UoPPIICDSSSXDD.* (SEQ ID NO: 166) 
37 IIUIIIGl.aG : VLPLSPIIIURSBSINL• (SEQ ID NO: 167) 
ll IRIIIIGL~ : SLAPSPAD'IISTADD* (SEQ ID NO: 168) 

40 39·lllJIIIGVLLS :V'l'APltPGRDSDPIKK* (SEQ ID NO: 169) 
40 BUIIIGDX : V'l'AJl1UlmlVJISDPDK• (SEQ ID NO: 170) 
41 BJoeo, : YTCPJUIGaIUDPDK• (SEQ ID NO: 171) 
42 KV38$IIUIWI =~· (SEQ ID NO: 172) 
43 G30H7 :VTGPllfGRVRSDPDK* (SEQ ID NO: 173) 
44 KV311$IRJIWI :VTGPRIGRDSDPXU* (SEQ ID NO: 174) 

45 45 KV.3B$BUIWI z VTURIGlllllSUIRK* (SEQ ID NO: 175) 
41 KVlQIRJIWI : V'l'GPSRGIUaDPDK* (SEQ ID NO: 176) 
47 KV3P$JDJIWI :VTVPRPlllDSIIIIK* (SEQ ID NO: 177) 
41 826555 : V'l'Al'Gl'GIUJISDD&* (SEQ ID NO: 178) 
49 KV1Q$IMWI :QTsvucavltSDPDK* (SEQ ID NO: 179) 

. 50 KV1W$IIUIWI :QTSVRPCKYRSDPIIIK* (SEQ ID NO: 180) 50 
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51 KV1M$HU!Wf :QTSVRPCXVRSOPEKK• (SEQ ID NO: 181) 
52 KV1R$HUMAH :QTSVRPCKVRS!PUK* (SEQ ID NO: 182) 
53 KV1F$HUMAH :QTSVRPGKVRSEPDKK* (SEQ ID NO: 183) 5 54 KV1G$HUMAH :QTSVRPCKVRAEPEJCK• (SEQ ID NO: 184) 
55 KV l1<$HUMAM :QTSVRPCKVRSSPZI<X* (SEQ ID NO: 185) 
56 KV10$HUMAH :QTSVRPCICVRSDPBlCK* (SEQ ID NO: 186) 
57 KV1H$IMWI :QTSVRPCQVRSDP!IUC* (SEQ ID NO: 187) 
58 KV1B$HUMAM :QTSVRPGKVRSHPEKK• (SEQ ID NO: 188) 

10 59 B27585 :QTSVRPGNVRSDPDICX* (SEQ ID NO: 189) 
60 N$1R!IA :QTSVRPGKVRSOP!lCT* (SEQ IO NO: 190) 
61 KV1X$Ht!HA.N :QTSVRPGTVRSE:PEICX* (SEQ ID NO: 191) 
62 KV1L$HUMAM :QTSVRPEXVRSEPDD* (SEQ ID NO: 192) 
63 IMGL38 :QTSVRPGKVRSBSDD• (SEQ ID NO: 193) 

15 
154 A27585 :QTSVRPGEVRSEPDD* (SEQ ID NO: 194) 
65 KV1H$Ht.JMAX :QTSVRPGBVRSBPZRJC• (SEQ IO NO: 195) 
66 KV1C$HUMAM :QTSVSPGKVRSDPmat• (SEQ ID NO: 196) 
67 KV1V$RUHAJf :QTSVRPGKVIISDPBKK• (SEQ ID NO: 197) 
68 KV1T$HtJMAH :QTSVRPGXVRSDPOTK* (SEQ ID NO: 198) 
69 KV1U$HUMAM :QTSVRPIKVRSDPZICK* (SEQ ID NO: 199) 

20 70 KV1A$HtJ1Wf :QTSVRPD'VRPDPBD• (SEQ ID NO: 200) 
71 ltV1S$HtJMAH :QTSVRSCIWRSIPl'l'K• (SEQ ID NO: 201) 
72 KV4A$HtJMAII :VTMLRPGltVIISDADCX• (SEQ ID NO: 202) 
73 KV4C$Ht.JIWI : V'l'DLRPGK'VIISDAID• (SEQ ID NO: 203) 
74 HUMIG1t2Al :QTSVSPClfIRSISDD• (SEQ ID NO: 204) 
75 RUJIIGDA :lt'l'SVTPGDRSZPBD• (SEQ ID NO: 205) 25 7& IICMIGltBC :V'l'LLPPGRVUDA.DK• (SEQ ID NO: 206) 
77 KV28$HmWI :V'l'LLPPGBVRSDABD• (SEQ ID NO: 207) 
78 KV2D$lltDWI :V'l'LPPIGZVRSDAIIK* (SEQ ID NO: 208) 
79 KV2CtHmWf :V'l'LPPl'GIVRSMU&• (SEQ ID NO: 209) 
80 KV2ZtlmlWI :V'ff.PPPQQVRSDAID• (SEQ ID NO: 210) 

30 81 903876 :V'ft.PPICQV'fSDUD• (SEQ ID NO: 211) 
82 ltV2A$IRJIWI : VTLl'PAGQVRSDADR• (SEQ ID NO: 212) 
83 HOIIIG1.All5 :ALSPSSGQSSSASDL• (SEQ ID NO: 213) · 

35 

40 

45 

50 

55 

16 

BIOEPIS EX. 1002 
Page 299



EP O 592106 A1 

5 

HOUSE HEAVY CHAIN SURFACE PATCHES 

l HUSIGHIT :EKVGGLQPGRGTPGKASRCOSQRPES• (SEQ ID NO: 214) 
2 MUSIGHIU :EKVGGLQPGRGTPGKVSRGDSQRl'ES• (SEQ ID NO: 215) 

10 3 MUSIGHIV :EKVGGLQPGTCiAP<iKASRGOSQRPES• (SEQ IO NO: 216) 
4 HUSIGKYK :EKVGCiLQPGRGTPGKASKGNSQRAES• (SEQ ID NO: 217) 5 PUOOOJ :EKMGGLQPGRGTPGKASKGNSQRAES• (SEQ IO NO: 218) 
6 HUSIGHFO :EKVGCLQPGRGTPGXASKGTSQRAES• (SEQ ID NO: 219) 
1 .\30515 :EKVGCLQPGRGTPGKASKGTSQRABT• (SEQ ID NO: 220) 
8 PL0018 :ElCVGCLKPGRGTPGKASltGTSQRAET• (SEQ IO NO: 221) 

15 9 MUSIGHFlC :EHVGGLQPGRG'l'PGXASKGTSQRA.ET• (SEQ ID NO: 222) 
10 MUSIGHFQ :BJW<:Cr.QSGRGTPGKASKGTSQRUT• (SEQ ID NO: 223) 
ll PUOOOl :DVGGLQSGRG'l'PGKASKGTSQRAES• (SEQ ID NO: 224) 
12 EJ0540 :EKVGGLQPGRGTPCKASKCISQRAD• (SEQ ID NO: 225) 
ll HV17$MOUSZ :!KVGGLQPGRG?PG1t9AKCBSZRAQS• (SEQ IO NO: 226} 
14 MtTSIGHLM :EKVGGtQPGSGTPGKASKGJISQRUS• (SEQ ID NO: 227) 

20 
15 MUSIGDG :!KVGGtQPGSGTPGIWIKCSSQRAD• (SEQ IO NO: 228) 
15 PU0004 :DVGGLQJOllGTPRKASJtGJISQL\!S• (SEQ ID NO: 229) 
17 MtTSIGHJr.J' :DKGHtQPGSGTPGKAsltGHSQRPDS• (SEQ ID NO: 230) 
18 HV56$NOUS1 :DVGGLIIPGKGTPUDSKCNAJtaSIT• (SEQ ID NO: 231) 
19 C27881 :DVGGLIPGSGAPDDSKCKARbl'l'• (SEQ IO NO: 232) 
20 MtTSIGBAAP :BltVGQLDGKG!HRDSltGlrARRSIT• (SEQ ID NO: 233) 
l1 PH0097 :DKVGCLDIDGTPDDSG!IADSl'l'• (SEQ ID NO: 234) 

25 22 1:27881 :DKVCGLDGICG'l'PIIDSKGNADSft• (SEQ ID NO: 235) 
23 MtTSIGBJB :DKVGQLIPGJtGTPDKDDGJfADSft• (SEQ ID NO: 236) 
24 MtTSIGHADL : DVGGl.l'PGKG'fPIICDSKCIIGUSft* (SEQ ID NO: 237) 
25 A.27881 : IIIVGGLDGJtG'l'DDSltGBDIIRSft* (SEQ ID NO: 238) 
2S H27Sl7 :IIIVGGUQIQmTpDDSltGJIDDSft* (SEQ ID NO: 239) 
27 827881 :DIYGGtDGltGTPDDSKGNADSJT- (SEQ ID NO: 240) 

30 21 827819 : ff* (SEQ ID NO: 241) 
29 D27889 • l~IIADSBT- (SEQ ID NO: 242) 
JO HV55SIIOUSS :BQVGGLDGJ»UDDftGIIADSft* (SEQ ID NO: 24J) 
ll MUSIGIWl'r : (SEQ ID NO: 244) 
32 MtTSIGVB90 cavGGtQPID:ln'PDDffGIL\DSl'f* (SEQ ID NO: 245) 
33 NUSIGR1W 1~IPDl>rlOIDIUDft* (SEQ ID NO: 246) 

35 34 MtTSIGUGI :~DDSKGJIIDSff* (SEQ ID NO: 247) 
35 PHOOtl :DWLDGKG'l'PIIDUGIIAIQSl'f* (SEQ ID NO: 248) 
36 1111SIGIIDt n• (SEQ ID NO: 249) 
37 NVIIGBMW :DVGG1.QJGKG'ffaDSltG1tAIISl'f* (SEQ ID NO: 250) 
38 NUIICBNr :BQVOl)I.DGKG'l'DDffGDRUft* (SEQ ID NO: 251) 
39 027111 - :IIIVGDtDalUaPDDSl'GNUPSft* (SEQ ID NO: 252) 
40 NUSIGBlP : BQVGGLQIGKG'l'SDIDSKGIIADSff* (SEQ ID NO: 253) 4(} 
41 NUSIGHAGI :.EQVGGLQPGKG'l'~ (SEQ 10 NO: 254) 
42 HV16$ll0USS : DQVGGI.QJIGJrG'DDfJCGiiPIISl'f* (SEQ ID NO: 255) 
43 834171 :~PIIQIIICGllf~ (SEQ ID NO: 256) 
44 PB0094 :BltVGG1.QmSIIDIJ'GDIUl'f* (SEQ ID NO: 257) 
45 PBOOH : D&'MO' IPAA.'IPIIDIDtmlUDl'f* (SEQ ID NO: 258) 
41 NVSICVHU : DltVGCUtGICG'l'PIIDRGIAIUfte (SEQ ID NO: 259) 

45 47 NUSIGIIAGII :DVGG1.QJGKG'ff~ (SEQ ID NO: 260) 
41 IIV58$ll0USS :~DDS1{CJ(AG8Sl"l'* (SEQ ID NO: 261) 
49 H27881 : IQVGGtQPGNGTPDD'l"l'CWADSft• (SEQ ID MO: 262) 
50 HV34$IIOUS& :BDGGLQICltGTPDISl'GDSltRAIT• (SEQ ID NO: 26J) 
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51 HV33$MOUS! EX!CGLQPGKGTPEKESKGDSKRP!T• (SEQ IO NO: 264) 
5, MtJSIGHZAB EJ<ZGGLQP<iXGSPEKESKGDSXllAl!T• (SEQ ID NO: 265) 
53 H$4FABH EKDGGLQP<iKGTPEXDSKGDSKRVEK• (SEQ ID NO: 266) 
54 I27888 EQVGGLKPCRGTPEKDTTGDAQRSET* (SEQ ID NO: 267) 

10 55 G27888 EQVGGLKPGRGTPEKDTTCNAKGSET• (SEQ ID NO: 268) 
56 KV59$MOUSE EJCVGGSKP<iKGTP!l(CSKGNAJCTSET• (SEQ ID NO: 269) 
57 MUSIGHOE SDQGGLKPCKGTPEKDTKCHARRSES• (SEQ ID NO: 270) 
58 N$2FVWH EKIGGLQP<iKGDPGKPSKDNAKRSET* (SEQ ID NO: 271) 
S9 MUSIGHJ"l' :!l(LC<iLQP<iKGDPGXPSla>NAICRSET* (SEQ ID NO: 272) 
60 KUSIGHLY :EXI.GGLQPGKGDPGKPFKDNAKRSET* (SEQ ID NO: 273) 
l!il S06816 :EIU.GGLQPGKGDP<ilCLMlCEJfAJCRSET• (SEQ ID NO: 274) 

15 62 S06817 :ENLGGLQPGKGDPGKLKX!MAlCRPET* (SEQ ID NO: 275) 
63 NUSIGHAAI :EKLGGLQPGNGDLGXPS1a>NAICRSIT• (SEQ ID NO: 276) 
64 HV42$MOUSB :EICLGPLQLGI<GDPGKPSKDDAJCllSET• (SEQ ID NO: 277) 
65 NUSICHAAL :EQLGGLQPGGGTPCKPSKDNDKRSff• (SEQ ID NO: 278) 
66 MUSIOHABC :EQLGGt.QPGGGTPGKASlCDNDKRSff• (SEQ ID NO: 279) 
67 MUSIGHBC :EQVGGLICAIUCGTPDD'l"1'GllAJCRSft• (SEQ ID NO; 280) 

20 68 NUSIGHWlf :!MVGVI.EP<ilCGTPDRQEGKAJCllSff• (SEQ ID NO: 281) 
69 MUSIGJCCLT :EQVGGt.QPD:GSP<ilCDSlQ)DSQKTZ'l'• (SEQ ID NO: 282) 
70 NUSIGHZU :!QVGGt.QPDGSPGlCDSlQ)DSQJlT!R• (SEQ ID NO: 283) 
71 NUSiaa.v.D :QQVPILUGllGTPGDDXGTSARNM'• (SEQ ID NO! 284) 
72 NUSIGHAAJf : QQVPILDGJtGTPGlQ)DKCTSADff• (SEQ ID NO: 285) 
73 NUSIGUM :QQVPBLDGKGTPGKDDKGTSADIII* (SEQ ID NO: 286) 

25 
74 MUSIGBXZ :QQDILD'GKGSPCQDJ:GTSS'l'Sft* (SEQ ID NO: 287) 
75 Al0502 :!QQPILDGJtGTIIGQIDGKSSTSU• (SEQ ID NO: 288) 
7' MUSIGBAAG :!QQP~D:IGUSTSU* (SEQ ID NO: 289) 
77 810502 :!QQPBUPCKCTPCQD:IGKSSMIS• (SEQ ID NO: 290) 
78 MUSIGJIADQ :!QQPILDGKGTPGICQDGUSTSIS• (SEQ ID NO: 291) 
79 MUSIGIIFV :~l{QDGKSSTSU• (SEQ ID NO: 292) 
80 MUSIGHAAMA :!QQPILDGKGSIICJtQDGICSSTSIS• (SEQ ID NO: 293) 

30 81 MUSlGIIZll :~USASU• (SEQ ID NO: 294) 
82 ICUSIGIIAI : ~a.JtPQBG'l'IIGKQDOJtSS'ffU• (SEQ ID NO: 295) 
ll MUSI~ :~QGJCSftPIS• (SEQ ID NO: 296) 
84 Pl.GOU : IQQPll,IPi,IQIIHGiD +J>USTIU• (SEQ ID NO: 297) 
85 MUSIGKCLS : IQQAD SPCDQSIIGICQDOISSTHS• (SEQ ID NO: 298) 
86 MUSICHADY :BQQtBLDGD'l'RGXQDSIISftSU• (SEQ ID NO: 299) 

35 87 MUSICBIIVX :~EDGltSSflU• (SEQ ID NO: 300) 
88 NUSlGBADO : QQQAI! RPGKQAPGQDKGUS'l'SDS* (SEQ ID NO: 301) 
89 MUSICBVBII- : DS• (SEQ ID NO: 302) 
90 A2H73 :QQQPBtDCSGIJIGICQDGKS~U• (SEQ ID NO: 303) 
91 MUSIG&JG :~maanaJSTSBS• (SEQ ID NO: 304) 
92 JL0044 :~DDGltGTHGICQDGJCSSTSDS* (SEQ ID NO: 30S) 
93 KUSIGHIA :QQQAU IPGJCGTHGDDDFSSTSDS• (SEQ ID NO: 306) 

40 94 MUSIGDGP : QQQAB! PJIGKGM'GQGDGUSTSIS* (SEQ ID NO: 307) 
95 MUSIGIIVBK :QQQAU UGRGIPGQmatGKSSTSa• (SEQ ID NO: 308) 

96 Al6t94 :~STSIS* (SEQ ID NO: 309) 
97 MUSICJIVB.1 :IIQQULltl'GltGTEDG'l'SSTSa• (SEQ ID NO: 310) 
91 MUSIGIIAD'I :QQQAU u....tGtlGHZDG'l'SS'l'SIS* (SEQ ID NO: 311) 

99 MUSICBAAT :~SSTSa• (SEQ ID NO: 312) 

45 100 MUSIGH.J'L : QQQP,B! RPGJtGTPGHDfl{G'l'SSTSIS* (SEQ ID NO: 313) 
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101 KVSIGHASJC :QQQABVRJIGl(GTPGHEXJ<GTSSTSIS• (SEQ ID NO: 314) 
102 KVSIGHFU :QQQA£LKPGKGTPGHEM1CGTSSTS1S• (SEQ ID NO: 3l5) 
103 KVSIGHZZB :QQQ>!LR.PGKGTPGQQICKGKSSASES• (SEQ ID NO: Jl6) 
104 HV06$HOUSE :HQQAELKPCKGTPGQQICKGKSSTSIS* (SEQ ID NO: 3 l 7} 

10 105 KVSICHRD :EQQV2L&\GKGTPGQ!1a<GXSS1'S1S• (SEQ IO NO: 318) 
106 KVSICHVBK :!QQA!LRPCKGTPCiQEKQGTSSTSES* (SEQ IO NO: 319) 
107 HV01$HOUS! :!QQAELRPCJCGTPGHDNICGTSSTSES• (SEQ ID NO: 320) 
108 KUSIGHADN :QQQAEVRJIGKGTPGH:!XKGRSSTSIS• (SEQ IO NO: 321) 
109 HV05$KOUS1 :QQQABLR.PGKGTPGQQJQa)KSSTSIS• (SEQ ID NO: 322) 
110 KUSIGHAEF :QQQA!1.KPGKGTJIGQQDDKSSTSIS* (SEQ ID NO: 323) 

15 
111 MUSIGHMM :QQQA!UC1"GKGTPCCQJCKDKSSTSDS•. (SEQ ID NO: 324) 
112 KVSIGH.\AB :QQQABLKPGJCGSPGQQICKDKSSTSES• (SEQ IO NO: 325) 
113 C30560 :QHQABLDGICGTJIGQQICKHKSSTSIS• (SEQ ID NO: 326) 
114 PS0024 : QQQA&t DCltGTPGQQIQU)KSSTSl!S* (SEQ ID NO: 327} 
115 MUSIGHRG :EQQAELRAGICGIPGQIJCJCCKSSTSIS* (SEQ IO NO.: 328) 
116 KVSIGHAAI : QQQA&t PPGKGTPCQEXICSICSSTSIS* (SEQ ID NO: 329) 
117 KUSIGHLX :QQQSILl<PGICGTPGQEDSICSSTSIS* (SEQ ID NO: 330) 

20 118 HV04$MOUSB :QQQT!UCPGltGTPCQDXSl<SSTSIS• (SEQ IO NO: 331) 
119 KVSIGHVBG :~QQA&tRTCICGTPGQEltltGJtSSTSIS• (SEQ ID NO: 332) 
UO KUSICHJIX : QQQA&t JPGKGTPCQQDDKSSTPES• (SEQ ID NO: 333) 
121 KUSIGHMR :EQQAJLRPG'l'CAPGQIDCltSSTS!S• (SEQ ID NO: 334) 
122 HV15$MOUSZ :QQQPIVRPGKGTHAKQXltGICSSTSES* (SEQ ID NO: 335) 
123 MUSIGHAAU :QQQPIVRPGJCDTHAICQJKSSTSIS• (SEQ ID NO: 336) 

25 124 MUSIGHVBO : QQQA&t DGJtGTPIQDKGICSSTSIS* (SEQ ID NO: 337) 
125 A26409 :~DSGUSTSZA• (SEQ ID NO: 338) 
126 HV10$110US8 :QQQA!! ICPGKGTPCiRIICISDSTSIS* (SEQ ID NO: 339) 
127 KVSIG3844 :QQQSIIJalCICG'ftlCRUSTSU• (SEQ IO NO: 340) 
128 MUS1G38'2 : QQltAD IJIQJa>!l'GR.tkDUSTSIS* (SEQ ID NO: 34 l) 
129 HV09$IIOUS1 :QQQULUGltGTPGRDITSIS• (SEQ ID NO: 342) 
130 MUSIGICct.P :QQQAD Pl'CKG'l'PGQrmTSSTSDS* (SEQ ID NO: 343) 

30 Ul MUSIGBB :~IQQDl)JtSSTSU• (SEQ ID NO: 344) 
132 HV11$110VS8 IS* (SEQ ID NO: 345) 
133 KUSIGHIIC :QQQtD UGBOU,CQIDGUS'rSDI* (SEQ ID NO: 346) 
134 MUSla&AGlf :QQQP~USTSIS* (SEQ ID NO: 343) 
135 MUSI~ :~IIGQIMl•:ISSTSIS• (SEQ ID NO: 348) 
136 MUSIGBYAD sQQlnlD IPGWbGii&IUlGlSSTSIS* (SEQ ID NO: 349) 

35 137 MUSIGIIVU :QQQULDGKGDBQDIGTSITSBS• (SEQ ID NO: 350) 
131 PLOOU : a• (SEQ ID NO: 35l} 
139 KVSlGGVD2 • (SEQ ID NO: 352) 
140 S068H : IS* (SEQ ID NO: 353) 
141 IIVSIGIID : BQQAD PMDO'IICQllQIWtSSTUS• (SEQ ID NO: 354) 
142 llU8IGBMlt :~SftU• (SEQ ID NO: J55) 

40 lU JIUSICIIIIS :QQQADDGSGDGQDDTISUD* (SEQ ID NO: 356) 
144 MUSIGBAD • • (SEQ ID NO: 357) 
145 HV!O$JIOUU ;QQLHLDallGffGQIDSUITSU• (SEQ ID NO: 358) 
146 MUSIGBYBI' :~nus• (SEQ ID NO: 359) 
147 PB0100 :~mu· (SEQ ID NO: 360) 
141 KOSICHAYA :BQQP~· (SEQ ID NO: 36l) 
149 MUS1GIICP2 • • IP• (SEQ ID NO: 362) 

45 
150 MUS1GIIDI ;~Sflft4t (SEQ IO NO: 363) 
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5 

151 MUSIGHMPI :EQQA£t.RPCKGNP!QPKQGTS'1"l'SET• (SEQ ID NO: 364) 
152 S06823 :EQQA!:lJ<PGKGNP!QPKQCTSSTSET• (SEQ ID NO: 365) 
153 MUSICHASA :EQQAElJ<PGKGHP!QPKQDTSSTSET• (SEQ ID NO: 366) 
154 S03484 :EQQAELKPGKGNPEQPKQCTSSTSGT• (SEQ IO NO: 367) 

10 155 MUSIGHVM :EQQAEVXPGKGNPEQPKQCTSSTSET• (SEQ ID NO: 368) 
156 MUSICHMPD :EQQAELRPGKGNPEQPKQVTSSTSET• (SEQ ID NO: 369) 
157 MUSIGHMPB :EQQABLRPOKGHP!QPKQITSSTSET• (SEQ ID NO: 370) 
158 MUSIGHEC :!QQAEl.lU'GRGNPEQPKQVTSSTS!'T* (SEQ ID NO: 371) 
159 MUSIGHKPC :EQQAELRPGRGNP!QPJalVTSSTSET• (SEQ ID NO: 372} 
160 MUSIGHKPP :EQQAZl,RPGKGMT!QPlCQVTSSTSET• {SEQ IO NO: 373} 
161 MUSIGHMPI :.EQQAm.JUIGXGMT!QPICLZTSSTSET* (SEQ ID NO: 374) 

15 162 A276J5 :TGQAELRPCKOAP!QCDGltSSTSDR* (SEQ IDNO: 375) 
163 MUSIGHXW :QYQULRPGKGTPRQQUGUS'l'SU• (SEQ ID NO: 376) 
16' MUSIGHIZA :QQQAVLRHGXGTHCQIDGXSSTSIS• (SEQ ID NO: 377) 
165 MUSIGBIH :QQQTU.GJGRGffGQGJUlQUSTSCS• (SEQ ID NO: 378) 
lH MUSIGHRS :EQQAa..RAGJtCTPQQIDGDSVYPA• (SEQ ID NO: 379) 
U7 HVOO$HOUSB : EQQAI! n.GXGTllGQQKQGISTRSB'l'* (SEQ ID NO: 380) 

20 168 NS11'19H : QQSAEU t.SltGTPGQDltaRSS'fSU* (SEQ ID NO: 381) 
169 MUSIGBZAD :QQQ'l'B.LUGKGTPGQDllGUSNLRI.• (SEQ ID NO: 382) 
170 830515 :ElCVGGLQGSSrDPGDS1tG'l'SQ11Aft• (SEQ ID NO: 383) 
171 MUSIGHD :!QQADLl:LGKGMPIQPD.ATPSTSB'l'• (SEQ ID NO: 384) 
172 !27889 :~UDVltDIIAICSft* (SEQ ID NO: 385) 
173 MUSIGHAAC :DQQPDUCPSSGSPGHPSJCSTSK'ffft* (SEQ ID NO: 386) 
17' KVU$M0USZ :DQQPDLICPSSGSPGlfPSUTS&'ffft* (SEQ ID NO: 387) 

25 175 MUSIGVHR2 :DQQPDUCPSSGSPGNPSKSTSKTAft• (SEQ ID NO: 388) 
176 PLOlOO :DQQPGLKPSSGSPGlfPSKSTSIC'l'Tft* (SEQ ID NO: 389) 
117 MUSIGHAAO :DQQPQUCPSSGSPGlfPSIQl'l'Slt'l"l'ft• (SEQ ID NO: 390) 
178 MUSICHGA6 :DQQPOI.KPSSGSPGDPSKT'l'Slt'1"1'ff• (SEQ ID NO: 391} 
179 MUSIGHJY :DQQPGUPSSGSPGNPSK'J'l'B'ffff* (SEQ ID NO: 392) 
180 MUSIGHGM :DHQPG1,IPSSGSPGJfPSIJITSll'l"l'ft• (SEQ ID NO: 393) 

30 181 MUSIGHXX : DQQPGUPSSGSPGNISUTSX'1"1'B'l'* (SEQ ID NO: 394) 
182 HV62$H0USB : DQQPGUPSAGSPGIIPSU'l'SllTAft* (SEQ ID NO: 395) 
183 NUSIGHAAGA :2QQIICUPSSGSJIGllPSU'l'UTSff* (SEQ ID NO: 396) 
184 MUSIGBGA5 : DQQNJ.USSCSPGIIPSJJl'ISXT!ft* (SEQ ID NO: 397) 
185 KOSIGBGA.4 : DQQJIG1 DSSGSJGDHU'ISXfPft• (SEQ ID NO: 398) 
1H MUSIGUGl : BQQPS1,DSSGSPGIIHUffrffl'r* (SEQ ID NO: 399) 
187 PL0102 : DQQIIQI.DSSCSPGIIPSDTSB'l"l'B'f* (SEQ ID NO: 400) 

35 181 KV46$11QUU : DQQIGUCPSSCSPGIIPSD'fH'l''l'l'l'* (SEQ ID NO: 401) 
199 NUSIGIIST :BQQPSUPSSGSPGllP9U'l'U'Hff* (SEQ ID NO: 402) 
190 NUSIGIIAGD : EQQPSI.DSSGSPG11HU'1'Slt'l"1'B'1'* (SEQ ID NO: 403) 
191 NUSIGBA0Ct- : !QQPSLaSSGSPGIPSUflff.ll'l'* (SEQ ID NO: 404) 
192 MUSIGAll32 :DQQJOLDSSGFPGlfPSU'l'S~ (SEQ ID NO: 405) 

193 MDSlGIIAIX :eQQISLDSSCSPGDSU'Hrrn"r* (SEQ ID NO: 406) 
4(} 194 MUSIGHAG• :~SSQSPGIIPSU'ffft9ff'* (SEQ ID NO: 407) 

195 NUSIGIIAGB :BQQHLDSSGSPGIIPSUflffSft* (SEQ ID NO: 408) 
196 MUSIGBAGC :BQQLSLDSSGS~ (SEQ ID NO: 409} 
197 MD8IGIIMII :QQQl'GIRSl'GPPGIPSQSTSIL'l" (SEQ ID NO: 410) 
198 HV43$JK>US& -~~ (SEQ ID NO: 411) 

199 MUS1GIIUV1 ;QQUGLVSSGSfGISJD119IQl1n• (SEQ ID NO: 412) 
200 NUSIQUBI :QQDGL\PSSGSfGISU'stlS~ (SEQ ID NO: 413) 

45 201 MUSlCHBP :QQIPGL\PSSGSPGUAISlfSKQ'fM'• (SEQ ID NO: 414) 
202 NUSIOBZZA :QQlCJIGl,QPSSGSPGJtAAISBS.llQsarr- (SEQ ID NO: 415) 
203 MUSIGNUV2 :QQDGI.QPSSGSPGDA19Jf~ (SEQ ID NO: 416) 
204 Al24H :QQIQ'YLUSSGSPGUAIISlfSJ(QI~ (SEQ IO NO: 417} 

205 NUSIG!Dm :QQDSI.QPSSDSPGLUIIS1'SXQAD'l'* (SEQ ID NO: 418) 

50 

55 

20 

BIOEPIS EX. 1002 
Page 303



EP O 592106A1 

5 

HUMA!f HEAVY CHAIN SURFACE PATCHES 

l HUMIGHVS :ERVGOLEPGRGIPGKAPKGOSKl<IET• (SEQ ID NO: 419) 
2 HUKIGHVR :ERVGOLEPERGIPGXAPKGOSKI<IET• (SEQ IO NO: 420) 

10 
J H36005 :EQVGGLXPGRGTPGXAPKGOSKI<TET• (SEQ ID NO: 42l) 
4 PL0122 :EQVGGLQPGKGTSGKASKGOSKI<TET• (SEQ ID NO: 422) 
5 HVJOSHlJMAM :EQLGGLQPGRGTPGKSSKGOSKRAET• (SEQ ID NO: 42)) 
6 HUMIGHAT :EQLGGLQPGRGTPGKDSKGHSKRAET• (SEQ ID NO: 424) 
? BJ4964 :EQLGGLQPGRGTPGKDSRGNSICRAET• (SEQ ID NO: 425) 
8 .\34964 :EQVCGLQPGRGTPGXDSKGNSKRAET• (SEQ IO NO: 426) 
9 PLOl23 :EQVGGLQPGRGTPGXDSKGNIJ<RAET• (SEQ IO NO: 427) 

15 lO HV3F$HUK1Jf :EQVGGLQPGRGTPGKDSKGDSRRAET• (SEQ ID NO: 428) 
ll JL0048 :EQVGGLQPGRGTJIGKDSKGNSRRAET• (SEQ ID NO: 429) 
12 HV38$Ht11Wf :QQVGGLUGRGTPGKDSKGBSDAET• (SEQ ID NO: 4)0) 
13 HUMIGHBV :EQLGDLQPGRGTPGKAS1tGNS1CRA£T• (SEQ ID NO: 4Jl) 
l4 HV3!$HUJWf . : EQVGGLQPGRGl?GICDSIGDSJCRAIT• (SEQ ID NO: 432) 
15 PL0116 : QQVGGVQPGltG'l'PGltDSKGNSDAZT• (SEQ ID NO: 433) 

20 16 HV3K$HOMAN :QQVGGVQPGRGIPGltDSKGHSICltPff• (SEQ ID NO: 434) 
17 M$21'84H :£QVGGVQPGRGIPGA>SltGDS1C1tPET• (SEQ ID NO: 435) 
l8 HV3I$IMWC :~GDSICltPft* (SEQ ID NO: 436) 
19 HV3JSHUIWI : QKVGGVQJIGllGTIIDSltGNSDT!T• (SEQ ID NO: 437) 
20 HVJGSBVIWI :QBVGGVZJIGRGH'GUUGaSICIIAff1t (SEQ IO NO: 438) 
21 HV3M$BOJWI :!Ql.GGLQPGJlGTIIGIDSJfGDSIQAZT• (SEQ IO NO: 439) 

25 
22 HV30$1MWt :IQLGGI.QPGRG&JlCltD\'IIGDSUAJ~ (SEQ IO NO: 440) 
23 HV3N$HUJWf :AQI.GGLQJIGltGTIIGltDGDSKQAZS• (SEQ IO NO: 44 l) 
24 HV3R$1MWI :~KQU~ (SEQ IO NO: 442) 
25 HV3P$1MWI :BQVGGtQl'GRGTS'KVSQGDSDPZ~ (SEQ IO NO: 443) 
26 KUJIIGHCV :!QI.GGLQPIIGTJGDHGtfSMIAIT* (SEQ IO NO: 444) 
l1 HV3'1'$KUJWf :BQVCDLQJGRG~• (SEQ ID NO: 445) 
28 HVJU$HUIWI :IQVCDLQIGlalNDlltCJIAQltPft• (SEQ IO NO: 446) 

30 29 PL0091 • :~SDAI'!• (SEQ IO.NO: 447) 
30 HVJR$111J1Wf :QIWGUP'DIGSPGJ"UXG~ (SEQ ID NO: 448) 
31 HV3A$HmWr : z~ (SEQ IO NO: 44g) 
32 HV3S$1MW1 I T• (SEQ ID NO: 450) 
3 l KUJIIGJWI : ~9IIIDSGISSDAft1t (SEQ ID NO: 451) 
34 HVJQ$HUIIAII : (SEQ ID NO: 452) 

35 35 Al6040 :IQtGOtQP'DIG'fP---vmsvn• (SEQ ID NO: 453) 
3 6 HUIIIGUlt :IQWA,fQJIGRGRSGDSltGDflRP~ (SEQ ID NO: 454) 
37 HUIIIGUO :BQVGU'QJIGGJfSGDUGDSDP~ (SEQ ID NO: 455) 
38 HUIIIGIIAa :~ICGDS~ (SEQ ID NO: 456) 
39 HV3L$HOIWt :QQVGGVQAGIWdlGKDSRGISDTB'l'1' (SEQ IO NO: 4 57) 
40 HV1A$HUIWI ;QQY~ISTRSr,. (SEQ IO NO: 458) 

40 41 .\32483 : QQVA&vDGIGIIGQQIQG'l'S'fJtSr,. (SEQ ID NO: 459) 
U KUJIIGHAY :QQY~n- (SEQ ID NO: 460) 
43 HtJKICHCU :QQYUVDGiGffl-~IUD'l'* (SEQ IO NO: 461) 
44 HtilaGHBS :QQYA&VUGmUOQDQG'fSIUD'l'* (SEQ ID NO: 462) 
45 KUJIIG'YIILS : QQVUVUGJtGIIJG C2QIIQl;fS'l'UD'l'* (SEQ ID NO: 463) 
4f KUJIIGHBX :QQVG&VWWWf~ IS:rMD'l'* (SEQ ID NO: 464) 
47 HV1C$HUIWI :QQVA&VJUIGRG'l'PGIIPRQG,UrRSDS* (SEQ ID NO: 465) 

45 48 834964 :QQVS~ (SEQ ID NO: 466) 
49 KUJIIGHCY :!QV~IDS~ (SEQ ID NO: 467) 

50 PLOUt : &QVA&VUGRGSIIGDSQGUIDS'f* (SEQ ID NO: 468) 
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51 HVlF$HtJMAN :QQVAZVKPGRGDPGRPRQASSTISAT* (SEQ ID NO: 469) 
5 52 034964 :EQVAEVPQGKG~KSLQGKSLKAST• (SEQ ID NO: 470) 

53 HV10$fMWf :QQMAEVl<PGRGTPGKPGVVPSFFSET• (SEQ ID NO: 471) 

54 HVlE$KUMAM :QQVAEVKPGRGTPGRYIWEPSFFNEG• (SEQ IO NO: 472) 

55 JL0047 :QQQAGLKPSSGSPGKPSKSTSKTAAT• (SEQ ID NO: 473) 

56 HUMIGHBW :QQQPGL.KPSSGSPGKPSKSTSKTAAT• (SEQ ID NO: 474) 

57 E34964 :QQQPGLKPSSGSPGKPSKSTSNTAAT• (SEQ ID NO: 4 75) 
10 58 HUMIGKCW :QQQPGU<PSSGSAGKPSKSTSKTAAT• (SEQ IO NO: 4 76) 

59 HV2F$HUMAM :RQQfGLl<PSSGPPGICPSRCTSRSAAT• (SEQ ID NO: 477) 

60 HV2t$KUMAN :QQQAGI.KPSSGSPGRTSKSTSXTAAT• (SEQ IO NO: 478) 

61 KV2G$KUMAN :QQEPGLRPSSGTPGRTPRSTSXTAAT• (SEQ ID NO: 479) 

62 N$3FABH :XQ!PGLRPSSGSPGRTPRSTSK'fAAT* (SEQ ID NO: 480) 

63 PS0091 :QQQPGLICPSSGSPSllVSKSTSKTPBT• (SEQ ID NO: 481) 

15 64 HUMIGKDA :QKQAGLJatSSGPPGJalSTSTSKTAAT• (SEQ IO NO: 482) 

65 A26555 :ZQ!SGLICPTSGSPGKPS1CSRSICAADA* (SEQ IO NO: 483) 

66 HV:Zl$HUMAM :~SPGRPSKSTSKDPvr• (SEQ ID NO: 484) 
67 HV:ZD$HU1Wf :~PGJalSRSTSRDPVS• (SEQ IO NO: 485) 
68 A36005 :!TRP~PGKTSKTTSKDPvr• (SEQ ID NO: 486) 
69 HV2H$Jro1VJI :QNIIPAUU.nGSPGKTSB'l"l'SKDPA'l'* (SEQ ID NO: 487) 

70 HV2A$Jro1VJI :QTTPAIRKTGSPGffSR'1'DSDPV'f* (SEQ ID NO: 488} 
20 71 HV:ZC$HUIVJI :QTRPALRPl"l"CSPGU.SZ'l'TSJtGPGT• (SEQ ID NO: 489) 

72 HV28$HUIWI :QTRPALltPMGSIIG!tTSBTTSltDTAY• (SEQ ID NO.: 490) 

73 JL0049 : LBGVQUfGGRGlSRKYAJtGHGJlllDIS* (SEQ IO NO: 491) 

25 

EXAMPLE2 

DETAILED DESCRIPTION OF METHOD FOR CONSTRUCTING THREE-DIMENSIONAL MODEL OF AN-
30 TIBODY VARIABLE REGION 

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 oft he total antibody repertoire (>108 
35 antibodies). To understand the 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 
40 molecular recognition. To understand the antibody-antigen interaction in atomic detail requires knowledge of 

the three-dimensional structure of antibodies and of their antigen complexes. Traditionally such information 
has come from x-ray crystallographic 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 

45 the key lay in high structural homology that existed within the p-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 

so the number of antibody structures was insufficient tot horoughly 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 
55 & Lesk (Chothia et al., 1986) who, in 1986, extended and modified the MOP procedure by introducing the con

cept of ''key" residues. These residues allow the further subdivision of CDRs oft he 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+. 'I' and ro, determine the precise CDR 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 of 

s the six CDRs. This stems from the fact that the third CDR of the 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 initio 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 region 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 expanded 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 and bond angels such as the CHARMM (Brooks et al., 1983) standard geometry parameter 
sets. Other approaches such as minimization (Moult and James, 1986), or moll3cular dynamics (Fine et al., 
1986) either fail to saturate conformational space or'are unable to deal with the problem of Jong CDRs. Which-

20 ever of the ab initio methods is employed however, the problem Is one of defining 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 advan-
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 Cerio (MC) simulated annealing method has been developed for the determination of side
chain conformations. 

35 The Framework Region 

Antibody framework regions consist of conserved P-strands that form the p-barrel structure characteristic 
of immunoglobulin 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-do-

4-0 · mains. The two domains are then paired by least squares fitting on the most conserved strands of the antibody 
p-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 

45 procedure was iterated until the mean coordinate set converged (5-10 cycles). The variance for the mean co
ordinates at each barrel point (N,Ca,C) was calculated. In Figure 5 this variance is plotted againstthe 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 

50 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 CDR 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 + 3.5cr (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 absenl 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. CONGEN is also unable to saturate 
the conformational space for a large number of sidechains (more than 6 residues). 

35 

4(} 

45 

50 

55 

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 which 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. s0 and Ko are constants. The metropolis function: 

-SE 
P=Cf 

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 0£ 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 amino-acid sidechains, and find 
or define the global minimum which exist for a set of sidechains. Tis 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 sufficienUy. 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 rbetween 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 Weal'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 

s 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 of the product of relative exposed surface area multiplied 
by the residual hydrophobicities. The hydrophobicities used are taken from Cornette et al. (Cornette et al., 

10 

15 

1987). . 

n 

f conformac:l.on = k -Airel 'H:1.rel 

n is 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 fort he 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 Fi, regions are presented and 
analyzed. The antibodies 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 • D1 .3 (Amit et al., 1986), an anti-lysozyme 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 etal., 1989; Chothia et al., 1986) forCDRs L1, 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-
40 COVER (TM Biosym Technology) potential with 300 cydes 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 buHding the models. The structures and models were compared by global fits of the loops. 
The 13-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 '3-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 VH/VL 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. 

25 
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Analysis of th_e CDR Regions 

During the comparison of COR conformations in the V-region models and the x-ray Fab structures it was 
observed that at certain positions in a COR. the peptide backbone may adopt either of two conformations by 

5 undergoing a "peptide flip" (1,4 shift). This phenomenon is also seen in type 2 P-turns (Paul et al., 1990). Dy
namics simulations of P-turns show that the transformation energy between ,1 = -00, w1 = -30, ,2 = -90, w2 
= O and ,1 = -00, w1 = 120, ,2 = 90, v2 = 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 modelling procedure should there
fore take these, or any other multiple conformations, into consideration where the transformation energies are 
sufficiently 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 clustering algorithm. 

CDR-L1 

20 In Gloop-2 and O 1.3, all five 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-10, 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 CORs. 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 adjacent threonines {49, 50) which in the x-ray structure are packed against the 
35 tyrosine at the fourth position of CDR-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. 

40 

CDR-L3 

In Gloop-2, 01.3 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 or 9 {Chothia et al., 1989) within the loop. 306 does not have a praline in either position. 
Only 7 outof290 CDR-L3 sequences (Kabat et al., 1987) lack a praline at both positions and in all of the pub-

45 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 built 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,Ca,C), and by using CAMAL (Construction: Q[Q(YNS)Y]S, Global RMS: 1.97 A, N,Ca,C). The similarity of 
the structures generated by the two procedures illustrates the utility of the database search and suggests that, 
for shorter loops it is cap~ble of saturating the available conformational space. 

55 

CDR-H1 

Using the Kabat and Wu definition of CDR-H1 places this loop as an extension of the P-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 orTyr 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 CDR-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(3.00A) (Jeffrey etal., 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 l2 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 mobility 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 (u = 8.20) while the sidechains of these two residues of 
H2 show mean temperature factors of 5.56 (u = 0.68) for the Phe at position 3 and 7.10 (u = 1.73) for the Tyr 
at position 10. 

CDR-H3 
25 

CDR-H3 is the most variable of the six CD R's with all lengths up to 21 residues being represented in Kabat 
et al., (Kabat et al., 1987). This extreme variability results from V-D-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 be 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 tum). In crystal structures 
of antibodies with medium to long CDR-H3 loops (McPC603 (Rudikoff et al., 1981 ): 11 amino acids (aa); KOL 
(Marquart etal., 1980): 17 aa; F19.9 (Lascombe et al., 1989): 15 aa) the loops consist of a disordered p-sheet 

35 extension from the 13-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 
classes 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. 

45 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 Ji-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 not to exceed 
8 residues, as determined by DSSP. This implies that the conformational space of longer loops is not saturated 

50 by the database and, 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% ofH3 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 structure 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 J3-sheet. 
The 3D6 H3 loop is 17 residues long. While KOL (Marquart et al., 1980) has the same length it has only 

one residue in common with 3D6 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 !3-sheet loop (see Figures 9A-9D). 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 VL-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 structures. 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, CDR-framework 
interactions can be confidenUy 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 01 .3 the only sidechains which are incorrecUy pre
dicted are Tyr 9 of L 1, Trp 4 of L3, Tyr 2 of H 1 and Tyr 4 of H3). Since each CDR is constructed in the absence 
of otherCDRs, the force field may choose a rotamer which is 120° away from that found in the crystal slructure. 

25 This effect has also been observed by Lee et al. (Lee and Levitt, 1991). 

Conclusion 

For antibodies having CDR H3 regions of 14 residues or less the complete variable domain can be modelled 
so to an accuracy approaching that of medium resolution x-ray structures. For antibodies with 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. 

35 One important observation that has emerged from these studies is that a given loop can exist in several 

40 

45 

50 

55 

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 3a = 27 different topographies. Clearly, this would explain the 
origins of cross reactivity and would allow for induced fit of antigens. 
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SEQ oequence L•c:bal11 
ID NO 

1-·······1····-·--·1·········1·········1·········1·········1 ················•++++++ +++++••••• 
l DIQMTQSPSSLSASLOERYSLTCRASQBISO- •• -YLSWLQQKPDOTIKRLIYAASTL 
2 DIQMTQSPASLSASVOETYTITCRASONIHN••••• -YLAWYQQKQGKSPQLLVYYTTTL 
l1 DIQMTQIPSSLSASLODRVSISCRASQDIN••••••NPLNWYQQKPDOSIKLLIYPTSlllt.S 
U DI QMTQS PSTL SASVODRVT I TCRASQS I Sil••.•. oWLAWYQQKPOKVPKLL I YKASSL 

• 2 
II 
12 

SEQ 
ID NO 

I 
2 
ll 
12 

l 
2 
11 
u 

···············••++++++ +++++••••• 
CDR LI CDRL2 

1········1·-·······1·········1·········1·········•·········1 •• ++++++•••••••••••+++++ 
DSOVPKRPSORRSOSDYSLTISSLB8BDPADVYCLQYLS••YPLTP0AOTKL8LKaA 
ADGVPSRPSOSOSOTQYSLKINSLQPBDPOSVYCQHPWS••TPRTPOOGTKLBIKRR 
QSOVPSRPSOSOSOTDVSLTISNLBQBDIATYPCQQONA••LPlllt.TPOOOTKLBIKlllt.• 
ESOVPSRFSOSOSOTEPTLTISSLQPDDPATVYCQQYNS••••YSPOPOTKVDIKB• 
•• ++++++•••••••••••+++++ 

Hqaeace H-cha.la 

CDR LI 
1········1·········1·········1·········1·········1·········1 •••••••++++ ++++++••••••••• 
QVQLQQSOTBLARPOASVRLSCKASOYTPTTPOIT--WYKQRTOQOLBWIOBIPPONS•• 
QVQLKBSOPOLVAPSQSLSITCTVSOPSLTOYOVN •• WYRQPPOKOLBWLOMIWODO-~-
EVQLQQSOVELYRAOSSVKMSCKASOYTPTSNOIN •• WYKQI\POQOLBWIOYNNPONO-· ~ 

VQLVESOQOLVQPORSLRL5CAASOPTPNDYAMH •• WYIIQAPOKOLBWYSOISWDSS-- N 

•••••••++++ ++++++••······· 
COi\ HJ CDII H2 

1········1·········1·········1·········1·········1·········1 • • • +++++• •••••••••••••• ••++ 
KTYYAERPKOKATLTAOKSSTTAYMQLSSLTS8DSAYYPCAftalll•••••••••··~-YWO 
NTOYNSALKSRLSISKDNSKSQVPLKMNSLHTDDTAIIYYCAR811DYIIL•••••••••DYWO 
YITYNEKPKOKTTLTVOKSSNTAYMQLI\STLS8DSAYYPCAIISBYYOOSYKP•••••DYWG 
SIOYAOSVKORPTISRDNAKNSLYLQMNSLI\ABDMALYYCVKOIIDYYDIOOVPTYAPDIWO 
• • • +++++• •••••.••••••••.•• •++ 

CDRH I 

Table 2: Alignment of antibody sequences used in the modelling. '*' indicates CDR.regions; '+' 
indicates ti-strand regions used in the fitting for modelling frameworks. Nomenclature for ,8-barrel 
strands is (B or L - Chain) - FR(Framework region)-(Strand number), thus for ex~mple strand 
one of the heavy chain becomes HFRl. 
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Framework Model 
Antibody Resolution R-factor Light Heavy 
Gloop-2 2.80 21.2 REI HyHEL-5 
Dl.3 REI NEW 
36-71 1.90 20.9 Gloop2 NEW 
3D6 2.70 17.7 REI KOL 

Table 3: Details of the antibody crystal structures against which the models were compared and 
the pareni uameworb used t.o build the models. Reaolution data for 01.3 has not yet been 
published. 
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Cl 
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R-,. lect.l •• --- :ii::. Aatibodv· CDR 1«'<1.4tftCe SEO ID NO co N.C....~ -·· ~-- _ .. -· •:la --·~-·-
Oloop..!11 LI RASIQ(EIS)GJYLS ... O,TI 0,1'1 , .•. l,N 0.11 I.IT t.11 
Ot.3 RASIO(NIH)NJYLA ... l,H .... • ••• •••• '·" :ua .... 
341-Tl RASIQ(DIN)N)FLN ·" 2,TI , ..• .... •••• • ••• I.II .... 
.:,oe RASIOISIOINfNLH OT 0.11 .... , ... 1,12 0.11 0,1'1 , ... 
Oloop-2 L2 AASTLOS ••• o.,. 0,11 o ... 1.00 o ... , ... 1.10 
01.3 Y(T(TTL)AID ·" o.n 0.1'1 .... , ..• '·" a.n I.DI 
:us-n P'IT(SRS)QJS . IOO , ..• .... :t.N 1.11 O,Ta o.n , ..• 
308 KASSLES IOI O,fl o.t:a &,IT 1.20 0,11 .... l,TI 

Oloop-2 L3 LQ\Y(LSY)PJLT 50:t O.H O,H '·" a.to .. ,. ,.,. 1.00 
01.:S QH F(WST)PJRT IOI •••• .... 1.11 1.11 a.,, 1,ff .... 
39-1'1 QQ(O(NAL)PJRT SH 1.oe I.IHI , .. , ... a.ti 1,H I.IT 
308 orri,vNS)YIS IOI •••• •.• 1 .... .... 1,11 l,tT l,N 

Oloop.2 HI (T(POl)TJ ••• a.to o.TO .... . ... .... l,01 , ... 
01.3 (O(YOV)ll'I IOT o ••• o.tt , ... 1.aa .... O,N l,H 
3111-Tl (S(NOl)NI SOI O.IIO o.u 1.n l,N •••• O,tT 1.11 
3011 DYAMH IOt o.,T o.,, 1.11 a.u 0,11 o.n .... 
0100..-2 Hll El(F(PON)SJKTY llO •••• .... .... 1,TO ••• O.N I.ti 
01,3 MIIW(ODO)N)TD Sil ... , ... , •••• • ••• I.IT •••• .... 
3111-Tl YNNIP(ONO)YIIA Ill .... O.TI 1,ll , .. 1,tT l,tl ..... 
308 ISWOSSSIO Ill •••• 0,82 , ... 1.11 .... .... .... 
Oloop,,2 "' IR(BIR)YI ... .... .... • ••• .... a.at l,OT .... 
01.3 BR(D(Y flL)D)Y Ill o ... o.as . ... • •• ..,. O,ll , ... 
ll-11 SEYY(O(OSY)KJFDY 1111 .... l.TI . ... .... . ... I.A .... 
3041 GROVYIDfSGOIYFITVAP'DI SIT , ... , .• 2 a.ts t.OI .... •••• ... 

Table 4: Sequence and conformational search construction scheme for each of the 24 CDRs, [ 
)=construction area, ( )= Chain closure, all sidechains are constructed. RMS(~ Mean Square) 
difference between model and crystal structure loop coordinates. The RMS \l'aluea 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,Ccr,C) is 0.81, 0.60, 
0.86 and 0.56 respectivly 
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Loop Canonical Stquence SEQ ID NO 
LI HyHEL-10 RASQSISRWLA 518 

(306) RASQSIGNNLH 497 
L2 REI EASNDLA 519 

(3D6) KASS LES 501 
Hl McPC603 DFYME 520 

{3D6) DYAMH 509 
H2 KOL I IWDDGSDQ 521 

!3D6) ISWDSSSIG 513 

Table 5: Canonical loops selected for the model of 3D6(taken from Chothia et al (1989) ). 

Residue Number 24 25 26 27 28* 29• 
REI Seqt1ence Q A s Q s I 

,J/,1, -/138 -103/157 -96/7 -158/142 -40/108 -112/9 
HyHEL-10 Sequence R A s Q s I 

'l"' -£108 -85£135 -88l64 172£160 -64£-38 9£63 
Residue Number 30* 31* 32 33 32 

REI Sequence I I{ y L N SEQ ID NO: 522 
,N 79/-77 -146/21 -104/89 ·143/133 -144/-

HyHEL-10 Sequence G N N L H SEQ ID NO: 518 

•lt/J -63£107 85£-15 -105£72 -129Lm -126l-

Table 6: Backbone~ andt/1 angles of residues in CDR-Ll from HyHEL-10 and REI classified in the 
same canonical group by Chothia et al { 1989). The residues exhibiting a peptide flip are indicated 
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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: O.C. 

: (i) 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 
(0) SOFTWARE: In house 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/942,245 
(B) 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 ID NO:l 

(i) 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 
1 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 Gly Ser Asp Tyr Ser Leu Thr Ile Ser Ser Leu Glu Ser 

20 

25 

30 

35 

45 

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 
l.00 105 

(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 DESCRIPTION: 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_TrR Tyr Gln Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val 
35 40 45 

Tyr Tyr Thr Thr Thr Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly 
50 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 
1 5 10 15 

20 Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Asn Tyr Met 

25 

30 

35 

45 

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 
50 55 60 

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile 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: 

so Asp Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Val Thr Pro Gly 
l 5 10 15 

55 
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Asn Ser Val Ser Leu Ser cys Arg Ala Ser Gln Ser Ile Gly Asn Asn 
20 25 36 

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 ID 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 Ar9 Phe 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 Gly Gln 
1 5 10 15 

Arg Val Thr Ile Ser Cys Thr Gly Thr Ser Ser Asn Ile Gly Ser Ile 
20 25 30 

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 Thr Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly 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 

4() 

45 

50 

55 

Asn Ser Tyr Val Phe Gly Thr Gly Thr Lye Val Thr Val Leu Gly Gln 
100 105 110 

(7) INF0~1:IOH FOR SEQ ID NO: 7 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 115 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPl'ION: 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) SEQUENCE 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 'l'hr_ Il!t ser cys 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 
as 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 
l 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 Lye Pro Gly Gln Ser 
35 40 45 

Pro Lye Val Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
so 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 

40 

Thr Bis Val Pro Trp Thr Pbe Gly Gly Gly Thr Lye Leu Glu Ile Lye 
- - 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: 

5 Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu Gly 
1 5 10 15 

Asp Arg Val Thr Ile Ser cys Arg Ala Ser Gln Asp Ile Ser Asn Tyr 
10 20 25 30 

Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys Leu Leu Val 
35 40 45 

15 

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 

40 

45 

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 ID NO: 11 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:11: 

Asp Ile Gln Met Thr Gln Ile Pro Ser Ser Leu Ser Ala Ser Leu Gly 
1 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 
s 65 70 75 80 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

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 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Arg Trp 
20 25 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Val Pro Lys Leu Leu Ile 
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 Lye Arg Thr 
100 105 

(13) INFORMATION FOR SEQ ID N0:13 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 104 amino acids 
(B) TYPE: amino acid 
(CJ TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: 
5 

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 
10 20 25 30 

Gly Ile Thr Trp Val Lys Gln Arg Thr Gly Gln Gly Leu Glu Trp Ile 
35 40 45 

15 

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 

30 

35 

40 

45 

50 

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 ID 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 Cys 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 
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Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 

5 
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 

40 

45 

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 
1 5 10 15 

Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Ser Asp Tyr Trp 
20 25 30 

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 

BIOEPIS EX. 1002 
Page 327



EP O 592106 A1 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

5 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 
10 20 25 30 

Tyr Trp Ser Trp Ile Arg Lys Phe Pro Gly Asn Arg Leu Glu Tyr Met 
35 40 45 

15 

Gly Tyr Val Ser Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys 
50 55 60 

20 Ser Arg Ile Ser Ile Thr Arg Asp Thr Ser Lys Asn Gln Tyr Tyr Leu 

25 

30 

35 

45 

50 

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 
1 5 10 15 

Ser Leu Lys Leu Ser cys Ala Ala Ser Gly Phe Asp Phe 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 
50 55 60 
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5 

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 

15 

20 

25 

30 

35 

4() 

45 

50 

55 

100 105 

(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 
1 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 
100 105 110 

Pro Asp Tyr Trp Gly 
115 

(19) INFORMATION FOR SEQ ID N0:19 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 113 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 
l 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 

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 

Leu Tyr Leu Gln Met Asn Ala Leu Arg Ala Glu Asp Thr Ala Ile Tyr 
85 90 95 

so Tyr Cys Ala Arg Asn Tyr Tyr Gly Ser Thr Trp Tyr Phe Asp Val Trp 

35 

40 

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 
l 5 10 15 

so Leu Ser Leu Thr Cys Thr Val Ser Gly Thr Ser Phe Asp Asp Tyr Tyr 
20 25 30 

55 

47 

BIOEPIS EX. 1002 
Page 330



5 

10 

15 

20 

25 

30 

35 

4() 

50 

55 

EP O 592106A1 

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 Thr 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 
1 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 
1 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) INFORMATION FOR SEQ ID N0:23 

(i) SEQOEHCE CHARACTERISTICS: 
- - (A) LEHGTH: 112 amino acids 

(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE 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 
1 5 10 15 
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Ser Val Lys Met Ser cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Asn 
20 25 30 

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 ID 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 Glu 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 Al~ 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 
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Val Lys Gly Arg Asp Tyr Tyr Asp Ser Gly Gly Tyr Phe Thr Val Ala 
5 100 105 110 
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Phe Asp Ile Trp Gly 
115 

(25) INFORMATION FOR SEQ ID N0:25 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 111 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

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 ID 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 
so 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) INFORMAT~OH FOR SEQ ID H0:27 

(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 
1 5 10 15 

Gln Gln Ala Ser Ile Ser cys Arg Ser Ser Gln Ile Ile Ile Hisser 
- - 20 25 JO 

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 
so . 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 ~o 

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 
50 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 Gly Val Tyr Tyr Cys Met Gln Gly 
85 90 95 

Thr Hia_TrQ 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) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 
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5 
Asp Val Leu 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 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 

15 Pro Arg 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 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 

30 

35 

4() 

45 

50 

55 

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 Ket Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly 
1 5 10 15 

Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser 
- - 20 25 30 

Ser Asn Asn Lys Asn Tyr Leu 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 
100 105 110 

(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 
1 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 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 

(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 IO N0:32: 
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Asp Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
l 5 10 15 

Ser Arg Lys 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 Glu Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr Ile Ser Ser Gly Ser Phe Thr Ile Tyr His Ala Asp Thr Val 
50 55 60 

Lys Gly Arg Phe Thr.Ile Ser Arg Asp Asn Pro Lys Asn Thr Leu Phe· 
65 70 75 BO 

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 Met Asp Tyr Trp Gly Gln Gly Thr 
100 105 110 

Thr Val Thr Val Ser 
115 

(33) INFORMATION FOR SEQ ID N0:33 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 125 amino acids 
(B) TYPE: alllino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID H0:33: 

Glu Val_Gll\.LeU Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu ser eys Ser Ser Ser cay 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 
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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 
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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 
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 ArC{ 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 Met Tyr Tyr cys 
85 90 95 

Ala Arg Met Arg Lys_. Gly Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr 
100 105 . 110 

Thr Val Thr Val Ser 
115 

{35) INFORMATION FOR SEQ IO 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 Gly Gly Gly Val Val Gln Pro Gly Arg 
1 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 
35 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 Lye 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: aaino 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 
1 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 Lys Gly Tyr Ala Met Asp.Tyr Trp Gly Gln Gly 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) SEQUENCE DESCRIPTION: SEQ ID N0:37: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
1 5 10 15 

Ser Leu_Ar~ 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 Lye Gln Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val 
50 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 
l 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 Ket 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 

(39) INFORMATION FOR SEQ IO 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 IO N0:39: 

5 Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
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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 
l 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 

45 

50 

55 

1 5 10 15 

(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 Lys Gly Ser Ser Asp Pro Glx Lys Lys 
1 5 10 15 

(47) INFORMATION FOR SEQ ID N0:47 

(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 
1 . 5 10 15 

(48) INFORMATION FOR SEQ ID N0:48 

(i) SEQUENCE CHARACTERISTICS: 
(A) µEHGTH: 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 H0:49 

(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 
l 5 10 15 

(50) INFORMATION FOR SEQ ID N0:50 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:50: 

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 
CB) 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 1 5 10 · 15 
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(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 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECtJLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:53: 

Gln Ile Ser Leu Arg Pro Gly Lys Gly Ser Ser Asp Ser Glu Lys Lys 
l - - 5 10 15 

(54) INFORMATION FOR SEQ ID N0:54 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:54: 
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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 
(C) 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 
1 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 H0:56: 

Val Thr Ala Leu Arg Pro Gly Lys Gly Ala Ser Asp Glu Asp Lys Lys 
1 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 Aia Leu Arg Pro Gly Lys Gly Ala Ser Asp Glu Glu Lys Lys 
1 5 10 15 

(SB) 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 
1 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: aaino 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) TYPE: 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 10 15 

(64) INFORMATION FOR SEQ ID N0:64 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: i6 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID R0:64: 

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 Cly Asp Ser Asp Ser Glu Lys Lys 
1 5. 10 15 

67 

BIOEPIS EX. 1002 
Page 350



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

EP O 592106 A1 

(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 Gly Asp·Ser Asp Ser Glu Gln Lys 
1 5 10 

(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: 

15 

Val Thr Lys Val Arg Pro Glu Lys Gly Asp Ser Asp Ala Glu Lys Lys 
l 5 10 15 

(68) INFORMATION FOR SEQ ID N0:68 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:68: 

Val Tbr Lys Val Arg Pro Glu Lys Gly Asp Ser Asp Ser Glu Lys Lys 
1 - - 5 10 15 

(69) INFORMATION FOR SEQ ID N0:69 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
( C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:69: 
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Val Thr Lys Val Ser Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 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 V~l Arg Ser Gly Lys Gly Glu Ser Asp Ala Glu Lys Lys 
1 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 N0:71: 

Val Thr Ser Val Lys Pro Gly Lys Gly Asp Ser Asp Ala Glu Lys Lys 
1 . 5 10 15 

(72) INFORMATION FOR SEQ ID N0:72 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(li) J(OLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID 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 
1 5 10 15 

(74) INFORMATION FOR SEQ ID N0:74 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:74: 

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 Sar Asp Ala Glu Lys Lys 
35 1 5 10 15 

40 

45 

50 

55 

(76) IHFORJIATIOH 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 
1 5 . 10 15 . 

(77) INFORMATION FOR SEQ ID N0:77 

(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 IO N0:77: 

Val Thr Lys Ala Arg Pro Gly Lys Gly Asp Ser Asp Val Glu Lys Asn 
1 5 10 15 

(78) INFORMATION FOR SEQ ID N0:78 

{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 

(x~) 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 5 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 1 5 10 15 

20 
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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 
1 5 10 15 

(83) INFORMATION FOR SEQ ID H0:83 

(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 
1 5 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 Pro Gly Asn Gly Asp Ser Asp Ala Glu Lys Lys 
. 1 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 Lye 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 Thr Leu Phe Gln Pro Gly Gln Gly Asp Ser Asp Pro Glu Lys Lys 
1 5 10 15 

(87) INFORMATION FOR SEQ ID N0:87 

(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) INFORMATIOH 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 
1 5 10 15 

(89) INFORMATION FOR SEQ IO 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 Tbr Phe Leu Ser Pro Gly Gln Gly Asp Ser Asp Ala Glu Lys Lys 
l 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 Lye Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(91) IHFORMATION FOR SEQ ID 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 
l . 5 10 15 

(92) INFORMATION FOR SEQ IO 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 
1 5 . 10 15 

15 (93) INFOBMATION FOR SEQ ID N0:93 
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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 Lye Pro Asp Lys Gly Asp Ser Asp Val Glu Lys Lys 
1 5 10 15 

(94) INFOBMATION 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) SEQ~CE DESCRIPTION: SEQ ID N0:94: 

Val Thr Ala Pro Arg Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
1 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 TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:96: 

Val Thr Thr Pro Lys Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
1 . 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 N0:97: 

Val Ser Ala Pro Lys Pro Gly Lys Gly Ala Ser Ser Ala Glu Lys Lys 
1 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 
1 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 ID N0:99: 
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Val Thr Ala Pro Lys Ser Gly Lys Gly Ala ser Ser Ala Glu Lys Lys 
1 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 
1 5 10 15 

(101) INFORMATION FOR SEQ ID 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 ID N0:101: 

Val Thr Ala Pro Lys Ser Glu Lys Gly Val Ser Ser Ala Glu Lys Lys 
1 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 
45 1 5 10 15 

50 

55 

(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 
1 5 10 15 

(106) INFORMATION FOR SEQ ID N0:106 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 aaino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQtTENcE·OESCRIPTION: SEQ ID N0:106: 

Val Thr Ala Pro Lys Pro Arg Lys Gly Ala Ser Ser Ala Glu Lys Lys 
1 5 10 15 · 

(107) INFORMATION FOR SEQ ID N0:107 

(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 N0:107: 

Val Thr Phe Leu Ser Pro Gly Gln Gly Asn Ser Asp Ala Glu Leu Pro 
1 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 
1 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) SEQUENCE DESCRIPTION: SEQ ID N0:109: 

Val Thr Leu Ser Ser Pro Gln Arg Gly Asp Ser Asp Ala Glu Lys Lys 
1 5 10 15 

(110) INIPORMATION 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 ID H0:110: 

Val Thr Ala Pro Lys Ser Ser Lys Gly Gly Ser Ser Ala Glu Lye Lys 
1 5 10 15 
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(111) INFORMATION FOR SEQ ID N0:111 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:111: 

Gln Thr Ser Pro Thr Pro Gly Lys Gly Ser Ser Asp Pro Glu Lys Lys 
l 5 . 10 15 

(112) INFORMATION FOR SEQ ID N0:112 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:112: 

Gln Ile Ser Leu Ile Pro Gly Lys Gly S~r Tyr Asp Asp Glu Lys Lys 
1 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 TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:113: 

Val Thr-Ala. Leu Lys Ser Gly Lys Cly Ala Ser Ser Ala Glu Lys Lys 
l . 5 10 15 

(114) INFORMATION FOR SEQ ID N0:114 

(!)"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 
1 5 10 15 

35 . (117) INFORMATION FOR SEQ ID N0:117 

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 N0:117: 

45 Val Thr Val Arg Lys Pro Gly Lys Gly Asp Ser Ser Asp Glu Lys Lys 

50 

55 

1 5 10 15 

(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 Gln Gly Ser Ser Asp Pro Glu Lys Lys 
1 5 10 15 

(119) INFORMATION FOR SEQ ID 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 
1 5 10 15 

(120) INFORMATION FOR SEQ ID 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 
l 5 10 15 

(121) INFORMATION FOR SEQ ID N0:121 

(~) SEQUENCE CHARACTERISTICS: 
(A) LENG'l'H: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{Xi) 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 N0:122: 

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 
1 5 10 15 

(124) INFORMATION FOR SEQ ID N0:124 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:124: 

Leu Leu Ser Leu Ser Pro Leu Lys Gly Asp Ser Asp Pro Glu Lys Val 
1 5 10 15 

(125) INl'ORIIATION 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 
1 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 
1 5 10 15 

(127) INFORMATION FOR SEQ ID N0:127 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:127: 

Ala Val Ser Pro Thr Pro Asp Thr Gly Ala Ile Lys Thr Glu Lys Leu 
1 5 10 15 

(128) INFORMATION FOR SEQ ID N0:128 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUEMCE 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 ID N0:129 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: am~no acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:129: 
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Ala Val Ser Pro Thr Pro Asp Thr Gly Val Ile Lys Thr Glu Lys Leu 
5 1 5 10 15 
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(130) INFORMATION FOR SEQ ID 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 Thr Pro Asp Thr Gly Ala Ile Lys Thr Glu Pro Ser 
1 5 10 15 

(131) INFORMATION.FOR SEQ ID N0:131 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:131: 

Tyr Leu Pro Pro Thr Pro Gly Val Ile Arg Ser Thr Ala Met Lys Leu 
1 5 10 15 

(132) INFORIIATIOH FOR 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) INFORIIATION FOR SEQ ID 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 ID N0:133: 

Tyr Leu Pro Pro Thr Pro Gly Leu Ile Arg Ser Thr Ser Met Lys Leu 
l 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: 

35 Tyr Leu Pro Pro Thr Pro Gly Val Ile Arg Ser Thr Ala Glu Lys Leu 

4() 

45 

50 

55 

1 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 ID 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 ID N0:137 

(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 N0:137: 

Tyr Leu Pro Ala Thr Pro Gly Val Val Arg Ser Ser Ala Gly Met Leu 
1 5 . 10 15 

(138) INFORMATION FOR SEQ ID N0:138 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:138: 

Ser Leu Pro Pro Ser Pro Gly Lys Val Arg Ser Thr Ala Glu Lys Leu 
1 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: pep~ide 

(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 aci~ 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:140: 

Ser Leu Pro Pro Arg Pro Gly Lys Val Arg Ser Ser Ser Glu Lys Leu 
1 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: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:141: 

Ser Leu Pro Pro Arg Pro Gly Lys Val Arg Ser Ser Ser Asp Lys Leu 
15 1 . 5 10 15 
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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 
1 5 10 15 

{143) INFORMATION FOR SEQ IO 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 Gln 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 

(ii) 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 
1 . 5 10 15 

(147) INFORMATION FOR SEQ ID H0:147 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) _MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:147: 

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 Gly Arg Leu 
1 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 Gly Lys Ile Arg Ser Thr Ala Glu Lye Leu 
1 5 10 15 

(150) INFORMATION FOR SEQ ID 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 
1 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 
l 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 
1 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 
1 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 IO 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 
1 5 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_Al~ Leu Ser Pro Gly Lys Val Arg Ser Thr Ala Glu Lys Leu 
1 . 5 10 15 

(159) INFORMATION FOR SEQ ID N0:159 

(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 
1 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 Tbr Ala Glu Lys Leu 
1 5 10 15 

(162) INFORMATION FOR SEQ ID H0:162 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi)-SEQUENCE DESCRIPTION: SEQ ID N0:162: 

45 Ser Leu Pro Leu Thr Pro Arg Val Ile Arg Ser Thr. Ala Glu Lys Leu 

5() 

55 

l 5 10 15 

(163) INFORMATION FOR SEQ IO H0:163 

(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 N0:163: 

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 IO 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 ID 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 

45 

50 

55 

l 5 10 . 15 

(166) IHPORIIATION FOR SEQ ID N0:166 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY:.linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:166: 

Leu Leu Pro Pro Thr Pro Gly Thr Asn Ser Ser Ser Asn Asp Lys Leu 
1 5 10 15 

(167) INFORMATION FOR SEQ ID N0:167 

(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 N0:167: 

Val Leu Pro Leu Ser Pro His Arg Ile Arg Ser Glu Ser Glu Asn Leu 
1 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 
1 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 
1 5 10 15 

(170) INFORJIATION FOR SEQ ID H0:170 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE D~SCRIPTION:.SEQ ID N0:170: 

Val Thr Ala Pro Arg Pro Gly Arg Val Arg Ser Asp Pro Glu Lys Lys 
1 5 10 15 
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(171) INFORMATION FOR SEQ ID 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 
1 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: 

Val 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 
1 - - 5 10 15 

45 (174) INFORMATION FOR SEQ ID H0:174 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 

50 (C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:174: 

55 
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Val Thr Gly Pro Arg Pro Gly Arg Ile Arg Ser Asp Pro xaa Lys Lys 
1 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 Lye Lys 
l 5 10 15 

(177) INFORMATION FOR SEQ ID N0:177 

(i) SEQUEHCB CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

U,i) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:177: 

Val Thr Val Pro Arg Pro Ser Arg Ile Arg Ser Glu Ser Glu Arg Lys 
1 5 · 10 15 

(178) INFORMATION FOR SEQ ID N0:178 

(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 N0:178: 

Val Thr Ala Pro Gly Pro Gly Arg Ile Arg Ser Glu Ser Glu Arg Lys 
1 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 ID 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 CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:180: 

Gln Thr Ser . Val Arg Pro Gly Lys Val Arg Ser Asp Pro Glu Arg Lys 
1 5 10 15 

(181) INPORNATIOK 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) SEQUENCE DESCRIPTION: SEQ ID H0:181: 

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 

(xi) 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 

40 

45 

50 

55 

(184) INFORMATION FOR SEQ ID N0:184 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amine 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) INFORftATIOH FOR SEQ ID N0:185 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii} MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:185: 

Gln Thr Ser Val Arg Pre Gly Lys Val Arg Ser Asx Pro Glx Lys Lys 
1 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: 
(A) 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 
1 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 

(si) SEQUEHCE DESCRIPTION: SEQ ID N0:188: 

Gln Thr_ se;- Val Arg Pro Gly .Lys Val Arg Ser His Pro Glu Lys Lys 
1 5 10 15 

(189) INFORMATION FOR SEQ ID N0:189 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:189: 
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Gln Thr Ser Val Arg Pro Gly Asn Val Arg Ser Asp Pro Asp Lys Lys 
l 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 
1 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 ID N0:192 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

~i) - MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:192: 

45 Gln Thr Ser Val Arg Pro Glu Lys Val Arg Ser Glu Pro Asp Lys Lys 

so 

55 

1 5 10 15 

(193) INFORMATION FOR SEQ ID 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 
1 5 10 15 

(195) INFORMATION FOR SEQ IO 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 

40 

45 

50 

55 

1 5 10 15 

(196) INFORMATION FOR SEQ ID N0:196 

(i} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 aaino 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 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 amino acids 
(8) 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 ID N0:199: 

Gln Thr Ser Val Arg Pro Lys Lys Val Arg Ser Asp Pro Glx Lys Lys 
1 5 10 15 

(200) INFORfiATION FOR SEQ ID N0:200 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 alllino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID 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 ID N0:201: 

Gln Thr Ser Val Arg Ser Gly Lys Val Arg Ser Glu Pro Glu Thr Lys 
1 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 
1 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 · 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:203: 

Val Thr Asp Leu Arg Pro Gly Lys Val Arg Ser Asp Ala Glu Lys Lys 
1 - - 5 10 15 

(204) I.HFORMATIOH FOR SEQ ID H0:204 

(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 
l 5 10 15 

(205) INFORMATION FOR SEQ ID N0:205 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:205: 

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 amlno acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID M0:206: 

Val Thr Leu Leu Pro Pro Gly Arg Val Arg Ser Asp Ala Glu Lys Lys 
1 5 . 10 15 

(207) INFORMATION FOR SEQ ID N0:207 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

<li)_XOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:207: 

45 Val Thr Leu Leu Pro Pro Gly Glu Val Arg Ser Asp Ala Glu Lys Lys 

50 

55 

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 
1 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 
l 5 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 
l 5 10 15 

(211) IBl'ORNATXOH FOR SEQ ID N0:211 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLE~ TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:211: 

Val Thr Leu Pro Pro Pro Gly Gln Val Tbr 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 NO: 212·: 

Val Thr Leu Pro Pro Ala Gly Gln Val Arg Ser Asp Ala Glu Lys Arg 
l 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 
1. 5 10 15 

(214) INFORMATION FOR SEQ ID 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 Lye Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lye Ala 
1 5 10 15 

Ser Arg"'Glf 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 
1 . 5 10 15 

Ser Arg Gly Asp Ser Gln Arg Pro Glu Ser 
20 25 

(216) INFORMATION FOR SEQ ID N0:216 

(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: 

20 Glu Lys Val Gly Gly Leu Gln Pro Gly Thr Gly Ala Pro Gly Lys Ala 

25 

3() 

35 

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: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:217: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 
l 5 10 15 

40 Ser Lye Gly Asn Ser Gln Arg Ala Glu Ser 

45 

50 

55 

20 25 

(218) INFORMATION FOR SEQ ID N0:218 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(Bl 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 
1 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 Lye Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Ala 

25 

30 

35 

4() 

45 

50 

55 

1 5 10 15 

Ser Lye Gly Thr Ser Gln Arg Ala Glu Ser 
20 25 

(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 Cly Thr Ser Gln Arg Ala Glu Thr 
20 25 

(221) INFORMATION FOR SEQ ID H0:221 

(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) INFORMATION 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 

4() ser Lye Gly Thr Ser Gln Arg Ala Glu Thr 

45 

50 

55 

20 25 

(224) IHFORMATION FOR SEQ ID H0:224 

(i)' SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
( C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID B0:224: 
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Glu Lys Val Gly Gly Leu Gln Ser Gly Arg Gly Thr Pro Gly Lys Ala 
1 5 10 15 

Ser Lys Gly Thr Ser Gln Arg Ala Glu Ser 
20 25 

(225) INFORMATION FOR SEQ ID N0:225 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:225: 

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 ID N0:226: 

Glu Lye Val Gly Gly Leu Gln Pro Gly Arg Gly Tbr Pro Gly Lye Ser 
1 5 10 15 

~ Ala Lya Gly Asx Ser Glx Arg Ala Gln Ser 

45 

50 

55 

20 25 

(227) INFORMATION FOR SEQ ID H0:227 

(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 Pro Gly Lys Ala 
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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 Pro Gly Lys Ala 
1 5 10 15 

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: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Arg Lys Ala 
l 5 10 15 

Ser Ly• 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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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 CHARACTERISTICS: 
(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 Arg Ser Glu Thr 
20 25 

(232) INFORMATION FOR SEQ ID N0:232 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPO~Y: 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 
1 . 5 10 15 

4() Ser Lye Gly Asn Ala Arg Arg Ser Glu Thr 

45 

50 

55 

20 25 

(233) INFORMATION FOR SEQ ID N0:233 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:233: 

113 

BIOEPIS EX. 1002 
Page 396



EP O 592108 A1 

Glu Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Arg Asp 
5 1 5 10 15 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

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 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

. (ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID H0:234: 

Asp Lys Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 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 Ly• 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: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:236: 
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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 Gly 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 ID N0:238 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:238: 

Glu Met Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

40 Ser Lye Gly Asn Asp Arg Arg Ser Glu Thr 

45 

50 

55 

20 25 

(239) INFORMATION FOR SEQ ID N0:239 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID N0:239: 
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Glu Met Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Ser Lys Gly Asn Asp Lys Arg Ser Glu Thr 
20 25 

(240) INFORMATION FOR SEQ ID N0:240 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid · 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ·ID H0:240: 

Glu Met Val Gly Gly Leu Lys Pro Gly Lys Gly Thr Pro Glu Lys Asp 
20 1 5 10 15 

25 

30 

35 

4(} 

45 
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55 

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 
1 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 
(B) 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 
1 5 10 15 

Thr Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(243) INFORMATION FOR SEQ ID 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 ID N0:243: 

Glu Gln Val Gly Gly Leu Lys Pro Gly Lys Gly Ala Pro Glu Lys Asp 
1 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: ~EQ ID N0:244: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Ser Lye 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: aaino 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 
1 5 10 15 

Thr Lys Gly Asn Ala Lys Lys Ser Glu Thr 
20 25 

(247) INFORMATION FOR SEQ ID N0:247 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:247: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Ser Pro Glu Lys Asp 
1 5 10 15 

40 Ser .Lya Gly Asn Ala Lys Lys Ser Glu Thr 

45 

50 

55 

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 ID N0:248: 
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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) LENGTH: 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 
1 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 ID N0:250: 

Glu Lys Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

~ Ser LY• Gly Asn Ala Glu Lys Ser Glu Thr 

45 

50 

55 

20 25 

(251) INFORMATION 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 IO N0:251: 

119 

BIOEPIS EX. 1002 
Page 402



5 

10 

15 

20 

25 

30 

35 

EP O 592106 A1 

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 
1 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 
1 5 10 15 

4D Ser Lye Gly Asn Ala Lys Lys Ser Glu Thr 

45 

50 

55 

20 25 

(254) IHFORIIATIOH 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 
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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 ID N0:255: 

Asp Gln Val Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Asp 
1 5 10 15 

Thr Lys Gly Asn Pro Lys A~g 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) TOPOLOGY: 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 
1 5 10 15 

Thr Lys Gly ASn Pro Lys Arg Ser Asp Thr 
20 25 

(257) INFORMATION FOR SEQ ID 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 LysGly 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 H0:258 

(i) SEQUENCE CHARACTERISTICS: 
(A). LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:258: 

Asp Lys Val Gly Gly Leu Lys Pro Gly Lys Arg Thr Pro Glu Lys Asp 
l 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 Gly Gly Leu Lys Leu Gly Lys Gly Thr Pro Glu Lys Asp 
l 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 ID N0:260: 
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5 

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 

10 (261) INFORMATION FOR SEQ ID N0:261 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 

15 ( C) TOPOLOGY! linear 

20 
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(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 
(8) 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 Gly 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 ID 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 ID N0:264: 

20 Glu Lys Glu Gly Gly Leu Gln Pro Gly Lys Gly Thr Pro Glu Lys Glu 

25 

30 

35 

l 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 Lys Glu Gly Gly Leu Gln Pro Gly Lys Gly Ser Pro Glu Lys Glu 
l 5 10 15 

4<1 Ser Lya Gly Asp Ser Lys Arg Ala Glu Thr 

45 

50 

55 

20 25 

(266) INFORMATION FOR SEQ ID 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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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 N0:267 

(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: 

20 Glu Gln Val Gly Gly Leu Lys Pro Gly Arg Gly Thr Pro Glu Lys Asp 

25 

30 

35 

1 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 H0:268: 

Glu Gln Val Gly Gly Leu Lys Pro Gly Arg Gly Thr Pro Glu Lys Asp 
1 5 10 15 

4() Thr Tbr Gly Asn Ala Lys Gly Ser Glu Thr 

45 

50 

55 

20 25 

(269) INFORMATION FOR SEQ ID N0:269 

(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 
l 5 10 15 

Thr Lye 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) SEQUENCE DESCRIPTION: SEQ ID N0:271: 

Glu Lye Ile Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Pro 
1 5 10 15 

Ser Lye Asp Asn Ala Lye Arg Ser Glu Thr 
20 25 

(272) INFORMATION FOR SEQ ID N0:272 

(i) SEQUEBCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: aaino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:272: 
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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 

(273) INFORMATION FOR SEQ ID N0:273 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino·acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

{ii) MOLEC!JLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:273: 

20 Glu Lys Leu Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Pro 

25 

30 

35 

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 DESCRIPTIOK: SEQ ID N0:274: 

Glu Lye Leu Gly Gly Leu Gln Pro Gly Lys Gly Asp Pro Gly Lys Leu 
l 5 10 15 

40 Met Lye Glu Asn Ala Lye Arg Ser Glu Thr 

45 

50 

55 

20 25 

(275) INFOIUIATION FOR SEQ ID 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 
1 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 
(8) 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 
1 5 . 10 15 

Ser Lys Asp Asn Ala Lys Arg Ser Glu Thr 
20 25 

(277) INFORMATION FOR SEQ ID N0:277 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:277: 

Glu Lys Leu Gly Pro Leu Gln Leu Gly Lys Gly Asp Pro Gly Lys Pro 
1 5 10 15 

40 Ser Ly• Asp Asp Ala Lys Arg Ser Glu Thr 

45 

50 

55 

20 25 

(278) INFORIIATIOH 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 
1 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 
1 5 10 . 15 

40 Thr Thr Gly Asn Ala Lys Arg Ser Glu Thr 

45 

50 

55 

20 25 

(281) INFORMATION FOR SEQ ID N0:281 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:281: 
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5 Glu Met Val Gly Val Leu Glu Pro Gly Lys Gly Thr Pro Glu Lys Arg 
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1 5 10 15 

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 Gly Lys Asp 
l 5 10 15 

Ser Lys Asp Asp Ser Gln Lys Thr Glu Thr 
20 25 

(28~ INFORMATION FOR SEQ 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 Gln Val Gly Gly Leu Gln Pro Lys Lys Gly Ser Pro Gly Lys Asp 
1 5 10 15 

Ser Lys Asp Asp Ser Gln Lys Thr Glu Arg 
20 25 

(284) INFORMATION FOR SEQ ID H0:284 

(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 H0:286: 

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 
1 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Thr 
20 25 

(288) INFORMATION FOR SEQ ID 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 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(289) INFORMATION FOR SEQ ID 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 Glri Gln Pro Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

40 Lys Lye Gly Lye Ser Ser Thr Ser Glu Ser 

45 

55 

20 25 

(290) INFORMATION FOR SEQ ID N0:290 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 aaino 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 
l 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 aaino acids 
(B) TYPE: aaino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 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 
1 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 N0:294: 

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 CHARACTERISTICS: 
(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 Lye Gln 
1 5 10 15 

Lys Lya 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: . 
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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 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 N0:298: 

Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Ser His Gly Lys Gln 
1 5 10 15 

Lys Lys 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 N0:300 

(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 ID N0:301: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Ala Pro Gly Gln Glu 
1 5 10 15 

«J Lys Lya Gly Lys Ser Ser Thr Ser Asp Ser 

45 

50 

55 

20 25 

(302) INFORMATION FOR SEQ ID N0:302 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:302: 
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Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Val Pro Gly Gln Glu 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Asp Ser 
20 25 

(303) 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 Gln Pro Glu Leu Lys Pro Gly Lys Gly Ala Pro Gly Lys Gly 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(304) INFORMATION FOR SEQ ID N0:304 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:304: 

Gln Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Ala Pro Gly Lys Gly 
1 5 10 15 

Lys Lye Asp Lys Ser Ser Thr Ser Glu Ser 
20 '25 

(305) INFORMATION 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 
1 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 
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55 

1 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 
(8) TYPE: amino acid 
( C·) TOPOLOGY: 1 inear 

(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 
1 5 10 . 15 

~ys Lya Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

{308) INFORMATION FOR SEQ ID H0:308 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:308: 
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Gln Gln Gln Ala Glu Leu Lys Pro Gly Arg Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(309) 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: 

Glu Gln Gln Ala Glu Leu Arg Ala Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(310) INFORMATION FOR SEQ ID N0:310 

(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 Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Lye Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(311) IN!'ORMATIOH 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: 
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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: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:312: 

20 Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly His Glu 

25 

30 

35 

1 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 . 25 

(313) INFORMATION FOR SEQ ID N0:313 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:313: 

Gln Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Gly His Glu 
1 5 10 15 

40 Asn Lye Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 . 

45 

50 

55 

(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 ID N0:314: 
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Gln Gln Gln Ala Glu Val 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 

(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 
1 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 
(8) 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 

4() Lys Lya·Gly Lys Ser Ser Ala Ser Glu Ser 

45 

50 

55 

20 25 

(317) INFORMATION FOR SEQ ID N0:317 

(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 
1 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) TOPOLOGY: 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 
l 5 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 Lye Gly Thr Pro Gly Gln Glu 
l 5 10 15 

40 Lys Gln Gly Thr Ser Ser Thr Ser Glu Ser 
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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 ID N0:320: 

142 

BIOEPIS EX. 1002 
Page 425



5 

10 

15 

20 

25 

30 

35 

4(J 

45 

50 

55 

EP O 592106 A1 

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 

(·J 21) INFORMATION FOR SEQ ID NO: 3 21 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:321: 

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) INFORMA~ION FOR SEQ ID N0:322 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
( C_) TOPOLOGY: 1 inear 

(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 IO 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 
1 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 acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IO N0:324: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 
1 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Asp Ser 
20 25 

(325) INFORMATION FOR SEQ IO N0:325 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:325: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Ser Pro Gly Gln Gln 
1 5 10 15 

Lys Lye Asp Lys Ser Ser Thr Ser Glu Ser 
20 25 

(326) INFORMATION FOR SEQ IO 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 
1 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 

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 
1 5 10 15 

40 Lye Lya Gly Lys Ser Ser Thr Ser Glu Ser 

45 

50 

55 

20 25 

(329) INFORMATION FOR SEQ IO N0:329 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: aaino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) 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 
1 5 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 
(B) 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 

35 

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 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:331: 

Gln Gln Gln Thr Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

40 Lys Lya Ser Lys Ser Ser Thr Ser Glu Ser 

45 

50 

55 

20 25 

(332) INFORMATION FOR SEQ ID H0:332 

(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: 
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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) LENGTH: 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 G·ly Thr Pro Gly Gln Gln 
1 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 ID N0:334: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Thr Gly Ala Pro Gly Gln Glu 
l 5 10 15 

4() Lys Lya Gly Lys Ser Ser Thr Ser Glu Ser 

45 

50 

55 

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 1:0 15 

10 

15 

20 

25 

3() 

35 

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 

(ii) 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 8llino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi} SEQUENCE DESCRIPTION: SEQ ID H0:337: 

Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Glu Gln Glu 
l 5 10 15 

40 Lys Lye Gly Lys Ser Ser Thr Ser Glu Ser 

45 

50 

55 

20 25 

(338) INFORMATION FOR SEQ ID N0:338 

(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 Cly 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: 

20 Gln Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 
1 5 10 15 

Lys Lys Ser Lys Pro Ser Thr Ser Glu Ser 
25 20 25 

30 

35 

4() 

45 

50 

55 

(340) INFORMATION FOR SEQ ID 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 H0:340: 

Gln Gln Gln Ser Glu Leu Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 
l 5 10 15 

Lys Lye Ser Lys Pro Ser Thr Ser Glu Ser 
20 25 

(341) INFORMATION FOR SEQ ID N0:341 

(i) SEQUEHCE CHARACTERISTICS: 
· (A) LENGTH: 26 amino acids 

{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID H0:341: 
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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 

(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 Ala Glu Leu 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 

·40 Lys Lya Ser Thr Ser Ser Thr Ser Asp Ser 

45 

50 

55 

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 Cly 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 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:345: 

Gln Gln Gln Ala Glu Phe Lys Pro Gly Lys Gly Thr Pro Gly Arg Glu 
1· 5 10 15 

His Arg Ser Lys Proser 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 Lye Gly Ala Leu Gly Gln Glu 
1 5 10 15 

40 Lys Lya Gly Lye Ser Ser Thr Ser Asp Ser 

45 

50 

55 

20 25 

(347) INFORMATION FOR SEQ ID 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 
(8) 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 
1 5 10 15 

Lys Lye Gly Ile Ser Ser Thr Ser Glu Ser 
20 25 

(350) INFORMATION FOR SEQ ID 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 
1 5 10 15 

Lys Lys Gly Thr Ser Ser Thr Ser Glu Ser 
20 25 

(351) INFORMATION FOR SEQ ID N0:351 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:351: 

Gln Gln Gln Pro Glu Leu Lys Pro Gly Lys Gly Arg Asn Gly Lys Glu 
l 5 10 15 

Asn Lye Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(352) INFORMATION FOR SEQ IO 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 N0:352: 

Gln Gln Gln Thr Glu Leu Arg Pro Gly Arg Gly Thr Thr Gly Gln Glu 
l 5 10 15 

Arg Lys 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 
1 . 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 
(Cl 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 
5 1 5 10 15 

10 

15 

2() 

25 

30 

35 

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 Lye 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 H0:358: 

Gln Gln Leu Thr Glu Leu Lys Pro Gly Asn Gly Thr Pro Gly Gln Glu 
1 5 10 15 

~ Lys Lya Ser Lye Ser Ser Thr Ser Glu Ser 

45 

5() 

55 

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 ID 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 ID 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 H0:360: 

Leu Gln Gln Pro Val Leu Lys Pro Gly Lys Gly Ser His Gly Lys Gln 
l 5 10 15 

Lys Lys Asp Lys Ser Ser Thr Ser Glu Ser 
2~ 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 
1 5 10 15 

~ Lys Lya Ser Lys Ser Ser Thr Ser Glu Ser 

45 

50 

55 

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 
1 5 10 15 

Lys Lys Asn Lys Ser Ser Thr Pro Glu Phe 
20 25 

(363) 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 S 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 

(11) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:364: 

Glu Gln Gln Ala Glu Leu Arg Pro Gly Lys Gly Asn Pro Glu Gln Pro 
l 5 10 15 

40 Lys Gln Gly Thr Ser Thr Thr Ser Glu Thr 

45 

50 

55 

20 25 

(365) INFORMATION FOR SEQ ID N0:365 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:365: 
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Glu Gln Gln Ala Glu Leu Lys Pro Gly Lys Gly Asn Pro Glu Gln Pro 
1 5 10 15 

Lys Gln Gly Thr Ser Ser Thr Ser Glu Thr 
20 25 

(366) INFORMATION FOR SEQ ID N0:366 

(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 
1 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 
1 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 
1 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 

45 

50 

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 IO 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) INFORIIATION 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 
1 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 Gly Arg Gly Asn Pro Glu Gln Pro 
1 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 Pro 
1 5 10 15 

40 Lys Gln Val Thr Ser Ser Thr Ser Glu Thr 

45 

50 

55 

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 
1 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 N0:376 

(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 Ala Glu Leu Arg Pro Gly Lys Gly Thr Pro Arg Gln Gln 
1 5 10 15 

Lys Lya 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 ID N0:377: 
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Gln Gln Gln Ala Val Leu Arg His Gly Lys Gly Thr His Gly Gln Glu 
1 5 10 15 

Lys Lys Gly Lys Ser Ser Thr Ser Glu Ser 
20 25 

(378) INrORMATION FOR SEQ ID 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: 

Glu Gln Gln Ala Glu Leu Arg Ala Gly Lys Gly Thr Pro Gly Gln Glu 
1 5 10 15 

Lys Lya 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: 
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Glu Gln Gln Ala Glu Leu Lys Ala Gly Lys Gly Thr Pro Gly Gln Gln 
1 5 10 15 

Lys Gln Gly Glu Ser Thr Arg Ser Glu Thr 
20 25 

(381) INFORMATION FOR SEQ ID N0:381 

(i) SEQUENCE CHARAcrERISTICS: 
{A) LENGTH: 26 amino acids 
{B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:381: 

20 Gln Gln Lys Ala Glu Leu Ala Ala Ser Lys Gly Thr Pro Gly Gln Glu 

25 

30 

35 

4() 

45 

50 

55 

1 5 10 15 

Lys Lys Gly Arg Ser Ser Thr Ser Glu Ser 
20 25 

(382) INFORMATION FOR SEQ ID N0:382 

(i) SEQUENCE CHARAcrERISTICS: 
(A) LENGTH: 26 amino acids 
(B) 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 
1 5 10 15 

Lys Arg Gly Lys Ser Ser Asn Leu Arg Leu 
20 25 

(383) INFORMATION FOR SEQ ID N0:383 

(i) SEQUENCE CHARAcrERISTICS: 
(A) LENGTH: 26 amino acids 
(B) 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 IO 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 
l 5 10 15 

40 Asp Val Lys Asp Asn Ala Lys Ser Glu Thr 

45 
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55 

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 
5 l 5 10 15 
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Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(387) INFORMATION FOR SEQ ID N0:387 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:387: 

Asp Gln Gln Pro Asp Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(388) INFORMATION FOR SEQ ID N0:388 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:388: 

Asp Gln Gln Pro Asp Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

Ser Lye 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 N0:389: 
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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 Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(390) INFORMATION FOR SEQ ID N0:390 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:390: 

20 Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 

25 

30 

35 

l 5 10 15 

Ser Lys Asn Thr Ser Lys Thr Thr Glu Thr 
20 25 

(391) INFORMATION FOR SEQ ID N0:391 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:391: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asp Pro 
1 5 10 15 

4() Ser Lye Thr Thr Ser Lys Thr Thr Glu Thr 

45 

50 

55 

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 DESCRIPTION: SEQ ID N0:392: 
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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 
(B) 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 N0:394: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 5 10 15 

40 Ser Arg Ser Thr Ser Lys Thr Thr Glu Thr 

45 

50 

55 

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 IO N0:395: 
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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 N0:396 

(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 ID N0:397: 

Asp Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
1 !5 10 15 

40 Ser Lya Asn Thr Ser Lys Thr Ile Glu Thr 

45 

50 

55 

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 
1 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: 

20 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 
1 5 10 15 

Ser Lys Asn Thr Ser Glu 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 DESCRIPI'ION: SEQ ID N0:401: 
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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 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 Pro 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 

40 Ser Lya Ser Thr Ser Arg Thr Tbr Glu Thr 

45 

50 

55 

_ 20 25 

(404) INFORMATION FOR SEQ IO 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 IO N0:404: 
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Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
l 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Ala_Glu Thr 
20 25 

(405) INFORMATION FOR SEQ ID 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 
1 5 10 15 

Ser Lys Ser Thr Ser Lys Thr Thr Glu Thr 
20 25 

(406) INFORMATION FOR SEQ IO 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 

40 Ser Lye Ser Thr Ser Lys Thr Asn Glu Thr 

45 

5() 

55 

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 ID N0:407: 
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Glu Gln Gln Pro Ser Leu Lys Pro Ser Ser Gly Ser Pro Gly Asn Pro 
5 1 5. 10 15 

10 

15 

20 

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 
25 20 25 
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(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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Gln Gln Gln Pro Gly Leu Lys Pro Ser Phe Gly Pro Pro Gly Lye Pro 
5 1 5 10 15 
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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 Lye Ser 
1 5 10 15 

Thr Lye Ser Asn Ser Lye Gln Thr Asp Thr 
20 25 

(412) INFORMATION FOR SEQ IO 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 
1 5 10 15 

Ala Lys 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) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:413: 

Gln Gln Lye Pro Gly Leu Ala Pro Ser Ser Gly Ser Pro Gly Lye Ser 
1 5 10 15 
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Ala Met Ser Asn Ser Lys Gln Thr Asp Thr 
5 20 25 
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(414) INFORMATION FOR SEQ ID 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 
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) IHPORMATION 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 Gly 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 
l 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 

40 

45 

1 5 10 15 

Ala Met Ser Asn Ser Lys Gln Ala Asp Thr 
20 25 

(419) INFO!UIATION 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 

50 Pro Lys Gly Asp Ser Lys Lys Ile Glu Thr 
20 25 

(420) INFO!UIATION 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 
l 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 Leu Lys Pro Gly Arg Gly Thr Pro Gly Lys Ala 
1 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)_HOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:422: 

Glu Gln Val Gly Gly Leu Gln Pro Gly Lye Gly Thr Ser Gly Lys Ala 
1 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 

(Xi) 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 
l 5 10 15 

~ Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 

35 

40 

45 

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 H0:425: 

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 
1 5 · lO 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 5 10 15 

30 
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Ser Lys· Gly Asn Ala Lys Arg Ala Glu Thr 
20 25 

(428) INF9RMATION 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 
l . 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 N0:429: 

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 Arg Arg Ala Glu Thr 
20 25 

(430) INFORMATION FOR SEQ IO 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 1 5 10 15 
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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 
1 5 10 15 

Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(434) INFORMATION FOR SEQ ID N0:434 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:434: 

Gln Gln Val Gly Gly Val Gln Pro Gly Arg Gly Ile Pro Gly Lys Asp 
1 5 10 15 

Ser Lys 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 Gln Pro Gly Arg Gly Ile Pro Gly Lys Asp 
1 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 
1 5 10 15 

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 IO 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 
1 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 IO N0:439: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Asp 
l 5 . 10 15 

20 Ser Asn Gly Asp Ser Lys Gln Ala Glx Thr 

25 

30 

35 

40 

45 

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 ID 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 
,50 1 5 10 15 

Ser Asn Gly Asp Ser Lys Gln Ala Glx Ser 
20 25 

55 
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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: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:442: 

Glu Gln Leu Gly Gly Leu Gln Pro Gly Arg Gly Thr Pro Gly Lys Val 
l 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 
l 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 DESCRIPTION: SEQ ID N0:444: 

Glu Gln Leu Gly Gly Leu Gln Pro Glu Arg Gly Thr Pro Gly Lys Glu 
. l 5 10 15 

M Ser Lys Gly Asn Ser Met Arg Ala Glu Thr 
20 25 

(445) INFORMATION FOR SEQ ID N0:445 

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 N0:445: 

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 

35 

40 

45 

50 

55 

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 
1 5 10 15 

Ser Lys Gly Asn Ala Gln Arg Pro Glu Thr 
20 25 

(447) INFORMATION FOR SEQ ID N0:447 

(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 
1 5 10 15 

Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(448) INFORMATION FOR SEQ ID N0:448 

(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 IO 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 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:449: 

Gln Gln Val Gly Gly Leu Lys Pro Gly Arg Gly Ser Pro Gly Lys Asp 
l S 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 
(B) 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 S 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: 26 amino acids 
(B) TYPE: amino acid 
(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 Glu Asp 
l 5 10 15 

Ser Lys Gly Asn Ser Lys Arg Ala Glu Thr 
20 25 

(452) INFORMATION FOR SEQ ID N0:452 

(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: alll.ino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:453: 

40 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: 26 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 Lys 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 
1 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: 

20 Gln Gln Val Ala Glu Val Lys Pro Gly Lys Gly Thr Pro Gly Gln Gln 

25 

30 

35 

1 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 Lye Gly Thr Pro Gly Gln Gln 
1 5 10 15 

40 Lys Gln Gly Thr Ser Thr Arg Ser Glu Thr 

45 

50 

55 

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 
l 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 
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Lys Gln Gly Thr Ser Ile Arg Ser Asp Thr 
20 25 

(462) INFORMATION FOR SEQ ID 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 ID N0:463 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(B) TYPE: am.ino 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 N0:464: 

Gln Gln Val Gly Glu Val Lys Pro Gly Arg Gly Thr Pro Gly Gln Gln 
l 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: amino 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) IJIPORMATION FOR SEQ ID N0:466 

it) _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 
l 5 10 15 

Gly Thr Gly Thr Ser Val Lys Ala Glu Thr 
20 25 
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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 

(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 IO 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 ID 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: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) ~EQUENCE DESCRIPTION: SEQ ID N0:470: 

Glu Gln Val Ala Glu Val Pro Gln Gly Lys Gly Arg Pro Gly Lys Ser 
1 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) TYPE: 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 
l 5 10 15 

Gly Val Val Pro Ser Phe Phe Ser Glu Thr 
20 25 

(472) INFORMATION FOR SEQ ID N0:472 

(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 
1 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 
1 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 

30 Ser Lys Ser Thr Ser Lys Thr Ala Ala Thr 

35 

. 4() 

45 

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)_SEQUEHCE DESCIUPTIOH: SEQ ID N0:475: 

Gln Gln Gln Pro Gly Leu Lys Pro Ser Ser Gly Ser Pro Gly Lys Pro 
1 5 10 15 

Ser Lys Ser Thr Ser Asn Thr Ala Ala Thr 
20 25 

(476) INFORMATION FOR SEQ ID H0:476 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 amino acids 
(8) TYPE: amino acid 
(C) TOPOLOGY: linear 

193 

BIOEPIS EX. 1002 
Page 476



5 

10 

15 

20 

EP O 592108 A1 

(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 1 5 10 15 

30 

35 

4() 

45 

50 

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 
1 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 

15 

20 

25 

30 

35 

45 

50 

55 

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 Lye 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 IO K0:484: 

Gln Thr Lys Pro Thr Leu Lys Pro Thr Thr Gly Ser Pro Gly Arg Pro 
1 5 10 15 

Ser Lya Sar 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 
1 5 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 
1 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 Lye Thr 
1 5 10 15 

Ser Glu Thr Thr Ser Lys Asp Pro Ala Thr 
20 25 

(488) INFORMATION FOR SEQ ID H0:488 

(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 
(8) 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 10 15 

~ Ser Glu Thr Thr Ser Lys Gly Pro Gly Thr 

25 

30 

35 

41) 

45 

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 
l 5 10 15 

Ser Glu Thr Thr Ser Arg Asp Thr Ala Tyr 
. 20 25 

(491) IHFORHATIOH FOR SEQ ID N0:491 

~!)_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 
1 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 N0:492: 

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 IO N0:496 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
{C)· TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENC~ DESCRIPTION: SEQ ID N0:496: 

Arg Ala Ser Gln Asp Ile Asn Asn Phe Leu Asn 
· l 5 10 

(497) INFORMATION FOR SEQ ID N0:497 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:497: 

Arg Ala Ser Gln Ser Ile Gly Asn Asn Leu His 
1 5 10 

(498) INFORMATION FOR SEQ ID N0:498 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi)" SEQUENCE DESCRIPTION: SEQ ID N0:498: 

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 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:499: 

Tyr Thr Thr Thr Leu Ala Asp 
l 5 
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(500) INFORMATION FOR SEQ ID N0:500 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:500: 

Phe Thr Ser Arg Ser Gln Ser 
l 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: 

Leµ Gln.Tyr Leu Ser Tyr Pro Leu Thr 
1 5 

-
(503) INPORJIATION 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 NO: 503_: 

Gln His Phe Trp Ser Thr Pro Arg Thr 
l 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) SEQUEIICE DESCRIPTION: SEQ ID N0:506: 

Thr Phe Gly Ile Thr 
1 5 

(507) INPORNATION FOR SEQ ID N0:507 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:507: 

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 H0:509 

(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 
~ 1 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 ID 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 
l 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 ID N0:514: 

Arg Glu Ile Arg Tyr 
1 5 

(515) INFORMATIOH 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 
1 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 
1 5 10 

(517) INFORMATION FOR SEQ ID N0:517 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 amino acids 
(8) 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 
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(518) INFORMATION FOR SEQ ID N0:518 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(11) 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 N0:519 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 7 amino acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:519: 
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Glu Ala Ser Asn Asp Leu Ala 
1 5 

(520) INFORMATION FOR SEQ ID 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 ID 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 ID 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 human antibody amino acid sequences a set of heavy and light chain surface ex
posed amino acid residues that is most closely 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 or fragment thereof to 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-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 

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 Fa~ 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 or fragment 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 3B. 

Light Chain 

40 
Position Human Mouse 

1 D 51 E 34A5S 5 D76Q9E6 

3 V38Q24S24Y6 V63Q22L5 

45 5 T61.L37 T87 

9 P 26 S 26 G 17 A 14 L 7 S36A29 L 17 P5 

15 P62V25L 12 L47P 30V BA 7 

50 18 R 57 S 18 T 13 P 6 R3SK22S13Q12T9 

46 P94 P82S9 

.47 G89 G 71 D 18 

55. 51 K43 R 31 K70Q 13 R8T5 

63 G91 G98 
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66 D43S25A9 D38A26S26 

73 S96 S9015 

5 
76 D 43 T 18 S 16 E 15 D67S15A5K5 

86 P44A27S 17T8 A 50 P 11 T 8 E 7 Q 6 

87 E 71 D 11 G 7 E91 06 

10 
111 K74 R 12 N 6 K93 

115 K54 L40 K87L5 

116 R60 G 33S 5 R89G9 

15 
117 Q50T37E6P6 A 74 Q 14 P5 R5 

Heavy Chain 

Position Human Mouse 

20 118 E47Q46 E 59 Q 29 D 10 

120 Q83T7 Q68 K26 

122 V 59 L 15 Q 13 Q57V27 LS K5 

25 126 G54A23P1S G36 P30A29 

127 G 53 E 22 A 14 D 7 E45G43 S6 

128 L61 V 31 F 7 L96 

30 
130 K46Q41 ES K52 027 R 17 

131 P95 P91 A5 

132 G 74S 16T7 G 82 S 17 
35 

136 R53K23S 17T7 K66 S 17 R 13 

143 G96 G98 

145 T46S 32 N 917 T 63 S 19 N 7 A 5 D 5 

160 P 84 S 10 P89H7 

161 G93 G 71 E 24 

45 162 K76Q 10 RS K 50 Q 30 N 10 H 5 

183 D26P25A17Q10T7 E 31 P 22 D 17 A 12 Q 11 

184 S70K9P8 K42S 37T6 

50 186 K53Q22R7N5 K83Q7 

187 G66S 21 TS G 62 S 18 D 10 

195 T30026N 19K7 T36K30N2606 

55 
196 S91 S 76A16 

197 K6518T8R5 S46K34Q11 
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R 46 T 18 K 17 D 6 

A 50 P 21 S 13 T 8 

E46A 18D 13 S9Z8V 5 

T91 

Table 1 

S 67 A 14 T 11 

E88D7 

T53S43 

8. The method of daim 1 or 2, wherein the rodent antibody or fragment thereof to be humanized is murine 
antibody anti-N901. 

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 3A and 38. 

Light Chain 

Position Human Mouse 

1 D51 E34A5 S5 D76Q9E6 

3 V38Q24S24Y6 VS3Q22L5 

5 T61 L37 T87 

9 P 26 S 26 G 17 A 14 L 7 S 36 A29 L 17 P 5 

15 P62V25L 12 L47P30V8A7 

18 R 57 S 18 T 13 P 6 R38K22S 13Q 12T9 

46 P94 P82S9 

47 G89 G 71 D 18 

51 K43 R 31 K70Q 13 RS TS 

63 G91 G98 

66 D43S25A9 D38A26S26 

73 S96 59015 

76 D 43 T 18 S 16 E 15 D67S15A5K5 

86 P44A27S17T8 A 50 P 11 T 8 E 7 Q 6 

87 E 71 D 11 G 7 E91 D6 

111 K74 R 12 N 6 K93 

115 K54L40 K87 L5 

116 R60G 33 S5 R89G9 

117 Q50T37E6P6 A 74014 P5 R5 

Heavy Chain 

Position Human Mouse 

118 E47Q46 E59Q29 D 10 
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120 Q83T7 Q68K26 

122 V 59 l 15 Q 13 Q 57V27 l5K 5 

5 126 G54A23 P 18 G36P30A29 

127 G 53 E 22 A 14 D 7 E 45 G 43 S 6 

128 l61 V31 F 7 l96 

10 130 K46Q41 E5 K52 Q 27 R 17 

131 P95 P91 A5 

132 G 74S 16T7 G 82 S 17 

15 
136 R 53 K 23 S 17 T 7 K 66 S 17 R 13 

143 G96 G98 

145 T46S32N 917 T63S19N7A5D5 
20 

160 P 84 S 10 P89H7 

161 G93 G 71 E 24 

162 K76Q 10 RS K 50 Q 30 N 10 H 5 
25 

183 D 26 P 25 A 17 Q 10 T 7 E 31 P 22 D 17 A 12 Q 11 

184 S 70 K9 PS K42S 37T6 

30 186 K53Q22R7N5 K83Q7 

187 G66 S 21 T5 G 62 S 18 D 10 

195 T 30 D 26 N 19 K 7 T36K30N26D6 

35 196 S91 S 76A 16 

197 K6518T8R5 S46 K 34Q 11 

208 R 46 T 18 K 17 D 6 S~7 A 14 T 11 

209 A50 P 21 S 13 T 8 E88D7 

210 E46A 18 D 13S9Z8V 5 T53S43 

212 T91 
45 

Table 1 

10. A method for producing a humanized rodent antibody or fragment thereof from a rodent antibody or frag-
so ment thereof by resurfacing, said method comprising. 

55 

(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 antibody is an antibody fragment. 

12. The method of claim 11, wherein said rodent antibody fragment is a single chain antibody, a Fv fragment, 
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a Fab fragment, a Fab2 fragment or a Fab' fragment. 

13. The method of claim 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). 
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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 1 O or 11, wherein the rodent antibody or fragment thereof 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 set forth in Figures 3A and 38. 

Light Chain 

Position Human Mouse 

1 0 51 E 34A5S5 07609 E 6 

3 V 38 Q 24 S 24 Y 6 V63Q22 L5 

5 T61 L37 T87 

9 P 26 S 26 G 17 A 14 L 7 S36A29L17P5 

15 P62V25 L 12 L47 P30V8A 7 

18 R57S 18T13P6 R38K22S13Q12T9 

46 P94 P82S9 

47 G89 G 71018 

51 K43 R 31 K70Q 13 RS T5 

63 G91 G98 

66 0 43 S 25A9 038A26S26 

73 S96 S9015 

76 0 43 T 18 S 16 E 15 D67S15A5K5 

86 P 44 A 27 S 17 T 8 A 50 P 11 T 8 E 7 Q 6 

87 E 71 D 11 G 7 E9106 

111 K74 R 12 N 6 K93 

115 K54 L40 K87L5 

116 R60G33S5 R89G9 

117 Q50T 37 E6 P6 A74Q 14 P5 R5 

Heavy Chain 

Position Human Mouse 

118 E47Q46 E 59Q29010 

120 Q83T7 Q68K26 

122 V 59 L 15 Q 13 Q57V27 L5K 5 
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126 GS4A23P18 G 36 P30A29 

127 G 53 E 22 A 14 D 7 E45G43S 6 

128 L61 V31 F 7 L96 

130 K46Q41 ES K52Q27R17 

131 P95 P91 AS 

132 G74S16T7 G 82 S 17 

136 R 53 K 23 S 17 T 7 K66 S 17 R 13 

143 G96 G98 

145 T46S32N9l7 T63S19N7A5D5 

160 P 84 S 10 P89H 7 

161 G93 G 71 E 24 

162 K76Q10R8 K 50 Q 30 N 10 H 5 

183 D 26 P 25 A 17 Q 10 T 7 E31 P22D17A12Q11 

184 S70K9P8 K42 S37T6 

186 K53Q22R7N5 K83Q7 

187 G66S21 TS G62S18D10 

195 T30026N 19K7 T36K30N26D6 

196 591 S76A16 

197 K6518T8R5 S46K34Q 11 

208 R46T18K17D6 S67 A 14 T 11 

209 A50P21S13T8 E88 D7 

210 E46A18D13S9Z8V5 T53S43 

212 T91 

Table 1 

17. The method of claim 10 or 11, wherein the rodent antibody or fragment thereof to be humanized is murine 
antibody anti-N901. 

18. The met hod 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 3B. 

Light Chain 

Position Human Mouse 

1 D 51 E 34A5 S5 076Q9E6 

3 V 38 Q 24 5 24 Y 6 V63Q22L5 
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5 T61 L37 T87 

9 P 26 S 26 G 17 A 14 L 7 S36A29L17P5 

5 
15 P62V25 L 12 L47P30V8A7 

18 R 57 S 18 T 13 P 6 R38K22S13Q12T9 

46 P94 P82S9 

10 
47 G89 . G 71 D 18. 

51 K43 R 31 K70Q13R8T5 
G 

63 G91 G98 

15 
66 D43S25A9 D 38A26 S 26 

73 S96 S9015 

76 D 43 T 18 S 16 E 15 · D67S15A5K5 

20 
86 P44A27S 17 TB A50P11T8E7Q6 

87 E 71 D 11 G 7 E91 D6 

111 K 74 R 12 N 6 K93· 

25 115 K54L40 K87 LS 

116 R60G33S5 R89G9 

117 Q50T 37 ESP 6 A 74Q 14 PS R 5 

30 
Heavy Chain 

Position Human Mouse 

118 E47Q 46 E59Q29D10 

35 120 Q83T7 Q68K26 

122 VS9 L 15Q 13 Q57V27 L5KS 

126 G54A23P18 G3SP30A29 

40 127 G 53 E 22 A 14 D 7 E45G43S6 

128 L61 V31 F 7 L96 

130 K4SQ41E5 K52Q27 R 17 
45 

131 . P95 P91 A5 

132 G 74S 16T7 G 82 S 17 

136 R 53 K 23 S 17 T 7 K66 S 17 R 13 
50 

143 G96 G98 

145 T46S 32N 917 T 63 S 19 N 7 A 5 D 5 

55 
160 P 84 S 10 P89 H7 

161 G93 G 71 E24 
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162 K.76 Q 10 R 8 K 50 Q 30 N 10 H 5 

183 D 26 P 25 A 17 Q 10 T 7 E31 P22017A12Q11 

5 184 S70K9P8 K42 S37T6 

186 K53Q22R7N5 K83Q7 

187 G66S 21 T5 G62S18D10 

10 195 T 30 D 26 N 19 K 7 T36K30N2606 

196 S91 S 76 A 16 

197 K6518T8R5 S 46 K 34 Q 11 

15 
208 R46T 18K 1706 S67 A 14 T 11 

209 A50P21 S 13TB ESB 07 

210 E46A18013S9Z8V5 T53S43 
20 

212 T91 

Table 1 
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r 
Loop to be modelled 

1' 

Attempt to build loop by No ca11011ical form ! 
,...._ 

finding canonical forms H 

CDR length CDR length CDR length 
N = 5 or less N =5, 6or7 N = 8ormore 

I 
Search database for 
backbone conformations 

I 

1) Overlap loops onto framework 

2) Correct sequences 
3) Add explicit hydrogens 

4) Correct atom order 

I 
Delete mid section or each 

Construct backbone 
loop and c:onstrucl with 

by conformational search 
conformational generator 

Construct sidcchains with I 
conformational generator 

Calculate energy of each conformation 
using the EUREKA forcefield 

Select from the live lowest energies 
by FILTER algorithm 

I 
I 

,.._ 1\10DEL LOOP 
FIG. I 
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+ 
+ 

RodentFv 

+ 

FIG. 2 
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HumanFv 

Rodent Fv with 

human surface 

Rodent Fv with human 

surface and retained CDR 
supporting residues 
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FIG. 3A 
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O 20
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40 60 80 100 • . 
RESIDUE POSITION 

LFR 1 CDR LI LFR 2 COR L2 
I I I I I I ttttttttttttttttt 11 I *****~*I I 

LFR 3 
I I II 

COR L3 LFR 4 
*********** I Ill 

glb2 DIQMTQSPSSLSASLGERVSLTCRASQEISG------YLSWLOQKPDGTIKRLIYAASTLDSGVPKRFSGRRSGSDYSLTISSLESEDFADYYCLQYLS--YPLTFGAGTKLELJ<RA (SEQ ID NO: 1) 
lf dl DI(.l4TQSPASLSASVGETVTITCRASGNIHN- -----YT....AWYQOKOOKSPQLLVYYmIAOOVPSRFSGSGSG'l'JYSLKINSLQPEDFGSYYCQHFWS··TPRTFGGGTKLEIKRR ( SEQ ID NO: 21 
2hfl DIVLTQSPAIMSASPGEXV'OO'CSASSSVN··-----YMYWYQOKSGTSPKRWIYin'SKLASGVPVRFSGSGSGTSYSLTISSME'l'EDAAEYYcw,lGR-·NP·TFGGGTKLEIKRA (SEQ ID NO: 3) 
)hfm DIVLTQSPATLSVTPGNSVSLSCRASQSIGN-----·NLli1¥YQOKSHESPRLLIKYASQSISGIPSRFSGSGSGTDFrLSINSVETEDFGMYFCQ0SNS··WPY'l'FGGC:l'KLE!XRA (SEQ ID NO: 41 
2foj EIVLTQSPAITAASLGQKVTITCSASSSVSS······-LHWYQOKSGTSPKPWIYEISKLAro\l'PARFSGSGSGTSYSLTIN'IMEAEDAAIYY(.\)'Jffl··PLITFGAGTKLELKRA (SEQ ID NO: 5) 
2fb4 ESVLTQPPSASG·TPGQRVTISCTG'l'SSNIG····SITIINlfiQOLPGMAPKLLIYRIW!RProvPTRFSGSKSGTSASLAISGLEAEDESDYYCASWNSS!llSYVFGTGTKVTVLGQ (SEQ ID NO: 6) 
21!1Cp DIVMTQSPSSLSVSAGERffiSCKSSQSLLNSGNQKNFLAWYQOKPGQPPKLLIYGAMESGVPDRF'l'GSGSGTDFrLTISSVQAE!lLAVYYCQNDHS·· YPLTFGAGTKLEIKRA (SEQ ID NO: 7 I 
7fab -SVLTQPPSVSG·APGQRVTISCTGSSSNIG···AGNh'VKWYQOLPGTAPKLLIFl!NNA·······RFSVSKSGSSA'l'LAI'l'GLQAEDEADYYCQSYDR··SLRVFGGGTKLTVLRQ {SEQ ID NO: 81 
4 fab DVVMTQTPLSLPVSLGDQASISCRSSQSLVHS ~RWYLQKPGQSPKVLIYKVSNRFSGVPNRFSGSGSGTDrrLKISRVEAEDLGVYFCSQSTH ··VPWTFGGG'!.'KLEIKRA ( SEQ ID NO: 9) 
lfl9 DIOMTQTrSSLSASLGDRVTISCRASQDISN· • • • --YLN\lf"YQOKPOO'I\IKLLVYYTSRLl!SGVPSRFSGSGSGTDYSLTISNLEHEDIATYFCQQGST··TPRTFGGGTKLEIKRR ( SEQ ID NO: 10 I 
6fab OIQMTQIPSSLSASLGDRVSISCRASQDINN··-···FLNWYQOKP!X:l'!KLLIYFTSRSQSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNA-·LPRTFGGGTKLEIKRA (SEQ ID 11'0: 11) 
ldfb DIQMTQSPSTLSASVGDRVTi~QSISR-·····Wl.~w"YQOKPl'.:Klr?KLLIYKASSLESGVPSRFSGSGSGTEFTLTISSL-OPDDFATY'!CQQYNS··--YSFGPGTKVDIKRT (SEQ ID NO: 12) 

m 
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