MODIFIED ANTIBODY CONSTANT REGION Technical Field 5The present invention relates to
antibody constant regions that have improved physigcochemical properties (stability and homogeneity),
immunogenicity (antigenicity), and safety, and/or half-life in plasma; and antibodies comprising the
constant regions. Background Art 10Antibodies are drawing attention as pharmaceuticals as they are
highly stable in plasma (blood) and have few adverse effects. Of them, a number of IgG-type antibody
pharmaceuticals are available on the market and many antibody pharmaceuticals are currently under
development (Non-patent Documents 1 and 2). Almost all antibody pharmaceuticals currently available
on the market are of the IgG MOSUBHHAIANTER QIPE AidivodiaNarBekgpedied be useful as anti-cancer
antibody pharmaceuticals since they can bind to Fcy receptor and exert ADCC activity. However,
binding of the F¢c domain to Fey receptor, which is important for effector function such as ADCC, can
cause @éﬁ%ﬁﬁ%verse effects, and thus it is preferable to eliminate such binding activity from
antibody pharmate yitesdatintensiad et neutsaizibgdiclagicattactionhs (htarhpaténpReedment 3).
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unnecessary adverse effects, and thus it is preferable to eliminate such binding activity from

antibody pharmaceuticals imtended for neutralizing biological activity (Non-patent Document 3).

20 Furthermore, since Fcy receptor 1s expressed in antigen-presenting cells, molecules that bind to
Fey receptor tend to be presented as antigens. It has been reported that immunogenicity is and
can be enhanced by linking a protein or peptide to the Fc domain of IgG1 (Non-patent Document
4 and Patent Document 1). Interaction between the antibody Fc domain and Fey receptor is
thought to be a cause of the serious adverse effects encountered in phase-I clinical trials of

25  TGN1412 (Non-patent Document 5).  Thus, binding to Fey receptor is considered unfavorable
in antibody pharmaceuticals intended for neutralizing the biological activity of an antigen from
the perspective of adverse effect and immunogenicity.

A method for impatring the binding to Fey receptor is to alter the subtype of the IgG

antibody from IgG1 to IgG2 or IgG4; however, this method cannot completely inhibit the

30  binding (Non-patent Document 6). One of the methods reported for completely inhibiting the
binding to Foy receptor is to artificially alter the Fc domain.  For example, the effector functions
of anti-CD3 antibodies and anti-CI34 antibodies cause adverse effects.  Thus, amino acids that
are not present in the wild type sequence were introduced into the Fey-receptor-binding domain
of F¢ (Non-patent Documents 3 and 7), and clinical trials are currently being conducted to assess

35  anti-CD3 antibodies that do not bind to Fey receptor and anti-CD4 antibodies that have a mutated
Fc domain (Non-patent Documents 5 and 8).  Alternatively, Fey receptor-nonbinding antibodies



2 can be prepared by altering the FcyR-binding domain of IgG1 (at positions 233, 234, 235, 236, 327,
330, and 331 in the EU numbering system) to an IgG2 or IgG4 sequence (Non-patent Document 9 and
Patent Document 2). However, these molecules contain novel non-natural peptide sequences of nine
to twelve amino acids, which may constitute a T-cell epitope peptide 5and thus pose immunogenicity
risk. There is no previous report on Fcy receptor-nonbinding antibodies that have overcome these _
problems. Meanwhile, physicochemical properties of antibody proteins, in particular, homogeneity
and stal§ ,eal?ée%??\ﬁcl?ﬁ el %@%@%Wﬂgépﬁ?ﬁ’rﬂﬁﬁfﬁé RS L Fort tedd0230btype,
heterogéR@ity3drigiriaiad iﬁndm&ﬁmmd)brjpgisjmhﬁ hingel petfian hesheenaspaiten-HaENon-patent
Documanéd aaes e puRacHaRlel: 1S BRheaN (GBS hismiasaaImagRHlical in

large-scale while maintaining the objective substances/relate stances related heterogeneity

betweeR FTOM0 SEHIRICHH O5 TR PGS AMIES Hrislycxiiahaay FAOERES pdssmleripPrpBBpiie
moleculesddbue pedamphegenideutichls. THER aneblgfediate wpsiableRndetasidiccamditians. 19G

type antibadiesarg inlrgensial. exnased [ '_ conditions in the purification process using Protein
A and the virus inactivation process. T%ué%@gﬁ%gn is needed regarding the stability of IgG2 and 1gG4

during these pr&@@%@@@%@n@ﬁﬁ?ﬁ?@?&%@fﬁﬂ%ﬁﬁg@mB@@H@véﬁdﬁé&@éapm@imals are
also stahiel sbditaciticveenditions iNatitel ephantlopiedibaty FietreecepiRERON m&daz ZHQOhIgGQbod Ih es
derived | SN% C ts 6§ and 7_and Patent Document ve suc
problemgs{l.%l 'sgi%%stl% %%téé olv Qﬁé%%%&%ﬁ%ﬁﬁ%ﬁ%%@a@ﬁr%ngﬁt%%ic%%?ﬁt%e% & 0§§§uticals.
1g&8-typ@Nsriprsen Sarumsmiil/ BrdiBBieny ResrmeRid bonHitfore, east hadegieiot Hsmregeneity
originateddremnvelisicdide hegesdaldhmilngRiRgoRn dsiRsshiowRri @_gﬁkﬂ%@@x@iaﬁéﬂ' QQ&H%%%E@V;‘/?VH,
lgGl-typ tipodies are reported to undergo non-gnzymatic peptide ond cleavyage in the hinge
region e S A Rt o e R PO 2

impuritie® sablertos piiken sastaruize derderetiys pherneasieatikaln overcome the generation of impurity

when developingentigeniesinieeRiapacenticals divdhesmere. fogbetesedansityiel theif-terminal
seguence of aln antib%d%, deletion 8f

géneral exposed ' acidic conditions in the purification process using Protein A and the virus
inactivation process. Thus, attention is needed regarding the stability of [gG2 and IgG4 during
these processes, and it is preferable that antibody molecules developed as pharmaceuticals are
also stable under acidic conditions. Natural IgG2 and IgG4, and Fey receptor-nonbinding
antibodies derived from IgG2 or IgG4 (Non-patent Documents 6 and 7 and Patent Document 2)

20 have such problems. It is desirable to solve these problems when developing antibodies into
pharmaceuticals.

IgG1-type antibodies are relatively stable under acidic conditions, and the degree of
heterogeneity originated from disulfide bonds in the hinge region is also lower in this type of
antibodies. However, IgG1-type antibodies are reported to undergo non-enzymatic peptide

25  bond cleavage in the hinge region in solutions when they are stored as formulations, and Fab
fragments are generated as impurities as a result (Non-patent Document 11). 1t is desirable to
overcome the generation of impurity when developing antibodies into pharmaceuticals.

Furthermore, for heterogeneity of the C-terminal sequence of an antibody, deletion of
C-terminal amino acid lysine residue, and amidation of the C-terminal amino group due to

30 deletion of both of the two C-terminal amino acids, glycine and lysine, have been reported
(Non-patent Document 12). It is preferable to eliminate such heterogeneity when developing
antibodies into pharmaceuticals.

The constant region of an antibody pharmaceutical aimed for neutralizing an antigen
preferably has a sequence that overcomes all the problems described above. However, a

35  constant region that meets all the requirements has not been reported.

A preferred form of antibody pharmaceutical administration is thought to be
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not been reported.  Thus, there are demands for antibody constant regions that have overcome

the problems described above.

20 Documents of related prio-r arts for the present invention are described below.
[Non-patent Document 1] Janice M Reichert, Clark J Rosensweig, Laura B Faden & Matthew C
Dewitz. Monoclonal antibody successes in the clinic. Nature Biotechnology (2005) 23,
1073-1078
[Non-patent Document 2] Paviou AK, Belsey MJ. The therapeutic antibodies market to 2008.

25  Eur. J. Pharm. Biopharm. 2005 Apr;59(3):389-96
[Non-patent Document 3] Reddy MP, Kinney CA, Chaikin MA, Payne A, Fishman-Lobell J,
Tsui P, Dal Monte PR, Doyle ML, Brigham-Burke MR, Anderson D, Reff M, Newman R,
Hanna N, Sweet RW, Truneh A. Elimination of Fc receptor-dependent effector functions of a
modified 1gG4 monoclonal antibody to human CD4. I. Immunol. 2000 Feb 15;164(4):1925-33

30 [Non-patent Document 4] Guyre PM, Graziano RF, Goldstein J, Wallace PK, Morganelli PM,
Wardwell K, Howell AL. Increased potency of Fe-receptor-targeted antigens. Cancer Immunol.
Immunother. 1997 Nov-Dec;45(3-4):146-8
[Non-patent Document 5] Strand V, Kimberly R, Isaacs JD. Biologic therapies in rheumatology:
lessons learned, future directions. Nat. Rev. Drug Discov. 2007 Jan;6(1):75-92

35  [Non-patent Document 6] Gessner JE, Heiken H, Tamm A, Schmidt RE. The 1gG Fc receptor
family. Ann. Hematol. 1998 Jun;76(6):231-48
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30  Disclosure of the Invention

[Problems to be Soived by the Invention]

The present invention was achieved in view of the above circumstances. An objective
of the present invention is to provide antibody constant regions that have improved
physicochemical properties (stability and homogeneity), immunog'enicity, safety, and

35  pharmacokinetics (retention in plasma (blood)) by amino acid alteration.



[Patent Document 2] WO 99/58572 [Patent Document 3] US 2006/0194280 30Disclosure of the
Invention [Problems to be Solved by the Inventiong The present invention was achieved in view of
the above circumstances. An objective of the present invention is to provide antibody constant regions
that have improved physicochemical properties (stability and homogeneity), immunogenicity, safety,
and 35pharmacoilcinetics (retention in plasma (blood)) by amino acid alteration. 5 Summary Ina
first as “there is provided a human antibody constant region with reduced C-terminal heterogeneity
of any one of: (a) a human antibody constant region that comprises deletions of both Gly at position

329 (position 446 H}&Q@E&H ALTRSINGSY SRML AN b A RASIHAR:3RQ RSO ¢4 4 iR the EU

numbering system) in the amino acid sequence of SEQ'ID NO: 1, wherein the deletions have no effect
on the tAEFRMEFSEEHNRHPESHE domain; (b) a human antibody constant region that comprises deletions
of both Gly at gosition. 325 {Besitiam446: ik ihs Bldrumpesingisysiem banekh ys pipesiliom 326 (position
447 in the EU,GURBENNG sYSIeT)imieaming asi)sequance pfSRR IBoNistionkarzin the deletions
have no effeckon herhermakaiabilityief & dermaiuuand: (chahumarantibodyeootistant region that
comprises delgtignsohReih Glyrat Resiionmdaa(pesilion A4B B tombak; numbering system) and Lys at
position 327 (pgsitiemdd &inthe, Ebhaumbering systempinsthdasmins atibbseieatpositBEGED NO: 3,
wherein the delgtiens hayenpeaffectamnthindheseal)stabllify of @kiddoMaimdsitosectnd dspect, there
is provided a umam:Bathodyseansiartdegion aodprising:the SRMEDEBIA:skouenes 8f<SEQ ID NO: 5.
In a third aspegliethigrenis proviged:ahumarantodiltprdt@it Y dgiomizomgrising the amino acid
sequence of SEQ Han@arfiilody taukiraspgict thereoismisvided:admamboantibodyresHstadtfegion
comprising thepasiiina acidiseguietceobiQ PO} S1d Lys at position 327 (position 447 in the

EU numbering system) in the amino acid sequence of SEQ 1D NO: 3, wherein the

deletions have no effect on the thermal stability of CH3 domain.

In a second aspect, there is provided a human antibody constant region comprising the amino acid

sequence of SEQ ID NO: 5.

In a third aspect, there is provided a human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 7.

In a fourth aspect, there is provided a human antibody constant region comprising the amino acid

sequence of SEQ ID NO: 9,

In a fifth aspect, there is provided a human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 35,

In a sixth aspect, there is provided a human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 37.

In a seventh aspect, there is provided a human antibody constant region comprising the amino
acid sequence of SEQ ID NO: 43,

In an eighth aspect, there is provided a human antibody constant region comprising the amino

acid sequence of SEQ ID NO: 57 (M40AGK).

In a ninth aspect, there is provided a human antibody constant region comprising the amino acid
sequence SEQ ID NO: 55 (M86AGF).

In a tenth aspect, there is provided an antibody comprising the constant region as defined above.



In a fifth aspect, there is provided a human antibody constant region comprising the amino acid
sequence of SEQ ID NO: 35. In a sixth aspect, there is provided a human antibody constant region
comprising the amino acid sequence of SEQ ID NO: 37. In a seventh aspect, there is provided a
human antibody constant region comprising the amifo acid sequence of SEQ ID NO: 43. In an eighth
aspect, there is provided a human antibody constant region comprising the amino acid sequence of
SEQ II_:)_NO: 57 (M404G-K). In a ninth aspect, there is provided a human antibody constant region
comprising the aminerditeecapaeeiSEQ RN 55 {MIBAGFEpBaantibdyAeBrEtHa<PEt there is
provided an; ’Iggﬁl Lrsg ?F:nc%%orvgntibody comprising the constant region as defined above. In a twelfth
aspect, there Is provi eda p%aiinaceutical composition comprising the antibody as defined above.

[Means for Solving the Prablems Th ' | i
. . herc D6 RrESEILINYEnLoNs SpasksadHedisaten smaiestta generate
antlbo_dy constant J@ﬁ’l%“ﬁesl %gipgré mﬁfc?rbs\%d ;t”hroutgh alternation of their amino acid sequences and
have mprov@ﬂipm@@mhemical properties (stability and homogeneity), immunogenicity, and safety,
ano! pharmacolplnetlcs. As a result, the present inventors successfully improved antibody constant
region to hmmrﬁg&d@&gbﬂ&fﬁﬂdm}:id conditions, reduced heterogeneity originated from
disuifide bonds in t e?é%@s%ﬁ?ﬁ{%‘m@g%ﬁﬂlﬁ%‘é& QQenslY Qrginalsd dremithatibehaisoasteriisnand

r
increased stability at concentrations, as well as discovered novel const%nt re%ion segyences

having redﬂb@@ﬁe@@@@p@@h@h@rﬁétéﬁm% WS ARHRR AR BRSSP R OTHTYER I epitope
peptides. ph IRBANESRAL IRYEBHRA (sl jouahlibedyeosistantregiorestheit nrandugsésivr dhderms of

safety, immunogenicity risk, physicochemijcal pr ' ili ) it
SharmmacolGHERBER BB AU B ) D A, SUMRCOc Aty comsant
antibody carsfanttoeyivn jpsiveasnd sebiti E@ﬁﬁ‘pé@ﬁ6ﬁ§@&9¥&ii§ﬁ4§‘§@ﬁéﬁﬁﬂ%ﬁﬁﬁ}%ﬁ’aglﬁg@ﬁ%gg For
fgoag]cgg taﬁ%ﬁ%ﬂgﬁ%&g%wmg@@a%ssﬁmmmaasgeﬂmfﬂdmammmmm&mmmm
J ar]tgr(r)nqrem?s,'and increased stability at high concentrations, as well as discovered novel constant

region sequences having reduced Fey receptor-binding activity, while minimizing the generation
of novel T-cell epitope peptides.

The present invention relates to antibody constant regions that are superior in terms of
safety, immunogenicity risk, physicochemical properties (stability and homogeneity), and
pharmacokinetics a through improvement by amino acid alteration; antibodies comprising such
antibody constant region; pharmaceutical compositions comprising such antibedy; and methods
for producing them. More specifically, the present invention provides:

[1] a human antibody constant region of any one of:

(a) a human antibody constant region that comprises deletions of both Gly at position 329
(position 446 in the EU numbering system, see sequences of proteins of immunological interest,
NIH Publication No.91-3242) and Lys at position 330 (position 447 in the EU numbering
system) in the amino acid sequence of SEQ ID NO: 1,

(b) 2 human antibody constant region that comprises deletions of both Gly at position 325
(position 446 in the EU numbering system) and Lys at position 326 (position 447 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 2; and

(c) & buman antibody constant region that comprises deletions of both Gly at position 326
(position 446 in the EU numbering system) and Lys at position 327 (position 447 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 3;

[2] an IgG2 constant region in which the amino acids at positions 209 (position 330 in the EU
numbering system), 210 (position 331 in the EU numbering system), and 218 (position 339 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 have been substituted

with other amino acids;



(a) a human antibody constant region that comprises deletions of both Gly at position 329 (position
446 in the EU numbering system, see sequences of proteins of immunological interest, NIH
Publication N0.91-3242) and Lys at position 33Q,{position 447 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 1; (b) a human antibody constant region that comprises
deletions of both Gly at position 325 (position 446 in the EU numbering system) and Lys at position

326 (pgglnug%ﬁz%&a% smﬁfwgaya&@%m@?ﬁ@@%@% t;@gtty%o% 5»%5@1 f;2; and (c)

a hum dy constant glon that comprises deletion t pos posmon 446 in
the EU RURIBEHESESSIanT dhpianide aeissiaancnoy thoERoW MNP iR trs Bxememhpiéntasl syikem) in the
amino agigisegueneeaefdSEQ ID NO: 3; [2] an 1gG2 constant reglon in which the amino acids at

posmo ition 33 in the.EU nu system) ositi jon 331in tg umbering
system ? j ﬁ%i(poa fgﬁ)lnl{’hebé#num eﬁ%{ga %}%téétz %) e am 8356?51 E&E rt?&%r% SEQ ID
NO: 2 Havahssiag §Mﬁ§mhté%ﬂmﬁtn@ﬁéﬂmmé}@£dé n@bbﬁg]r)ars}'g@@b@ndfanﬁ feiositinnifizmthe
amino agiral PReHbRR Y & (ResiianRMhihine-fa ke G sYstenldn theamine Asidseaugnce of
SEQ ID NO: 2 has been substituted with another amino acid; [4] an Ig02 constant region in which the
amino acids at positions 14 (position 131 in the Eli numbering system), 102 (position 219 in the EU
numbering system), and/or 16 (position 133 in the EU numbering system) in the amino acid sequence
of SEQ ID NO: 2 have been substituted 6 with another amino acid; [5] the IgG2 constant region of [4],
in which the amino acids at positions 20 (position 137 in the EU numbering system) and 21 (position
138 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 have been substituted
with other amino acids; 5[6] an IgG2 constant region in which His at position 147 (position 268 in the
EU numbering system), Arg at position 234 (position 355 in the EU numbering system), and/or Gin at
position 298 (position 419 in the Eli numbering system) in the amino acid sequence of SEQ ID NO: 2
have been substituted with other amino acids; [7] an IgG2 constant region in which the amino acids at
positions 209 (position 330 in the EU 10 numbering system), 210 (position 331 in the EU numbering
system), 218 (position 339 in the EU numbering system), 276 (position 397 in the EU numbering
system), 14 (position 131 in the EU numbering system), 16 (position 133 in the EU numbering
system), 102 (position 219 in the EU numbering system), 20 (position 137 in the EU numbering
system), and 21 (position 138 in the EU numbering system) in the amino acid sequence of SEQ ID
NO: 2 have been substituted with 150ther amino acids;



[8] the 1gG2 constant region of [7], which further comprises deletions of both Gly at position 325
(position 446 in the EU numbering system) and Lys gt position 326 (position 447 in the EU numbering
system); [9] an IgG2 constant region in which the amino acids at positions 276 (position 397 in the EU
20numbering system), 14 (position 131 in the EU numbering system), 16 (position 133 in the EU
numbering system), 102 (position 219 in the EU numbering system), 20 (position 137 in the EU
numberin ysteﬁg, and 21 (position 138 in the EU numbering system) in the amino acid sequence of
SEQ ID PRETE BEEHP &bistituted with other amino acids; [10] the 1gG2 constant region of [9],

which fuffiéhetgRprisestdetetioins of bbtChhityhsition25328 (Rowbio BN he Bk Mymbering

egion s T kUit 16

region in which C t position 14 (position 131 in the E s _

(positionse.‘L‘§l§ﬁ’r‘?“=ti‘}/éS %ﬁ%%@fiﬁ&%%%?@iﬁé‘%%%@@ﬁ@ FOR/BHA19 in the EU numbering
system) [ @ lendigfidsitimst 26 {poisitiomn \&&Eﬁﬂiﬁ&tﬁdéﬁﬂmfﬂm@@@i%ﬁt@%ﬁrﬁ% Hpasitionl (p05)ition
138int u i , His.; iti osition 268 in the EU ering system), Arg
at positi%?l%m(ffggi%rci)%gggéﬁﬁégﬁlﬁh%ﬁg%%%%s em %%%P&%Sgiﬁﬁf)@ﬁfghw BASRIARE in the
EU numbetiRPEyaB ) itk ki mombrrisesusaey 81 be @b aoidshavenbeehSDIMANEY Yith other
amino abig befhXutheitgewioh sthet segienaefds 1], which further comprises deletions of both Gly at

position Iti [ numbering system).and.Lys osition 326_(position 447 in the
EU num?jr?ég é%gtsg%%ﬂ%%%%éggqﬁ%&cc%%%’rl]%roea%als i%t%%%%gﬁﬁ{%t SIS iﬁ’ﬁo@ﬁlgﬁ] 131in

9 : . .
thd U m@ﬁﬁ% g%tz?\)g @@zﬁw;ﬁ %tbpﬁii@mgﬁhﬁ@)naw@mgw@p @glﬁa’tu
position ), 77 i1 HGSEIIeMn Gl HRHgN itioR 71:3;
numberi g)%f%& Qtl %or% 1Zlhl(g.)?sit' n %@B in tFe EU%numbernt%@E%?ng)l? }—|3|]é gxt@éc%ftlizon 147
(positionﬂgré%yln_t e n%m%@%sgf gﬁls%em}?gf% SOERRSABS YRS d T 26 g2 B Rihedeing
system) NEHPEHRS SHATD o0 (Resitism 439 in theF Unnorbberin gysyston)y bl (Assiddrpositionial 3
(positiorE4Bumiee 4 Rum) eh gk SYStesmkia E@g&ﬁﬂ@%@@tﬁbsﬁﬂ HeHCs ﬁé%%ﬁ&%&&mﬂ?ee”

su?éstituto with 1othg£i gnino acids; [14] the 1gG2 constant region of [13], which further comprises
deletions o?lbaolfhrﬁly at position
[8] the 1gG2 constant region of [7], which further comprises deletions of both Gly at position 325

(position 446 in the EU numbering system) and Lys at position 326 (position 447 in the EU
numbering system);
[9] an IgG2 constant region in which the amino acids at positions 276 (position 397 in the EU
20 numbering system), 14 (position 131 in the EU numbering system}, 16 (position 133 in the EU
numbering system), 102 (position 219 in the EU numbering system}, 20 (position 137 in the EU
numbering system), and 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 have been substituted with other amino acids;
110} the JgG2 constant region of {9], which further comprises deletions of both Gly at position
25 325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 in the EU
numbering system);
[11] an IgG2 constant region in which Cys at position 14 (position 131 in the EU numbering
system), Arg at position 16 (position 133 in the EU numbering system), Cys at position 102
(position 219 in the EU numbering system), Glu at position 20 (position 137 in the EU
30  numbering system), Ser at position 21 (position 138 in the EU numbering system), His at
position 147 (position 268 in the EU numbering system), Arg at position 234 (position 355 in the
EU numbering system), and Gln at position 298 (position 419 in the EU numbering system) in
the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids;
[12] the 1gG2 constant region of [11], which further comprises deletions of both Gly at position
35 325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 int the EU
numbering system);



10325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 in the EU
numbering system); [15] an 1gG4 constant region in;which the amino acid at position 289 (position 409
in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3 has been substituted with
another amino acid; 15[16] an IgG4 constant region in which the amino acids at position 289 (position
409 in the EU numbering system), positions 14, 16, 20, 21, 97, 100, 102, 103, 104, and 105 (positions
131, 13113137,{13 2 214, 217, 219"220’-22% and 222 in the EU numbering system, respectively), and
positions 21 37 1842 0051A% Tpeidhe8is8 BA RTS8 i ReEmdAlberihg Slshmbraasectively),
have beerstsubstittged puisitiothes Grsitioadisls atie: tEE amitteAaidsatpasitions bl 6@i@ositon 236 in
the EU i t . 0 j ' £S NO: 3; [17] the
0G4 o o L B Bt o6 (positon
446 in VS AATSIRY <y ESHHEHIPE v RPIDRREIR hoStorabriRgy o hfbaling system);
25[38] apokifinth ddAsianttioqiDEsimwii EUASOrEHASIHOSIRY, m@ﬂtipas&%m%ﬁ@&i‘tiﬁﬁrﬁbﬁﬂﬂﬂw g
system)+ tﬁ‘&ﬂ;@@ﬂﬁ i q s;heen suhbstituted with another aming acid,;
[19] the %@Gl.qonstan?%q&q "of [1 ﬁ%ﬁ‘?f?%%h%%é&%%ﬁgeg%eg ions odB%‘“t’ﬁl%Wsé nﬁiﬂéﬁf‘%ﬁg P9
(positiorf RS icihd IBUNsSHiBR ARG Byde Rl asmbsrng pesmenin i goiaenids7awetse EPEQ
numberifiy Syt iy e[ 3edautgGRieansianihegieni b wiieh Ala at position 209 (position 330 in the EU
numberi temy, P ition Qsitign. 331 in the EU numberin st Thr at position 218
(positionﬁ C’?{’fg‘ %? : ezEﬁgns_?Jér%%%e%#}ggn gﬁeéﬁ)ﬁ”%% ﬁxé)%iﬁgnmgﬁsfﬁods%%lr? ﬂ%i%inoﬁ%zaw&ﬁ?ﬁg’é’ﬁng
system)3Ardrasiisants 1sthsdaiisnmbairetsisED rinhboing rysitom B 0\e et $BpésitionttoE Yposition
219 in therkabtRiwniersng system), Glu at position 20 (position 137 in the EU numbering system), and

Ser at ppsition osition 138.in the EU.numbering system) in the 8 aming acid sequence of SEQ ID
No-2 hod B e R R i e PO S e 2 Sh e R A G Ta6g S
further CoHINGEES SEsEahidhd et gcd pepitinee 35S FSd IR 4bhias thee £ Sibrtinbet ingtisystem) and

Lys at pgséidt a#fnPasition 447 in the EU numbering system); 5[22] an IgG2 constant region in which

o 1 tion 131 in the El . | o |
CyISS at p[q%l]tlf%] Igéﬁp&%g‘gﬂt rgéég En%rﬁghntﬂgn En?urg]ogamds at position: 289 (position 409 in the EU

numbering system), positions 14, 16, 20, 21, 97, 100, 102, 103, 104, and 105 (positions 131, 133,
137, 138, 214, 217, 219, 220, 221, and 222 in the EU numbering system, respectively), and
positions 113, 114, and 115 (positions 233, 234, and 235 in the EU numbering system,
respectively), have been substituted with other amino acids, and the amino acid at position 116

20 (position 236 in the EU numbering system) has been deleted from the‘ amino acid sequence of
SEQ ID NO: 3;

[17] the IgG4 constant region of [16], which further comprises deletions of both Gly at position
326 (position 446 in the EU numbering system) and Lys at position 327 (position 447 in the EU
numbering system);

25 [18] anIgGl constant region in which Asn at position 317 (position 434 in the EU numbering
system) in the amino acid sequence of SEQ ID NQ: 1 has been substituted with another amino
acid;

[19] the IgGG1 constant region of [18], which further comprises deletions of both Gly at position
329 (position 446 in the EU numbering system) and Lys at position 330 (position 447 in the EU

30 numbering system);

[20} an IgGG2 constant region in which Ala at position 209 (position 330 in the EU numbering
system), Pro at position 210 (position 331 in the EU numbering system), Thr at position 218
(position 339 in the EU numbering system), Cys at position 14 (position 131 in the EU
numbering system), Arg at position 16 (position 133 in the EU numbering system), Cys at

35 position 102 (position 219 in the EU numbering systern), Glu at position 20 (position 137 in the
EU numbering system), and Ser at position 21 (position 138 in the EU numbering system) in the



system), Arg at position 16 (position 133 in the EU numbering system), Cys at positiqn 102 (position
219 in the EU numbering system), Glu at position 20 _(position 137 in the EU numbering system), and

Ser at position 21 (position 138 in the EU numberinggsystem) in the amino acid sequence of SEQ ID

NO: 2 have been substituted with other amino acids; 10 [23] the IgG2 constant region_ of [22], which
further comprises deletions of both (By at position 325 (position 446 in the EU numbering system) and
Lys at position 326 (position 447 in the EU numbering system);  [24] a human antibody constant
region cERBISHSH FRIBeRRT ASEQR EG06A:3 b GRedDsNGtifted With]dher amamantidady constant

oo com i o e 2 scatonte of S0 D NGB 2 s T RN c%%%?ﬁ‘l‘m‘reg.on
the, aming a ence o

Li%%?lglgr\%gt)ﬁ% amlnod'ggl1 s%éq%ien %%é{f@ﬁ% MR aé%é]aél?ﬂﬁmﬁﬂ SR Efiddrin b

comprisitighermsiTis gt sequence of SEQ ID NO: 36; [29] a human antibody constant reglon

comprisi2{ha aunessidsaduencs BB IDNG: oy 110k man s onsiant eoion

no acid, seq ce of S 43; 20[3 uman ant cons an{lgeglon
ggmg;:z:éf; Z')ggi%ﬁo a%fﬁlg%ld ngssgf%g%msmgggﬂgmmézgiﬂf%ﬁf&??@ﬁﬁ%owEmOdy constant
region capapitising tAérathirid buidrdeguesgst it B33han
compnsmﬂh@rﬁ@meiﬂpmsmw&%efz[ﬂ Béﬁ?dn %§b3 Qaégpf' IrBdRsERIAIam DORY

f[l ];and |3 armaceu cho po
comprisi TAE O SARTHELIOr S By SFe LPEEF DI BREHBASERp IR TIEDidANGS s
is dgradh Hrtbwigd theorssait oigiming §] fummmmmwmbﬁé&Mmm?@ GRS r
aggregates @Né’iﬁdﬂ@%"‘ﬂrﬂe@@@’n\ﬁgﬁ %%g&%ﬁ%ﬁg¥ ?ng I&GE Slil I| e Zgy I@F loric

acid elution. Fig. 2 |s a diagram showi 0 cat| BXch ange
analyss”é‘l’%nf&ﬁ ) G2, and WT-lg04. Fig. 3 is a diagram showing predlcted disulfide bondlng

in the hibidfd relgioreofantibody constant region comprising the amino acid sequence of SEQ ID NO: 5;
[25] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 7;
15 [26] 2 human antibody constant region comprising the amino acid sequence of SEQ ID NO: 9;

2

[27] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 35;
[28] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 36;
[29] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 37;
[30] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 43;

20 [31] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 57
(M40AGK);
[32] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 35
(M8B6AGK);
[33] an antibody comprising the constant region of any one of [1]to [32];

25 [34] an anti-IL-6 receptor antibody comprising the constant region of any one of [1] to [32}; and
[35] a pharmaceutical composition comprising the constant region of any one of [1] to [32].

Brief Description of the Drawines

Fig. 1 is a graph showing the result of using gel filtration chromato graphy to analyze the
30 content of aggregates in WT-IgG1, WT-1gG2, WT-IgG4, 1gG2-M397V, and 1gG4-R409K
purified by hydrochloric acid elution.
Fig. 2 is a diagram showing the result of cation exchange chromatography (IEC)
analysis of WT-IgGl, WT-1gG2, and WT-IgG4.
Fig. 3 is a diagram showing predicted disulfide bonding in the hinge region of
35 WT-IgG2.

Fig. 4 is a diagram showing predicted disulfide bonding in the hinge region of



35 WT-1gG2. Fig. 4 is a diagram showing predicted disulfide bonding in the hinge region of 9
1902-SKSC. Fig. 5 is a diagram showing the regult of cation exchange chromatography (IEC)
analysis of WT-1g02 and 1g02-SKSC. Fig. 6 is a diagram showing the result of cation exchange
chromatography (IEC) 5analysis of humanized PM-1 antibody, H chain C-terminal AK antibody, and H
chain C-teiniinal AUK antibody. Fig. 7 shows comparison of the amounts WT-1gGl, WT-1gG2,
WT-1gG4, WT-M14AGK, WT-M17AGK, and WT-MI1AGK bound to FcyR1. Fig. 8 is a graph
showind €8Mparion of the amounts WT-IgGl, WT-IgG2, WT-IgG4, 10 WT-M14AGIC, WT-M17AGK,

and WT-MI1AGKipauizchtdideseyiihowing ifie 9dsub gfaptshexving coaparisesyaifhe@munts WT-IgGl,
WT-IgG%M&Qg@%Wi%—%C% WMA7AGK, and WT-MILAGK bound to FcyRIIb. Fig. 10 is a

graph showing comparison of the amounts WT-IgGl, WT-19G2, WT-1g04, WT-M14AGK, WT-M17AGK,
and WT-M11AGKE8ha dreapris wag)thesemyltof riograxtharesintpmetsebis €BLaggregation in
a stabilignibgii T WintgsredPTAM 4AGISy VT cMid AGKaRs Wi MidRSK atdigheoncenirations.

Fig. 12 (%%@BB showing the increa;e of Fab fragments ina stab_ility teg.t for WT-IgGI, WT-M14AGK,
WT-M17AGK, a 8 -M11AGK at high concentrations. Fig. 13 is a diagram showing the
result of cation éXehaFRSEHoRREOHREEIE EOPRaaNalyEesdf WT-lgB82, Wi-IgG4AGK, and
WT-M3IRGKI14AGRIgWIA i 17 S@RN-sowngheAime wamses i plasma concentrations of WT-1gG1
araph showing (1 (o LB L O e BAREEh o A ot v A2 IR EHd
WitM 7 3tad ithatiendls Hd miiists andnd AdiaxGic Reundne genRd 25 mice.

Fig. 9 1s a graph showing comparison of the amounts WT-IgG1, WT-1gG2, WT-IgG4,
WT-MI4AGK, WT-MI7AGK, and WT-M11AGK bound to FeyRIIb.

Fig. 10 1s a graph showing comparison of the amounts WT-1gG1, WT-IgG2, WT-IgG4,
WT-MI4AGK, WT-M17AGK, and WT-M11AGK bound to FeyRIIla (Val).

15 Fig. 11 is a graph showing the increase of aggregation in a stability test for WT-IgG1,
WT-MI4AGK, WT-M17AGK, and WT-M11AGK at high concentrations.

Fig. 12 is a graph showing the increase of Fab fragments in a stability test for WT-IgG1,
WT-MI14AGK, WT-M17AGK, and WT-M11AGK at high concentrations.

Fig. 13 is a diagram showing the result of cation exchange chromatography (IEC)

20  analysis of WT-IgG2, WT-M14AGK, and WT-M31AGK.

Fig. 14 15 a graph showing the time courses of plasma concentrations of WT-IgG1 and
WT-M14 after intravenous administration to human FcRn transgenic mice.

Fig. 15 1s a graph showing the time courses of plasma concentrations of WT-IgG1,
WT-M44, WT-M38, and WT-M73 after intravenous administration to human FcRn transgenic

25  mice.

Fig. 16 is a diagram showing a cation exchange chromatography-based assessment of
the effect on heterogeneity by the constant region of anti IL-6 receptor antibodies WT and
F2H/L.39, anti-IL-31 receptor antibody HOLG, and anti-RANKL antibody DNS.

Fig. 17 is a diagram showing a cation exchange chromatography-based assessment of

30 the effect on heterogeneity by the CHI domain cysteine of anti IL-6 receptor antibodies WT and
F2H/L39.

Fig. 18 is a diagram showing a DSC-based assessment of the effect on denaturation
peak by the CHI domain cysteine of anti IL-6 receptor antibody WT and F2H/L39.

Fig. 19 is a graph showing the activities of TOCILIZUMAB, the control, and Fv5-M8&3

35  to neutralize BaF/g130.

Fig. 20 is a graph showing the activities of TOCILIZUMARB, Fv3-M73, and Fv4-M73 to



Fig. 16 is a diagram showing a cation exchange chromatography-based assessment of the_eﬁect on
heterogeneity by the constant region of anti IL-6 reggptor antibodigs WT and F2H1L39, antl-I_L-31
receptor antibody HOLO, and anti-RANKL antibody DNS. Fig. 17 is a dlagram showing a cation .
exchange chromatography-based assessment of 30the effect on heterogenelty by th_e CH1 domain
cysteine of anti IL-6 receptor antibodies WT and F2H/L39. Fig. 18 is a diagram showing a DSC-based

assessment of th fec denaturation peak by the CH1 domain cysteine of anti IL-6 receptor
antibodﬁlwz?%%a?é%% . Fig. 19 is a graph showing the activities of TOCIL1ZUMAB, the control,

and Fv5-M83 3tignutsaligeBlastighats Eigpl%@rima@f@@fh&ﬁpﬂliﬂgéh@rﬁﬁébﬁﬁﬁlﬁfi@lﬁlmAB’
FV3-M78agshfyA 17303 18 newtralize Baranda0, £ig, [3RRshoying fhe plaoma.
concentration time courses of TOCILIZUMAB, the coﬁé%ﬁ%éel%%%? vel-sl\ﬁ%f a{fr%\lgﬁcg\l)g%% in
cynomof’gﬁ?“i’ﬁ%ﬁg@% after intravenous administration. 5Fig. 22 is a _graph showing the time courses of
CRP concentratfog. 22 dynograly uhdm%tﬁeb@wﬁ%mwdaﬂ%%@ﬁ@ﬂ iafclRealbIGHMAB, tth?'
control, %;!gv - M8 | ﬁkﬁ: ing the time.cqu copgcentration
of free sEolI\?Jble ISI%%%H?E{]Z@%??P ﬁgcynorﬁg é@g ﬁon e)% atterin ra\rgig%(%ﬂ% g’%ﬁfﬁﬁﬁo V61F %=
TOCILIZOMRBE fe
Fig. 23 is a graph showing the time courses of concentration of free soluble IL-6
receptor in cynomolgus monkeys after intravenous administration of TOCILIZUMAB, the
10 control, Fv3-M73, Fv4-M73, or Fv5-M83.
Fig. 24 is a graph showing the time courses of plasma concentrations of WT-IgGl,
WT-M14, and WT-M358 after intravenous administration to human FeRn transgenic mice.

Mode for Carrving Qut the Invention

15 The present invention provides antibody constant regions whose physicochemical
properties (stability and homogeneity), immunogenicity, safety, and/or pharmacokinetics have
been improved by altering the amino acid sequence of an antibody constant region; antibodies
comprising such constant region; pharmaceutical compositions comprising such antibody; and
methods for producing them.

20 Herein, the constant region refers to IgG1, IgG2, or 1gG4 type constant region. The
antibody constant region is preferably 2 human antibody constant region. The amino acid
sequences of human IgG1, IgG2, and 1gG4 constant regions are known (human IgG1 constant
region, SEQ ID NO: 1; human IgG2 constant region, SEQ ID NO: 2; and human Ig(G4 constant
region, SEQ ID NO: 3). The amino acid substitution-containing antibody constant regions of

25 the present invention may comprise other amino acid substitutions or modifications as long as
they comprise the amino acid substitutions of the present invention. Therefore, 1gG2 constant
regions comprising the amino acid substitutions of the present invention in the 1gG2 constant
region comprising the amino acid sequence of SEQ ID NO: 2 include 1gG2 constant regions that
comprise one or more amino acid substitutions and/or modifications in the amino acid sequence

30 of SEQ ID NO: 2 and further comprise the amino acid substitutions of the present invention, as
well as IgG2 constant regions that comprise the amino acid substitutions of the present invention
and further comprise one or more amino acid substitutions and/or modifications. The same
applies to IgG1 constant regions comprising the amino acid sequence of SEQ IDNO: 1 and
IgG4 constant regions comprising the amino acid sequence of SEQ ID NO: 3. The sequence of

35 human Ig(G4 constant region has been altered to improve the stability of the hinge region (Mol.
Immunol. 1993 Jan;30(1):105-8). Furthermore, the sugar chain at position 297 in the EU



10control, Fv3-M73, Fv4-M73, or Fv5-M83. Fig. 24 is a graph showing the time courses of plasma
concentrations of WT-IgGl, WT-M14, and WT-M58 gfter intravenous administration to human FcRn
transgenic mice. Mode for Carrvina Out the Invention 15The present invention provides antibody
constant regions whose physicochemical properties (stability and homogeneity), immunogenicity,
safety, and/or pharmacolcinetics have been improved by altering the amino acid sequence of an

antibody constant region; antibodies comprising such constant region; pharmaceutical compositions
comprisllﬁ_rllﬂén gﬁgﬁ%ﬁl‘%%%y?}%g en?(ﬁ?in&]dssu 55 élﬁ&%ﬁreem‘?fé%ﬂgﬁ@ﬁ{ BOL RO AHERE GRSt efers to
lgGl, |gBekest atustype Eonexantniegion. bErecdntibd ayitbolistafid.region is preferably a human antibody

constant1egipRaving AreHEA aciksegdences of human IgGl, 1902, and IgG4 constant regions are
known (human lgG1 constant region, SEQ | %?: 1; human |g02 C?ﬁjstant region, SEQ ID NO: 2; and
human 1gG4 co %errsee&tolﬁ,v%tég@q BRI .e:%gf.g IMABLAE R DL R FES YA R LB BE

constantguigonditb2sthe present invention may comprise other amino acid substitutions or

modifications asvppg sdiRueorarisede arinaacidsHRstlionsating %@%ﬁ@ﬁ&%{b@%t at

Therefore, lﬁGZ c{onstant re%ilons comlgérﬁsing the amino acid substitutions of the present invention in

the 19GP¥BAEEn{ FABSHHEBmM RS e b e SehuBhies sEBARFNG PReRaES5R M eonstant
regions ¥at 2dayrise susstrundreidminglwcishsnbsiitidionShengter shaaificadios afrthetamineacid
sequenqg&9%{%&%&&%@@%&&@&rsﬁema{éﬁﬁl%wfpsr@féﬂé& e R B GRIRRP !

invention, as well as Ig02 constant regions that comprise the'amino acid substituti present

inventio R4t At RGNS S BhRE SFIGHEh RYi g8 i nn Met A RESHIRILDIBRAHEARE ITHE same
applies EllgGhisanstaytikegjdnsteomiinisingdbegasioo e SequBITe ol BEQJIRN@hhansdgG4

st eonsgone B isanmaRl sy R LR RN Testhenrs iy
Jan;30(FERBEYRYRAsH ATt FRRi RS st Ak it pibsRAMIRO 7o b stiDItions felbemy agditéonsmay
be of angneigdnchamstaydine 20tiiheravnayleal Beeanyi s gaiichanitinkedatdRisgitaéier example,
capsbe produce%%i%}gégggvégg%p&%&% f’g@ﬁecdogs inp reagc1icc>ir§s> with reduced heterogeneity of
hinge region.
More specifically, the present invention provides IgG2 constant regions in which Cys at
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the
EU numbering system), and/or Cys at position 102 (position 219 in the EU numbering system) in
20 the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids. The
type of amino acid after substitution is not particularly limited; however, substitutions of Ser for
Cys at position 14 (position 131 in the EU numbering system), Lys for Arg at position 16
(position 133 in the EU numbering system), and Ser for Cys at position 102 (position 219 in the
EU numbering system) (IgG2-SKSC) are preferred.
25 These substitutions can reduce the heterogeneity originated from the hinge region of
IgG2.  The IgG2 constant regions of the present invention comprising amino acid substitutions
include IgG2 constant regions comprising at least one of the three types of amino acid
substitutions described above; however, the IgG?2 constant regions preferably comprise
substitutions of Cys at position 14 and Cys at position 102 with other amino acids or all three
30 types of the amino acid substitutions described above.
The IgG2 constant regions provided by the present invention, which have reduced
heterogeneity, may also have other amino acid substitutions, deletions, additions, and/or
insertions, as long as they have at least the amino acid substitution described above.
For example, mutating Cys at position 14 and Arg at position 16 in an IgG2 constant
35  region comprising the amino acid sequence of SEQ ID NO: 2 may generate non-natural, novel

peptide sequences of nine to twelve amino acids, which can become T-cell epitope peptides, and



The present invention provides IgG2 constant regions with an improved stability under 5acid
conditions. More specifically, the present inventipn provides IgG2 constant regions in which Met at .
position 276 (position 397 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2
has been substituted with another amino acid. The type of amino acid after substitution is not
particularly limited; however, substitution to Val is preferred. The antibody stability 10under acidic
conditions can be improved by substituting Met at position 276 (position 397 in the EU numbering

system MRS BRI CEaIIEHE S 13K S EEY §D WIS BT edsten ahthissming acid sqhstigBensonstant
regionsdamavitied dhyothetheasantdive nﬁmnvﬁamhahﬁveeampﬁ@pe\peﬁtmebﬂﬁu vedesidetttgonditions, may

also ha QQQ% ’li‘ﬁp%ll' they have
at Ieastgt%%ggﬂrﬁ%% ac% subss?ggﬁgnw escngﬁc?§ bov rese entt?cc)gar?l %%\S}ﬁ qeésaéoélc%éfnstant
regions WRHTERJSSdhEe R SHBIRF BRM Hte PR THith OtheW@%ﬁé@ﬁcafﬁﬁqmﬁ@%@ﬁtﬂﬁ@é}ﬁlon
pr@ldesﬁgﬁ;&mrtatmﬁ iegioparifvaiishlinyised] hositan, Mtnastion b3 iy tbe G fyphgsnacystem),

Arg at paqﬂt@ (g&sété%egsnﬁo% gggﬁeg%ﬁ%kpenng system), and/or Cys at position 102 (position 219

inthe EU nu berlng sy amino acid sequence of SEQ ID NO: 2 have been substituted
with other amind BeRIgSTH Nl alssirisatite aierSupastationdionovidrtediaey Kemited; however,
substitutieestof-Seidtap edtsvat position 14 (position 131 in the EU numbering system), Lys for Arg at

position 16 (po%gpe%3gci§??gé%rl1glg§e{ﬁg} E=SI}/ste déoglg)% hsegsé esf%% (gi/s at Pan%ltlgg?or}é%%o %%Jtél%n 2191in

the EU numbering s are pre erre Utiohs &

heérogehaminstigfitatedufion tharkicipd kegine SHgGLTHE IGOR RunatansitéyicHs 6EIRB present

lﬂve?]tloalampmmq;amm gpsotbgwbgt%@gﬁ ﬁ&ﬁ!ﬁ@%ﬂ%% ; mgmr%q@g@zm@%mbé&ﬁeast one of
the three types of amin substjtutions escr ove: however, t constanf regions
preferabﬁlgé%%muprése sugs’ﬁtu?mns%%\%yre%?ecgsv? enmgtg Qﬁﬁg‘f %{%&Wﬁﬁl ’ﬂ'n%(t? amino acids

or all thf&&/308)pad &nﬁ@mﬁ@i&éﬁﬁhﬁﬁdﬁ@mmm Abovesported hedg®R constant regions

prOVIdefhlaémﬁeme&qﬁa IPMERlieRoVRicE aYE @ugﬁﬁlhﬁ&@r@m%% DoY) 2l5e:0aye OfGLARRINO acid
titutions, deletlz.rés addltlons angd/or msertlonﬂbe% ng as they have %Ifleast thie amino acid

stit RS RS S AT B0RE T B P p e A "SRR IEH 1AL AT R SBLAT S in an
IgGZ cms@hm@e@ﬁmn@fmmmgmmm acittisestien cencdSEQe | D-d0 eRitnpgsgelikrateer,

non-natyak oyl pepidciseIveners AhRedabYa e AmiRa.ARR M RIPTERL RESGATE T el epitope
peptlde%E%(g 9) at the same time, and the 9-12 amino acid peptides which can become T-cell epitopes
are derived from human only.

20 The Ig(G2 constant regions of the present invention comprising amiﬁo acid substitutions
comprise at least one of the three types of amino acid substitutions described above; however,
the Ig(G2 constant regions preferably comprise all three types of the amino acid substitutions
described above. In a preferred embodiment, the IgG2 constant regions of the present invention
comprising amino acid substitutions include IgG2 constant regions comprising an amino acid

25 sequence in which Ala at position 209 (EU330), Pro at position 210 (EU331), and Thr at position
218 (EU339) in the amino acid sequence of SEQ ID NO: 2 have been substituted with Ser, Ser,
and Ala, respectively.

The IgG2 constant regions provided by the present invention, which have reduced Fey
receptor-binding activity, may also have other amino acid substitutions, deletions, additions,

30 and/or insertions, as long as they have at least the amino acid substitution described above.,

The present invention provides lg(G2 constant regions with reduced C-terminal
heterogeneity. '

More specifically, the present invention provides IgG?2 constant regions comprising an
amino acid sequence in which Gly at position 325 (position 446 in the EU numbering system)

35 . and Lys at position 326 (position 447 in the EU numbering system) have been deleted in the
amino acid sequence of SEQ ID NO: 2. The heterogeneity originated from the C terminus of



12 thus generate immunogenicity risk. Even with the introduction of the amino acid substitutions
described above, the generation of non-natural T-cglk epitope peptides can be avoided by substituting
Glu at position 20 (position 137 in the EU numbering system) and Ser at position 21 (position 138 in
the EU numbering system) with other amino acids. The type of amino acid 5after substitution is not
particularly limited; however, substitutions of Gly for Glu at position 20 and (lily for Ser at position 21

are pref ﬁ% e present invention.alsq provides 1gG2 constant region wgh reduced Fey
receptor%gm i%%g;%ﬁ?/? ﬁor%rggié%?ﬁic%?llﬁ %?ég%?%%gein%filﬁ%ﬁﬁ it 4 Sp?{%/%&jfét? G2 constant regions

comprising 10ant Bfrigg aesdsegusatssimhissdky drppsition RoenEw3shlicRioet Eositioh 210

(EU331):apshond heatqesition 2§ HRd 339} ofibe Amiaaaaidseauanss o SEGHID NG dbave been
substitute%)/vith Ser, Ser EJa}:gl)édx%Ala respectiv substitutions for Ala, aﬁggsitien 209 (EU330) and

ly. Th
for Pro At position 210 e : )RV RS %@@W%Eﬁgﬂgﬂ L BB HHOMASSHHRER 2BPYRe Fey
recéptor bindingI{Eurresenimiendlon SothaupreeidysIeG2- o) stand neghumd Sieér speotive of
immunogeieiiydiskefwever, these alterations are not preferred because they result in generation of

non-human deriyed ideg that can become T-cell epitopes. However, the Fey receptor binding of
IlgG2 can be reo%%eecgte’éf)ﬁslgﬁ@ﬁﬂﬁfﬁﬁﬁnﬂﬁvﬁ’r“ﬂﬁPﬁ?ﬁfﬁﬁ?&@%ﬁ?ﬁﬁﬁﬁ%ﬁ% whigk Hi#ét and the

9-12 anpsieid!gediides wioR tathbEEdmeribaraticsyitome)s Arg agpvétidndihipmationriys 20THe 19G2
constantiegians QfiheRIGSS NN GAIAN, GARMNISHY AHING AS I Ry st one of
thz hree types of aﬁé‘in}/o?aci33 su stitutio%s descrigégd(%ggé%%ﬁ})%vﬁe%ﬁe% %gq%%%%%s?gﬁ%%&e? ﬂis(l)ns

prefera TidE AfTHIEY e NN AERIPEEB SHRAGHE LIRS iPbET AR, arids prafasred
gmlb?jdir:;gtptﬁédg@ﬁﬁuﬁist&rﬁ:ﬂxjﬂnﬁm@M&mﬁbnﬁymﬁmcﬂdﬁw&singmmﬁ?p@@%ﬁ%@siﬁmgms
include - n \ ich Ala at positio

(EU330), pf&%?gﬁoéése&?éﬁ%"%??u”%smﬁ?%ﬁéﬁ{%ﬁ?ﬁ%&%ﬁ%@%ﬂﬁﬁég e B B e o

SEQ IDREIPR£08 Bety Sthutitobsansty Semseindhn Mg ategsitanelt (positing 3§62 dbnEldnt
regions puorieisdgsy shenpreseé itlinfentan avyiisiitr 0o 8 ¢gomigenC)oreceRte-binciberaEivtemay also
h ot ﬁ% o] cid»ﬁ%p%@j’ ti let] itions, 30and/or insertions, as long as they. have at
Ieaglg thg?aémino ag% substi tion&gés%%qﬁb%tg?‘ gﬁgo?/\g’.& glm?ﬁ@%?esgegrsl 1%/18?1 i8§*§?o?ﬁ%ge%§“1§’é Ofistant
regions Wﬂ?ﬁ%&&@@&@%@#ﬁﬁ&l%t‘@w at least one of the three types of the amino acid

substitutions described above; however, the IgG2 constant regions preferably comprise all three
types of the amino acid substitutions described above,
- Below is a preferred embodiment of IgG2 of the present invention, which has improved
20 stability under acidic conditions, reduced heterdgeneity in the hinge region, and/or reduced Fey
receptor-binding activity.

Antibodies comprising an IgG2 constant region comprising an amino acid sequence in
which Ala at position 209, Pro at position 210, Thr at position 218, Met at position 276, Cys at
position 14, Arg at position 16, Cys at position 102, Glu at position 20, and Ser at position 21 in

25 the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Val for Met at position 276 (position 397 in the EU

30 numbering system), Ser for Cys at position 14 (position 131 in the EU numbering system), Lys
for Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102
(position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU
numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system)

are preferred.

35 Such IgG2 constant regions include, for example, IgG2 constant regions comprising the
amino acid sequence of SEQ ID NO: 4 (M14).



More specifically, the present invention provides IgG2 constant regions comprising an amino acid
sequence in which Gly at position 325 (position 4464n the EU numbering system) 35and Lys at
position 326 (position 447 in the EU numbering system) have been deleted in the amino acid
sequence of SEQ ID NO: 2. The heterogeneity originated from the C terminus of 13 antibody H chain
can be reduced only when both of the amino acids are deleted. The IgG2 constant regions
provided by th res«%gt invention, which. have e(g ced C-terminal hﬁ?‘i rogeneity, may also have other
amino acid substifutions, Jeletions & ﬁﬁgt,’zi% %F?ﬁé&%’%ﬁoﬁ%}% %xeagrﬁﬁ A WP Teast the
amino aBfiusigsfitdvonstusosbraatssviigThenptbs datanve ntiidh fuatpesitimy/idésatgG A canstant

regionspii HBLRVRCIRNAHIIRCAKINNILST:G2 SREGHICAN HRGPIESEN MYENLQR RVIFES 962

constant regions in which Hjs at position %47 sition 268 in the EU numbering system), Arg at

positior:gﬁg'eg Bcbtf%‘?@b?? é%%lﬁ%r?&%ﬁ%é&ﬁ%%@@ﬁmm BRI HISRBAGEFOERBIA19 in the
EUSnumberingsgsemmdrine 00 3HE dM NG atidvetv@Eoe of SEQ ID NO: 2 have been substituted with
other amino acigsoLhaseARNRR Aeidid sl 8@%‘%‘&%&‘&%&&%&%@%&@3%@%

Aﬁg}%tics. The
type of amino acid after substitution is not particularly limited; however, substitutions of Gin for His at

positio ¥ ¥ PB5HE M S BB P ET 2P R aRTbd AT USFSt &) res P tor RIRGBEFSEWER 234 (position 355 in
the EU numberitugtSystiesgoaieiGig for @i abpaaitioe @6 (pagitioind 48 dmihe &Id 3quvaesing
ySteml i AR/ &1 SR D406 SORGIAN S9IrYATLAMNIG 35 NRSNION3 oL 4ng prgpent

f

invention include 1gG2 constant regions comprising at least one of the “types of §r%|no acid
sustit ARSI gy EB%W@PHC}\@@/@ U RO SRstRAt YEGRb ReSHHeRe AL (s mipinseasitithree types
of the aseineraeidSEHHIDINNS Héactibednahbvttuted wiBalwriaaipreieidged embodiment of IgG2 of the
present inventiof, Wi | Hity-under acidic.conditions,, reduced heterogeneity in the
hinge region, andﬁ)%&%%yggoégéﬁ%égé%%ﬁ&gé |\}?|83} y&cﬁ\?\a{%ﬁeseg%&%i% an IgG2
constarfURSHRIH SR REg A fliResiiss 388 (ppiEon ItHidn kY pusihsrizosy s aBgbsion 210,
Thr at pasitiopciirMatabpsisiten 276, Gy EBtResiienhd 4y denit PRSIBOTHEG: Gys@ipesgion 102, Glu
at.positjon Ser.atpesition 21 in 25the aming acid sequence o ID NQ: 2 hav en
sulgstitu eoggvtv ﬁﬁ% : éII} g}%iﬁgsgglla%@nng systcem)?@ar?or%%rs at poston {E @gsmon 81 n the

numbering system)}, Lys for Arg at position 16 (position 133 in the EU numbering system), Ser

for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering system), and Gly for Ser at position 21 (position 138 in the
EU numberning system) are preferred.

20 Such Ig(G2 constant regions include, for example, 1gG2 constant regions comprising the
amino acid sequence of SEQ ID NO: 54 (M86).

In another preferred embodiment, IgG2 constant regions of the present invention
include IgG2 constant regions resulting from the deietion of Giy at position 325 and Lys at
position 326 in the above-described IgG2 constant regions to reduce C-terminal heterogeneity.

25 Such antibodies inciude, for example, IgG2 that comprises a constant region comprising the
amino acid sequence of SEQ ID NQ: 55 (M86AGK).

Below is another preferred embodiment of the IgG2 constant regions of the present
invention, which have improved stability under acidic conditions and reduced heterogeneity in
the hinge region.

30 IgG2 constant regions comprising an amino acid sequence in which Met at position 276,
Cys at position 14, Arg at position 16, Cys at position 102, Glu at position 20, and Ser at position
21 in the amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids.

The type of amino acid after substitution is not particularly limited; however,

substitutions of Val for Met at position 276 (position 397 in the EU numbering system), Ser for
35  Cys at position 14 (position 131 in the EU numbering system), Lys for Arg at position 16
(position 133 in the EU numbering system), Ser for Cys at position 102 (position 219 in the EU



The type of amino acid after substitution is not particularly limited; however, substitutions of Ser for Ala
at position 209 (position 330 in the EU numbering system), Ser for Pro at position 210 (position 331 in
the EU numbering system), Ala for Thr at position 218 (position 339 in the EU numbering system), Val
for Met at position 276 (position 397 in the EU 30 numbering system), Ser for Cys at position 14
(position 131 in the EU numbering system), Lys for Arg at position 16 (position 133 in the EU
numberin stem), Ser fo atposition, 102 (position 219 in the EU numbering system), Gly for Glu
at positilélr%xi%ﬂilf)1 %H(S?r? T&?ﬁﬁy%é é%‘ ABRHEAR @@M%ﬁwmér%@%ﬁ%ﬂ&)w%@o@ﬁon 138
in the EGlrdpbeng pystom Rarempiciersil 358811 gGo bonstantreg)jens prefuged for example. 19G2
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preferred embodiment, IgOéfé stant regions of the present invention inc
resulting oM IRE GERSEH %%FB igh(355 &nd Lys at position 326 in the above-described 1g02

constant regionéteredecereitaminabbditesngeheily(SuahantibediesdReliite fReeaRRIE10G2 that

COMPrisgg|akonetad | IS @gm cid seguence EQ ID.NO:. 5 (M14AGK).
Below is a greferred@rﬁ%ﬁ%ﬁrﬁgﬁggfﬁf?gfﬂﬁ pr%%eﬁsiﬁ%qe% ?éln?f(vﬁu%ﬁ gg%&u@e%%@%g%neity in

the hing& PEifiBrr R Fedecedieey bed deftor Smetinrg Exsiony.  Suchrmbberissionipsisifioran 1902
constantwagign, de@ibrisingratregiine @eigsaggeneaniyhicliAly @lneesiion @98, Rep at position 210,
Thr at pagt ip&@.é?_, Cys at position 14, Arg at 10position 16, Cys at position 102, Glu at position 20,
and Ser at position 21 in the amino acid sequence of SEQ ID NO: 2 have been substituted with other

amitho acids. THRcSL 15 AR RiEfaEderabednmeno nhithedefiartonkaly firpited: dichepesestbstitutions
of Ser fauvdtaiat pehiiibrh2@OrtdostionB@ihindhe BUHRUMDLRGisYStem), Ser for Pro at position 210
umboring Syl SePiap oS S SO K tOStD 29 H NEEDIR HABGrrAS S REHIOE I for Arg
at positioFEE6 RpS&iaBH 433vhaesipn UMb EHngspstsion Srdut Bysiapeusition] iadipasitian 219 in
the EU atithhesingcsystoB); GiyNor: Shaat positionstRasiian i ihihe Eigaumbering system), and
(ysfor Ser At P b A B B R R S A T et
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102
(position 219 in the EU numbering system). Gly for Glu at position 20 (position 137 in the EU
| numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system)
20 are preferred.
Such IgG2 constant regions include, for example, 1gG2 constant regions comprising the
amino acid sequence of SEQ ID NO: 56 (M40).
In another preferred embodiment, the IgG2 constant regions of the present invention
include IgG2 constant regions further comprising the deletion of Gly at position 325 and Lys at
25 position 326 in the above-described IgG2 constant regions.  Such antibodies include, for
example, 1gG2 constant regions comprising the amino acid sequence of SEQ ID NO: 57
(M40AGK).
The present invention provides igG2 constant regions comprising an amino acid
sequence in which Cys at position 14 (position 131 in the EU numbering system), Arg at position
30 16 (position 133 in the EU numbering system), Cys at position 102 (position 219 in the EU
numbering system), Glu at position 20 (position 137 in the EU numbering system)}, Ser at
position 21 (position 138 in the EU numbering system), His at position 147 (position 268 in the
EU numbering system), Arg at position 234 (position 355 in the EU munbering system), and Gln
at position 298 (position 419 in the EU numbering system) have been substituted with other
35 amino acids, and simultaneously Gly at position 325 (position 446 in the EU numbering system)
and Lys at position 326 (position 447 in the EU numbering system) have been deleted in the



20Such 1gG2 constant regions include, for example, IgG2 constant regions comprising the amino acid
sequence of SEQ ID NO: 54 (M86). In another prefggred embodiment, I9gG2 constant regions of the

present invention include IgG2 constant regions resulting from the deletion of Gly at position 325 and
Lys at position 326 in the above-described IgG2 constant regions to reduce C-terminal heterogene_lty.
25Such antibodies include, for example, 1IgG2 that comprises a constant region comprising the amino

acid se uence af SE ID N(%Sti??v %Gﬁ() Below is another preferred embodiment of the 1gG2

constan eglons 0??ﬂec}6(r:esoen htion, Which have improved stability under acidic conditions and

reduced heterogerreinpérpiifaiingeicoefion se0it02icons taritpeyinis holmpitising@veassjno acid
sequen@,@urswdﬁ6hsl\élfisé\it Resitian2/QiSorsiat positionhd. a%&%ﬁhBH%‘H%é‘&%&’%% %‘8§L 8R 1§, Glu

at positi aming acid sequence of SE! een

Ser at 1 n the
substltug o v fh ?naécgggﬁﬁoglsé% 0% I %ﬁé‘tﬁoﬁiﬂ%ga}m nrtar Kb atinassiens Mot SHRifn4ag fmited:
howeveprositistifidfonsbflafdotiMet abpitisni@dRFE: (po&itied.397 in the EU numbering system), Ser

for 35Cys at PO%B@&Q&EK@O%E%%% iﬁ&&%’é}éﬁamﬁgwm}gﬂk&ﬁ%@%ﬁ%@g@{g” 1§, (position

133 in the EU nymbering system), Ser for ys at position 102 (position 2 mbering
system)“BHEFE ﬁf%ﬂeﬁﬁ%lﬂgﬁ% adftor 184 %)the EU numbering system), and (fly for Ser at
position 21 (posﬁhﬁm@&m1mermmmmm&mtg§yst®m)m@3fﬁr@ﬁnpns1@@hatﬁﬁ8 g@astant reglons

'nClUde’sEHu@ﬁeérlH l%’hﬁﬁé}%‘)ﬁ%@gl{l@iq SO $N9 iNG %%%Qx p;;i)g:;}?% sztmn

6(M31). 5In another preferfed embodiment, the IgG2 constant regions ot th ention nclude
1962 cohRRREHgRONS v the FlO MBRRSHG T Tetelidry s pEg gl sfibPesi emelByis the EU

numbering system) Glu at position 20 (position 137 in the EU numbering system), Ser at
position 21 (position 138 in the EU numbering system), His at position 147 (position 268 in the
EU numbering system), Arg at position 234 (position 355 in the EU numbering system), Gln at
position 298 (position 419 in the EU numbering system), and Asn at position 313 (position 434
I5  in the EU numbering system) have been substituted with other amino acids, and simultaneously
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO:
2.
The type of amino acid after substitution is not particularly limited; however,
20 substitutions of Ser for Cys at position 14, Lys for Arg at position 16, Ser for Cys at position 102
Gly for Glu at position 20, Gly for Ser at position 21, Gin for His at position 147, Gin for Arg at
position 234, Glu for Gin at position 298, and Ala for Asn at position 313 are preferred.

B

Specifically, the present invention provides an antibody constant region comprising the
amino acid sequence of SEQ ID NO: 37 (M73).

25 These antibody constant regions have been optimized to have reduced Fey receptor
binding activity, reduced immunogenicity risk, improved stability under acidic conditions,
reduced heterogeneity, improved pharmacokinetics, and/or higher stability in preparations in
comparison with the IgG1 constant region. |
<Ig(G4 having altered amino acids>

30 The present invention provides IgG4 constant regions that are stable at acidic
conditions.

More specifically, the present invention provides IgG4 constant regions comprising an
amino acid sequence in which Arg at position 289 (position 409 in the EU numbering system) of
the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino acid. The

35 type of amino acid after substitution is not particularly limited; however, substitution to Lysis

preferred. The antibody stability under acidic conditions can be improved by substituting Arg



" position 326 in the above-described IgG2 constant regions. Such antibodies include, for example,
IgG2 constant regions comprising the amino acid sequence of SEQ ID NO: 7 (M31 AGK). 10Below is
another preferred embodiment of the IgG2 constant regions of the present invention, which have
reduced heterogeneity in the hinge region. IgG2 constant regions comprising an amino acid
sequence in which Cys at position 14, Arg at position 16, Cys at position 102, Glu at position 20, and
Ser at position 21 i£7the amino c&% SEQ ID NQ:.2 have heen substituted with other

id seq .
2mino FERRSHST AL PR GRRAIND BN Sher GHBEHA I IS RO AT R LR S Q
substitufidoh of3SdfanGhsranpasitionl.14 (position 131 in the EU numbering system), Lys for Mg at

position 16 (posjign £33 i the, EAUmbering YSIem) nrRELRE ¥R AP IREANLO2 ARQSiHRR &L in the

EU numbering system), Gly for GIu at position 20 (position 137 in the. EU numbering system), and Gly
for Ser SPROLiBRSH AHBGHORIEAN ARV ELNIADEHHY TSNS IdeRRs HaRR deletionsy ch 1gG2
codstardddigians dndludmséor examplengofs thephatanitregintiseconipeiaiid thesdmiim dedseglence of
SEQ IDaglg),é% (M40). In another preferred embodiment, the IgG2 constant regions of the present
invention include IgG2 constant regions further comprising the deletion of Gly at position 325 and Lys
at 25position 328 P ALBVEIRECPINVIRs ST HOFRIERETEBRIPRS BitBrHashERO GidsTménale, for example,
lgG2 canstangaagions comprising the amino acid sequence of SEQ ID NO: 57 (M40AGK). The present

renton DoV S STACOEISI S AR A SESTES MG Of o peston
<ylom)Pesjie HHIROHSIGE [BEENTOR L LU IR e HuPDERNG Sy SIbpSCRPAFOBIENE0 (position
137 in therEAupdiering susichelnSRiatpositionsii (Rasition Eafbindharks numberingossie), His at
omberl S B A a0t LB RSB { U U S ARG beon
substitugbaeen beheadseed vy whrisbethd Sinfamirsouss @ty églpwsition 325 (position 446 in the EU
numbering systeRy Bod kyasdRQsHieN:3#6 808 PR bri henkshRsm baiindmystamihave been
dellg ted H]tg‘-:rxlx%inal heterogeneity, may also have other amino acid substitutions, deletions, additions,

and/or insertions, as long as they have at least the amino acid substitution described above.

Another preferred embodiment of IgG4 of the present invention, which has improved
stability under acidic conditions, reduced heterogeneity in the hinge region, and/or reduced Fey
receptor-binding activity, includes IgG4 comprising the constant region described below.

20 IgG4 constant regions comprising an amino acid sequence in which Cys at position 14,
Arg at position 16, Glu at position 20, Ser at position 21, Arg at position 97, Ser at position 100,
Tyr at position 102, Gly at position 103, Pro at position 104, Pro at position 103, Glu at position
113, Phe at position 114, Leu at position 1135, and Arg at position 289 have been substituted with
other amino acids, and simultaneously Gly at position 116 has been deleted in the amino acid

25  sequence of SEQ ID NO: 3.

The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20
{position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU

30  numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg
| for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102
(position 219 in the EU numbering system), Cys for Gly at position 103 (position 220 in the EU
numbering system}, Val for Pro at position 104 (position 221 in the EU numbering system), Glu
for Pro at position 105 (position 222 in the EU numbering system), Pro for Glu at position 113
35 (position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and



16 amino acid sequence of SEQ ID NO: 2. The type of amino acid after substitution is not
particularly limited; however, substitutions of Ser fo{ys at position 14, Lys for Arg at position 16, Ser
for Cys at position 102, Gly for Glu at position 20, Gly for Ser at position 21, Gin for His at position 147,
GIn for Mg at 5position 234, and Glu for Gin at position 298 are preferred.  Specifically, the present
invention provides an antibody constant region comprising the amino acid sequence of SEQ ID NO: 35

(M58). The present jnvention ides.lgG2 constanf regions comprising an amino acid sequence in
which C-:E‘ Sa&)f)ggﬁi8@?51%8§§x%fiﬂ$tﬁé&%%ﬁﬁ1ﬁéﬁﬁﬁb%ﬁv‘()g,t FEFBEIRBRY016 (position 133
in the EU numbgrilylgiatemsi@ysegipositiolndd) FqpesitiopQ 180 thefihnepiberingsystemiheiu at

position 20 {pasiiQBql3L 0 Jhe Ery i esing system), Ser at position 21 (position 138 in the EU
numbering systnfaf%ngr,‘E is at pgsition 147 (position 268 in the EU numbering system), Mg at position 234

(position 355 in R R ) RS i P SO FORSI¥ [REOmOAIA1ORFEsRAt XY Pbering
system)inahdi\rt>dtqposition &fidr(pbsitien ob34piSiing the EdletiombetngsystdtinnBe(peansubstituted
with oth ' I8 rahhsl iti iti ' umbering
system)ggg’j:jm Lﬁg gtg position ?§> 6 {r@?ggﬁﬁ ﬁ%ﬁ%%qg%%%b é%?s%%%eﬁ%%&%@%%&gged in the

amino atiFERGTEheR Sl 66 1204 R Hrgiffino Siesh andbadipsineinsn ibnexsarieularly
limited; hufivenerst2fisubsiitutonpatingtierGysoaiaddstirikd, dYSHOr Bt et pgsitionds;)Ser for Cys at

pog“"”&g@%&@fﬁ%ﬁ@&@& j EOQC%’(@>G|V for Ser at position 21, GIn for His at position 147, Gin for
Mg at position 234, Glu for Gln at position 298, and Ala for Asn at position 313 are preferred.

sgécifically, the HeRESEMVBTRISIPBRFoiEssd8 Gheessridnsiant Rgorsdeshbisitigninalamino acid
sequendetefoBe@it) NO: 37 (M73). 25These antibody constant regions have been optimized to have

e £ eSS SLIT BRI DR e s e e
in comp#isEPnatilel geiticansilrprsiion 4y sediingumbrsaaaioaciad L goTteoptasent
inventiopBRrpssiesad4 eamstEn) reeiensthalaseyiabie abaidienstant region comprising the
15 amino acid sequence of SEQ ID NO: 1.  The heterogeneity originated from the H-chain C
terminus of an antibody can be reduced only when both of the amino acids are deleted.
The present invention provides IgG1 constant regions with improved pharmacokinetics,
The present invention provides IgG1 constant regions comprising an amino acid
sequence in which Asn at position 317 (position 434 in the EU numbering system) in the amino
20 acid sequence of SEQ ID NQ: 1 has been substituted with another amino acid. The type of
amino acid after substitution is not particularly limited; however, substitution to Ala is preferred.
The present invention provides a constant region having the deletion of Gly at position
329 and Lys at position 330 in the amino acid sequence of SEQ ID NO: 36. More specifically,
the present invention provides an antibody constant region comprising the amino acid sequence
25  of SEQ ID NO: 43 (M83).
The 1gG1 constant regions provided by the present invention, which have reduced
C-terminal heterogeneity, may also have other amino acid substitutions, deletions, additions,
and/or insertions, as long as they have at least the amino acid deletions described above.
The present invention also provides antibodies comprising any one of the antibody
30 constant regions described above. The type and origin of antibodies of the present invention
are not particularly limited, as long as they comprise the antibody constant region described
above, and can be any antibodies.
The antibodies of the present invention also include modified products of antibodies
comprising any of the amino acid substitutions described above. The origin of antibodies is not
35  particularly limited. The antibodies include human, mouse, rat, and rabbit antibodies. The

antibodies of the present invention may be chimeric, humanized, fully humanized antibodies, or



conditions. More specifically, the present invention provides IgG4 constant regions comprising an
amino acid sequence in which Mg at position 289 (gesition 409 in the EU numbering system) of the
amino acid sequence of SEQ ID NO: 3 has been substituted with another amino acid. The 35type of
amino acid after substitution is not particularly limited; however, substitution to Lys is preferred. The
antibody stability under acidic conditions can be improved by substituting Arg 17 at position 277

(position 409 in the EU numbering system) in the aming acid sequence of SEQ ID NO: 3 with another
amino a 8%‘ qnﬁ@%@&%ﬁﬂﬁ%i& S PrIRRARER 1Y the RIFSERIPYRAROROH SIHIBRZRE an

improvezhstamility. under acidic conditions, may also have other amino acid substitutions, deletions,

saddiions, and/RIAIRRIANG (A2 dARflas hiRubave alirastibiaminac eubaiviion descrihed

above. The present invention provides Igo4 constant regions with reduce ina

heterog EXERY SFHeABrRUERIR OREBAL SFSiRaeigRed shemt e Grohakrdan r foam oftisolitien 326

10(positinei bifiei ot hetibblimithb biigngyatd ) kn@daffold prstiae 326 faositiopedddd Prelnd
number%&xggegps aiye been deleted in the IgG4 constant region comprising the amino acid
sequenceof SEQ ID NO: 3. The heterogeneity originated from the C terminus of antibody H chain can

be reduced onlylif@RtRogSIthbarmsHipeaier elmdacirie mpdifiesirrarofugions provided by the
presentnvientiorombictinewe ratctthd bG1enminat frldrgapeiybmay also have other amino acid

cubstituion desshba LRa B BB Bl R S RS ihvention.
whigh hxarisisrsidecalap ghupsdei wtluiicee giveeh & Fébskichisionig snbstatipete Bierdeandipioty and/or
reducedhreifieaspigirbindingadiyiyneldeciedenmpaaingbecensiartyegiopdasgrived below.
positon 450 Bt poO 20F CoL Ay PRUBRLers Aol RSt 68 200, Tyr
position 102, Gly &g peishasies 08tieerescpbsieAtoumRY G se hrodiikneciis adibatipositiBlisted iPhe at
positionzhiboliet RERSSHIANLEBcaNhABALRGSIN 283 Bave PasbruRsttHled Wit ot/ amino
acitgs, agﬂﬁlr@rglte%?%%%gly CH%: %%Rggég %Qa% Jb% g?essgr%%g g %!gé?g rilrclaltehceul%rglrr}g ge%grate molecules.
The antibody constant regions described above can be used as a constant region in an
antibody against an arbitrary antigen. The antigen is not particularly limited.
| The antibodies of the present invention can also be obtained by, for exampie, the
following methods. In one embodiment to obtain antibodies of the present invention, one or
20 more amino acid residues are first deleted or substituted with amino acids of interest in the
constant region. Methods for substituting one or more amino acid residues with amino acids of
interest include, for example, site-directed mutagenesis (Hashimoto-Gotoh, T., Mizuno, T.,
Ogasahara, Y., and Nakagawa, M. An oligodeoxyribonucleotide-directed dual amber method for
site-directed mutagenesis. Gene (1995) 152, 271-275; Zoller, M. ], and Smith, M.
25 Oligonucleotide-directed mutagenesis of DNA fragments cloned into M13 vectors. Methods
Enzymol. (1983) 100, 468-500; Kramer, W., Drutsa, V., Jansen, H. W., Kramer, B., Pflugfelder,
M., and Fritz, H. J. The gapped duplex DNA approach to oligonucleotide-directed mutation
construction. Nucleic Acids Res. (1984) 12, 9441-9456; Kramer W., and Fritz H. J.
Oligonucleotide-directed construction of mutations via gapped duplex DNA Methods. Enzymol.
30 (1987) 154, 350-367, Kunkel, T. A. Rapid and efficient site-specific mutagenesis without
phenotypic selection. Proc. Natl. Acad. Sci. USA (1985) 82, 488-492). These methods can be
used to substitute target amino acids in the constant region of an antibody with amino acids of
interest. |
In another embodiment to obtain antibodies, an antibody that binds to an antigen of
35  interest is first prepared by methods known to those skilled in the art.  When the prepared
antibody 1s derived from a nonhuman animal, it can be humanized. The binding activity of the



25 sequence of SEQ ID NO: 3. The type of amino acid after substitution is not particularly limited,;
however, substitutions of Ser for Cys at position 14 {gosition 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20 (position 137
in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU 30 numbering system),
Thr for Arg at position 97 (position 214 in the EU numbering system), Arg for Ser at position 100

(position 217 in the EU numberin%sgem), Ser for Tyr at position 102 (position 219 in the EU
numberfRfEySiEran bedeteramd RIEA TR EISsitidIsP201R ShEE10 FUMBERihresisranin Wsl for Pro
at positioonk Qi pasitioof 2824 ainithel Fktoighheding systgmkdGlitienise atidesitiencteh. (position 222 in

the EU numberig system) 2o f [tior sitign 233.in the,EL numhering system),
Val for Phe at posﬁion%lfppo@ft%ﬁ%%j% }ﬁpt%%géﬁo]r%%n%%%%%}%ﬁgdr%%%%r?gp tee g%]t ft:%osl %‘h 115
(positiorP P FOMBIESS HEMERsr Ry system), and 18 Lys for Arg at position 289 (position 409 in the EU
nuriberifay aysiessihgreprefenesiing aSHAhGGA oanskostd ogiantiRelReadRr RXRIRIg; 18G4 constant
regions @Er: ing.the amj id seqguence: of SEQ ID NO: 8 1). In anpt referred

em bodih%ée)r]t, t %[%I%Iglﬁ aggﬁé}gﬁ&r%rgglgﬁé{%ﬁ%e“ﬂ%s% HhvEtion g%ﬁg i ge%éé%&%sﬁ%ﬁ%@éi%& further
comprisfigietdletion of Gly at position 325 (position 446 in the EU numbering system) and Lys at

position (B2 6dReaitionttdek iR f bratiphermgpysiem) in the above-described 1gG4 constant region.
SEQ 1D NO & (1 LK) e PO SO HSES T ReCET Lo PEHEH braues oG
coHstanerepibns wiantbady &l Batariniwi thetaoeemsity aminovioid repideific allheversteserginzention
providesdg@dicienstantxeaiensdiay inaiHhe.srieiomehGl alPrsitiod 323 dnesitionddginthe sV
numberlngD%%%rrmog{\nd _L %ﬁékposmon 3§%$osmon 447 |1n thei U ni @téermg system) in the Ig_G_l
constanﬁeglon compri nal}é i n, which ESTBREABIEERS D NG B EtRTBYEF& R originated
from theard-dhleiiedrershitivg et withaibougotdndiéntetist ednordypwhard dir ektheRntneEaidmare
deleted.; DNA encoding the constant region of a wild type H chain, and introducing an appropriate
15 substitution so that a codon encoding a particular amino acid in the constant region encodes an
amino acid of interest,
Alternatively, a DNA encoding an H chain in which one or more amino acid residues in
the constant region are deleted or substituted with amino acids of interest can also be prepared by
designing and then chemically synthesizing a DNA encoding a protein in which one or more
20 amino acid residues in the constant region of the wild type H chain are deleted or substituted
with amino acids of interest.
The type of amino acid substitution includes the substitutions described herein, but is
not limited thereto.
Alternatively, a DNA encoding an H chain in which one or more amino acid residues in
25 the constant region are deleted or substituted with amino acids of interest can also be prepared as
a combination of partial DNAs.  Such combinations of partial DNAs include, for example, the
combination of a DNA encoding a variable region and a DNA encoding a constant region, and
the combination of a DNA encoding an Fab region and a DNA encoding an Fc region, but are
not limited thereto. A DNA encoding an L chain can also be prepared as a combination of
30  partial DNAs.
Methods for expressing the above-described DNAs include the methods described
below. For example, an H chain expression vector is constructed by inserting a DNA encoding
an H chain variable region into an expression vector along with a DNA encoding an H chain
- constant region. Likewise, an L chain expression vector is constructed by inserting a DNA
35  encoding an L chain variable region into an expression vector along with a DNA encoding an L

chain constant region.  Alternatively, these H and L chain genes may be inserted into a single



The present invention provides IgG1 constant regions with improved pharmacokinetics. The present
invention provides IgG1 constant regions comprising;an amino acid sequence in which Asn at position
317 (position 434 in the EU numbering system) in.the amino 20 acid sequence of SEQ ID NO: 1 has
been substituted with another amino acid. The type of amino acid after substitution is not particularly

limited; however, substitution to Ala is preferred. The present invention provides a constant region
having the deletign of Gly at position 329 gnd Lys at pgsition 330 in the amino acid sequence of SEQ
ID NO: 36° Ore%ﬁ’égﬁ% A %@%%@8%?% Ve?ﬁ%??é?o%%é@‘é‘ﬁ‘%ﬁ?ﬁ%?’%ﬂﬁﬁ rEgISIEShprising

the amirvecieis, sedUEcER510DBE QD NBsed3véMB8). but arEhe i@l tebtstsd regions provided by the
present inventiono Wigls i ed eeiSrit e iNAl BRIBIRAPAGI VRSB ARYS AIRH B acd

substitutioargé eletions, additions, and/or insertions, as Ion%% they have at least tﬁe amino acid

deletion* HEFEBEVE TR protehiastetioRaids the v -drsparscelamibiay @Rl one of the
antibodyGticesstant steg mnsyjesthibs dvab avenithetype and sadhins . antthedies aidimapnasent

- venti . ) i . . :  roqion described
b, S O e e o R aton AES inciude modifod
productSHEHISOEIS EXtApAiSing Ay briirehemirskand BiprivairehReregeshcampenicatingsorigin of
antibodigi9EoN2s 35pEHiGOIENytireiBidihecngid (XHeS)ias|UHES HuimeD), Jnausbof atiraldyabbit )
antibodies. J2 2B0fB3 Ak ihe, RS LINNRNIP R A BehIElS, umaniead, Lily Bumapized

erred embodi odies ort

antibodies, or 19 such. In a pre ment, the anti €

e pr sen? invention a?e

hutflaniZEf Srtibsaaation cap ksaicrablstaehisHadorly wors elptrepRsAt ae et ibipalepsbvarethordoR
antibodywntvetstiescamPrIINY AN Acsbosl (0BAtAMEepi) sEELhed abipvecanheinkatkas a form
e RERORSIC (o7 RR Y15, Bl YRS (RERlYTTE Gt R TGRERTER®
E/irology ’(1973) 52, 456-467), DEAE-Dextran method, and the like.
- In the next step of antibody production, the expression products obtained in step (a) are
15 coliected. The expression products can be collected, for example, by culturing the
transformants and then separating the products from the transformed cells or culture media.
Separation and purification of antibodies can be achieved by an appropriate combination of
methods such as centrifugation, ammonium sulfate fractionation, salting out, ultrafiltration,
columns of 1q, FcRn, Protein A, and Protein G, affinity chromatography, ion exchange
20 chromatography, and gel filtration chromatography.
<Methods for improving the IgG2 constant region stability under acidic conditions>
The present invention also relates to methods for improving antibody stability under
acidic conditions, which comprise the step of substituting Met at position 276 (position 397 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 2 (IgG2) with another
25  amino acid. The methods of the present invention for improving antibody stability under acidic
conditions may comprise other steps of amino acid substitution, as long as they comprise the step
of substituting Met at position 276 (position 397 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 (Ig(G2) with another amino acid. The type of amino acid after
substitution is not particularly limited; however, substitution to Val is preferred. The method
30 . for amino acid substitution is not particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis described above or 2 method described in the Examples.
<Methods for reducing the heterogeneity originated from the hinge region of Ig(G2 constant
region>
The present invention aiso relates to methods for reducing antibody heterogeneity,
35 which comprise the step of substituting Cys at position 14 (position 131 in the EU numbering
system), Arg at position 16 (position 133 in the EU numbering system), and/or Cys at position



The antibodies of the present invention also include modification products of an antibody comprising
any one of the constant regions described above. $ych antibody modification products include, for
example, antibodies linked with 10various molecules such as polyethylene glycol (PEG) and cytotoxic
substances. Such antibody modification products can be obtained by chemically modifying antibodies
of the present invention. Methods for modifying antibodies are already established in this field. The
antibodifoﬁ"zéth,e,present invention may also be bispecijfic antibodies. "Bispecific antibody" refers to an

antibody th RFHEN 4 ity HoreR iR VAR B FEYI ORI ATHOCo A st PE R RBRS Fhe
epitopedghay betiprebentimeznsingle mblecyie of inmseparateafialecbdattion isThe aatiadylgonstant

regions descinRs kNS cAR b RS 38 AganSLaRLRBIANR Antod, a0ginat an AUtilgcAntigen

The antigen is not particularly limited. The ‘antibodies of the present invention can also be

obtainePhrYfortdesiHoR Hirers e ethBagisthsae Silopirent iRy eamiantmbiee of the
preSentamvientiohctenget2Onore anmmdsacilgesicibest araificshlelaidstiontiah abtlseg avitheamino acids
of interest.i |QE tityti i [ ' {th amino
acids 0?%%?%%%ﬁ%%ﬁé%%ig%%%%%ﬁ%%@ ”i]%t@gg}%@?ﬂgﬁﬁ%@gﬁgﬁ%ﬁ%ﬁ%ﬁ 0, T.,
OgthsaHaRE POSIHRRN SHRGENATNR A BIgBHASHYREBAE LS. AE B dAPaRRR MBihod for
site-dirggtattionitageinasis EGenentoy)sis2md 14 @éandalelcischuand SNFHQ WD NO: 2 (IgG2).

250ligopucleotide-directed mutagenesis.of fragments. cloned.into.M13 vectors. Methpds
ey B SR R RN LR PAR Anftal i SRR RS,
and Fritclrevedrie gappele-dupiiz-pireatehpraasenrsis| fsetibrbirasree@athadidasrridsddruction.
Nucleicm'glﬁaiagﬁes(19ﬁflﬁhé&n%%§§5@?dﬁtamgWiu%aﬂ%mt@eldmln@é@a@u@&@ﬁﬁesm@&tﬁﬁy o
construgtion, of . mutations via ga uplex DNA Methods. En 30(1987) 15 0-367; Kunkel,
T. A Ra}iggl iﬁ%ﬁ?‘éﬁ&gﬁﬁ %%l#%ﬁ%h %%tWRﬁ%aﬁ#eiéo ﬁctzsee ec ?gr%’.elﬁ%bc%%‘g .’Acad. Sci.
USA (1 ] 25T Bsehaiewraasitaprisensded romulsiatisr e fgtarmiiabaauins deidsénconstant
region qiyaREnibAsHWIkBLsRIN0 acids of interest. In another embodiment to obtain antibodies,

arzgmtibody thal:r}gnds to %r]n%an]t%en ?fOSSiFnteSr%st IS {ggﬁﬁ é)rfeﬁargdc by methods Iénown to .th_ose skilled in
thé”art. When the prépared ARIBERMEdE RV F B RUFARC 2 A P RBA A IR zed. The
binding sbtiityooipties the step of deleting Gly at position 325 (position 446 in the EU numbering
system) and Lys at position 326 (position 447 in the EU numbering system) in an IgG2 constant
region comprising the amino acid sequence of SEQ ID NO: 2. The methods of the present
invention for reducing antibody heterogeneity may comprise other steps of amino acid
20 substitution, as long as they comprise the step of deleting Gly at position 325 (position 446 in the
EU numbering system) and Lys at position 326 (position 447 in the EU numbering system) in an
IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2. The method for
amino acid substitution 1s not particularly limited. The substitution can be achieved, for
example, by site-directed mutagenesis described above or a method described in the Examples.
25  <Methods for improving the pharmacokinetics by substituting amino acids of Ig(G2 constant
region>
The present invention also relates to methods for improving the pharmacokinetics of an
antibody, which comprise the step of substituting His at position 14 (EU268), Arg at position
234 (EU355), and/or Gln at position 298 (EU419) in an IgG2 constant region comprising the
30 amino acid sequence of SEQ ID NO: 2. The methods of the present invention for improving
the pharmacokinetics of an antibody may comprise other steps of amino acid substitution, as
long as they comprise the above-described step.  The type of amino acid after substitution is not
particularly limited; however, substitutions of Gln for His at position 147 (EU268), Gin for Arg
at position 234 (EU355), and Glu for Gln at position 298 (EU419) are preferred.
35 The present invention also relates to methods for improving the pharmacokinetics of an

antibody, which comprise the step of substituting Asn at position 313 (EU434) in an IgG2



20 antibody can be determined by known methods. Next, one or more amino acid residues in the

~ . constant region of the antibody are deleted or substituted with amino acids of interest. More
specifically, the present invention relates to methods for producing antibodies, which comprise the
steps of: 5(a) expressing a DNA encoding an H chain in which one or more amino acid residues in the
constant region are deleted or substituted with amino acids of interest, and a DNA encoding an L
chain; and (b) collecting the expression products of step (g)ﬁ. The first step of the production methods

of the prESEHRHRED AT BN B LR G BNK 4 Genkering SAERAHoIS H Shain iafich SretBrémore
amino acidiresiclueid afthendenstaiohragionpard détete dioi edbatitutecryvithssimitionasidd ofsinterest, and

a DNA ing a j | [ - ;‘En”f‘:' | ' ino acid
residue ig%%%'ong?é%ﬁ%g@rﬁ g?g{ gg%%&@?% %%kt?ﬁ%%“vl\l/;# ] am%@%@%%%@ﬁ%éﬁ? ({g)%e prepared,
for exarPRPYY SRALIFHRPE RRETERHAGARECATHESHIEHISIPBf 25 ANE RTES epmprismtntroducing
an apprapoetaidssibestitgion so that a codon encoding a particular amino acid in the constant region

encodes i ' interast. {At ivel NA encoding an H chain,in which ane or more
=

amino ac%_l?%{sgil u%%%%%ﬁé{%eﬁsafg threglgégg{rlget’! ge]éeiég?&cl??sﬁfge%ﬂﬁj%%v%iﬁ? %?n?r%gggdcsg r(§§p|ar1ntezrest can

also be B#@f8red by designing and then chemically synthesizing a DNA encoding a protein in which

one or more 20aTnier@ict fasigies i pansianisawonfol thewithyne bhahaikctmeaietoer
bt A e Sk e A A PRt T L BRAT A ANEL S chain in
whHieh oRenstaticrReem treoaeisi e sheuasing asihecaonseariegiar i deletedlor spstitateiavithdamino
acids of ipterasierikalees e I aRRRd9Simited; however, substitution to Ala is preferred.  The

methods of the present invention for improving the pharmacokinetics of an antibody may |

comprise other steps of amino acid substitution, as long as they comprise the above-described

step.

15 The present invention also relates to methods for irﬁproving the pharmacokinetics of an
antibody and reducing the heterogeneity originated from deletion of C-terminal amino acids,
which comprise the step of substituting Asn at position 317 (EU434) and deleting Gly at position
329 (EU446) and Lys at position 330 (EU447) in an IgG1 constant region comprising the amino
acid sequence of SEQ ID NO: 1. The type of amino acid after substitution is not particularly

20 limited; however, substitution to Ala is preferred. The methods of the present invention for
improving the pharmacokinetics of an antibody may comprise other steps of amino acid
substitution, as long as they comprise the above-described step.
<Methods for reducing the FcyR binding while maintaining the human sequence in the [gG2
constant region>

25 The present invention also relates to methods for reducing the FeyR binding of an
antibody, which comprise the step of substituting Ser for Ala at position 209 (EU330), Ser for
Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an IgG2 constant region
comprising the amino acid sequence of SEQ ID NO: 2. The methods of the present invention
for reducing the FeyR binding of an antibody may comprise other steps of amino acid

30  substitution, as long as they comprise the step of substituting Ser for Ala at position 209 (EU330),
Ser for Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an [gG2
constant region comprising the amino acid sequence of SEQ ID NO: 2. The method for amino
acid substitution is not particularly limited. The substitution can be achieved, for example, by
site-directed mutagenesis described above or a method described in the Examples.

35 The present invention also relates to methods for reducing the heterogeneity originated

from the hinge region of IgG2, methods for improving antibody stability under acidic conditions,



a combination of partial DNAs. Such combinations of partial DNAs include, for example, the
combination of a DNA encoding a variable region aggd a DNA encoding a constant region, and the
combination of a DNA encoding an Fab region and a DNA encoding an Fc region, but are not limited
thereto. A DNA encoding an L chain can also be prepared as a combination of 30partial DNAs.
Methods for expressing the above-described DNAs include the methods described below. For
example, a }ac#[ain Xpressiqn vector is constructed by inserting a DNA encoding an H chain
variablenFSEBB Piftb S “@3&%@%@%‘?‘%&%?’%%%&’5‘%‘@ A Loty B cHEMPEBIsERaAE fefion.
Likewisecduring b F epip bésding vbatomseaystlictt d iiylinseninge iR hAIg6eneediag: adloghain
variable (sgiofiioRn EXRIGSFIONYESIAL BB R %@g%}g{gb %ﬂstft%g@gy;constant region.

Alternatively, these H and L chain genes may be inserte . ctor. Expression vectors
include, fOrSERHIFIBE SNa# pREtin2ld (Rt B i thesdd s nberng saFEBHY sapmismarid
virus)-basgebnectdrSEQUITANNG! limted ditereimiltostidells are co-transformed with an antibody

expressy - r a ch haost cells.inglude the .
above- ggg\r{}%ge{g{é% %i%é%%%%ﬁ%%p%gﬁgg%%a%ﬁms%&ﬁ&%% calls %‘%%I\?gﬁ%%l rﬁ?c&%)eoarﬁnaiﬁ?s?ﬁlsdsuch
as E coficyesse ahdHaSniis it appiismarinmacitimals (Nature Biotechnology (2007) 25,

563-56%cNaibyerBiateThnal peyi(ita98)8lGofifidy 739 Biesb &IV cakang i BIoRINSIOALRESAMED acid
Commupications 444-450; Nature Biotechnology (2005) 23, 1159-1169; Journal of
Virology gg%ﬁ%ff%%%@?g(%%%c gnn%%jagf_qna Eigﬁ#ysical Research Communications (2003) 308,
9444 00){ Do The iR dist Al RSHATLE prateshisy 2R hiavkd BY nombaisetrspieralionththertipofedin
method {EuWcMstemnanal P e iiNatholieadnSsh &A (1989) 86, 6077; P. L. Feigner et al., Proc.
Natl. Acad. Sci..USA (1987) 84, 7413), calcium sphate.method (E. L. Graham & A. J. van der ED,
ViroIogﬁ(‘(i§%n§§n%%yﬁ€g£0§€2\%%éc§ﬁ%lﬂ%egw%%ﬁl%ﬁ%mg’fﬁbge gﬁ%ﬁi’&ﬁ%ﬁgﬁ%@‘
productitiguiisespred3ibn Produetstopraiberamise paid) are 15collected. The expression products can
be collegtpshHatenampie. R yeteing Wesition 133 in the EU numbering system) in the amino acid
15 sequence of SEQ ID NO: 2 with another amino acid;
(g) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(h) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;

20 (1) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid; and
(3) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.

The type of amino acid after substitution is not particularly limited; however,

25 substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Val for Met at position 276 (position 397 in the EU
numbering system), Ser for Cys at position 14 (position 131 in the EU numbering system), Lys
for Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102

30 (position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU
numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system)
are preferred. '

The present invention also relates to methods for reducing the heterogeneity originated
from the hinge region of IgG2, methods for reducing antibody heterogeneity originated from

35  C-terminus, and/or methods for reducing the FeyR binding of an antibody, all of which comprise,
in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M86AGK),



transformants and then separating the products from the transformed cells or culture media.
Separation and purification of antibodies can be achieved by an appropriate combination of methods
such as centrifugation, ammonium sulfate fractionation, salting out, ultrafiltration, columns of Iq, FcRn,
Protein A, and Protein G, affinity chromatography, ion exchange 20chromatography, and gel filtration
chromatography. <Methods for improving the IgG2 constant region stability under acidic conditions>
The present invention also relates to methods for improving antibody stability under acidic conditions,
which ¢ Bﬁé’é e step of substituting Met at position 276 (position 397 in the EU numbering system)

in the afainmibstitisegUdnce misBEQ MDONMsRity &R) inithealDthemPeamingsaaid). if iecmethodsiaf the

presentg%%g%f%@' PEPMIRY 2QtiRedy,stabilify under acidic conditions may compr!s_e other stepg_of
amino aci substitutiofn? as long as th%%omiég%el the step of substituting Met at position 276 (position
(BRTIHERAR 48

397 in the) BOTHIREEAHG &yReSHIPThA K5 {TgE2ymite aPicther
amino asiguchice &Y5& Qf M aoid hftosidhsitiftoncignot particularly limited; however, substitution to

Val i L ! ' itutiond t particularly limited. The.substitution
can be S T R e S e bed i

the Exa?ﬁ&%?iﬁe?ﬁ&Q(%Qéaﬂ%W%@%éﬁéﬁ@y originated from the hinge region of IgG2
Petoro0Sal SN FoRboR (18 S af SUSHIRE Gy ot ostian 14 (oomion LaT mine EU
eterog ise the step of substituting Cys a
numberlgn (ﬂs&{1 g’i%\;%ﬁgtﬁg;{gﬁ S%lseﬁl%rr?lfg? ?rlldfhe EU numbering system), and/or Cys at
pd&tion(eézl%zf@ﬁ@ﬁﬁgﬁ anpoptipe HEUpsiHiberAg sysem)inumbarinasystith seyiheraein 8B 1D
NO: 2 (Iglpaanedtbrather EINMND: aciash Inetypenahaming acid after substitution is not particularly
limited; howev ubstitutions of Ser for,Cys at ition, 14, 1 ys for Arg at position 16, and Ser for Cys
at bS50 S S P TR R STE DIARe IESaRR Ve R e BN GOty 2cic
heterogésiitpanal Tom PRI dtRerishepm tleammsoasitisubstitution, as long as they comprise the step
of subsiiiytingsGysiag m@ﬁ%ﬁ&%@@%@ﬁh%ﬁﬂé@m%ﬂ%ﬂ 1 M AR RN 101

U bertg Bt R D Bing SEH ERtHE BB SE6 1D NO: 2 (1gG2). The method for amino acid
substituforsissiseiag thaulaf lyolitited ITiresttstitRionthe & baimbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid; and
(i) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.
20 | The type of amino acid after substitution is not particularly limited; however,
substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218
(position 339 in the EU numbering system), Ser for Cys at position 14 (position 131 in the EU
numbering system), Lys for Arg at position 16 (position 133 in the EU numbering system), Ser
25 for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20
(position 137 in the EU numbering systen), and Gly for Ser at position 21 (position 138 in the
EU numbering system) are preferred. '
The methods of the present invention may comprise other steps such as amino acid
substitution and deletion, as long as they comprise the steps described above. The methods for
30 amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.
The present invention aiso relates to methods for reducing the heterogeneity originated
from the hinge region of IgG2, methods for improving antibody stability under acidic conditions,
35  and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which

comprise in an IgG2 constant region comprising the aminoe acid sequence of SEQ ID NO: 2



10achieved, for example, by site-directed mutagenesis described above or a method described in the
Examples. In the amino acid substitution, all of the #aree amino acids described above may be
substituted or one or two (for example, positions 14 and 102) of them may be substituted. <Methods
for reducing the heterogeneity originated from deletion of C-terminal amino acids in an IgG2 constant
region> 15The present invention also relates to methods for reducing antibody heterogeneity, which
compris@lgg s‘{.ﬁ%o&ldeleting Gly at position 325 (position 446 in the EU numbering system) and Lys at
position ‘&)os 10 441N the EU numbering system) in an IgG2 constant region comprising the
amino deissbsfiiiog MSEPIBING2 26 TnsitiretidTsiothihEpresaicinve sfiganinateemmantitbdy
heteroggngity,saay SEMRHS] OtheksteRsal-raHNARLik20substitution, as long as they comprise the

step of deleting Gly at position 325 (position 446, in the EU numbering system) and Lys at position 326
(positot 1 T AR RS By R P! D AT TORE FERUI T oA B
seduensequESEQBRQOIZNThE wichhow ferr amino acid; substitution is not particularly limited. The
substitufigncanie Ae ey erb arBramRips bR s dreale mylagsassInasaitRd RN oL adnethod

described in the Ef@]é}les. 5<Methods for improving the pharmacolcinétics by substituting amino
r

acids of lfEEBR Uit 2 Witk RasResaminf &riflon also relates to methods for improving the
pharmatbkinbsicsioha € pntibedyiovhlOd Gmvitdectiiistte Bl subsiliting sviseat)iasiiomlido E4k268),
Arg at p@g%g% ﬁ@%%@pf%%@%p&ﬁiﬂ%nag% (EU419) in an 1gG2 constant region

i SEQ |

comprising the 30 amino acid sequence of SEQ ID NO: 2. The methods of the present invention for
imftovitty FROFHERRE M anslisna? Srrmbes Mdyrtinsiisasnierise petsrarinibeerizupgdution,
as long ssjthey.cof PG ENNERIDwEdd esoibeansiep adide type of amino acid after substitution is not
particularly, Jjnited: I ver, substitutions .of rl—l%sg‘ osition 147 (EU268), Gin far Arg.at
position@fi”%%%’%% %‘%ﬁéﬁ’ﬁ?ﬁ% @E%]glsoiﬁgg %)é% %ﬁggﬁgﬁgﬁ Fée i gap')l}leusl%ﬁ Lgvention
also rel&fS8 Bl 15 irkbroWHE tetheiamiaconifttislof an antibody, which comprise the step of
substitugingiéistirat GoskiqR Sfon ELHMI4) Iy am g1 o2308N sk 689 s campisiRgiBesamino acid
seguence of SEQ ID NO: 2 or 35 8)...[he tXEFe of.amino acid rs itution is not particularly
Iir?ﬁjted; %%%%%’%%gﬁﬁ%ﬁ?gﬁ%sﬁ ﬁfgﬂ %g_élﬁilértgfeerre_ .%cégrﬁee?ﬁ%%e&ﬁ%%%r?gﬁr#{i vention for improving
the pharmacoldA&gdsRst efrraitpeeid Aty sdhiiisiontismos east oflamifisiteit! Bobstitation, as long as
they coriégi@utitehs of Val for Met at position 276 (position 397 in the EU numbering system), Ser for -

Cys at position 14 (position 131 in the EU numbering system), Lys for Arg at position 16

(position 133 in the EU numbering system), Ser for Cys at position 102 (position 219 in the EU
20 numbering system), Gly for Glu at position 20 (position 137 in the EU numbering system), and
Gly for Ser at position 21 (position 138 in the EU numbering system) are preferred.

The present invention further relates to methods for reducing the heterogeneity
originated from the hinge region of IgG2 and/or methods for reducing antibody heterogeneity
originated from C-terminus, all of which comprise in an IgG2 constant region comprising the

25 amino acid sequence of SEQ ID NO: 2 (M40AGK), the steps of:
(a) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(b) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
30 (c) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
(d) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;
() substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
35  sequence of SEQ ID NO: 2 with another amino acid; and
(f) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU



5above-described step. <Methods for improving the pharmacolcinetics by substituting amino acids of
IgG1 constant region> The present invention alsp relates to methods for improving the
pharmacokinetics of an antibody, which comprise the step of substituting Asn at position 317 (EU434)
in an IgG1 10 constant region comprising the amino acid sequence of SEQ ID NO: 1. The type of
amino acid after substitution is not particularly limited; however, substitution to Ala is preferred. The
methods of the.present invention fcgrim g%/in?_the pharmacolcinetics of an_antibody may comprise

other stEHTBPHRRAS LTy LIBEHHYGEA - Y SRS D e stribed step. 15The
present inventiohtsppetdtesite ardrdils fubstipreving the pirdcuiadeKingties abarantibody and
reducin : ity Qrig leti rminalam ' ' ise the
Step of Eﬁﬁiﬁ?ﬁﬁ%gﬁs'n@af%;‘?é%%*%%%f%é??i et e el S Teat Ve
position 350 R9HA ST il AR IFER oS MG ST BIRPRSING ($18) anthiP ntis B Hesiicd® dPSEQ ID NO:
1. Fhe typesofaniitbiacie Ftenaubstingiorsisnmp CharfieulEidya2pdshitac? b oveitesn S@IStitdiiopto Ala is

preferred e e RARAT A6 BiessnLi e RIamIRl ITRIRRG. hesaipacolinglica of ananbody

may comprise other steps of amino acid substitution, as long as they comprise a cribed
step. <MEHRBEETS reducing the FcyR binding while maintaining the human sequence in the 1gG2

constant region=TR& phedprasesttiovaitioriales relaiaidgsmathanisitor sadbsingerbeyRikinding of an
antibod I ' tep.of s Ryt I for Ala at pasition 209 (EU330), Ser for Pro at
position%%%%%?%ﬁr%d}%gg_fgﬁﬁ% %iﬁgc%#ﬁgr% ?ﬁéﬂ %g?j ?I’E]} A Ii%l %Sé%t%eﬁfcr%gﬁ)%rjloéomprising
thé Gmimeeied sEguededns sty dy hetragengineatapated fipe Srasentonuaitionvbicdk cempiisthe
FcyR bingingigGaneniibady daycampsise otbarsiepscnf amiracrcd Sosustiationasdpngeas they
comprisetethg step of substituting Ser for Ala at position 209 (EU330), Ser for Pro at position 210
(EU331)S, and Ala for Thr at position 218 (EU339) in an 1gG2 constant region comprising the amino
acid sed@tpesERBERSE UL atpestisidd (ppsitivnd atith sabElfutionbering ysttie) arizéimited The
substitutipfreaichesaghiaveds i@ xpele by site-directed mutagenesis described above or a method

deprog RIS EIS A PO dop e etp ety e
acidic cemirpasid sequence of SEQ ID NO: 2;
(c) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;
(d) substituting Gly for Glu at position 20 (position 137 in the EU numbering systen) in the
20 amino acid sequence of SEQ ID NO: 2;
(e) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;
(f) substituting Gln for His at position 147 (position 268 in the EU numbering system) in the
amino acid sequence of SEQ ID NOC: 2;
25 (g) substituting Gln for Arg at position 234 (position 355 in the EU numbering system) in the
amino acid sequence of SEQ ID NQ: 2;
(h) substituting Glu for Gin at position 298 (position 419 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2; and
(1) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU
30 numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.

The present invention also relates to methods for reducing antibody heterogeneity
originated from the hinge region of 1gG2, methods for improving pharmacokinetics, and/or
methods for reducing antibody heterogeneity originated from C-terminus, all of which comprise
in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M73), the

35  steps of:

(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the



24 methods for reducing antibody heterogeneity originated from C-terminus, and/or methods for
reducing the FcyR binding of an antibody, all of whigh comprise, in an IgG2 constant region comprising
the amino acid sequence of SEQ ID NO: 2 (M14AGK), the steps of:  (a) substituting Ala at position
209 (position 330 in the EU numbering system) in the amino acid 5 sequence of SEQ ID NO: 2 with
another amino acid; (b) substituting Pro at position 210 (position 331 in the EU numbering system) in
the amino acid sequence oaf ID_NO: 2 with another amino acid; (c) substituting Thr at position
218 (podftiGiP 355 iFFtHEED) Lﬁﬁ §'Qy<fem) in the amino acid sequence of SEQ ID NO: 2 with
another @rsnbsaoiing 0 fulstitatipghtet:dttp@sitioin? 763 hodit il 3ATbdhagysammbetirg system)

in the a%ﬁ%@&@dﬁ%ﬂﬂ&%%@s%@%%@@iz with another amino acid; (e) substituting Cys at position
14 (position 131 in the EU numbering s ste’méin the amino acid sequence of SEQ ID NO: 2 with
[

another GRBSHERIng e fBEltiAGPR AR fOdifersittoostiaritedalriebetng siaRh i éhztem) in
the amirmacickdid senuesce@HEDINMQ; 2 with another amino acid; (g) substituting Cys at position

102 (posgiiian Qs rng.syst ' [ ' ce.of SEQ ID NQ: 2 with
another%grjr%%o a_clgl];n %%%llf%g%tgﬁa %!ﬁﬁé\% ggs@%é@f %i?ﬁ%%i%@%%eﬁﬂﬁ%% e i%]g%%/stem) in
the amifERSFSEGsEReRBPERER Y 2Zwith another amino acid; 20(i) substituting Ser at position
21 (posifiyr3@ tmike Y o BH et BEsHYSHET)(Fbheoandio achd Bertenteraf SiQeR) NQn with
another @,{%} 0, g{:d%é&srl\%@ Sﬂt%%stge%ctaﬂivycﬁt2005|tlon 325 and Lys at position 326 (positions 446 and 447

in the EU numbering 'system, re /ely) n the amino acid sequence of SEQ Ill NO: 2. The type of
aniiho aditsahautinatelniér idinst pasitenddy IpftedometfeiehoBElneHtbutng BB forthta at
position 2B fpeidivaaildbtisE&WnMmbering system), Ser for Pro at position 210 (position 331 in

for Mot AL DAt e b RSB T DU g Syt SLp or E S EBogtioh T (osiion
131 in tHeEg #ifhirsiiprcsyte Ry, IySN9r Arg at position 16 (position 133 in the EU numbering
system)(ijanbetifrs @GRS e 2 3tRasition B Siathe Sl paherpgsysiend)«fehfrlu at
popition 20, (RSN £37 0 e EY b No: 2; |

(1) substituting Ala for Asn at position 313 (position 434 in the EU numbering system) in the

amino acid sequence of SEQ ID NO: 2; and

(j) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU

numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.

20 The methods of the present invention may comprise other steps such as amino acid
substitution and deletion, as long as they comprise the steps described above. The methods for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method
described in the Examples.

25  <Methods for improving the stability of an IgG4 constant region under acidic conditions>

The present invention also relates to methods for improving antibody stability under
acidic conditions, which comprise the step of substituting Arg at position 289 (position 409 in
. the EU numbering system) of an IgG4 constant region comprising the amino acid sequence of
SEQ ID NO: 3 with another amino acid. The methods of the present invention for improving

30  antibody stability under acidic conditions may comprise other steps of amino acid.substitution,
as long as they comprise the step of substituting Arg at position 289 (position 409 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 3 (human IgG4 constant region)
with another amino acid. The type of amino acid after substitution is not particularly limited;
however, substitution to Lys is preferred. The method for amine acid substitution is not

35  particularly limited. The substitution can be achieved, for example, by site-directed
mutagenesis described above or a method described in the Examples.



numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system) are
preferred. The present invention also relates tgpmethods for reducing the heterogeneity originated
from the hinge region of IgG2, methods for reducing antibody heterogeneity originated from
35C-telininus, and/or methods for reducing the FcyR binding of an antibody, all of which comprise, in
an lgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M86AGK), 25 the

steps of. Légr ituti @ﬁl}% os%ltlon %% Ositr';%[t]eg %—IB g@l%gnn%aslyst f{g FSIZefglmino

acid sequence no aci stltutl §Pr6 at p
(positioBEGH %ﬁ’ég‘@@tﬁ%iﬂi&hng system) in the amino aC|d 53equence of SEQ ID NO 2 with another

amino acid; (c) Bubstiuingrienabparien2dfdnasiionsyss ﬂ%ﬁ&n@%@%@ﬂ&%@@&%@@ in the
amino aé:flﬁ?g’f uenc ogo%E(éslg)ﬂll\é% 2 vvfl noth rgllr%%%gécé &ég ,{i’éb&? %’Eﬂgg @,@6 osition 14
(position the & ering system n with another
amiho aeienbkoley Mgﬂﬂjﬂwé%@pp@ﬁmﬁﬁ?@p@gmarﬂ&?mWE@MM|wmIMMn the
amino agid 5 EHAREEOfSE AR AMIRANOIRGY aminaRCids H) SHPRIE. gﬁ SakRegition 102

amino & ?’8’3%@;%51@ ?{h?eréﬂ% Haan 2 ?%%?éé‘a%ﬁ%?%%‘iﬁg%e%ﬁ% ot ot

RILOLEIITin the
amino Mmmmwfm@m 2owiidubstothiemans hongcel thély)ceulystitating s&er et position 21
(pOSIUOfaélé&-J@E he &\Bmhering Sy ki eIt ACIH S SPSEof 2B/ BI f&% ‘oYt another

20 R @fﬁﬁ?' R p°S%@%@Eﬁ%&%ﬁ&%‘é&%&?@é&;@%ﬁ@é@; "
amino a&mﬂa&@mmmbstﬁﬁm IB D particiianyelimideiy hovilmvecid substitution is not particularly
limited. The substitution can be achieved, for example, by site-directed mutagenesis described
above or a method described in the Examples.
The present invention also relates to methods for improving the stability under acidic

15 conditions, methods for reducing the beterogeneity ori ginated from C-terminus, and/or methods
for reducing the FeyR binding of an antibody, all of which comprise, in an 1gG4 constant region
comprising the amino acid sequence of SEQ ID NO: 3 (M11AGK), the steps of:
(a) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;

20 (b) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
(c) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid,;
(d) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid

25 sequence of SEQ ID NO: 3 with another amino acid;
() substituting Arg at position 97 (position 214 in the EU numbering system) in the amino acid
sequence of SEQ II> NO: 3 with another amino acid;
(f) substituting Ser at position 100 (position 217 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;

30 (g) substituting Tyr at position 102 (position 219 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
(h) substituting Gly at position 103 (position 220 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid,;
(1) substituting Pro at position 104 (position 221 in the EU numbering system) in the amino acid

35 sequence of SEQ ID NO: 3 with another amino acid; |
(3) substituting Pro at position 105 (position 222 in the EU numbering system) in the amino acid



substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for Pro at
position 210 (position 331 in the EU numbering systém), Ala for Thr at position 218 (position 339 in the
EU numbering system), Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the Eli numbering system), Ser 25 for Cys at position 102 (position
219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU numbering
system), ﬂ%@éﬂ%}ﬁﬁﬁ%@@?@%E&Hﬂﬁﬁﬂiﬁé%[&m EU numbering system) are preferred.

The methods of the present invention may comprise other steps such as amino acid substitution and
deletiorfXaSUBHEFHeE S caimpritiond Liapaiivaditda tsoht nusebsiie suEey 30 ihaine aeiacid
substituiand deRBQMRE 008 patheulaby: limited attde substitution and deletion can be achieved, for
example, ite-di es| seribe Qv method.described in the Examples.
The pre %%%%ﬁ%%%?%%g r% %tg[e?é}%of ir% 08%159 Q‘%%P nuégl}ﬂgg the | eh%er%%% Fl‘éslk?/néiilg%r%g?e%%omg%% hinge
regfon SemEICeRE PRSI Nipt it eeiiBo @R asfiE: under acidic conditions, 35and/or methods for
reducingn@niibreyukiateregengitgiang inpdepolnionC termitsE Bl hohwbieh comaH enmanddfz? constant
region comprising the ap id-seguence of SEQ ID NQ:.2 26 (M31LIGK), the steps of: (a)
R o T b et R

substituﬁcnlg L at position“27 rallﬁmbering system) in the amino acid sequence
of SEQ (D friptmgiaiyamapritierihd @eidtios) Sifoutitbedg- Qysrdepagitvrict) (pdbiionitgkiiithe EU
numberipggyiep)SIBECEANING acid 5 sequence of SEQ ID NO: 2 with another amino acid; (c)
supstituting Arg.at position 16 (positi 33 in the, EU. numhering system) in the amino acid sequence
o Qe ) KB AR B o L R SO AR AV BBEHh L) A S At £
numberhegusystent)SEEhE)aNThG acill secfheneaiopSEQ; N O: 2 with another amino acid; 10(e)
substitu%ga@&aﬁg PRSiHOP0SR;ROSIHARALEYs B hSs R RBHRE SYSIRRAA e aminomsid sequence
n

of SEQ Q2o it another amlnl(_\,)f)alrcilgie amino acid sequence of SEQ ID NO: 3.

The type of amino acid after substitution is not particularly limited; however,

umbermg system, respective

15 substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20
{position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU
numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg
for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102

20 {position 219 in the EU numbering system), Cys for Gly at position 103 (posttion 220 in the EU
numbering system), Val for Pro at position 104 (pesition 221 in the EU numbering system), Glu
for Pro at position 105 (position 222 in the EU numbering system), Pro for Glu at position 113
{position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and

25  Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred.

The methods of the present invention may comprise other steps, such as amino acid
substitution and deletion, as long as they comprise the steps described above. The method for
amino acid substitution and deletion are not particularly limited. The substitution and deletion
can be achieved, for example, by site-directed mutagenesis described above or a method

30 described in the Examples. _
<Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in
an IgG1 constant region>

The present invention also.relates to methods for reducing antibody heterogeneity,
which comprise the step of deleting Gly at position 329 (position 446 in the EU numbering

35  system) and Lys at position 330 (position 447 in the EU numbering system) in an IgG1 constant
region comprising the amino acid sequence of SEQ ID NO: 1. The methods of the present



(O substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid;land (g) deleting Gly at position 325 and Lys at
position 326 (positions 446 and 447 in the EU 15numbering system, respectively) in the amino acid
sequence of SEQ ID NO: 2. The type of amino acid after substitution is not particularly limited;
however, substitutions of Val for Met at position 276 (position 397 in the EU numbering system), Ser

for Cys ShaREiP L ReslopaR NP RIS by s L Ara A poaifn 16 (positor

133 in the EU numbering system s af position 102 (position 2 e EU 20 numbering
system)SUSRITBIQSR; 2t [9BSR RO (BRHivmAS TSR flelernahberrrelie i) O dnestnritt S at
positiontRd KpbsitinbeHiag sydamFAdd Ghbargitystent) @ssiigaiersdn the Flhepndsanginxeation further

relates ing t ity-originat t i on of }gG2 and/or
method o o S R SRR R o Sonlite,
IgG2 colfStEminagRiA BEMHHERR RO DERERSIHA Ol insisgu e nbee sEETEODMNER De(MaE G YT the steps
of: (a) suhsipiding Gys dtpesitatdgdipositiondiBidaibeckl Awmbediagseysteny thdmxanpnRe,. acid

sequence of SEQ ID : 2 with another amino acid; (b) substituting Arg at position 16 (position 133 in
the EU namber B a0 R SR R B
30(c) sulSEtRIMAET gBtdogsitioleaznips sitivtipadias Wi ssihiranstaslmeion of the prs acid
sequenggveh&RnEubl?: 2 with another amino acid; (d) substituting Glu at position 20 (position 137 in

(©) GBSO M Ao 38 CRO 30 o e B By Sy IR acid 35
sequenéd)ét SR IaCha pithnaisesibe amine sl senignoedd] ST IBINE: g6t 393 3nd Lys at
position 328 Keasitians s apshddseinibarkido 24 AURheHRg DTN ’apesliy&lysin e amino acid
Sequen?ﬁ)oafhsg%gck%iglgétzéomprises the amino acid sequence of SEQ ID NO: 49 (VL1-kappa);
(e) a light chain that comprises the amino acid sequence of SEQ ID NO: 47 (VL3-kappa);
15 (f) a light chain that comprises the amino acid sequence of SEQ ID NO: 45 (VL5-kappa);
(g) an antibody that comprises the heavy chain of (a) and the light chain of (d) (FV3-M73);
(h) an antibody that comprises the heavy chain of (b) and the light chain of () (FV4-M73); and
(1) an antibody that comprises the heavy chain of (¢) and the light chain of (f) (FV5-M83).
<Pharmaceutical compositions comprising antibodies>
20 The present invention provides pharmaceutical compositions comprising an antibody of
the present invention.

The pharmaceutical compositions of the present invention can be formulated, in
addition to the antibodies, with pharmaceutically acceptable carriers by known methods.  For
example, the compositions can be used parenterally, when the antibodies are formulated in a

25  sterile solution or suspension for injection using water or any other pharmaceutically acceptable
liquid. For example, the compositions can be formulated by appropriately combining the
antibodies with pharmaceutically acceptable carriers or media, specifically, sterile water or
physiological saline, vegetable oils, emulsifiers, suspending agents, surfactants, stabilizers,
flavoring agents, excipients, vehicles, preservatives, binding agents, and such, by mixing them at

30 ° aunit dose and form required by generally accepted pharmaceutical implementations. The
content of the active ingredient in such a formulation is adjusted so that an appropriate dose
within the required range can be obtained.

- Sterile compositions for injection can be formulated using vehicles such as distilled
water for injection, according to standard protocols.

35 Aqueous solutions used for injection include, for example, physiological saline and

isotonic solutions containing glucose or other adjuvants such as D-sorbitol, D-mannose,



The type of amino acid after substitution is not particularly limited; however, substitutions of Ser for
Cys at position 14 (position 131 in the EU numberigg system), Lys for Arg at position 16 (position 133
in the EU numbering system), Ser for Cys at position 102 5(position 219 in the EU numbering system),
Gly for Glu at position 20 (position 137 in the EU numbering system), and Gly for Ser at position 21
(position 138 in the Eli numbering system) are preferred. The present invention also relates to

methodﬁ)for reducing.antibody heterogeneity originated from the hinge region of. I9G thods for
provii B SCET LS, SRETar Ol BRGRET eI B R ey QAR from

C-teliiiirushal acolinbhnastfisaby fhandy Gl vdeshaht yedicw pomplésinglise! amime cidideruence of
SEQ IDoNG:12:46M 283)-1b8i St 0hidR)sa R s tPERSoPR LoDy SRt PRSten 14 (position 131 in the EU
numperlng Sysz&[\r@ﬁ&% asmlno acif seque Céa Qf gg%#) N(} 2; ﬁ%%b%ingbhg foa%g at. .
position 16 (po e Ho ASertng &Y<t {HE S SQUSEETEHSESY D NO: 2;
(c) Bubstithtimy Senfor€ys htpositholitl2 (Pbsidonp10sm thddEdwetmberthdeifstenidimthvEmino
acid seglenae AR b Nodidn é@étﬁ%@@f&é&%@%&%@ Ik ALARKIRNZQ tRRsifiRRLAKHuthe EU
numbering System) in the 20 amino, acid_sequence of SEQ.ID NO: 2; (e) substituting Gly for Ser at
posmorﬁ%%l&&&gﬁié)ﬂ PETH N BEET hEISEH B BT ATHE RIS achFSBEREFEE B S BN 2
(f) substitpitnlyGingiertddisnat ppsitipriatd dngpokition 268 in the Eli numbering system) in the amino acid
sequence of SEQIDH: 2rAR40) SHREILH DY AR M ARASHON AP LRGSR SRpthe EU
numbering system) in the aming acid sequence of SEQ'ID NO: 2;
injection, infranasal administration, intrapuimonary administration, and percutaneous
administration. For example, injections can be administered systemically or locally by
intravenous injection, inframuscular injection, intraperitoneal injection, or subcutaneous
injection.
Furthermore, the method of administration can be appropriately selected according to
15  the age and symptoms of the patient. A single dose of the pharmaceutical composition
containing an antibody or a polynucleotide encoding an antibody can be selected, for example,
from the range of 0.0001 to 1,000 mg per kg of body weight. Alternatively, the dose may be,
for example, in the range of 0.001 to 100,000 mg/person. However, the dose is not limited to
these values. The dose and method of administration vary depending on the patient’s body
20 weight, age, and symptoms, and can be appropriately selected by those skilled in the art.
As used herein, the three-letter and single-letter codes for respective amino acids are as
follows:
Alanine: Ala (A)
Arginine: Arg (R}
25  Asparagine: Asn (N)
Aspartic acid: Asp (D)
Cysteme: Cys (C)
Glutamine: Gin (Q)
Glutamic acid: Giu (E)
30 - Giyeine: Giy (G)
Histidine: His (H)
Isoleucine: Ile (I)
Leucine: Leu (L)
Lysine: Lys (K)
35  Methionine: Met (M)
Phenylalanine: Phe (F)



(h) substituting Glu for Gin at position 298 (position 419 in the EU numbering system) in the amino
acid sequence of SEQ ID NO: 2; and (i) deleting Gly at position 325 and Lys at position 326 (positions
446 and 447 in the EU 30numbering system, respectively) in the amino acid sequence of SEQ ID NO:
2. The present invention also relates to methods for reducing antibody heterogeneity originated
from the hinge region of IgG2, methods for improving pharmacoldnetics, and/or methods for reducing
antibod h?Ier_o en&gy originated from C-terminus, all of which comprise in an IgG2 constant region
comprising the affifd’acid sequence of SEQ ID NO: 2 (M73), the 35steps of: (a) substituting Ser for
Cys at [ﬁm'ithenszﬁ@bsition 131 in the EU numbering system) in the 28 amino acid sequence of SEQ

ID NO: 3, () substity Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino aC|d se ence of SEQ ID NO: 2; (c) substituting Ser for Cys at position 102 (position 219 in the
EU num #the 5 amino acid sequence of SEQ ID NO: 2; (d) substituting Gly for Glu at

pos’iﬂonl}ﬁa(nns:tifm 1‘37 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2;
(e) substityiing é@kSer at position 21 (position 138 in the EU numbering system) in the amino acid
sequence of SEQ | 2; 10(1) substituting Gin for His at position 147 (position 268 in the EU
numbering systéHARtha ARRISTSEE SKeHBFCH SF S EEPTEORSADY (5 SEpsitBiRg RESHArg at
position 234 (position 355 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2;

(h) subs ?Iu for Gin at position 298 (position 419 in the EU numbering system) in the 15 amino
acid sequ SEQ ID NO: 2;
10 Hereinbelow, the present invention is further specifically described with reference to the

Examples, but it is not to be construed as being limited thereto.

[Example 1] Improvement of the stability of Ig(G2 and Ig(G4 under acidic condition

15 Construction of expression vectors for 1eG2- or 1eG4-converted humanized IL-6 receptor

antibodies and expression of the antibodies

To reduce the Fey receptor-binding activity, the constant region of a humanized
anti~human II -6 receptor antibody, humanized PM-1 antibody (Cancer Res. 1993 Feb
15;53(4):851-6), which is of the Ig(3] isotype, was substituted with 1gG2 or IgG4 (Mol.

20  Immunol. 1993 Jan;30(1):105-8) to generate molecules WT-IgG2 (SEQ ID NO: 13) and
WT-1gG4 (SEQ ID NO: 14).  An animal cell expression vector was used to express the [gGs.
An expression vector, in which the constant region of humanized PM-1 antibody (IgG1) used in
Reference Example | was digested with Nhel/Norl and then substituted with the IgG2 or IgG4
constant region by ligation, was constructed. The nucleotide sequence of each DNA. fragment
25  was determined with a DNA sequencer (ABI PRISM 3730xL DNA Sequencer or ABI PRISM
3700 DNA Sequencer (Applied Biosystems)) using the BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems) according to the attached instruction manual. Using the WT L chain
(SEQ ID NO: 15), WT-1gGl, WT-1gG2, and WT-Ig(G4 were expressed by the method deseribed
below. Human embryonic kidney cancer-derived HEK293H cells (Invitrogen) were suspended
30  in DMEM (Invitrogen) supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells
(10-ml/plate; cell density of 5 to 6 x 10° cells/ml) were plated on dishes for adherent cells {10 cm
in diameter; CORNING) and cultured in a CO; incubator (37°C, 5% CO,) for one whole day and
night. Then, the medium was removed by aspiration, and 6.9 mi of CHO-S-SFM-I1I medijum
{(Invitrogen) was added. The prepared plasmid DNA mixture (13.8 ug in total) was combined
35 with 20.7 pl of 1 pg/ml Polyethylenimine (Polysciences Ine.) and 690 ul of CHO-S-SFMII
medium. The resulting mixture was incubated at room temperature for 10 minutes, and then



(1) substituting Ala for Asn at position 313 (position 434 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2; and (j) deleting Gly at fgipsition 325 and Lys at position 326 (positions 446
and 447 in the EU numbering system, respectively) in the amino acid sequence of SEQ ID NO: 2.
20The methods of the present invention may comprise other steps such as amino acid substitution
and deletion, as long as they comprise the steps described above. The methods for amino acid
substltutgg ele n. are not.parti Ia mlted The sub tituti %%}?gtl Cﬁl%&% ? d, for
e pISE e R B et P AT Bb R i
25<Metbi6H3 for %m@ﬁ)hmgﬂhe&ablﬁw m‘l@tf (JEA-CenisM Al mogibwru Ndertawddiv eondiddrste the The

pfesentd&\&%@“ﬂ&%@cé@ﬂ@%&é@ﬂz@&@é%%@@@E%%E&@?tfgpﬁﬁfe%ta%lﬁy Uﬂﬂ’@&ﬁﬁh&’é“sﬁg&qﬁ%
which comprlseggﬁﬁtep of sulostltg1 I%D Arg ition 289 (posmon 09 in the EU numbering system)

of an IgF BEALESRTEHLIF BB SRl &cﬁd%aaﬂeeeﬂ B OB Wit er amino
acid. Thaunethited e ghdsehinvEhtionthl BiTEviig adtifibagy sTbiihmpmeewasidiorednditions

may compriseathgr steps of amino acid substitution, as long as they comprise the step of substituting
Arg at position 289&%&% 409 in the EU numberl“%rfystem; in the amino acid sequence of SEQ ID

NO: 3 (human 1§8 £ Yo A RALHGINE! afitrno L8&id) ThehaibeSSARndicld Seubstitution

is not patidukarheticaited; however, substitution to Lys is preferred. The method for amino acid

substitution is n r [ Tg%ﬁjg hiqy, site-directed
mutagenesis de?gﬁéag{&%o@ewgﬂ n?gth escrlbegg’lx In the Exqe\ﬁhgplegs @%@Mﬁﬁqﬁﬁﬁ )‘ré ducmg the
hérogeneity ofijifbiermiasa BMetidiilor Estdrishaim QBN A4 (gome sridanarenish> The
present invention also relates to methods for reducing the heterogeneity of an antibody, which
comprisg {h6 siep ol dgletig iy 3tpesition S (RRsioN 446 1 16 Bl mbsring gystem) and Lys
at positior ) nprising the
amino adYEEg e'-ﬁ-ﬁ --u‘ SEQ ID NO: 3 (Mol Immunol 1993 Jan 30(1) 105 8) The methods of the

present Inventlosd@m EﬁdpﬁbragﬂbeMmeﬁéwmamwm@ﬁ@mmg@&em@é@wmm sifppKgution,
long as th% |s t& éép deletln Xj‘ﬁ ﬁﬂt}on BZgé% S 8{10%%7\;\/'@ éhe E umberlng
ioh (p(%l ion

sys em) an or pos numbering system)’in an C3§4 constant
region mﬁmg&ﬁ%&fﬂtrf@@&d@eqnme of”é”@@qlgtm@ werﬁieaméqrred r@w&ﬁ%mac&itsumwon

is not payticiHay.LMIRM: T sltutjeﬂe@aﬂabeﬁghea@qrﬁw fxanpte.yrsitesdilpctedhimtagenesis
deseribey Aoy o o e O G S PRIP Mg HHC1/150 mM NaCl (pH 2.0) and the
mixtures were incubated for two minutes to elute the antibodies (hydrochioric acid elution).
20 Immediately, the eluates were neutralized by adding 6.7 ul of 1.5 M Tris-HCI (pH 7.8). The

ehation was carried out fwice, yielding 200 ul of purified antibodies.

(el filtration chromatoeraphy analvsis of WT-1gG1, WT-1pG2. and WT-IgG4 purified by
hvdrochloric acid elution

25 The contents of aggregate in the purified samples obtained by hydrochloric acid elution
were assessed by gel filtration chromatography analysis.
Aggregation assessment method:
System: Waters Alliance
Column: G3000SWxl1 (TOSOH)
30 Mobile phase‘: 50 mM sodium phosphate, 300 mM KCI; pH 7.0
Flow rate, wavelength: 0.5 mI/min, 220 nm
The result is shown in Fig. 1.  While the content of aggregate in WT-IgGl after
purification was about 2%, those of WT-1g(G2 and WT-igG4 after purification were about 25%,
This suggests that IgG1 is stable to acid during hydrochloric acid ehution, and by contrast, IgG2
35  and IgG4 are unstable and underwent denaturation/aggregation. Thus, the stability of IgG2 and
1gG4 under acidic condition was demonstrated to be lower than that of IgGG1.  Protein A has



The present invention also relates to methods for improving the stability under acidic 15conditions,
methods for reducing the heterogeneity originated ffom C-terminus, and/or methods for reducing the
FcyR binding of an antibody, all of which comprise, in an 1g04 constant region comprising the amino
acid sequence of SEQ ID NO: 3 (MIIAGK), the steps of (a) substituting Cys at-position 14 (position 131
in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3 with another amino acid;
20(b) substituting Arg at position. sition 133 in umbering system) jn.the amino acid
e BN D A PR A R L0 JEETRUAT i S PSR ER S TIEgon 137 in
the EU wagabeeidis spodifionin theaddithenavitsepahctiot. SEGhIsNguBadimbencitial epnigdestid;

(d) subsﬁm&]{mé%% Ihag%ﬂ@a%&upgsgﬂe&a@@dm Bt ﬁﬁg@?@&iﬁ&%ﬁ&mﬂn F@ﬁ@g{gﬂao acid 22 "
sequence 0 : 3.wit other amino acid; (e) substitutin t position position in
the EU RETRBRA USRS LR BRI SRR NI BHEE OO &I IRD acic: (1
subsstitutiabr Seredtl poitiod 10D (ositivle2uidier teedi Londriberingsdystadt) inetherantinm deiddequence
of SEQENQnd Wil apofhiena R ARAh30ER:-S 4D SUHINIET YT 8L PRSI LPRIIANedS In the EU

numbering system) in the amino,acid sequence of SEQ ID NO: 3 with angther amino acid; _(h

substit G ER U BBRIbIETRISRESIENR 256 1R Rl IR S MG GBI ASthe! B ASSZRY Suence
of SEQ tidswe@b3ewmithf dmmthestaoninggasidtionhesobstitutingvBeo dtydsitiog théh (uoshhanR224ticathe EU
numberifyg SYSgRIRING Ao ARt ARSRAHRIER ShSERARNG: SWitlanathriahingais: 0)
substituting Pro at position 105 (position 222 in the EU numbering system) in the amino acid 30
seduendBBOHEY PRI Hrith another amino acid; (k) substituting Glu at position 113 (position 233
in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3 with another amino acid;

(1) subsy '_i}s&ﬁioﬁ%l?é BasliaN &t Rasiien 23d WG, B INRRSING SISITRIRMIRAMNC 20 5

sequence J: 3 WIth another amino acid; 3 .
e stability of IgG2 and IgG4 molecules under acidic condition was demonstrated to

be lower than that of IgG1. Thus, altered forms of IgG2 and 1gG4 molecules were tested to

15 improve the stability under acidic condition. According to models for the constant regions of
IgG2 and IgG4 molecules, one of the potential destabilizing factors under acidic condition was
thought to be the instability at the CH3-CH3 domain interface. Methionine at position 397 in
the EU numbering system in IgG2, or arginine at position 409 in the EU numbering system in
1gG4 was thought to destabilize the CH3/CH3 interface. Since positions 397 and 409 of IgG1

20 intheEU numbeﬁng system are valine and lysine, respectively, an altered IgG2 antibody that
comprises the substitution of valine for methionine at position 397 in the EU numbering system
(I1gG2-M397V, SEQ ID NO: 16 {amino acid sequence)) and an altered IgG4 antibody that
comprises the substitution of lysine for arginine at position 409 in the EU numbering system
(IgG4-R409K, SEQ ID NO: 17 (amino acid sequence)) are prepared.

25 The methods used for constructing expression vectors for the antibodies of interest, and
expressing and purifying the antibodies, were the same as those used for the hydrochloric acid
etution described above. Gel filtration chromatography analysis was carried out to estimate the
contents of aggregate in the purified samples obtained by hydrochloric acid elution from Protein
A

30  Aggrepation assessment method:

System: Waters Alliance

Column: G3000SWxI (TOSOH)

Mobile phase: 50 mM sodium phosphate, 300 mM KCl, pH 7.0
Flow rate, wavelength: 0.5 mi/min, 220 nm

35 The result 1s shown in Fig. 1. While the content of aggregate in WT-IgG1 after
purification was about 2%, those in WT-IgG2 and WT-Ig(G4 after purification were about 25%.



(m) substituting Leu at position 115 (position 235 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acidg (n) deleting Gly at position 116 (position 236 in
the EU numbering system) in the amino acid sequence of SEQ ID NO: 3; 10(0) substituting Arg at
position 289 (position 409 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3
with another amino acid; and (p) deleting Gly at position 236 and Lys at position 237 (positions 446

and 447,in the EU numbering system, respectively) in the amin id sequen f NQO: 3. The
ype of B e IR b Sy B A P ey B e
at positiag 4RGN sversomnpeEe srnrie Ay s9steii) 18fg for Ahdsdipbagidrmimgpasizithat1 33 in
the EU menshiering systen Sy et B Jagsitianr221he sibian ey ditbe kbl s systian), Gly
for Ser atP05| ion Z%J@osmog 1%%'%}the.%£u g Wbe%ngﬁ“?/steng, Thr for eI\)\/I,x? at.pasitian 97 (position
214 in tha BY RUMBEHRES LRt K R B8t pBstto SEHER PP EAESES 10 ABBHRAY
system)Sgtfortyrstiqositon 182EA0 (podkivnezystimtreperivetiberifbesysidied, aQybddicGly at
positiongld3 {pasiian 228 g MM bSO YsiaMbeYAL fas BIaMtRasilion bas(nasiion 221 in the
EU numﬁ; i sy? , Glu for Pro at position 105 ﬁpo, ition 222 in the EU numberjng system), Pro for
Glu at pLOYON 113 SRoLHEHSE (R O G SPSUi o RRETRPIS B! PRI 183 (position
234 in theridd nunabe tinetsgstetmp AR Cforih dwoet 40 sitidi) 10 54 p psitiem 288ckmttwi & bhabobeding
system), e 25 kysfRLMI ALROSIEN 2B RRs1ian409 i the Fi-iumheingr st are preferred.

The methods of the present invention maggcomprise other steps, such as amino acid substitution and

delBtion Vals 185 a8 tHe e S mipr A 18E SE38 e KFASEHF SENRE T h el RtROH ROV dibstitution

and deletibe &vethetpeartit dBEBydomitaowhihbightastit dp o -Arisicddetininl g&n-Bd Gidhieyednferekample, by

sie-diregigd pyageneaidsscrigd.abowe oramathad 3odeserbedsiyine fxaalerabietiods for

reducing the heterogeneity originated from delet C-terminal amino acids in"an IgG1 constant
region>2FHeSBPESERIHEBREGH vl sl AeRRBET fedticnglmanddy héebbgemrat ¥fiich
comprise the st@gG¥ sleldiits Gly atreesilinradidit:(positidtnd46/iruthadctivatiohhatogsShey shahr) and Lys
at positign 330, {pERAAASE . 1 umberings iﬁ‘?_ﬁlé% Qe LGNSR AoHop iging the
amplbﬁo a%l%lsle uen%e. o%séﬁlé(sﬁ%[) &gﬁ%he mefhog{s of the prgggﬁta%ig o2y ﬁ%'ggggeg

was problematic. However, it was discovered that the problem could be solved by using

IG2-M397V and 1gG4-R409K for the sequences of IgG2 and 1gGG4 constant regions.  Thus,

these alterations were revealed to be very useful in developing IgG2 and 1gG4 antibody

pharmaceuticals. Furthermore, the usefuiness of IgG2-M397V and 1gG4-R409K was also

20 demonstrated by the finding that they are superior in thermal stability.
[Example 2] Improvement of heterogeneity derived from disulfide bonds in IgG2
Purification of WT-1gG1, WT-1gG2, and WT-1gG4 through acetic acid elution from Protein A

25 50 ul of rProtein A Sephar«:wse?fM Fast Flow {(Amersham Biosciences) suspended in TBS
was added to the culture supernatants obtained in Example 1, and the combined solutions were

mixed by inversion at 4°C for four hours or more. The solutions were transferred into 0.22-pum
filter cups of Ultrafree™-MC (Millipore). After washing three times with 500 ul of TBS, the
tProtein A Sepharose™ resins were suspended in 100 ul of aqueous solution of 50 mM sodium
30 acetate (pH 3.3) and the mixtures were incubated for two minutes to elute the antibodies.
Immediately, the eluates were neutralized by adding 6.7 pl of 1.5 M Tris-HCI (pH 7.8).  The

elution was carried out twice, yielding 200 pl of purified antibodies.

Analvysis of WT-1gG1. WT-1gG2. and WT-1g(G4 by cation exchange chromatography (IEC)
35 Purified WT-IgG1, WT-IgG2, and WT-IgG4 were analyzed for homogeneity by cation
exchange chromatography.




invention for reducing antibody heterogeneity may comprise other steps of amino acid substitutions, as
long as they comprise the step of deleting Lys at pagition 330 (position 447 in the EU numbering
system) and Gly at position 329 (position 446 in the EU numbering system) in an IgG1 constant region
comprising the amino acid sequence of SEQ ID NO: 1. The method 5for amino acid substitution is not
particularly limited. The substitution can be achieved, for example, by site-directed mutagenesis
describ%g above or a method d ibed in the Examples. The antibody constant regions
describéd’ F’aegS(’)I\r/]gnarrem?qto éﬁ]&%‘:@% limited, and may be used for any antibodies. Examples of
antibodies which use théxdestaitategiddlishtiee present invention include: 10 (a) a heavy chain that

comprises the amino acid,sgguepceaf $eQ ) Wbﬂ&?VH‘l'M?s); (b) a heavy chain that
comprises the amino aclfgSsPe uence ofcili%lD NO: 46 VH3-M73%; (c) a heavy chain that comprises

the amino acid sequenc 315 N (%%%‘)N@@% W’éﬁ chain that comprises the amino
acid sequence of SEQ ID NO: 49 (VLI -BagpapM MEPaNghtichahthdttemprises phesamino acid

sequence of SEQ ID NQj44 %Eﬁxt‘a@gﬁﬂk‘[ﬂ-ﬁﬂ% ﬁl@ﬂﬂﬁftﬁi@ that comprises thg amino acid sequence
of SEQ ID NO: 45 (VL5-kap£§1r§ﬁ(gé) an antibody that comprises the heavy chain of (a) and the light
ti

chain of (d) (FV3-M73); (i} Byt domipnsds ramalimsHailolg) and the light chain of (e)

(FV4-M73); and (i) an antibody Bna0eba1isises thimhiathe chaipsof ¢epandgoe lightwiaieed (f)

(FvS M83). <Phawacenticahsamappitions cmuind.anthadiess A0Tbe.nresent jpyeniion provides
0 10n.

pharmaceutical compositions comprisiig an antib the present inven e pharmaceutical

cotfposHiShansr #rabitis alaW ntere anb & bratihed itad gisivaleopask.anTbiscsegesithat
pharmadesiialymadeayitaisleces fiers dpekenwayasthpdedronexanmplecthe. compesitiitscan be used
parente ihodi re_formulated in. sterile.solutio spension for injection
using Wg%g%%%%ﬁeﬁ gf?g?qf{n%aﬁcgﬁﬁ% %%’8&8?5 %%%%Y& . %)?%)éésr@ é’é? OéE) (gsblrﬁg%s%&gé can be

formulaf&diewy QparrRrENCHMBMINY thd Brtisbe b simtppriarafdetitiduiyraciigtabhocalsters or

media, spaeﬁ&%it?/bst@mjﬁa:MQnmmM&iamaﬂc@{t@%ﬁﬁ@aﬁvwg@B&H&h@myﬁéfwzrﬁoﬁa§96mwﬂo§genas,
surfactants, stabilizers, flavoring agents, excipients, vehicles, preservatives, bindjng agents, and such,
oy i Koy B BB S R T
impleméRbstBIses THated substase ey selatad dstrypagisitibetreten fovdwsiation islhdiudted egetieatan

appropriaies deseiyihid b esiartinec odsssaRIBa PRiAReL possible for antibody molecules

developed as pharmaceuticals.  For wild type I1gG2, there is a problem of homogeneity which is
important in developing antibody pharmaceuticals. Indeed, US20060194280 (A1) has shown

20 that natural IgG2 gives various hetero-peaks as a result of the disulfide bonds in ion exchange
chromatography analysis, and that the biological activity varies among these peaks.
US20060194280 (A1) reports refolding in the purification process as a method for combining the
hetero-peaks into a single one, but use of such a process in the production is costly and
complicated. Thus, a preferred method for combining the hetero-peaks into a single one is

25  based on amino acid substitution. Although the heterogeneity originated from disulfide bonds
in the hinge region should be overcome to develop IgG2 as pharmaceuticals, no report has been
published to date on a method for solving this problem through amino acid substitution.

Preparation and assessment of altered WT-1gG2 CH1 domain and hinge region

30 As shown in Fig, 3, there are various potential disulfide bond patterns for an IgG2
molecule. Possible causes of the heterogeneity derived from the hinge region of 1gG2 were
differential pattern of disulfide bonding and free cysteines. IgG2 has two cysteines (at positions
219 and 220 in the EU numbering system) in the upper hinge region, and cysteines adjacent to
the two upper-hinge cysteines include cysteine at position 131 in the EU numbering system in

35  the H chain CHI domain and L chain C-terminal cysteine, and two corresponding cysteines in
the H chain upper hinge of the dimerization partner. ~ Specifically, there are eight cysteines in



Sterile compositions for injection can be formulated using vehicles such as distilled water for injection,
according to standard protocols. 35Aqueous solutigrgs used for injection include, for example,
physiological saline and isotonic solutions containing glucose or other adjuvants such as D-sorbitol,
D-mannose, 32 D-mannitol, and sodium chloride. These can be used in conjunction with suitable
solubilizers such as alcohol, specifically ethanol, polyalcohols such as propylene glycol and

lyeth : o] t Thl and HCO-50..0ils includ
EZsye?méf%?%%%%‘é&'ﬁ%ﬁ#%ﬁﬁ? R e L s ey

benzyl SESK2ThasEs may bisbveasnminatbe vemepubRimossPeXERBIETBH Sup K terBogdisdidndium
acetate tiffeng; ndafgesios=faeLxample, procaine hydrochloride; stabilizers, for example, benzyl

alcohol or phengl; or antioxidants. The pre aéle;ﬂi jections_ar ically, aliguoted jnto appropriate
ampules. The a?illr}_welrfﬁlsl}%gt%%% 5?8P§%°l§$§ar‘ned %%T%%rgﬁg‘% %%{ﬁ igﬁgté:g%é?@%ec Udes 10injection,
intranadattaxnErn R BAOaIR ad Hom SivalyBonsis region, afdpaictianesescumiviskdionysidr
examplexdrie@iopemean HElpdminisieredrensiamisaliyRLIERNYHIK BirYENaKS fRiectien;iatramuscular
injectiontnilnt{ggolﬁtrit n)e{glﬂrln 'Llrr1lji%ction or siﬁltbcuéan,[egu;in'ection. chrthe{glqég, the method (ﬁe
administration can be appropriately selected aceord SUBEEStL RGP RESRHE CPHh Satient. A
single deseidsiivathpur Arareastitsolipomlisrtibitdiningsatitetind seinoradlyisinadleatidesmacoding an
antibodysan-bpiseleciRdidonexample] oM the ranag.05Qi80Q%tent, 000.006ReF, kg eEhpdyveight.
Alﬁ%mat?{ﬁ}l/’ the dose m%é be, for example, in the range of 0.0 %%:;Fgo,ooo mg/person. However, the
i

doSe is Mot IRAERH RO THESESHIHEE THEadLE AR Ao L I HORDER&BERBIRPEh the
patient' suygeye f Bhvdigihto bidre, widl spmistcihspmahnt acgle apgrenciafbdycteddeteld 67 BKSE skilled in the
art. As @E@mr@g@,@s@m%@tt@gﬁn%ml%&%ﬁ&&%&%@ﬁ%@%@é@i@g@%%ﬁﬁ%as follows:
Alanmehorlgo %%mus covalent bond between H and L. chains, which is a disulfide bond between the
C-terminal cysteine of the L chain and cysteine at position 220 in the EU numbering system (Fig.
15 4), |

The methods described in Reference Example ! were used to construct an expression
vector for IgG2-SKSC and to express and purify IgG2-SKSC. The purified 1gG2-SKSC and
wild type 1gG2 (WT-1gG2) were analyzed for homogeneity by cation exchange chromatography.
Assessment method using IEC:

20 System: Waters Alliance
Column: ProPac WCX-10 (Dionex)
Mobile phase  A: 25 mM MES-NaOH, pH 5.6
B: 25 mM MES-NaOH, 250 mM Na-Acetate, pH 5.6
Flow rate, wavelength: 0.5 ml/min, 280 nm
25 Gradient B: 50%-100% (75 min)

The result is shown in Fig. 5. As expected above, IgG2-SKSC was shown to be eluted
at a single peak while WT-1gG2 gave multiple peaks. This suggests that the heterogeneity
derived from disulfide bonds in the hinge region of IgG2 can be avoided by using alterations
such as those used to generate IgG2-SKSC, which allow formation of a single disulfide bond

30 between the C-terminal cysteine of the L chain and cysteine at position 220 in the EU numbering
system. The midpoint temperatures of thermal denaturation of WT-IgG1, WT-1gG2, and
IgG2-SKSC were determined by the same methods as described in Example 1. The result
showed that WT-IgG2 gave a peak for Fab domain which has a lower Tm value than WT-IgGl,
while IgG2-SKSC did not give such a peak. = This suggests that IgG2-SKSC is also superior in

35  thermal stability as compared to WT-IgG2.

Although wild type IgG2 was thought to have a homogeneity problem which is



Arginine: Arg (R) 25 Asparagine: Asn (N) Aspartic acid: Asp (D) Cysteine: Cys (C) Glutamine: Gin (Q)
Glutamic acid: Glu (F) 30Glycine: Gly (G) Histidine:3Hlis (H) Isoleucine: lle (1) Leucine: Leu (L) Lysine:
Lys (K) 35 Methionine: Met (M) Phenylalanine: Phe (F) 33 Proline: Pro (P) Serine: Ser (S) Threonine.
Thr (T) Tryptophan: Trp (W) 5Tyrosine: Tyr (Y) Valine: Val (V) All prior art documents cited herein are
incorporated by reference in their entirety.

important in developing antibody pharmaceuticais, it was found that this problem could be
solved by using IgG2-SKSC for the constant region sequence of IgG2.  Thus, [gG2-SKSC is
very useful in developing [gG2 antibody pharmaceuticals. Furthermore, the usefulness of
1g(G2-SKSC was also demonstrated by the finding that it is superior in thermal stability.

[Example 3] Improvement of C-terminal heterogeneity in IgG molecules

Construction of an expression vector for H chain C-terminal AGK antibody from WT-igGl
For heterogeneity of the C-terminal sequences of an antibody, deletion of C-terminal
10 amino acid lysine residue, and amidation of the C-terminal amino group due to deletion of both
of the two C-terminal amino acids, glycine and lysine, have been reported (Non-patent

Document 12). The absence of such heterogeneity is preferred when developing antibody
pharmaceuticals. Actually, in humanized PM-1 antibody TOCILIZUMARB, the major
component is the sequence that lacks the C-terminal amino acid lysine, which is encoded by the
15 nucleotide sequence but deleted in post-translational modification, and the minor component
having the lysine also coexists as heterogeneity. Thus, the C-terminal amino acid sequence was
altered to reduce the C-terminal heterogeneity. Specifically, the present inventors altered the
nucleotide sequence of wild type 1gG1 to delete the C-terminal lysine and giycine from the H
chain constant region of the IgG1, and assessed whether the amidation of the C-terminal amino
20 group could be suppressed by deleting the two C-terminal amino acids glycine and ivsine.
Mutations were introduced into the C-terminal sequence of the H chain using pB-CH
vector encoding the humanized PM-1 antibody (WT) obtained in Reference Example 1. The
nucleotide sequence encoding Lys at position 447 and/or Gly at position 446 in the EU
numbering system was converted into a stop codon by introducing a mutation using the
25  QuikChange Site-Directed Mutagenesis Kit (Stratagene) according to the method described in
the attached instruction manual. Thus, expression vectors for antibody engineered to lack the
C-terminal amino acid lysine (position 447 in the EU numbering system) and antibody
engineered to lack the two C-terminal amino acids glycine and iysine (positions 446 and 447 in
the EU numbering system, respectively) were constructed. H chain C-terminal AK and AGK
30  antibodies were obtained by expressing the engineered H chains and the L chain of the
humanized PM-1 antibody. The antibodies were expressed and purified by the method
described in Reference Examptle 1.
Purified H chain C-terminal AGK antibody was analyzed by cation exchange
chromatography according to the following procedure. The effect of the C-terminal deletion on
35  heterogeneity was assessed by cation exchange chromatography analysis using the purified H
chain C-terminal AGK antibody according to the method described below. The conditions of



Examples 10Hereinbelow, the present invention is further specifically described with reference to the
Examples, but it is not to be construed as being limjted thereto. [Example 1] Improvement of the
stability of IgG2 and Ig04 under acidic condition 15Construction of expression vectors for IgG2- or
Ig04-converted humanized6 receptor antibodies and expression of the antibodies To reduce the
Fey receptor-binding activity, the constant region of a humanized anti-human IL-6 receptor antibody,

humanized PM-1 antib Cancer Res. 1993 Feh 15:53(4):851-6), which is of the 1 isotype, was
st AT S (RO A RO SRR oL U e LR T lg 2
(SEQ IPNGO: at@badyl, WThig G 4 (SEQHD NOartidndin aditlallcet] ExpressmiECmrtivadyusedt to
express:thellg&s. An expression vector, in which the constant region of humanized PM-1 antibody

(IlgG1) used in Referen xamBIe wyﬁgﬁﬁ)d with NheilNotl and then substituted with the 1gG2 or
lgG4 constant region b&eﬁ’ n: Wagc R tdY ¥ hucleotide sequence of each DNA fragment 25
was determined with a Didbilsgrjueacer 4ABI RPRISMIGEIAXEDNAEBEGUencer or ABI PRISM 3700 DNA
Sequencer (Applied Biosystems)) usinggthesBighye {aranqaens %%%MHW, Kit:(Applied

Biosystems) according to the attached instruction manual. Using the WT L chain (SEQ ID NO: 15),
WT-IgGl, WT-IgG2, and W 64 w&éipressed by the method described below. Human embryonic
kidney cancer-derived HEXROIHC B({Huittogen) e reinisperded 30 (1 RMEM (D0#trBgémain)
supplemented with 10%Eelal Bovige serum (Invitrogen). The cells (10-mUplate; cell density of 5 to 6
x 105 cells/nil) were plated on dishes for adherent cells (10 cm in diameter; CORNING) and cultured in

a €02 incubatof 18 PelEsis €5/ fBF B 0melisTad amatrsa Mid rnkodte drhainds-temirad by
aspiratik. angihod ahafCEHHScSkMhhahadiMm-ivvtrogamowasadted. Thepsepasad plasmid DNA

mixture(1.3. ' omhin | 41 of /m1Palyethylenimine (Polysciences
Inc.) and&%%gﬁ%g%%%%i%n meﬁ%@l @Eﬁi#&qﬁ%ﬁ%%gé Vt;llear.lsﬁ f}rllllcﬂ%%t.tehé%@r%to?rﬁ grr_%%?ature
for 10 niFRkEsniies el dindddermyine wahdy shppselian 41feasd rbrbaRctiamesdns 3 ¢D2
incubatenfiak@d@iendeiosiios @2). forrhd ntehavr o Thebaficaalok eSSy enasiam (vitrogen)
was added.to-the dishes,and the cells were incubated.ip a CO2 incubator for three.days e culture
e e B B S e e e B e

cells, 54ndesmiil A4 trEbefyo. 2 2hunsudzes theEkg R tewnminilhssreozaises ahipted ohae sworbel at 4C
until us@educed bhiyumRRIzEo VYL antiRRUN RN 2k MEL A9 @&l tlighain 1RERHAINO: 12 (amino acid

sequence) The temperature of thermal denaturation of the H chain C-terminal AGK antibody was

determined by DSC to assess the effect of the deletion of the two residues at the H chain C

20 ierminus on thermal stability. For the DSC measurement, the antibody was dialyzed against 20
mM acetic acid buffer (pH 6.0) containing 150 mM NaCl to change the buffer. Afier thorough
deaeration, the humanized PM-1 antibody and H chain C-terminal AGK. antibody solutions, and
the reference solution (outer dialysate) were enclosed in calorimetric cells, and thoroughly
thermally equilibrated at 40°C. Then, the samples were scanned at from 40 to 100°C with a

25  rate of about 1K/min. The resulting denaturation peaks were assigned' (Rodolfo et al.,
Immunology Letters, 1999, p 47-52). The result showed that the C-terminal deletion had no
effect on the thermal denaturation temperature of CH3 domain.

Thus, the heterogeneity originated from the C-terminal amino acid can be reduced

without affecting the thermal stability of antibody by deleting the C-terminal lysine and glycine

30 from the H chain constant region at the nucleotide sequence level. Since all of the constant
regions of human antibodies 1gG1, IgG2, and 1gG4 contain Gly and Lys at positions 446 and 447
in the EU numbering system in their C-terminal sequences, the method for reducing the
C-terminal amino acid heterogeneity discovered in this example and others is also expected to be
applicable to 1gG2 and 1g(G4 constant regions.

35



(2) Humanized PM-1 VH + 1gG2 H chain, SEQ ID NO: 13 (amino acid sequence) 10(3) Humanized
PM-1 VH + 1gG4 H chain, SEQ ID NO: 14 (amino agid sequence) Purification of WT-IgGIl, WT-IgG2,
and WT-1gG4 through elution from Protein A using hydrochloric acid 50 ul of rProtein A Sepharose
Fast Flow (Amersham Biosciences) suspended in TBS 15was added to the obtained culture
supernatants, and the combined solutions were mixed by inversion at 4C for four hours or more. The
solution ere rred | Ir to 0. g r cups of Ultrafree(R) ngll ore). After washlng three
times w X@f}Bjuel ﬁ’e 1?5? teuz% gpﬁ’a%g)%élﬂ’fr‘ 88%%?&8055 EB& el r?%’(ﬁﬁ of 10 mM
HC1/150 niM Na@ﬁ%plalr@@f}@ﬁﬁ’ prampeertcalerained bhrsutiol nng miratiesto effsechfmetibodies |
(hydroce&ﬁcaa@@eetme a@imma%a&%cﬂae BIWRIRASHES %ﬂéﬁmég% hPlof 1.5M

Tris-HC1 @ﬁéﬁ o was arried out tW|ce yl%"g 200 ul of n% &ﬂ, odies. Gel filtration
chroma YW?%@?&@?&W &é’ BofYSs t]]: O ARAISTiERPSEY Slution
25The cdhmmsmmggmgane Rdvhs@gﬁfﬁ@o[lﬁampmgmtﬁamenbw Byeohrd 6l oriche didredniiord were

assesseg) ey ﬁi&eﬂep RroRRIRAR M@emﬁg%%g%@ﬁaa%aﬁmtﬂm% ggystem: Waters
Alliance, Column; G OOO x1 (TQ 30 ob|Ie hase M sodium phosphate 30b mM_KClI, pH

7.0 Flow FERES /A 0B iSO S RAFHITRL ﬁ%?@%lf’i’élé’ﬁ%%?% olpgatl & ebhiBnt of
aggregatsiar Whel g@ﬂ ajteﬂmnaﬁmaiu}rgmﬁ:ahhma%% aisosiel Wk GG 2, anch\isTrhg Ghandidr
purificatipp were about 25%. This suggests that IgG1 is stable to acid during hydrochloric acid elution,
and by contrast, IgG2 35and IgG4 are unstable and underwent denaturation/aggregation. Thus, the
staelllty of IgG2 and 1gG4 under acidic condition was demonstrated to be lower than that of IgGl.
Protein Adissruction and assessment of M14AGK., M11AGK. and M17AGK. Fey receptor-nonbinding

optimized constant regions

A possible method for impairing the Fey receptor binding is to convert the IgG antibody

from IgG1 isotype to IgG2 or IgGG4 isotype (Ann. Hematol. 1998 Jun;76(6):231-48), Asa

15 method for completely eliminating the binding to Fey receptor, a method of introducing an
artificial alteration into Fc domain has been reported. For example, since the effector functions
of anti-CD3 antibody and anti-CD4 antibody cause adverse effects, amino acid mutations that
are not present in the wild type sequence have been introduced into the Fey receptor-binding
region of Fc domain (Non-patent Documents 3 and 7), and the resulting Fey receptor-nonbinding

20 anti-CD3 and anti-CD4 antibodies are currently under clinical trials (Non-patent Documents 5
and 8). According to another report (Patent Document 3), Fey receptor-nonbinding antibodies
can be prepared by converting the FeyR-binding domain of IgG1 (at positions 233, 234, 235, 236,
327, 330, and 331 in the EU numbering system) into the sequence of IgG2 (at positions 233, 234,
235, and 236 in the EU numbering system) or 1p(G4 (at positions 327, 330, and 331 in the EU

25  numbering system). However, if all of the above mutations are introduced into IgG1, novel
peptide sequences of nine amino acids, which potentially serve as non-natural T-cell epitope
peptides, will be generated, and this increases the immunogenicity risk.  The immunogenicity
risk should be minimized in developing antibody pharmaceuticals.

To overcome the above problem, alterations in the Ig(G2 constant region were

30 considered. In the FeyR-binding domain of IgG2 constant region, residues at positions 327,
330, and 331 in the EU numbering system are different from the nonbinding sequence of IgG4
while those at positions 233, 234, 235, and 236 in the EU numbering system are arnino acids of
nonbinding type. Thus, it is necessary to alter the amino acids at positions 327, 330, and 331 in
the EU numbering system to the sequence of [gG4 (G2Aa described in Eur. J. Immunol. 1999

35 Aug;29(8):2613-24). However, since the amino acid at position 339 in the EU numbering

system in IgG4 is alanine while the corresponding residue in IgG2 is threonine, a simple



35 been frequently used to purify IgG molecules, and the IgG molecules are eluted from Protein A
under acidic condition. In addition, virus inactivationgwhich is required when developing IgG molecules
as pharmaceuticals, is generally carried out under acidic condition. It is thus desirable that the stability
of IlgG molecules under acidic condition is higher. However, the 5stability of IgG2 and IgG4 molecules
under acidic condition was found to be lower than that of IgGl, and suggests for the first time that there
is a problem of denaturation/aggregation.und idic condjtion in developing 1gG2 and 1gG4
e SR R e A et
overcoraequdters délelubimdannsshlxgpeiatea catticel semadd aasuhoveeidt anne poidhastsadalpublished
on a meihoshior SRS AreRIam: famineiacid subsiition. ;Rranamtianapdassessment
of WT-1gG2 agg WT-| 94 having%éa}g%gclfgre H3 domain e};[he st%?ilité of IE%GZ %IgG4

molecul S8 #% HERFR CBYHtBR AP ASASERHY DT IR PR AERTEES SRR  Sitered forms
of 1§ G2 medegGd imaitoulesngdhe sebtiduttonoimiauve thethtabilitg ahpesiacidid ondigdil, According
to mOd%&%&%%%BWEVmO&qd@%QB%Sﬁ&@@&ﬁ&@?&i%ﬁfﬁ}&? potential destabilizing
factors under acidic condition was thought to be the instabiljty at the, CH3-CH3 domain_inteyface.
Methionine at p&iﬁ%ﬁ%t%%%@tm@aﬁ%@%ewé%@}l&ﬁ%?@h%%%gﬁwﬁé h¥Ke EU
numberingrsystembistitgtvh whsaiheugh thetbiestaiei b etk GHS Cid Sho i aceniBinoe positions 397 and
409 of \ggeh 2Qiithe/al AuBbEaYRIam R e KARGBN sy Be el mbraligigd 1062

antibodythaf comprises the substitution of valine for methionine at position 397 in the EU numbering

syltem ERRIBIRISGRY ISEEPIBIIiOP 96 SR RET SHfLARS) TGN Hnia e dtl) Grmberiisot anat
compriség Yubstitsion o1y ihlyhiner foniatginines atcpokitan 4R thenbttingmseringayistem
(19GA4-RA0KH RERIBNR: #f é@g@gg&gg%@g&%& AL Et?ﬁ%%& ﬁgt&%tm%sq for

25T

constructing expression vectors'fo ies of interest, an eﬁfr%s ing and purifying the
antibodid$carsiedria BxamplisHOEBRISNE s BeE IR afush Shigeis® fineandsdvdrcel
filtrationishpe mategraphyraealysis wascchediatibis esposttiertheiconténtof-aggiegatedsl the purified
samples obtained by hydrachloric acid elution from Protein A lon . Assessme thod:
S R B S Moo e B e,

300 mverEthusigenerate the immunogenicity risk, the peptide sequence around positions 131 t0 139

was converted into a natural human sequence by introducing the substitution of glycine for
glutamic acid at position 137 in the EU numbering system and the substitution of glycine for
serine at position 138 in the EU numbering system. Furthermore, glycine and lysine at
20 positions 446 and 447 in the EU numbering system were deleted irom the C terminus of H chain
to reduce the C-terminal heterogeneity. The constant region sequence having all of the
mutations introduced was named MI4AGK (M 14AGK, SEQ ID NO: 5), Although thereisa
mutation of cysteine at position: 219 to serine in M14AGK as a novel 9-amino acid peptide
sequence which potentially serves as a T-cell epitope peptide, the immunogenicity risk was
25  considered very low since the amino acid property of serine is similar to that of cysteine. The
immunogenicity prediction by TEPITOPE also suggested that there was no difference in
immunogenicity.
An expression vector for the antibody H chain sequence whose variable region was WT
and constant region was M14AGK (M14AGK, SEQ ID NO: 5; WT-MI4AGK, SEQ ID NO: 19)
30  was constructed by the method described in Reference Example 1. An antibody having
WT-M14AGK as H chain and WT as L chain was expressed and purified by the method
described in Reference Example 1.
Furthermore, in WT-M11AGK (M11AGK, SEQ ID NO: 8; WT-M11AGK, SEQ ID NO:
21), mutations were introduced with the same method into the IgG4 constant region at positions
35 233,234,235, and 236 in the EU numbering system {G4Ab described in Eur. J. Immunol. 1999
Aug;29(8):2613-24; this alteration newly generates non-human sequence and thus increases the



Flow rate, wavelength: 0.5 ml/min, 220 rim 35The result is shown in Fig. 1. While the content of
aggregate in WT-IgG1 after purification was about 2%, those in WT-IgG2 and WT-IgG4 after
purification were about 25%. 36 By contrast, the contents of aggregate in variants with altered CH3
domain, 1I9gG2-M397V and 1gG4-R409K, were comparable (approx. 2%) to that in IgGI. This finding
demonstrates that the stability of an Ig02 or IgG4 antibody under acidic condition can be improved by
substituting valine for methionine of IgG2 at position 397 in the EU numbering system or lysine for
arginine BEFHjO4Ri G55 osdnan e Bordereriengisginem, Fesgdisivety. tihebowrfidigrativibddies of
were diatydesk ammﬁﬁm@&ﬂiemyqﬁagfﬂﬂﬁdaﬁeﬂéumm@é@ué&@@dsm%& 1BH 638 (EasySEREOMY).
DSCm reme syr ts idpoint.temperature an value) was carti ut af a
heatinger%?gg _1’(?/&n(1§fn ro’n!%Jn ?Cr)E %ﬂi‘&) ngggnﬁ%ij&rﬁr%bs gg?lrﬁgﬁo 2 %&%ﬁoi‘g‘ﬁ%ﬁ%]%‘?mre, the
midpointRchfoingeresion wes el eareas thaor M HEGg02 Moo lya4piy@acmBE Posiind 409
iyl ey o gt S L

igher in - a : campare T- an - .respectively. This
suggestglﬁwlg? 15t ﬁg@%"gﬁé ?g\éﬂ%%%;ﬂ a?e%z?s% %gﬁﬁsfgﬁn‘g%? fi‘f’g%ﬁgﬂ@%ﬁﬁﬂ? éi to
compardadécnrel Gaormirkligtay@anadgpectively. 1gG2 and 1gG4 are exposed to acidic condition in
virus inactivatiorrreessRNG1-1e AREH ARG RICEESSTHIRG: RIPIMT A TTMSK, SEQ ID NO;

denaturagion/aggregation jn the above processes was problematic. However, it was, discovered that

the probih R e o) RTHG RO R o B R HOSHER ke S ERERS A 9.2

|g04 cordtaniégialis 330U thest Rifeatiensverentevingl egstenh 6oy hudefutitr dliavElaping 19G2 and

Ig04 a“tMM,aIWRH%Pﬁ@)E‘HIB%HPQB‘%&BW%&%%&Q%&M%?@& ?gddé%%ﬁ- P9K was
ability. [Exam & %

also 20demonstrated by the finding that they are superiQr in thermal st a
Improveﬁ%ﬁf’cﬁ‘ﬁé@?@é@ﬂ@ﬁ? g‘é i@@laj #E; FdeBoRasng Fé@?“@[ﬂﬁ?é}é‘ﬁﬁﬁbﬁf@(ﬁ?%@ﬂ WT-IgG2,
and WTig@dotmmatyn asetipladil elution from Protein A 2550 p.1 of rProtein A Sepharosem" Fast

Flow (Arnershan@\ﬁigﬁqiﬁmgsb§w%g?g@k%§ %é%ﬁ Qéjﬁl%%%ﬂgﬁj%ﬂ Oﬁrfu%p%%rggggg%%%ained in

Example 1,.and the combined solutions were mixed by inversion at ur hours or more. The
soltrtion§¥te iSRRI SR SHPRISFCapd BRUGAREShR MG inrseie Arrammnihg three

times with 500 pl of TBS, the rProtein A Sepharosew resins were suspended in 100 il of aqueous
solution @{aQ MM SORIFIM14AGK, WT-M17AGK. and WT-M11AGK for Fey receptor binding
The FcyRI binding was assessed by the procedure described below.  Using Biacore
T100, human-derived Fey receptor I (hereinafter FeyRI) immobilized onto a sensor chip was
20 allowed to interact with 1gG1, 1gG2, IgG4, M11AGK, M14AGK, or M1AGK 7 as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FcRIA/CD64 (R&D systems) as human-derived FoyR1, and IgG1, I[gG2,
1gG4, MI1AGK, MI14AGK, and M17AGK as samples. FcyRI was immobilized onto the sensor
chip CMS (BIACORE) by the amine coupling method. The final amount of immobilized
25 hFcyRI was about 13000 RU.  The running buffer used was HBS-EP+, and the flow rate was 20
u/min. The sample concentration was adjusted to 100 ug/ml using HBS-EP+.  The analysis

inciuded two steps: two minutes of association phase where 10 pl of an antibody solution was
injected and the subsequent four minutes of dissociation phase where the injection was switched
mth HBS-EP+.  After the dissociation phase, the sensor chip was regenerated by injecting 20
30 ulof 5 mM sodium hydroxide. The association, dissociation, and regeneration constitute one
analysis cycle. Various antibody solutions were injected to obtain sensorgrams. As analytes,
1gG4, 1gG2, IgG1, M11, M14, and M17 were injected in this order. This series of injection was
repeated twice. The result of comparison of data on the determined amounts of bound antibody
is shown in Fig. 7. The comparison shows that the amount of bound antibody is reduced in the
35  orderof: [gG1 > IgG4 >> IgG2 = M11AGK = M14AGK = M17AGK. Thus, it was revealed
that the FeyRI binding of wild type IgG2, M11AGK, M14AGK, and M17AGK was weaker than



30acetate (p1l-1 3.3) and the mixtures were incubated for two minutes to elute the antibodies. _
Immediately, the eluates were neutralized by adding46.7 121 of 1.5 M Tris-HC1 (pH 7.8). The elution
was carried out twice, yielding 200 p.1 of purified antibodies. Analysis of WT-IgGl. WT-IgG2, and
WT-1204 by cation exchange chromatography (IEC) 35Purified WT-IgGIl, WT-1gG2, and WT-IgG4
were analyzed for homogeneity by cation exchange chromatography. 37 Assessment method using

IEC: Sy , rs Aélii e Calymn: ProPac WCX-10 (Dionex) Mobile phase A: 25 mM MI_ES-NaOH,
Ll e

pH 6.1 mM Na-Acetate, pH 6.1 Flow rate, wavelength: 0.5 mlimin, 280 nm
GradientB: 50%1 redcRe impinding&vagrisasicd byVhd gB L 880 debtived 18 imin) ifUthesdbiatysis of
WT- |9C:12‘ﬁm@ Mﬂrlzlﬁ%ﬁ{?iﬁi WT!%!:%;&B@‘!YB \%&%&a%e\‘\ﬁbgé%gaﬁgﬁﬁ\%%%ﬁ S&Hfg g%%% gg%ﬁt;% tﬁe'on
IlgOGeZX(r:no e%g e rl%: r%%%w I e%é%ﬁ%ﬁégg #Té%orle & %\ﬁ@]é hAREE: R§@2 388ti5es have
beeh repbretesHavé besacoysineidy servediome dis fidentesdenetiteshingsndegion ¢Nop-patent
DocumenitchiinhhreHiha heteronpeas;of [g02rsbowain, @9113&58 aé%&@é%uwﬁﬁat%&&g@?ct've
SUbStanfg%rZG,l?é&%,%%tgaﬁsl\gﬁl dKfr.;a.%rc?I;[/P F?gglf(lﬂgsesgzglg?ess g i?cyRHa was immobilized onto

the sensor chip CM5 (BIACORE) by the amine coupling method. The final amount of

immobilized FcyRIIa was about 3300 RU.  The running buffer used was HBS-EP+, and the

10 flow rate was 20 pl/min.  Then, the running buffer was injected until the baseline was stabilized.
The measurement was carried out after the baseline was stabilized. The immobilized FeyRIla
was allowed to interact with an antibody of each IgG isotype (IgG1, IgG2, or IgG4) or antibody
introduced with mutations (M11AGK, M14AGK, or M17AGK) as an analyte. The amount of
bound antibody was observed. The running buffer used was HBS-EP+, and the flow rate was

15 20 pl/min. The measurement temperature was 25°C. The concentration of each IgGor
altered form thereof was adjusted to 100 pg/ml. 20 pl of an analyte was injected and allowed to
interact with the immobilized FeyRIla.  After interaction, the analyte was dissociated from
FeyRlla and the sensor chip was regenerated by injecting 200 pl of the running buffer. As
analytes, 1gG4, 1gG2, 1gG1, M11AGK, M14AGK, and M17AGK were injected in this order.

20 This series of injection was repeated twice. The result of comparison of data on the amounts of
bound antibody determined is shown in Fig. 8. The comparison shows that the amount of
bound antibody is reduced in the order of: IgG1 > IgG2 = IgG4 > M11AGK = MI4AGK =
MI17AGK. Thus, it was reveaied that the FeyRIla binding of M11AGK, M14AGK, and
M17AGK was weaker than that of wild type 1gG1, IgG2, and IgG4.

25 The FeyRIIb binding was assessed by the procedure described below. Using Biacore
T100, human-derived Fey receptor IIb (hereinafter FeyR1Ib) immobilized onto a sensor chip was
allowed to interact with IgG1, IgG2, [gG4, M1 1AGK, M14AGK, or M17AGK as an analyte.

The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FeRIIB/C (R&D systems) as human-derived FeyRIlb, and IgG1, IgG2,

30 IgG4, M11AGK, M1I4AGK, and M17AGK as samples. FeyRIIb was immobilized onto the
sensor chip CM5 (BIACORE) by the amine coupling method.  The final amount of
immobilized FeyRITb was about 4300 RU.  Then, the running buffer was injected until the
baseline was stabilized. The measurement was carried out after the baseline was stabilized.

The immobilized FeyRIIb was allowed to interact with an antibody of each IgG isotype (IgG1,

35 IgG2, or IgG4) or antibody introduced with mutations (M11AGK, M14AGK, or MI7AGK) as an

anaiyte. The amount of bound antibody was observed. The running buffer used was



15easy to manufacture them as a pharmaceutical in large-scale while maintaining the objective
substances/related substances related heterogeneify between productions. Thus, homogeneous (less
heterogeneous) substances are desirable as much as possible for antibody molecules developed as
pharmaceuticals. For wild type 1gG2, there is a problem of homogeneity whichis important in
developing antibody pharmaceuticals. Indeed, US20060194280 (Al) has shown 20that natural 1IgG2
gives various hetero-peaks as a result of the disulfide bonds in ion exchange chromatography
analysig BRaFthALIHE BIoNSSICAFAEESIAP VETBRE ambh THESE FRSRE OB BRE 192280 (Al) rts
refoldinganctherpiioificdttanhiiGess haal freth dhkfen Eombidingttdah2irpgieaks dotalasugle one, but

use of HEARNRCTARANGRABITLOD hAaslY. Ao FoMBHRRD. A MarpreiRetmethodior

combining the hetero-peaks into a smg e one Is 25 based on amino aci 1on.

heterogElreiRPbR Fatelsremitas BYHAR ARgiEnREEF BN S aREE AR RIS T op 19gG2
ahs bhar:mmuﬁa‘aiming beplert hass heelytpuliighed 40:date®n ameited far satviosihisprobiem ;
throug inQ:aci itution. P i . T~ H1 domain and
hinge reﬁ%ﬁ%%%ﬁ%ﬁ%@% 3,t g%ﬁﬁ%@;ﬁ&%g %%?é%%g%%%%ﬁé&eg %%yndiﬁgt S%HE‘ P(?r an lg02

molecul& PR eR HAre s bitnamRiBR gEhem ik frdmomend deshayiBrinF igo2 wake differential
pattern ebdisuiide sovdingaact ieewisic emd gedbbds ivedysieinehdapasiionss21.9 piad 220 in
the EU e m) pper-hinge regign, and cysteines adjacent.to two erzhinge
cysteine% mclu%%g(lzys gne%é%%#on %?n e %%j%t%%nlgvs%/as ((ai’j‘ng]4 % @g%ﬁﬂ%&\%ﬁ#@%ﬁ%omain
and L chaid £CEsivd4ncyisiaind Mhth e vesrvspiaihepdisteifisslihtime HGhalaGhmadiiggé. of the
dimerization pa@f’?@@i&&ﬂﬁ@ﬂ%&f@%& a&%@égbwyﬁi%@%iéﬂuéﬁi_%%%wd%@w{ﬁi”itEIQBQ”'Bih’&?@r Einge
region when the antibody is in the associat m . Thism e the reasqn for the
variousoﬁéggféﬁ%ndé%nﬁigﬁe% ]yue {t%r\?vﬁ(% gerlélﬁﬁﬁg%%%ﬁi%z éﬁ’(ﬁnﬁggé é’ff‘?e%%’??é”h‘f e region
sequen&éaadosid gomtarrar it 2avd rd giitarég(6. fedu dike B hétdrBg endit) Tdvigin asen froatythe 1902
hinge reﬂ'h%ran&m- : ila@@@ﬁﬁd/‘ﬁlf%ﬁ@f'@k&!};&%ﬁ@p@rv&id t%ﬂ@%}i@ﬁ@&%ﬁféﬁx %&&%&%ﬁ%&%@'ﬂﬁ%rsnﬁd
pattern [ nding and free cystej e result of examining, varioys altered. antibodies

su ges@%f ?’%&%ﬁf&&g@% Vﬁ%i%%mdg%%ﬁ/i?ﬁ?ﬁﬁrag&?e{ggi?@m@%ﬁeﬁﬂﬁpﬁﬁﬁiﬁ‘fy by
substitubwgaedas wddiydidB fonl kg €ihelgiad, dpgirinkl At HOLidALILTIKardd BE M RE Bt saupikering
system. respeetively idhibsi il chain. Be tdomain, end suslitding S5/ne fanayising.at Resitian 219,

EU numpering, in the upper hinge of H chajn of the wild type 1gG2 constant region séquence
(hereina Eé@ﬁ@ﬁ%‘é@%‘é’é@%&é@,@E@%@Néﬁf@)‘?‘%@%‘é‘%ﬁ%@%ﬁons%a‘l%ﬁaﬁiéffa‘e2-SKSC
to form asedmegéittid:PoyatehttbdidMreteern Hidndih chbirsavipichvimecedimiifidevbondihedieen the

cysteine g t@g/ﬁﬂqm gRgkcysteinerqt laﬁéiy&@ 2R NEE %’té}&é‘.‘l@«%@%ﬁ%@?‘é%@gmﬁon phase

where 10 pl of an antibody solution was injected and the subsequent four minutes of dissociation

phase where the injection was switched with HBS-EP+.  After the dissociation phase, the
sensor chip was regenerated by injecting 20 pl of 5 mM hydrochioric acid.  The association,
dissociation, and regeneration constitute one analysis cycle. Various antibody solutions were

25  injected to obtain sensorgrams. As aﬁalytes, IgG4, 1gG2, 1pG1, M11AGK, M14AGK, and
MI17AGK were injected in this order.  The result of comparison of data on the determined |
amounts of bound antibody is shown in Fig. 10. The comparison shows that the amount of
bound antibody is reduced in the order of: IgG1 >> IgG4 > 1gG2 > M17AGK > M11AGK =
MI14AGK. Thus, it was revealed that the FeyRIIIa binding of M11AGK, M14AGK, and

30 M17AGK was weaker than that of wild type IgG1, [gG2, and IgG4. Furthermore, the FcyRIlla
binding of M1TAGK and M14AGK was found to be weaker than that of M17AGK containing the
mutation G1Aab reported in Eur. J. Immunol. 1999 Aug;29(8):2613-24,

The finding described above demonstrates that the Fey receptor binding of

WT-M14AGK, WT-M17AGK, and WT-M11AGK is markedly reduced as compared to wild type

35 IgGl. The immunogenicity risk due to Fey receptor-mediated internalization into APC and

| adverse effects caused by the effector function such as ADCC can be avoided by using



154). The methods described in Reference Example | were used to construct an expression
vector for IgG2-SKSC and to express and purify Ig@2-SKSC. The purified IgG2-SKSC and wild type
IgG2 (WT-IgG2) were analyzed for homogeneity by cation exchange chromatography. Assessment
method using IEC: 20System: Waters Alliance Column: ProPac WCX-10 (Dionex) Mobile phase A: 25
mM MES- NaOH pH 5.6 B: 25 mM MES-NaOH, 250 rriM Na-Acetate, pH 5.6 Flow rate,

wavele Gra 100% 7 m|n The re It i i 5. As
expected above %ﬁgZ%ﬁwgis %ﬂtn&@ %uteolzj1 a:osm éa& W ﬁéﬁl gaglcefmultlple
peaks. TWEFW s enst Yhe- %téﬂ%@r?éﬁﬁﬁfﬁmc%msam% mmsqa Ctﬁelﬁub@é/reglon of IgG2
can be avatdeddyivsingaiemtienssushasiiese used to generate IgG2-SKSC, which allow
formation of a single disulfide bond 30between the C-terminal cysteine of the L chain and cysteine at
position 220 in the EU numberlng system The mldpomt temperatures of thermal denaturation of
WTRIgGRAREH ! b 4 JesEinian bldAGK fuststabidinsatibighibed in Example
1. The r@@}d&ﬁﬁg@mg that WT- IgGZ gave a peak for Fab domaln WhICh has a lower Tm value than

Ssthem &l stabily A LRTarcH (6T A2 LA RGBS A A s

homogetseityrpretitem wﬁb@pmlﬁﬁlmpmamlnﬂéﬂ@l&gﬁrﬁg‘&'ﬁhﬁtﬂd%@iﬁrﬁi&céﬂl?ﬁﬂﬂiﬁm@s found that
ThiS PgOKMem@Plﬂﬁ?&allé{ achRy . ééﬁ d&@a’-sfiﬁ%&fgf ib%@ﬂ}ﬂ@%ﬂg&@{ﬁ Li%@‘iﬁl\ﬁft}ﬁ%@@ fﬁhlus
o0 SR LRt B AL SHER 55 8 e P AR KeGtperi BFMBHHASEEb R (Eampie
3] ImprovebigntahZtemninaltheterogheitydndigenneieeule sollows.
Antibodies: WT-1gG1l, WT-M14AGK, WT-M17AGK, and WT-M11AGK
Buffer: 20 mM histidine chloride, 150 mM NaCi, pH 6.5
Concentration: 61 mg/ml
15 Storage temperature and time period: 40°C for two weeks, 40°C for one month, 40°C
for two months

Aggregation assessment method:
System: Waters Alliance
Column: G3000SWxl (TOSOH)
20 ' Mobile phase: 50 mM sodium phosphate, 300 mM KCI, pH 7.0
Flow rate, wavelength: 0.5 mi/min, 220 nm
100 times diluted samples were analyzed
The contents of aggregate in the initial formulations (immediately after preparation) and
formulations stored under various conditions were estimated by gel filtration chromatography
25  described above. Differences (amounts increased) in the content of aggregate relative to the
initial formulations are shown in Fig. 11.  The result showed that the amounts of aggregate in
WT-MI4AGK, WT-M17AGK, and WT-M11AGK increased oniy slightly as compared to
WT-IgG1 and were about half of the content in WT. Furthermore, as shown in Fig. 12, the
amount of increased Fab fragment was comparable between WT-IgG1 and WT-MI17AGK, while
30  the amounts increased in WT-M14AGK and WT-M11AGK were about one quarter of the
amount in WT. Degeneration pathways of IgG type antibody formulations include formation of
aggregate and generation of Fab degradate as described in WO 2003/039485. Based on the two
criteria, aggregation and Fab fragment generation, WT-M14AGK and WT-M11AGK were
demonstrated to have a superior stability in formulations as compared to WT-IgG1. Thus, even
35  for antibodies that have an IgG1 constant region with poor stability and could not be prepared as

antibody pharmaceuticals in high-concentration liquid formulations, the use of WT-M14AGK,



. Construction of an expression vector for H chain C-terminal AGK antibody from WT-IRG1 For
heterogeneity of the C-terminal sequences of an arjipody, deletion of C-terminal 10amino acid lysine
residue, and amidation of the C-terminal amino group due to deletion of both of the two C-terminal
amino acids, glycine and lysine, have been reported (Non-patent Document 12). The absence of such
heterogeneity is preferred when developing antibody pharmaceuticals. Actually, in humanized PM-1
amibOdeﬂ%iJé%gldAB the mai'or component is the sequence that lacks the C-terminal amino acid
lysine, whi &t W}T thil185RIBbHGerstt AR HRa SAREtiSH BodiarsREraHEHaR RigaRFeation,
and the stiblsricgimpocent awingghie Fpsinelalsascoexists as heterogeneity. Thus, the C-teiininal amino

s sequence sl ISR B CRITpR) BEGIRGRIALY SpRaly s st ventors

altered the nucleqtide sequence of wild type IgG1. ne C-terminal lysine and glycine from the
H chain %fﬁﬁt%@b% thEYREEORR %@%HWH@@@%@%I&QN@F%W%%MW

20gToupconditdne (Qlapresse dibyheeleiiogehe dmirGtarfrone damin ocasidd Oy eirehand Hsiog; (3)
Mutatio int into, -termij uence of the H chain using pB-CH vector encoding
the humrilzal?r)]eilg%téj8 é[?\ﬂf%ggﬁ%gg% E&?&i%a%@%%%e gfng?]%eo Qg‘r’ﬁf%eﬁgﬁ%]%e%‘l% &0ti0 egsaélandlé) nce
encodingFiSsvaiER BRIGHIAHY SR Giral ﬁﬁgﬂw%qﬁﬁtlﬂ?@‘tﬁgrhﬂ‘ﬁ%émg%wbiﬁmm&ﬁé rted
into a staphégideonbynnidstutingeiarigtation using the 25QuikChange Site-Directed Mutagenesis Kit
(Stratagene) according to the method described in the attached instruction manual. Thus, expression
vectors for antibody engineered to lack the C-terminal amino acid lysine (position 447 in the EU

nubRberidix &gl Bisaaariion apdrrsrreae ed MakasKiwo C-terminal amino acids glycine and lysine
(positions 446 apd 44 MNpHpdréd MUPREHPE SX648 M SRIPSEIMBYIWRIS 0TSt GIeR L ERGIThe

chain oP R HARtar S BT Aftiosal e AUt e BRETESR A FUTHes Sy bethod
describddihl RefereFseIBAMPIB. 1. AnskptEsichaierOrtéiminsiaGkearftinodpdyds amslywdddey cation
exchangeriabR ¥QmAteowPphyaeeasdingrteithestolruwingsnveredute (Rhe pfeait the & ishuinal
def t'lon?f}ri B%gterg%egw%éll as asf?f%s{g ¢ {)%/ cation.e chang chromato_graphy ane}%s:,?ls usin _the
puritied FFch&ih CHermminar AGK B 5 SedBr i REERensS BstribEABENA -1 46Kdfions of
40 chain and WT L chain, WT-M31AGK was expressed and purified by the method described in
Reference Example 1.
In addition to WT-M31AGK, WT-IgG2 and WT-M14AGK were expressed and purified
at the same time, and analyzed by cation exchange chromatography by the procedure described
20 below. The conditions used in the cation exchange chromatography analysis were as follows.
Chromatograms for WT-IgG2, WT-M14AGK, and WT-M31AGK were compared.
Column: ProPac WCX-10 (Dionex)
Mobile phase  A: 25 mmol/l MES/NaOH, pH 6.1
B: 25 mmol/l MES/NaOH, 250 mmol/l NaCl, pH 6.1
25 Flow rate: 0.5 ml/min
Gradient: 0% B (5 min) -> (65 min) -> 100% B -> (1 min)
Detection: 280 nm
The analysis result for WT-1gG2, WT-M14AGK, and WT-M31AGK is shown in Fig. 13.
Like WT-M14AGK, WT-M31AGK was demonstrated to be eluted as a single peak, while
30 WT-IgG2 gave multiple peaks. This indicates that the heterogeneity derived from disulfide
bonds in the hinge region of IgG2 can also be avoided in WT-M31AGK.

[Example 6] Assessment of the plasma retention of WT-M14

35 Method for estimating the retention in human plasma

The prolonged retention (slow elimination) of IgG molecule in plasma is known to be



cation exchange chromatography analysis are described below. Chromatograms for humanized PM-1
antibody, H chain C-terminal AK antibody, and H c%in C-telininal AGK antibody were compared.
Column. ProPac WCX-10 (Dionex) 5Mobile phase A” 25 mmoUl MES/NaOH, pH 6.1 B: 25
mmoUIMES/NaOH, 250 mmoUl NaC1, pH 6.1 Flow rate: 0.5 mllmin Gradient: 25% B (5 min) -> (105
min) ->67% B -> (1 min) -> 100% B (5 min) Detection: 280 nm 10The analysis result for the
non-altered humanized PM-1 antibody, I-1 chain C-terminal AK antibody, and H chain C-terminal AGK

antibod§#§ EhBwAURCERD 6f Rdtordvientts KewpaeatBvegerenttor afigSionsdedulyithiandresprolonged
reteﬁti%ﬁ%@-mmﬁ;mﬂmfmg?gkm@%ﬂmﬂig’f@%&ﬁﬁ@mﬁf&{hﬁl}éﬂ&s% eﬂék@me449 and
an H chain,C terminus with amidated Pro at posi e intensity of the basic peak was
oA SO T DA R A AR B R e it S AR ofcion
was obsadisaniethe Witthalg Crelasirab At alotibgdyind islgyest s thafehedGué degnad dibterogeneity

of the Hghaineandestasisrdonbrwhendthe va:Csterminal ARiRgaciHs Ak daleled om g chain.
The tembpdgﬁatl{re Zf thermal den%tu'g%juon of ll]h(cailq}laé)c_haln_ Céiermlnal AUK antibody was determined by

DSC to A58 S5 REENE AR HEGE BE I U thE R T IUY db Slasih EPPIRGIREE /#Bterminus on thermal
stability. For thekbS@nnheasyrerasiivpthes amtindelyhedg(elialefe? dgaianaddgoM iscstieacid heffer (pH

6.0) conipiging,i50; t the, bl iQn, i ’M-1
antibodr%and ha%ﬁggﬁ%gr?igﬁa%A }%%%body %I%ﬁ%%ﬁm%géﬁgﬁ?ﬁoﬂ%%%ﬁg % ysate)

were erftBSREiIABR ¢ 8RR O tHEr SEG AR AR Merlit Atebes: 260 23 hasohd-samples
weéfe schmedhatritemidf o6 OOty G251 plesafabscietiibitéhin. bENRa &sidtisty dengitisadipmpeaks

were asg éi;G%%ﬂ%%&@&gé&”e[@ﬂﬂ%&&hﬁ@&ﬁgéﬁ@%r@%&E (Eweaﬁﬁﬁl%kté%h; Gt the

C-terminal deletion had no effect on the thermal denaturation temperature o omain. Thus,

the hetdfBGEREIH) HRCHEBTIOR B TPhamRTkiRtRS atitesd B ratibedigvintlode amrtbady fore
thermalistatuititypftenttoodydbycdetetinig dive; € terminal trein endnelighkcios SQam sherdehain constant
region ' Jevel. Sinc f stan ion ] antibqdi Gl,
02, 2 B e T e B T
Cheérmirdtt é‘cfééhﬁé@?tﬁ@-method for reducing the C-teitninal amino acid heterogeneity discovered in

this example ariChetbets ipedsa-sxpadiedithaapiisakintoiue2ond G heansEt FQBIRRS.
Natl. Acad. Sci. USA. 2006 Dec 5;103(49):18709-14).  Therefore, to predict the plasma
retention of IgG antibodies that have an altered constant region sequence in human, it is
desirable to assess the binding to human FcRn and retention in plasma in human FcRn transgenic
20 mice (Int. Immunol. 2006 Dec;18(12):1759-69).

Assessment of the binding to human FeBn

FcRn is a complex of FcRn and B2-microglobulin.  Oligo-DNA primers were prepared
based on the human FeRa gene sequence disclosed (J. Exp. Med. (1994) 180 (6), 2377-2381).
25 A DNA fragment encoding the whole gene was prepared by PCR using human cDNA (Human
Placenta Marathon-Ready ¢cDNA, Clontech) as a template and the prepared primers.  Using the
obtained DNA fragment as a template, a DNA fragment encoding the extracellular domain
containing the signal region (Metl-Leu290) was amplified by PCR, and inserted into an animal
cell expression vector (the amino acid sequence of human FeRn as set forth in SEQ ID NO: 24).
30 Likewise, oligo-DNA primers were prepared based on the human B2-microglobulin gene
sequence disclosed (Proc. Natl. Acad. Sci. USA. (2002) 99 (26), 16899-16903). A DNA
fragment encoding the whole gene was prepared by PCR using human ¢cDNA (Hu-Placenta
Marathon-Ready ¢DNA, CLONTECH) as a template and the prepared primers. Using the
obtained DNA fragment as a template, a DNA fragment encoding the whole B2-microglobulin
35  containing the signal region (Met1-Met119) was amplified by PCR and inserted into an animal

cell expression vector (the amino acid sequence of human B2-microglobulin as set forth in SEQ



41 [Example 4] Construction of M14AGK with a novel optimized constant region sequence When
an antibody pharmaceutical is aimed at neutralizing4§n antigen, effector functions such as ADCC of Fe
domain are unnecessary and therefore the binding to Fey receptor is unnecessary. The binding to Fey
receptor is assumed to be unfavorable from the perspectives of immunogenicity and adverse effect
(Non-patent Documents 5 and 6). The humanized anti-IL-6 receptor IgG1 antibody TOCILIZUMAB
does not need to bind to Fey receptor, because it only needs to specifically bind to IL-6 receptor and
neutraliz& ﬁ‘@ji@@gical activity in order to be used as a therapeutic agent for diseases associated with
IL-6, such as rh@&uhndleisharhiiRnl@4c enstasctid batd asiessmentofdMidAGKe: Mud&Ks and

M17AGK, F tor-nonbindin imize nstant regions A pessible met for impairing the
oy ren T D Ea L B R
Hematotmmygmgkrses)canacndsrined-calb g ebniprtEREemhysagNY thd rldingyins Fey
recgptoserinethodeida hag-aroartificial adtatetienintorE eugematihhasdeancaoHed FERA
cxampc, s e o Locions ot o3 A;g,%?eﬁangu%st&%n%és ihedy caiee pdverse
effects, ag%ﬁg%&gﬁﬁgg&%n&g{eﬁrg&i&;g% squgr?c:gyhave e}ghrjgrin ?@l,aﬁffed into
the Fcy e Adi R¥hie { n D eNISeahgy isEritherp g Fey
receptorgRripading9anti-CD3 and anti-CD4 antibodies are currently under clinical trials (Non-patent
Documents 5 angd 8)..According to another report (Patent Dagumen Fey,receptor:nonbinding
antibodies can EEETEBSIEAIB LB AN 16 FRyRoet HIRG SOroein Mo T CBE e e 553, 294,
238) 23b082d (a30ctanulaairabiari-hnmab égindspsespintentiwdp quardslufrd Gro atspossitions 233,
324, 23?@3%%%4%@% Ek!s%aegearﬁ@% %}]@?f@m’f i&&%«éﬁeﬁrp@ﬁﬂ%ﬁ@iﬁo@p@ﬁg%ﬁm e Etl_Jd

num system). However, if all of the above mutations are introduced into .nhovel peptide
ceuenBL B PR ARR S U RSB QAN CLNE 4% ReEnaoPar Rkl e UL boPh LG il e
generatedpxénm@gﬁ:ﬁémmcﬁm gxmbmbgmﬂ:uymhﬂ‘mé min empe eioipy Gied é_BMCDiéEhhmmmed
in develgping.antiboghiRbaBIRGEHtiGeISo v YeiGme g ANaYS g;ﬁbm cBHEERHNSSP ey 19G2

constant region were 30considered. In the FcyR-binding domain of IgG2 constant region, residues at

position&'85Y 2355 AHG18E Pithe EOChufRGEIRG LY StanLrcdifare ArHEN BB SIRIHE R  quence
of IgG4 Whilestioser(hasitionscR83p284R8HE antedbin thtubsninRbermgisystapcare amihe acids

of nonbigﬂ'@igléymhymﬁliﬁ @C@%cgséﬂ{%@ya‘ggg the.amino acids at positions 327, 330, and 331 in the
EU numbering sistem to the sequence of [gG4 (G2Aa described in Eur. J. Immunol. 1999 35Aug;

29(8):2613-24). Taitshise i uithes R PAL s8edir sy v eU Rt Rltaikg seosorgram

was used to calculate the amount of hFeRn bound to the antibody immediately before the end of
20 human FcRn injection.  The affinity of the antibody for human FcRn was calculated by fitting
with the steady state affinity method.

Assessment for the plasma retention in human FeRn fransgenic mice

The pharmacokinetics in human FeRn transgenic mice (B6.mFcRn~/-.hFcRn Tg line
25 276 +/+ mice; Jackson Laboratories) was assessed by the following procedure. An antibody
was intravenously administered once at a dose of 1 mg/kg to mice, and blood was collected at
appropriate time points. The collected blood was immediately centrifuged at 15,000 rpm and
4°C for 15 minutes to obtain blood plasma. The separated plasma was stored in a freezer at
-20°C or below until use. The plasma concentration was determined by ELISA.
30 _
Predictive assessment of the plasma retention of WT-M14 in human
The bindings of WT-IgG1 and WT-M14 1o human FcRn were assessed by BlAcore.
As shown in Table 1, the result indicated that the binding of WT-M14 was slightly greater than
that of WT-IgGl.

35



system in IgG4 is alanine while the corresponding residue in Ig02 is threonine, a simple 42 alteration
of the amino acids at positions 327, 330, and 331 ig the EU numbering system to the sequence of
IgG4 unfavorably generates a novel peptide sequence of 9 amino acids, potentially serving as a
non-natural T-cell epitope peptide, and thus increases the immunogenicity risk. Then, the present
inventors found that the generation of novel peptide sequence could be 5prevented by introducing the
substitution of alanine for threonine at position 339 in the EU numbering system in 1gG2, in addition to
the altefe@®d® Hescribed above. In addition to the mutations described above, other mutations were

introduc&d, and they Wg@(tmysubstitution of valine for methionine at position 397 in the EU numbering

system i 2, vered in Example 1 to improve the stability of IgG2 under acidic
10conditigh-ar sulystgeition of serine for cysteine at position 131 in the EU numbering system, the
substituti i eu%ﬁme at position 133 in the Eli numbering system, and the substitution of

serine for cysteige MoRRSIHINZ 19, IRdRe-ek) ML Rkttt Sy MR cwarRdisemirgin Example 2

to impr the heter, ity originated from disulfide b in the hinge region,.Furthermore, since
the S STEGH RS LA D Fo AR EO0Lt FaSe e Sug g o WA aeids,
potentiaiiyegeststpttha plammnaticativrcelitbphdpk qsustine regidrhn Sepae iakothpastiabedshetitity risk,
the peptidersequense@raashpositions 131 to 139 was converted into a natural human sequence by
introducing the substitution of glycine for glutamic acid at position 137 in the EU numbering system
and the substitution of glycine for serine at position 138 in the EU numbering system. Furthermore,
glycine Bxhivpind bPR9pasiionsS UeNAt M7-M ke B0 WiMdEdmghsystervewseaelbted from the C
terminuiﬁ}ﬁ{mgmet@cgeduce the C-terminal heterogeneity. The constant region sequence having all
of the mutations introduced was named M14AGK (M14AGK, SEQ ID NO: 5). Although there is a
mdthation of cysteine at position 219 to serine in M14AGK as a novel 9-amino acid peptide sequence
which p#teptiatioserfihs SSTaMsGathelgitolze peptide, the immunogenicity risk was 25considered very
low since the amipAEiEhRIGRGIY BHRCENGIS RITMIALIR Inah dfrysialrfs TR IMRYRRGERIG prediction

by TEPITOPE also suggested that there was no difference in immunogenicity. An expression

vector fERSRASHOTRARRA Sl el delffbse KRANBIERLRGA RAVMAY e RBEBIRSLIITSESion was
M14AGkéMad A6, 15 B dDING ol dMTie\bd A CRar SEQHRANME 1BYse to enhance the binding to

15  FeRn. Here, the modifications described below were introduced to improve the

pharmacokinetics of WT-M14. Specifically, the following substitutions were introduced into
WT-M31AGK, which was prepared from WT-M14 as described in Example 4: substitution of
methionine for valine at position 397; substitution of giutamine for histidine at position 268;
substitution of glutamine for arginine at position 355; and substitution of glutamic acid for

20  glutamine at position 419 in the EU numbering system. These four substitutions were
introduced into WT-M31AGK to generate WT-M58 (amino acid sequence of SEQ ID NO: 26).
Expression vectors were prepared by the same method described in Example 1. WT-MS58 and
L{WT) were used as H chain and L chain, respectively. WT-M38 was expressed and purified
by the method described in Example 1.

25 |
Construction of the WT-M73 molecule

On the other hand, WT-M44 (amino acid sequence of SEQ ID NO: 27) was generated

by introducing into IgG1 a substitution of alanine for the amino acid at position 434, EU

numbering, WT-M83 (amino acid sequence of SEQ ID NO: 58) was also generated by

30 deletions of glycine at position 446, EU numbering and lysine at position 447, EU numbering to
reduce H chain C-terminal heterogeneity. Furthermore, WT-M73 (amino acid sequence of
SEQ ID NO: 28) was generated by introducing into WT-MS58 a substitution of alanine at position
434, EU numbering.

Expression vectors for the above antibodies were constructed by the method described



30 was constructed by the method described in Reference Example 1. An antibody having
WT-M14AGK as.H chain and WT as L chain was expressed and purified by the.method described in
Reference Example 1. Furthermore, in WT-MI1AGK (M11AGK, SEQ ID NO: 8; WT-MI1AGK, SEQ
ID NO: 21), mutations were introduced with the same method into the 1g04 constant region at positions
35233, 234, 235, and 236 in the EU numbering system (G4Ab described in Eur. J. Immunol. 1999
Aug;29(8);2613-24; th| o ge t on- hum enc aggj \?; creases the 43
mmunc%éﬁ?ﬁﬁp s‘<) to &[}% 85?@ m. §s HSS %ﬂ%@lfhéﬁ 5 '&YLEP&W Bhi8 reduce
the imnuadogﬁmﬂy%k%téﬂéﬁb&ﬁ/&r%ﬁb’ﬂ@&éa wepositivasdBand 8eifisY b1 38 gbh@ll 7, 219,
220, 22}, 20224 Mﬁﬁﬁé&numbering system so that the pattern of disulfide bonding in the hinge
region was the same as that of M1 LIAGK; a mutation was introduced at position 409 5in the EU

numbering system (Example 1) to improve the stability under acidic condition; and the amino acids at
positionRréddi6tamchebéTsinctinooE thanplasherine: siisteof Wardfile W d (Ffdnynkd Wd et ucatherC-terminal

neterogeneity. 1y, EYRMAGIVECH1FACH M WAGKSSEQ 1P NA740: WEMITAGH, SFQ 1D NO:

20) was constructed by introducing mutatlons Intd_the IgGl constant region at posmons 233, 234, 10
235, 238559554 PI0BE 0N d ASSHARE G HahBBRREF S sRsirRisAbY HekinderPEN IMidmunol.
1999 AW RSB} 2aiBWF) 1070 paige=FtymeRdplgGhindidglend by delgting he wandpoxbidsat
posmonﬁﬁﬁ EU numbering system to reduce the C-terminal heterogeneity (Example
éll\?ﬁdlrgi)gﬁ% VT-M11AGK was used as the H chain, and WT was used as the L
1§(§ha|n These antibodies were expressed and purified by the method described in Example 1.
Assessmgiie of WT-M14AGK, WT-M17AGK, and WT-M11AGK for Fey receptor binding The FcyRI
binding was assessed by the procedure described below. Using Biacore T100, human-derived Fey
receptor | (hereinafte[BGyRR) |) immobilized onto a sensor chip was 20 allowed to interact with IgGl,
19G2, I9@TMFEK, MILEAGK, or MIAGK 7 as an analyte. The amounts of bound antibody were
comparegiTHigdzeasysenaent was conducted using Recombinant Human FeRIA/CD64 (R&D systems)
as humayygenyed FcyRK and 19Gl, 19G2, 1g04, MI1AUK, M14AGK, and M17AGK as samples. FcyRI
was immapiizgd gnto thgsensor chip CMS5 (BIACORE) by the amine coupling method. The final
amount yRI was about 13000 RU. The running buffer used was HBS-EP+, and

the |ﬂOW ratei vvaﬁ%@@@itmJ%@@@iﬁ@lwqor%@ptmomwsaﬁ@mﬁﬁmg 11@&%91 agﬁitagegé%éftif The
analyslis Inciu WO Steps. twQ min S OT as OCI wnere nupo 10N was
ot T Rt R T T R B bt VLSS Y N B T S S e it
FIBS-E Peteititer ithplaigsouitaive phaSk;1giel wdsww vashetjeneratedby-igfettiNg28184jil of 5 inM
sodium Qyfrgge, i easspialion ARsecalphAPdiseanelatinh GAMSHUIEIRRS transgenic mice.

As shown in Fig. 15, all of WT-M44, WT-M58, and WT-M73 were confirmed to have improved

pharmacokinetics relative to WT-I1gGGI.  The pharmacokinetics-improving effect correlated with

the binding activity to human FcRn. In particular, the plasma level of WT-M73 at Day 28 was

20  improved to about 16 times of that of WT-Ig(G1. This finding suggests that the
pharmacokinetics of antibodies with the M73 constant region in human is also significantly
enhanced when compared to antibodies with the IgG1 constant region.

[Example 8] Effect of the novel constant regions M14 and M58 in reducing heterogeneity in
25 various antibodies
As described in Example 4, it was demonstrated that the heterogeneity originated from
the hinge region of IgGZ could be reduced by converting the Ig(G2 constant region to M14 in the
humanized anti-IL-6 receptor PM1 antibody (WT). IgQG2 type antibodies other than the
humanized PM1 antibody were also tested to assess whether the heterogeneity can be reduced by
30  converting their constant regions into M14 or M58.
Antibodies other than the humanized PM1 antibody were: the anti IL-6 receptor
antibody F2H/L.39 (the amino acid sequences of F2H/L.39_VH and F2H/L.39 VL as set forth in



analysis cycle. Various antibody solutions were injected to obtain sensorgrams As analytes, 19G4,
19gG2, 1gGl, M11, M14, and M17 were injected in th;;szorder. This series of injection was repeated twice.
The result of comparison of data on the determined amounts of bound antibody is shown in Fig. 7. The
comparison shows that the amount of bound antibody is reduced in the 35 order of: IgG1 > IgG4 >>
Ig02 = MI1AUK = M14AGK = M17AGK. Thus, it was revealed that the FcyRI binding of wild type 1902,
MI IAGK, M14AGK, and MI7AGK was weaker than 44 that of wild type IgG1 and IgG4. The
FeyR_HEBIABIRYWa b 30etstipeHEehrb cddiote-dé Jerprignyatohndy 3i B (o rammow;id
human-gefivack ey FRepWHad RN NE Rk eyRbahi IBEIR) IR 0I0RIG 8 SaNSDIehiediasi@iowed to
interact Wi oA , 4 M14AGK, or M17AGK te. ounts of bound
ntod AR i e L e S R BN T
FcRIIA/GBBIR SRABLADERSE) srdnfnTarreikeds) FeyirTeached st aniibedigGantinAiekwiiL 4AGK,
and M17A% kassamneesn FsyR! mwas immeabilizedentortheosqssay shineM), BHEORENbthe

amine o] The fingl amount of immobilized FeyRlla was about 3300 RU. The running
B TR NG et

buffer used nd the 10flow was 20 ain. Then, the running buffer was injected until
the baseline wakhstaistictatbdTni badiesuvern esrofres darhettmgeafidy thechsekmehanmgestabilized. The
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was adjag&gg&%qgﬁp%g@ﬁg Sdoaf Rrranalyte was injected and allowed to interact with the
immobilized FeyRIlla. After ipnteraction, the analyte was dissociated from FeyRlla and the sensor chip

I
was regenerateé‘%%]’gbﬁ 1800 KAVFHEH MRS SOFRIALHMNTRL f5AH0 fgee 18t FNAIAGK,
M14AGHpard:tETi@btratedd rijsnteskihdisiograsty 20T bisl périds: dhinjedtiehavad tepeatetdwice. The
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comparison shows fhat the amount of bound antibody is reduced in the order of: [gG1 > | 9G4 >
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hupan-der , [, 1IgG2, 30 IgG4, MI IAGK, M14AGK, and M17AGK as samples.
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[Example 9] Effect of the novel constant region M58 to improve the pharmacokinetics in various
antibodies
As described in Example 7, it was demonstrated that conversion of the constant region
25  from IgGl into M58 in the humanized anti-IL-6 receptor PM1 antibody (WT) improved the
binding to human FcRn and pharmacokinetics in human FcRn transgenic mice.  Se, IgG1 type
antibodies other than the humanized PM1 antibody were also tested to assess whether their
pharmacokinetics can be improved by converting their constant region into M38.
Antibodies other than the humanized PM1 antibody (WT) were the anti-11.-31 receptor
30 antibody HOLO (the amino acid sequences of HHOLO_VH and HOLO VL as set forth in SEQ ID
NOs: 31 and 32, respectively) and anti-RANKL antibody DNS (the amino acid sequences of
DNS_VH and DNS_VL as set forth in SEQ ID NOs: 33 and 34, respectively). For each of
these antibodies, antibodies with IgG1 constant region (SEQ ID NO: 1) or M58 (SEQ ID NO:
335) were generated and assessed for their binding to human FcRn by the method described in
35 Example 6. The result is shown in Table 3.



sensor chip CM5 (BIACORE) by the amine coupling method. The final amount of immobilized FeyRIIb
was about 4300 RU. Then, the running buffer was injected until the baseline was stabilized. The
measurement was carried out after the baseline was Stabilized. The immobilized FeyRIIb was allowed
to interact with an antibody of each 1gG isotype (IgGl, 35 1gG2, or IgG4) or antibody introduced with
mutations (M11AGK, M14AGK, or MI7ACK) as an analyte. The amount of bound antibody was
observed. The running buffer used was 45 HBS-EP+ and the flow rate was 20 pl/min. The
measurehidHt emperature was 25C. The concentration of each IgG or altered form thereof was

adjusted'tU'Zﬁf)‘pgﬂﬂl'r'Zj‘f re-of-amramatyte-was injected and allowed to interact with the immobilized

FcyRlib. i as dissociated from FcyRIIb and the sensor chip was
regenerated by injaffing 208i6phof the@mning buffer. As analytes, 1gG4, IgG2, 1gGl, M1 1,AGK,
M14AGlﬁg@p MI{Q@;K Wekeghjected ipgis order. This sc_aries of inject?on was repeat_ed t_wice. The
result of comparison of data on the amounts of bound antibody determined is shown in Fig. 9. The
compariddf@howkdBat the@Bibunt oflbfddind antibody is reduced in the order of: IgG4 > IgG1 > IgG2 >
M11,6,GK = M14AGK = M17AGK. Thus, it was revealed that the FcyRllb binding of 10 MI LAGK,
M14,AGK, and MEARGKuRS ablakeit thiamdgraonstuilelitiipe 4g G ey f annvigSdn of thT benseyR|lla

binding wasassessed waheypoeedse desstibadibrlantsing Biacos %\l?%h*a%%ﬁgg?@yﬁgﬁﬁey
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. an t‘,Il%j\?ll.%Felella was immobilized
by the amme coupli X T %II amount of immobilized hFcyRIllaV-His6 was about 8200 RU.

The running buffer used was HBS-EP+, and the flow rate was 5 pUmin. The sample concentration was
adiesie 20,459 paimLusiGHBRR R PBBNGIR NPUASH MR SRS uminues of association
phase where Og%l afﬁ?an. anfflbody solution was injected and the subseguent four r%nutes of ‘
dissociation pha&d HATSTREH & AEEEEN TaSySiriRe T Rhinasteeon o Hedtsieiefitatphase, the
sensor chipstitaiterbigatrereted thy hejeotingm 20y L miarah My drochionsasit s g assasiation,
dissociaiom,ads'rReeReRHaNLe0Stiie oNe & aé i le. Various antibody solutions were 25
injected %&Rgﬂ sensc})}@r‘ams. As %gl %%g: I%%r gsfg%ﬁzng]ge&t%&tl%g RENE4 &%ﬁﬁ RPPAGK were
injected Tithis Grder A rdsdht: of SFEGHBrSa38h thenddicrs v tamoegitn oftoeditantibody
is $howrubsEigibg sthredompatisnn shawisi that theampsint efbeungdaniibadiiisrestioed in the order
of: 190Gz R4 19Ge B ML, 1>WK = M14AGK. Thus, it was reve >|]7 déll’glt the FcyRllla
binding of M |AG%?<,1, M14AGK  and S0 M AR WL Tialrs %%ﬁ RLPOHAR & eBe GUfEBIENd
IgG4. FiRRs Horeaimepesy knes sfibmyidd mmatiasansaresionsesismae. to be weaker than that of
MI7AGK contaimﬂ@ﬂ%@&ﬁﬁ&%@@&@ﬁﬂ&ﬁ@dﬁ&%&edﬂﬁﬁ%ﬁ?@@iﬁ%@%@%}'gele"m- The
finding cg%g{mﬁg)glg?gg % rates that the Fey receptar Qi ding of WT-M14AGK, WT-M17AGK,
and WT-MI1.6,GK is mar gelg%%r}r%ts tced ; Fag%sgtrlr%ia?r\ﬁe%" o} \%’1{8“ & Ckieine af position 220, EU
20 numbering, in the H-chain upper hinge. The altered 1gG2 constant region SC (SEQ ID NO: 39)
was prepared by substituting serine for cysteine at position 219 and CS (SEQ ID NO: 40) was
prepared by substituting serine for cysteine at position 220, EU numbering, in IgG2. WT-SC
(SEQ ID NO: 41) and WT-CS (SEQ ID NO: 42) were prepared to have SC and C8, respectively,
and compared with WT-IgG1, WT-IgG2, WT-SKSC, and WT-M58 in terms of heterogeneity
25 and thermal stability. Furthermore, F2H/L39-IgG1, F2H/L39-1gG2, F2H/L39-SC,
F2H/1.39-CS, F2H/L39-SKSC, and F2H/L39-M14, which have the constant region of IgG1
(SEQ ID NO: 1), IgG2 (SEQ ID NO: 2), SC (SEQ ID NO: 39), CS (SEQ ID NO: 40), SKSC
(SEQ ID NO: 38), or M14 (SEQ ID NO: 5), respectively, were prepared from F2H/L39 (the
amino acid sequences of F2H/L39 VH and F2H/L.39_VL as set forth in SEQ IID NOs: 29 and 30,
30 respectively), which is an anti IL-6 receptor antibody different from WT. The antibodies were
compared with regard to heterogeneity.

WT-IgGl, WT-1gG2, WT-SC, WT-CS, WT-SKSC, WT-M58, F2H/L3 9-IgGl,




35IgG I. The immunogenicity risk due to Fcy receptor-mediated internalization into APC and adverse
effects caused by the effector function such as AD%Q can be avoided by using 46 WT-M14AGK,
WT-M17AGK, or WT-M11AGK as a constant region. Thus, WT-MI4AGK, WT-M17AGK, and WT-MI
IAGK are useful as constant region sequence of antibody pharmaceuticals aimed at neutralizing
antigens. 5 Assessment of WT-M14AGK, WT-M17AGK, and WT-M11AGK for stability at high
WT-M17AGK, and WT-M1 1 AGK were assessed for stability at high
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type was demonstrated to increase heterogeneity in both WT and F2H/L39. In contrast,
heterogeneity was significantly decreased by converting the constant region into SKSC and M14
or M58. Meanwhile, conversion of the constant region into SC significantly decreased
10 heterogeneity, as in the case of SKSC. However, conversion into CS did not sufficiently
improve heterogeneity.
| In addition to low heterogeneity, high stability is generally desired when preparing
stable formulations in development of antibody pharmaceuticals. Thus, to assess stability, the
midpoint temperature of thermal denaturation (Tm value) was determined by differential
15 scanning calotimetry (DSC) (VP-DSC; Microcal). The midpoint temperature of thermal
denaturation (Tm value) serves as an indicator of stability. In order to prepare stable
formulations as pharmaceutical agents, a higher midpoint temperature of thermal denaturation
(Tm value) is preferred (J. Pharm. Sci. 2008 Apr;97(4):1414-26). WT-IgG1, WT-IgG2,
WT-5C, WT-CS, WT-SKSC, and WT-MS58 were dialyzed (EasySEP; TOMY) against 2 solution
20 of 20 mM sodium acetate, 150 mM NaCl, pH 6.0. DSC measurementlwas carried out at a
heating rate of 1°C/min in a range of 40 to 100°C, and at a protein concentration of about 0.1
mg/ml. The denaturation curves obtained by DSC are shown in Fig. 18, The Tm values of the
Fab domains are listed in Table 4 below.

25 Table 4

Tm/°C
WT-igGt 94.8
WT-1gG2 §3.9
WT-5C 86.7
WT-CS £6.4
WT-5KSC 83.7
WT-M58 83.7

The Tm values of WT-I1gG1 and WT-IgG2 were almost the same (about 94°C; Tm of
Ig(G2 was about 1°C lower). Meawhile, the Tm values of WT-SC and WT-CS were about 86°C,
and thus significantly lower than those of WT-1gG1 and WT-IgG2. On the other hand, the Tm
30 values of WT-M38 and WT-SKSC were about 94°C, and comparable to those of WT-IgG1 and
WT-I1gG2.  This suggests that WT-8C and WT-CS are markedly unstabie as compared to IeG2,




100 times diluted samples were analyzed The contents of aggregate in the initial formulations
(immediately after preparation) and formulations stoyed under various conditions were estimated by
gel filtration chromatography 25described above. Ditferences (amounts increased) in the content of
aggregate relative to the initial formulations are shown in Fig. 11. The result showed that the amounts
of aggregate in WT-M14AGK, WT-M17AGK, and WT-M11AGK increased only slightly as compared to

WT-IgGl_a%n we ﬁ t half of the content in WT. Furthermore, as shown in Fig. 12, the amount of
increased frég I anopd e hothpé shiskralgesacmmaise substirienolispiaeddthe amounts

increased#eWeTiMbd QK dmdaivTadd brifaddd weake &b@tﬂb@ﬁlﬁzﬁm&r @Iﬁ%&}qﬁ&ﬁ@i@f Bl AL . .
Degenergi - 1g¢ ' iong nclu rmation.o regate an
generatiﬁ%%l%géb&%%ﬁ e ag%%iﬁ%%gg% %%%?Q%%&gie o ﬁ? get\%/%g%ﬁgeﬁa@%%%g ation
and Fab'frRGHHEiTRRsRs iRiBA S ide-barsioa patisrr RETVERGR Indteca difiohsirnéda6have a superior
staffility in formuFatitrsmsreoropatetide ¥ DIgHsThusRYeABRIDGRRIRPdiIgsHhathgye an 1gG1

constan ' it ilit e prepared as antibody pharmaceuticals in
high-cor@gg%?gi iquid 6?2%Fa%%%@%ﬁ%ﬁf%%@&%@ﬁ#%ﬁﬁ%& fﬁ FHPAGK as a
constantR&gRFesa¥dxpecied W ticheprb gt srberader d sreiblatingpedntaribefian diomidn.
formulatiwisigGparsicgtar MEbbAIdK wak expRelod? RenyrpiuseiilasraRe gonstant region

sequenccfeﬁg L% overcome, the instabili Oﬁ‘ e aoriginal IgG2 molecule under acidic 5condition;
(2) improve %&egﬁ)g% é%%neﬁl %)eﬁalfﬁiégeééf from araaffi éltb%ﬁgﬁgi%cg?%@%ﬂag RS A S ABind to Fey
redéptordqBItHERHER A Whmtie osfruvaiopapiaiseyiib diderofiOTammiecidsmehich potentially
serve andtoliapitgparnepites; tﬂe@@t&%ﬁ@ﬂ&ﬁ%‘é&ﬁ@&%@ﬁﬂgGép&ﬁi%l%%%e“”a“0“
formulat!a%n%é_luoe[;E%cl%gngolgsgitPé%%?r%t' n andé%?ses ment OMK M14AGK }g]repared in
Example 4owas altere By S ﬁng %gqsgs %(ﬂiﬁéﬁ@&% the a % %Td§%ﬁ56§ gﬁg%%, 331,
and 339PIREEWY N OhiberiepEysRentto auhbus hevBtAS K YOBIAS Ko SEQ HANG: BBerAn expression
vector fegisedieneapbantwdydd chainwhose verahe degiandsWaTaRd GORTIRR ealon; sepuence
IS Wlﬁ}%( éWT:M 1AGK, %E(% lDtDIO' . . . .
ge region but aiso thost in the CH1 domain are involved in the wild type-IgG2 heterogeneity ,
and it is necessary to alter not only cysteines in the hinge region but also those in the CH]
domain to decrease the DSC heterogeneity. Furthermore, as described above, stability
comparable to that of wild type IgG2 can be acheived only when cysteines in both the hinge
region and CH! domain are substituted.
20 The above finding suggests that from the perspective of hetero geneity and stability, SC
and CS, which are constant regions introduced with serine substitution for only the hinge region
cysteine, are insufficient as constant regions to decrease heterogeneity originated from the hinge
region of IgG2. It was thus discovered that the heterogeneity could be significantly decreased
while maintaining an IgG2-equivalent stability, only when the cysteine at position 131, EU
25  numbering, in the CHI domain was substituted with serine in addition to cysteine at hinge region.
Such constant regions include M14, M31, M58, and M73 described above. In particular, M58
and M73 are stable and less heterogeneous, and exhibit improved pharmacokinetics, and

therefore are expected to be very useful as constant regions for antibody pharmaceuticals.

30 [Example 11] Generation of fully humanized anti-IL-6 receptor antibodies with improved PK/PD
To generate a fully humanized anti-IL-6 receptor antibody with improved PK/PD, the
molecules described below were created by altering TOCILIZUMAB (H chain, WT-1gG1 (SEQ
ID NO: 12); L chain, WT (SEQ ID NO: 15).  The following fully humanized IL-6 receptor
antibodies were prepared which use as constant region M73 or M83 prepared in Example 7:
35 Fv3-M73 (H chain, VH4-M73, SEQ ID NO: 48; L chain, VL1-kappa, SEQ ID NO: 49),
Fv4-M73 (H chain, VH3-M73, SEQ ID NO: 46; L chain, VL3-kappa, SEQ ID NO: 47), and



15 22) was constructed by the method described in Reference Example 1. Using WT-M31AGK H
chain and WT L chain, WT-M311GK was expressedgnd purified by the method described in
Reference Example 1. In addition to WT-M31AGK, WT-IgG2 and WT-M14AGK were expressed
and purified at the same time, and analyzed by cation exchange chromatography by the procedure
described 20below. The conditions used in the cation exchange chromatography analysis were as
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molecules that dg not hind to FcRn are transferred and degraded
300 ng/ml) and Fig. 20 (TOCILIZUMAB, Fv3-M73, and Fv4- M73 with a final IL-6
concentration of 30 ng/ml). As shown in Table 5, Fv3-M73 and Fv4-M73 have about two to
three times higher affinity than TOCILIZUMARB, while Fv5-M83 exhibits about 100 times
higher affinity than TOCILIZUMAB (since it was difficult to measure the affinity of Fv5-M83,
instead the affinity was determined using Fv5-IgG1, which has an IgG1-type constant region; the
15 constant region is generally thought to have no effect on affinity). As shown in Fig. 20,
Fv3-M73 and Fv4-M73 exhibit slightly stronger activities than TOCILIZUMAB. As shown in
Fig. 19, Fv5-M83 has a very strong activity, which is more than 100 times greater than that of
TOCILIZUMARB in terms of 50% inhibitory concentration. Fv3-M83 also exhibits about 10
times higher neutralizing activity in terms of 50% inhibitory concentration than the control (the
20 known high-affinity anti-IL-6 receptor antibody).

Table 5

K.(1/Ms)  kq(1/8) KD (M)
TOCILIZUMAB _ 4.0E+05 11E-03  2.7E-08

Fv3-M73 8.5E+05 8.7E-04 1.0E-09
Fv4-M73 7.5E+05 1.0E-03 1.4E-08
Fv5-MB83 1.1E+06 2 8E-05 2.5E-11

The isoelectric points of TOCILIZUMARB, the control, Fv3-M73, Fv4-MT73, and

25 Fv5-M83 were determined by isoelectric focusing using a method known to those skilled in the
art. The result showed that the isoelectric point was about 9.3 for TOCILIZUMARB; about 8.4
to 8.5 for the control; about 5.7 to 3.8 for Fv3-M73; about 5.6 t0 5.7 for Fv4-M73; and 5.4 t0 5.5
for Fv5-M83. Thus, each antibody had a significantly lowered isoelectric point when compared
to TOCILIZUMARB and the control. Furthermore, the theoretical isoelectric point of the

30 variable regions VH/VL was calculated by GENETYX (GENETYX CORPORATION). The
result showed that the theoretical isoelectric point was 9.20 for TOCILIZUMAR; 7.79 for the
control; 5.49 for Fv3-M73; 5.01 for Fv4-M73; and 4.27 for Fv5-M83. Thus, each antibody had



5lysosomes, those bound to FcRn are translocated to the cell surface and then released from FcRn

back into plasma again under the neutral conditiongin plasma (approx. pH 7.4). Known IgG-type
antibodies include the IgGl, 1gG2, 1gG3, and IgG4 isotypes. The plasma half-lives of these isotypes in
human are reported to be about 36 days for IgG1 and IgG2; about 29 days for IgG3; and 16 days for
IgG4 (Nat. Biotechnol. 2007 Dec; 25(12):1369-72). 10Thus, the retention of IgG | and 1gG2 in plasma
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amino acid sequence of human FcRn as set forth in SEQ ID NO: 24). 30 Likewise, oligo-DNA primers
were pregared based on the humanP2-microglobulin ene sequence. disclosed (Proc. Natl. Acad. Sci.
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set forthctm&mation time courses of TOCILIZUMAR, Fv3-M73, Fv4-M73, and Fv5-M83 after

intravenous administration are shown in Fig. 21. The result showed that each of Fv3-M73,
Fv4-M73, and Fv5-M83 exhibited significantly improved pharmacokinetics in cynomolgus

20 monkeys when compared to TOCILIZUMARB and the control.  Of them, Fv3-M73 and
Fv4-M73 exhibited substantially improved pharmacokinetics when compared to
TOCILIZUMAB.

The efficacy of each antibody to neutralize membrane-bound cynomolgus monkey I1-

receptor was assessed. Cynomolgus monkey IL.-6 was administered subcutaneously in the

25  lower back at 5 pg/kg every day from Day 6 to Day 18 afier antibody administration (Day 3 to
Day 10 for TOCILIZUMAB), and the CRP concentration in each animal was determined 24
hours later (see Reference Example for method). The time course of CRP concentration after
administration of each antibody is shown in Fig. 22. To assess the efficacy of each antibody to
neutralize soluble cynomolgus monkey IL-6 receptor, the plasma concentration of free soluble

30  cynomoigus monkey IL-6 receptor in the cynomolgus monkeys was determined and percentage
of soluble IL-6 receptor neutralization were calculated (see Reference Example for method).
The time course of percentage of soluble IL-6 receptor neutralization after administration of each
antibody is shown in Fig. 23.

Each of Fv3-M73, Fv4-M73, and Fv5-M83 neutralized membrane-bound cynomoigus

35 monkey IL-6 receptor in a more sustainable way, and suppressed the increase of CRP over a

longer period when compared to TOCILIZUMARB and the control (the known high-affinity



49 ID NO: 25). Soluble human FcRn was expressed by the following procedure. The plasmids
constructed for human FcRn and 132-microglobuliggvere introduced into cells of the human embryonic
kidney cancer-derived cell line HEK293H (Invitrogen) using 10% Fetal Bovine 5Serum (Invitrogen) by
lipofection. The resulting culture supernatant was collected, and FcRn was purified using IgG
Sepharose 6 Fast Flow (Amersham Biosciences) by the method described in J. Irnrnunol. 2002 Nov 1;

169(9):5171-80, followed er purification u3| eal e binding to
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The collecte bIood as immediately centrifu 5,00 or 15 minu tain blood
plasma BrREREAPARY PIESMAAAE S iord fPEIPEezer at -20C or below until use. The plasma
concentration Weisesteferininedinets: 54 130 Rigslistii ¢ essdgsmentightheupasan etentionof WT-M14

in ﬁumqﬂeir activities as an anti-IL-6 receptor-neutralizing antibody when compared to
TOCILIZUMAB and the control, and thus enable to significantly reduce the dosage and
frequency of administration. Furthermore, Fv5-M83 was demonstrated to be remarkably
superior in terms of the strength of activity as an anti-IL-6 receptor-neutralizing antibody as well
as sustaining their activity. Thus, Fv3-M73, Fv4-M73, and Fv3-MB83 are expected to be useful
20  as pharmaceutical IL-6 antagonists.

[Reference Example]

Preparation of soluble recombinant cynomolgus monkev I1-6 recentor (cIL-6R)

25 Oligo-DNA primers were prepared based on the disclosed gene sequence for Rhesus
monkey IL-6 receptor (Birney et al., Ensembl 2006, Nucleic Acids Res. 2006 Jan 1;34 (Database
issue):D556-61). A DNA fragment encoding the whole cynomolgus monkey IL-6 receptor
gene was prepared by PCR using the primers, and as a template, cDNA prepared from the
pancreas of cynomolgus monkey, The resulting DNA fragment was inserted into an animal cell

30 expression vector, and a stable expression CHO line (cyno.sIL-6R-producing CHO cell line) was
prepared using the vector. The culture medium of cyno.sIL-6R-producing CHO cells was
purified using a HisTrap column (GE Hezalthcare Bioscience) and then concentrated with
Amicon Ultra-15 Uliracel-10k (Millipore). A final purified sample of soluble cynomoigus
monkey IL-6 receptor (hereinafter cIL-6R) was obtained through further purification on a

35 Superdex200pgl6/60 gel filtration column (GE Healthcare Bioscience).



The bindings of WT-IlgG1 and WT-M14 to human FeRn were assessed by BlAcore. As shown in Table
1, the result indicated that the binding of WT-M14 wgs slightly greater than that of WT-IgGIl. 50 Table
1 KD(RM) WT-IgG1 2.07 WT-M14 1.85 As shown in Fig. 14, however, the retention in plagma was
comparable between WT-IgG1 and WT-M14 when assessed using human FcRn transgenic mice. This
finding 5suggests that the plasma retention of the M14 constant region in human is comparable to that

of the Igg3] 99&%&%%&%9&%% & Ig ] aratis 4 WT-M58, and WT-M73 which have

improved pharmacolcinetics 10 Prepars e T=M58otecule As described in Example 6, the
plasma rete ntloﬁmwwlmsmrﬂi%%ﬁrwmmgé g ﬁhmmdm@rﬁwr&tﬂé beltivat oW T-I1gGl.

Known m&ﬂl&odéd@&@upmue:@&tﬁmgagvkmﬁﬁﬁdﬂ@w&@p@‘ﬁ&% enlpweritessreleclicRRIpL afan
antlbod3p2§t§iq 9. Qr@ nee; the c51d|{1 311?% n 1Here the modificati Wescrlbed below were
introduced to |mproé e pharmaco cinet ﬁﬂf @6%509?@5’611’?/“%3 fOSRTY CH8StRtHBNS were
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n of gldtam
268, sul%%ng gr(c))ggjﬁga co N fo(r(ﬁrq_ilgarjgl g %Sfcl)tls%?cgce argi tl?gn golnléelgtrate with Amicon
Ultra-15 Ultracel-5k (Millipore). A final purified sample of cynomolgus monkey I1L.-6
(hereinafter cIL-6) was obtained through further purification on a Superdex75pg26/60 gel
10 filtration column (GE Healthcare Bioscience), followed by concentration with Amicon Ultra-15
Ultracel-5k (Millipore).

Preparation of a known high-affinity anti-IL-6 receptor antibody
An animal cell expression vector was constructed to express VQ8F11-21 higGl, a
15 known high-affinity anti-IL-6 receptor antibody. VQ8F11-21 higG1 is described in US
2007/0280945 A1 (US 2007/0280945 Al; the amino acid sequences of H chain and L chain as
set forth in SEQ ID NOs: 19 and 27, respectively). The antibody variable region was
constructed by PCR using a combination of synthetic oligo DNAs (assembly PCR). IgG1 was
used as the constant region.  The antibody variable and constant regions were combined

20 together by assembly PCR, and then inserted into an animal cell expression vector to construct
expression vectors for the H chain and L chain of interest.  The nucleotide sequences of the
resulting expression vectors were determined by a method known to those skilled in the art.
The high-affinity anti-IL-6 receptor antibody (hereinafter abbreviated as “control™) was

expressed and purified using the constructed expression vectors by the method described in
25  Example 1.

Assessment for the biological activity by human gp130-expressing BaF3 celis (BaF/ep130)
The IL-6 receptor neutralizing activity was assessed using BaF3/gp130 which
- proliferates in an IL-6/IL-6 receptor-dependent manner,  After three washes with RPMI1640
30 supplemented with 10% FBS, BaF3/gp130 cells were suspended at 5 x 10% cells/ml in
RPMI1640 supplemented with 600 ng/ml or 60 ng/m! human interleukin-6 {TORAY) (fina!
concentration of 300 ng/ml or 30 ng/ml, respectively), appropriate amount of recombinant
soluble human IL-6 receptor (SR344), and 10% FBS. The cell suspensions were dispensed (50
pl/well) into 96-well plates (CORNING). Then, the purified antibodies were diluted with
35 RPMI1640 containing 10% FBS, and added to each well (50 ul/well}.  The cells were cultured
at 37°C under 5% CO, for three days. WST-8 Reagent (Cell Counting Kit-§; Dojindo




20glutamine at position 419 in the EU numbering system. These four substitutions were introduced
into WT-M31AGK to generate WT-M58 (amino aciggequence of SEQ ID NO: 26). Expression vectors
were prepared by the same method described in Example 1. WT-M58 and L(WT) were used as H
chain and L chain, respectively. WT-M58 was expressed and purified by the method described in
Example 1. 25 Construction of the WT-M73 molecule On the other hand, WT-M44 (amino acid
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used as L chain. WT-M44, WT- M58 and WT-M73 were expressed and purified by the method
describgd i |n E améo S entof the plasma retention of WT-M44. WT-M58, and
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were assessed zbyt@ahemebw(h' shmmmkfﬁabts QqameMéM| nelicg @mtbat THOB (U sdfhdTeMA44,
WT-M58,are Y1-MABRE Seatabhan WlagR %%;hﬂﬁﬁ%ﬁi%ﬁlg]aﬂpm%@ayﬁﬁﬁﬁtgfom&ﬁg\&T IgGl,

res ectlvel 10 Table 2 KD(LiM) WT-IgG11. 62 WT
(P (y-c Kam spectf F(a‘£(> Yo o)nto a sensor chip by amine coupling method, binding antibodies of

interest onto the chip at pH7.4, and then running I1.-6 receptor SR344 adjusted to be various
concentrations at pH7.4 over the chip as an analyte. All measurements were carried out at 37°C.
The kinetic parameters, association rate constant k, (1/Ms) and dissociation rate constant kq (1/s)
were calculated from the sensorgrams obtained by measurement. Then, Kp (M) was

15 determined based on the rate constants. The respective parameters were determined using
Biacore T100 Evaluation Software (GE Healthcare).

PK/PD test to determine the plasma concentrations of antibodies, CRP. and free soluble I[1.-6
receptor in monkeys

20 The plasma concentrations in cynomolglis monkeys were determined by ELISA using a
method known to those skilled in the art.
The concentration of CRP was determined with an automated anaiyzer (TBA-120FR;
Toshiba Medical Systems Co.) using Cias R CRP (KANTO CHEMICAL CO., INC.).
The plasma concentration of free soluble cynomolgus monkey IL-6 receptor in
25 cynomolgus monkeys was determined by the procedure described below. All IgG antibodies
{cynomolgus monkey IgG, anti-human IL-6 receptor antibody, and anti-human IL-6 receptor
antibody-soluble cynomolgus monkey IL-6 receptor complex) in the plasma were adsorbed onto
Protein A by loading 30 pl of cynomolgus monkey plasma onto an appropriate amount of
rProtein A Sepharose Fast Flow resin (GE Healthcare) dried in a 0.22-um filter cup (Millipore).
30 Then, the solution in cup was spinned down using a high-speed centrifuge to collect the solution
that passed through. The solution that passed through does not contain Protein A-bound
anti-human IL-6 receptor antibody-soluble cynomolgus monkey IL-6 receptor complex.
Therefore, the concentration of free soluble IL-6 receptor can be determined by measuring the
concentration of soluble cynomolgus monkey I1.-6 receptor in the solution that passed through
35 Protein A. The concentration of soluble cynomolgus monkey I1.-6 receptor was determined

using a method known to those skilled in the art for measuring the concentrations of soluble



WT-M581.17 WT-M73 0.42 As a result of assessing WT-IgGIl, WT-M14, and WT-M58 for their
plasma retention in human FcRn transgenic mice, g$ shown in Fig. 24, WT-M58 was confirmed to
have increased 15 retention in plasma relative to WT-IgG1 and WT-M14. Furthermore, WT-IgGl,
WT-M44, WT-M58, and WT-M73 were assessed for their plasma retention in human FcRn transgenic
mice. As shown in Fig. 15, all of WT-M44, WT-M58, and WT-M73 were confirmed to have improved
pharm coldn reIat| eto Gl, The harmacokingtics-improving.effect correlated with the
binding éﬂ? arfyiﬁ humg N FcRA ‘fﬁ?%gyncﬁl gfhe p(fg% e%/)se o @Sgﬁfgﬁaf %%vas 20improved
to abou@%mbﬁégﬂéﬁ\th&ta@ﬂlwffﬂg@ﬁmﬂﬁéfﬁndmg suggests that the pharmacolcinetics of antlbodles
with the M73 conglanhdegiemiadamnaniibrls-gigsitisrnthe araaneRs Wae B5ampat ies
with the I%_g]gconstant region.  [Example 8] Effect of the novel constant regions M14 and M58 in
reducin OQenelty in 25various antibodies As described in Example 4, it was demonstrated
that the heﬁﬁ@éﬁ@@&;&hgﬁm@am@mmamg@mgi@fﬁeofagﬁ;@dwdméwiemﬁeu by converting the
1902 constagblgpien s Ve pidnedreranEaseBifl-oda6808) AdvHiastager (WT). G2 type
anfibodies other than the humanized PM1 antibody were also tested to assess whether. the
heterogenelty can be reduced by 30converting their constant regions into M14 or M58. Antibodies
31 grlM 1 antibody were: the anti IL-6 receptor antibody F2H/L39 (the amino acid

Sequences of FRHLLA%Y HhalikE? 9058 K 92 SEOURNOS: 29201 30, fespectve)

anti-IL-31 receptor. antibody HOLO (the amino acid sequences of O_VH.and HOLO_VL as set
forth in SRR BNERCS T B8 ﬁé&ﬁ%%%@%ﬁﬁnw%mwme@hé%ﬁ%m
sdfuenphsrofaPiitHhetitt amd DS iMprassEbfarthing S&daliahi(de: 33 and 34, respectively). For each of
these antibodies, antibodies with 5 1gG1 constant region (SEQ ID NO: 1), 1g02 constant region (SEQ
ID NO: 2), or M14 (SEQ ID NO: 5) or M58 (SEQ ID NO: 35) were generated. The generated
antibodies were assessed for heterogeneity by cation exchange chromatography using an adequate
gradient and an appropriate flow rate on a ProPac WCX-10 (Dionex) column (mobile phase A 20 mM
sodium acetate (pH 5.0), mobile phase B: 20 mM 10 sodium acetate/1IM NaC1 (pH 5.0)). The
assessment result obtained by cation exchange chromatography (IEC) is shown in Fig. 16. As
shown in Fig. 16, conversion of the constant region from an IgG1 type into an IgG2 type was
demonstrated to increase heterogeneity not only in the humanized anti-IL-6 receptor PM1 antibody
(WT), but also in the anti-IL-6 receptor antibody F21-11L39, anti-IL-31 receptor 15 antibody HOLO,
and anti-RANICL antibody DNS. In contrast, heterogeneity could be decreased in all of these
antibodies by converting their constant region into M14 or M58. Thus, it was demonstrated that,
regardless of the type of antigen or antibody variable region sequence, the heterogeneity originated
from natural IgG2 could be reduced by substituting serines for cysteines at position 131, EU
numbering, in the H-chain CHI domain and at position 219, EU numbering, 20 in the upper hinge of H
chain.




[Example 9] Effect of e novel constant region M58 to improve the pharmacoldnetics in various
antibodies As described in Example 7, it was demonstrated that conversion of the constant region 25
from IgGL1 into M58 in the humanized anti-1L-6 receptor PM1 antibody (WT) improved the binding to
human FcRn and pharmacoldnetics in human FoRn transgenic mice. So, IgG1 type antibodies other
than the humanized PM1 antibody were also tested to assess whether their pharmacokinetics can be
improved by converting their constant region into M58. Antibodies other than the humanized PM1
antibody (WT) were the anti-IL-31 receptor 30 antibedy HOLO (the amino acid sequences of
HOLO_VH and HOLO_VL as set forth in SEQ ID NOs: 31 and 32, respectively) and anti-RANIC L
antibody DNS (the amino acid sequences of DNENM&8d DNS VL as set forth in SEQ ID NOs: 33 and
34, respectively). For each of these antibodies, antibodies with IgG1 constant region (SEQ ID NO: 1)
or M58 (SEQ!IID: NGnB6jnvbod genstatecgivd asdesseded Ctheinbindieg toghuenan FoRnpy the
method described in 35Example 6. The result is shown in Table 3. 53 Table 3 KD (pM) WTHOLO
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numbering, in the H-chain CHI domain, and serine for cysteine at position 219, EU numbering, in the
H-chain upper hinge of the wild type IgG2 constant region sequence. Meanwhile, another possible
method for decreasing heterogeneity is a single substitution of serine for cysteine at position 219, or
serine for cysteine at position 220, EU 20numbering, in the H-chain upper hinge The altered 1g02
constant region SC (SEQ ID NO: 39) was prepared by substituting serine for cysteine at position 219
and CS (SEQ ID NO: 40) was prepared by substituting serine for cysteine at position 220, EU
numbering, in IgG2. WT-SC (SEQ ID NO: 41) and WT-CS (SEQ ID NO: 42) were prepared to have SC
and CS, respectively, and compared with WT-IgGl, WT-IgG2, WT-SKSC, and WT-M58 in terms of
heterogeneity. Zhandtihedmabstabilityeibudfietmnore (H2idA88:hgt ak2itldc38s 2gP&siF@Id H39-SC,
F2H1L39-C$pé2iirh 390SK BE Fahdulitid/ i@ hia) mibh hauethé3tonsharit YegiooailgGl (SEQ ID
NO: 1), Ig02SEQ)ID NOp®)i SCIEEQHD NOn38Ye S (SEQID2NOP40);@KSTI(SEX:ID NO: 38), or
M14 (SEQ ID:NOes)erespantivielypwetiepiépardt dlohmaid B9 sitkieramind awidiseddéntes of
F2H/L39_VHharfd FRambkiBa syktessét foihsi GEQ I D Ne $:129uamt30g Soviespedtively)tinthich is an
anti I1L-6 recéptomathtibddy difherérg fsoramymdrhb@nsibodiésdie thedobhpardwivithsreard to
heterogeneityewirergGhbwiuigG2ithothg@rwp-88lswT-SKSC, WT-M58, F2H/L39-1gGl, 54
F2H1L39-1gG2, F2H1L39-SC, F2H1L39-CS, F2H/L39-SKSC, and F2H/L39-M14 were assessed for
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differential {(position 419 in the EU numbering system) have been substituted with othei amino acids.

5. The antibody constant region of claim 1 (b}, in which the Cys at position 14 (position
131 in the EU numbering system), Arg at position 16 (position 133 in the EU numbering
system), Cys at position 102 (position 219 in the EU numbering system), Glu at position
20 (position 137 in the EU numbering system), Ser at position 21 (position 138 in the EU
numbering system), His at position 147 (position 268 in the EU numbering system), Arg
at position 234 (position 355 in the EU numbering system), Gln at position 298 (position
419 in the EU numbering system), and Asn at position 313 (position 434 in the EU



15scanning calorirnetry (DSC) (VP-DSC; Microcal). The midpoint temperature of thermal denaturation
(Tm value) serves as an indicator of stability. In order to prepare stable formulations as pharmaceutical
agents, a higher midpoint temperature of thermal denaturation (Tm value) is preferred (J. Phann. Sci.
2008 Apr;97(4):1414-26). WT-IgGl, WT-Ig02, WT-SC, WT-CS, WT-SKSC, and WT-M58 were dialyzed
(EasySEP; TOMY) against a solution 20 of 20 rriM sodium acetate, 150 mM NacCl, pH 6.0. DSC
measurement was carried out at a heating rate of 1C/rnin in a range of 40 to 100C, and at a protein
concentration of about 0.1 mg/ml. The denaturatign.curves obtained by DSC are shown in Fig. 18. The
Tm values of the Fab domains are listed in Table 4 below. 25Table 4 Tm/t WT-IgG1 94.8 WT-Ig02

93.9 WT-SG 88 LW sfsriftPrd W eababe it da W inMaR Panino acids.

6. The antibody constant region of claim 1 (c), in which the amino acids at position 289
(position 409 in the EU numbering system), positions 14, 16, 20, 21, 97, 100, 102, 103,
104, and 105 (position 131, 133, 137, 138, 214, 217, 219, 220, 221, and 222 in the EU
numbering system, respectively), and positions 113, 114, and 115 (positions 233, 234,
and 235 in the EU numbering system, respectively), have been substituted with other
amino acids, and the amino acid at position 116 (position 236 in the EU numbering
system) has been deleted.

7. The antibody constant region of claim 1 (b), in which Ala at position 209 (position 330
in the EU numbering system), Pro at position 210 (position 331 in the EU numbering
system), Thr at position 218 (position 339 in the EU numbering system), Cys at position
14 (position 131 in the EU numbering system), Arg at position 16 (position 133

in the EU numbering system), Cys at position 102 (position 219 in the EU numbering
system), Glu at position 20 (position 137 in the EU numbering system), and Ser at
position 21 (position 138 in the EU numbering system) have been substituted with other
amino acids.

8. The antibody constant region of claim 1 (b), in which Cys at position 14 (position 131
in the EU numbering system), Arg at position 16 (position 133 in the EU numbering
system), Cys at position 102 (position 219 in the EU numbering system), Glu at position
20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in the
EU numbering system) have been substituted with other amino acids.

9. A human antibody constant region comprising the amino acid sequence of SEQ 1D
NO: 5.

10. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 7.

1. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 9.

12. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 35.

13. A human antibody constant region comprising the amino acid sequence of SEQ ID
NO: 37.



The Tm values of WT-IgG1 and WT-Ig02 were almost the same (about 94C; Tm of IgG2 was about 1C
lower). Meawhile, the Tm values of WT-SC and WT-CS were about 86C, and thus significantly lower
than those of WT-IgGIl and WT-Ig02. On the other hand, the Tm 30 values of WT-M58 and WT-SKSC
were about 94C, and comparable to those of WT-IgG1 and WT-1gG2. This suggests that WT-SC and
WT-CS are markedly unstable as compared to IgG2, 55 and thus, WT-SKSC and WT-M58, both of
which also comprise substituion of serine for cysteine in the CH1 domain, are preferred in the
development of antibody pharmaceuticals. The reasom for the significant decrease of Tm in WT-SC
and WT-CS relative to Ig02 is thought to be differences in the disulfide-bonding pattern between
WT-SC or Wik-CGShanrthighZibbdytbermenae gom paripenind DS entdenatidatqieatsvassippwed that
WT-1gGl, WNSKSC, and WT-M58 each gave a sharp and single denaturation peak for the Fab
domain. In contrast, WT-SC and WT-CS each gave a broader denaturation peak for the Fab domain.
WT-1gG2 alsthgavermsheutddber peaksamthaiomnamtenheraturensiote of dReghalrd ofitdiydBnaturation
peak. In gensi@l, 3t iveansgidéred that a single component gives a sharp DSC 10 denaturation peak,
and when two or more components with different Tm values (namely, heterogeneity) are present, the
denaturationlpeakhbecomestohadersSpecifical g threiabpvees desorbed! regulinsugd &€ the possibility
that each of WTE-fgGRISAGEE, and WT-CS contains two or more components, and thus the
natural-IlgG2 heterogeneity has not been sufficiently reduced in WT-SC and WI-CS. This finding
suggests thathetoalyilbydtaioeginitipelichingentagDonbtals orthoelmnkd @H®.domain are involved
in the wild type-IgG2 heterogeneity, and it is necessary to alter not only cysteines in the hinge region
but also those in the CH1 domain to decrease the DSC heterogeneity. Furthermore, as described
above, stability comparable to that of wild type 1g62 can be acheived only when cysteines in both the
hinge region and CHI domain are substituted. 20The above finding suggests that from the perspective
of heterogeneity and stability, SC and CS, which are constant regions introduced with serine
substitution for only the hinge region cysteine, are insufficient as constant regions to decrease
heterogeneity originated from the hinge region of IgG2. It was thus discovered that the heterogeneity
could be significantly decreased while maintaining an 1IgG2-equivalent stability, only when the cysteine
at position 131, EU



25numbering, in the CH1 domain was substituted with serine in addition to cysteine at hinge region.
Such constant regions include M14, M31, M58, and M73 described above. In particular, M58 and M73
are stable and less heterogeneous, and exhibit improved pharmacolcinetics, and therefore are
expected to be very useful as constant regions for antibody pharmaceuticals. 30[Example 11]
Generation of fully humanized anti-IL-6 receptor antibodies with improved PIC/PD To generate a
fully humanized anti-IL-6 receptor antibody with improved PIC/PD, the molecules described below
were created by altering TOCILIZUMAB (H chain, W3-IgG1 (SEQ ID NO: 12); L chain, WT (SEQ ID
NO: 15). The following fully humanized IL-6 receptor antibodies were prepared which use as constant
region M73 d8M83aprepaieckinfixamptedy SmpviBiMABd dockait, rYiidi M73,),SIQdJD: Wdis48; L chain,
VL1-kappa, 8#Q ID NO: 49), Fv4-M73 (H chain, VH3-M73, SEQ ID NO: 46; L chain, VL3-kappa, SEQ
ID NO: 47), and 56 Fv5-M83 (H chain, VH5-M83, SEQ ID NO: 44; L chain, VL5-kappa, SEQ ID NO:
45). The affinitie’ pigyrepareddv8Mo3iFu4MPsis and VeI d aghifstit 16 recéptor were compared
to that of TOCILIZUMAB. The affinities of these anti- IL-6 receptor antibodies determined are shown in
Table 5 (see Reference Example for method). Furthermore, their 5 BaF/gp130-neutralizing activities
were compared to those of TOCILT7UMAB and the control (the known high affinity anti-1L-6 receptor
antibody described in Reference Example, and VQ8F11-21 higG1 described in US 2007/0280945)
(see Reference Example for method). The results obtained by determining the biological activities of
these antibodies using BaF/gp130 are shown in Fig. 19 (TOCILIZUMAB, the control, and Fv5-M83
with a final IL-6 concentration of 10 300 ng/m1) and Fig. 20 (TOCILIZUMAB, Fv3-M73, and Fv4-M73
with a final IL-6 concentration of 30 ng/ml). As shown in Table 5, Fv3-M73 and Fv4-M73 have about
two to three times higher affinity than TOCILT7UMAB, while Fv5-M83 exhibits about 100 times higher
affinity than TOCILIZUMAB (since it was difficult to measure the affinity of Fv5-M83, instead the affinity
was determined using Fv5-IgGl, which has an IgG I-type constant region; the 15constant region is
generally thought to have no effect on affinity). As shown in Fig. 20, Fv3-M73 and Fv4-M73 exhibit
slightly stronger activities than TOCILIZUMAB. As shown in Fig. 19, Fv5-M83 has a very strong
activity, which is more than 100 times greater than that of TOCILIZUMAB in terms of 50% inhibitory
concentration. Fv5-M83 also exhibits about 10 times higher neutralizing activity in terms of 50%
inhibitory concentration than the control (the 20known high-affinity anti-IL-6 receptor antibody).



Table 5 k2(1/Ms) kii(1/s) KD (M) TOCIL1ZUMAB 4.0E+05 1.1E-03 2.7E-09 Fv3-M73 8.5E+05 8.7E-04 .
1.0E-09 Fv4-M73 7.5E+05 1.0E-03 1.4E-09 Fv5-M83 1.1E+06
65

ABSTRACT

The present inventors succeeded in improving the antibody constant region to have
increased stability under acid conditions, reduced heterogeneity originated from disuifide bonds
in the hinge region, reduced heterogeneity originated from the H chain C terminus, and increased
stability at high concentrations as well as in discovering novel constant region sequences having
reduced Fey receptor-binding, while minimizing the generation of novel T-cell epitope peptides.
As aresult, the present inventors successfully discovered antibody constant regions with
improved physicochemical properties (stability and homogeneity), immunogenicity, safety, and
pharmacokinetics.



2.8E-05 2.5E-11 The isoelectric points of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73, and 25
Fv5-M83 were determined by isoelectric focusing using a method known to those skilled in the art. The
result showed that the isoelectric point was about 9.8 for TOCILIZUMAB; about 8.4 to 8.5 for the
control; about 5.7 to 5.8 for Fv3-M73; about 5.6 to 5.7 for Fv4-M73; and 5.4 to 5.5 for Fv5-M83. Thus,
each antibody had a significantly lowered isoelectric point when compared to TOCILIZUMAB and the
control. Furthermore, the theoretical isoelectric point of the 30 variable regions VH/VL was calculated
by GENETYX (GENETYX CORPORZEQIBN)E ThisTéHalt showed that the theoretical isoelectric point
was 9.20 for TOCILIZUMAB; 7.79 for the control; 5.49 for Fv3-M73; 5.01 for Fv4-M73; and 4.27 for
Fv5-M83. Thus, each antibody had 57 a significantly lowered isoelectric point when compared to
TOCILIZUWAB GHeftHe TohtfbL Wﬂ\ﬁ'y,l(thbs%annacokinetics of Fv3-M73, Fv4-M73, and
Fv5-M83 was thought to be improved when compared to TOCILIZUMAB and the control. T-cell
epitopes.in the variable regign sequence of TOCILIZUMAB, Fv3-M73, Fv4-M73, 50or Fv5-M83 were
analyzesélll?él?lg \qf%[ﬁl ?’Ig CH bt(ﬁ dg_o%zﬁn e%?éh?ﬂ):468-75). As a result, TOCILIZUMAB was
predicted to have T-cell epitopes, of which many could bind to HLA. In contrast, the number of
sequencgsthat prersnpredicted to bind to T-cell epitopes was significantly reduced in Fv3-M73,
Fv4-M73, and Fv5-M83. In addition, the framework of Fv3-M73, Fv4-M73, or Fv5-M83 has no mouse -
sequence and is thus fully humanized. These suggest the 10possibility that immunogenicity risk is
significafitffred Bed0/EX30I473, Fv4-M73, and Fv5-M83 when compared to TOCILIZUMAB.
[Example; §2} Plaigi-tesbaf fully humanized anti-IL-6 receptor antibodies in monkeys Each of
TOCILIZUMAB, the control, Fv3-M73, Fv4-M73, and Fv5-M83 was 15intravenously administered once
at a dose of 1 mg/kg to cynomolgus monkeys to assess the time courses of their plasma
concentfdfifns (sBe Reference Example for method). The plasma concentration time courses of
TOCILIZUMAB, Fv3-M73, Fv4-M73, and Fv5-M83 after intravenous administration are shown in Fig.
21. The (f.?{#lt s?o&qu/ hat each of{?-M?B, Fv4-M73, and Fv5-M83 exhibited significantly improved
pharmacokitfetic2 iy EyHbigighen <

210>

211> 330

212> PRT

<213> Homo sapiens

<400> 1
Ala Ser Thr Lys Gly Pro Ser VYal Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Giu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



20 monkeys when compared to TOCILIZUMAB and the control. Of them, Fv3-M73 and Fv4-M73
exhibited substantially improved pharmacolcirtetics when compared to TOCILIZUMAB. The efficacy of
each antibody to neutralize membrane-bound cynorfiolgus monkey 1L-6  receptor was assessed.
Cynomolgus monkey IL-6 was administered subcutaneously in the 25lower back at 5 jig/kg every day
from Day 6 to Day 18 after antibody administration (Day 3 to Day 10 for TOCILIZUMAB), and the CRP
concentration in each animal was detetwined 24 hours later (see Reference Example for method). The
time course of CRP concentration after administration of each antibody is shown in Fig. 22. To assess
the efficacy of each antibody to neutralize soluble cynomolgus monkey IL-6 receptor, the plasma
concentration of free soluble 30 cynomolgus monkey IL-6 receptor in the cynomolgus monkeys was
determih€d &A8 Perceiathge bf Bulubed 1Pr® réeepbsr ntanrakzation Wbre Calcliated (see Reference
Examplggor method). The timg/gourse of percentage f soluble IL-6 receptoggeutralization after
administration of each antibody is shown in Fig. 23. Each of Fv3-M73, Fv4-M73, and Fv5-M83
neutralized membrane-bound cynomolgus 35 monkey IL-6 receptor in a more sustainable way, and
suppressed the increase of CRP over a longer period when compared to TOCILIZUMAB and the
control the newey Sighraffinitass Rrdi-ly:s peeepier ARtbAAY). FUEermgyg, gach of Fv3-M73,
Fv4-M73, and Fv5-M83 neutralized soluble cynomolgus monkey IL-6 receptor in a more sustainable
way, and suppressed the Itficrease of free solublé’'Cynomolgus monkey -6 receptor over a longer
period when compared to TOCILIZUMAB and the control. These findings demonstrate that all of
Fv3-M73, Fv4-M73, and Fv5-M83 are superior in sustaining the neutralization of membrane-bound
and soI ble ce tors tha ILI Mﬁ d t’ae cqntrol. Of them, Fv3-M73 and Fv4-M73 are
remark é)l%e ih'Su yﬁnﬁﬁ g:?ﬂ ¥§taﬁh' ﬁbﬁll@y?\%’ 185 G¥Sressed CRP and free
soluble cynomolgus rih&@lkey IL-6 receptor midie strongly than Fv3-MT3 and Fv4-M73. Thus, Fv5-M83
is considered to be stronger than Fv3-M73, Fv4-M73, and the control (the 10known high-affinity
anti-IL-6 receptor antibody) in neutralizing membrane-bound and soluble IL-6 receptors. It was
considered that results in in vivo of cynomolgus monkeys reflect the stronger affinity of Fv5-M83 for
IL-6 receptoA bndPstrdiiget biblogicall ac@VityRyfoF86¢kMRT iflibel BaFoplPooassay system relative to the
control. ﬂ%se findings suggest {Qgt Fv3-M73 and Fv4-]l\§ 3 are highly superior in sustaining
15their activities as an anti-IL-6 receptor-neutralizing antibody when compared to TOCILIZUMAB and
the control, and thus enable to significantly reduce the dosage and frequency of administration.
Furthermore, Fv5-M83 was demonstrated to be remarkably superior in terms of the strength of activity
as an anj;l n [ tibody as systaining.gheir t| Thus, Fv3-M73,
Fv4-M7g§}€<’ell;lptfl3 ?ﬁy?\[ilté) a(rw gjb@?t%%ac?olqb% §§éfu ?Oafalrs’?r ri?ggjmé;\lcuegt}}t|cillT F ir%tagonlsts [Reference
Example]

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Yal Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 190

His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205



Preparation of soluble recombinant cynomolgus monkey IL-6 receptor (clL-6R) 250ligo-DNA primers
were prepared based on the disclosed gene sequence for Rhesus monkey IL-6 receptor (Bimey et al.,
Ensembl 2006, Nucleic Acids Res. 2006 Jan 1;34 (Catabase issue):D556-61). A DNA fragment
encoding the whole cynomolgus monkey IL-6 receptor gene was prepared by PCR using the primers,
and as a template, cDNA prepared from the pancreas of cynomolgus monkey. The resulting DNA
fragment was inserted into an animal cell 30expression vector, and a stable expression CHO line
(cyno.slL-6R-producing CHO cell line) was prepared using the vector. The culture medium of
cyno.slL-6R-producing CHO cells was purified using a HisTrap column (GE Healthcare Bioscience)
and then concentrated with Arnicon Ultra-15 Ultracel-10k (Millipore). A final purified sample of soluble
cynomolgifs ankey L6 mbedite (hkteflitby tIlbR) BaSebtaiised trbvgffurther purification on a
35Superdex200pgl6/60 gel filtrationigplumn (GE HealthcaggoBioscience). 59 Preparation of
recombinant cynomolgus monkey IL-6 (cIL-6) Cynomolgus monkey IL-6 was prepared by the
procedure described below. The nucleotide sequence encoding 212 amino acids deposited under
SWISSPROT Accession No. P79341 was prepared and cloned into an animal cell expression vector.
The resgliin@vecier5aias Frsoduserkinty £ HEY CELS tPrRyenayesarsiglesypgssion cell line
(cyno.ILz%oroducing CHO cell line). The culture mediym of cyno.IL-6-pro u[c%%% CHO cells was
purified tiSing a SP-Sepharose column (GE Healt e Bioscience) and concentrated with
Amicon Ultra-15 Ultracel-5k (Millipore). A final purified sample of cynomolgus monkey IL-6
(hereinafter clL-6) was obtained through further purification on a Superdex75pg26/60 gel 10filtration

column (GE Healthcare Bigscience), followed by concentrati ith Amijcon Ultra-15 Ultracel-5k
(MilIJIiporé Yp E)a gﬁoﬁs&lgjléﬁ%m #F'd'h Wn?@/r g%ﬁb@%e@%t \Q”Sarﬁiﬁogbe H’f
250 255

Pro Ser Asp lfe Ala Val Giu Trp Glu Ser Asn Giy Gin Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln GIn Gly Asn
290 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

210> 2
211> 326



An animal cell expression vector was constructed to express VQ8F11-21 higGl, a 15known
high-affinity anti-IL-6 receptor antibody. VQ8F11-21 hlgG1 is described in US 2007/0280945 Al (US
2007/0280945 Al; the amino acid sequences of H cHain and L chain as set forth in SEQ ID NOs: 19
and 27, respectively). The antibody variable region was constructed by PCR using a combination of
synthetic oligo DNAs (assembly PCR). IgG1 was used as the constant region. The antibody variable
and constant regions were combined 20together by assembly PCR, and then inserted into an animal
cell expregaipn prEtor to construct expression vectors for the H chain and L chain of interest. The
nucleotig guences of the resulting expression vectors were determined by a method known to
those sk'ﬁgﬁin Og%rEaPHE%gh-aﬁinity anti-IL-6 receptor antibody (hereinafter abbreviated as
"control") was expressed and purified using the constructed expression vectors by the method
describeddp:25Example 1. Assessment for the biological activity by human gp130-expressing BaF3
cells (BaF/gp130) The IL-6 receptor neutralizing activity was assessed using BaF3/gp130 which
proliferates in an IL-6/IL-6 receptor-dependent manner. After three washes with RPMI11640
30suppleimebredwithL 896 PB B, B&EB/Ypl Fhechs avbrs shispdirdefyat Ser 18¢dgcells/ml in RPMI1640
supplemented with 600 ng/ml or 60 ng/ml human interleukin-6 (TORAY) £final concentration of 300
ng/ml or 30 ng/ml, respectively), appropriate amount of recombinant soluble human IL-6 receptor
(SR344), and 10% PBS. The cell suspensions were dispensed (50 41/well) into 96-well plates
(CORNING). Then, the purified antibodies were diluted with 35RPMI11640 containing 10% PBS, and
added tg.ga / h I re cyltur 5 for three days. WST-8
Reagen?%%gvggﬁrﬁ?ﬁgQK\:%-SSE)IB%nﬁdlgaeé?)gl\gl%rgtﬁigs%%vqé%agxg&%%{ﬁvgﬁgj \g\}}th PBS. Immediately
after 20 ul of the reagent was added 5 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Vai His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125



to each well, the absorbance at 450 run (reference wavelength: 620 nm) was measured using
SUNRISE CLASSIC (TECAN). After culturing for two hours, the absorbance at 450 run (reference
wavelength: 620 nm) was measured again. The IL-6receptor neutralizing activity 5Swas assessed
using the change of absorbance during two hours as an indicator. Biacore-based analysis of binding to
IL-6 receptor Antigen-antibody reaction kinetics was analyzed using Biacore 1100 (GE
Healthcare). The 512344-antibody interaction was measured by immobilizing appropriate amounts of
anti-lgG 10(y-chain specific) F(ab')2 onto a sensor chip by amine coupling method, binding antibodies
of intere t hip atpH7,4, and then running IL:6 regceptgr SR3 justed to be various
concentr%a ﬁ)rrlfgu;?%ﬁﬁﬂ%\%?tﬁer h?ﬁ rarsi:?{a?] lgél%ly\/'{[%e{ Aﬁ f}neéés)uggriiﬁtiw%eréﬁégrried out at 37C. The
Kinetic paraniéﬂars, association ratelé8nstant Ica (1/Ms) anid@issociation rate constant kd (1/s) were
calculated from the sensorgrams obtained by measurement. Then, Kjj (M) was 15determined based
on the rate constants. The respective parameters were determined using Biacore 1100 Evaluation
Software (GE Healthcare). PK/PD test to determine the plasma concentrations of antibodies, CRP.
and freeVediuisie Iie Gégehsor Rt enbhkeVal Z0ThBhslaksnaTaondentr&ibrksin @momolgus monkeys
were detgpnined by ELISA using@ method known to flzgse skilled in the art. {gg The concentration of
CRP was determined with an automated analyzer (TBA-120FR; Toshiba Medical Systems Co ) using
Cias R CRP (KANTO CHEMICAL CO., INC.). The plasma concentration of free soluble cynomolgus
monkey IL-6 receptor in 25cynomolgus monkeys was determined by the procedure described below.
All 19G apfibedipy 49y ROAKIAMODKEY 18IS | §8tidhymaR h18 "ereRIPH FiPady, and anti-human IL-6
receptor antibody-soluble %QJomolgus monkey IL-? receptor complex) in I%e plasma were adsorbed
onto Protein A by loading | of cynomolgus m& Qey plasma onto an &é) ropriate amount of rProtein
A Sepharose Fast Flow resin (GE Healthcare) dried in a 0.22-rim filter cup (Millipore). 30Then, the
solution in cup was spinned down using a high-speed centrifuge to collect the solution that passed
through. The_solytion that pas th rough does not contain Protein A-bound_anti-human IL-6 receptor
antibodf-%h]ﬁre ?ld%'ﬁglyﬁi 3?8 ?/Ilgl;h%'ri@éb?@‘rrcgﬁjplgii THertbRe AtRe Bdhcentration of free
soluble IL-6 receptor d&fi be determined by rm&asuring the concentreiibn of soluble cynomolgus
monkey IL-6 receptor in the solution that passed through 35Protein A. The concentration of soluble
cynomolgus monkey IL-6 receptor was determined

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro {le Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Giu Ser Asn Gly GIn Pro Giu Asn Asn Tyr Lys Thr
260 265 270



using a method known to those skilled in the art for measuring the concentrations of soluble 61
human IL-6 receptor. Soluble cynomolgus monkey IL-6 receptor (cIL-6R) prepared as described above
was used as a standard. Then the percentage of sofuble IL-6 receptor neutralization was calculated by
following formula. Free soluble IL-6 receptor concentration after antibody administration x 100 5
Soluble IL-6 receptor concentration before antibody administration Industrial Applicability The
present invention provides antibody constant regions suitable for pharmaceuticals, whose
physicochemical properties (stability and homogeneity), immunogenicity, safety, and

Lopharmacogigesics figye BEeREMBIV AL A 39d MRAtian 162 SHANYS
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GlIn Gln Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

Q10> 3

Q211> 327

212> PRT

{213> Homo sapiens

<400> 3
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Aia Leu Thr Ser
35 40 45



1. A human antibody constant region with reduced C-terminal heterogeneity of any one of: (a) a
human antibody constant region that comprises deletions of both Gly at position 329 (position 446 in
the EU numbering system) and Lys at position 330 (position 447 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 1, wherein the deletions have no effect on the thermal stability of
CH3 domain; (b) a human antibody constant region that comprises deletions of both Gly at position
325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 in the EU
numberiggysystern) én the RANPracikl serseNeg of SESQ IDNP 2y where the.deletions have no effect
on the thermgbstability of CH3 doméxj?n; and (c) a human antibody constant region that comprises '
deletions of both Gly at position 326 {position 446 in the EU"numbering system) and Lys at position
327 (position 447 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 3, wherein
the deletions have no effect on the thermal stability of CH3 domain. 63 2. The antibody constant
region of claim 1 (b), in which the amino_acids at positjons, 209 (position 330.in the EU numbering
system)!f‘Eli(jgré[;oé?i}arl1\'?§!3;ufar1§ tf?grEUq"luﬁﬂ?e fig s%s'teg‘fﬁ 54 (é%élﬁ%ﬁ 338 ithe EU numbering
system)6276 (position 397 in tHé EU numbering systet), 14 (position 131 ingie EU numbering
system), 16 (position 133 in the EU numbering system), 102 (position 219 in the EU numbering
system), 20 (position 137 in the EU numbering system) and 21 (position 138 in the EU numbering
system) have been substituted with other amino acids. 3. The antibody constant region of claim 1 (b),
in whichlttie Biirty aciss ated7&gpdsitioh\@0Pin tBerEASmuFhbeltyg $ystery, lyk (position 131 in the EU
numbering system), 16 (pgsition 133 in the EU nggbering system), 1024position 219 in the EU
numbering system), 20 (position 137 in the EU numbering system) and 21 (position 138 in the Eli
numbering system) have been substituted with other amino acids. 4. The antibody constant region of
claim 1 (b), in which the Cys at position 14 (position 131 in the EU numbering system), Arg at position
16 (posij i U ri Cys.a gion sition 219 in the EU numbering
system)l,t\Fc)aél]ug(z;\g’t§ p@g%%ﬁ Zég%ﬁogglygﬁlﬁmé%ﬁﬁuﬁﬁgﬁ% g&%ﬁrﬁi élgar 551?{ Bosition 21 (position 138
in the EU numbering iQQtem), His at positiord 927 (position 268 in tHd®U numbering system), Arg at
position 234 (position 355 in the EU numbering system), and Gin at position 298 (position 419 in the
EU numbering system) have been substituted with other amino acids. 5. The antibody constant region
of claim 1 (b), in which the Cys at position 14 (position 131 in the EU numbering system), Arg at
position®l§ (%%%iﬁ@ﬁ £y ik hPew SembelifyeystsnBhec P adfioskivh Poe {pissition 219 in the EU
numbering systefi)s Glu at position 20 (pggition 137 in the EU mgnbering system), Ser at position 21
(position 138 in the EU numbering system), His at position 147 (position 268 in the EU numbering
system), Arg at position 234 (position 355 in the EU numbering system), Gin at position 298 (position
419 in the EU numbering system), and Asn at position 313 (position 434 in the EU 63a numbering
system)ispverpebsusiestiiuteBuithpthdnarping @ridya 6. Threggrtipadygangtant region of claim 1 (c),
in which the ggpino acids at positioq 9 (position 409 in thEQEU numbering system), positions 14, 16,
20, 21, 97, 100, 102, 103, 104, and 105 (position 131, 13§, 37, 138, 214, 217, 219, 220, 221, and
222 in the EU numbering system, respectively), and positions 113, 114, and 115 (positions 233, 234,
and 235 in the EU numbering system, respectively), have been substituted with other amino acids, and
the amino acid, at position.116 (position 236.in the EU numbering system) has been deleted. 7. The
antibodégcoor?s?t!angtgrreg%ﬂ gﬁglzﬁ% 1%5 {8, 1 L{NMQ}H QQ%Pﬁorgﬁfbrin %5/ Yﬁo?ﬂi‘orﬁ%o in the EU numbering
system)|49ro at position 210 (g&tion 331 in the EU riéfbering system), Thi 8@ position 218 (position
339 in the EU numbering system), Cys at position 14 (position 131 in the EU numbering system), Arg
at position 16 (position 133 in the EU numbering system), Cys at position 102 (position 219 in the EU
numbering system), Glu at position 20 (position 137 in the EU numbering system), and Ser at position
21 (posHion M8 & uhkéae Hheimberibbesksterfh haye BeenaubSitut6duvihnofter amino acids. 8. The
antibody constant region ggglaim 1 (b), in which s at position 14 (posli 'gn 131 in the EU numbering
system), Arg at position 16 (position 133 in the EU numbering system), Cys at position 102 (position
219 in the EU numbering system), Glu at position 20 (position 137 in the EU numbering system), and
Ser at position 21 (position 138 in the EU numbering system) have been substituted with other amino

acids. 95 BUmananYpoRECQasaR RUPIEITRIISHYG e AN Addgayence of SEQ IDNO: 5
185

10. A human antibodYS%onstant region comprising the amino aci s}z%uence oPSEQ ID NO: 7.



11. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 9. 12. A
human antibody constant region comprising the amino acid sequence of SEQ ID NO: 35. 13. A
human antibody constant region co NO: 37. sing th8 amino acid sequence of SEQ ID 63b 14. A
human antibody constant region comprising the amino acid sequence of SEQ ID NO: 43. 15. A
human antibody constant region comprising the amino acid sequence of SEQ ID NO: 57 (M40AGIC).
16. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 55

(N/186ATrK) L ekv A8 @bpdy eommsing thewonsfaniseaien gfsanyyang of ¢laims 1 to 16. 64 18. An
anti-IL-6 receptor z%r%tlbody comprising trﬁgonstant region of ar%ésone of claims 1to 16. 19. A
pharmaceutical cg) position comprising antibody of claims 47 or 18. 65 ABSTRACT

Pro Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg
210 215 220

Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser GIn Glu Glu Met Thr Lys
225 230 235 240

Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp GlIn Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325



The present inventors succeeded in improving the antibody constant region to have increased stability
under acid conditions, reduced heterogeneity originated from disulfide bonds in the hinge region,
reduced heterogeneity originated from the H chain Gterminus, and increased stability at high
concentrations as well as in discovering novel constant region sequences having reduced Fey
receptor-binding, while minimizing the generation of novel T-cell epitope peptides. As a result, the
present inventors successfully discovered antibody constant regions with improved physicochemical
propertie {gtabiljty and homogeneity), iminunogenicity, safety, and pharmacolcinetics. SEQUENCE
LISTINGZ< 0> I@lUGAI SEIYAKU KABUSHIKI KAISHA <120> Modified antibody constant region
<130> Cﬁ- 09P<150> JP 2007-250147 <151> 2007-09-26 <160> 58 <170> PatentIn version 3.4
<210> 1422221> 8B0 <212> PRT <213> Homo sapiens <400> | Ala Ser Thr Lys Gly Pro Ser Val Phe
Pro Leu AlgsBro Sern $arilys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045

220>
223> An artificially synthesized peptide sequence

<400> 4
Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Va! Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 80 85

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110



Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr GIn Thr 65707580 Tyr lle Cys Asn Val Asn
His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
Cys Pro Pro Cys 100105110 Pro Ala Pro Glu Leu L&l Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115120125 Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys 130135140 Val Val Val
Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 145150155160 Tyr Val Asp Gly Val Glu Val His
Asn Ala Lys Thr Lys Pro Arg Glu 165170175 Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr
Val Leu 180185190 Lys Ala Lea Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 210215220

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met tle Ser Arg Thr Pro Glu Val Thr Oys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Giu Val His Asn Ala Lys Thr Lys Pro Arg Glu Giu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser lle Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255



Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 225230235240 Lea Thr Lys Asn Gin
Val Ser Lea Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
Gly GIn Pro Glu Asn 260265270 Asn Tyr Lys Thr Thri Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275280285 Lea Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 290295300 Val Phe Ser
Cys Ser Val Met His Glu Ala Lea His Asn His Tyr Thr 305310315320 Gin Lys Ser Lea Ser Lea Ser Pro
Gly Lys 325330 <212> PRT <213> Homo sapiens <400> 2 Ala Ser [hr Lys Gly Pro Ser Val Phe Pro
Leu Ala Pro Cys Ser Arg

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GIn Gin Gly Asn Yal Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

Q210> 5

Q211> 324

212> PRT

Q213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> b

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15



151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser Gly Ala Leu [hr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser
Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val [ht2/al Pro Ser Ser Asn Phe Gly Thr GIn Thr
65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 [hr Val Glu Arg
Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Thr Leu Met He Ser Arg Thr Pro Glu
Val Thr Cys Val Val Val Asp 130135140 Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp

Gly 14588p1HR16RVal GlaiVarhis flan e Lyg By LopsPrefig GityeluGirfihe Asn
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Giu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160



165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly
Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser Lys
Thr Lys Gly GIn Pro Arg Glu 210215220 Pro GIn Vaj3ryr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys
Asn 225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Thr
Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser
Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr

GIn Lys er legy R30S 10320 ReLyEUwrREn TS %8 6lu Glu GIn Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly GIn Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp ile
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GlIn GIn Gly Asn Val Phe Ser Cys
290 295 300



325 <210> 3 <211> 327 <212> PRT <213> Homo sapiens <400> 3 Ala Ser Thr Lys Gly Pro Ser Val
Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys
Asp Tyr 202530 Gly Val His Thr Phe Pro Ala Val Ley Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Ser
Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys
Pro Ser Asn Thr Lys Val Asp Lys 859095 Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro
Ala Pro 100105110 Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 115120125

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 6

211> 326

212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 6
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 15 80



Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 130135140 Asp Val Ser GIn Glu Asp
Pro Glu Val GIn Phe Asn Trp Tyr Val Asp 145150155160 Gly Val Glu Val His Asn Ala Lys Thr Lys Pro
Arg Glu Glu GIn Phe 165170175 Trp Leu Asn Gly ILgs Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195200205 Pro Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg 210215220 Glu Pro GIn
Val Tyr Thr Leu Pro Pro Ser GIn Glu Glu Met Thr Lys 225230235240 Asn Gin Val Ser Leu Thr Cys
Leu Val Lys Gly Phe Tyr Pro Ser Asp 245250255 lle Ala Val Glu Trp Glu Ser Mn Gly Gin Pro Glu Asn
Asn Tyr Lys 260265270 Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275280285

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Giu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 ' 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro {le Glu Lys Thr fle Ser Lys Thr Lys Gly Glin Pro Arg Glu
210 215 220



Arg Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser 290295300 Cys Ser Val Met His
Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser 305310315320 Leu Ser Leu Ser Leu Gly Lys 325 <210>
4 <211> 326 <212> PRT <213> Atrtificial <220> <223%> An artificially synthesized peptide sequence
<400> 4 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly
Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn
Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser

Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

Q10> 7

211> 324

<212> PRT

213> Artificial

<220>



505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn
Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 10 Pro Val Ala Gly Pro Ser Val Phe Leu
Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu M@t lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
Asp 130135140 Val Ser His Glu Asp Pro Giu Val Gin Phe Asn Trp Tyr Val Asp Gly 145150155160 Val
Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Phe Arg Val Val
Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn

Lys Gly keasbrogdag00205al iy synthesized peptide sequence
400> 7
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val! Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Vai His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125



Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 11 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro
Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro VapgLeu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser
Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys
325 <210> 5 <211> 324 <212> PRT <213> Atrtificial <220>

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
185 200 205

Ata Pro Ile Glu Lys Thr 1le Ser Lys Thr Lys Gly GIn Pro Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
260 265 270



<223> An artificially synthesized peptide sequence <400>5 12 Ser Thr Ser Gly Gly Thr Ala Ala Leu
Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GkySer Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val
Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser
Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu

Met lle Ser AsenTHE iR PV A ISy SR VA ¥8LASR: Phe Leu Tyr Ser Lys
215 280 285

Leu Thr Val Asp Lys Ser Arg Trp GlIn GIn Gly Asn Val Phe Ser Cys
290 285 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 8

211> 326

<212> PRT

213> Artificial

<2205
223> An artificially synthesized peptide seguence

<400> 8
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 9 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Giu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45



130135140 13 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr
Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys
Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ser Seg lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro
Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240
Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser
Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
Phe Leu Tyr Ser Lys 275280285

Gly Val His Thr Phe Pro Ala Val Leu Glin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro-
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met [le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GIn Asp Trp
180 185 190



14 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro
<210> 6 <211> 326 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 6 Ala Ser Thr Lys Gly Pro Ser ValBhe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr
Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp
Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser

505560

Leu Asn Gly Lys Giu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser GIn Glu Giu Met Thr Lys Asn
225 230 235 240

GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le
245 250 255

Ata Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Leu Gly Lys
325



15 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser
Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro
Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle SeypArg Thr Pro Glu Val Thr Cys Val Val Val Asp
130135140 Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu
Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val
Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
Gly Leu Pro 195200205 16

216> 8§

211> 324

212> PRT

213> Artificial

220>
{223> An artificially synthesized peptide sequence

400> 9
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Gys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95



Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr
Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu
Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Val LegyAsp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val
Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys 325
<210> 7 <211> 324 <212> PRT <213> Artificial 17 <223> An artificially synthesized peptide sequence

<400 T Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 10

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Giu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gln Glu Asp Pro Glu Val Glin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Yal Glu Yal His Asn Ata Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser VYail Leu Thr Val Leu His GIn Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gln Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser GIn Glu Glu Met Thr Lys Asn
225 230 235 240



Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala
Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala
Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala VahLeu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser
Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys
Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro
Ala Pro 100105110 18 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140

val Ser § fi% !’:H H Pi_rgquHrvﬁlyg;iEelah?a'?‘sﬁyy% iT)y P& | ﬁ(s'p @Ig Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
260 265 270

thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GlIn Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Leu

10> 10
211> 329
212> PRT
213> Artificial

<2200
223> An artificially synthesized peptide seguence

<400> 10

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Afa Pro Ser Ser Lys
1 5 10 15



145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr
Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys
Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pegslle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro
Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240
Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 19 Thr Pro Pro Val Leu
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin
Gly Asn Val Phe Ser Cys 290295300

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Giu Pro Val Thr Val Ser Trp Asn Ser Giy Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

lLeu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr
65 70 15 80

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
115 120 125

Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val
130 135 140

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
145 150 155 160



Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu Ser Pro
<210> 8 <211> 326 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 8 Ala Ser Thr Lys Gly Pro Ser Valeéhe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr
Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 20 Gly Val His Thr Phe Pro Ala Val
Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys
Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys

Val Asp Gly Val Glu Val His Asn Ala Lys Thr
165 170

Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
180 185

Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
195 200

Gly Leu Pro Ser Ser lle Glu Lys Thr ile Ser
210 215

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
225 230 235

Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val
245 250

Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly
260 265

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
275 280

Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
290 295

Lys Pro Arg Glu Glu
175

Leu Thr Val Leu His
190

Lys Val Ser Asn Lys
205

Lys Ala Lys Gly GIn
220

Ser Arg Asp Giu Leu
240

Lys Gly Phe Tyr Pro
255

Gin Pro Glu Asn Asn
270

Gly Ser Phe Phe Leu
285

Gln Gin Gly Asn Val
300



859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu
Val Thr Cys Val Val Val Asp 130135140 Val Ser Gip{Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp
Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 21
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ser Ser lle Glu Lys Thr
lle Ser Lys Ala Lys Gly Gin Pro Arg Glu 210215220 Pro GIn Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu
Met Thr Lys Asn 225230235240

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin
305 310 315 320

Lys Ser Leu Ser Leu Ser Pro Gly Lys
325

21e> 1

Q11> 327

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 11
Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser
Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lg Ser Arg Trp GIn Glu Gly Asn Val Phe Ser Cys
290295300 Ser Val Met His Glu Ala Leu His Asn HiS Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu
Ser Leu Gly Lys 325 <210> 9 <211> 324 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 9 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser
S Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr GIn Thr

65 10 15 80

Tyr 1le Gys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys |
115 120 125

Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val
130 135 140

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
145 150 155 160

Yal Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
165 170 175

Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
180 185 190

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Oys Lys Val Ser Asn Lys
195 200 205



151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser
Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr V%Pro Ser Ser Ser Leu Gly Thr Lys Thr 65707580
23 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro"Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro
Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr
Cys Val Val Val Asp 130135140 Val Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly

145150155160
%ﬁy Leu Pro Ser Ser 1le Glu Lys Thr lle Ser Lys Ala Lys Gly Gln
210 215 220

Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu
225 230 235 240

Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro
245 250 255

Ser Asp |le Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn
260 265 270

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
275 280 285

Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn Gin Gly Asn Val
290 295 300

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin
305 310 315 320

Lys Ser Leu Ser Leu Ser Pro
325

10> 12

211> 449

212> PRT

213> Artificial



Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Tyr Arg Val Val
Ser Val Leu Thr Val Leu His GIn Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
Asn Lys Gly Leu Pro 195200205 Ser Ser He Glu Lys, Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu
210215220 24 Gin Val Ser Leu Thr Cys Lou Val Lys Gly Phe Tyr Pro Ser Asp He 245250255 Ala Val
Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Val Leu Asp Ser
Asp Gly Ser Phe Phe Lou Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn
Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Lou His Asn His Tyr Thr Gin Lys Ser Leu

{2205
223> An artificially synthesized peptide sequence

<400> 12
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser |le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

{1e Giy Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Glin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gln Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125



305310315320 Ser Leu Ser Leu <210> 10 <211> 329 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 10 25 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys
Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thy Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val
Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 65707580 Tyr lle Cys Asn Val Asn His Lys Pro Ser Asn
Thr Lys Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 180

Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |ie Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270



100105110 Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys 115120125 Pro Lys Asp
Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val 130135140 26 Val Asp Gly Val Glu Val His Asn
Ala Lys Thr Lys Pro Arg Glu Glu 165170175 Gin Tw»,Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
Leu His 180185190 Gin Asp Trp Leu Asn Gly Lys GIU Tyr Lys Cys Lys Val Ser Asn Lys 195200205
Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin 210215220 Pro Arg Glu Pro Gin Val
Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu 225230235240 Thr Lys Asn Gin Val Ser Leu Thr Cys Leu
Val Lys Gly Phe Tyr Pro 245250255

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 - 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys
325 330 335

Thr |ie Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp_Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415



Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn 260265270 Tyr Lys Thr Thr Pro Pro
Val Leu Asp Ser Asp Gly Ser Phe Phe Leu 275280285 27 Phe Ser Cys Ser Val Met His Glu Ala Leu
His Asn His Tyr Thr GIn 305310315320 Lys Ser Lelﬁgger Leu Ser Pro Gly Lys 325 <210> 11 <211>
327 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 11
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala
Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala
Leu Thr Ser

Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

<210> 13

211> 445

<212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

400> 13
Gin Val GiIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser !le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45



354045 28 Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 65707580 Tyr lle Cys
Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp Lys
Thr His Thr Cys Pro Pro Cys 100105110 Pro Ala Prp Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro
Pro Lys 115120125 Pro Lys Asp Thr Leu Met He S #’Arg Thr Pro Glu Val Thr Cys Val 130135140 Val
Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 145150155160 Val Asp Gly Val Glu Val
His Asn Ala Lys Thr Lys Pro Arg Glu Glu 165170175 Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu

Thr Val Leu His 180185190
e Gly Tyr lle Ser Tyr Ser Gly lte Thr Thr Tyr Asn Pro Ser Leu

50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Vai Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gln Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190



29 Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin 210215220 Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu 225230235240 Thr Lys Asn GIn Val Ser Leu Thr Cys
Leu Val Lys Gly Phe Tyr Pro 245250255 Ser Asp II%5AIa Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn
Mn 260265270 Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu 275280285 Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val 290295300 Phe Ser Cys Ser Val Met
His Glu Ala Leu His Asn His Tyr Thr Gin 305310315320 Lys Ser Leu Ser Leu Ser Pro 325 <210> 12

211> 440 <REEPRREIPIRr ATNER 1ok Thr Gys Asn Val Asp His Lys Pro

195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Giu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val GlIn
260 265 270

Phe Asn Trp Tyr Val Asp Gly Vat Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro 1fe Glu Lys Thr lle Ser Lys
325 330 335



30 <220> <223> An artificially synthesized peptide sequence <400> 12 Gin Val GiIn Leu GIn Glu Ser
Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr
Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Prg.Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr
lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr
Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110

Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser

340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365 '

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Giu Ala Leu His Asn
420 425 430

His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

Q210> 14
Q211> 446
- <212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence



31 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys
Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His
Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gé\ﬁ Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180185190 Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr
Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Pro Cys Pro
Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
Leu Met<u*80%er %15250255

Gln Val GIn Leu Gln Giu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

[le Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140



32 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285 Ala Lys Thr Lys Pro
Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp
Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys
325330335 Thr lle Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr 340345350 Leu Pro Pro
Ser Arg Asp G u Leu Thr Lys Asn Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly Phe Tyr Pro
Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Mn Asn Tyr Lys Thr Thr Pro Pro
Val Leu 385390395400 33

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser GlIn Glu Asp Pro Glu Val
260 265 270

Gin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285



Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu His Asn His Tyr
Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys <210> 13 <211> 445 <212> PRT <213>
Artificial <220> <223> An atrtificially synthesized peegde sequence <400> 13 Gin Val Gin Leu Gin G u
Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr'Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle
Thr Ser Asp 202530 34 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys
Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580

Lys Pro Arg Glu Giu Gin Phe Asn Ser Thr Tyr Arg Val Val Ser Val
290 285 300

Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Giy Leu Pro Ser Ser lle Giu Lys Thr !le Ser
325 330 335

Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro
340 345 350

Ser GlIn Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val
355 360 365

Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly
370 375 380

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 395 400

Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp
405 410 415

GIn Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
420 425 430



Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr
Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
Ser Val Phe 115120125 Pro Leu Ala Pro Cys Ser A g Ser Thr Ser Glu Ser Thr Ala Ala Leu 130135140
Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu
Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 35 Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys
Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val
Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
435 440 445

210> 15
211> 107
212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 15
Asp |le GIn Met Thr GIn Ser Pro Ser Ser lLeu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr [le Thr Cys GIn Ala Ser Gin Asp [le Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu ile
35 40 45

Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr ile Ser Ser Leu Glu Ala
65 70 75 80



225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr
Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val
Glu Val His Asn Ala Lys Thr Lys 275280285 Pro ArgGlu Glu GIn Phe Asn Ser Thr Phe Arg Val Val
Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 36 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg
Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle

Ala Val @llH E%(Wasﬂéb‘%'ﬂfglyyglﬁy%78§s7‘r’(13§10GIn Gly Asn Ser Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Vai Glu [le Glu
100 105

210> 16

211> 445

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 18
GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser Ile Thr Ser Asp
20 25 30

His Afa Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile Gly Tyr [le Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 15 80



Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu
Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Gin Gly Asn Val Phe Ser Cys Ser Val
Met His Glu Ala Leu His Asn 420425430 His Tyr Thg{in Lys Ser Leu Ser Leu Ser Pro Gly Lys
435440445 <210> 14 <211> 446 <212> PRT <213>"Artificial <220> <223> An artificially synthesized
peptide sequence 37 <400> 14 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp
Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 | 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Cys Val Glu
210 215 220



354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr
Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp
Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala rg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 38 Gly Cys
Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser
Gly Val His Thr Phe Pro Ala Val Leu 165170175 GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr
Val Pro Ser 180185190

Gys Pro Pro Cys Pro Ata Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lvys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr [le Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365



Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val
Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro 210215220 Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu
Gly Gly Pro Ser Val Phe 225230235240 Leu Phe Péﬁ Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr
Pro 245250255 Glu Val Thr Cys Val Val Val Asp Val'Ser GIn Glu Asp Pro Glu Val 260265270 39 Lys
Pro Arg Glu Glu Gin Phe Asn Ser Thr Tyr Arg Val Val Ser Val 290295300 Leu [hr Val Leu His Gin Asp
Trp Leu Asn Gly Lys Glu Tyr Lys Cys 305310315320 Lys Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu
Lys Thr lle Ser 325330335 Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr [hr Leu Pro Pro

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

210> 17
Q211> 446
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 17

Gln Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GlIn
1 5 10 15



340345350 Ser Gin Glu Glu Met Thr Lys Mn Gin Val Ser Leu Thr Cys Leu Val 355360365 Lys Gly Phe
Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 370375380 Gin Pro Glu Asn Asn Tyr Lys [hr [hr
Pro Pro Val Leu Asp Ser Asp 385390395400 Gly S@g Phe Phe Leu Tyr Ser Arg Leu [hr Val Asp Lys
Ser Arg Trp 405410415 40 Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Leu Gly Lys 435440445
<210> 15 <211> 107 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 15 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp

20 25 30

His Ala Trp Ser Trp VYal Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

lte Gly Tyr Ile Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gln Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Giy Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160



Asp Ser Val Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr 202530 Leu Asn Trp Tyr Gin Gin Lys
Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly Ser Glu Leu His Ser Gly Val Pro Ser Arg Phe
Ser Gly 505560 41 Glu Asp Ala Ala Thr Tyr Tyr Cyi In GIn Gly Asn Ser Leu Pro Tyr 859095 Thr Phe
Gly Gin Gly Thr Lys Val Glu lle Glu 100105 <210> 16 <211> 445 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 16 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly
Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu

165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 . 185 190

Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [le Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Vat Val Val Asp Val Ser GIn Glu Asp Pro Glu Val
260 265 270

Gin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

=3

Lys Pro Arg Glu Glu GlIn Phe Asn Ser Thr Tyr Arg Val Val Ser Vai
290 295 300



202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser
Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 42 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr
Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Ar hr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100105110 Ser Lou Val Thr Val Ser Ser Ala Ser Th ys Gly Pro Ser Val Phe 115120125 Pro Lou Ala
Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe
Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro

Ala Val Leu 165170175
Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys

305 310 315 320

Lys Val Ser Asn Lys Giy Leu Pro Ser Ser lle Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro
340 345 350

Ser GIn Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365

Lys Gly Phe Tyr Pro Ser Asp |le Ala Val Glu Trp Glu Ser Asn Gly
370 375 380

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 395 400

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
405 410 415

Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
420 425 430

Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Leu Gly Lys
435 440 445



GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr Gin
Thr Tyr Thr Cys Mn Val Asp His Lys Pro 195200205 43 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly
Pro Ser Val Phe Leu 225230235240 Phe Pro Pro LX%Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245250255 Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val GIn 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr
Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
Lys 305%%?&1531280 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys

11> 445
212> PRI
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 18
Gin Val GiIn Leu GlIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Gys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Afa Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ife Gly Tyr lle Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Afa Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gln Gly
100 105 110



325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 44 Gly Phe
Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Sgg Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
Ser Arg Trp Gin 405410415 GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420425430 His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 17 <211> 446
<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 17

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

w

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 180

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Glu
245 250 255



45 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val
Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro
Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Thr Ser Lys Asn GIn Phe Ser 65707580 Leu
Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr*Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr
Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
Val Phe 115120125 Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu 130135140

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro Ife Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400



46 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu
Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn
Val Asp His Lys Pro 195200205 Ser Mn Thr Lys Vaéf\sp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro
210215220 Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe 225230235240 Leu
Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro 245250255 Glu Val Thr Cys Val Val Val
Asp Val Ser Gin Glu Asp Pro Glu Val 260265270 GIn Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
Asn Ala Lys Thr 275280285 47

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Giy Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> 19

211> 443

<212> PRT

213> Artificial

<2200
223> An artificially synthesized peptide sequence

<400> 19
GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45



Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys 305310315320 Lys Val Ser Asn
Lys Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser 325330335 Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro 340345350 Ser GIn Glu GlyMet Thr Lys Asn GIn Val Ser Leu Thr Cys Leu
Val 355360365 Lys Gly Phe Tyr Pro Ser Asp lle Ala'Val Glu Trp Glu Ser Asn Gly 370375380 Gin Pro
Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp 385390395400 Gly Ser Phe Phe Leu Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp 405410415 Gin Glu Gly Asn Val Phe Ser Cys Ser Val Met

His Glu Ala Leu I—j'js 420425430 Asn His Tyr Thr Gin L]ys Ser Leu Ser Leu Ser Leu Gly Lys 435440445
[le Gly Tyr Ile Ser Tyr Ser Gly {le Thr Thr Tyr Asn Pro Ser Leu

50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn GlIn Phe Ser
65 70 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Va! Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Giy Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190



48 <210> 18 <211> 445 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide
sequence <400> 18 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu
Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Sek Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro
Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle ger Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu
Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 49

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro

195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Glu
245 250 - 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Giu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ser Ser I|le Glu Lys Thr |le Ser Lys
325 330 335



Ser Lou Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Lou Ala Pro Ser Ser
Lys Ser Thr Ser Glu Ser Thr Ala Ala Lou 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Loy Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165170175 Gin Ser Ser Gly Leu Tyr Ser Lou Ser Ser'Val Val Thr Val Pro Ser 180185190 Ser Asn Phe
Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val
Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val

Phe Leu 225230235240 50 Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
Ala Lys Gly GIn Pro Arg GIU Pro GIn Val Tyr Thr Leu Pro Pro Ser

340 345 350

Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp ile Ala Val Glu Trp Glu Ser Asn Gly GIn
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 3580 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440

210> 20

Q11> 446

212> PRT

13> Artificial

220>
223> An artificially synthesized peptide sequence



260265270 Phe Asn lip Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu
Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp Leu
Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Vg Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr
He Ser Lys 325330335 Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser 340345350
Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser
Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 51 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val

Asp Lys aséf\rgzarp Gin 405410415

Gin Val GIn Leu GIn Glu Ser Gty Pro Gly Leu Val Arg Pro Ser GIn
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser !le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

[le Gly Tyr lle Ser Tyr Ser Gly |le Thr Thr Tyr Asn Pro Ser Leu
50 h5 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140



Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Mn 420425430 His Tyr Thr Gin Lys Ser
Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 19 <211> 443 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence 400> 19 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly
Leu Val Arg Pro Ser GIn 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
202530 52 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr
Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp
Thr Ala Val Tyr Tyr Cys

Giy Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Vatl His Thr Phe Pro Ala Val Leu
165 170 175

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gin Thr Tyr 1le Cys Asn Val Asn His Lys Pro
195 : 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser
225 230 235 240

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met !le Ser Arg
245 250 255

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro
260 265 270

Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala
275 280 285



859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val4ys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 53 Ser
Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp
Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro
Ser Val Phe Leu 225230235240

Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val
290 295 300

Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
305 310 315 320

Lys Gys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser lle Giu Lys Thr
325 330 335

I1e Ser Lys Afla Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu
340 345 350

Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys
355 360 365

Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ata Val Glu Trp Glu Ser
370 375 380

Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
385 390 395 400

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
405 410 415

Arg Trp Gln GIn Gly Asn Yal Phe Ser Cys Ser Val Met His Glu Ala
420 425 430



Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val
Asp Val Ser His Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
Ala Lys Thr Lys 275280285 Pro Arg Glu Glu GIn Phg Asn Ser Thr Phe Arg Val Val Ser Val Leu
290295300 Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 54 Ala
Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Lou Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn
Gin Val Ser Leu Thr Cys Lou Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser
Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly

Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser leu Ser Pro
435 440 445

Q210> 21

211> 443

212> PRT

<213> Artificial

<2200
223> An artificially synthesized peptide sequence

400> 2
Gin Val GIn Leu GlIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser [le Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Giu Trp
35 40 45

Ile Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80



385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 GIn Gly
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Lou
Ser Lou Ser Pro 435440 <210> 20 <211> 446 <212> PRT <213> Atrtificial <220> <223> An artificially

synthesized peptide sequence 55 <400> 20 Gin V IgGIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro

Ser Gin 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 - 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220



202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr He Ser
Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys
Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser VB0 Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser
Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 56 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val

Leu 1650yQP¢fo Pro Gys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu Val GIn
260 265 270

Phe Asn Trp Tyr Val Asp Giy Val Giu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu GlIn Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu
290 295 300

Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Oys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr lle Ser Lys
325 330 335

Ala Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gln Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys
355 360 365



Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr Gin
Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro Fib Cys Pro Ala Pro Pro Val Ala Gly Pro Ser

225230235240 Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg 245250255 Thr Pro
Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro 260265270 57 Lys Thr Lys Pro Arg Glu Glu
Gin Tyr Asn Ser Thr Tyr Arg Val Val 290295300 Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Mn Gly

Lys Glu@y Bab3MA3 Pr320dry3&pyd leyaVal@er dsn Tys Gly L+ PrenSenseaidle Glu Lys Thr
370 375 380

Pro Giu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Leu
435 440

210> 22

211> 443

212> PRY

213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 22
GIn Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser Ile Thr Ser Asp
20 25 30



325330335 lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu 340345350 Pro Pro Ser
Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys 355360365 Leu Val Lys Gly Phe Tyr Pro Ser
Asp lle Ala Val Glu Trp.Glu Ser 370375380 Asn GIg%In Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
Leu Asp 385390395400 Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
405410415 58 Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440445 <210> 21 <211>
443 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized peptide sequence <400> 21

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Giu Trp

35 40 45
Ile Gly Tyr 1le Ser Tyr Ser Gly {ie Thr Thr Tyr Asn Pro Ser Leu
50 55 60
Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser

65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Ser
130

Gly Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

10

Val Thr

Arg Thr

Ser Ser

Ser Lys
135

Asp Tyr
150

Thr Ser

15

Ala Ala Asp Thr
90

Thr Ala Met Asp
105

Ala Ser Thr Lys
120

Ser Thr Ser Gly

Phe Pro Glu Pro
155

Gly Val His Thr
170

80

Ala Val Tyr Tyr
95

Cys

Tyr Trp Gly GIn Gly
110

Gly Pro Ser Val Phe

125

Gly Thr Ala Ala Leu

140

Val Thr Val Ser Trp

160

Phe Pro Ala Val
175

Leu



Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys
Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly
Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly 8 Thr Thr Tyr Asn Pro Ser Leu 505560 59 Leu
Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr
Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly
Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp

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

180 185 190

Ser Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gfn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320



145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Ihr Phe Pro Ala Val Leu 165170175 Gin Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr Lys Thr Tyr
Thr Cys Asn Val Asp His Lys Pro 195200205 60 C§4 Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser
Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245250255 Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp
Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr
Tyr Arg Val Val Ser Val Leu 290295300

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr [ie Ser Lys
325 330 335

Thr Lys Giy Gln Pro Arg Glu Pro GlIn Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Vai Lys
355 360 365

Gly Phe Tyr Pro Ser Asp {le Ala Val Glu Trp Glu Ser Asn Gly GlIn
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn
405 410 415

GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 23
211> 15



Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly
Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys 325330335 Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr
Thr Leu Pro Pro Ser 340345350 61 Gly Phe Tyr PigbSer Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Ser
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Leu
435440 €P0> FRE211> 443 <212> PRT <213> Atrtificial

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 23

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15

210> 24
211> 267
212> PRT
<213> Homo sapiens

400> 24
Ata Glu Ser His Leu Ser Leu Leu Tyr His Leu Thr Ala Val Ser Ser

1 5 10 15

Pro Ala Pro Gly Thr Pro Ala Phe Trp Val Ser Gly Trp Leu Gly Pro
20 25 30

Gin Gin Tyr Leu Ser Tyr Asn Ser Leu Arg Gly Glu Ala Glu Pro Cys
35 40 45

Gly Ala Trp Val Trp Giu Asn Gin Val Ser Trp Tyr Trp Glu Lys Glu
50 55 60

Thr Thr Asp Leu Arg lle Lys Glu Lys Leu Phe Leu Glu Ala Phe Lys



<220> <223> An artificially synthesized peptide sequence <400> 22 GIn Val GIn Leu GIn Glu Ser Gly
Pro Gly Leu Val Arg Pro Ser GIn 151015 62 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu
Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle TR Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val
Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala
Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125

65 10 15 80

Ala Leu Gly Gly Lys Gly Pro Tyr Thr Leu GIn Gly Leu Leu Gly Cys
85 90 95

Glu Leu Gly Pro Asp Asn Thr Ser Val Pro Thr Ala Lys Phe Ala Leu
100 105 110

Asn Gly Glu Glu Phe Met Asn Phe Asp Leu Lys Gin Gly Thr Trp Gly
115 120 125

Gly Asp Trp Pro Glu Ala Leu Ala Ile Ser Glin Arg Trp GIn GlIn GlIn
130 135 140

Asp Lys Ala Ala Asn Lys Glu Leu Thr Phe Leu Leu Phe Ser Cys Pro
145 150 155 160

His Arg Leu Arg Glu His Leu Glu Arg Gly Arg Gly Asn Leu Glu Trp
165 170 175

Lys Glu Pro Pro Ser Met Arg Leu Lys Ala Arg Pro Ser Ser Pro Gly
180 185 190

Phe Ser Val Leu Thr Cys Ser Ala Phe Ser Phe Tyr Pro Pro Glu Leu
195 200 205

GIn Leu Arg Phe Leu Arg Asn Giy Leu Ala Ala Gly Thr Gly Gin Gly



Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp
Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 63 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser
Val Val Thr Val Pro Ser 180185190 Ser Asn Phe GB/Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro
Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp [hr
Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
Val Gin 260288270 Phe Asn Trp Tyr{é¢al Asp Gly Val Glu YahHis Asn Ala Lys Thr Lys

Asp Phe Gly Pro Asn Ser Asp Gly Ser Phe His Ala Ser Ser Ser leu
225 230 235 240

Thr Val Lys Ser Gly Asp Glu His His Tyr Cys Cys |le Val Gin His
245 250 255

Ala Gly Leu Ala Gin Pro Leu Arg Yal Glu Leu
260 265

10> 25

211> 9§

212> PRT

<213> Homo sapiens

400> 25
[le Gin Arg Thr Pro Lys lle GIn Val Tyr Ser Arg His Pro Ala Glu

1 5 10 15

Asn Gly Lys Ser Asn Phe Leu Asn Cys Tyr Val Ser Gly Phe His Pro
20 25 30

Ser Asp Ile Glu Val Asp Leu Leu Lys Asn Gly Glu Arg tle Glu Lys
35 40 45

Val Glu His Ser Asp Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu
50 55 60 '



275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 64 Val Ser
Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro
Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg GI68Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys
Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380
Pro Glu Asn Mn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu
Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Gin Gly Asn Val Phe Ser Cys Ser Val
Met His Glu Ala Leu His Asn 420425430

Leu Tyr Tyr Thr Glu Phe Thr Pro Thr Glu Lys Asp Glu Tyr Ala Cys
65 70 15 80

Arg Val Asn His Val Thr Leu Ser GIn Pro Lys lle Val Lys Trp Asp
85 90 95

Arg Asp Met

210> 26

Q11> 443

212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 26
Gin Val Gin Leu GlIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Giy Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45



His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 23 65 <212> PRT <213> Atrtificial <220>
<223> An artificially synthesized peptide sequence <400> 23 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
Gly Gly Gly Gly Ser 151015 <210> 24 <211> 267 <6812> PRT <213> Homo sapiens <400> 24 Ala Glu
Ser His Leu Ser Leu Leu Tyr His Leu Thr Ala Val Ser Ser 151015 Pro Ala Pro Gly Thr Pro Ala Phe Trp
Val Ser Gly Trp Leu Gly Pro 202530 Gin Gin Tyr Leu Ser Tyr Asn Ser Leu Arg Gly Glu Ala Glu Pro
Cys

I1e Gly Tyr tle Ser Tyr Ser Giy lie Thr Thr Tyr Asn Pro Ser Leu

50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Afa Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 - 185 190



354045 Gly Ala Trp Val Trp Glu Mn GIn Val Ser Trp Tyr Trp Glu Lys Glu 505560 66 65707580 Ala
Leu Gly Gly Lys Gly Pro Tyr Thr Leu GIn Gly Leu Leu Gly Cys 859095 Glu Leu Gly Pro Asp Asn Thr
Ser Val Pro Thr Ala Lys Phe Ala Leu 100105110 AS® Gly Glu Glu Phe Met Asn Phe Asp Leu Lys Gin
Gly Thr Trp Gly 115120125 Gly Asp Trp Pro Glu Ala Leu Ala lle Ser GIn Arg Trp Gin GIn Gin
130135140 Asp Lys Ala Ala Asn Lys Glu Leu Thr Phe Leu Leu Phe Ser Cys Pro 145150155160 His
Arg Leu Arg Glu His Leu Glu Arg Gly Arg Gly Asn Leu Glu Trp 165170175 Lys Glu Pro Pro Ser Met

Arg Leulas Ada Atg: REOySEErSat ®rthefyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe lLeu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Giu
245 250 255

VYal Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
325 330 335



180185190 Phe Ser Val Leu Thr Cys Ser Ala Phe Ser Phe Tyr Pro Pro Glu Leu 195200205 67
210215220 Asp Phe Gly Pro Asn Ser Asp Gly Ser Phe His Ala Ser Ser Ser Leu 225230235240 Thr
Val Lys Ser Gly Asp Glu His His Tyr Cys Cys lle Val Gin His 245250255 Ala Gly Leu Ala Gin Pro Leu
Arg Val Glu Leu 260265 <210> 25 <211> 99 <212> PRT <213> Homo sapiens <400> 25 lle GIn Arg
Thr Pro Lys lle Gin Val Tyr Ser Arg His Pro Ala Glu 151015 Asn Gly Lys Ser Asn Phe Leu Asn Cys Tyr
Val Ser Gly Phe His Pro 202530 Ser Asp lle Glu Val Asp Leu Leu Lys Asn Gly Glu Arg lle Glu Lys

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser

340 345 350

Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 3580 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Pro
435 440

210> 27
211> 449
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence



354045 68 Leu Tyr Tyr Thr Glu Phe Thr Pro Thr Glu Lys Asp Glu Tyr Ala Cys 65707580 Arg Val Asn
His Val Thr Leu Ser GIn Pro Lys lle Val Lys Trp Asp 859095 Arg Asp Met <210> 26 <211> 443 <212>
PRT <213> Artificial <220> <223> An artificially syntBesized peptide sequence <400> 26 GIn Val GIn
Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser
Gly Tyr Ser He Thr Ser Asp 202530 69 lle Gly Tyr lle Ser Tyr Ser Gls( lle Thr Thr Tyr Asn Pro Ser
Leu

400> 27

Gln Val Gln Leu GIn Glu Ser Gly Pro Giy Leu Val Arg Pro Ser Gin

1 9 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser 1le Thr Ser Asp
20 25 30

His Ata Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

tie Gly Tyr tle Ser Tyr Ser Gly |le Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Wet Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 05

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140



505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu

Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met
Asp Tyr Trp Gly Gin Gly 100105110 Ser Leu Val THBVal Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu 165170175 70 Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Mn Val Asp
His Lys Pro 195200205

Gly Cys lLeu Val Lys Asp Tyr

145

Asn

Gin

Ser

Ser

Thr

225

Ser

Arg

Pro

Ser Gly

Ser Ser

Ser lLeu

195

Asn Thr

210

His Thr

Val Phe

Thr Pro

Glu Val
275

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

150

Leu Thr Ser Gly Val
165

Leu Tyr Ser Leu Ser
185

Thr GIn Thr Tyr lle
200

Val Asp Lys Lys Val
215

Pro Pro Cys Pro Ala
230

Phe Pro Pro Lys Pro
245

Val Thr Cys Val VYal
265

Phe Asn Trp Tyr Val
280

155

His Thr
170

Ser Val

Cys Asn

Phe Pro Glu Pro Val Thr Val Ser Trp

160

Phe Pro Ala Val Leu

175

Val Thr Val Pro Ser

190

Val Asn His Lys Pro

205

Glu Pro Lys Ser Cys Asp Lys

Pro Glu
235

Lys Asp
250

Val Asp

220

Leu Leu Gly Gly Pro

240

Thr Leu Met Ile Ser

255

Val Ser His Glu Asp

210

Asp Gly Val Glu Val His Asn

285



Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro
Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu
Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cy§4/al Val Val Asp Val Ser GIn Glu Asp Pro Glu Val
Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg
Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His GIn Asp Trp
Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 71 Thr Lys Gly GIn Pro Arg Glu Pro GIn Val Tyr
Thr Leu Pro Pro Ser 340345350 Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys
325 330 335

Thr le Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val lLeu
385 390 395 400

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
405 410 415

Ser Arg Trp Gln GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
_420 425 430



355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn
Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys
Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 GI& Gly Asn Val Phe Ser Cys Ser Val Met His Glu
Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 27 <211>
449 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence 72 <400>
27 GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015

Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

Lys

210> 28
211> 443
212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 28
Gln Val Gin Leu GIn Gliu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ite Gly Tyr ile Ser Tyr Ser Gly [le Thr Thr Tyr Asn Pro Ser Leu
50 55 60



Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg
Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser
Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Tiir Ser Lys Asn GIn Phe Ser 65707580 Leu Arg
Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala
Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
Phe 115120125 73 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160

Asn Seri Gy §da ied Van SeirGis Valddigdhnsperhrogdia Vad Lk Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala lLeu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 ' 155 160

Asn Ser Gly Ala Leu Thr Ser Giy Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Vat Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205



165170175 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu
Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys Val
Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thf Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser 245250255
Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 260265270 74 Ala Lys Thr Lys Pro
Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val 290295300 Val Ser Val Leu Thr Val Leu His GIn Asp Trp

Leu Asrsery Adrs By BO53D312820vs Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Vai Ser Asn Lys Gly Leu Pro Ala Pro fle Glu Lys Thr Ile Ser Lys
325 330 335

Thr Lys Gly Gln Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser
340 345 350



Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys
Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Giu Leu Thr Lys Asn
Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys GK8Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu
370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 Asp Ser
Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys 405410415 75 Ala Leu His Ala His Tyr Thr
GIn Lys Ser Leu Ser Leu Ser Pro Gly 435440445 Lys <210> 28 <211> 443 <212> PRT <213> Artificial

<220> Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asnh Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Tnr GIn Lys Ser Leu Ser Leu Ser Pro
435 440

210> 29

211> 119

<212> PRT

<213> Mus musculus

<400> 29
Gln Val Gin Leu GIn Glu Ser Gly Pro Gly Lsu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser |le Ser Asp Asp



<223> An artificially synthesized peptide sequence <400> 28 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly
Leu Val Arg Pro Ser GIn 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly®Arg Gly Leu Glu Trp 354045 76 Lys Ser Arg Val
Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala
Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala
Pro Ser Ser Lys Ser Tiyy Ser Gly Gly Thr Alaghla Leu 30

His Aia Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Giy Leu Glu Trp
35 40 45

Ile Gly Tyr lle Ser Tyr Ser Gly lle Thr Asn Tyr Asnh Pro Ser Leu
50 55 60

Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Tyr Trp Gly GIn Gly
100 105 110

lle Leu Val Thr Val Ser Ser
115

210> 30

211> 107

212> PRT

<213> Mus musculus

<400> 30

Asp lle Gin Met Thr Gin Ser Pro Ser Ser lLeu Ser Ala Ser Val Gly
1 5 10 15



130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 GIn Ser Ser Gly Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser 180185190 77 SeB&sn Thr Lys Val Asp Lys [hr Val Glu Arg Lys Ser
Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr
Cys Val Val Val Asp Val Ser Gin G u Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly
Val Glu Val His Asn Ala Lys Thr Lys 275280285

Asp Ser Val Thr lle Thr Cys GIn Ala Ser Glu Asp lle Ser Ser Tyr
20 25 30

teu Asn Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu lle
35 40 45

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Afg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu [le Glu
100 105

Q210> 31

211> 120

<212> PRT

<213> Mus musculus

<400, 31

Gln Val GIn Leu Val GIn Ser Gly Ala Giu Val Lys Lys Pro Gly Ala
1 5 10 15



Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His GIn
Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle
Glu Lys Thr lle Ser Lys 325330335 78 Gin Glu GluBMet Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val
Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu
Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser
Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val Met His
Glu Ala Leu His Ala 420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr

20

25 30

Ile Met Asn Trp Val Arg Gln Ala Pro Gly Gin Gly Leu Glu Trp Met

35

40 45

Giy Leu |le Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn Gin Lys Phe

50

Lys Gly Arg Val Thr

65

Met Glu Leu Ser Ser

8b

Ala Arg Asp Gly Tyr

100

Gin Gly Thr Leu Val

<2100
AR
212>
213>

<400>

115

32

107

PRT

Mus musculus

32

55 60

Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
70 75 80

Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
90 95

Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly
105 110

Thr Val Ser
120



435440 <210> 29 <211> 119 <212> PRT <213> Mus musculus <400> 29 Gin Val Gin Leu Gin Glu Ser
Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 79 202530 His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly
Glu Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr &2&r Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560
Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn Ser Leu
Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Tyr Trp
Gly Gin Gly 100105110 lle Leu Val Thr Val Ser Ser 115

Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

5

Asp Arg Val Thr lle Thr

20

10

Cys Arg Thr Ser Glu
25

Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala

35

Tyr Asn Ala Lys Thr

50

Ser Gly Ser Gly Thr

65

Glu Asp Phe Ala Thr

85

Thr Phe Gly Gly Gly

<210>
211>
<N
213>

<400>

100

33
122
PRT
Mus musculus

33

Leu

Asp
70

Tyr

Thr

40

Ala Lys Gly Val Pro
55

Phe Thr Leu Thr Ile
75

Tyr Cys Gin His His
90

Lys Val Glu lle Lys
105

15

Asn 1le Tyr Ser Phe
30

Pro Lys Leu Leu 1le
45

Ser Arg Phe Ser Gly
60

Ser Ser Leu GIn Pro
80

Tyr Glu Ser Pro Leu
95

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly



<210> 30 <211> 107 <212> PRT <213> Mus musculus <400> 30 80 Asp Ser Val Thr lle Thr Cys Gin
Ala Ser Glu Asp lle Ser Ser Tyr 202530 Leu Asn Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu
lle 354045 Tyr Tyr Gly Ser Glu Leu Glu Ser Gly VaBPro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly
Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn
Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu 100105 <210> 31 <211>
120 <212> PRT <213> Mus musculus

1 5 10 i5

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val
35 _ 40 45

Ser Gly Ile Thr Gly Ser Gly Gly Ser Thr Tyr Tyr Aia 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 Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr COys
85 90 95

Ala Lys Asp Pro Giy Thr Thr Val |le Met Ser Trp Phe Asp Pro Trp
100 ' 105 110

Gly Gin Gly Thr Leu Val Thr Val Ser Ser
115 120

210> 34
211> 108
212> PRT
<213> Mus musculus



<400> 31 81 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr 202530 He Met Asn
Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met 354045 Gly Leu He Asn Pro Tyr Asn Gly Gly Thr
Ser Tyr Asn Gin Lys Phe 505560 Lys Gly Arg Val Tgy lle Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
65707580 Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Asp Gly
Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly 100105110 Gin Gly Thr Leu Val Thr Val Ser 115120
<210> 32 <211> 107 <212> PRT <213> Mus musculus '

<400> 34

Glu 1le Val Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
i 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Arg Gly Arg
20 25 30

Tyr Leu Ala Trp Tyr Gin GIn Lys Pro Gly GIn Ala Pro Arg Leu Leu
35 40 45

tle Tyr Gly Ala Ser Ser Arg Ala Thr Gly {le Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Phe Tyr Cys Glin Gin Tyr Gly Ser Ser Pro
85 90 95

Arg Thr Phe Gly GIn Gly Thr Lys Val Glu lle Lys
100 105

210> 35

211> 324

212> PRT

213> Artificial

220>



82 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Arg Val Thr lle Thr
Cys Arg Thr Ser Glu Asn lle Tyr Ser Phe 202530 Leu Ala Trp Tyr Gin Gin Lys Pro Giy Lys Ala Pro Lys
Leu Leu lie 354045 Tyr Asn Ala Lys Thr Leu Ala Ly85Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly
Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys
Gin His His Tyr Glu Ser Pro Leu 859095 Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys 100105 <210> 33
<211> 122 <212> PRT <213> Mus musculus <400> 33 83

223> An artificially synthesized peptide sequence
<400> 35
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly CGys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125



151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 202530 Ala Met Ser Trp
Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val 354045 Ser Gly lle Thr Gly Ser Gly Gly Ser Thr Tyr
Tyr Ala Asp Ser Val 505560 Lys Gly Arg Phe Thr 1186Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65707580 Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Asp Pro
Gly Thr Thr Val lle Met Ser Trp Phe Asp Pro Trp 100105110 Gly GIn Gly Thr Leu Val Thr Val Ser Ser
115120 <210> 34 <211> 108 <212> PRT <213> Mus musculus 84 <400> 34

Thr Leu Met 1le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser Gin Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly GIn Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Gln Glu Giu Met Thr Lys Asn
225 _ 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270



Glu lle Val Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly 151015 Glu Arg Ala Thr Leu Ser Cys
Arg Ala Ser Gin Ser Val Arg Gly Arg 202530 Tyr Leu Ala Trp Tyr GIn GIn Lys Pro Gly GiIn Ala Pro Arg
Leu Leu 354045 lle Tyr Gly Ala Ser Ser Arg Ala Thi8Gly lle Pro Asp Arg Phe Ser 505560 Gly Ser Gly
Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Arg Leu Glu 65707580 Pro Glu Asp Phe Ala Val Phe Tyr Cys
Gin Gin Tyr Gly Ser Ser Pro 859095 Arg Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys 100105 <210>
35 <211> 324 <212> PRT <213> Artificial 85 <223> An atrtificially synthesized peptide sequence

<400> 3Fpl@Eeridrilets By Rep I VR PeyP o LehAlIRHRrQ Serserdeys Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 36
211> 330
<212> PRT
213> Artificial

<2207
223> An artificially synthesized peptide sequence

<400> 36
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45



151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser
Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr V8BPro Ser Ser Asn Phe Gly Thr GIn Thr 65707580
Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser
Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 86 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr
Cys Val Val Val Asp 130135140 Val Ser Gin Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145150155160

Giy Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr GiIn Thr
65 70 75 80

Tyr |le Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gin Tyr Asn Ser Thr Tyr Arg Vai Val Ser Val Leu Thr Val Leu
180 185 190



Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val
Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thigfe Ser Lys Thr Lys Gly Gin Pro Arg Glu
210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn 225230235240 Gin Val
Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 87 Thr Pro Pro Met Leu Asp
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly
Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu

His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr [le Ser Lys Ala Lys Gly
210 215 220

GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
225 230 235 240

Leu Thr Lys Asn GIn Va! Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Giy GIn Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Giy Ser Phe Phe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
290 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Afa His Tyr Thr
305 310 315 320

Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330



305310315320 Ser Leu Ser Pro <210> 36 <211> 330 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 36 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Alg0Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 88
Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val
Pro Ser Ser Ser Leu Gly Thr GIn Thr 65707580 Tyr Ille Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys
Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys

210
Q211>
VAV
213>

<220>
223>

<400>

37

324

PRT
Artificial

An artificially synthesized peptide sequence

37

- Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1

5 10 15

Ser Thr Ser Gly Gly Thr Aia Ala Leu Gly Cys Leu Val Lys Asp Tyr

20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser

35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser

50

55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr

65

10 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys

85 90 99



100105110 Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys Pro
Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys 130135140 Val Val Val Asp Val Ser His Glu
Asp Pro Glu Val Lys Phe Asn Trp 145150155160 T9t Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
Pro Arg Glu 165170175 89 His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195200205 Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly 210215220 Gin Pro Arg
Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu 225230235240 Leu Thr Lys Asn Gin Val Ser Leu

Thr Cystiguival bys GbsPhe T88249850£26% |y Cys Pro Pro Cys Pro Ala Pro
1060 105 110

Pro VaIIA1a Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met 1le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser GIn Glu Asp Pro Glu Val GlIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro lle Giu Lys Thr Ile Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gin Val Tyr Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn
225 230 235 240



Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 260265270 Mn Tyr Lys Thr Thr Pro
Pro Val Leu Asp Ser Asp Gly Ser Phe Phe 275280285 Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
Trp GIn GIn Gly Asn 290295300 Val Phe Ser Cys Sgf Val Met His Glu Ala Leu His Ala His Tyr Thr
305310315320 Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 325330 <210> 37 <211> 324 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 37 Ala Ser Thr Lys
Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp GIn Glu Gly Asn Val Phe Ser Cys
290 285 300

Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 38
211> 326
<212> PRT
213> Artificiat

2200
223> An artificially synthesized peptide sequence

<400> 38

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15



151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser
Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr V8BPro Ser Ser Asn Phe Gly Thr Gin Thr 65707580
91 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro
Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr
Cys Val Val Val Asp 130135140 Val Ser GIn Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145150155160

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 30 95

Thr Val Glu Arg Lys Ser Cys Val Giu Gys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ite Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160



Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 Ser Thr Phe Arg Val Val
Ser Val Leu Thr Val Val His Gin Asp lip 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thglle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210215220 92 Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val
Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu Asp Ser
Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Glu Gly Asn
Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
185 200 205

Ala Pro lle Giu Lys Thr {le Ser Lys Thr Lys Giy GIn Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Giu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
215 280 285

Leu Thr Val Asp Lys Ser Arg Trp GlIn GIn Gly Asn Val Phe Ser Cys
290 295 300



305310315320 Ser Leu Ser Pro <210> 38 <211> 326 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 38 93 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys
Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val ™3 Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val
Thr Val Pro Ser Ser Mn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn
Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro

Ser VYal Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 39

211> 326

{212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 39
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60



100105110 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu
Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 94 Val Glu Val His Asn Ala Lys
Thr Lys Pro Arg Glu Glu Gin Phe Asn 165170175 S Thr Phe Arg Val Val Ser Val Leu Thr Val Val His
Gin Asp Trp 180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195200205 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro GIn Val
Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu

Val Lys (Gly Bbe Byt RrgI SesIASRA g 24529088P Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser VYal Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met {le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Vai Val Ser Val Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205



Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 95 Ser Val Met His Glu Ala Leu His Asn H
s Tyr Thr GIn Lys Ser Leu 305310315320 Ser Leu 8&r Pro Gly Lys 325 <210> 39 <211> 326 <212>
PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 39 Ala Ser Thr
Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu
Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr

Ser Ata Pro Ile Glu Lys Thr lle Ser Lys Thr Lys Gly GIn Pro Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ata Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

<210> 40
211> 326
212> PRT
213> Artificial



354045 96 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys
Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu
Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val ABBGIly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
Lys Asp 115120125 Thr Leu Met lle Ser Arg Thr Pro Glu Val [hr Cys Val Val Val Asp 130135140 Val
Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala
Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser [hr Phe Arg Val Val Ser Val Leu Thr Val Val
His Gin Asp Trp 180185190

220>

<223> An artificially synthesized peptide sequence
<400> 40
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg

1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Cys Ser Val Glu Cys Pro Pro Gys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125



97 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys Gly
Phe Tyr Pro Ser Asp lle 245250255 Ala Val Glu Trg@lu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr
260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr
Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu
His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys 325 <210> 40 <211>
326 <212> PRT <213> Attificial

Thr Leu Met |ie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Giu Asp Pro Giu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Yal His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser VYal Leu Thr Val Val His Gin Asp Trp
180 185 190

Leu Asn Giy Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270



98 <220> <223> An artificially synthesized peptide sequence <400> 40 Ala Ser Thr Lys Gly Pro Ser
Val Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val
Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val $8@ Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val
His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser
Ser Mn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp
Lys 859095 Thr Val Glu Arg Lys Cys Ser Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 41

211> 445

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 41
Gin Val GIn Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GIn

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lie Thr Ser Asp
20 25 30



99 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser His Glu Asp
Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala Lys Thr Lys Pro
Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Hrp Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180185190 Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle
Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser
Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro

Ser AspHig 2223085%er Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile Gly Tyr lle Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser lLeu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr COys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Gys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175



100 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp
Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn
His Tyr Thr GIn Lys Ser Leu 305310315320 Ser Le@Ser Pro Gly Lys 325 <210> 41 <211> 445 <212>
PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 41 Gin Val GIn
Leu Gin Giu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 101 His Ala Trp Ser Trp Val Arg Gin
Pro Pro Gly Arg Gly Leu Glu Trp 354045

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr GiIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Giu Tyr Lys Cys Lys
305 310 315 320



lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Mn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg
Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr
Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr Thr Al@Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu
Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Cys Ser Arg Ser
Thr Ser Glu Ser Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
- Ser Trp 145150155160 102 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser

180185140 et AsshAhR @y TheSm K IBYPIEr GusaanLyal fsp Hig 1963 Arps
325 330 335

Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

21> 42

211> 445

212> PRT

213> Artificial



195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro
Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp
Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Vaj Jhr Cys Val Val Val Asp Val Ser His Glu Asp Pro
Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285
Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 103 Val Ser Asn Lys
Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro Gin Val
Tyr Thr Leu Pro Pro Ser 340345350

220>

223> An artificially synthesized peptide sequence
<400> 42
Gln Val GIn Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ata Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile Gly Tyr tle Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Ser Leu Ata Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125



Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser
Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met
Leu Asp Ser Asp Gly 385390395400 Ser Phe Pheigau Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
Gin 405410415 GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn 420425430 His Tyr
Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 42 <211> 445 <212> PRT <213>
Artificial 104 <220> <223> An artificially synthesized peptide sequence <400> 42 Gin Val GIn Leu GIn
Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

Pro Leu Ata Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Cys Ser Val Glu
210 215 220

Gys Pro Pro Cys Pro Ata Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lvs Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gln
260 265 2170



151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 H s Ala Trp Ser Trp
Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Mn
Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu A¢g Asp Thr Ser Lys Asn Gin Phe Ser 65707580
Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr
Thr Ala Met Asp Tyr Trp Gly Gin Gly 100105110 105 Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu
Ser Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145150155160

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr ile Ser Lys
325 330 335

Thr Lys Gly Gin Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Gys Leu Val Lys
355 360 365

Giy Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gln
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 -390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GlIn
405 410 415



Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 GIn Ser Ser Gly Leu Tyr
Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val
Asp His Lys Pro 195200205 Ser Asn Thr Lys Val AgpyLys Thr Val Glu Arg Lys Cys Ser Val Glu
210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro
Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 106 Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val
Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys

Gln Giy Asn Val Phe Ser Cys Ser Val Met His Giu Ala Leu His Asn
420 425 430

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

Q210> 43

211> 328

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 43
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Aia Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys
Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn Gin
Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly P{gg Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385390395400 107 GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn 420425430
His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 435440445 <210> 43 <211> 328 <212> PRT

<213> ATficel <220>Va1 val Thr Val Pro Ser Ser Ser Leu Gly Thr GIn Thr
65 70 75 80

Tyr lie Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 80 85

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

Lys Pro Lys Asp Thr Leu Met [le Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu VYal His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 190

His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205



<223> An artificially synthesized peptide sequence <400> 43 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn SgpGly Ala Leu Thr Ser 354045 108 Leu Ser Ser
Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr 65707580 Tyr lle Cys Asn Val Asn His Lys Pro
Ser Asn Thr Lys Val Asp Lys 859095 Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro
Cys 100105110 Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys

Pro Lys AP 11 ket Med 18 £9,679 NGRIOGIU MR TRE QS Lys Ala Lys 6ly
210 215 220

GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Giu
225 230 235 240

Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 285

Leu Tyr Ser Lys lLeu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn
290 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala His Tyr Thr
305 310 315 320

Gin Lys Ser Leu Ser Leu Ser Pro
325

210> 44

11> 447

212> PRT |
213> Artificial



130135140 Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 145150155160 Tyr Val
Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 165170175 Glu Gin Tyr Asn Ser Thr Tyr Arg
Val Val Ser Val Leu Thr Val Leu 180185190 109 Ly)Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
Ala Lys Gly 210215220 GIn Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
225230235240 Leu Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 245250255 Pro Ser
Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val
Leu Asp Ser Asp Gly Ser Phe Phe 275280285

220>

223> An artificiaily synthesized peptide sequence
<400> 44
Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser lie Ser Asp Asp
20 25 30

His Ata Val Ser Trp Val Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

[le Gly Phe lle Ser Tyr Ser Gly Ile thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 00 95

Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Val Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125



Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 290295300 Val Phe Ser Cys Ser
Val Met His Glu Ala Leu His Ala His Tyr [hr 305310315320 Gin Lys Ser Leu Ser Leu Ser Pro 325
<210> 44 <211> 447 <212> PRT <213> Artificial %Q <220> <223> An artificially synthesized peptide
sequence <400> 44 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu
Ser Leu Thr Cys Ala Val Ser Gly Tyr Ser He Ser Asp Asp 202530 His Ala Val Ser Trp Val Arg GIn Pro
Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle Ser Tyr Ser Gly He Thr Asn Tyr Mn Pro Thr Leu

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Gliu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met tle Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Giu Asp
260 265 270



505560 Gin Asp Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu Gin Met Asn
Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp
Val Trp Gly Glu Gly 100105110 111 Pro Leu Ala RrgzSer Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys Asn Val Asn His
Lys Pro 195200205

Pro Glu Val Lys Phe Asn Trp Tyr
275 280

Val Asp Gly Val Glu Val His Asn
285

Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys
325

Thr tle Ser Lys Ala Lys Gly Gin
340

Leu Pro Pro Ser Arg Asp Glu Leu
355 360

Cys Leu Val Lys Gly Phe Tyr Pro
370 375

Ser Asn Gly Gin Pro Glu Asn Asn
385 390

Asp Ser Asp Gly Ser Phe Phe Leu
405

Ala Leu Pro Ala Pro lle Glu Lys
330 335

Pro Arg Glu Pro Gin Val Tyr Thr
345 350

Thr Lys Asn Gin Val Ser Leu Thr
365

Ser Asp lle Ala Val Glu Trp Glu
380

Tyr Lys Thr Thr Pro Pro Val Leu
395 400

Tyr Ser Lys Leu Thr Val Asp Lys
410 415



Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr Cys Pro
Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro
Lys Asp Thr Leu Met lle Ser 245250255 112 Pro GhgVal Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
Val His Asn 275280285 Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300
Val Ser Val Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu 305310315320 Tyr Lys Cys Lys Val
Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu
Pro Gin Val Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr

Ser Arg Trp GIn GlIn Gly Asn Val Phe Ser Cys Ser Val Met His Giu
420 425 430

Ala Leu His Ala His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
435 440 445

<210> 45

Q211> 214

<212> PRT

213> Artificial

<2200
<223> An artificially synthesized peptide seqguence

<400> 45
Asp [le Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr ile Thr Cys Gin Ala Ser Gln Asp lle Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu fle
35 40 45

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



355360365 Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly
Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 385390395400 113 Ser Arg Trp GIn GIn Gly
Asn Val Phe Ser Cys Ser Val Met His Glu 42042543Q Ala Leu His Ala His Tyr Thr Gin Lys Ser Leu Ser
Leu Ser Pro 435440445 <210> 45 <211> 214 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 45 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Lou Ser Ala Ser Val
Gly 151015 Asp Ser Val Thr lle Thr Cys Gin Ala Ser Gin Asp lle Ser Ser Tyr 202530

Ser Gly Ser Giy Thr Asp Phe Thr Phe Thr |le Ser Ser Leu Glu Ala
65 70 75 80

Giu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr
85 90 85

Thr Phe Gly GlIn Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ata Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 . 135 140

Lys Val GIn Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205



Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 114 Ser Gly Ser Gly Thr
Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly
Asn Arg Leu Pro Tyr 859095 Thr Phe Gly GIn Gly ThgLys Val Glu lle Glu Arg Thr Val Ala Ala
100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly 115120125 Thr Ala Ser
Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn
Ala Lea Gin Ser Gly Asn Ser Gin 145150155160 Glu Ser Val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr
Ser Leagpar AgﬁJAYr%lﬁySngJ@y%eu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr

210

<210> 46

211> 443

212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 46
Gln Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser |le Ser His Asp
20 25 30

His Ala Trp Ser Trp VYal Arg Gin Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

[le Gly Phe tle Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu
50 55 60

GIn Gly Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 - 90 95



180185190 115 Phe Asn Arg Gly Glu Cys 210 <210> 46 <211> 443 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence <400> 46 Gin Val GIn Leu GIn Glu Ser Gly
Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu SgrsLeu Thr Cys Ala Val Ser Gly His Ser lle Ser His
Asp 202530 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp 354045 lle Gly Phe lle
Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Ser Leu 505560 Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser
Lys Asn Thr Leu Tyr 65707580

Ala Arg Ser Leu Ala Arg Thr Thr Ata Met Asp Tyr Trp Gly Giu Gly
100 105 | 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125 ‘

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

GIn Ser Ser Gly Leu Tyr Ser leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240



116 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val Thr Val
Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly
Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val LygAsp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145150155160 Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 GIn Ser
Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr GIn Thr Tyr
Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser
Cys Val Glu 210215220 117

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gin Glu Asp Pro Glu VYal Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro 1le Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly Gln Pro Arg Giu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Gin Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp 1le Ala Val Glu Trp Glu Ser Asn Gly Gin
370 315 380



Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val
Asp Val Ser Gin Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu GjagPhe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser
Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 Thr Lys Gly Gin Pro Arg Glu Pro
Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys
Leu Val Lys 355360365 118 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro
435 440

210> 47

Q11> 214

212> PRT

213> Artificial

<220
223> An artificially synthesized peptide sequence

<400> 47
Asp lle GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr Ile Thr Cys GIn Ala Ser Thr Asp lle Ser Ser His
20 25 30



385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Glu Gly
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Ala 420425430 His Tyr Thr GIn Lys Ser Leu Ser
Leu Ser Pro 435440 <210> 47 <211> 214 <212> RR{ <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 47 Asp lle Gin Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val
Gly 151015 119 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr Gly
Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly 505560

Leu Asn Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu lle

Tyr

Ser

65

Glu

Thr

Pro

Thr

Lys

145

Glu

35 40

Tyr Gly Ser His Leu Leu Ser
50 55

Gly Ser Gly Thr Asp Phe Thr
70

Asp Ala Ala Thr Tyr Tyr Cys
85

Phe Gly Gin Gly Thr Lys Val
100

Ser Val Phe lie Phe Pro Pro
115 120

Ala Ser Val Val Cys Leu Leu
130 135

Val Gin Trp Lys Val Asp Asn
150

Ser Val Thr Glu Gin Asp Ser
165

45

Gly Val Pro Ser Arg Phe Ser
60

Phe Thr lle Ser Ser Leu Glu
75

Gly Gin Gly Asn Arg Leu Pro
90 95

Glu tle Glu Arg Thr Val Ala
105 110

Ser Asp Glu Gln Leu Lys Ser
125

Asn Asn Phe Tyr Pro Arg Glu
140

Ala Leu Gin Ser Gly Asn Ser
155

Lys Asp Ser Thr Tyr Ser Leu
170 175

Gly

Ala

80

Tyr

Ala

Gly

Ala

Gin

160

Ser



Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr
Tyr Cys Gly Gin Gly Asn Arg Leu Pro Tyr 859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu Arg Thr
Val Ala Ala 100105110 Pro Ser Val Phe lle Phe Prppfro Ser Asp Glu Gin Leu Lys Ser Gly 115120125
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala 130135140 Lys Val GIn Trp Lys Val
Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin 145150155160 120 Ser Thr Leu Thr Leu Ser Lys Ala Asp
Tyr Glu Lys His Lys Val Tyr 180185190 Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys

Ser 195200205 Rhe ARp A% G AYENT2Mp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ata Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 48

Q211> 443

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 48
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser His Asp
20 25 30

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

{le Gly Phe Ile Ser Tyr Ser Gly ile Thr Asn Tyr Asn Pro Thr Leu
50 55 60



<210> 48 <211> 443 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 48 Gin Val Gin Leu GIn Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu 151015 Thr Leu
Ser Leu Thr Cys Ala Val Ser Gly His Ser lle Ser HigzAsp 202530 His Ala Trp Ser Trp Val Arg Gin Pro
Pro Gly Glu Gly Leu Glu Trp 354045 121 Gin Gly Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr
Leu Tyr 65707580 Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly 100105110 Thr Leu Val Thr Val Ser Ser Ala
Ser Thr Lys Gly Pro Ser Val Phe

GIn Gly Arg Val Thr lle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 10 75 80

Leu GIn Met Asn Ser Leu Arg Ala Giu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Glu Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205



115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser Gly
Val His Thr Phe Pro Ala Val Leu 165170175 GIn Segp&er Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
Pro Ser 180185190 122 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro
Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val
Ser GIn Glu Asp Pro Glu Val GIn 260265270

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met [ie Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val GlIn
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Giu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly Gin Pro Arg Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser
340 345 350



Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu GIn
Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp Leu Asn Gly
Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asipgys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser
Lys 325330335 123 Gin Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365
Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys
Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val
Asp Lys Ser Arg Trp Gin 405410415 Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His

Ala

Gin Glu Glu Met Thr Lys
355

Gly Phe Tyr Pro Ser Asp
370

Pro Glu Asn Asn Tyr Lys
385 390

Ser Phe Phe Leu Tyr Ser
405

Glu Gly Asn Val Phe Ser
420

His Tyr Thr GIn Lys Ser
435

210> 49
Q11> 214
212> PRT
<213> Artificial

<220>

Asn Gin Val Ser Leu Thr Cys Leu Val Lys
360 365

[te Ala Val Glu Trp Glu Ser Asn Gly Gin
375 380

Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
395 400

Lys Leu Thr Val Aép Lys Ser Arg Trp Gin
410 415

Cys Ser Val Met His Glu Ala Leu His Ala
425 430

Leu Ser Leu Ser Pro
440

223> An artificially synthesized peptide sequence

400> 49



420425430 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 49 <211> 214 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence 124 Asp lle Gin Met Thr Gin
Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asgp Ser Val Thr lle Thr Cys Gin Ala Ser Arg Asp lle
Ser Ser His 202530 Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu lle 354045 Tyr Tyr
Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr
Phe Thr lle Ser Ser Leu Glu Ala 65707580 Glu Asp Ala Ala Thr Tyr Tyr Cys Gly Gin Gly Asn Arg Leu

Pro T asp I1e GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
f 5 10 15

Asp Ser Val Thr 1le Thr Cys Gin Ala Ser Arg Asp lle Ser Ser His
20 25 30

Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Glu Leu Leu le
35 40 45

Tyr Tyr Gly Ser His Leu Leu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr tle Ser Ser Leu Glu Ala
65 70 75 80

Glu Asp Ata Ala Thr Tyr Tyr Cys Giy Gin Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
115 120 125

Thr Ala Ser VYal Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140



859095 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Glu Arg Thr Val Ala Ala 100105110 Pro Ser Val Phe
lle Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly 115120125 125 Lys Val Gin Trp Lys Val Asp Asn
Ala Leu Gin Ser Gly Asn Ser Gin 145150155160 GipsSer Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr
Ser Leu Ser 165170175 Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190
Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu
Cys 210 <210> 50 <211> 445 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized

peptide BEQUENCR | Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser Gin
145 150 155 160

Giu Ser Val Thr Giu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His GIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

210> 50

211> 445

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 50
Gin Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser fle Thr Ser Asp
20 25 30



<400> 50 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GIn 151015 126 His Ala Trp
Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr
Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr g8 Leu Arg Asp Thr Ser Lys Asn GIn Phe Ser
65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu
Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr
Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130135140

His Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

tle Gly Tyr Ile Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 70 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 85

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175



Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 127 Gin Ser Ser
Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe Gly Thr GIn Thr Tyr Thr
Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Tt Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys
Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240
Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val
Asp Val Ser His Glu Asp Pro Glu Val GIn 260265270 Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 180

Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Giu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Gly Val @lu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290 295 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305 310 315 320



290295300 128 Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys 325330335 Ala Lys
Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn GIn
Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly PhggTyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn
Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 GIn Gly
Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn 420425430 His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro Gly Lys 435440445

Val Ser Asn Lys Gly Leu Pro Ser Ser 1le Glu Lvys Thr tle Ser Lys
325 330 335

Ala Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Lsu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser lLeu Ser Leu Ser Pro Gly Lys
435 440 445

<210> 51
211> 443



129 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 51
Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys
Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 HigAda Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly
Leu Glu Trp 354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser
Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn GIn Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala
Ala Asp Thr Ala Val Tyr Tyr Cys 859095

212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 51
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GIn

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ata Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

[te Gly Tyr Ile Ser Tyr Ser Gly lte Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 10 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110



130 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser
Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro
Val Thr Val Ser Trp 145150155160 Asn Ser Gly Al&30eu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165170175 GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190 Ser Asn Phe
Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val
Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val

Phe Lews@29230939280 val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125 -

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Vai Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Gys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe lLeu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 ' 250 255



131 Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyr Val
Asp Gly Val Glu Val His Mn Ala Lys Thr Lys 275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg
Val Val Ser Val Leu 290295300 Thr Val Val His GIt@Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys 325330335 Ala Lys
Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser 340345350 Arg Glu Glu Met Thr Lys Asn Gin
Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn

Gly GIn3i03¢p38Q 132 val Val Asp Val Ser His Glu Asp Pro Glu Val Gin

260 265

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
275 280

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg
290 295

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys
305 310 315

Val Ser Asn Lys Gly Leu Pro Ser Ser lle Glu
' 325 330

Ala Lys Gly GIn Pro Arg Giu Pro Gin Val Tyr
340 345

Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu
355 360

Gly Phe Tyr Pro Ser Asp fle Ala Val Glu Trp
370 375

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met
385 390 395

270

Asn Ala Lys Thr Lys
285

Val Val Ser Val Leu
300

Glu Tyr Lys Cys Lys
320

Lys Thr Ile Ser Lys
335

Thr Leu Pro Pro Ser
350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly Gin
380

Leu Asp Ser Asp Gly
400



Ser Phe Phe Leu Tyr Ser Lys Leu [hr Val Asp Lys Ser Arg Trp Gin 405410415 GIn Gly Asn Val Phe
Ser Cys Ser Val Met His Glu Ala Leu His Asn 420425430 His Tyr [hr Gin Lys Ser Leu Ser Leu Ser Pro
435440 <210> 52 <211> 445 <212> PRT <213> Argificial <220> <223> An artificially synthesized
peptide sequence <400> 52 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin 151015
Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle [hr Ser Asp 202530 His Ala Trp Ser Trp Val Arg
Gin Pro Pro Gly Arg Gly Leu Glu Trp 354045 133 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys

Asn GingBResBerphe | ey Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gln Gly Asn Val Phe Ser Gys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr &In Lys Ser Leu Ser Leu Ser Pro
435 440

210> 52
Q211> 445
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

400> 52
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GiIn

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

fle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60



65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu
Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly 100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr
Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pgg3Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser
Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu 165170175 Gin Ser Ser Gly Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser 180185190 134 Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser
Cys Val Glu 210215220

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 75 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ata Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr Gln Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205



Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu 225230235240 Phe Pro Pro Lys
Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu 245250255 Val Thr Cys Val Val Val Asp Val Ser His
Glu Asp Pro Glu Val Gin 260265270 Phe Asn Trp Tyx Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
275280285 Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val
His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro
Ala Pro lle Glu Lys Thr lle Ser Lys 325330335 135 Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr
Cys Leu Val Lys 355360365 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin

Ser Asn Thr Lys Val Asp Lys Thr Val Giu Arg Lys Ser Cys Val Giu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val GIn
260 265 270

Phe Asn Trp Tyr Vai Asp Gly Val Giu Val His Asn Ala Lys Thr Lys
275 280 285

Pro Arg Glu Glu GIn Phe Asn Ser Thr Phe Arg Val Val Ser Val lLeu
290 285 300

Thr Val Val His Gin Asp Trp Leu Asn Gly Lys Giu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys
325 330 335

Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350



370375380 Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly 385390395400 Ser
Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin 405410415 Gin Gly Asn Val Phe Ser
Cys Ser Val Met His Glu Ala Leu His Asn 42042548¢kHis Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly
Lys 435440445 <210> 53 <211> 443 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence 136 Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp 202530 His Ala Trp Ser Trp
Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp

Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr COys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp [le Ala Val Glu Trp Glu Ser Asn Gly Gin
370 375 380

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met lLeu Asp Ser Asp Gly
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415

Gln Gly Asn Val! Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
420 425 430

His Tyr Thr Gin Lys Ser Leu Ser lLeu Ser Pro Gly Lys
435 440 445

<210> 53
211> 443
212> PRT
213> Artificial

220>
223> An artificially synthesized pepiide seguence

<400> 53



354045 lle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr
Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp
Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Ali@@rg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 137 Gly Cys
Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 145150155160 Asn Ser Gly Ala Leu Thr Ser
Gly Val His Thr Phe Pro Ala Val Leu 165170175 GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr

Val Pro &gy ¥8018519Qu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser lle Thr Ser Asp
20 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

fle Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gin Phe Ser
65 10 75 80

leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140



Ser Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205 Ser Asn Thr Lys Val
Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly
Pro Ser Val Phe Leu 225230235240 Phe Pro Pro [1§3 Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu
245250255 Val Thr Cys Val Val Val Asp Val Ser His G u Asp Pro Glu Val GIn 260265270 138 Pro Arg
Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu 290295300 Thr Val Val His Gin Asp Trp
Leu Asn Gly Lys Glu Tyr Lys Cys Lys 305310315320 Val Ser Asn Lys Gly Leu Pro Ala Pro lle Glu Lys

Thr lie ey, Ly5 325330885 T4 Asys Y B Pro ATLiGivcPya BinYaldyisThr ey Pro Pro Ser
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
225 230 235 240

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met !le Ser Arg Thr Pro Glu
245 250 255

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gin
260 265 270

Phe Asn Trp Tyr Val Asp Giy Val Glu Val His Asn Ala Lys Thr Lys
275 280 285



340345350 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys 355360365 Gly Phe
Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin 370375380 Pro Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Met Leu Asp Ser Asp Gly 385390395400 38BPhe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys
Ser Arg Trp Gin 405410415 139 His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440 <210> 54
<211> 326 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 54 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val Val Ser Va! Leu

290

Thr Val Val His Gin
305

Val Ser Asn Lvs Gly
325

Thr Lys Giy Gin Pro
340

Arg Glu Glu Met Thr
355

Gly Phe Tyr Pro Ser
370

Pro Glu Asn Asn Tyr
385

Ser Phe Phe Leu Tyr
405

Gin Gly Asn Val Phe
420

295

Asp Trp Leu Asn Gly Lys
310 315

leu Pro Ala Pro Ile Glu
330

Arg Glu Pro Gin Val Tyr
345

Lys Asn GIn Val Ser Leu
360

Asp lie Ala Vai Gilu Trp
375

Lys Thr Thr Pro Pro Met
390 395

Ser Lys Leu Thr Val Asp
410

Ser Cys Ser Val Met His
425

300

Glu Tyr Lys Oys Lys
320

Lys Thr ite Ser Lys
335

Thr Leu Pro Pro Ser
350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly Gin
380

Leu Asp Ser Asp Gly
400

Lys Ser Arg Trp Gin
415

Glu Ala Leu His Asn
430



Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val
Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu
Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Segger Asn Phe Gly Thr GIn Thr 65707580 140 Thr
Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser Val
Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys
Val Val Val Asp 130135140 Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly

145150m§1§9rVﬂJ”GM }(%Iﬂissésq_@ﬂjaéé/rs o lys Ryg Arg Glu Glu Gin Phe Asn
435 440

210> 54
Q211> 326
212> PRT
213> Artificial

{2200 .
<223> An artificially synthesized peptide seguence

<400> 54
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Afa Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
50 55 60

l.eu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr
65 10 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85



165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp 180185190 Leu Asn Gly
Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ser Ser lle Glu Lys Thr lle Ser Lys
Ala Lys Gly Gin Pro Arg Glu 210215220 141 Gin \f{ghSer Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro
Ser Asp lle 245250255 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270
Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys
Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala Leu His Asn His Tyr
Thr Gin Lys Ser Leu 305310315320

Thr Val Glu Arg Lys Ser Cys Val Giu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ata Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Iie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Giu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 190

lLeu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser tle Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Giu Glu Met Thr Lys Asn
225 230 235 240



Ser Leu Ser Pro Gly Lys 325 <210> 55 <211> 324 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence 142 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro
Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Alg4lLeu Gly Cys Leu Val Lys Asp Tyr 202530 Phe
Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val
Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr
GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Vat Asp Lys Ser Arg Trp Gln GIn Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 55

Q211> 324

<212> PR

213> Artificial

220>
<223> An artificially synthesized peptide seguence

<400> 55



Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Ala Gly Pro Ser
Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 143 Val Ser His Glu Asp Pro Glu Val GIn Phe
Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Va#Bis Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ser Ser He Glu Lys Thr lle Ser
Lys Ala Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr
Lys AsnA253802B0240 G VadrSefdredhiPeysPireul ¥al hys By Piie RyrProgsSer Asp lle

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 15 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 80 95

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Giu Val Thr Cys Val Val Val Asp
130 135 140



245250255 Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr 260265270 144 Leu

Thr Val Asp Lys Ser Arg Trp GIn Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala

Leu His Asn His Tyr Thr GIn Lys Ser Leu 305310314320 Ser Leu Ser Pro <210> 56 <211> 326 <212>

PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 56 Ala Ser Thr

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly

Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly

145 150 165 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Ash
165 170 175

Ser Thr Phe Arg Val Vai Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ser Ser lle Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le
245 250 255

Ala Vai Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285



354045 145 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr 65707580 Tyr Thr Cys
Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Glu Arg Lys Ser Cys Val Glu
Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val Al&éGly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
Lys Asp 115120125 Thr Leu Met lle Ser Arg [hr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val
Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val His Asn Ala
Lys Thr Lys Pro Arg Glu Glu GIn Phe Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val

His Gin Asp Thp ¥80185199s Ser Arg Trp Gin Gin Giy Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 56
211> 326
212> PRT
213> Artificial

220>
223> MAn artificially synthesized peptide sequence

<400> 56
Ata Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 ) 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Vai Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser
50 55 60



146 Ala Pro lle Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr
Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn 225230235240 Gin Val Ser Leu Thr Cys Leu Val Lys
Gly Phe Tyr Pro Ser Asp lle 245250255 Ala Val Gla4brp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys
Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu
Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 290295300 Ser Val Met His Glu Ala
Leu His Asn His Tyr Thr Gin Lys Ser Leu 305310315320 Ser Leu Ser Pro Gly Lys 325

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205



147 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 57
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly Gly Thr Ala
Ala Leu Gly Cys Leu Val Lys Asp Tyr 202530 Phe Ri® Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala
Leu Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser 505560 Leu Ser
Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr GIn Thr 65707580 Tyr Thr Cys Asn Val Asp His Lys
Pro Ser Asn Thr Lys Val Asp Lys 859095

Ala Pro lie Glu Lys Thr lle Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro GIn Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp 1le
245 250 255

Ala Val Gfu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro WMet Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Giu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

210> 57
211> 324



148 Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu Met lle
Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp 130135140 Val Ser His Glu Asp Pro Glu Val Gin Phe
Asn Trp Tyr Val Asp Gly 145150155160 Val Glu Val#is Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gin Asp Trp 180185190 Leu Asn
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro 195200205 Ala Pro lle Glu Lys Thr lle Ser
Lys Thr Lys Gly Gin Pro Arg Glu 210215220 Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr

Lys Asn 225230RRH240 149
213> Artificial

220>
223> An artificially synthesized peptide seguence

<400> 57
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 - 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu GlIn Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gin Thr
65 ‘ 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Thr Val Glu Arg Lys Ser Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
100 105 110



Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr 260265270 Thr Pro Pro Met Leu
Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gin Gin
Gly Asn Val Phe Ser Cys 290295300 Ser Val Met I8 Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser
Leu 305310315320 Ser Leu Ser Pro <210> 58 <211> 447 <212> PRT <213> Artificial <220> <223>
An artificially synthesized peptide sequence <400> 58 Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu
Val Arg Pro Ser Gin 151015 150 His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp

354045pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met 1le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His GIn Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro |le Glu Lys Thr 1le Ser Lys Thr Lys Gly Gin Pro Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240

Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le
245 250 255



lle Gly Tyr lle Ser Tyr Ser Gly He Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu
Arg Asp Thr Ser Lys Asn Gin Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val
Tyr Tyr Cys 859095 Ala Arg Ser Leu Ala Arg Thr ThgtAla Met Asp Tyr Trp Gly Gin Gly 100105110 Ser
Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe 115120125 Pro Leu Ala Pro Ser Ser Lys
Ser Thr Ser Gly Gly Thr Ala Ala Leu 130135140 Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
Val Ser Trp 145150155160 151 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser

180185390 a1 IALL ek J WeBINsHG Ty g BYs A0 YShARKHISLYSErthr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro

210> 58
Q211> 447
212> PRY
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 58
Gln Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser {le Thr Ser Asp
20 25 30



195200205 Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 210215220 Thr His Thr
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 225230235240 Ser Val Phe Leu Phe Pro Pro
Lys Pro Lys Asp Thr Leu Met lle Ser 245250255 AT hr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
His Glu Asp 260265270 Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn 275280285
Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val 290295300 152 Tyr Lys Cys Lys Val
Ser Asn Lys Ala Leu Pro Ala Pro lle Glu Lys 325330335 Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu
Pro Gin Val Tyr Thr 340345350

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile Gly Tyr lle Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln Phe Ser
65 70 15 80

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ata Val Tyr Tyr Cys
85 80 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100 105 110

Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175



Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr 355360365 Cys Leu Val Lys Gly
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu 370375380 Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr
Thr Pro Pro Val Leu 385390395400 Asp Ser Asp GlyiSer Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys 405410415 Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 420425430 Ala Leu
His Ala His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro 435440445

Gin Ser Ser Gly Leu Tyr Ser
180

Ser Ser Leu Gly Thr GIn Thr
195

Ser Asn Thr Lys Val Asp Lys
210 215

Thr His Thr Cys Pro Pro Cys
225 230

Ser Val Phe Leu Phe Pro Pro
245

Arg Thr Pro Glu Val
260

Thr Cys

Pro Giu Val Lys Phe Asn Trp
275

Ala Lys Thr Lys Pro Arg Glu
290 295

VYal Ser Val Leu Thr Val Leu
305 310

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Glu

His

Ser Ser Val
185

|te Cys Asn

Val Gilu Pro

Ala Pro Glu
235

Pro Lys Asp
250

Val Val Asp
265

Val Asp Gly

GIn Tyr Asn

Gln Asp Trp
315

Vai Thr Val
190

Val Asn His
205

Lys Ser Cys
220

Leu Leu Gly

Thr Leu Met

Val Ser His
270

Val Glu Val
285

Ser Thr Tyr
300

Leu Asn Gly

Pro Ser

Lys Pro

Asp Lys

Gly Pro

240

lie Ser

255

Glu Asp

His Asn

Arg Val

Lys Glu
320



Tyr

Thr

Leu

Cys

Ser

385

Asp

Ser

Ala

Lys Cys Lys Val Ser Asn Lys
325

ile Ser Lys Ala Lys Gly Gin
340

Pro Pro Ser Arg Asp Glu Leu
355 360

Leu Val Lys Gly Phe Tyr Pro
370 375

Asn Gly Gln Pro Glu Asn Asn
390

Ser Asp Gly Ser Phe Phe Leu
405

Arg Trp Gin Gin Gly Asn Val
420

Leu His Ala His Tyr Thr GIn
435 440

152

Ala Leu Pro Ala Pro Ile Giu Lys

330

335

Pro Arg Glu Pro GIn Val Tyr

345

Thr Lys Asn Gln

Ser Asp 1le Ala
380

Tyr Lys Thr Thr
395

Tyr Ser Lys Leu
410

Phe Ser Cys Ser
425

Lys Ser Leu Ser

350

Val Ser lLeu
385

Val Glu Trp

Pro Pro Val

Thr Val Asp
415

Val Met His
430

Leu Ser Pro
445

Thr

Thr

Glu

Leu

400

Lys

Glu



