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235, 236, 327, 330, an | | to an Ig& or 1gA
sequence (Non-patent ﬁ%ﬁﬁ&gﬁﬁ%ﬁwﬁmﬁé@N However, these
nol ecul es contain novel non-natural peptide sequences of nine to twelve

am no CLHI%_ Se 1%élgh may constitute a T-cell epitope peptide 5and thus pose

| muno sk. There is no previous report on Fcy receptor-nonbindi ng
ant Pbodi es t Rt prease ioweation ndateh®smtipodpt@mstnt regions thadvbavmimpreyed

physi c ] . d fio | Is in._narti r....homgenei ty
e st 30y e BB E i Ol RBL e BLONE B o U A e i) AR
phar macafetyi, ead/sr hatblifetihgldsg@2arsi ditt¥ppdics hemprisige thes ¢opstant rggioas.ed from
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Thus, singl e substances are~desirab as ant’i

mol ecul(@sodendihepetbvasdyshagrafiecisut OF dhem, 3 maseant (9@ typeantbedyst abl e under
acidic pﬁ%@c&ﬁtﬂ:’aﬁs'aré SGiL¥RSAANL Ak &4 afiy bhtibody pharmaceuticals are currently

under development (Non-patent Documents 1 and 2).
Almost all antibody pharmaceuticals currently available on the market are of the IgG1

15  subclass. IgGl type antibodies are expected be useful as anti-cancer antibody pharmaceuticals
since they can bind to Fcy receptor and exert ADCC activity. However, binding of the Fc
domain to Fcy receptor, which is important for effector function such as ADCC, can cause
unnecessary adverse effects, and thus it is preferable to eliminate such binding activity from
antibody pharmaceuticals intended for neutralizing biological activity (Non-patent Document 3).

20  Furthermore, since Fcy receptor is expressed in antigen-presenting cells, molecules that bind to
Fcy 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 I[gG1 (Non-patent Document
4 and Patent Document 1). Interaction between the antibody Fc¢ domain and Fcy 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 Fcy 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 impairing the binding to Fcy 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 Fcy receptor is to artificially alter the Fc domain. For example, the effector functions
of anti-CD3 antibodies and anti-CD4 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 Fc (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, Fcy receptor-nonbinding antibodies



15general exposed to acidic conditions in the purification process using
Protein A and the virus inactivation process. Thus, attention is needed
regarding the stability of 1g& and Ig@&4 during these processes, and it is
preferable that anti body nol ecul es devel oped as pharnmaceuticals are al so
stabl e under acidic conditions. Natural 1g& and I1g4, and Fcy
recept or- nonbi ndi ng anti bodi es derived fromlgQ& or |g&4 (Non-patent
Docunents 6 and 7 and Patent Docunent 2) 20have such Problens. I
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also stable under acidic conditions. Natural IgG2 and IgG4, and Fcy 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). It 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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30 Disclosure of the Invention

[Problems to be Solved 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), immunogenicity, safety, and

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



30D scl osure of the Invention [Problens to be Sol ved by the Invention]

The present invention was achieved in view of the above circunstances. An
obj ective of the present invention is to provide anti body constant regions
t hat have i nproved physicochem cal properties (stability and honbgeneity),

I mmunogeni city, safety, and 35phanmacokinetics (retention in plasm (bl ood))
by amino acid alteration. 1cl1-4", arsaWalL v;ittel jU M/irtinre-LWtr.:in
V1/2 ;Ci9Zaal'liitt: Th n25 Thrthr: 1714 WArail), |STL. ?:CATivantivi'g,
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posi ti 9&1gr}to(ﬁ9§ i&ké&@edl%blh& {doer B Wéﬂsp&dﬁbfeﬁf ﬁ@roéé}létp Briginated from
disulfide bonds in the hinge region, reduced heterogeneity originated from the H-chain C
terminus, and increased stability at high concentrations, as well as discovered novel constant
region sequences having reduced Fcy receptor-binding activity, while minimizing the generation
10  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 antibody; and methods

15  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 N0.91-3242) and Lys at position 330 (position 447 in the EU numbering
20  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 (position 447 in the EU
numbering system) in the amino acid sequence of SEQ ID NO: 2; and
(c) a human antibody constant region that comprises deletions of both Gly at position 326
25  (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
30  with other amino acids;
[3] an IgG2 constant region in which the amino acid 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;
[4] an IgG2 constant region in which the amino acids at positions 14 (position 131 in the EU
35 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



8 am no acid sequence of SEQ ID NO 2 have been substituted with other

am no acids; [21] the 1g& constant region of [20], which further conprises
deletions of both Gy at position 325 (gosition 446 in the EU numbering
systen) and Lys at position 326 (position 447 in the EU nunbering systen);
5[22] an 1g02 constant region in which Cys at position 14 (position 131 in
the EU nunbering system, Arg at position 16 (position 133 in the EU
nunberi ng systen), Cys at position 102 (position 219 in the EL; nunbering
syst emwitH@dstlal apdssé adidn 20 (position 137 in the EU nunbering systen), and
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15  other amino acids;
[8] the IgG2 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;
[10] the IgG2 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 IgG2 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 in the EU

numbering system);



[ 35] a pharnmaceutical conposition conprising the constant regi on of any one
of [1] to [32]. Brief Description of the Draw ngs Fig. 1is a
graph showing the result of using gel fi1ltration chromatography to analyze
the 30 content of aggregates in W-1g@, W-1g&, W-1g04, |g&-M97V, and
| gA- RA09K purified by hydrochloric acid elution. Fig. 2is a

di agram showi ng the result of cation exchange chromatography (I EC) anal ysis
of WI-1gd, W-19g02, and WI- | 3 is a diagram show ng
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[15] an IgG4 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, 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] an IgG1 constant region in which Asn at position 317 (position 434 in the EU numbering
system) in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino
acid;

[19] the IgG1 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 IgG2 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 system), 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



15Fig. 11 is a graph showi ng the increase of aggregation in a stability
test for W-1gd, W-MA4AK, W-M7AXK, and WI-M | AGK at hi gh
concentrations. Fig. 12 is a graph showi ng the increase of Fab
fragments in a stability test for W-1g@, W-MA4AK, W-M7ACK, and

WI- ML1ACK at hi gh concentrations. Fig. 13 is a diagram show ng
the result of cation exchange chronatography (EEC) 20 analysis of W-1gQ&2,
WI- MLAAGK, and WI- MB1AGK. Fig. 14 is graph showi ng the tine
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numbering system);
[24] a human antibody 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] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 9;
[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: 55
(M86AGK);
[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 Drawings

Fig. 1 is a graph showing the result of using gel filtration chromatography to analyze the
30 content of aggregates in WT-IgG1, WT-IgG2, WT-1gG4, IgG2-M397V, and IgG4-R409K
purified by hydrochloric acid elution.
Fig. 2 is a diagram showing the result of cation exchange chromatography (IEC)
analysis of WT-IgG1, WT-IgG2, 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
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t hus generate i mmunogenicity risk. Even wth the introduction of the am no
acid substitutions descri bed above, the generation of non-natural T-cel
epi t ope peptides can be avoided by substituting Qu at position 20
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regiL ons

AR RN S A PNk i IV
AGK antibody.

Fig. 7 shows comparison of the amounts WT-IgG1, WT-IgG2, WT-IgG4,
WT-M14AGK, WT-M17AGK, and WT-M11AGK bound to FcyRI.

Fig. 8 is a graph showing comparison of the amounts WT-1gG1, WT-IgG2, WT-IgG4,

10  WT-MI14AGK, WT-M17AGK, and WT-M11AGK bound to FcyRIla.

Fig. 9 is a graph showing comparison of the amounts WT-IgG1, WT-IgG2, WT-IgG4,
WT-MI14AGK, WT-M17AGK, and WT-M11AGK bound to FcyRIIb.

Fig. 10 is a graph showing comparison of the amounts WT-IgG1, WT-IgG2, WT-IgG4,
WT-M14AGK, WT-M17AGK, and WT-M11AGK bound to FcyRIIIa (Val).

15 Fig. 11 is a graph showing the increase of aggregation in a stability test for WT-IgG1,
WT-M14AGK, 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-M14AGK, 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 is 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 is a graph showing the time courses of plasma concentrations of WT-IgG1,
WT-M44, WT-M358, 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/L39, anti-IL-31 receptor antibody HOLO, 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 CH1 domain cysteine of anti IL.-6 receptor antibodies WT and
F2H/139.

Fig. 18 is a diagram showing a DSC-based assessment of the effect on denaturation
peak by the CH1 domain cysteine of anti IL-6 receptor antibody WT and F2H/L39.

Fig. 19 is a graph showing the activities of TOCILIZUMARB, the control, and Fv5-M83

35  to neutralize BaF/g130.
Fig. 20 is a graph showing the activities of TOCILIZUMAB, Fv3-M73, and Fv4-M73 to



10an am no acid sequence in which Ala at position 209 (EU330), Pro at
position 210 (EU331), and/or Thr at position 218 (EU339) of the am no acid
sequence of SEQ ID NO 2 have been subpgituted with Ser, Ser, and Al a,
respectively. The substitutions for Ala at position 209 (EU330) and for Pro
at position 210 (EU331) have already been reported to enable the inpairnent
of the Fey receptor binding (Eur. J. I'mmunol. 1999 Aug;29(8):2613-24). From
the 15perspective of imunogenicity risk, however, these alterations are
not praféraliee BeBeadd® they result in generation of non-human deri ved

peptides thagC t[rg%% Mﬁ‘: ndi ng
of 1902 can 1 Qﬂd@e?%%gﬁsﬂ-o g'ltﬂ}et U%SIn " Kq{r?e%c{%ﬁsgggly?lbgﬁgﬂ Z%U339)

at t he theeneatrel, Fe3-MAY HvHeM@laMwﬁMS mwwwﬂww%vwﬁwﬁwfy@wﬁe T-cel |
epi t opggmafi&rdehi ved from human only. 20The 1g02 constant regions of the
present 1 nvention conprising am no acid substitutions conprise at |east one
of $he threeligypds aeraghshoviasthe tiuheaursestafl §AP ernsentraiion i pyvasmolegsever

the | 9Q%nRORSERP Q8 ARSRAGERERR Y TORTPIZS814B] thE taéﬁ?oﬂmeﬁmfFMmmm no
acid substitutions described above, hi a preferred enbodi ment, the 1g&
const aft FY&l8ns of the present invention conprising anino acid

substituti ongig ne W%-abﬂ%\@lﬁgﬂie&ﬁﬁe ERGEQNT c@ﬂé&hﬁaﬁbxﬂ&f & Rivasi d
25sequence in which Ala at p05| ti,on 209

osition
( EU331JeceRiRHIMHROBOIESINenisHS 2ites intaysamys %%ﬁ“{”ﬁ a%cm ot é@ lazlé%%%née of SEQ
| D1)O: canthave3oeen, Buhs174, vt Béb-Mesh Ser, Ser, and Ala, respectively. The
lg& constant tons provided by, the present invention reduced
Fey receptor? Fig; ﬁ‘gisr?ggréeﬁlsmwg %?%s%é&@ﬁ%wnﬁerﬁ ﬁgo%ﬁ{}ThI &
subst i Wt INTYS andl &V BV O Sfterd i vehORdmIRiBREH @1 tol iSeMHRASrandgeniOmgteds t hey
have at |east the anmino acid substitution described above, The

present invention provides 1g& constant regions with reduced C-term nal
het er ogediRifbiyCarrying Out My vempei fi cal Iy, the present invention provides

constant, regi ons conpri sin dse e iin whi,ch.d vy at
O ¥ on 5 ol S 3 RlIRR piovits AR e M B0 SRS s i
posi ti propddfes (Patslityl Mogeﬂeltymenﬁbhmgaﬂneﬁy mgfeeym&fns) phamacdiéenicddhet ed in
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comprising such constant region; pharmaceutical compositions comprising such antibody; and

methods for producing them.

20 Herein, the constant region refers to IgG1, 1gG2, or IgG4 type constant region. The
antibody constant region is preferably a human antibody constant region. The amino acid
sequences of human IgG1, IgG2, and IgG4 constant regions are known (human IgG1 constant
region, SEQ ID NO: 1; human IgG2 constant region, SEQ ID NO: 2; and human IgG4 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, IgG2 constant
regions comprising the amino acid substitutions of the present invention in the IgG2 constant
region comprising the amino acid sequence of SEQ ID NO: 2 include IgG2 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 [gG2 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 ID NO: 1 and
IgG4 constant regions comprising the amino acid sequence of SEQ ID NO: 3. The sequence of

35  human [gG4 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



TO, am no acid sequence of SEQID NO 4 (M4). 14 In another preferred
enbodi nent, 1902 constant regions of the present invention include |Ig&
constant regions resulting fromthe deligtion of Ay at position 325 and Lys
at position 326 in the above-described 1g02 constant regions to reduce
C-term nal heterogeneity. Such antibodies include, for exanple, 1902 that
conprises a constant region conprising the 5 amno acid sequence of SEQ ID
NO 5 (M4AK) . Below is a preferred enbodi nrent of 1902 of the

pr esenfiuinheBNg XS WHIYCIE of a8y sugdlreleain Netietitsg enéiteynaynnatibe any sgearichginon

and/ or ji.edygedi R (FECRRAE, éaw@hmu@g& WERtAY coli), Anti bodi es conpri si ng

an 1 g02 constant region conprising an am no acid sequence in which Al a at
posm@@bbavmg@h@nequaceﬂs>21o Thr at position 218, Cys at position 14,

Arg at 10positk ?%s@@b inffSioRbroRRRk 156D céQs%ant%gloﬁ’st witPah hhﬂjavgcpstaﬁﬂgl gy at

position 21 in the amno acid sequéence of have been
subst i eeEE@nditions-ot her amino acids. The type of am no acid after

substitutionpge @gémﬁé’dﬂty' i bRt uNéﬁhbﬁ%oJi@é’ﬁﬁ@Q,coﬁééi}ﬁtré%ﬂﬂé 19%11191{ M%%t for
Al a at position 209 oSi.tion_330 nberin , Ser or Pro

at posPPFiBAn 270 (R%&qn#‘& At §5EY Aunherite SYamdR rthﬁgalglyg taélﬁijsequqnae PHPEQIDnr  at

posi t i aq:21asIeeh BOSshit@IWRS ndtRertan@n&Hciau MIBE e oS ¥shiRoid S8Er sfu%tlt@/&l at

o O b SR O dB e L Sem DR sl bS8, A

pospt i QAdEQRIdi®OSAdifi @ cdd Be ifiprob@l %&Mﬁﬁﬁfnlgm@eﬁa‘f $61idn 2714 onél@ibn @by iphe

position. 20 psition 137 I n the nunber for Ser at

posi ti @%ﬂ% 2 DG T3 e A ES o ﬁ%@ﬁ@g W&ﬁ el wpfatiboSych

| g&2 const antrhe EEGOREntAE kapitehs pheidaXBHetresefOidvaRids! @Hichm@gé e Emproved

conpri Stagglty under acid conditions, 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.

15 The present invention provides IgG2 constant regions 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 IgG2 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 Ig(G2 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



am no acid sequence of SEQID NO 54 (MB6). In another preferred

enbodi nent, 1g& constant regions of the present invention include |Ig&
constant regions resulting fromthe del2tion of Ay at position 325 and Lys
at position 326 in the above-described 1g02 constant regions to reduce
C-term nal heterogeneity. 25Such antibodies include, for exanple, 1g& that
conpri ses a constant region conprising the am no acid sequence of SEQ ID
NO 55 ( MB6AK) .. .Below i s another preferred enbodjnent of the |IgQ&
const afs geRsralsdmprnegraichiyaisknt EveR 8ty t@%}ntmﬁvféwnwi&%e MRPOAFESISHEBHSE v
under @gscAbsd SRE] the B&Rradd of B8HSBEIrNET-BEIPGRRBE bYptides the bBkged BPI ON.
301E02 constant_ regi ons conpri.si n(lg an tgl aci d, sequence %g whi ch ,Met - at
posi t i BPSHREng &)Y abpospiea;Li(Besition I 3¢ i the feging pastemy andipensd Spiifieh2h 02,
A u at (Ha6Riohi 188 i the FANGurdBerirg!syBRs) twidNotBdr dnfind Beidam T Bok df safsaRRle of

2o B UG RBe A SRS T b Eh SUPAIRT PrObel: BRSO 2
subst i ind GBNer Gbr Mabsitien 2 Mete patfepegi tion 276 (position 397 in the EU
zﬂgg; : zg syiggggeéenfer eftor 5 S ?d:; go(tsr'#t i osn %{Afeﬁg&gsiit i % 13_]F in the EU
g sy senf (et syPTRY A5 3P T PSS t7BHegeeed ket he EU
nunber teogptoy-bindig aclheity. f or Cys at position 102 (position 219 in the EU 15
e 0 e B L S RO T A0 LTS LS AL S e L
nurtber amgmiysdctijeqadiee i whiehrAdd at position 2BUEU3BIPre ansdsitiin 21YIEL3S 1), ncl ude,
Lo, R SR LS AP R B Bl Oy o 8
r egi onsubsfitutdtdewith 8ae Sér, aid/&ft raspectively.  The substitutions for Ala at position 209
(EU330) and for Pro at position 210 (EU331) have already been reported to enable the
impairment of the Fcy receptor binding (Eur. J. Immunol. 1999 Aug;29(8):2613-24). From the
15  perspective of immunogenicity risk, however, these alterations are not preferred because they
result in generation of non-human derived peptides that can become T-cell epitopes. However,
the Fcy receptor binding of IgG2 can be reduced by substituting Ala for Thr at position 218
(EU339) at the same time, and the 9-12 amino acid peptides which can become T-cell epitopes
are derived from human only. *
.20 The IgG2 constant regions of the present invention comprising amino acid substitutions
comprise at least one of the three types of amino acid substitutions described above; however,
the IgG2 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 IgG2 constant regions with reduced C-terminal
heterogeneity.
More specifically, the present invention provides IgG2 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



i nclude 1g& constant regions further conprising the deletion of Ay at
position 325 and Lys at position 326 in the above-described |1 g& constant
regi ons. Such antibodies include, for Ekanple, |g& constant regions
conprising the am no acid sequence of SEQ ID NO 7 (MB1AGK). 10Below is
anot her preferred enbodi nent of the Ig& constant regions of the present
i nvention, which have reduced heterogeneity in the hinge region.

lg& con ns conpri.si n anj ng_.aci d seqguence ich Cys at
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and Ser at p@ﬁct IgG:zrboaatahtrlregimes @fﬂ'vﬁt&da@i tﬁe p&q&tﬁﬁﬁﬁmﬁbnsmch BaPQedielave been
substi anm ng m no Cl d aft

t ed.
Subeti Lottt belerbectly MRS Rert st ROR Syl A osdiilebs it fops ser 1 or
Cys at apd'st ins@tiodsdaq joagiat they hh3d af least tie dnbina ucnﬁeubstguﬁgtscﬂmﬂbedlajomé or Arg

at 05|t|on osition.13 e. EU ste Set f.or Cys at
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position 21 are re]fF[erred
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anot heﬁEUOﬁ yﬁ%er&g%cons%‘ a@&%c;ngﬁ% @) %rﬂﬁ'b [e8l %ﬁ',;sn rﬁtg 8§t
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G Y0 at thposiino amdB@ﬁleacﬂjoﬂ_&EQéD &@pbha\ta @nn Sdstituted mthaﬁimrermmsmdsbed" hegpG2

t e, : :
Fog onamilsF R EbiE Aflble 1T e AT oI TSR beig
pr esentaftmmubsttmtmn ip mot/paamsula@:@ Bnnt@dsltcmfﬂvet, egbstingianswp Gls fordliaat positivo 14¢i d
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at pos ol mMS(epb,sar@ Gly fon Gl af nokitloEQGIR (pasetanndy Ssipghe By nug@hgring systesnX i on
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syst emyh ARHiofd Bescribed 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 heterogeneity 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).



at position 298 (position 419 in the EU nunbering systen) have been
substituted with other 35 am no acids, and sinultaneously Gy at position
325 (position 446 in the EU nunberingldysten) and Lys at position 326
(position 447 in the EU nunbering system have been deleted in the
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am no aci d SBdiewiid apredarradiesshddirecht albfud&2 of the presefihiav@tteaewhich huerdducsl

i ons, W t .nal het erogeneity. The

B; g\s{:agfe%?rhgeg’%ﬁ%ﬂ : ?‘3‘5&6&% o g Ol’c{?Hg{egg%]C%rerg“ge%&t{g&? NGATEAYAE y at position
326 10( posi tAmibod#6 comptikiag kb [gudrbarstang repyst enmhpréving hryammb aphisetjiane &2 7
(posi t\izvf%i%h ﬂ-\ﬂg ati p%sftﬁl)% 2%'9}, Pro at position 210, Thr at position 218, Cys at position 14, Arg at
10 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 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

15 (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
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.

20 Such IgG2 constant regions include, for example, IgG2 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 deletion of Gly at position 325 and Lys at
position 326 in the above-described IgG2 constant regions to reduce C-terminal heterogeneity.

25  Such antibodies include, for example, IgG2 that comprises a constant region comprising the
amino acid sequence of SEQ ID NO: 55 (M86AGK).

Below is another preferred embodiment of the IgGG2 constant regions of the present
invention, which have improved stability under acidic conditions and reduced heterogeneity in
the hinge region.

30 [gG2 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



nunberi ng systen) have been deleted in the 1g04 constant region conprising

the am no acid sequence of SEQ ID NO 3. The heterogeneity originated from
the C termnus of antibody H chain canldbe reduced only when both of the
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20  are preferred.
Such IgG2 constant regions include, for example, IgG2 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, [gG2 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 numbering 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
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am no ac tution conprise t step of substituting
OysJat pp@@pnﬂéﬁ@dqlp&n@lh@hpqmon P98 e prefemefhber i ng systerr) A rg, at

position 16 @g@ﬁﬁ&dlﬁrnthl%?eshﬁ't 15%&%9 p%'m?é‘sr alnn&u%’?ﬁs &stanft t coa%’ isfHe the

position 102 (posit nbering systen) 1In no aci d
sequenéglieg ag @yqugnmfszEQI%b@ 351(%5&}13t hod for ani no acid substitution is

not parti cul %Eé)re!sbﬂﬁﬁ\eeqnoﬂ_ Bﬁw?dé@?é@? Uéhs@ﬁﬁ r@g@éhs%nib@ﬁﬁ% RVitino hog exanpl e,
by site-directed nutagenes|s described above or a nmethod described in
sequence in which Cys at position 14 (pos1t10n 131 in the EU numbering system), Arg at position

10 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

15  inthe EU numbering system) have been substituted with other aming 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 hs‘equence 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, Gln for His at position 147, Gln for Arg at
position 234, Glu for Gln at position 298, and Ala for Asn at position 313 are preferred.

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 Fcy 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.
<IgG4 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 Lys is

preferred. The antibody stability under acidic conditions can be improved by substituting Arg
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stability under acidic conditions, reduced heterogeneity in the hinge region, and/or reduced Fcy
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 105, Glu at position
113, Phe at position 114, Leu at position 115, 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



JV -- --JLjn_ 5cser=6 aw. or a 1ltt'rfe,4 air itrt_ 3'LS nre, s2r,

I nsexctt.o.c aile-Attas tro,wat'ingtrre tuctrigeToat pSW Tann The ', range
region of AgCl2, aternoas Tor iniproviNcantibcNy stability index
~al:47.1k Carlitic, - 1--vnfl "crsVa7l LtVefeja%fl-a<ocfoNisc: COA
x2y5T: 11, feD., yottotitittParty..71: Xl X1415-Tt "VI 71/S tki,-TAVY-1 ,
m=, Sy, kruthi-dris 44 2cri Pic) in tie 1EO 27 nunbering system

respectively) in the am no acid sequence of SEQ ID NO_ 2.
Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred.

Such IgG4 constant regions include, for example, IgG4 constant regions comprising the
amino acid sequence of SEQ ID NO: § (M11).
In another preferred embodiment, the Ig(G4 constant regions of the present invention
5  include IgG4 constant regions further comprising the deletion of 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 above-described IgG4 constant region. Such antibodies include, for example,
IgG4 constant regions comprising the amino acid sequence of SEQ ID NO: 9 (M11AGK).
<IgG1 having altered amino acids>
10 The present invention provides IgG1 constant regions with reduced C-terminal
heterogeneity.
More specifically, the present invention provides IgG1 constant regions having the
deletion of 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 IgG1 constant 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 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 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 IgG1 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



The type of amno acid after substitution is not particularly limted,
however, substitutions of Ser for Cys at position 14 (position 131 in the
EU nunbering systen), Lys for Arg at pd%ition 16 (position 133 in the EU
nunberi ng systen), Ser for Cys at position 102 5 (position 219 in the EU
nunbering systenm), Gy for Au at position 20 (position 137 in the EU
nunbering systen), and Ay for Ser at position 21 (position 138 in the EU
nunber i n%osyst em are preferred. The present invention also relates to
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the EU nunbetPhan ey Pt rHo L bgs BHe SO S
( darbsuaﬁﬂibddytdoﬂg)rﬁn}g afn bn&ﬂt}@homalt&%giﬁni&séxﬂﬂfdl a:cbb()é] 137 in the EU
nunberi ng syst m no aci nce of. SE
substi tuti ng°Bf %"thwd}ég’ro‘j‘ﬁfcaﬁ%qulﬂsﬂ ‘Cc% gr CFBHPIES %bﬁ?{eggnﬁji Wﬂ'ﬁmer i ng
Sy$0 en‘)«aﬁdihstth@le&ﬂbﬂ’l@chas golyetdiyiene glyobl (BHEQ)Iad MAotdXic subisfansash s Suthbdtibgd@E n
for H's t Slt Ne] I n.the n ste |nthe
A no T GORhSREReBreceEbS D kDY Shomisely RO ITa A Ao CP T B oHg  at
posi ti divedBdn.( pefethode for bddifyingt dneibadienametdiebdygessapdisiestd inithis flekd. ami no aci d
sequence of ‘?E ant%o'éloes o%’the present invention may also be bispecific antibodies. “Bispecific
antibody” refers to an antibody that has in a single molecule variable regions that recognize
15  different epitopes. The epitopes may be present in a single molecule or in separate 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 example, 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. J., 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 is derived from a nonhuman animal, it can be humanized. The binding activity of the
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posi ti @By dlekt hg b eskith ﬁrgdgclfgeofl.:s%ﬁ’(gyber ing system) in the amno acid

sequence of S substituti ng Gn for His at position 147

(posi tion 26’8“ 2 ﬁrsct 3 E@memé% g mafaads of thepresest BvFHEPHE FUPESHiEhPN of SEQ

| D1NG: eRéoding an antibody 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 antibody L chain.
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 be prepared, for example, by obtaining
a 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 synthésizing 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



(g) substituting Gn for Arg at position 234 (position 355 in the EU
nunbering systen) in the amno acid sequence of SEQ ID NO 2; (h)
substituting Gu for Gn at position 29B (position 419 in the EU nunbering
system in the 15 amno acid sequence of SEQID NO 2; (i) substituting
Ala for Asn at position 313 (position 434 in the EU nunbering system in
the am no acid sequence of SEQID NO 2; and (j) deleting Ay at position
325 and Lys at posjition 326 (positions_446 and 447 in the EU nunbering
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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 (IgG2) 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 a method described in the Examples.
<Methods for reducing the heterogeneity originated from the hinge region of IgG2 constant
region>
The present invention also 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



30 sequence of SEQID NO 3 with another amno acid; (k) substituting Gu
at position 113 (position 233 in the EU nunbering system in the amno acid
sequence of SEQ ID NO 3 with another 2 no acid; (1) substituting Phe
at position 114 (position 234 in the EU nunbering systen) in the amno acid
5 sequence of SEQID NO 3 with another amino acid; (m substituting Leu

at position 115 (position 235 in the EU nunbering system) in the am no aci d
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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 is 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 IgG2 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



<Met hods for reducing the heterogeneity originated fromdel etion of
C-telluinal amno acids in an 1gGl constant regi on> The present invention
also relates to nmethods for reducing apgi body heterogeneity, which conprise
the step of deleting Ay at position 329 (position 446 in the EU nunbering
35system and Lys at position 330 (position 447 in the Eli nunbering
systen) in an I gGL constant region conprising the am no acid sequence of
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The present invention also 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 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 improving 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 IgG2
constant region>

25 The present invention also relates to methods for reducing the FcyR 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 FcyR 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 IgG2
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,



phosphate buffers or sodium acetate buffers; anal gesics, for exanple,
procai ne hydrochl oride; stabilizers, for exanple, benzyl alcohol or phenol;
or antioxidants. The prepared injectiong are typically aliquoted into
appropriate anpules. The adm nistration is preferably carried out
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codes res t| ve am no_acl are as Ar gi ni ne:
Arg ( R)se%n%qfa%%m@o Rsyiith ppothgiaaninp @cidei d: Asp (D) Cysteine: Cys (O
Ay ammeyubAiidd e Poditos 2261(HositfdnBYTEN the EU numbering system) in the amino acid

sequence of SEQ ID NO: 2 with another amino acid;

(e) 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;
(f) substituting Arg at position 16 (position 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 (i) 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
(§) 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 FcyR binding of an antibody, all of which comprise,
in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 2 (M86AGK),



30dycine: Ay (G Histidine. Hs (H) Isoleucine: Ile (lI) Leucine: Leu (L)

Lysi ne:
Pro (P)

Lys (K) 35 Methionine: Met (M Phenyl al anine: Phe (F) 33 Proline:
Serine: Ser (S) Threonine: Thr2YT) Tryptophan: Trp (W 5Tyrosi ne:

Tyr (Y) Valine: Val (V) Al prior art docunents cited herein are
I ncorporated by reference in their entirety. Exanples 10Herei nbel ow, the

pr esent

i nvention is further specifically described with reference to the

Exanples, but it is not to be construed as being limted thereto. [Exanple

1] | mpthevEReAt of the stability of 1g02 and 1g04 under acidic condition
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(2) substituting Ala at position 209 (position 330 in the EU numbering system) in the amino acid
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 of SEQ ID NO: 2 with another amino acid;

(c) substituting Thr at position 218 (position 339 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 2 with another amino acid,;

(d) 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;

(e) 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;

(f) 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;

(g) 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;

(h) 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

(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.

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
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.

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.

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,
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



15Constructi on of expression vectors for 1g02- or |1g&-converted humani zed
| L-6 receptor antibodies and expression of the antibodies To
reduce the Fcy receptor-binding activi2y, the constant region of a

humani zed anti-human |1L-6 receptor antibody, humani zed PM 1 anti body
(Cancer Res. 190 Feb 15;53(4):851-6), which is of the IgGl isotype, was
substituted with Ig& or 1g&4 (Ml. 20 I nmmunol. 1993 Jan; 30(1):105-8) to
generate nol ecules WI-1g& (SEQ ID NO 13) and WI-1g04 (SEQ ID NO 14). An
ani mal M8l AGEYphesireAfivect or was used to express the 1gGs. An expression
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manual . Usi ng%fth é"’@é{alg SEQ | D NO. . 15), WI-1gd, W-1g&, and WI-1g04
were eXgHUERLE ﬁQtP Y8 208 raHEE 358k ow.  Human enbryonic ki dney
cancer {deubyagtiEt29 shposiioh s 02 (pvéitionISh tHEFE rRheansl eghtedf) inthOMaMo acid
(I'nvit r%gleﬂ% S éﬁﬂg\ﬁbeﬁj&%t h 10% Fet al .dgovi ne Serum (1 nvitrogen). The
cel ls {90¢ e/‘ﬁﬁ@? ; i EPYYCIGFIBOAG6 x 105 cells/ml) were plated on
di sthes (d)cubaiieiLOiu £ebokisiof 20 (3ition 137dARhEEY rlGORMiNGy stond) igtthd aihB@ dcid a
co2 incubatorgf(%g(g,[ 3}9{ %t for.one whol e, day and night. Then, the nedium
was reNAAEECY P é;)o With AROTECIRI0 A1y 5  SEME I T medi um (1 nvi t r ogen)
Wa?rb ad(iig@ubs'ﬁhﬂir@ Sapat ﬁcﬁkitﬁl#r@lrﬂpdsi’/@h%lm liﬁt]fe%ﬁ[( ﬁ&n&ﬂﬂ@(yhtﬂfnt)m%e)amjms' acid )
conbi ned 35w t _of . g/ mL .Pol yet eni m ne (Pol ysciences Inc.
and GQWWn%O%@@%fwﬁéﬂﬁ?}ﬁ?mﬁﬁgoﬁéﬁﬁﬁ ng mxture was incubated at
room t éypieieting (@ yfao posifom3Aindd, ysandoditien 328G catides 44tmaridvet 7cialths EUn each

i ncubat under 5% CQ2)
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A using hydfbehtesentoneantign 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;
(e) 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



50 I'l'l of rProtein A Sepharose Fast Flow (Anersham Bi osci ences) suspended
in TBS 15 was added to the obtained culture supematants, and the conbi ned
sol utions were mixed by inversion at 4& for four hours or nore. The
solutions were transferred into 0.22-pmfilter cups of Utrafree(R)-M
(MIlipore). After washing three times with 500 pi of TBS, the rProtein A
SepharoseTM resins were suspended in 100 pl of 10 mM HC1/150 nM NaCl (pH

2.0 dth bat ed f t te th
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hydr oc IAIrgat posaa:cimrﬂ Gerumumnl3mmeEthmumbﬁrmg(systagg&gﬁireCysrattpbmhpmﬂﬁ)Z i ed
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phOSph%teeqreéQermw KCL, pH 7.0 Flowrate, wavelength: 0.5 m/mn, 220 rim
The result 1's Sshown in Fig. 1. Wiile the content of aggregate in Wr-1gGl
after purifi ¢ht pesentisentboutls@tgatehiogretbdds\vipr teg@ing auti iyl pGtogdnery
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steps of:
(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the
amino acid sequence of SEQ ID NO: 2;
15 (b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the
amino acid 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 system) 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 NO: 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 NO: 2;
(h) substituting Glu for Gln 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
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 Ig(G2, 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  stepsof:
(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the



35 been frequently used to purify 1gG nolecules, and the 1gG nol ecul es are
eluted fromProtein A under acidic condition. In addition, virus

i nactivation, which is required when ddvel opi ng 1gG nol ecul es as
pharmaceuticals, is generally carried out under acidic condition. It is
thus desirable that the stability of 1gG nol ecul es under acidic condition

i s higher. However, the 5stability of 1g& and 1g&4 nol ecul es under acidic
condition was, found to be |lower than that of g3, and suggests for the
first P ackhiequsmes f PEQIDHNEBRem of denat ur ati on/ aggr egati on under aci dic

condi t fubditeewely’ mnn[gr% AP s 16gPdkitia B3Uh @ BY MdchRE 8iidenghe It 1S
desirabl'e that thi's problem of denaturation/aggregation be overcone when
devel opMHY ACHEWANDCPREPRRIEUNCE8E s. To date, however, no report has been

publ i s@dusstitaing®eh s dyarat 564iN6MN002 (Positiph 29 Bfhe mﬁ@hbé{%ﬁy@@n@@ﬂ the
substitution, Pre araﬁég&tlg)gﬁ aisessnent of WI-1g& and -'g4 having an
al tor eBEI9RCHLIFARTHICE Oty of 1g02 and 1 gG4 nol ecul es under aci dic

fco ndi t '(? rsluba@ﬁutc}@rmp%ﬁ @hed positiee 20 @y@itidnhiadn it fted EOfub@eting Iivksm) ialther ed
orms of .lg

&2, and | lecul es were tested to 15 inprove the stability
under &R CILHABEIE gﬁsg&c@o&éﬂ %g to nodels for the constant regions of
1 902 ary) shigdidutiiRlGl¢ dbreSer 20PpEsitdn 2 h@opitibent} al thd el abinbbdndgysfeantivte under
acidic conditjon was %SE6 kp be the instability at the CH3-CH3 donmin
i nt er f 408 46t $HBHCRE NP°6n 397 in the EU nunbering systemin |9,
or 1@r g(fpktisstiafting 8n fordiis 40Poditiort 47 ([pbkitioDEs inrthe FYBh@Abdringl gOdmpvirsthe hought
to destabilize the CHgsgg%g; ggrface. Si nce positions 397 and 409 of 1gGL
20i n t AR HUIBEPCR G t t& valine and |ysine, respectively, an
al t er ed)lsgbRitatittgi Gladyr Atpdt positipni28é §pdshtnAsh st the U aniniberivg by steen f i@ the
met hi oni ne aﬂi%psétio éﬁ? | Cﬁae EU nunbering system (1 g&-M397V, SEQ I D
NOC. 16mP5ﬁﬁ%% 8Pdm§85§ é%ﬁ-and an altered g4 anti body that conprises
t he suliptsubsuthitong @ forySime positioa2§B pasdioatd 1 P das itel U ndBhering sysenbln thenber i ng
syst em (1904- RA0OIK .17 (am no aci d sequence)) are prepared.
25$%e %%Pﬁﬁ%gﬂﬁggﬁmF§Egggﬁgpﬁﬁééfng expression vectors for the antibodies
of i nt @) egistituting Adx for dssgiangosindn PLT (poyiting 484 & thatBlbodinbsringwyster) iethsane as

1t 2t bRl s SR e P O P ed out to eatimmite the contents
of aggfigdeleeng Glytdpoption B2 dnd hypitawsitbn 320 &ebshiionkdb eohH4T inctha&ldd el uti on
from PLob 6Lk ys, AAALESRLH ANHRSHESS HEA e TRAROSE SEY $HGIH. Yaters Alliance
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 amino 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.



Col um. G3000SW«1 (TOSOH) Mobil e phase: 50 m vl sodi um phosphate, 300 i nM
KCl, pH 7.0 Flow rate, wavelength: 0.5 m/mn, 220 nm 35The result is shown
in Fig. 1. Wiile the content of aggre@$e in WI-1gGL after purification was
about 2% those in WI-1g& and WI-1g04 after purification were about 25%
T-: 37 Assessnment nethod using IEC. System Waters Alliance Col um.
ProPac WCX- 10 (D onex) Mobile phase A- 25 nM MES-NaOH, pH 6.1

B: 25 mM I\/ES- NaOH 250 rﬂgl Na- Acet at e, Iow te wavel ength; Q.5
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an IgG4 constant region>
The present invention also relates to methods for reducing the heterogeneity of an
antibody, which comprise the step of deleting Gly at position 326 (position 446 in the EU
5 numbering system) and Lys at position 327 (position 447 in the EU numbering system) in an
IgG4 constant region comprising the amino acid sequence of SEQ ID NO: 3 (Mol. Immunol.
1993 Jan;30(1):105-8). The methods of the present invention for reducing the heterogeneity
may comprise other steps of amino acid substitution, as long as they comprise the step of
deleting Lys at position 327 (position 447 in the EU numbering system) and/or Gly at position
10 326 (position 446 in the EU numbering system) in an IgG4 constant region comprising the amino
acid sequence of SEQ ID NO: 3. 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.
The present invention also relates to methods for improving the stability under acidic
15  conditions, methods for reducing the heterogeneity originated from C-terminus, and/or methods
for reducing the FcyR binding of an antibody, all of which comprise, in an IgG4 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;
(e) substituting Arg at position 97 (position 214 in the EU numbering system) in the amino acid
sequence of SEQ ID NO: 3 with another amino acid;
() 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;
(i) 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;
(j) substituting Pro at position 105 (position 222 in the EU numbering system) in the amino acid



B: 30%55% 75 min) in the analysis of W-1g02 and WI-1g&4 The result is
shown in Fig. 2. W-1g02 showed nore than one peak in the ion lO0exchange
anal ysis while WI-1gGL and WI-1g04 exh3®ited a single peak. This suggests
that the 1g& nolecule is nore heterogeneous as conpared to 1gGl and | g04.

| ndeed, 1g& isotypes have been reported to have heterogeneity derived from
di sul fide bonds in the hinge region (Non-patent Docunent 10). Thus, the

het er o- aks e .al so assunmed to be objective
substaﬁ gﬁﬁé@@%@%ﬁ‘%mn‘? PG t he disulfide bonds. It is not
15easy(1t)@ubmmmrﬁmg:¢}hrze pobieion &3 @opikian 788 &t thieddll numbbrigeseaglie ththdirhi@o acid
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subst a(iy esbsatieinddhi mapositias] A (pbsithms mﬂs & the EU memseming Bepdymim] fae uhéso acid
dev | oped as pe 1902, there is a problem of
ho ge eun?/ce &’?@%tﬁm%w{tgﬁ?mger agg{}%%)éi, ng anti body pharmaceutical s.

| ndeed (mmﬁa@ﬁﬁmmgMB@m poijorhlds (sorptren 29 hathe &t numathering GPsterny esthe aminus
het er o- lg%eogﬁgge @@l{thand&q%ag&ggl fide alg dnds in ion exchange

chrona?ogr ana |olog|cal activity varies anong

t hese (réailebtngSﬂ@ (aﬁms@msn o((b s)1t1¢m1fc6r insthe &flbhuwnirayinigsystére) pmhha faimgad aaddh

proces§e ﬁ‘tg orrbl ning the hetero-peaks into a single one, but
se of 888 11 the production is costly and conplicated. Thus, a
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based gésbu?l?a gﬁ%ﬁ?‘g% 10 th’hhl &Heraﬁhh@%ﬂhﬁﬁd"e het er ogeneity ori gi nated

from di inge region Shoul d be overcone to devel op 1g02

as phafmelektng §dy gt perstionsiiérand Huxs abwmcpmw @edonod4bernd 491 in theefHod f or

| t d
Sosuso bbb PRt B?Z%ﬁﬁ%%@é%%aﬁ%ﬁﬁ%sﬁﬁé S D P s, Shown i n
Fig. 3, ther Ehgtyasewéﬂm@macgb@f@nwwwomsmptmarb %rl)p]amtt@} A WeEFET, an IgGZ
”D|1§C“E1?ofstlﬁ’{%i%ﬁb Bt §elcf%l"§$§at ntﬁn@f’lhﬁ SSRGS ﬁl%hgﬁynéx%ehﬁgg}stt&g ﬁgl 9

region of 1g02 were ial _pattern of disul bondi ng,
cyst ei Hegat pesBRthds(pesigor Y31 & the BU(mumbrstna eim) . dly fandlwateositionR8 EU

nunber | SBTh HSEU RS RO eGIE S aR o a at the
t wo up[gﬂea)?l-t%}ﬁngg cysteﬁllnes %%ﬁgﬁg st}gl I’Il-e 21?@%55& ti oﬁb%bgﬁol glgaﬁlet EW

number PHEDERE wiftemh, Bhr @ﬁéraafdmtwné%(paaﬁﬁva Ht EEéermb@engéwﬁewArg

cystei pg, Seﬁ%&s%ncﬁmr(g§ﬁﬁ&g2 MIneNSEe) ﬂﬁﬁbdrﬂlgtspﬁexh? HRAfd? TYPREposMiR0f the
dlmarlzatlonzpartner ines in, ttiid4-W

fically her.e e ei
i t#0 f (Rostiton 24P)ip fie T lanwstem). Cw czrﬁa]aﬂmlqn 1%1(99%911 PO el &l i f
- 9101t b bért AGlem), 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

(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



39 inportant in devel opi ng anti body pharmaceuticals, it was found that this
probl em coul d be sol ved by using 1 g&-SKSC for the constant regi on sequence
of 1g02. Thus, 1g&-SKSC is very usefuBlin devel oping |g& anti body
pharmaceuticals. Furthernore, the useful ness of [1g02-SKSC was al so
denonstrated by the finding that it is superior in thermal stability.

[ Exanpl e 3] Inprovenent of C-term nal heterogeneity in |IgU nolecul es
Construction of an expressjon vector for H chain C-tetuupal AGK anti body

f r om VWRvegi@n foqrgeduskgant prdydietsrogmmeity @ay qouyniss athes dgpepicaningfackh ant i body,

del et i gfbspitutfent Sisbipads tAQTRis8 ehedstby 6T 88etRIiydUe podish 380 dRjsitRR 4af if he
C-term.nal_ _am no_grougqngue to deletion_of both of the two Cternm nal am no

aci ds, thy Bl inymbsriae pxpismmend (Hy &t PP 2r0PPaton RHhIAE &M NHBEEHAEYSIED) . The
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pnar mageuti .cal s. ctually, In nu nzeda, an 0 . e
maj r &@aﬁ@ﬁﬁd@%ﬂﬁg@éw@m@ﬁy Ve Te SebriHehEr BV for

| ysi neexaMipleby SitcedifReE tnilt¥echbds 485LiBEE abdvdr 5 SEHIRNTE sBibedial tBé Blarhples.

post -transl atj onal dification, and.the m nor conpqnen aving the lysine
B S0 cooxi st Shadh éﬁe@s&%rq@?m@a%r}b%@ow e Pt E%Pc‘iﬁ’itlﬁg‘“ﬁ?gd“@éaﬁe%e
was al tgddefdr by atheaRs.t Nexdailey off ahdibodlies amagane theyeonSpeGiefiohialf ke predaat
present invent oiseal tered the nucl eotide sequence of wild type IgGlL to

del et e VRBURS IEYGE)

nal |lysine and glycine fromthe H chain constant region
of 10 he (d)adeavpokhin ggessstiseh dehedinb heidawy e 6NSBO IDNCOC48 EVHMINMIT3AM no

200" U ol 28, SUORESRRSS, B SSLeLLng the Lup COLILPAL RGeSt 95
sequen@s adfeatyn ehdih ctaatamprises thepithitblavidcdequenea sDHEQIDING: WU WHI 2663 )PM 1 »
onti oy (U R BAe S ST enc. AL by RSINGLSOLAT SgEnce
syst en(eyadighd olan tled comprise thet amino aduirselyerica bf SEQADNYOa4mVasikappd)si ng t he
2SR RTINS LB Sl P SRR e 0y o,
vect or §g)femranﬁhpd§bﬂﬂycoem;gism da;la\t}ochaackf tahendaht éughﬁ adhain aihﬁdn) GFdgMi73)ysi ne
the t w B figb B SR R DB AL BE I TS TP En B LA ST
t he EU(ihambetibaty tbstsomprisasespbeaviy\chhin)ofe) addbnkght cbtiedf (£ ENaIM8E):t er mi nal
Qﬁda?ﬂgﬁﬁﬁgﬁgﬁﬁk%ragﬁgﬁﬁ%ﬁggmggﬁghgggﬁ@&ﬁgépressing t he engi neered H chai ns
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,



humani zed PM 1 anti body. The anti bodi es were expressed and purified by the
nmet hod described in Reference Exanple 1. Purified H chain Cterm nal
ACGK anti body was anal yzed by cation exthange chromat ography according to
the follow ng procedure. The effect of the C-term nal deletion on

35het erogeneity was assessed by cati on exchange chromat ography anal ysis
using the purified H chai n C-term nal AGK anti body according to the method

descri hed bel itjon on exchange.chr omat ogr.aph
anal ysE’ “ﬁ@é‘éﬁ? 8’61 Biﬁ/ %}i‘ %5 WCOPIWRGHEN M2 'Y Sog‘ﬁtilﬁ%%ﬂy, H
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NES/ Naé&co HOP iohic SuAGCtANTS SEC% 5%3’ Oﬁ XBE‘%W@F&%&%&@ g‘so mrol /1 NaCl, pH 6.1
Fl ow rat eOO‘?OﬁS Hclude Redardiik hd saﬁ&éaBoﬂé amiﬁ%]n b@coﬁrﬂ;@ﬁedﬂlwlﬂa mhbﬁ;’&%s@uﬁ? (1
-> 1 ti.o r t for t
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the. marrihse BERmmE Skt o e BT STRIECHBRE ) 4 Pl esher i gionn g eand
an H chgicallgaliguaeding appropréate dapelds Pro at position 447. The intensity of
t he basic pea S signifi cant educ 15 chaL nal ASK
ant body. v P RS sGRR b e rsh Sl 380 SPU I SR cha
C tCer mmmt1om€namialsddmdm1mﬁnatmns uggi@alrmntar;aadmhstré}mm_rarfd patcutagt@isogenei ty of
the H gd'}ﬁinri‘s fibn, baroree%l SﬁTﬁl”é&m‘“@&G) Bk teﬁ]cfesﬁ[sgfn'}é r;(gc{i%‘ca 1Iy§' ds are

del ete rom chai erature o ura f of the H
_chai n @ttagenmius arjecliSk, mtramluw&arvxaﬁcm artrapegtinén} iDSGid onsgeswntdue ef f ect of
t he derﬁéc‘t%ﬁ of the two residues at the Hchain C 20 term nus on thernal
stabili or the DSC neasurenent, the antibody was dial yzed agai nst 20 niM
acetic acid Bm,rﬂfeano(eptheGn@bloctOﬁﬁ@mmstrgthr’a@nrhe\ﬂppmm@ﬁteﬂwSdmerdﬁCOﬂdmgbgf fer.
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erm na Ut Tons . .
containing an antibody or a polynucleotlde 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)
Cysteine: Cys (C)
Glutamine: Gln (Q)
Glutamic acid: Glu (E)
30  Glycine: Gly (G)
Histidine: His (H)
Isoleucine: Ile (T)
Leucine: Leu (L)
Lysine: Lys (K)
35  Methionine: Met (M)
Phenylalanine: Phe (F)



the reference solution (outer dialysate) were enclosed in calorinetric
cells, and thoroughly thermally equilibrated at 40C. Then, the sanples were
scanned at from40 to 100C with a 25 rme of about 1K/ mn. The resulting

denaturati on peaks were assigned (Rodolfo et al., Imunology Letters, 1999,
p 47-52). The result showed that the C-term nal deletion had no effect on
the thermal denaturation tenperature of CH3 donain. Thus, the

het erogeneity originated fromthe Ctermnal am no acid can be reduced
mﬁthouPﬂéﬁmé%pKBb the thermal stability of antibody by deleting the
C—ternggﬁ&xgg§§§e and glycine 30 fromthe H chain constant region at the
nucl eoti1 de sequénce |evel. Since all of the constant regi ons of human

ant i bodheeningdhr (Iy02, and 1 g&4 contain Sly and Lys at positions 446 and
447 in .nggg ing systemin their Cterm nal sequences, the nethod
for reghﬁﬁﬁgkhhe ?ﬁgrninal am no acid heterogeneity discovered in this
exahpl éyesdeotHeds i s al so expected to be applicable to 1g& and |g04
const aRlihegiPPg) 41 [Exanple 4] Construction of MI4ACK with a nove

optim zed constant regi on sequence . . When an anti body pharnaceuti cal
is ai med at ABwroaRT dpagnents aitRd hpesin awfiperperatad hyciefesense sy BRIr£8tRNCC of Fc
domai n are unnecessary and therefore the binding to Fey receptor is
unnecessary. The binding to Fey receptor is assunmed to be unfavorable from
t he peEé%éE@ives 5 of imrunogenicity and adverse effect (Non-patent

Dogyment s 5 gB@ifbklowl fige Hreba irk@ticd T furkher @péce &y Alesdrifed vaihireReshée to the
TOCI LI ZUVAB dg]es, not ne%d to bind }t)Q Fey ,tlrggceptor, because it only needs to

speci f FEEPPYS-HURH 13 20t DE crrttiupt 8t belpglimEGe Erste i ts biol ogi cal activity
in order to be used as a therapeutic agent for diseases associated with

| L-6, ch as rheumatoid arthritis. Construction and assessnment of
ML4 AGR EWETRRCK] ITIERE RSP FhelﬁéagPlli%é’é:kLﬂQ%?r @rff@%ﬁﬁnmdﬁ@?mdls SPRHISRd const ant
regions A possible nethod for inmpairing the Fey receptor binding is to
t he .gG ant i body fro 9?1 | sotype to I% or | i.sotype (Ann
§HOI QL CXPEGSEION NLLTORSIOT 10412~ O 4 gl ARV © i nating
t he bi agtibddick andFexpregt@pdfthe atibvdidsod of introducing an artificial.
alteration into Fe dommin has heen reported. For exanple, since the .-
effector fu n@? feshee g’?%ﬁf?qe@%é}%éqﬁ?% 1t§ﬂtg‘e éiﬂrt‘ﬁm-‘%ffgq&?ﬁ %@Wné%qﬁis e adverse
ef f ect apti-anmanllaéireceptiraniibody, hhvatniacdeP Mol aptiteslgr{Cancer Ree 18P3 Bel ype
sequencg i n.i.ntro ed into the Fey,receptaor-blnadi ipn of Fe
donmi n TR B Bho BB B e Dby SR RESE Sl BEAG By %L
r e2@pt bmmnoesibi 998 fag;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 IgGs.
An expression vector, in which the constant region of humanized PM-1 antibody (IgG1) used in
Reference Example 1 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-1gG1, WT-IgG2, and WT-IgG4 were expressed by the method described
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 ml of CHO-S-SFM-II medium
(Invitrogen) was added. The prepared plasmid DNA mixture (13.8 pg in total) was combined
35  with 20.7 pl of 1 pg/ml Polyethylenimine (Polysciences Inc.) and 690 pl of CHO-S-SFMII

medium. The resulting mixture was incubated at room temperature for 10 minutes, and then



20anti -CD3 and anti-CD4 anti bodies are currently under clinical trials
(Non- patent Docunents 5 and 8). According to another report (Patent
Docunent 3), Fey receptor-nonbindi ng aB#i bodi es can be prepared by
converting the FcyR-binding domain of 1gGL (at positions 233, 234, 235,
236, 327, 330, and 331 in the EU nunbering system into the sequence of
lg&X (at positions 233, 234, 235, and 236 in the EU nunbering system or
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327, 330, and 331 in the EU nunbering systemto t he sequence of 1904
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inversion at 4°C for four hours or more. The solutlons were transferred into 0 22 -um filter cups

of Ultrafree™-MC (Millipore). After washing three times with 500 ul of TBS, the rProtein A
Sepharose™ resins were suspended in 100 pl of 10 mM HCL/150 mM NaCl (pH 2.0) and the
mixtures were incubated for two minutes to elute the antibodies (hydrochloric acid elution).

20 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.

Gel filtration chromatography analysis of WT-IgG1l, WT-1gG2, and WT-IgG4 purified by:

hydrochloric 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: G3000SWx! (TOSOH)
30 Mobile phase: 50 mM sodium phosphate, 300 mM KCI, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm
The result is shown in Fig. 1. 'While the content of aggregate in WT-IgGl1 after
purification was about 2%, those of WT-IgG2 and WT-1gG4 after purification were about 25%.
This suggests that IgG1 is stable to acid during hydrochloric acid elution, and by contrast, IgG2
35 and IgG4 are unstable and underwent denaturation/aggregation. Thus, the stability of IgG2 and

IgG4 under acidic condition was demonstrated to be lower than that of IgG1. Protein A has



In addition to the nutations described above, other nutations were

i ntroduced, and they were the substitution of valine for nethionine at
position 397 in the EU nunbering systetin 1g02, which was discovered in
Exanple 1 to inprove the stability of 1g02 under acidic 10condition; and
the substitution of serine for cysteine at position 131 in the EU nunbering
system the substitution of lysine for arginine at position 133 in the EU
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t hied e bmimo avid athsttutiofi. cystei ne at position 219 to serine in MI4ACK as a
novel 9-am no acid peptide sequence which potentially serves as a T-cell
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1999 2613-24; this a % ener at es
noA? hunhﬁheéébu@nb@lwstpme Valiecaddesing gespectively, an altered IgG2 antibody that

comprises the substitution of valine for methionine at position 397 in the EU numbering system
(IgG2-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
elution 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  Aggregation assessment method:
System: Waters Alliance
Column: G3000SWx1 (TOSOH)
Mobile phase: 50 mM sodium phosphate, 300 mM KCI, pH 7.0
Flow rate, wavelength: 0.5 ml/min, 220 nm
35 The result is shown in Fig. 1. While the content of aggregate in WT-IgG1 after
purification was about 2%, those in WT-1gG2 and WT-1gG4 after purification were about 25%.
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ef f ect cause unction such as Al can-be avo
usi ng the stability of an IgG2 or IgG4 antibody under acidic condition can be improved by substltutmg

valine for methionine of IgG2 at position 397 in the EU numbering system or lysine for arginine

5  of IgG4 at position 409 in the EU numbering system, respectively. The purified antibodies of
were dialyzed against a solution of 20 mM sodium acetate, 150 mM NaCl, pH 6.0 (EasySEP,
TOMY). DSC measurement (measurements of midpoint temperature and Tm value) was
carried out at a heating rate of 1°C/min from 40 to 100°C at a protein concentration of about 0.1
mg/ml. Furthermore, the midpoint temperatures of thermal denaturation of WT-IgG2,

10 WT-IgG4, IgG2-M397V, and IgG4-R409K were determined. The result showed that the Tm
value for the altered CH3 domain was higher in IgG2-M397V and 1gG4-R409K as compared to
WT-IgG2 and WT-IgG4, respectively. This suggests that IgG2-M397V and IgG4-R409K are
also superior in terms of thermal stability as compared to WT-IgG2 and WT-IgG4, respectively.

IgG2 and [gG4 are exposed to acidic condition in virus inactivation process and in the

15 purification process using Protein A. Thus, denaturation/aggregation in the above processes
was problematic. However, it was discovered that the problem could be solved by using
IgG2-M397V and IgG4-R409K for the sequences of IgG2 and IgG4 constant regions. Thus,
these alterations were revealed to be very useful in developing IgG2 and IgG4 antibody
pharmaceuticals. Furthermore, the usefulness of IgG2-M397V and IgG4-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-IgG1, WT-IgG2, and WT-IgG4 through acetic acid elution from Protein A

25 50 pl of rProtein A Sepharose™ 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-um
filter cups of Ultrafree™-MC (Millipore). After washing three times with 500 pl of TBS, the
rProtein A Sepharose™ resins were suspended in 100 pl 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 ul of 1.5 M Tris-HCI (pH 7.8). The
elution was carried out twice, yielding 200 pl of purified antibodies.

Analysis of WT-1gG1l, WT-IgG2. and WT-IeG4 by cation exchange chromatography (IEC)
35 Purified WT-IgG1, WT-IgG2, and WT-IgG4 were analyzed for homogeneity by cation

exchange chromatography.
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5 B: 25 mM MES-NaOH, 250 mM Na-Acetate, pH 6.1
Flow rate, wavelength: 0.5 ml/min, 280 nm
GradientB: 50%-75% (75 min) in the analysis of WT-IgG1
B: 30%-55% (75 min) in the analysis of WT-IgG2 and WT-1gG4
The result is shown in Fig. 2. WT-IgG2 showed more than one peak in the ion
10  exchange analysis while WT-IgG1 and WT-IgG4 exhibited a single peak. This suggests that
the IgG2 molecule is more heterogeneous as compared to IgG1 and IgG4. Indeed, IgG2
isotypes have been reported to have heterogeneity derived from disulfide bonds in the hinge
region (Non-patent Document 10). Thus, the hetero-peaks of IgG2 shown in Fig. 2 are also
assumed to be objective substance/related substances derived from the disulfide bonds. It is not
15  easy to manufacture them as a pharmaceutical in large-scale while maintaining the objective
substances/related substances related heterogeneity between productions. Thus, homogeneous
(less heterogeneous) substances are desirable as much as possible for antibody molecules
developed as pharmaceuticals. For wild type Ig(G2, 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-IgG2 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 IgG2 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 CH1 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



was purified using 1gG Sepharose 6 Fast Fl ow (Anmersham Bi osci ences) by the
nmet hod described in J. Inrnunol, 2002 Nov 1;169(9):5171-80, foll owed by
further purification using H Trap Q HB§ CE Heal thcare). The binding to
human FcRn was assessed using Biacore 3000. An antibody was 10 bound to
Protein L or rabbit anti-human | gG Kappa chain anti body i nmobilized onto a
sensor chip, human FcRn was added as an analyte for interaction with the
anti body, and the affinity (1CD) was calculated fromthe anount of bound
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WI'- 44to human FcRn were assessed by Bl Acore. As shown in Table 1, the

resul t

'ndi cated that the binding of WI-ML4 was slightly greater than that
of WI-19d . ThdmihblieddsctibXdinMeference Example 1 were used to construct an expression

vector for IgG2-SKSC and to express and purify [gG2-SKSC. The purified IgG2-SKSC and
wild type IgG2 (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-IgG2 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-IgG2, 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-IgG1,
while IgG2-SKSC did not give such a peak. This suggests that [gG2-SKSC is also superior in

35  thermal stability as compared to WT-IgG2.

Although wild type IgGG2 was thought to have a homogeneity problem which is



W-1gGlL 2.07 WI-ML4 1.85 As shown in Fig. 14, however, the retention in

pl asma was conparabl e between WI-1gGlL and WI- ML4 when assessed using human
FcRn transgenic mce. This finding 5suggests that the plasma retention of
the ML4 constant region in human is conparable to that of the 1gGl constant
region. [Exanple 7] Preparation of W-M4, W-MS8, and WI- M/3 whi ch have

i nproved pharmacol cinetics 10 Preparation of the W-M8 nolecule As
described in Exanple 6, the plasnma retention of WI-ML4 in human FcRn
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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 sequénce of wild type IgG1 to delete the C-terminal lysine and glycine 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 lysine.

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 lysine (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 Example 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



30del etions of glycine at position 446, EU nunbering and |ysine at position
447, EU nunbering to reduce H chain Cterm nal heterogeneity. Furthernore,
WI- M73 (am no acid sequence of SEQ IDANO 28) was generated by introducing
into WI- Mb8 a substitution of alanine at position 434, EU nunberi ng.
Expressi on vectors for the above anti bodi es were constructed by the nethod
described 51 in Exanple 1. WI-M44, W-MS8, or WI-M/3 was used as H chain,
while L (W) was used as L chain. WI- W4, W-M8, and WI- M/3 wer e expressed
and pueitfanezchange ishromstogsephyeanelyisisaee dasciketilewl . Chrapraselrems for haseizedent

of thep ?9@5 %/cﬁf%ﬁ F@ The
bi ndi ngglig O‘I?’g%rghla% %ﬂl\{g@mﬁa %gaé MﬁﬁldaPAg%ﬁ\P\gc}%wessessed
by Bl Aeonpared\s shown in Table 2, the result indicates that the bindings of

WI- VA4, WI- Vb8, an@ol\/l\gmwl?bp%wgkeﬁj@jloﬁg;@n Wr-1g3, and about 2.7, 1.4,
and 3.8 tines of th resioectlveleéH 10 Table 2 Kl D(4M V\7|'-IgG

11.%2 WI- M44 0.59 Wbﬂesllasw W'?IWBI‘HQ /WMES/NaOH, pHAsl 3 result of assessing

WI-1gd, W-M4, and WI- Vb8 f g3 sshginb/PAASIRaOEL 856 hﬁﬁbUlNa@?MECRﬂ
transgenic mce, as shown in Fig. 24, W-M38 was confirmed t'0 have
i ncr eased Flow rate: 0.5 ml/mln

Gradient: 25% B (5 min) -> (105 min) -> 67% B -> (1 min) -> 100% B (5 min)
Detection: 280 nm
10 The analysis result for the non-altered humanized PM-1 antibody, H chain C-terminal
AK antibody, and H chain C-terminal AGK antibody is shown in Fig. 6. According to
Non-patent Document 10, a basic peak with more prolonged retention time than that of the main
peak contains an H chain C terminus with Lys at position 449 and an H chain C terminus with
amidated Pro at position 447. The intensity of the basic peak was significantly reduced in the H
15 chain C-terminal AGK antibody, while no such significant reduction was observed in the H chain
C-terminal AK antibody. This suggests that the C-terminal heterogeneity of the H chain can be
reduced only when the two C-terminal amino acids are deleted from the H chain.
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  terminus 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. After 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 IgG1, IgG2, and Ig(G4 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 IgG2 and IgG4 constant regions.
35



15 retention in plasma relative to WI-1gGl and WI- ML4. Furt her nor e,
W-1gd, W-M4, W-M8, and WI- M/3 were assessed for their plasm
retention in human FoRn transgenic mc4l As shown in Fig. 15, all of

WI- M4, WI- Mb8, and WI- M73 were confirmed to have inproved pharnacokinetics
relative to WI-1gd@ . The pharnmacol ci netics-inproving effect correlated with
the binding activity to human FcRn. In particular, the plasna | evel of

WI- 73 at Day 28 was 20i nproved to about 16 tinmes of that of Wi-1gd . This
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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. Inthe FcyR-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 amino 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 IgG4 (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



[ Exanpl e 9] Effect of the novel constant region M8 to inprove the

phar macoki netics in various anti bodies As described in Exanple 7, it was
denonstrated that conversion of the coagtant region 25 fromIgGl into M8
in the humani zed anti-IL-6 receptor PML anti body (W) inproved the binding
to human FcRn and pharmacoki netics in human FcRn transgenic mce. So, |1gGl
type anti bodi es other than the humani zed PML anti body were also tested to

assess whet her their pharmacokinetics can be inproved by converting their
const aftteratigh ohthemronoeads dpesibons Y. 48 Aenddhbin theEthovmherrisySIoR @iihe body
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human GaRbeANy §RenTRi 1309, Hosaridad thal SRl iRd abbge.result is shown in
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substitution of serine for cysteine at position 219 in the EU numbering system, which were
discovered in Example 2 to improve the heterogeneity originated from disulfide bonds in the
hinge region. Furthermore, since the mutations at positions 131 and 133 generate a novel
15  peptide sequence of 9 amino acids, potentially serving as a non-natural T-cell epitope peptide,
and thus generate the immunogenicity risk, the peptide sequence around positions 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 and lysine at
20  positions 446 and 447 in the EU numbering system were deleted from the C terminus of H chain
to reduce 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
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-M14AGK, 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



10[ Exanpl e 10] Effect of cysteine in the CH domain on heterogeneity and
stability As described in Exanple 2, cysteines in the hinge region
and CH1 domain of 1g02 were substitutegito decrease the heterogeneity of
natural 1g02. Assessnent of various altered antibodi es reveal ed that

het erogeneity could be reduced w t hout decreasing stability by using SKSC
(SEQ ID NO 154). SKSC (SEQ ID NO 38) is an altered constant region
obt ai ned by 15substituting serine for cysteine at position 131 and |ysine
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exchange chr Q“HB‘F@QU&)%&ng $as Bgyesset By lﬁhegprodeﬂure descnbed below. Using Biacore

T100, human-derived Fey receptor I (hereinafter FeyRI) immobilized onto a sensor chip was

20  allowed to interact with [gG1, IgG2, 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 FeyRI, and IgG1, IgG2,
IgG4, M11AGK, M14AGK, and M17AGK as samples. FcyRI was immobilized onto the sensor
chip CM5 (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
wl/min.  The sample concentration was adjusted to 100 pg/ml using HBS-EP+. The analysis
included 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
with HBS-EP+. After the dissociation phase, the sensor chip was regenerated by injecting 20

30 pl of 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  order of: IgG1 > 1gG4 >> [gG2 = M11AGK =M14AGK = M17AGK. Thus, it was revealed
that the FcyRI binding of wild type IgG2, M11AGK, M14AGK, and M17AGK was weaker than



As shown in Fig. 17, conversion of the constant region froman IgGlL type to
an 1g& type was denonstrated to increase heterogeneity in both WI' and

F2H L39. In contrast, heterogeneity ma% 4 significantly decreased by
converting the constant region into SKSC and ML4 or Mb8. Meanwhil e,
conversion of the constant region into SC significantly decreased
10heterogeneity, as in the case of SKSC. However, conversion into CS did
not sufficiently inprove heterogeneity. In addition to | ow
heterogemefwydqhkggGsmangmay i's generally desi red when preparing stable
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The measurement was carried out after the baseline was stabilized. The immobilized FcyRIla
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 IgG or
altered form thereof was adjusted to 100 pg/ml. 20 pl of an analyte was injected and allowed to
interact with the immobilized FcyRIla. After interaction, the analyte was dissociated from
FcyRIla and the sensor chip was regenerated by injecting 200 pl of the running buffer. As
analytes, IgG4, IgG2, IgG1, 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 > I[gG2 =1gG4 > M11AGK = M14AGK =
M17AGK. Thus, it was revealed that the FcyRIIa binding of M11AGK, M14AGK, and
M17AGK was weaker than that of wild type IgG1, 1gG2, and 1gG4.

25 The FeyRIIb binding was assessed by the procedure described below. Using Biacore
T100, human-derived Fcy receptor IIb (hereinafter FeyRIIb) immobilized onto a sensor chip was
allowed to interact with IgG1, IgG2, 1gG4, M11AGK, M14AGK, or M17AGK as an analyte.

The amounts of bound antibody were compared. The measurement was conducted using
Recombinant Human FcRIIB/C (R&D systems) as human-derived FeyRIIb, and IgG1, 1gG2,

30 1gG4, M11AGK, M14AGK, and M17AGK as samples. FcyRIIb was immobilized onto the
sensor chip CM5 (BIACORE) by the amine coupling method. The final amount of
immobilized FcyRIIb 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 FcyRIIb was allowed to interact with an antibody of each IgG isotype (IgG1,

35  1gG2, 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



WI-CS 86.4 WI- SKSC 93.7 WI- Mb8 93.7 The Tm val ues of WI-1gGl and
WI-19g02 were al nost the sane (about 94C, Tm of Ig& was about 1C | ower).
Meawhi | e, the Tm val ues of W-SC and W5CS were about 86C, and thus
significantly | ower than those of WI-1gGl and WI-1g02. On the other hand,
the Tm 30 val ues of WI-Mb8 and WI- SKSC wer e about 94C, and conparable to
those of WI-1gGL and WI-1g02. This suggests that WI-SC and WI-CS are

mar kedly unstable as conpared to Ig&, La -- rg2tré& | e:al b4PlEr
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were injected in this order. This series of injection was repeated twice. The result of
comparison of data on the amounts of bound antibody determined is shown in Fig. 9. The
comparison shows that the amount of bound antibody is reduced in the order of: IgG4 > IgG1 >
1gG2 > M11AGK = M14AGK = M17AGK. Thus, it was revealed that the FcyRIIb binding of
10 MI1AGK, M14AGK, and M17AGK was weaker than that of wild type IgG1, IgG2, and IgG4.
The FcyRIlla binding was assessed by the procedure described below. Using Biacore
T100, human-derived Fcy receptor I1la (hereinafter FcyRIIla) immobilized onto a sensor chip
was allowed to interact with IgG1, IgG2, IgG4, M11AGK, M14AGK, or M17AGK as an analyte.
The amounts of bound antibody were compared. The measurement was conducted using
15 hFcyRIIIaV-His6 (recombinant hFcyRIIIaV-His6 prepared in the applicants’ company) as
human-derived FcyRIIla, and IgG1, IgG2, IgG4, M11AGK, M14AGK, and M17AGK as samples.
FcyRIIla was immobilized onto the sensor chip CM5 (BIACORE) by the amine coupling method.
The final amount of immobilized hFcyRIIlaV-His6 was about 8200 RU. The running buffer
used was HBS-EP+, and the flow rate was 5 pl/min. The sample concentration was adjusted to
20 250 pg/ml using HBS-EP+. The analysis included 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 with HBS-EP+.  After the dissociation phase, the
sensor chip was regenerated by injecting 20 pl of 5 mM hydrochloric acid. The association,
dissociation, and regeneration constitute one analysis cycle. Various antibody solutions were
25 injected to obtain sensorgrams. As analytes, [gG4, IgG2, IgG1, M11AGK, M14AGK, and
M17AGK 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 > IgG2 > M17AGK > M11AGK =
MI14AGK. Thus, it was revealed that the FcyRIIla binding of M11AGK, M14AGK, and
30 MI17AGK was weaker than that of wild type I1gG1, IgG2, and IgG4. Furthermore, the FcyRIIIa
binding of M11AGK 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 Fcy 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 Fcy receptor-mediated internalization into APC and
adverse effects caused by the effector function such as ADCC can be avoided by using



determ ned are shown in Table 5 (see Reference Exanple for nethod).
Furthernore, their 5BaF/ gpl30-neutralizing activities were conpared to
those of TOCI LI ZUMAB and the control (ke known high affinity anti-I1L-6
receptor antibody described in Reference Exanple, and V@F11-21 hlgGl
described in US 2007/ 0280945) (see Reference Exanple for nethod). The
results obtained by determ ning the biological activities of these

ant i bodi es usi ng BaF/ gpl30 are shown in Fig. 19 (TOCI LI ZUVAB, the control,
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sta 111 1gh concentrations. The condltlons were as follows.

Antibodies: WT-IgG1, WT-M14AGK, WT-M17AGK, and WT-M11AGK
Buffer: 20 mM histidine chloride, 150 mM NaCl, 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: G3000SWxI1 (TOSOH)
20 Mobile phase: 50 mM sodium phosphate, 300 mM KCl, pH 7.0
Flow rate, wavelength: 0.5 ml/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-M14AGK, WT-M17AGK, and WT-M11AGK increased only 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-M17AGK, 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,



2. 7TE-09 Fv3-WM/3 8.5E-F05 8. 7E-04 1.0E-09 Fv4-M/3 7.5E+05 1. 0E-03 1.4E-09
Fv5-MB3 1. 1E+06 2.8E-05 2.5E-11 The isoelectric points of TOC LI ZUVAB, the
control, Fv3-Mr3, Fv4-Mr3, and 25 Fv5-M3 were determ ned by isoelectric
focusing using a nethod known to those skilled in the art. The result
showed that the isoelectric point was about 9.3 for TOCI LI ZUVAB; about 8.4
to 8.5 for the control; about 5.7 to 5.8 for Fv3-M/3; about 5.6 to 5.7 for
Fv4-Mr3; and 5.4 to 5.5 for Fv5-MB3. Thus, each antibody had a
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4.27 for each anti
5 cond1t10n (2) improve the heterogeneity ongmated from disulfide bonds in the hinge region; (3)

not bind to Fcy receptor; (4) have a minimized number of novel peptide sequences of 9 amino
acids which potentially serve as T-cell epitope peptides; and (5) have a better stability than IgG1

in high-concentration formulations.

10  [Example 5] Preparation and assessment of M31AGK
MI14AGK prepared in Example 4 was altered by substituting the IgG2 sequence for the
amino acids at positions 330, 331, and 339 in the EU numbering system to construct M31AGK
(M31AGK, SEQID NO: 7). An expression vector for a sequence of antibody H chain whose
variable region is WT and constant region sequence is M31AGK (WT-M31AGK, SEQ ID NO:
15  22) was constructed by the method described in Reference Example 1. Using WT-M31AGK H
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/1 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 1gG2 can also be avoided in WT-M31AGK.

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

35  Method for estimating the retention in human plasma

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



57 a significantly |l owered isoelectric point when conpared to TOCI LI ZUVAB
and the control. Accordingly, the pharnmacokinetics of Fv3-M/3, Fv4-M’3, and
Fv5- M83 was thought to be inproved wh conpared to QU | ZUVAB and the
control. T-cell epitopes in the variable region sequence of TOCI LI ZUVAB,
Fv3- M3, Fv4-Mr3, 5or Fv5-MB3 were anal yzed using TEPI TOPE (Met hods. 2004
Dec; 34(4):468-75). As a result, TOC LI ZUVMAB was predicted to have T-cel
epi t opes, of which many could bind to HLA. In contrast, the nunber of
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improving the above-described binding to human FcRn, and this is achleved by altering the

sequence of IgG constant region (J. Biol. Chem. 2007 Jan 19;282(3):1709-17; J. Immunol. 2006
15 Jan 1;176(1):346-56).
There are species-specific differences between mouse FcRn and human FcRn (Proc.
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 FcRn

FcRn is a complex of FcRn and f2-microglobulin.  Oligo-DNA primers were prepared
based on the human FcRn 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 FcRn as set forth in SEQ ID NO: 24).
30 Likewise, oligo-DNA primers were prepared based on the human $2-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 cDNA, 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 2-microglobulin as set forth in SEQ
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The affinity was computed using BIAevaluation Software. The obtained sensorgram
was used to calculate the amount of hFcRn 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 FcRn transgenic mice

The pharmacokinetics in human FcRn 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 to human FcRn were assessed by BIAcore.
As shown in Table 1, the result indicated that the binding of WT-M14 was slightly greater than
that of WT-IgGl1.

35



15their activities as an anti-IL-6 receptor-neutralizing antibody when
conpared to TOCI LI ZUVMAB and the control, and thus enable to significantly
reduce the dosage and frequency of adnkpistration. Furthernore, Fv5-M3 was
denonstrated to be remarkably superior in terns of the strength of activity
as an anti-1L-6 receptor-neutralizing antibody as well as sustaining their
activity. Thus, Fv3-M/3, Fv4-M/3, and Fv5-MB3 are expected to be useful
20as pharnaceutical 1L-6 antagonists. [Reference Exanple] Pretaration of
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Preparation of the WT-M58 molecule
As described in Example 6, the plasma retention of WT-M14 in human FcRa transgenic

mice was comparable to that of WT-IgG1l. Known methods to improve pharmacokinetics
include those to lower the isoelectric point of an antibody and those to enhance the binding to

15 FcRn. 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 glutamine 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-M58 and
L(WT) were used as H chain and L chain, respectively. WT-MS58 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-MS83 (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-M58 a substitution of alanine at position
434, EU numbering.

Expression vectors for the above antibodies were constructed by the method described
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pharmacokinetics relative to WT-IgG1l. 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-IgG1. 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 IgG2 could be reduced by converting the IgG2 constant region to M14 in the
humanized anti-IL-6 receptor PM1 antibody (WT). I1gG2 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/L39 (the amino acid sequences of F2H/L39 VH and F2H/L39 VL as set forth in
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cynonol g-us nonkey IL-6 receptor (clL-6R) prepared as descri bed above was
used as a standard. Then the percentage of soluble IL-6 receptor
neutralization was cal culated by followng fornmula. Free soluble IL-6
receptor concentration after anti body adm nistration x 100 5 Soluble IL-6
r ecept SEQdhE Ot 2%dndald), bespentivemitantiddly3 arteeniosantiodphOLO (the amino acid

sequences of HOLO 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

5  IgG1 constant region (SEQ ID NO: 1), IgG2 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/IM NaCl (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 F2H/L.39, anti-IL-31 receptor

15 antibody HOLO, and anti-RANKL 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 CH1 domain and at position 219, EU numbering,

20  in the upper hinge of H chain.

[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.  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  antibody HOLO (the amino acid sequences of HOLO_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:
35) 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.
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improved. This suggests the possibility that regardless of the type of antigen or sequence of

antibody variable region, the pharmacokinetics in human is improved by converting the constant
region from the IgG1 type to MS8.

10  [Example 10] Effect of cysteine in the CH1 domain on heterogeneity and stability
As described in Example 2, cysteines in the hinge region and CH1 domain of IgG2 were
substituted to decrease the heterogeneity of natural IgG2. Assessment of various altered
antibodies revealed that heterogeneity could be reduced without decreasing stability by using
SKSC (SEQ ID NO: 154). SKSC(SEQ ID NO: 38) is an altered constant region obtained by
15  substituting serine for cysteine at position 131 and lysine for arginine at position 133, EU
numbering, in the H-chain CH1 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
20  numbering, in the H-chain upper hinge. The altered IgG2 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-IgG1, WT-IgG2, WT-SKSC, and WT-M58 in terms of heterogeneity
25  and thermal stability. Furthermore, F2H/L39-1gG1, F2H/L.39-1gG2, F2H/L39-SC,
F2H/L39-CS, F2H/L39-SK SC, and F2H/L39-M 14, 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 ID 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-IgG2, WT-SC, WT-CS, WT-SKSC, WT-M58, F2H/L39-1gG1,
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WT-SC, WT-CS, WT-SKSC, and WT-M58 were dialyzed (EasySEP; TOMY) against a solution
20  of 20 mM sodium acetate, 150 mM NaCl, pH 6.0. DSC measurement was 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 Table4

Tm/°C
WT-IgG1 94.8
WT-1gG2 93.9
WT-SC 86.7
WT-CS 86.4
WT—-SKSC 93.7
WT-M58 893.7

The Tm values of WT-IgG1 and WT-IgG2 were almost the same (about 94°C; Tm of
IgG2 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-IgG1 and WT-IgG2. On the other hand, the Tm
30  values of WT-M58 and WT-SKSC were about 94°C, and comparable to those of WT-IgG1 and
WT-IgG2. This suggests that WT-SC and WT-CS are markedly unstable as compared to 1gG2,
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cysteine, are insufficient as constant regions to decrease heterogeneity originated from the hinge
region of Ig(G2. It was thus discovered that the heterogeneity could be significantly decreased
while maintaining an I[gG2-equivalent stability, only when the cysteine at position 131, EU
25  numbering, 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 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-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 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
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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

20 known high-affinity anti-IL-6 receptor antibody).

Table 5

k,(1/Ms)  Kq(1/s) KD (M)
TOCILIZUMAB __ 40E+05 1.1E03  2.7E-00

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 2.8E-05 2.5E-11

The isoelectric points of TOCILIZUMARB, 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 9.3 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 CORPORATION). The
result showed that the theoretical isoelectric point was 9.20 for TOCILIZUMARB; 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



28. A human anti body constant region conprising the am no acid sequence of
SEQ I D NO 43. 29. A human anti body constant region conprising the

am no acid sequence of SEQ ID NO 57 397 (M40, AGK). 30. A hunman anti body
constant region conprising the am no acid sequence of SEQ ID NO 55 (MB6).
66 32. An anti-IL-6 receptor antibody conprising the constant region of any
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improved when compared to TOCILIZUMAB and the control.
T-cell epitopes in the variable region sequence of TOCILIZUMAB, Fv3-M73, Fv4-M73,

5  or Fv5-M83 were analyzed using TEPITOPE (Methods. 2004 Dec;34(4):468-75). As aresult,

TOCILIZUMAB was predicted to have T-cell epitopes, of which many could bind to HLA. In

contrast, the number of sequences that were predicted to bind to T-cell epitopes was significantly

reduced in Fv3-M73, Fv4-M73, and Fv5-M8&3. In addition, the framework of Fv3-M73,

Fv4-MT73, or Fv5-M83 has no mouse sequence and is thus fully humanized. These suggest the

10 possibility that immunogenicity risk is significantly reduced in Fv3-M73, FV4-M73, and
Fv5-M83 when compared to TOCILIZUMAB.

[Example 12] PK/PD test of fully humanized anti-IL-6 receptor antibodies in monkeys
Each of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73, and Fv5-M83 was
15  intravenously administered once at a dose of I mg/kg to cynomolgus monkeys to assess the time
courses of their plasma concentrations (see Reference Example for method). The plasma
concentration time courses of TOCILIZUMARB, 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 TOCILIZUMAB and the control. Ofthem, Fv3-M73 and
Fv4-M73 exhibited substantially improved pharmacokinetics when compared to
TOCILIZUMAB.
The efficacy of each antibody to neutralize membrane-bound cynomolgus monkey IL-6
receptor was assessed. Cynomolgus monkey IL-6 was administered subcutaneously in the
25  lower back at 5 ng/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 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  cynomolgus 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 cynomolgus
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
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Thr Leantigk-6lreecp8aranfibedyThr Ferthen@ore, vadh aftiv3ayig 3186186 34and Fv5-M83

neutralized soluble cynomolgus monkey [L-6 receptor in a more sustainable way, and suppressed
the increase of free soluble cynomolgus monkey IL-6 receptor over a longer period when
compared to TOCILIZUMARB and the control. These findings demonstrate that all of Fv3-M73,
5  Fv4-M73, and Fv5-M83 are superior in sustaining the neutralization of membrane-bound and
soluble IL-6 receptors than TOCILIZUMAB and the control.  Of them, Fv3-M73 and Fv4-M73
are remarkably superior in sustaining the neutralization. Meanwhile, Fv5-M83 suppressed CRP
and free soluble cynomolgus monkey IL-6 receptor more strongly than Fv3-M73 and Fv4-M73.
Thus, Fv5-M83 is considered to be stronger than Fv3-M73, Fv4-M73, and the control (the
10 known high-affinity anti-IL-6 receptor antibody) in neutralizing membrane-bound and soluble
IL-6 receptors. It was considered that results in iz vivo of cynomolgus monkeys reflect the
stronger affinity of Fv5-M83 for IL-6 receptor and stronger biological activity of Fv5-M83 in the
BaF/gp130 assay system relative to the control.
These findings suggest that Fv3-M73 and Fv4-M73 are highly superior in sustaining
15  their activities as an anti-IL-6 receptor-neutralizing antibody when compared to
TOCILIZUMARB 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 Fv5-M&3 are expected to be useful

20  as pharmaceutical IL-6 antagonists.
[Reference Example]

Preparation of soluble recombinant cynomolgus monkey IL.-6 receptor (cIL-6R)

25 Oligo-DNA primers were prepared based on the disclosed gene sequence for Rhesus
monkey IL-6 receptor (Birney ef 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 Healthcare Bioscience) and then concentrated with
Amicon Ultra-15 Ultracel-10k (Millipore). A final purified sample of soluble cynomolgus
monkey IL-6 receptor (hereinafter cIL-6R) was obtained through further purification on a

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



Val

Val Val Asp Val Ser H's Qu Asp Pro Qu Val Lys Phe Asn Trp

145150155160 Tyr Val Asp Ay Val Qu Val H's Asn Ala Lys Thr Lys Pro Arg

du
Leu
Ay
Au
Phe
Au
Phe

10

15

20

25

30

35

165170175 Gu G n Tyr Asn Ser Thr 3Jyr Arg Val Val Ser Val Leu Thr Val
180185190 Lys Ala Leu Pro Ala Pro He Qu Lys Thr Ile Ser Lys Ala Lys
210215220 A n Pro Arg Gu Pro Gn Val Tyr Thr Leu Pro Pro Ser Arg Asp
225230235240 Leu Thr Lys Asn G n Val Ser Leu Thr Cys Leu Val Lys Ay
Tyr 245250255 Pro Ser Asp He Ala Val Qu Trp Qu Ser Asn Ay Gn Pro
As BreaG2i65 27 ecAsrhirbyt cinpsioldus ridnkePdb-FictL-Yal Leu Asp Ser Asp Ay Ser

Phe 2752%9&&?‘101@5 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 resulting vector
was introduced into CHO cells to prepare a stable expression cell line (cyno.IL-6-producing
CHO cell line). The culture medium of cyno.JL-6-producing CHO cells was purified using a
SP-Sepharose/FF column (GE Healthcare Bioscience) and then concentrated with Amicon
Ultra-15 Ultracel-5k (Millipore). A final purified sample of cynomolgus monkey IL-6
(hereinafter cIL-6) was obtained through further purification on a Superdex75pg26/60 gel
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
known high-affinity anti-IL-6 receptor antibody. VQ8F11-21 hIgG1 is described in US
2007/0280945 A1 (US 2007/0280945 A1l; 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
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

Example 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 RPMI1640
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/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% FBS. The cell suspensions were dispensed (50
ul/well) into 96-well plates (CORNING). Then, the purified antibodies were diluted with
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-8; Dojindo



Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp An Gn @y Asn 290295300
Val Phe Ser Cys Ser Val Met Hs Qu Ala Leu H's Asn H s Tyr Thr
305310315320 A n Lys Ser Leu Ser Leu 3 Pro Ay Lys 325330 <212> PRT
<213> Honp sapi ens <400> 2 Ala Ser Thr Lys Ay Pro Ser Val Phe Pro Leu Al a
Pro Cys Ser Arg 151015 Ser Thr Ser Qu Ser Thr Ala Ala Leu Ay Cys Leu Val
Lys Asp Tyr 202530 Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu

Thr Ser 354045 Ay Val H's Thr Phe Pro Ala Val Leu Gn Ser Ser Gy Leu Tyr
Ser Laboratories) was diluted two-fold with PBS. Immediately after 20 pl of the reagent was added

to each well, the absorbance at 450 nm (reference wavelength: 620 nm) was measured using
SUNRISE CLASSIC (TECAN). After culturing for two hours, the absorbance at 450 nm
(reference wavelength: 620 nm) was measured again. The [L-6 receptor neutralizing activity

5  was assessed using the change of absorbance during two hours as an indicator.

Biacore-based analysis of binding to I1.-6 receptor

Antigen-antibody reaction kinetics was analyzed using Biacore T100 (GE Healthcare).

The SR344-antibody interaction was measured by immobilizing appropriate amounts of anti-IgG

10 (y-chain specific) F(ab’); onto a sensor chip by amine coupling method, binding antibodies of
interest onto the chip at pH7.4, and then running IT-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 kg4 (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 IL-6

receptor in monkevs

20 The plasma concentrations in cynomolgus monkeys were determined by ELISA using a
method known to those skilled in the art.
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
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 pul 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 IL.-6 receptor in the solution that passed through
35 Protein A. The concentration of soluble cynomolgus monkey 1L-6 receptor was determined

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



505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay Thr G n Thr
65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Wh Thr Lys Val Asp Lys
859095 Thr Val GEL] Arg Lys Cys Cys Vabld u Cys Pro Pro Cys Pro Ala Pro
100105110 Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp
130135140 Val Ser Hs Qu Asp Pro Qu Val G n Phe Asn Trp Tyr Val Asp Gy
145150155160 Val G u Val H's Asn Ala Lys Thr Lys Pro Arg Qu G u G n Phe

Asn 16

1701 Ser Thr Phe Arg Val,K Val Ser | Leu Thr__Val Val His G n Asp
o To0YESTen Serien PRl neRnler Moty Bt rERGAT L) NERTEYSS G y Loy

Pro

10

described above was used as a standard.
Then the percentage of soluble IL-6 receptor neutralization was calculated by following
formula.
Free soluble IL-8 receptor concentration after antibody administration
Soluble [L-6 receptor concentration before antibody administration

x 100

Industrial Applicability

The present invention provides antibody constant regions suitable for pharmaceuticals,
whose physicochemical properties (stability and homogeneity), immunogenicity, safety, and

pharmacokinetics have been improved by amino acid alteration.



195200205 Ala Pro Ile Qu Lys Thr Ile Ser Lys Thr Lys Ay Gn Pro Arg Gu
210215220 Pro A n Val Tyr Thr Leu Pro Pro Ser Arg AQu Gu Met Thr Lys Asn
225230235240 G n Val Ser Leu Thr Cys lgu Val Lys Ay Phe Tyr Pro Ser Asp

Il e 245250255 Thr Pro Pro Met Leu Asp Ser Asp Gy Ser Phe Phe Leu Tyr Ser
Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gn Gn aly Asn Val Phe Ser
Cys 290295300 Ser Val Met H's Qu Ala Lou H's Asn H's Tyr Thr G n Lys Ser
Leu 305310315320 Ser Leu Ser Pro Ay Lys 325 <210> 3

CLAIMS

1. A human antibody constant region of any one of:

5  (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;

(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
10 numbering system) in the amino acid sequence of SEQ ID NO: 2; and

(¢) 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.

15 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.

20 3. AnIgG2 constant region in which the amino acid at position 276 (position 397 in the EU
numbering systemn) in the amino acid sequence of SEQ ID NO: 2 has been substituted with

another amino acid.

4. An IgG2 constant region in which the amino acids at positions 14 (position 131 in the EU
25  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

with another amino acid.

5. The IgG2 constant region of claim 4, in which the amino acids at positions 20 (position 137 in
30 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.

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 Gln at position
35 298 (position 419 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 2

have been substituted with other amino acids.



<211> 327 <212> PRT <213> Hono sapiens <400> 3 Ala Ser Thr Lys Gy Pro Ser

Val

Leu
Gn
Ser
Thr

Cys

Pro

10

15

20

25

30

35

Phe Pro Leu Ala Pro Cys Ser Arg 151015 Ser Thr Ser Qu Ser Thr Ala Al a
Ay Cys Leu Val Lys Asp Tyr 2025363 Gy Val H's Thr Phe Pro Ala Val Lou
Ser Ser Ay Lou Tyr Ser 505560 Leu Sr Ser Val Val Thr Val Pro Ser Ser
Lou Gy Thr Lys Thr 65707580 Tyr Thr Cys M Val Asp His Lys Pro Ser Asn
Lys Val Asp Lys 859095 Arg Val Qu Ser Lys Tyr Ay Pro Pro Cys Pro Pro
Pro Ala Pro 100105110 Qu Phe Leu Ay Ay Pro Ser Val Phe Leu Phe Pro
Lys Pro Lys 115120125

7. 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), 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 systém), 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.

8. The IgG2 constant region of claim 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
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 amiino acid
sequence of SEQ ID NO: 2 have been substituted with other amino acids.

10. The IgG2 constant region of claim 9, 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).

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
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 IgG2 constant region of claim 11, 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).

13. An IgG2 constant region in which Cys at position 14 (position 131 in the EU numbering



Asp Thr Leu Met Ile Ser Arg Thr Pro Gu Val Thr Cys Val Val Val 130135140
Asp Val Ser A n GQu Asp Pro Qu Val dn Phe Asn Trp Tyr Val Asp
145150155160 Ay Val Qu Val H's Asn A4 Lys Thr Lys Pro Arg Au Qu Adn
Phe 165170175 Trp Lou Asn Ay Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Qy
Lou 195200205 Pro Ser Ser Ile GQu Lys Thr Ile Ser Lys Ala Lys Ay Gn Pro
Arg 210215220 Qu Pro Gn Val Tyr Thr Lou Pro Pro Ser Gn Gu Gu Mt Thr

Lys 225230235240 Aspn. A n Val. Ser_.leu Thr Cys Lou Val Lys Ay Phe Tyr Pro
Ser AspY 562 85PqsItionAl 6Positiond 37 Hrthe gﬁbﬂ%@?@%ﬂé@ﬁ@ﬁ anbpas@lal%%n Asn

Tyr Lygpodfifd4638 iR 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

5  EU numbering system), Gln at position 298 (position 419 in the EU numbering system), and Asn
at position 313 (position 434 in the EU numbering system) in the amino acid sequence of SEQ
ID NO: 2 have been substituted with other amino acids.

14. The IgG2 constant region of claim 13, which further comprises deletions of both Gly at
10  position 325 (position 446 in the EU numbering system) and Lys at position 326 (position 447 in
the EU numbering system).

15. An IgG4 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

15  another amino acid.

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, 133,
137, 138,214, 217, 219, 220, 221, and 222 in the EU numbering system, respectively), and

20  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 from the amino acid sequence of
SEQ ID NO: 3.

25  17. The IgG4 constant region of claim 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).

18. An IgG2 constant region in which Ala at position 209 (position 330 in the EU numbering
30  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) in the
35  amino acid sequence of SEQ ID NO: 2 have been substituted with other amino acids.



Thr Thr Pro Pro Val Leu Asp Ser Asp Gy Ser Phe Phe Leu Tyr Ser 275280285
Arg Leu Thr Val Asp Lys Ser Arg Trp Gn Gu Ay Asn Val Phe Ser 290295300
Cys Ser Val Met Hs Qu Ala Leu H's Asgs H's Tyr Thr G n Lys Ser
305310315320 Leu Ser Leu Ser Leu Gy Lys 325 <210> 4 <211> 326 <212> PRT
<213> Artificial <220> <223> An artificially synthesized pepti de sequence
<400> 4 Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

151015 Ser Thr Ser Gy Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr
19. The IgG2 constant region of claim 18, 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).

5  20. 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
numbering system), and Ser at position 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.

10
21. The IgG2 constant region of claim 20, 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).

15  22. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 5.
23. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 7.
24. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 9.
20
25. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 35.
26. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 36.
25  27. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 37.

28. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 43.

29. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 57
30 (M40AGK).

30. A human antibody constant region comprising the amino acid sequence of SEQ ID NO: 55
(M86).

35  31. An antibody comprising the constant region of any one of claims 1 to 30.



202530 Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser
354045 Gy Val His Thr Phe Pro Ala Val Leu @ n Ser Ser Gy Leu Tyr Ser
505560 Leu Ser Ser Val Val Thr Val Pros6er Ser Asn Phe Ay Thr @ n Thr
65707580 Tyr Thr Cys Asn Val Asp Hi s Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 10 Pro Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115120125 Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp

130135140 Val Ser His Gu Asp Pro Qu Val @ n Phe Asn Trp Tyr Val Asp Ay
14515033548 @nti-1L-6 receptor antibody comprising the constant region of any one of claims 1 to 30.

33. A pharmaceutical composition comprising the constant region of any one of claims 1 to 30.



Val

AQu Val H's Asn Ala Lys Thr Lys Pro Arg Gu G u G n Phe
Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val H's Gn Asp
Leu Asn Gy Lys Qu Tyr Lys Cys Lys Val{ Ser Asn Lys Ay Leu
Ser Ser Ile Au Lys Thr Ile Ser Lys Ala Lys Gy Gn Pro Arg

Pro Gn Val Tyr Thr Leu Pro Pro Ser Arg Gu Gu Met Thr Lys

225230235240 11 Al a Val
Lys Thr 260265270 Thr Pro Pro Val

Asn 165170175
Trp 180185190
Pro 195200205
du 210215220
Asn

GQu Trp Au Ser Asn Ay Gn Pro Qu Asn Asn Tyr
Leu_Asp Ser Asp Ay Ser Phe Phe Leu Tyr

Ser Lys 275280285 Leu Thr V§E0ULE§|§EL|-3)§TB¥£) Arg Trp G@n A@n Ay Asn Val Phe
Ser Cys

<110> CHUGAI SEIYAKU KABUSHIK! KAISHA

<120> Modified antibody constant region

<130> G1-A0709P

<150> JP 2007-250147
<151> 2007-09-26

<160> 58

<170> Patentln version 3.4

Q210> 1

211> 330

212> PRT

<213> Homo sapiens

<400> 1

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



290295300 Ser Val Met Hs GQu Ala Leu H's Asn Hs Tyr Thr G n Lys Ser Leu
305310315320 Ser Leu Ser Pro Ay Lys 325 <210> 5 <211> 324 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 5
12 Ser Thr Ser Gy Gy Thr Ala Ala LeuzGly Cys Leu Val Lys Asp Tyr 202530
Phe Pro GQu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser 354045 dvy
Val H's Thr Phe Pro Al a Val

Leu Ser Ser Val
65

Tyr Ile Cys Asn

Lys Val Glu Pro
100

Pro Ala Pro Glu
115

Lys Pro Lys Asp
130

Val Val Val Asp
145

Tyr Val Asp Gly

Glu GIn Tyr Asn
180

His Gln Asp Trp
195

Val Thr Val

70

Val
85

Asn His

Lys Ser Cys

Leu Leu Gly

Thr Leu Met

135

Val Ser His

150

Val
165

Glu Val

Thr Tyr

Ser

Leu Asn Gly

Pro Ser Ser

Lys Pro Ser
90

Asp- Lys Thr
105

Gly Pro Ser
120

lle Ser Arg

Glu Asp Pro

His Asn Ala
170

Arg Val Val
185

Lys Glu Tyr
200

Ser

75

Asn

His

Val

Thr

Glu

155

Lys

Ser

Lys

Leu Gly Thr GIn

Thr Lys Val Asp
95

Thr Gys Pro Pro
110

Phe Leu Phe Pro
125

Pro Glu Val Thr
140

Val Lys Phe Asn

Thr Lys Pro Arg
175

Val Leu Thr Val
190

Cys Lys Val Ser
205

Leu A n Ser Ser Ay Leu Tyr Ser

Thr

80
Lys
Cys
Pro
Cys
Trp
160
Glu

Leu

Asn



505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay Thr @ n Thr
65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 Thr Val GQu Arg. Lys Ser Cys Val,Ju Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Ay Pro Ser Val e Leu Phe Pro Pro Lys Pro Lys Asp
115120125 Thr Leu Met Ile Ser Arg Thr Pro A u Val Thr Cys Val Val Val Asp
130135140 13 Val Qu Vval H's Asn Ala Lys Thr Lys Pro Arg AQu Gu G n Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val H's G n Asp
Trp 180185190

Lys Ala Leu Pro Ala Pro [le Glu Lys Thr |le Ser Lys Ala Lys Gly
210 215 220

GIn Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
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 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



Leu Asn Gy Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Gy Leu Pro 195200205
Ser Ser Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn Pro Arg G u 210215220
Pro @n Val Tyr Thr Leu Pro Pro Ser Argydu G u Met Thr Lys Asn
225230235240 G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp
Il e 245250255 Ala Val Au Trp Gu Ser Asn Ay Gn Pro Gu Asn Asn Tyr Lys
Thr 260265270 Thr Pro Pro Val Leu Asp Ser Asp Gy Ser Phe Phe Leu Tyr Ser
Lys 275280285 14 Ser Val Met Hs Qu Ala Leu H's Asn H's Tyr Thr G n Lys
Ser Lew23053PR315320 Ser Leu Ser Pro

<213> Homo sapiens

<400> 2
Ala Ser Thr

1

Ser Thr Ser

Phe Pro Glu
35

Gly Val His
50

Leu Ser Ser
65

Tyr Thr Cys

Thr Val Glu

Pro Val Ala
115

Lys Gly Pro
5

Glu Ser Thr
20

Pro Val Thr

Thr Phe Pro

Val Val Thr
70

Asn Val Asp
85

Arg Lys Cys
100

Gly Pro Ser

Ser

Ala

Val

Ala

55

Val

His

Cys

Val

Val Phe

Ala Leu
25

Ser Trp
40

Val Leu

Pro Ser

Lys Pro

Val Glu
105

Phe Leu
120

Pro
10

Gly

Asn

GIn

Ser

Ser

90

Cys

Phe

Leu Ala Pro

Leu Val

Cys

Gly Ala
A5

Ser

Ser Gly
60

Ser

Asn Phe Gly

15

Asn Thr Lys

Pro Cys

Pro

Pro Lys
125

Pro

Cys Ser Arg
15

Lys Asp Tyr
30

Leu Thr Ser

Leu Tyr Ser

Thr GIn Thr
80

Val Asp Lys
95

Pro Ala Pro
110

Pro Lys Asp



<210> 6 <211> 326 <212> PRT <213> Artificial
synt hesi zed peptide sequence <400> 6 Ala Ser Thr Lys Ay Pro Ser Val
Pro Leu Ala Pro Ser Ser Lys 151015 Ser ghr Ser Ay Ay Thr Ala Ala Leu Ay
Cys Leu Val Lys Asp Tyr 202530 Phe Pro u Pro Val Thr Vval Ser Trp Asn Ser
Ser 354045 Gy Val His Thr Phe Pro Ala Val Leu A n Ser Ser
@y Leu Tyr Ser 505560 15 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr

Gy Ala Leu Thr

Lys Val

Asp Lys 859095

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 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 Ile Ser Lys Thr 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 Giy 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

<220> <223> An artificially

Phe



Thr Val Qu Arg Lys Ser Cys Val Gu Cys Pro Pro Cys Pro Ala Pro 100105110
Pro Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125
Thr Leu Met Ile Ser Arg Thr Pro A u Val, Thr Cys Val Val Val Asp 130135140
Val Ser HHs GQu Asp Pro Au Val dn Phe Asn Trp Tyr Val Asp Gy
145150155160 Val G u Val his Asn Ala Lys Thr Lys Pro Arg Gu Gu G n Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val Hs G n Asp
Trp 180185190 Leu Asn Ay Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Ay Leu
Pro 195200205 16 Pro G n Val Tyr Thr Leu Pro Pro Ser Arg Au G u Mt Thr

Lys ASI}hr 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 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> 3

11> 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 Ala Leu Thr Ser
35 40 45



225230235240 G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp

I1e 245250255 Ala Val Qu Trp Gu Ser Asn Ay Gn Pro Gu Asn Asn Tyr Lys
Thr 260265270 Thr Pro Pro Val Leu Asp r Asp Gy Ser Phe Phe Leu Tyr Ser
Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Ay Asn Val Phe Ser
Cys 290295300 Ser Val Met Hs u Ala Leu Hs Asn His Tyr Thr G n Lys Ser
Leu 305310315320 Ser Leu Ser Pro Ay Lys 325 <210> 7 <211> 324 <212> PRT

<213> Artificial 17

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

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro
100 105 110

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

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

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

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

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190



<223> An artificially synthesized peptide sequence <400> 7 Ala Ser Thr Lys

Ay
Thr
Val
Val
Ser
Pro

Cys

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Ay Qdy
Ala Ala Leu Ay Cys Leu Val Lys Asg Tyr 202530 Phe Pro Gu Pro Val Thr
Ser Trp Asn Ser Ay Ala Leu Thr Ser 354045 dy Val H's Thr Phe Pro Al a
Leu Gn Ser Ser Ay Leu Tyr Ser 505560 Leu Ser Ser Val Val Thr Val Pro
Ser Asn Phe Gy Thr A n Thr 65707580 Tyr Thr Cys Asn Val Asp H s Lys
Ser Asn Thr Lys Val Asp Lys 859095 Thr Val Qu Arg Lys Ser Cys Val Qu
Pr drerieuchsn By latsaG it Jyndc)@o@md;ys 1l Ser Asn Lys Gly leu

195 200 205

Pro Ser Ser Ile Glu Lys Thr |le 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 GlIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
‘ 245 250 255

|le Ala Val Glu Trp Glu Ser Asn Gly Gln 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 GIn Giu 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



Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Gys Val Val Val Asp 130135140
Val Ser Hs Qu Asp Pro Au Val Gn Phe Asn Trp Tyr Val Asp Ay
145150155160 Val G u Val His Asn Al a L§§ Thr Lys Pro Arg Gu G u A n Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val H's Gn Asp
Trp 180185190 Leu Asn Ay Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Ay Leu
Pro- 195200205 Ala Pro Ile Qu Lys Thr Ile Ser Lys Thr Lys Ay Gn Pro Arg
G u 210215220 Pro G n Val Tyr Thr Leu Pro Pro Ser Arg Qu G u Met Thr Lys
Asn 225230234240 G n Val Ser Leu Thr Cys Leu Val Lys Gy Phe Tyr Pro Ser
Asp II%2%§§2%9555 Ala Val Qu Trp Gu Ser Asn Ay Gn Pro Qu Asn Asn Tyr
Lys Thr

212> PRT

<213> Artificial

<2207
<223> An artificially synthesized peptide seguence

<400> 4
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

[72]

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 Gln Thr
65 70 15 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



260265270 19 Thr Pro Pro Val Leu Asp Ser Asp Gy Ser Phe Phe Leu Tyr Ser
Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Ay Asn Val Phe Ser
Cys 290295300 Ser Val Met Hs Gu Ala kgu H's Asn H's Tyr Thr Gn 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

Pro 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 Giu 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 Gln Asp Trp
180 185 190

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

Ser Ser Ile 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 lle
245 250 255



Al a
Thr
Val
Ser
Cys
Arg
Ay

Ser Thr
Ser Ay
H s Thr
Val Val
Asn Val
Lys Ser
Pro Ser

Lys Ay Pro Ser Val Phe-Pro
Gy Thr Ala Ala Leu Ay Cys

Phe Pro Ala Val Leu dn Seq1

Thr Val Pro Ser Ser Ser Leu
Asp H's Lys Pro Ser Asn Thr

Leu
Leu
Ser
Ay
Lys

Al a
Val
Ay
Thr
Val

Cys Val du Cys Pro Pro Cys Pro Ala
Val Phe Leu Phe Pro Pro Lys Pro Lys
He Ser Arg Thr Pro Au Val Thr Cys Val

Val

Val

Pro
Lys
Leu
Lys
Asp
Pro
Asp

Asp

Ser Ser Lys 151015 Ser
Asp Tyr 202530 20 Ay
Tyr Ser 505560 Leu Ser
Thr 65707580 Tyr Thr
Lys 859095 Thr Val db
100105110 Pro Val Ala
115120125 Thr Leu Met

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

260 265

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

215 280

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

300

Ser'Va] Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu

305

310

Ser Leu Ser Pro Gly Lys

<210>
211>
<212>
213>

<220>
<223>

<400>

315

325
5
324
PRT
Artificial
An artificially synthesized peptide sequence

320

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1

5 10

15



130135140 Val Ser A n Qu Asp Pro Au Val An Phe Asn Trp Tyr Val Asp Gy
145150155160 Val G u Val H's Asn Ala Lys hr Lys Pro Arg Gu Qu G n Phe Asn
165170175 21 Leu Asn Ay Lys Gu Tyr T¥s Cys Lys Val Ser Asn Lys Gy Leu
Pro 195200205 Ser Ser Ile GQu Lys Thr e Ser Lys Ala Lys Gst Gn Pro Arg
G u 210215220 Pro A n Val Tyr Thr Leu Pro Pro Ser An Qu GQu Mt Thr Lys
Asn 225230235240 G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser
Asp |l e 245250255 Ala Val Qu Trp Gu Ser Asn Ay G n Pro Gu Asn Asn Tyr

Lys ThrSep60w6S&7@ly 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 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 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 Glu Asp Pro Glu Val GIn Phe Asn Trp Tyr Val Asp Gly
145 150 155 160



Thr Pro Pro Val Leu Asp Ser Asp Ay Ser Phe Phe Leu Tyr Ser Lys 275280285
Leu Thr Val Asp Lys Ser Arg Trp A n Qu Ay Asn Val Phe Ser Cys 290295300
Ser Val Met His GQu Ala Leu H s Asn Hi; Tyr Thr A n Lys Ser Leu
305310315320 Ser Leu Ser Leu dy Lys 3 § <210> 9 <211> 324 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 9
Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser
Thr Ser Ay Gy Thr Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr

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
195 200 205

Ser Ser Ile 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 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 Val Phe Ser Cys
290 295 300



202530 Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser
354045 Gy Val His Thr Phe Pro Ala Val Leu @ n Ser Ser Gy Leu Tyr Ser
505560 Leu Ser Ser Val Val Thr Val Pro.Ser Ser Ser Leu Gy Thr Lys Thr
65707580 23 Thr Val du Arg Lys Ser CQ Val Qu Cys Pro Pro Cys Pro Ala
Pro 100105110 Pro Val Ala Gy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
Asp 115120125 Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Va
Asp 130135140 Val Ser Gn GQu Asp Pro Gu Val Gn Phe Asn Trp Tyr Val Asp

Ay 14%kp045bMeP 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> MAn 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 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



Val Gu Val H's Asn Ala Lys Thr Lys Pro Arg Gu Gu A n Phe Asn 165170175
Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu H's Gn Asp Trp 180185190
Leu Asn Ay Lys Gu Tyr Lys Cys Lys VajgSer Asn Lys Gy Leu Pro 195200205
Ser Ser Ile Au Lys Thr Ile Ser Lys Ala Lys Gy Gdn Pro Arg Au 210, 215220
24 G n Val Ser Lea Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp lle
245250255 Ala Val GQu Trp Au Ser Asn Ay G@n Pro Qu Asn Asn Tyr Lys Thr
260265270 Thr Pro Pro Val Leu Asp Ser Asp Ay Ser Phe Phe Lea Tyr Ser Lys
275280285 Lea Thr Val Asp Lys Ser Arg Trp Gn Gu Gy Asn Val Phe Ser Cys

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



290295300 Ser Val Met Hs Qu Ala Leu H's Mnh Hs Tyr Thr Gn Lys Ser Lea
305310315320 Ser Leu Ser Lea <210> 10 <211> 329 <212> PRT <213> Artifici al
<220> <223> An artificially synthesized, pepti de sequence <400> 10 25 Ser
Thr Ser Ay Gy Thr Ala Ala Leu Ay Cys” Leu Val Lys Asp Tyr 202530 Phe Pro
Gu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser 354045

Pro Gin 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

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

210> 7

Q211> 324

<212> PRT

<213> Artificial

<220>



Ser
Ile
du
Pro
Asp

Tyr

Val Hi's
Ser Val
Cys Asn
Pro Lys
Pro Val
Thr Leu
Ay Val
As (2 28

<400>

Thr Phe
Val Thr
Val Asn
Ser Cys
Ala Ay
Met Ile
d u Val

Ahrar®yifidad | Valynvads i ped pépt | dewedlyncyal

Pro Al a
Val Pro
Hi s Lys
Asp Lys
Pro Ser
Ser Arg
Hi s Asn

Val
Ser
Pro
Thr
Val
Thr
Al a

Ala Ser Thr Lys Gly Pro Ser Val

1

Ser Thr

Phe Pro

Gly Val

50

Leu Ser

65

Tyr Thr

Thr Val

Pro Val

5

Ser Gly Gly Thr Ala Ala

20

Glu Pro Val Thr Val Ser

35

40

His Thr Phe Pro Ala Val

55

Ser Val Val Thr Val Pro

10

Cys Asn Val Asp His Lys
85

Glu Arg Lys Ser Cys Val

100

Leu
Ser
Ser
Hi s
Phe
Pro
Lys

Phe

Leu

25

Trp

Leu

Ser

Pro

Glu
105

Ala Gly Pro Ser Val Phe Leu

115

120

dn Ser
Ser Leu
Asn- Thr
Th?7Cys
Leu Phe
d u Val
Thr Lys

Leu
Gn
Asp
Cys
Lys
Val

du
Leu

Ser Gy
Ay Thr
Lys Val
Pro Pro
Pro Pro
Thr Cys
Pro Arg

Leu Ala Pro Ser Ser
15

Pro
10

Gly Cys Leu Val Lys Asp

30

Ser Gly Ala Leu Thr
45

Asn

Gln Ser Ser Gly Leu Tyr

60

Ser Asn Phe Gly Thr GIn

15

Asn Thr Lys Val Asp
95

Ser
90

Pro Pro Cys Pro Ala
110

Cys

Phe Pro Pro Lys Pro Lys
125

Tyr Ser 505560 Leu
Thr 65707580 Tyr
Lys 859095 Lys Val
100105110 Pro Al a
115120125 Pro Lys
130135140 26 Val
A u 165170175 G n
Hi s

Lys

Tyr

Ser

Ser

Thr

80

Lys

Pro

Asp



180185190 G n Asp Trp Leu Asn Gy Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys
195200205 Ay Leu Pro Ser Ser Ho Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn

210215220 Pro Arg Qu Pro @ n Val Tyr T r Leu Pro Pro Ser Arg Asp G u Leu
225230235240 Thr Lys Asn G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr

Pro 245250255 Ser Asp Ile Ala Val Qu Trp Au Ser Asn Ay Gn Pro Qu Asn
Asn 260265270 Tyr Lys Thr Thr
Leu 275280285 27 Phe Ser Cys
Thr G ThB0Ek1§815320Ser Arg Thr

130
Val Ser His Glu
145
Val Giu Val His

Ser Thr Phe Arg
180

Leu Asn Gly Lys
195

Ala Pro Ile Glu
210

Pro Gin Val Tyr
225

Gln Val Ser Leu

Ala Val Glu Trp
260

Asp

Asn

1656

Val

Glu

Lys

Thr

Thr

245

Glu

Pro
150

Ala

Val

Tyr

Thr

Leu

230

Cys

Ser

135

Glu

Lys

Ser

Lys

[le

215

Pro

Leu

Asn

Pro Pro Val Leu Asp Ser Asp Ay Ser Phe Phe
Ser Val Met His GQu Ala Leu H's Asn Hi s Tyr
Pro Glu Val Thr Cys Val Val Val Asp

140

Val GIn Phe Asn Trp Tyr Val Asp Gly
155 160

Thr Lys Pro Arg Glu Glu GIn Phe Asn
170 175

Val Leu Thr Val Val His Gin Asp Trp
185 190

Cys Lys Val Ser Asn Lys Gly Leu Pro
200 205

Ser Lys Thr Lys Gly GIn Pro Arg Glu
220

Pro Ser Arg Glu Glu Met Thr Lys Asn
235 240

Val Lys Gly Phe Tyr Pro Ser Asp |le
250 255

Gly Gln Pro Giu Asn Asn Tyr Lys Thr
265 270



Lys Ser Leu Ser Leu Ser Pro Ay Lys 325 <210> 11 <211> 327 <212> PRT <213>
Artificial <220> <223> An artificially synthesized pepti de sequence <400>
11 Ala Ser Thr Lys Gy Pro Ser Val Phe Ero Leu Ala Pro Ser Ser Lys 151015
Ser Thr Ser Ay Ay Thr Ala Ala Leu GI31/ Cys Leu Val Lys Asp Tyr 202530 Phe
Pro Gu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser 354045 28

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

<210> 38

<211> 326

<212> PRT

213> Artificial

220>
223> MAn artificially synthesized peptide sequence

<400> 8
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



Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Ay Thr G n Thr 65707580
Tyr He Cys WMh Val Asn H's Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Lys
Val GQu Pro Lys Ser Cys Asp Lys Thr HiggThr Cys Pro Pro Cys 100105110 Pro
Ala Pro Pro Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys 115120125 Pro
Lys Asp Thr Lou Met He Ser Arg Thr Pro Gu Val Thr Cys Val 130135140 Va
Val Asp Val Ser Hs Qu Asp Pro Qu Val Lys Phe Asn Trp Tyr 145150155160
Val Asp Ay Val Qu Val H's Asn Ala Lys Thr Lys Pro Arg Qu G u 165170175
Gn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Lou H's 180185190

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 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

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



29 Ay Leu Pro Ser Ser Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn
210215220 Pro Arg Gu Pro G n Val Tyr Thr Leu Pro Pro Ser Arg Asp G u Leu
225230235240 Thr Lys Asn Gfn Val Ser Lir Thr Cys Leu Val Lys Ay Phe Tyr
Pro 245250255 Ser Asp Ile Ala Val du p Gu Ser Asn Gy Gn Pro Qu Asn
Asn 260265270 Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gy Ser Phe Phe
Leu 275280285 Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gn Gn @y Asn
Val 290295300 Phe Ser Cys Ser Val Met His Qu Ala Leu H's Asn His Tyr Thr
G n 305310315320 Lys Ser Leu Ser Leu Ser Pro 325

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

Ser Ser |le 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 Gin 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 Giu 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 Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Leu Gly Lys
325



<210> 12 <211> 449 <212> PRT <213> Artificial 30 <220> <223> An
artificially synthesized peptide sequence <400> 12 Gn Val Gn Leu Gn Qu

Ser Ay Pro Ay
Val Ser Ay Tyr
Pro Pro Gy Arg
Thr Thr Tyr Asn
Ser Lys Asn G n
Thr Ala Val Tyr

210> 9
211> 324
<212> PRT

Leu Val Arg Pro Ser Cig 151015 Thr Leu Ser Leu Thr Gys Thr
Ser Ile Thr %rmmzo%%l%sNaTn)%rTm\m Arg An
Gy Leu Qu Trp 354045 Ile Ay Tyr Ile Ser Tyr Ser Gy lle
Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr
Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Al a Asp

Tyr Cys

213> Artificial

<220>

223> An artificially synthesized peptide seguence

<400> 9
Ala Ser Thr
1

Ser Thr Ser

Phe Pro Glu
35

Gly Val His
50

Leu Ser Ser
65

Tyr Thr Cys

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

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

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
40 45

Thr Phe Pro Ala Val Leu GIn Ser Ser Gly Leu Tyr Ser
55 60

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

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



859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay A n Ay
100105110 31 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Ay Ay Thr Ala Ala
Lou 130135140 Ay Cys Leu Val Lys Asp r Phe Pro Gu Pro Val Thr Val Ser
Trp 145150155160 Asn Ser Gy Ala Lou Thr Ser Gy Val H's Thr Phe Pro Al a
Val Leu 165170175 G n Ser Ser Ay Leu Tyr Ser Lou Ser Ser Val Val Thr Va
Pro Ser 180185190 Ser Ser Lou Ay Thr G n Thr Tyr Ile Cys Asn Val Asn H's
Lys Pro 195200205 Ser Wh Thr Lys Val Asp Lys Lys Val Qu Pro Lys Ser Cys
Asp Lysh210218220%rg 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 Gln Phe Asn
165 170 175

Ser Thr Tyr Arg Val Val Ser Val 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
1985 200 205

Ser Ser |le Glu Lys Thr |le Ser Lys Ala 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



Thr H's Thr Cys Pro Pro Cys Pro Ala Pro Qu Leu Lou Ay Gy Pro
225230235240 Ser Val Phe Lou Phe Pro Pro Lys Pro Lys Asp Thr Lou Met Ile
Ser 245250255 32 Pro Gu Val Lys Phe ﬁﬁn Trp Tyr Val Asp Gy Val du Va
Hi s Asn 275280285 Ala Lys Thr Lys Pro g Gu Au An Tyr Asn Ser Thr Tyr
Arg Val 290295300 Val Ser. Val Leu Thr Val Leu Hs Gn Asp Trp Lou Asn Gy
Lys d u 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Lou Pro Ala Pro
Ile Au Lys 325330335 Thr Ile Ser Lys Ala Lys Ay @n Pro Arg Qu Pro @n

\nglr I)élrgalﬁma 1340834235thrLeys R WIIOLPEIG |4 BheATPr Grld tQUAIRT|Ikys Asn G n Val
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 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

<210> 10

211> 329

212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 10

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



355360365 Cys Lou Val Lys Ay Phe Tyr Pro Ser Asp Ile Ala Val Gu Trp Qu
370375380 Ser Asn Ay Gn Pro Qu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385390395400 33 Ser Arg Trp Gn Gn Asn Val Phe Ser Cys Ser Val Met
H's Gu 420425430 Ala Leu H's Asn Hi s r hr An Lys Ser Leu Ser Leu Ser
Pro Ay 435440445 Lys <210> 13 <211> 445 <212> PRT <213> Artificiai <220>
<223> An arti cia y synthesized peptide sequence <400> 13 G n Val Gn Leu
Gn Qu Ser Ay Pro Ay Leu Val Arg Pro Ser Gn

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 Gin Thr
65 70 75 80

Tyr 1le 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 |le 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



151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Ay Tyr Ser Ile Thr Ser Asp
202530 34 Ile Ay Tyr Ile Ser Tyr Ser Ay Ile Thr Thr Tyr Asn Pro Ser Leu
505560 Lys Ser Arg Val Thr Met Leu Arg p Thr Ser Lys Asn G n Phe Ser
65707580 Lau Arg Leu Ser Ser Val Thr A? Ala Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay Gn Qy
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe
115120125 Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Gu Ser Thr Ala Ala Leu
130135140

Val 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 Cys Lys Val Ser Asn Lys
195 200 205

Gly Leu Pro Ser Ser lle Glu Lys Thr lle Ser Lys Ala Lys Gly GlIn
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 Ile 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



Ay

Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp

145150155160 Asn Ser Ay Ala Leu Thr Ser Ay Val H's Thr Phe Pro Al a Val

Leu
Lys
Val

Phe
Thr
Au
Lys

165170175 35 Ser Asn Phe @y Thr EZn Thr Tyr Thr Cys Asn Val Asp His
Pro 195200205 Ser Asn Thr Lys Val p Lys Thr Val Qu Arg Lys Cys Cys
G u 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val
Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg

Pro G u 245250255 Vval Thr Cys Val Val Val Asp Val Ser H's Qu Asp Pro
Val G n 260265270 Phe Asn Trp Tyr Val Asp Ay Val Qu Val H's Asn Al a
Thr Lys

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

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

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



. 275280285 Pro Arg GQu Qu G n Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290295300 Thr Val Val H's Gn Asp Trp Leu Asn Ay Lys GQu Tyr Lys Cys Lys
305310315320 36 Thr Lys Ay Gn Pro Aé GQu Pro Gn Val Tyr Thr Leu Pro
Pro Ser 340345350 Arg Au Gu Met Thr @s Asn G n Val Ser Leu Thr Cys Leu
Val Lys 355360365 Gy Phe Tyr Pro Ser Asp Ile Ala Val Gu Trp Qu Ser Asn
Ay Gn 370375380 Pro Qu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
Asp Gy 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser

Arg Trpe@erd084Ya40&1 Thr Val Pro Ser Ser Ser Leu Gly Thr GIn Thr
65 70 75 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 |le 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

Val Asp Gly Val Giu 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

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



Gn Ay Asn Val Phe Ser Cys Ser Val Met Hs Qu Ala Leu H's Asn 420425430
Hs Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro Ay Lys 435440445 <210> 14
<211> 446 <212> PRT <213> Artifici al <§§0> <223> An artificially

synt hesi zed peptide sequence 37 <400>"14 G@n Val Gn Leu Gn Qu Ser Ay
Pro Gy Leu Val Arg Pro Ser G n 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser
Ay Tyr Ser Ile Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gn Pro Pro
Gy Arg Ay Leu Qu Trp 354045 Ile Ay Tyr Ile Ser Tyr Ser Ay Ile Thr hr

Tyr Asig|PrieuSRFo ISeH Ser |le Glu Lys Thr |le Ser Lys Ala Lys Gly GIn
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

210> 12

211> 449

212> PRT

<213> Artificial



505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn G n 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 Ay Gn Ay
100105110 Ser Leu Val Thr Val Ser Ser a Ser Thr Lys Ay Pro Ser Val Phe
115120125 38 dy Cys Lou Val Lys Asp Tyr Phe Pro Gu Pro Val Thr Val Ser
Trp 145150155160 Asn Ser Gy Ala Leu Thr Ser Ay Val H's Thr Phe Pro Al a
Val Lou 165170175 G n Ser Ser Ay Lou Tyr Ser Leu Ser Ser Val Val Thr Va
Pro Ser 180185190

<220>
223> MAn artificially synthesized peptide sequence

<400> 12
Gln Val Gln 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

Ile Gly Tyr lle 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 Gln 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



Ser Ser Lou Ay Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro 195200205
Ser Asn Thr Lys Val Asp Lys Arg Val GQu Ser Lys Tyr Ay Pro Pro 210215220
Cys Pro Pro Cys Pro Ala Pro Gu Phe L Gy @y Pro Ser Val Phe
225230235240 Lou Phe Pro Pro Lys Pro ng Asp Thr Lou Met Ile Ser Arg Thr
Pro 245250255 du Val Thr Cys Val Val Val Asp Val Ser dn GQu Asp Pro Gu
Val 260265270 39 Lys Pro Arg AQu GQu Gn Phe Asn Ser Thr Tyr Arg Val Va
Ser Val 290295300 Leu Thr Val Leu Hi's Gn Asp Trp Leu Asn Ay Lys Gu Tyr
Lys Cys 305310315320 Lys Val Ser Asn Lys Gy Leu Pro Ser Ser Ile GQu Lys
Thr Ile Ser

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 Gfu 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 |le 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 |le Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270



325330335 Lys Ala Lys Ay Gn Pro Arg Gu Pro Gn Val Tyr Thr Leu Pro Pro
340345350 Ser G n Au Gu Met Thr Lys Asn G n Val Ser Leu Thr Cys Leo Va
355360365 Lys Gy Phe Tyr Pro Ser Asp 49e Ala Val Gu Trp Gu Ser Asn Ay
370375380 A n Pro Gu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385390395400 Gy Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg
Trp 405410415 40 Asn His Tyr Thr G n Lys Ser Leu Ser Leu Ser Leu Ay Lys
435440445 <210> 15 <211> 107 <212> PRT <213> Artificial <220>

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 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 Ile Giu Lys
325 330 335

Thr 1le 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 Gln Val Ser Leu Thr
355 360 365

Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp |le Ala Val Glu Trp Glu
370 375 380

Ser Asn Gly GIn 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



<223> An artificially synthesized peptide sequence <400> 15 Asp Ile G n Met
Thr G n Ser Pro Ser Ser Leu Ser Ala Ser Val @y 151015 Asp Ser Val Thr Ile
Thr Cys Gn Ala Ser Gn Asp Ile Ser SepsTyr 202530 Leu Asn Trp Tyr Gn Gn
Lys Pro Gy Lys Ala Pro Qu Leu Lou Ile 354045 Tyr Tyr Ay Ser Gu Leu His
Ser Gy Val Pro Ser Arg Phe Ser Ay 505560 41 du Asp Ala Ala Thr Tyr Tyr
Cys Gn Gn @y Asn Ser Leu Pro Tyr 859095 Thr Phe Gy Gn dy Thr Lys Val
AQu Ile Gu 100105 <210> 16

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 seguence

<400> 13
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 Ile 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



<211> 445 <212> PRT <213> Artificial <220> <223> An artificially icially
synt hesi zed peptide sequence <400> 16 Gn Val Gn Leu Gn GQu Ser Ay Pro
Gy Leu Val Arg Pro Ser Gn 151015 Thrgieu Ser Leu Thr Cys Thr Val Ser Gy
Tyr Ser Ile Thr Ser Asp 202530 His Ala Trp Ser Trp Val Arg Gn Pro Pro Gy
Arg Ay Leu Gu Trp 354045 Ile Ay Tyr Ile Ser Tyr Ser Ay Ile Thr Thr Tyr
Asn Pro Ser Leu 505560 42 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala

Val Tyr Tyr C¥s
[le 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 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

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190



859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay A n Ay
100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe
115120125 Pro Leu Ala Pro Cys Ser Arg gﬁr Thr Ser Au Ser Thr Ala Ala Leu
130135140 Gy Cys Leu Val Lys Asp Tyr e Pro du Pro Val Thr Val Ser Trp
145150155160 Asn Ser Ay Ala Leu Thr Ser Ay Val H's Thr Phe Pro Al a Val
Leu 165170175 A n Ser Ser Gy Leu Tyr Ser Leu Ser Ser Val Vval Thr Val Pro
Ser 180185190 Ser Asn Phe @y Thr @ n Thr Tyr Thr Cys Asn Val Asp H's Lys

Pro 195200R06Ph&3ly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
185 200 205

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 [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 Gln 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 |le Glu Lys Thr Ile Ser Lys
325 330 335



Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val Phe Leu
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
G u 245250255 val Thr Cys Val Val Val p Val Ser His Qu Asp Pro Gu Va
G n 260265270 Phe Asn Trp Tyr Val Asp y Val GQu Val H's Asn Ala Lys Thr
Lys 275280285 Pro Arg Gu Qu Grt Phe Asn Ser Thr Phe Arg Val Val Ser Va
Leu 290295300 Thr Val VvVal H's An Asp Trp Leu Asn Ay Lys Au Tyr Lys Cys
Lys 305310315320 Val Ser Asn Lys Ay Leu Pro Ala Pro Ile Qu Lys Thr Ile

Ser LyghpA53830B3% IMHrolkeg @M FHonG P ¥a Arlyriir Peg MdonPMalSedyr Thr Lau Pro
Pro Ser 34034535Q, 245 350

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 |le 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

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 Leu Ser Pro Gly Lys
435 440 445

Q10> 14
Q11> 446
<212> PRT
213> Artificial

<220>
<223> An artificially synthesized peptide sequence



44 Gy Phe Tyr Pro Ser Asp He Ala Val GQu Trp Au Ser Asn Gy G n 370375380
Pro Au Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Ay
385390395400 Ser Phe Phe Leu Tyr Ser L $ Leu Thr Val Asp Lys Ser Arg Trp
G n 405410415 G n Ay Asn Val Phe Ser gys Ser Val Met Hs Qu Ala Leu H s
Asn 420425430 H's Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro Gy Lys 435440445
<210> 17 <211> 446 <212> PRT <213> Artificial <220> <223> An artificially
synt | esized peptide sequence <400> 17 45

<400> 14

Gin Val Gin Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GlIn

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 Glu Trp
35 40 45

[le 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 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



Thr
Al a
Tyr
Val
Ser
Arg
Ser
Ser

Leu
Trp
Ile
Thr
Val

Thr
Ser
Arg

Ser
Ser
Ser
Met
Thr
Thr
Al a
Ser

Leu
Trp
Tyr
Leu
Al a
Al a
Ser
Thr

Gly Cys Leu
145

Asn

GlIn

Ser

Ser

Cys

225

Leu

Glu

Ser

Ser

Ser

Asn

210

Pro

Phe

Val

Gly

Ser

Leu

Thr

Pro

Pro

Thr

GIn Phe Asn

275

Thr Cys hr Val Ser Ay Tyr Ser | le Thr Ser Asp 202530 Hi s
Val Arg Gn Pro Pro Ay Arg Gy Leu Qu Trp 354045 Ile Ay
Ser Ay Ile Thr Thr Tygg Asn Pro Ser Leu 505560 Lys Ser Arg
Arg Asp Thr Ser Lys Asn G n Phe Ser 65707580 Leu kg Leu Ser
Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Leu Al a
Met Asp Tyr Trp Ay Gn @y 100105110 Ser Leu Val Thr Val
Thr Lys Ay Pro Ser Val Phe 115120125 Pro Leu Ala Pro Cys
Ser u Ser Thr Ala Ala Leu 130135140

Val Lys

Ala Leu
165

Gly Leu
180

Gly Thr

Lys Val

Cys Pro

Pro Lys
245

Cys Val
260

Trp Tyr

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
150 155 160

Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
170 175

Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
185 190

Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro
200 205

Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro
215 220

Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe
230 235 240

Pro Lys Asp Thr Leu Met |le Ser Arg Thr Pro
250 255

Val Val Asp Val Ser Gin Glu Asp Pro Glu Val
265 270

Val Asp Gly Val Glu Val His Asn Ala Lys Thr
280 285



46 Asn Ser Ay Ala Leu Thr Ser Ay Val H's Thr Phe Pro Ala Val Leu
165170175 G n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180185190 Ser Ser Leu Ay Thr Lys Thr g?r Thr Cys Asn Val Asp His Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys g. Val Gu Ser Lys Tyr Ay Pro Pro
210215220 Cys Pro Pro Cys Pro Ala Pro Qu Phe Lew Gy Ay Pro Ser Val Phe
225230235240 Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
Pro 245250255 du Vval Thr Cys Val Val Val Asp Val Ser Gn Qu Asp Pro Gu
Val 260265270 G n Phe Asn Trp Tyr Val Asp Gy Val Qu Val Hs Asn Ala Lys
Thr 275280285

Lys Pro Arg Glu Glu GIn Phe Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His GlIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Gly Leu Pro Ser Ser [le Glu 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 GIn Glu Glu Met Thr Lys Asn GIn Val Sér 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 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



47 Leu Thr Val Leu H's Gn Asp Trp Leu Asn Ay Lys Gu Tyr Lys Cys
305310315320 Lys Vval Ser Asn Lys Gy Leu Pro Ser Ser Ile Qu Lys Thr Ile
Ser 325330335 Lys Ala Lys Ay Gn Pro N9 GQu Pro Gn Val Tyr Thr Leu Pro
Pro 340345350 Ser Gn Qu Gu Met Thr Lys Asn G n Val Ser Leu Thr Cys Leu
Val 355360365 Lys Gy Phe Tyr Pro Ser Asp Ile Ala Val Gu Trp Qu Ser Asn
@y 370375380 Gn Pro Qu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
Asp 385390395400 Ay Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
Arg Trp 405410415 A n Gu Ay Asn Val Phe Ser Cys Ser Val Met His Au Ala
Leu Hi's

Asn His Tyr Thr GIn 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 Ile GIn Met Thr GIn Ser Pro Ser Ser Leu 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 GlIn Lys Pro Gly Lys Ala Pro Glu Leu Leu |le
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



420425430 Asn Hi's Tyr Thr G n Lys Ser Leu Ser Leu Ser Leu Gy Lys 435440445
48 <210> 18 <211> 445 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequepce <400> 18 Gn Val Gn Leu Gn Qu
Ser Ay Pro Ay Leu Val Arg Pro Ser G n 151015 Thr Leu Ser Leu Thr Cys Thr
Val Ser Ay Tyr Ser Ile Thr Ser Asp 202530 H's Ala Trp Ser Trp Val Arg Gn
Pro Pro Ay Arg Ay Leu Qu Trp 354045 Ile Ay Tyr Ile Ser Tyr Ser Ay lle
Thr Thr Tyr Asn Pro Ser Leu 505560

Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Gly Asn Ser Leu Pro Tyr

85 90 95

Thr Phe Gly GIn Gly Thr Lys Val Glu lle Glu
100 105

210> 16

211> 445

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 16
Gln Val Gln 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

|le 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 70 75 80



Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn G n Phe Ser 65707580
Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 49
Ser Leu Val Thr Val Ser Ser Al a Ser ThzzLys Gy Pro Ser Val Phe 115120125
Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser“d@u Ser Thr Ala Ala Leu 130135140
Gy Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp
145150155160 Asn Ser Ay Ala Leu Thr Ser Ay Val H's Thr Phe Pro Al a Val
Leu 165170175 A n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Asn Phe Gy Thr dn Thr Tyr Thr Cys Asn Val Asp H's Lys
Pro

lLeu 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

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



195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Gu Arg Lys Ser Cys Val Gu
210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val Phe Leu
225230235240 50 Val Thr Cys Val Val V%g Asp Val Ser Hs Qu Asp Pro Qu
Val G n 260265270 Phe Asn Trp Tyr Val p Gy Val Au Val Hs Asn Ala Lys
Thr Lys 275280285 Pro Arg Gu Qu G n Phe Asn Ser Thr Phe Arg Val Val Ser
Val Lou 290295300 Thr Val Val H's Gn Asp Trp Lou Asn Ay Lys Qu Tyr Lys
Cys Lys 305310315320 Val Ser Asn Lys Gy Lou Pro Ala Pro Ile Qu Lys Thr
Il e Ser Lys 325330335

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 GlIn 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 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



Thr Lys Ay Gn Pro Arg GQu Pro Gn Val Tyr Thr Lou Pro Pro Ser 340345350
Arg Gu GQu Met Thr Lys Asn G n Val Ser Lou Thr Cys Lou Val Lys 355360365
Gy Phe Tyr Pro Ser Asp Ile Al a Val GMTrp Gu Ser Asn Ay G n 370375380
51 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp G n
405410415 G n Gy Asn Val Phe Ser Cys Ser Val Met Hs Gu Ala Leu H s Asn
420425430 Hi's Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro Ay Lys 435440445
<210> 19 <211> 443 <212> PRT

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 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 Vél 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> 17

<211> 446

<212> PRT

<213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 17

GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln
1 5 10 15



<213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 19 Gn Val Gn Leu Gn Qu Ser Ay Pro Gy Leu Val Arg Pro Ser G n
151015 Thr Leu Ser Leu Thr Cys Thr Val,Ser Ay Tyr Ser Ile Thr Ser Asp
202530 52 Ile @y Tyr Ile Ser Tyr Ser y Ile Thr Thr Tyr Asn Pro Ser Leu
505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn G n 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 Ay Gn Qy

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser Ile 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

lle Gly Tyr [le 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 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 Cys Ser Arg Ser Thr Ser Giu 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



100105110 Ser Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Val Phe
115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Ay Cy Thr Ala Ala Leu
130135140 Gy Cys Leu Val Lys Asp Tyr PBe Pro AL Pro Val Thr Val Ser Trp
145150155160 Asn Ser Ay Ala Leu Thr S8 Ay Vval His Thr Phe Pro Al a Val
Leu 165170175 53 Ser Asn Phe Gy Thr G n Thr Tyr Thr Cys Asn Val Asp His
Lys Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Qu Arg Lys Ser Cys
Val G u 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gy Pro Ser Val

Phe Leu22823@2395240 ey 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 {le Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser GIn Glu Asp Pro Glu Val
260 265 270

Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu GIn Phe Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300



Phe Pro Pro Lys Pro Lys Asp Thr
Thr Cys Val

Val

Val

Phe Asn Trp Tyr Val

Thr Val

Val

Val

Asp Val
Asp Ay Vval
Pro Arg Gu Gu G n Phe Asn Ser
Hs Gn Asp Trp Leu

Leu Met
d u Val

Thr Phé/
Asn Ay Lys Gu Tyr Lys
305310315320 54 Ala Lys Sly Gn Pro Arg Gu Pro G n Va
Pro Ser 340345350 Arg Gu G u Met Thr Lys Asn G n Va

Ile Ser Arg Thr
Ser Hs Au Asp Pro du Val
H's Asn Ala Lys
Arg Va

Val

Pro

Thr
Val

Cys

Ser

A u 245250255
A n 260265270
Lys 275280285
Leu 290295300
Lys

Tyr Thr Leu Pro
Ser Leu Thr Cys Leu

Val Lys ¢35H36036%.e9! 1yi sPaen Mep FoLeRsASPl yHeyAl@ yValr G¢i clep G u Ser Asn

Ay G
Y S s

Lys

Lys

Ser

Lys

GIn

385

Gly

GIn

Asn

Val

Ala

Gin

Gly

370

Pro

Ser

Glu

His

Ser

Lys

Glu

355

Phe

Glu

Phe

Gly

Tyr
435

Asn

Gly
340

Glu

Tyr

Asn

Phe

Asn

420

Thr

Lys

325

Gln

Met

Pro

Asn

Leu

405

Val

Gln

310

Gly Leu Pro Ser Ser

330

Pro Arg Glu Pro GIn

Thr

Ser

Tyr

390

Tyr

Phe

Lys

Lys

Asp

375

Lys

Ser

Ser

Ser

345

Asn Gln Val
360

e Ala Val

Thr Thr Pro

Lys Leu Thr
410

Cys Ser Val
425

Leu Ser Leu
440

315

lle

Val

Ser

Glu

Pro

395

Val

Met

Ser

Glu

Tyr

Leu

Trp

380

Val

Asp

His

Leu

Lys

Thr

Thr

365

Glu

Leu

Lys

Glu

Gly
445

320

Thr 1le Ser
335

Leu Pro Pro
350

Cys Leu Val

Ser Asn Gly

Asp Ser Asp
400

Ser Arg Trp
415

Ala Leu His
430

Lys



370375380 Pro G u Asn Asn Tyr Lys hr Thr Pro Pro Val Leu Asp Ser Asp Ay
385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
G n 405410415 A n Sly Asn Val Phe Ser gés Ser Val Met His GQu Ala Leu H's
Asn 420425430 Hi s Tyr Thr G n Lys Ser u Ser Leu Ser Pro 435440 <210> 20
<211> 446 <212> PRT <213> Artificial <220> <223> An artificially

synt hesi zed peptide sequence 55 <400> 20 Gn Val Gn Lou Gn Qu Ser Ay
Pro Ay Leu Val Arg Pro Ser Gn 151015

<210> 18
211> 445
<212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence
<400> 18

GIn Val Gln Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser Ile 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 55 60

Lys Ser Arg Val Thr Met Leu Arg Asp Thr

65

10

Leu Arg Leu Ser Ser Val Thr Ala Ala Asp

90

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met

105

Ser Lys Asn GIn Phe
75

Thr Ala Val Tyr Tyr
95

Asp Tyr Trp Gly Gln
110

Ser
80

Cys

Gly



Thr Leu Ser Lou Thr Cys Thr Val Ser Gy Tyr Ser Ile Thr Ser Asp 202530 H s
Ala Trp Ser Trp Val Arg Gn Pro Pro Ay Arg Ay Lou Gu Trp 354045 Ile Ay
Tyr Ile Ser Tyr Ser Ay Ile Thr Thr Tyrgwh Pro Ser Lou 505560 Lys Ser Arg
Val Thr Met Leu Arg Asp Thr Ser Lys Asé G n 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 Ay Gn dy 100105110 Ser Leu Val Thr
Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe 115120125 56 Gy Cys Lou
Val Lys Asp Tyr Phe Pro Gu Pro Val Thr Val Ser Trp

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

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 Giy 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

o

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
245 250 255



145150155160 Asn Ser Gy Ala Lou Thr Ser Gy Val H's Thr Phe Pro Al a Val

Leu
Ser
Pro
Lys
Ser
Ser
Asp

165170175 G n Ser Ser Ay Lou Tyr Ser Lou Ser Ser Val Val Thr Val Pro
180185190 Ser Ser Lou Ay Thr Gn %@r Tyr Ile Cys Mh Val Asn H s Lys
195200205 Ser Asn Thr Lys Val Asp s Lys Val Qu Pro Lys Ser Cys Asp
210215220 Thr H's Thr Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gy Pro
225230235240 Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
Arg 245250255 Thr Pro A u Val Thr Cys Val Val Val Asp Val Ser H's Qu
Pro 260265270 57

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 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 |le Glu Lys Thr Ile 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 Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp lie 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



Lys Thr Lys Pro Arg Gu Gu G n Tyr Asn Ser Thr Tyr Arg Val Val 290295300
Ser Val Leu Thr Val Leu H's Gn Asp Trp Leu Asn Gy Lys AQu Tyr
305310315320 Lys Cys Lys Val Ser Asn Léf Gy Leu Pro Ser Ser Ile GQu Lys
Thr 325330335 Ile Ser Lys Ala Lys Gy n Pro Arg Gu Pro Gn Val Tyr Thr
Leu 340345350 Pro Pro Ser Arg Asp Qu Leu Thr Lys Asn G n Val Ser Leu Thr
Cys 355360365 Leu Val Lys Ay Phe Tyr Pro Ser Asp Ile Ala vVal Qu Trp Qu
Ser 370375380 Asn Ay Gn Pro Qu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
Asp 385390395400 Ser Asp Gy Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys Ser 405410415

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 GlIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445

<210> 19

211> 443

<212> PRT

<213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 19
Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln

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



Gy Leu Val
Tyr Ser

»n Val

<220> <223> An artificially
Gn Leu Gn AQu Ser Ay Pro
eu Ser Leu Thr Cys Thr Val

58 Leu H's Asn His Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro 435440445 <210>
21 <211> 443 <212> PRT <213> Artifici al
synt hesi zed pepti de sequence <400> 21
Arg Pro Ser Gn 151015 Thr
Ile Thr Ser Asp 202530 His Ala Trp Ser Trp Val
Arg Gy Leu Au Trp 354045 Ile Ay Tyr
Asn Pro Ser Leu 505560 59

[le Gly Tyr |le Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu

50

55

Lys Ser Arg Val Thr Met Leu Arg Asp

65

Leu Arg Leu

Ala Arg Ser

Ser Leu Val
115

Pro Leu Ala
130

Gly Cys Leu
145

Asn Ser Gly

GIn Ser Ser

70

Ser Ser Val
85

Leu Ala Arg
100

Thr Val Ser

Pro Ser Ser

Val Lys Asp
150

Ala Leu Thr
165

Gly Leu Tyr
180

Thr

Thr

Ser

Lys

135

Tyr

Ser

Ser

Ala Ala

Thr Ala

105

Ala
120

Ser

Ser Thr

Phe Pro

Val

Gly

Ser
185

Leu

Thr

Asp

90

Thr

Ser

Glu

His

170

Ser

60

Ser Lys Asn
75

Thr Ala Val

Asp Tyr Trp

Lys Gly Pro
125

Gly Gly Thr
140

Pro Val Thr
155

Thr Phe Pro

Val Val Thr

Gln

Tyr

Gly

110

Ser

Ala

Val

Ala

Val
190

Phe

Tyr

95

GIn

Val

Ala

Ser

Val

175

Pro

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Ser Gy
Arg Gn Pro Pro Gy
Ile Ser Tyr Ser Ay Ile Thr Thr Tyr



Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay G@n dy 100105110 Ser
Leu Val Thr Val Ser Ser Ala Ser Thr Lyg3Cly Pro Ser Val Phe 115120125 Pro
Leu Ala Pro Ser Ser Lys Ser Thr Ser Ay Ay Thr Ala Ala Leu 130135140 Gy
Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp 145150155160
Asn Ser Ay Ala Leu Thr Ser Ay Val H's Thr Phe Pro Ala Val Leu 165170175
G@n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser 180185190
Ser SerSekeNsrGPlie Ty Ths GTMIThFYTyrThkr Cys Asn V¥YRIAspshidHlgs Bre Pro 195200205

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 Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ser Ser |le Glu Lys Thr Ile Ser Lys
325 330 335



60 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val Pe Leu
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
G u 245250255 val Thr Cys Val Val Val p Val Ser Gn Qu Asp Pro Gu Va
A n 260265270 Phe Asn Trp Tyr Val Asp @y Val Qu Val Hs Asn Ala Lys Thr
Lys 275280285 Pro Arg Gu Au dn Phe Asn Ser Thr Tyr Arg Val Val Ser Va
Leu 290295300 Thr Val Leu H's An Asp Trp Leu Asn Ay Lys Au Tyr Lys Cys
Lys 305310315320 Val Ser Asn Lys Ay Leu Pro Ser Ser Ile Qu Lys Thr Ile

Ser LySA|?a2§>3s’5@3§56|/N Brd-Weg @Y & GPAOVZAT Oy [GTHr Ry & P8l sgbyr Thr Leu Pro
Pro Ser 34034535 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 |le 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
385 390 395 400

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
435 440

<210> 20

211> 446

<212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide sequence



61 Gy Phe Tyr Pro Ser Asp Ile Ala Val Qu Trp Gu Ser Asn Ay Gn
370375380 Pro A u Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gy
385390395400 Ser Phe Phe Leu Tyr Ser Léi Leu hr val Asp Lys Ser Arg Trp G n
405410415 Gu Ay Asn Val Phe Ser Cys r Val Met His Gu Ala Leu H s Asn
420425430 H's Tyr Thr G n Lys Ser Leu Ser Leu Ser Leu 435440 <210> 22 <211>
443 <212> PRT <213> Artificial <220> <223> An artificially synthesized

pepti de sequence <400> 22 Gn Val Gn Leu Gn Gu Ser Ay Pro Ay Leu Val

Arg Pre4ger @On

GIn Val Gln 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

lle 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 Gln 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 Leu
130 135 140



151015 62 His Ala Trp Ser Trp Val Arg Gn Pro Pro Ay Arg Gy Leu Qu Trp
354045 lie Ay Tyr Ile Ser Tyr Ser Ay Ile Thr Thr Tyr Asn Pro Ser Leu
505560 Lys Ser Arg Val Thr Met Leu Args@sp Thr Ser Lys Asn G n 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 Ay A n Ay
100105110 Ser Lou Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe
115120125 Pro Lou Ala Pro Ser Ser Lys Ser Thr Ser Gy Gy Thr Ala Ala Leu
130135140

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 GIn Thr Tyr |le 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



Gy Cys Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp
145150155160 - 64 Val Ser Asn Lys Ay Leu Pro Ala Pro Ile Qu Lys Thr Ile
Ser Lys 325330335 Thr Lys Ay Gn Pro g QQu Pro Gn Val Tyr Thr Leu Pro
Pro Ser 340345350 Arg Gu Gu Met Thr Lys Asn G n Val Ser Leu Thr Cys Leu
Val Lys 355360365 Gy Phe Tyr Pro Ser Asp Ile Ala Val Gu Trp Qu Ser Asn
Ay Gn 370375380 Pro Qu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
Asp Gy 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
Arg Trp Gn

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 Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr
325 330 335

|le Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro GIn 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 Ala 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 Val Phe Ser Cys Ser Val Met His Glu Ala
420 425 430



405410415 A n Gy Asn Val Phe Ser Cys Ser Val Met Hs Gu Ala Leu H s Asn
420425430 Hi's Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro 435440 <210> 23 65
<212> PRT <213> Artificial <220> <223>8ﬁn artificially synthesized peptide
sequence <400> 23 Gy Gy Ay dy Ser y Ay Ay Gy Ser dy Ay Ay Gy
Ser 1 <210> <211> <212> <213> <400>

Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
435 440 445

210> 21

211> 443

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 21
GIn Val Gln 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

Ile Gly Tyr |le 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 GIn Phe Ser
65 70 15 80



5 24 267 PRT Honp sapiens 24 10 15 Ala GQu Ser H's Lou Ser Lou Lou Tyr H's
Lou Thr Ala Val Ser Ser 151015 Pro Ala Pro Ay Thr Pro Ala Phe Trp Val Ser
Gy Trp Leu Ay Pro 202530 G n Gn Tyrs#ou Ser Tyr Asn Ser Lou Arg Ay Qu
Ala Gu Pro Cys 354045 Gy Ala Trp Val“Trp Au Asn Gn Val Ser Trp Tyr Trp
G u Lys du 505560 66

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

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 Thr Val Glu Arg Lys Ser Cys Val Glu
210 215 220



65707580 Ala Leu Ay Ay Lys Ay Pro Tyr Thr Leu Gn Gy Leu Leu Ay Cys
859095 GQu Leu Ay Pro Asp Asn Thr Ser Val Pro Thr Ala Lys Phe Ala Leu
100105110 Asn Ay Gu Gu Phe Met Asn gthe Asp Leu Lys Gn Ay Thr Trp Gy
115120125 Ay Asp Trp Pro Gu Ala Leu Ala lle Ser Gn Arg Trp Gn Gn Gn
130135140 Asp Lys Ala Ala Asn Lys GQu Leu Thr Phe Leu Leu Phe Ser Cys Pro
145150155160 H's Arg Leu Arg Qu H's Leu Gu Arg Ay Arg Ay Asn Leu Qu
Trp 165170175 Lys G u Pro Pro Ser Met Ar% Leu Lys Ala Arg Pro Ser Ser Pro
Gy 180183190 hEySarovkia Pea PrrVady ! sl vAP Bhe \adr PRhdeTyr Pro Pro G u

Leu 195200205 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 Gln
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 Tyr Arg Val Val Ser Val Leu
290 295 300

Thr Val Leu 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 |le Glu Lys Thr Ile 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 Gln Val Ser Leu Thr Cys Leu Val Lys
355 360 365



67 210215220 Asp Phe Gy Pro Asn Ser Asp Ay Ser Phe Hs Ala Ser Ser Ser
Leu 225230235240 Thr Val Lys Ser Ay Asp Qu His Hs Tyr Cys Cys Ile Va
Gn H's 245250255 Ala Gy Leu Ala G n fro Leu Arg Val @u Leu 260265 <210>
25 <211> 99 <212> PRT <213> Hono sapiens <400> 25 Ile @ n Arg Thr Pro Lys
Ile Gn Val Tyr Ser Arg Hs Pro Ala Qu 151015 Asn Qy Lys Ser Asn Phe Leu
Asn Cys Tyr Val Ser Ay Phe H's Pro 202530 Ser Asp Ile Gu Val Asp Leu Leu
Lys Asn Ay GQu Arg Ile Au Lys 354045

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 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 Gin Lys Ser Leu Ser Leu Ser Leu
435 440

210> 22
211> 443
<212> PRT
213> Artificial

<220>
223> An artificially synthesized peptide seguence

<400> 22
Gin Val Gln 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



68 Leu Tyr Tyr Thr A u Phe Thr Pro Thr Qu Lys Asp Au Tyr Ala Cys 65707580
Arg Val Asn His Val Thr Leu Ser An Pro Lys Ile Val Lys Trp Asp 859095 Arg
Asp Met <210> 26 <211> 443 <212> PRT ﬁﬁ}3> Artificial <220> <223> An
aicially synthesized peptide sequence <400> 26 G n Val Gn Leu Gn Qu Ser
Gy Pro dy Leu Val Arg Pro Ser A n 151015 Thr Leu Ser Leu Thr Cys Thr Val
Ser Ay Tyr Ser Ile Thr Ser Asp 202530 69

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile 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 GIn 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 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



Ile Ay Tyr | le Ser Tyr Ser Ay Ile Thr Thr Tyr Asn Pro Ser Leu 505560 Lys
Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn G n Phe Ser 65707580 Leu
Arg Leu Ser Ser Val Thr Ala Ala Asp Tty Ala Val Tyr Tyr Cys 859095 Ala Arg
Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay Gn Gy 100105110 Ser Leu
Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe 115120125 Pro Leu
Ala Pro Ser Ser Lys Ser Tir Ser Ay Gy Thr Ala Ala Leu 130135140 dy Cys
Leu Val Lys Asp Tyr Phe Pro Gu Pro Val Thr Val Ser Trp 145150155160 Asn
Ser Ay Ala Leu Thr Ser Gy Val H's Thr The Pro Ala Val Leu 165170175

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 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 GlIn 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



70 Ser Asn Phe Ay Thr G n Thr Tyr Thr Cys Asn Val Asp H's Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Qu Arg Lys Ser Cys Val Qu
210215220 Cys Pro Pro Cys Pro Al a ProAg o Val Ala Ay Pro Ser Val Phe Leu
225230235240 Phe Pro Pro Lys Pro Lys % Thr Leu Met Ile Ser Arg Thr Pro
G u 245250255 Vval Thr Cys Val Val Val Asp Val Ser Gn Qu Asp Pro Gu Va
G n 260265270 Phe Asn Trp Tyr Val Asp Ay Val Qu Val H's Asn Ala Lys Thr
Lys 275280285 Pro Arg Qu Gu G n Phe Asn Ser Thr Phe Arg Val Val Ser Va
Leu 290295300 Thr Vval Val H's Gn Asp Trp Leu Asn Gy Lys Qu Tyr Lys Cys
Lys 305310315320

Val Ser Asn Lys Gly Leu Pro Ala Pro Ile 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

Arg Giu 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 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 GIn Lys Ser Leu Ser Leu Ser Pro
435 440

210> 23
211> 15



71 Thr Lys Ay Gn Pro Arg Qu Pro @n Val Tyr Thr Leu Pro Pro Ser
340345350 Gn AQu Gu Met Thr Lys Asn G n Val Ser Leu Thr Cys Leu Val Lys
355360365 Ay Phe Tyr Pro Ser Asp He A Val G u Trp Gu Ser Asn Ay Gn
370375380 Pro A u Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Ay
385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
G n 405410415 Au @y Asn Val Phe Ser Cys Ser Val Met Hs Qu Ala Leu H's
Asn 420425430 His Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro 435440 <210> 27
<211> 43482%<2RBb PRT <213> Artificial

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

Q11> 267

<212> PRT

<213> Homo sapiens

<400> 24
Ala 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

Gln Gin Tyr Leu Ser Tyr Asn Ser Leu Arg Gly Glu Ala Glu Pro Cys
35 40 45

Gly Ala Trp Val Trp Glu Asn GIn Val Ser Trp Tyr Trp Glu Lys Glu
50 55 60

Thr Thr Asp Leu Arg |le Lys Glu Lys Leu Phe Leu Glu Ala Phe Lys



<220> <223> An artificially synthesized peptide sequence 72 (400> 27 G n
Val Gn Lea Gn GQu Ser Ay Pro Ay Lea Val Arg Pro Ser G n 151015 Thr Leu
Ser Lea Thr Cys Thr Val Ser Gy Tyr Sepglle Thr Ser Asp 202530 His Ala Trp
Ser Trp Val Arg Gn Pro Pro Gy Arg Ay Leu GQu Trp 354045 He Ay Tyr He
Ser Tyr Ser Ay He Thr Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr
Met Leu Arg Asp Thr Ser Lys Asn G n Phe Ser 65707580 Lea Arg Leu Ser Ser
Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr ﬁ?s 859095

65 10 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 GIn Arg Trp Gln GIn GIn
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

Gln Leu Arg Phe Leu Arg Asn Gly Leu Ala Ala Gly Thr Gly GIn Gly



Ala Arg Ser Lea Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay Gn Gy 100105110
Ser Lea Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe 115120125
73 Ay Cys Leu Val Lys Asp Tyr Phe Progid u Pro Val Thr Val Ser Trp
145150155160 Asn Ser Gy Ala Lou Thr Ser Ay Val H's Thr Phe Pro Al a Val
Lou 165170175 G n Ser Ser Ay Lou Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Ser Lou SIly Thr A n Thr Tyr Ile Cys Asn Val Asn H's Lys
Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys Val GQu Pro Lys Ser Cys Asp
Lys 210215280 Thr H's Thr &8 Pro Pro Cys P¢Y Ala Pro Gu Leu Leu Gy Sly
Pro

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 Val Glu Leu
260 265

Q210> 25
211> 99
<212> PRT
<213> Homo sapiens

<400> 25
le GIn Arg Thr Pro Lys |le GlIn 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 |le Glu Val Asp Leu Leu Lys Asn Gly Glu Arg Ile Glu Lys
35 40 45

Val Glu His Ser Asp Leu Ser Phe Ser Lys Asp Trp Ser Phe Tyr Leu
50 55 60



225230235240 Ser Val Phe Lou Phe Pro Pro Lys Pro Lys Asp Thr Lou Met Ile
Ser 245250255 Arg Thr Pro Qu Val Thr Cys Val Val Val Asp Val Ser Hs Qu
Asp 260265270 74 Ala Lys Thr Lys Pro fgg GWGE u G n Tyr Asn Ser Thr Tyr
Arg Val 290295300 Val Ser VaF Leu Thr Val Leu His Gn Asp Trp Leu Asn Gy
Lys G u 305310315320 Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro He
G u Lys 325330335 Thr Ile Ser Lys Ala Lys Gy Gn Pro Arg Qu Pro Gn Va
Tyr Thr 340345350 Leu Pro Pro Ser Arg Asp Qu Leu Thr Lys Asn @ n Val Ser
Leu Thr 355360365

Leu Tyr Tyr Thr Glu Phe Thr Pro Thr Glu Lys Asp Glu Tyr Ala Cys
65 10 15 80

Arg Val Asn His Val Thr Leu Ser Gln Pro Lys |le Val Lys Trp Asp
85 90 95

Arg Asp Met

<210> 26

211> 443

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 26
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



Cys Leu Val Lys Ay The Tyr Pro Ser Asp Ile Ala Val Qu Trp A u 370375380
Ser Asn Ay Gn Pro Au Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
385390395400 Asp Ser Asp Ay Ser Phe P6%® Leu Tyr Ser Lys Leu Thr Val Asp
Lys 405410415 75 Ala Leu H's Ala His Tyr Thr G n Lys Ser Leu Ser Leu Ser
Pro Ay 435440445 Lys <210> 28 <211> 443 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 28 G n Val Gn Leu

Gn Gy Sen G 119 @Yrhede Vv % The B8 187 A B 318er 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 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 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



Thr Leu Ser Leu Thr Cys Thr Val Ser Gy Tyr Ser 1 |le Thr Ser Asp 202530 Hi s
Ala Trp Ser Trp Val Arg Gn Pro Pro Ay Arg Ay Leu Qu Trp 354045 76 Lys
Ser Arg Val Thr Met Leu Arg Asp Thr SergLys Asn G n 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 Ay Gn Gy 100105110 Ser Leu
Val Thr Val Ser Ser Ala Ser Thr Lys Ay Pro Ser Val Phe 115120125 Pro Leu
Ala Pro Ser Ser Lys Ser Thr Ser Ay Gy Thr Ala Ala Leu 130135140 Ay Cys
Leu VaISe[yAsmgbeﬁ)/y PireGhr dha Ierffgr Vals Air VaklAsgetisTEps 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 Gln 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 Glu Tyr Lys Cys Lys
305 310 315 320

Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Iie Ser Lys
325 330 335



145150155160 Asn Ser Gy Ala Leu Thr Ser Gy Val H's Thr Phe Pro Al a Val

Leu
Ser
Val

Phe
Thr
Au
Lys

165170175 G n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180185190 77 Ser Asn Thr Lys Val sAsp Lys Thr Val GQu Arg Lys Ser Cys
G u 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val
Leu 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg

Pro A u 245250255 Val Thr Cys Val Val Val Asp Val Ser An Gu Asp Pro
Val G n 260265270 Phe Asn Trp Tyr Val Asp Gy Val Qu Val Hs Asn Al a
ThithiLyys 2752802860 Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser

340 345 350

Gln Glu Glu Met Thr Lys Asn GlIn 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 GlIn
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 Gln
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 GIn Lys Ser Leu Ser Leu Ser Pro
435 440

210> 27
211> 449
212> PRT
213> Artificial

220>
<223> An artificially synthesized peptide sequence



Val

Pro Arg Gu Au Gn Phe Asn Ser Thr Phe Arg Val
Thr Val
305310315320 Val

Phe Ser Cys Ser Val

Val Ser Val Leu 290295300

Hs An Asp Trp Leu Asn Ay Lys Qu Tyr Lys Cys Lys
Ser Asn Lys Ay Leu Prpo Ala Pro He Gu Lys Thr
325330335 78 G n Au du Mt Thr Lys Asn Gn Va
Lys 355360365 Ay Phe Tyr Pro Ser Asp Ile Al a Val
G n 370375380 Pro G u Asn Asn Tyr Lys Thr [hr Pro Pro Met Leu Asp Ser Asp
Gy 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val
AWB5420415 Gu Ay Asn Val
Hs A a

Ile Ser Lys
Ser Leu Thr Cys Leu Val
Gu Trp Au Ser Asn Gy

Asp Lys Ser Arg
Met His Gu Ala Leu

Gln Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin

1

Thr Leu Ser

His Ala Trp
35

[le Gly Tyr
50

Lys Ser Arg
65

Leu Arg Leu

Ala Arg Ser

Ser Leu Val
115

Pro Leu Ala
130

5

Leu Thr Cys
20

Ser Trp Val

|le Ser Tyr

Val Thr Met
10

Ser Ser Val
85

Leu Ala Arg
100

Thr Val Ser

Pro Ser Ser

Thr

Arg

Ser

55

Leu

Thr

Thr

Ser

Lys
135

10

Val Ser Gly
25

Gin Pro Pro
40

Gly Ile Thr

Arg Asp Thr

Ala Ala Asp
90

Thr Ala Met
105

Ala Ser Thr
120

Ser Thr Ser

Tyr

Thr

Ser

15

Thr

Asp

Lys

Gly

Ser

Arg

Tyr

60

Lys

Ala

Tyr

Gly

Gly
140

15

le Thr Ser
30

Asp

Gly Leu Glu
45

Trp

Asn Pro Ser Leu

Asn Gln Phe Ser
80

Val Tyr Tyr
95

Cys

Trp Gly Gin
110

Gly

Pro Ser Val
125

Phe

Thr Ala Ala Leu



420425430 H's Tyr Thr A n Lys Ser Leu Ser Leu Ser Pro 435440 <210> 29 <211>
119 <212> PRT <213> Mus nusculus <400> 29 Adn Val Gdn Leu Adn GQu Ser Ay
Pro Ay Leu Val Lys Pro Ser u 1510157379 202530 His Ala Trp Ser Trp Va
Arg Gn Pro Pro Ay Qu SIly Leu Gu Trp 354045 Ile Sly Tyr Ile Ser Tyr Ser
Sly Ile Thr Asn Tyr Asn Pro Ser Leu 505560 G n Asp Arg Val Thr Ile Ser Arg
Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu G n Met Asn Ser Leu Arg Ala

G u Asp Thr Ala Vval Tyr Tyr Cys

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 Afa 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 GIn Thr Tyr |le 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 |le Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285



859095 Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Tyr Trp Ay An Ay
100105110 Il e Leu Val Thr Val Ser Ser 115 <210> 30 <211> 107 <212> PRT
<213> Mus nuscul us <400> 30 80 Asp Ser,,Val Thr Ile Thr Cys G n Ala Ser G u
Asp | le Ser Ser Tyr 202530 Leu Asn Tr34Tyr Gn Gn Lys Pro Ay Lys Ala Pro
G u Leu Leu Ile 354045 Tyr Tyr Ay Ser Qu Leu Gu Ser Gy Val Pro Ser Arg
Phe Ser Ay 505560 Ser Gy Ser Ay Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu
Gu Ala 65707580 A u Asp Ala Ala Thr Tyr Tyr C¢ys Ay Gn Gy Asn Arg Leu
Pro Tyr

Ala Lys Thr Lys Pro Arg Glu Glu Gln 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 Ile Glu Lys
325 330 335

Thr |le 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 Gln 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 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 Arg Trp Gin GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430



859095 Thr Phe Ay Gn Ay Thr Lys Val u Ile Gu 100105 <210> 31 <211>
120 <212> PRT <213> Mus nuscul us <400> 31 81 Ser Val Lys Val Ser Cys Lys
Ala Ser Ay Tyr Thr Phe Thr Gy Tyr 202530 Ile Met Asn Trp Val Arg Gn Ala
Pro Ay Gn Gy Leu Gu Trp Met 354045 Gy Leu Ile Asn Pro Tyr Asn Ay dvy
Thr Ser Tyr Asn G n Lys Phe 505560 Lys Ay Arg Val Thr Ile Thr Ala Asp Gu
Ser Thr Ser Thr Ala Tyr

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 Gln 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 Ala Trp Ser Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

lle Gly Tyr |le Ser Tyr Ser Gly Ile Thr Thr Tyr Asn Pro Ser Leu
50 55 60



65707580 Met G u Leu Ser Ser Leu Arg Ser Qu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Arg Asp Gy Tyr Asp Asp Ay Pro Tyr Thr Met Asp Tyr Trp Gy
100105110 A n Gy Thr Leu Val Thr Val Ber 115120 <210> 32 <211> 107 <212>
PRT <213> Mus nusculus 82 Asp Ile Gn Met Thr Gn Ser Pro Ser Ser Leu Ser
Ala Ser Val Gy 151015 Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Qu Asn | le
Tyr Ser Phe 202530

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn Gln 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 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 Asn Phe Gly Thr GIn Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205



Leu Ala Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Leu Lou He 354045 Tyr
Asn Ala Lys Thr Leu Ala Lys Gy Val Pro Ser Arg Phe Ser Ay 505560 Ser Ay
Ser Ay Thr Asp Phe Thr Leu Thr Ile SepySer Lou Gn Pro 65707580 G u Asp
Phe Ala Thr Tyr Tyr Cys Gn Hs Hs Tyr Au Ser Pro Lou 859095 Thr Phe dvy
Ay Ay Thr Lys Val Qu Ile Lys 100105 <210> 33 <211> 122 <212> PRT <213>
Mus muscul us <400> 33 83 51015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Qy Phe
Thr Phe Ser Ser Tyr 202530

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 lle 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 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 |le Ser Lys
325 330 335

Thr Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser
340 345 350



Al a Met Ser
Ay Ile Thr
Arg Phe Thr
Met Asn Ser
Pro Ay Thr
Thr Leu Val

Trp Val Arg Gn Ala Pro Ay Lys Gy Leu Au Trp Val 354045 Ser
Ay Ser Ay @y Ser Thr Tyr Tyr Ala Asp Ser Val 505560 Lys Qvy
Ile Ser Arg Asp Asn Ser LyﬁgAsn Thr Leu Tyr 65707580 Leu G n
Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Asp
Thr Val Ile Met Ser Trp Phe Asp Pro Trp 100105110 Ay G n Gy
Thr Val Ser Ser 115120 <210> 34 <211> 108 <212> PRT <213> Mus

muscul us 84 <400> 34 Qu Ile Val Leu Thr Gn Ser Pro Ay Thr Leu Ser Leu
Ser Pr@|fd6fu 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 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

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

<210>
Q21>
212>
213>

<400>

435 440

29

119

PRT

Mus musculus

29

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 Ile Ser Asp Asp



151015 G u Arg Ala [hr Leu Ser Cys Arg Ala Ser A n Sot- Val Arg Ay Arg
202530 Tyr Leu Ala Trp Tyr Gn Gn Lys Pro Ay Gn Ala Pro Arg Leu Leu
354045 Ile Tyr Ay Ala Ser Ser Arg Ala7ihr Gy lle Pro Asp Arg The Ser
505560 Gy Ser Ay Ser Ay Thr Asp Pho Thr Leu [hr Ile Ser Arg Lou GQu
65707580 Pro Gu Asp Phe Ala Val Phe Tyr Cys Gn Gn Tyr Gy Ser Ser Pro
859095 Arg Thr Phe Gy G n Ay Thr Lys Val GQu Ile Lys 100105 <210> 35
<211> 324 <212> PRT <213> Artificial 85 <223> An artificially synthesized
pepti de sequence?28§400> 35 25 30

His Ala Trp Ser Trp Val Arg Gln Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

e Gly Tyr Ile Ser Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Ser Leu
50 55 60

Gin Asp Arg Val 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 Cys
85 90 95

Ala Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Tyr Trp Gly GIn Gly
100 105 110

|le Leu Val Thr Val Ser Ser
115

210> 30

211> 107

212> PRT

<213> Mus musculus

<400> 30

Asp |le Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15



Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser
Thr Ser Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr 202530 Phe Pro
GQu Pro Val Thr Val Ser Trp Asn Ser GgpAl a Leu Thr Ser 354045 Ay Val His
Thr Phe Pro Ala Val Leu A n Ser Ser Gy Leu Tyr Ser 505560 Leu Ser Ser Va
Val Thr Val Pro Ser Ser Asn Phe Ay Thr @ n Thr 65707580 Tyr Thr Cys Asn
Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Thr Val GQu Arg Lys
Ser Cys Val Qu Cys Pro Pro Cys Pro Ala Pro 100105110 86 Thr Leu Met He
Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp

Asp Ser Val Thr lle Thr Cys Gln Ala Ser Glu Asp |le Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln GIn Lys Pro Gly Lys Ala Pro Glu Leu Leu Ile
35 40 45

Tyr Tyr Gly Ser Glu Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr |le Ser Ser Leu Glu Ala
65 10 15 80

Glu Asp Ala Ala Thr Tyr Tyr Cys Gly GIn Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly GlIn Gly Thr Lys Val Glu lle Glu
100 105

210> 31

211> 120

212> PRT

<213> Mus musculus

<400> 31

Gln Val Glin Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15



130135140 Val Ser Gn Qu Asp Pro Qu Val G n Phe Asn Trp Tyr Val Asp Gy
145150155160 Val G u Val H's Asn Ala Lys Thr Lys Pro Arg Qu G u G n Phe
Asn 165170175 Ser Thr Phe Arg Val Val r Val Leu Thr Val Val H's Gn Asp
Trp 180185190 Leu Asn Ay Lys Qu Tyr %ﬁs Cys Lys Val Ser Asn Lys Gy Leu
Pro 195200205 Ala Pro He Qu Lys Thr He Ser Lys Thr Lys Ay Gn Pro Arg Gu
210215220 Pro G n Val Tyr Thr Leu Pro Pro Ser Gn QQu Gu Mt Thr Lys Asn
225230235240 G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp
Il e 245250255 87

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr
20 25 30

|le Met Asn Trp Val Arg Gln Ala Pro Gly GIn Gly Leu Glu Trp Met
35 40 45

Gly Leu Ile Asn Pro Tyr Asn Gly Gly Thr Ser Tyr Asn GIn Lys Phe
50 55 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Asp Gly Tyr Asp Asp Gly Pro Tyr Thr Met Asp Tyr Trp Gly
100 105 110

Gin Gly Thr Leu Val Thr Val Ser
115 120

210> 32

211> 107

<212> PRT

<213> Mus musculus

<400> 32



Thr Pro Pro Met Leu Asp Ser Asp Ay Ser Phe Phe Leu Tyr Ser Lys 275280285

Leu Thr Val

Ser Val

305310315320 Ser Leu Ser Pro <210> 36

Asp Lys Ser Arg Trp Gn GQu @y Asn Val Phe Ser Cys 290295300

Met Hs GQu Ala Leu His Asn HigéTyr Thr A n Lys Ser Leu

11> 330 <212> PRT <213> Artificial

<220> <223> An artificially synthesized peptide sequence <400> 36 Al a Ser

Thr Lys Ay Pro Ser Val

1 5

Asp Arg Val Thr |le
20

Leu Ala Trp Tyr GIn
35

Tyr Asn Ala Lys Thr
50

Ser Gly Ser Gly Thr
65

Glu Asp Phe Ala Thr
85

Thr Phe Gly Gly Gly
100

210> 33

Q11> 122

<212> PRT

<213> Mus musculus

<400> 33

Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser
Gy @y Thr Ala Ala Leu Gy Cys Leu Val Lys Asp Tyr 202530 88

Asp 1le GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

Thr

GIn

Leu

10 15

Cys Arg Thr Ser Glu Asn Ile Tyr Ser Phe

25

30

Lys Pro Gly Lys Ala Pro Lys Leu Leu lle

40

45

Ala Lys Gly Val Pro Ser Arg Phe Ser Gly

55

60

Asp Phe Thr Leu Thr |le Ser Ser Leu Gln Pro

70

Tyr

Thr

Tyr Cys GIn

Lys Val Glu
105

75 80

His His Tyr Glu Ser Pro Leu
90 95

|le Lys

Glu Val GIn Leu Leu Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Gly



Gy Val His Thr Phe Pro Ala Val Leu G n Ser Ser Gy Leu Tyr Ser 505560 Leu
Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Ay fir Gn Thr 65707580 Tyr
lie Cys Asn Val Asn Hs Lys Pro Ser Asgy Thr Lys Val Asp Lys 859095 Lys Val
GQu Pro Lys Ser Cys Asp Lys Thr His hr Cys Pro Pro Cys 100105110 Pro Al a
Pro Gu Leu Leu Ay Ay Pro Ser Val Phe Leu Phe Pro Pro 115120125 Lys Pro
Lys Asp Thr Leu Met Ile Ser Arg Thr Pro A u Val Thr Cys 130135140 Val Va
Val Asp Val Ser Hs Qu Asp Pro Qu Val Lys Phe Asn Trp 145150155160 Tyr
Val Asp Ay Val Qubval His Asn Ala L§s Thr Lys Pro Atlg G u 165170175

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 |le Thr Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr |le Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 15 80

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp Pro Gly Thr Thr Val Ile Met Ser Trp Phe Asp Pro Trp
100 ' 105 110

Gly GIn Gly Thr Leu Val Thr Val Ser Ser
115 120

10> 34
211> 108
<212> PRT
<213> Mus musculus



89 Hs Gn Asp Trp Leu Asn Gy Lys Qu Tyr Lys Cys Lys Val Ser Asn
195200205 Lys Ala Leu Pro Ala Pro Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay
210215220 G n Pro Arg Qu Pro G n Val r Thr Leu Pro Pro Ser Arg Asp Gu
225230235240 Leu Thr Lys Asn G n Val Ser Leu Thr Cys Leu Val Lys Ay The
Tyr 245250255 Pro Ser Asp Ile Ala Val GQu Trp Au Ser Asn Gy Gn Pro GQu
Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Ay Ser The
The 275280285 Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Qy
Asn 29€28B»3004Val Phe Ser Cys Ser Val Met His Qu Ala Leu His Ala Hs Tyr
Thr 305310315320

Glu Ile Val Leu Thr GIn Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly

1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser GlIn Ser Val Arg Gly Arg
20 25 30

Tyr Leu Ala Trp Tyr Gln Gin Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

[le 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 I|le Ser Arg Leu Glu
65 10 15 80

Pro Glu Asp Phe Ala Val Phe Tyr Cys Gln GIn Tyr Gly Ser Ser Pro
85 80 95

Arg Thr Phe Gly GIn Gly Thr Lys Val Glu |le Lys
100 105

210> 35

211> 324

<212> PRT

213> Artificial

<220>



G n Lys Ser Leu Ser Leu Ser Pro Qy Lys 325330 <210> 37 <211> 324 <212>

PRT <213> Artificial
sequence <400>
Ser Lys 151015
Tyr 202530 Phe
354045 Gy Val
505560 Leu Ser
6570758@23> An

<400> 35

Ala

1

Ser

Phe

Gly

lLeu
65

Tyr

Thr

Pro

Ser Thr

Thr Ser

Pro Glu
35

Val His

50

Ser Ser

Thr Cys

Val Glu

Val Ala
115

Lys Gly Pro Ser Val
5

Gly Gly Thr Ala Ala
20

Pro Val Thr Val Ser
40

Thr Phe Pro Ala Val
55

Val Val Thr Val Pro
70

Asn Val Asp His Lys
85

Arg Lys Ser Cys Val
100

Gly Pro Ser Val Phe
120

<220> <223> An artificially synthesized peptide

37 Ala Ser Thr Lys Ay Iso Ser Val Phe Pro Leu Ala Pro Ser
Ser Thr Ser Ay Ay Thr Ala Ala Leu Ay Cys Leu Val Lys Asp
Pro u Pro Val _Thr Val Ser Trp Asn Ser Ay Ala Leu Thr Ser
H's Thr Phe Pro Ala Val Leu Gn Ser Ser Ay Leu Tyr Ser

Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay Thr @ n Thr
artificially synthesized peptide sequence

Phe Pro Leu Ala Pro Ser Ser Lys
10 15

Leu Gly Cys Leu Val Lys Asp Tyr
25 30

Trp Asn Ser Gly Ala Leu Thr Ser
45

Leu GIn Ser Ser Giy Leu Tyr Ser
60

Ser Ser Asn Phe Gly Thr GIn Thr
15 80

Pro Ser Asn Thr Lys Val Asp Lys
90 95

Glu Cys Pro Pro Cys Pro Ala Pro
105 110

L.eu Phe Pro Pro Lys Pro Lys Asp
125



91 Thr Val Gu Arg Lys Ser Cys Val GQu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115120125 Thr Leu Met Ile Ser Arg Thr Q?o G u Val Thr Cys Vval Val Val Asp
130135140 Val Ser Gn Qu Asp Pro Au Val Gn Phe Asn Trp Tyr Val Asp Gy
145150155160 Val Gu Val H's Asn Ala Lys Thr Lys Pro Arg Gu Gu G n Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val Hs Gn Asp
Trp 180185190 Leu Asn Ay Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Ay Leu
Pro 1952002094 &l PSer IArg Thu PleysGThvall ITer S35 Vyb VErvdlydsgdy G n Pro Arg

Au 130 35 140

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 Gln Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Vail 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 1le Glu 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

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



210215220 92 G n Val Ser Leu Thr Cys Leu Val Lys Gy Phe Tyr Pro Ser Asp
I1e 245250255 Ala Val Qu Trp Au Ser Asn Ay Gn Pro Qu Asn Asr Tyr Lys

Thr
Lys
Cys

Leu

260265270 Thr Pro Pro Met Leu Asp ger Asp Ay Ser Phe Phe Leu Tyr Ser
275280285 Leu Thr Val Asp Lys Ser Arg Trp Gn Gu Gy Asn Val Phe Ser
290295300 Ser Val Met Hs Qu Ala Leu Hs Ala H's Tyr Thr G n Lys Ser
305310315320 Ser Leu Ser Pro <210> 38 <211> 326 <212> PRT <213>

Artificial <220> <223> An artificially %%nthesized pepti de sequence

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 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

<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

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Gys 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



<400> 38 93 Ser Thr Ser Qu Ser Thr Ala Ala Leu Ay Cys Leu Val Lys Asp
Tyr 202530 Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser Gy Ala Leu Thr Ser
354045 Gy Val H's Thr Phe Pro Ala Valgdeu G n Ser Ser Gy Leu Tyr Ser
505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay Thr G n Thr
65707580 Tyr Thr Gys Asn Val Asp Hi s Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 Thr Val G u Arg Lys Ser Gys Val Qu Cys Pro Pro Cys Pro Ala Pro
100105110 Pro Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115120125

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 Gln Thr
65 70 75 80

Tyr |le 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 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 Val 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



Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Gys Val Val Val Asp 130135140
94 Val Qu Val H's Asn Ala Lys Thr Lys Pro Arg Au Gu dn Phe Asn
165170175 Ser Thr Phe Arg Val Val Ser | Leu Thr Val Val Hs Gn Asp Trp
180185190 Lou Asn Ay Lys Gu Tyr Lys s Lys Val Ser Asn Lys Gy Lou Pro
195200205 Ala Pro Ile Qu Lys Thr Ile Ser Lys Thr Lys Ay Gn Pro Arg Gu
210215220 Pro G n Val Tyr Thr Leu Pro Pro Ser Arg AQu Gu Met Thr Lys Asn
225230235240 G n Val Ser Lou Thr Cys Lou Val Lys Gy Phe Tyr Pro Ser Asp
Il e 245250255 Ala Val Qu Trp Qu Ser Asn Ay Gn Pro OH Asn Asn Tyr Lys
Thr

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 tle Glu Lys Thr ile 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 Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp |le Ala Val Glu Trp Glu Ser Asn Gly Gln 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 GIn GlIn 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 Gly Lys
325 330



260265270 Thr Pro Pro Met Lou Asp Ser Asp Ay Ser Phe Phe Leu Tyr Ser Lys
275280285 95 Ser Val Met Hs G u Ala Leu Hi's Asn H's Tyr Thr G n Lys Ser
Leu 305310315320 Ser Leu Ser Pro Ay Lgp 325 <210> 39 <211> 326 <212> PRT
<213> Artificial <220> <223> An artificially synthesized pepti de sequence
<400> 39 Ala Ser Thr Lys Ay Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
151015 Ser Thr Ser A u Ser Thr Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr
202530

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

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 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



Phe Pro Qu Pro Val Thr Val Ser lip Mh Ser Gy Ala Leu Thr Ser 354045 96
Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay Thr G n Thr 65707580
Tyr Thr Cys Asn Val Asp His Lys Pro Seg1Asn Thr Lys Val Asp Lys 859095 Thr
Val Qu Arg Lys Ser Cys Val GQu Cys Pro'Pro Cys Pro Ala Pro 100105110 Pro
Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr
Leu Met Ile Ser Arg Thr Pro A u Val Thr Cys Val Val Val Asp 130135140 Va
Ser Hs Qu Asp Pro Au Val Gn Phe Asn Trp Tyr Val Asp Ay 145150155160

Val G ghvajaHasu A8 1AlsaSty Tydva LE sy By PYoOPE Cyd Prd3Ana Birg Asn
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 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 Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu
210 215 220

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



165170175 Ser Thr Phe Arg Val Val Ser Val Lou Thr Val Val H's Gn Asp Trp

180185190 97 Ala Pro Ile @u Lys Thr

Ile Ser Lys Thr Lys Gy Gn Pro Arg

G u 210215220 Pro A n Val Tyr Thr Leu 5 o Pro Ser Arg Qu Gu Met Thr Lys

Asn

Asp Il e 245250255 Al a Val

Lys
Ser
Ser

Lys 275280285 Leu Thr Val

245 250 255

Ala Val Glu Trp Gliu 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
290 295 300

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> Artificial

220>
<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

225230235240 G n Val Ser Leu Thr CyS Leu Val Lys Ay Phe Tyr Pro Ser
GQu Trp u Ser Asn Ay G@n Pro Qu Asn Asn Tyr
Thr 260265270 Thr Pro Pro Met Leu Asp Ser Asp Gy Ser Phe Phe Leu Tyr
Asp Lys Ser Arg Trp Gn dn Ay Asn Val

Cy&1RA298800eu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp [le

Phe



Ser Val Met HHs Qu Ala Leu H's Asn H's Tyr Thr Gn Lys Ser Leu
305310315320 Ser Leu Ser Pro Ay Lys 325 <210> 40 <211> 326 <212> PRT <213>
Artificial 98 <220> <223> An artificig#ly synt hesi zed pepti de sequence
<400> 40 Ala Ser Thr Lys Ay Pro Ser Val The Pro Leu Ala Pro Cys Ser Arg
151015 Ser Thr Ser GAL) Ser Thr Ala Ala Leu Ay Cys Leu Val Lys Asp Tyr
202530 Phe Pro Qu Pro Val "Fir Val Ser Trp Asn Ser Ay Ala Leu Thr Ser
354045 Gy Val His Thr Phe Pro Ala Val Leu Gn Ser Ser Gy Leu Tyr Ser

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



505560 Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay fir @n Thr
65707580 Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
859095 Thr Val du Arg Lys Cys Ser Val u Cs Pro Pro Cys Pro Ala Pro
100105110 99 Thr Leu Met Ile Ser Arg r Pro du Val Thr Cys Val Val Va
Asp 130135140 Val Ser His Au Asp Pro Gu Val dn Phe Asn Trp Tyr Val Asp
@y 145150155160 Val GQu VvVal H's Asn Ala Lys Thr Lys Pro Arg Qu GQu Gn
Phe WMn 165170175 Ser Mr Phe Arg Val Val Ser Val Leu Thr Val Val H's Gn
Asp Trp 180185190

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
195 200 205

Ala Pro Ile Glu Lys Thr [le Ser Lys Thr 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 |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 Gln Gly Asn Val Phe Ser Cys
290 295 300



Leu Asn Gy Lys ONTyr Lys Cys Lys Val Ser Asn Lys Ay Leu Pro 195200205
Ala Pro Ile Au Lys Thr Ile Ser Lys Thr Lys Ay Gn Pro Arg A u 210215220
Pro Gn Val Tyr Thr Leu Pro Pro Ser Ar% A u G u Met Thr Lys Asn
225230235240 G n Val Ser Leu Thr Cys Lay Val Lys Ay Phe Tyr Pro Ser Asp
Il e 245250255 100 Thr Pro Pro Met Leu Asp Ser Asp Ay Ser Phe Phe Lou Tyr
Ser Lys 275280285 Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Ay Asn Val Phe
Ser Cys 290295300 Set- Val Met Hs GQu Ala Leu H's Asn Hs Tyr Thr G n Lys
Ser Lou 305310315320 Ser Lou Ser Pro Gy Lys

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> 39

211> 326

<212> PRT

213> Artificial

<220>
223> MAn artificially synthesized peptide sequence

<400> 39
Ata 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



325 <210> 41 <211> 445 <212> PRT <213> Artificial <220> <223> An artify
synt hesi zed peptide sequence <400> 41 Gn Val Gn Leu Gn Gu Ser Ay Pro
Gy Leu Val Arg Pro Ser Gn 151015° 10ggH s Ala Trp Ser Trp Val Arg G n Pro
Pro Gy Arg Ay Leu Gu Trp 354045 | le Ay Tyr Ile Ser Tyr Ser Ay Ile Thr
Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser
Lys Asn G n Phe Ser 65707580

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 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 His 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 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



Lou
Arg
Lou
Lou
Cys
102

Arg Lou Ser Ser Val Thr Ala Al a
Ser Leu Ala Arg Thr Thr Ala Mt
Val Thr Val Ser Ser Ala Ser Thr
Ala Pro Cys Ser Arg Ser Thr Ser
Leu Val Lys Asp Tyr Phe Pro Gu
Gn Ser Ser Ay Leu Tyr Ser Leu
180185190 Ser Asn Phe Ay Thr G n Thr Tyr Thr Cys Asn Va

Asp Thr Ala Va

Lyg;-, Gy Pro Ser

Tyr Tyr
Asp Tyr Trp Ay G@n Ay

Val

Phe

Au Ser Thr Ala Ala Lou
Ser Trp
Thr Val

Pro Val Thr Val
Ser Ser Val Val

Cys 859095 Al a
100105110 Ser
115120125 Pro
130135140 dvy
145150155160
Pro Ser

Asp H's Lys Pro

19520020& PSer | AsGITHysLie Vaé SAsplLysyShatuysValy Glo ProgAky €ier Cys Val GQu

210 215

Pro GIn Val Tyr Thr Leu Pro Pro Ser
225 230

GIn Val Ser Leu Thr Cys Leu Val Lys
245

Ala Val Glu Trp Glu Ser Asn Gly GIn
260 265

Thr Pro Pro Met Leu Asp Ser Asp Gly
275 280

Leu Thr Val Asp Lys Ser Arg Trp Gin
290 295

Ser Val Met His Glu Ala Leu His Asn
305 310

Ser Leu Ser Pro Gly Lys
325

<210> 40
211> 326
<212> PRT
<213> Artificial

220

Arg Glu Glu Met Thr
235

Gly Phe Tyr Pro Ser
250

Pro Glu Asn Asn Tyr
270

Ser Phe Phe Leu Tyr
285

Gln Gly Asn Val Phe
300

His Tyr Thr Gin Lys
315

Lys

Asp

255

Lys

Ser

Ser

Ser

Asn

240

lle

Thr

Lys

Cys

Leu
320



210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val Phe Leu
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro

du
Gn
Lys
Leu
Ser
Pro

245250255 Val Thr Cys Val Val Val gdsp Val Ser H's Gu Asp Pro Gu Va
260265270 Phe Asn Trp Tyr Val Asp Ay Val GQu Val H's Asn Ala Lys Thr
275280285 Pro Arg Qu Gu G n Phe Asn Ser Thr Phe Arg Val Val Ser Va
290295300 103 Val Ser Asn Lys Ay Leu Pro Ala Pro Ile Qu Lys Thr Ile
Lys 325330335 Thr Lys Ay Gn Pro Arg Au Pro Gn Val Tyr Thr Leu Pro
Ser 340345350

<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 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 15 80

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

(2]

Thr Val Glu Arg Lys Cys Ser 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



Arg Gu Au Met Thr Lys Asn Gn Val Ser Leu Thr Cys Leu Val Lys 355360365
Gy Phe Tyr Pro Ser Asp Ile Ala Val Qu Trp Au Ser Asn Ay G n 370375380
Pro Gu Asn Asn Tyr Lys Thr Thr Pro PrggMet Leu Asp Ser Asp Gy
385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp

A n 405410415 Gn Ay Asn Val Phe Ser Cys Ser Val Met Hs Qu Ala Leu H's
Asn 420425430 Hi's Tyr Thr G n Lys Ser Leu Ser Leu Ser Pro Gy Lys 435440445
<210> 42 <211> 445 <212> PRT <213> Artificial 104 <220> <223> An
artificially synthesized peptide sequence

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 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
195 200 205

Ala Pro 1le Gfu Lys Thr |le 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 |le
245 250 255

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



<400> 42 G n Val Gn Leu Gn Qu Ser Ay Pro Gy Leu Val Arg Pro Ser G n
151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Ay Tyr Ser Ile Thr Ser Asp

202530 His Ala Trp Ser Trp Val
354045 Ile Ay Tyr
505560 Lys Ser Arg Val

65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Al a Val
859095 Ala Arg Ser Lew Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay Gn Ay
100105110 105

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 Gly Lys

<210>
211>
212>
<213>

<220>
<223>

<400>

325

41

445

PRT
Artificial

An artificially synthesized peptide sequence

41

GIn Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln

1

5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser |le Thr Ser Asp

20 25 30

Arg Gnigyo Pro Ay Arg Ay Leu Gu Trp
Ile Ser Tyr Ser Ay Ile Thr Thr Tyr Asn Pro Ser Leu
Thr Met Leu Arg Asp Thr Ser Lys Asn G n Phe Ser

Tyr Tyr Cys



Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser A u Ser Thr Ala Ala Leu 130135140

@y Cys Leu Va

Leu
Ser
Pro
Au
Leu
Pro

|te Gly Tyr Ile Ser
50

Lys Ser Arg Val Thr
65

Leu Arg Leu Ser Ser
85

Ala Arg Ser Leu Ala
100

Ser Leu Val Thr Val
115

Pro Leu Ala Pro Cys
130

Gly Cys Leu Val Lys
145

Asn Ser Gly Ala Leu
165

Lys Asp Tyr Phe Pro Gu Pro Val
145150155160 Asn Ser GAs/ Ala Leu Thr {§¢r dvy Val
165170175 G n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Va
180185190 Ser Asn Phe Ay Thr @n Thr Tyr Thr Cys Asn Va
195200205 Ser Asn Thr Lys Val
210215220 Cys Pro Pro Cys

225280935540 PheTrPr\lﬁ\PAbg L(‘s)@ Efr%PLtg/sGmsngTﬁ&y Ley fbt
A u 245259255

40

Tyr Ser Gly lle Thr
55

Met Leu Arg Asp Thr
70

Val Thr Ala Ala Asp
90

Arg Thr Thr Ala Met
105

Ser Ser Ala Ser Thr
120

Ser Arg Ser Thr Ser
135

Asp Tyr Phe Pro Glu
150

Thr Ser Gly Val His
170

Asp Lys Thr Val
la Pro Pro Va

Thr Val

Ala G4

45

Thr Tyr Asn Pro Ser
60

Ser Lys Asn GIn Phe
75

Thr Ala Val Tyr Tyr
95

Asp Tyr Trp Gly GIn
110

Lys Gly Pro Ser Val
125

Glu Ser Thr Ala Ala
140

Pro Val Thr Val Ser
155

Thr Phe Pro Afa Val
175

r

Ser Trp
H s Thr Phe Pro Al a
Val

Leu

Ser

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Asp Hi s
G u Arg Lys Cys Ser
Pro Ser Val
Fe Ser Arg Thr

Val
Pro
Lys
Val
Phe



106 Phe Asn Trp Tyr Val Asp Gy Val du Val Hs Asn Ala Lys Thr Lys
275280285 Pro Arg Gu Qu G n Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
290295300 Thr Val Val His Gn Asp Trpiggu Asn Gy Lys @Qu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Gy Leu Pro Ala Pro Ile GQu Lys Thr Ile Ser
Lys 325330335 Thr Lys Ay Gn Pro Arg u Pro Gn Val Tyr Thr Leu Pro Pro
Ser 340345350 Arg Gu Qu Met Thr Lys Asn Gn Val Ser Leu Thr Cys Leu Va
Lys 355360365 Ay Phe Tyr Pro Ser Asp | le Ala Val Qu Trp Au Ser Asn Ay
G n 376875880 Pr I)GLaUAg'm dem LTEyrSelryget‘TNal'lVrarl Phio Vel oPriaefe.eu Asp Ser Asp

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

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 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



107 G n Gy Asn Val Phe Ser Cys Ser Val Met Hs Qu Ala Lou H s Asn
420425430 His Tyr Thr G n Lys Ser Lou Ser Leu Ser Pro Ay Lys 435440445
<210> 43 <211> 328 <212> PRT <213> ArtipBi cial <220> <223> An artificially
synt hesi zed pepti de sequence <400> 43 Ala Ser Thr Lys Ay Pro Ser Val Phe
Pro Leu Ala Pro Ser Ser Lys, 151015 Ser Thr Ser Gy Gy Thr Ala Ala Leu Gy
Cys Leu Val Lys Asp Tyr 202530 Phe Pro Qu Pro Val Thr Val Ser Trp Asn Ser

d Al T S 354045
y %a+i§ér gﬁ L?g Gly Leu Pro Ala Pro |le Glu Lys Thr |le 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 Gln Val Ser Leu Thr Cys 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 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

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 Leu Ser Pro Gly Lys
435 440 445

210> 42
Q211> 445
212> PRT
213> Artificial



108 Leu Ser Ser Val
65707580 Tyr
859095 Lys Val

Val

Ile Cys Asn Val

Val

Val Thr Va

Asp Val
Asp Ay Val

d u Val

Val

223> An artificially synthesized peptide sequence

<400> 42

Gin Val GIn Leu
1

Thr Leu Ser Leu
20

His Ala Trp Ser
35

Ile Gly Tyr lle
50

Lys Ser Arg Val
65

Leu Arg Leu Ser

Gin Glu Ser Gly Pro
5

Thr Cys Thr Val Ser
25

Trp Val Arg GIn Pro
40

Ser Tyr Ser Gly lle
55

Thr Met Leu Arg Asp
70

Ser Val Thr Ala Ala
85

Gly

10

Gly

Pro

Thr

Thr

Asp
90

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met

100

Ser Leu Val Thr
115

105

Val Ser Ser Ala Ser
120

Thr

Leu Val Arg Pro Ser
15

Tyr Ser lle Thr Ser
30

Gly Arg Gly Leu Glu
45

Thr Tyr Asn Pro Ser
60

Ser Lys Asn GIn Phe
15

Thr Ala Val Tyr Tyr
95

Asp Tyr Trp Gly Gin
110

Lys Gly Pro Ser Val
125

Pro Ser Ser Ser Leu Ay Thr G n Thr
Asn Hi's Lys Pro Ser Asn Thr Lys Val
Au Pro Lys Ser Cys Aspo4ys Thr His Thr Cys Pro Pro Cys
100105110 Pro Ala Pro Qu Leu Leu Ay Ay Pro Ser Val
115120125 Lys Pro Lys Asp Thr Leu Met
130135140 Val
145150155160 Tyr Val
A u 165170175 Au A n Tyr Asn Ser Thr Tyr Arg Val

Leu 18Q385190

Phe Leu Phe Pro Pro
Thr Cys
Lys Phe Asn Trp

Ile Ser Arg Thr Pro Qu Va
Ser Hs Au Asp Pro du Val
H's Asn Ala Lys Thr Lys Pro Arg

Ser Val Leu Thr Val

Gin

Asp

Trp

Leu

Ser

80

Cys

Gly

Phe

Asp Lys



109 Lys Ala Leu Pro Ala Pro Ile Qu Lys Thr
210215220 G n Pro Arg Qu Pro G n Va

225230235240 Leu Thr Lys Asn G n Va

Tyr 245250255 Pro Ser Asp Ile Al a Val

Asn
Phe
Asn
Thr

Ile Ser Lys Ala Lys Ay
Tyr Thr Leu Pro Pro Ser Arg Asp Qu

Leu Thr Cys Leu Val

260265270 Asn Tyr Lys Thr Thr Pro Pro Val

275280285 Leu Tyr Ser Lys Leu Thr Val

290295300 Val Phe Ser Cys Ser Val

305310315320 G n Lys Ser Leu Ser Leu Ser Pro

Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu

Gly

145

Asn

Gln

Ser

Ser

Cys

225

Phe

Va

130

Cys Leu Val Lys Asp
150

Ser Gly Ala Leu Thr
165

Ser Ser Gly Leu Tyr
180

Asn Phe Gly Thr GlIn
195

Asn Thr Lys Val Asp
210

Pro Pro Cys Pro Ala
230

Pro Pro Lys Pro Lys
245

Thr Cys Val Val Val
260

135

Tyr Phe

Ser Gly

Ser Leu

Thr Tyr

200

Lys Thr

215

Pro Pro

Asp Thr

Asp Val

Pro

Val

Ser

185

Thr

Val

Val

Leu

Ser
265

Glu

His

170

Ser

Cys

Glu

Ala

Met

250

His

140

Pro Val
155

Thr Phe

Val Val

Asn Val

Arg Lys

220

Gly Pro
235

le Ser

Glu Asp

Thr Val

Pro Ala

Thr Val
190

Asp His

205

Cys Ser

Ser Val

Arg Thr

Pro Glu
270

Ser

Val
175

Pro

Lys

Val

Phe

Pro

255

Val

Trp

160

Leu

Ser

Pro

Glu

Leu

240

Glu

Gin

Lys Gy Phe
uTrp Au Ser Asn Ay Gn Pro Qu
Leu Asp Ser Asp Ay Ser Phe
Asp Lys Ser Arg Trp Gn Gn Gy
Met Hs GQu Ala Leu Hs Ala H s Tyr



325 <210> 44 <211> 447 <212> PRT <213> Artificial 110 <220> <223> An
artificially synthesized peptide sequence <400> 44 Gn Val An Leu @n Qu
Ser Gy Pro Sty Leu Val Lys Pro Ser GyHdp151015 Thr Leu Ser Leu Thr Cys Ala
Val Ser Ay Tyr Ser Ile Ser Asp Asp 23?930 Hs Ala Val Ser Trp Val Arg Gn
Pro Pro Gy Qu Ay Leu Qu Trp 354045 Ile Gy Phe He Ser Tyr Ser Ay lle
Thr Asn Tyr Asn Pro Thr Leu 505560 G n Asp Arg Val Thr Ile Ser Arg Asp M
Ser Lys Asn Thr Leu Tyr 65707580

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 Glu Pro GIn Val Tyr Thr Leu Pro Pro Ser
340 345 350

Arg Glu Glu Met Thr Lys Asn GlIn 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
385 390 395 400

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin
405 410 415



Leu Gn Met Asn Ser Leu Arg Ala GQu Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Arg Leu Leu Ala Arg Ala Thr Ala Met Asp Val Trp Ay Gu dy 100105110 111
Pro Lou Ala Pro Ser Ser Lys Ser Thr qu7Gly Gy Thr Ala Ala Lou 130135140
Gy Cys Lou Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp
145150155160 Asn Ser Ay Ala Lou Thr Ser Gy Val H's Thr Phe Pro Al a Val
Leu 165170175 A n Ser Ser Gy Leu Tyr Ser Lou Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Ser Lou Gy Thr A n Thr Tyr Ile Cys Asn Val Asn H s Lys
Pro 195200205 Ser Asn Thr Lys Val Asp Lys Lys Val GQu Pro Lys Ser Cys Asp
Lys

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

<210> 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 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



210215220 Thr H's Thr Cys Pro Pro Cys Pro Ala Pro Qu Lou Lou Ay Gy Pro

225230235240 Ser Val
Ser 245250255 112 Pro A u Va

Phe Lou Phe Pro Pro Lys Pro Lys Asp Thr Lou Met Ile
Lys Thegpgsn Trp Tyr Val Asp Gy Val

d u Val

Hi s Asn 275280285 Ala Lys Thr Lys Pro Arg GQu Gu Gn Tyr Asn Ser Thr Tyr

Arg Val

290295300 Val

Ile Au Lys 325330335 Thr

Val

65 10

Tyr |le Cys Asn Val Asn
85

Lys Val Glu Pro Lys Ser
100

Pro Ala Pro Glu Leu Leu
115

Lys Pro Lys Asp Thr Leu
130

Val Val Val Asp Val Ser
145 150

Tyr Val Asp Gly Val Glu
165

Glu GIn Tyr Asn Ser Thr
180

His GIn Asp Trp Leu Asn
195

Ser Val

His Lys Pro Ser
90

Cys Asp Lys Thr
105

Gly Gly Pro Ser
120

Met |le Ser Arg
135

His Glu Asp Pro

Val His Asn Ala
170

Tyr Arg Val Val
185

Gly Lys Glu Tyr
200

Lou Thr Val
Lys d u 305310315320 Tyr Lys Cys Lys Va

Lou Hs Gn Asp Trp Lou Asn Gy

Ser Asn Lys Ala Lou Pro Ala Pro
Ile Ser Lys Ala Lys Ay Gn Pro Arg Qu Pro Gn

TylLeTher38@34a356%| Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr

15 80

Asn Thr Lys Val Asp Lys
95

His Thr Cys Pro Pro Cys
110

Val Phe Leu Phe Pro Pro
125

Thr Pro Glu Val Thr Cys
140

Glu Val Lys Phe Asn Trp
155 160

Lys Thr Lys Pro Arg Glu
175

Ser Val Leu Thr Val Leu
190

Lys Cys Lys Val Ser Asn
205



Let, Pro Pro Ser Arg Asp Qu Leu Thr Lys Asn G n Val

Cys Lou Val Lys Ay Phe Tyr Pro Ser Asp Ile Ala Val Qu Trp
Ser Asn Ay Gn Pro u Asn Asn Tyr Lyﬁ9

385390395400 113 Ser Arg Trp Gn Gn
H's Gu 420425430 Ala Lou H's Ala His Tyr Thr G n Lys Ser Leu Ser Lou Ser
Pro 435440445 <210> 45 <211> 214 <212> PRT <213> Artificial
artificially synthesized peptide sequence <400> 45 Asp Ile G n Met Thr Gn

Ser Prqygek| 56yl B PAb A 1886 VRYs Gy 1le Ser Lys Ala Lys Gly
210 215

Gln Pro Arg Glu Pro GIn Val Tyr Thr

225

Leu Thr

Pro Ser

Asn Tyr

Leu Tyr
290

Val Phe
305

GIn Lys

<210>
2115
212>
213>

230

Lys Asn GIn Val Ser Leu
245

Asp lle Ala Val Glu Trp
260

Lys Thr Thr Pro Pro Val
275 280

Ser Lys Leu Thr Val Asp
295

Ser Cys Ser Val Met His
310

Ser Leu Ser Leu Ser Pro
325
44
447
PRT
Artificial

Thr

Glu

265

Leu

Lys

Glu

Leu

Cys

250

Ser

Asp

Ser

Ala

Thr Thr Pro Pro Val
%/ Asn Val Phe Ser Cys Ser Val Met

Pro

235

Leu

Asn

Ser

Arg

Leu
315

220

Pro Ser Arg Asp Glu
240

Val Lys Gly Phe Tyr
255

Gly Gln Pro Glu Asn
270

Asp Gly Ser Phe Phe
285

Trp Gin GIn Gly Asn
300

His Ala His Tyr Thr
320

Ser Lou Thr 355360365

d u 370375380
Lou

<220> <223> An



151015 Asp Ser Val Thr Ile Thr Cys G n Ala Ser Gn Asp Ile Ser Ser Tyr
202530 Leu Asn Trp Tyr Gn Gn Lys Pro Gy Lys Ala Pro Qu Leu Lou Ile
354045 114 Ser Gy Ser Ay Thr Asp PhRegThr Phe Thr Ile Ser Ser Leu Gu Al a
65707580 G u Asp Ala Ala Thr Tyr Tyr s Ay Gn Ay Asn Arg Leu Pro Tyr
859095 Thr Phe Ay Gn Ay Thr Lys Val u Ile Qu Arg Thr Val Ala Al a
100105110 Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Qu Gn Leu Lys Ser Ay
115120125 Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Qu Al a
130135140

<220>
223> MAn artificially synthesized peptide sequence

400> 44
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 Tyr Ser Ile Ser Asp Asp
20 25 30

His Ala Val Ser Trp Val Arg Gln Pro Pro Gly Glu Gly Leu Glu Trp
35 40 45

[le Gly Phe |le Ser Tyr Ser Gly lle Thr Asn Tyr Asn Pro Thr Leu
50 55 60

Gln Asp Arg Val Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 10 15 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 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



Lys Val Gn Trp Lys Val Asp Asn Ala Leu Gn Ser Ay Asn Ser G n
145150155160 A u Ser Val Thr u G n Asp Ser Lys Asp Ser Thr Tyr Ser Leu
Ser 165170175 Ser Thr Leu Thr Leu Ser qlyys Ala Asp Tyr Gu Lys His Lys Va
Tyr 180185190 115 Phe Asn Arg Ay Qu %ys 210 <210> 46 <211> 443 <212> PRT
<213> Artificial <220> <223> An artificially synthesized pepti de sequence
<400> 46 Gn Val Gn Leu dn Qu Ser Ay Pro Gy Leu Val Lys Pro Ser GQu
151015 Thr Leu Ser Leu Thr Cys Ala Val Ser Ay Hs Ser Ile Ser H s Asp
202530

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 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 |le Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 2170



H s
Ay
Arg
Arg
Leu
Leu
Cys
Asn

Ala Trp
Phe Il e
Val Thr
Ser Leu
Val Thr
Ala Pro
Lou Val
Ser Gy

Val

Ser
Arg
Thr
Ser
Lys
Tyr
Thr

Ser
Ser
Ile
Al a
Val
Ser
Lys
Al a

Trp
Tyr
Ser
Arg
Ser
Ser
Asp
Leu

Arg Gn
Ay lle
Asp Asn
Thr Al a
Al a Ser
Ser Thr
Phe Pro
Ser Gy

Pro Pro Gy
Thr Asn Tyr
Ser L Asn
Met Agngyr
Thr Lys Ay
Ser Ay Ay
A u Pro Val
Val Hi's Thr

Gu Gy
Asn Pro
Thr Leu
Trp Ay
Pro Ser
Thr Al a
Thr Val
Phe Pro

Leu
Ser
Tyr
du
Val
Al a
Ser
Al a

Gu Trp 354045 1le
Leu 505560 G n Ay
65707580 116 Al a
Gy 100105110 Thr
Phe 115120125 Pro
Lou 130135140 Ay
Trp 145150155160
Val Lou

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn

275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

Thr |le Ser

Leu Pro Pro
355

Cys Leu Val
370

Ser Asn Gly
385

Asp Ser Asp

Lys Pro Arg

Leu Thr Val

310

Lys Val
325

Ser

Lys Ala
340

Lys

Ser Arg Asp

Lys Gly Phe

Gin Pro Glu

390

Gly Ser
405

Phe

280

Glu Glu GIn
295

Leu His Gln

Asn Lys Ala

Gly GIn Pro
345

Glu Leu Thr
360

Tyr Pro Ser
375

Asn Asn Tyr

Phe Leu Tyr

285

Tyr Asn Ser Thr
300

Asp Trp Leu Asn
315

Leu Pro Ala Pro
330

Arg Glu Pro GIn

Lys Asn Gln Val
365

Asp |le Ala Val
380

Lys Thr Thr Pro
395

Ser Lys Leu Thr
410

Tyr Arg

Gly

Lys

Glu
335

e

Val
350

Tyr

Ser Leu

Glu Trp

Pro Val

Val Asp

415

Val

Glu

320

Lys

Thr

Thr

Glu

Leu

400

Lys



165170175 G n Ser Ser Ay Lou Tyr Ser Lou Ser Ser Val Val Thr Val Pro Ser
180185190 Ser Asn Phe Ay Thr @ n Thr Tyr Thr Cys Asn Val Asp H's Lys Pro
195200205 Ser Asn Thr Lys Val Asp Lys1 r Val Gu Arg Lys Ser Cys Val Gu
210215220 117 Phe Pro Pro Lys Pro Lys p Thr Lou Met Ile Ser Arg Thr Pro
G u 245250255 Vval Thr Cys Val Val Val Asp Val Ser Gn Qu Asp Pro Gu Va
G n 260265270 Phe Asn Trp Tyr Val Asp Ay Val Qu Val H's Asn Ala Lys Thr
Lys 275280285 Pro Arg Qu Gu G n Phe Asn Ser Thr Phe Arg Val Val Ser Va
Lou 290295300

Ser Arg Trp GIn Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu
420 425 430

Ala Leu His Ala His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440 445

<210> 45

Q211> 214

<212> PRT

213> Artificial

<220>
<223> An artificially synthesized peptide sequence

<400> 45
Asp lle GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr |le Thr Cys Gin Ala Ser GIn Asp Ile 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 Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



Thr val Val Hs Gn Asp Trp Lou Asn Gy Lys Qu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Ay Lou Pro Ala Pro Ile Qu Lys Thr Ile Ser
Lys 325330335 Thr Lys Ay Gn Pro Argi@u Pro Gn Val Tyr Thr Lou Pro Pro
Ser 340345350 G n Gu GQu Met Thr Lys Asn Gn Val Ser Lou Thr Cys Lou Va
Lys 355360365 118 Pro Qu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
Asp Gy 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
Arg Trp G n 405410415 Au Ay Asn Val Phe Ser Cys Ser Val Met His Au Ala
Leu Hi SeAldy4d0485u3brHisp Phe ThnrPha mAhiyld esBer Seu lSerGled!Ser Pro

65 10 15 80

Glu Asp Ala Ala Thr Tyr Tyr CGys Gly GIn Gly Asn Arg Leu Pro Tyr
85 90 95

Thr Phe Gly GIn Gly Thr Lys Val Glu Ile 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 Ala 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 GlIn
145 150 155 160

Glu Ser Val Thr Glu 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 GlIn Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205



435440 <210> 47 <211> 214 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 47 Asp Ile G n Met Thr Gn
Ser Pro Ser Ser Leu Ser Ala Ser Val Gﬁw5151015 119 Lou Asn Trp Tyr G n G
n Lys Pro Ay Lys Ala Pro GQu Leu Lou Il'e 354045 Tyr Tyr Ay Ser H's Lou
Lou Ser Gy Val Pro Ser Arg Rho Ser dy 505560 Ser Ay Ser Gy Thr Asp Rho
Thr Phe Thr Ile Ser Ser Lou Gu Ala 65707580 A u Asp Ala Ala Thr Tyr Tyr
Cys Ay Adn dy Asn Arg Leu Pro Tyr 859095

Phe Asn Arg Gly Glu Cys

210

<210> 46

211> 443

<212> PRT

213> Artificial

<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

1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly His Ser Ile 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

|1e Gly Phe |le Ser Tyr Ser Gly |le 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



Thr Phe Ay G n @y Thr Lys Val Gu Ile u Arg Thr Val Ala Ala 100105110
Pro Ser Val Phe He Rho Pro Pro Ser Asp Qu G n Lou Lys Ser Ay 115120125
Thr Ala Ser Val Val Cys Lou Lou Asn AspygPhe Tyr Pro Arg Gu Ala 130135140
Lys Val Gn Trp Lys Val Asp Asn Ala Lou Gn Ser Ay Asn Ser G n
145150155160 120 Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Qu Lys H's Lys
Val Tyr 180185190 Ala Cys Qu Val Thr HHs An @y Leu Ser Ser Pro Val Thr
Lys Ser 195200205 Pe Asn Arg Ay Qu Cys 210 <210> 48 <211> 443 <212> PRT
<213> Artificial <220>

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 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



<223> An artificially synthesized peptide sequence <400> 48 A n Va
Ser Ay
Val
Pro
Asp
Au
Met
Ser Thr

Adn
Cys
Arg
Ser
Arg
Thr
Al a

Au
Al a
Gn
Arg
Al a
Al a

Leu
Ser
Ay
Asn
Val

Ay
Ser

Pro
Ay
Ay
Ser
Thr
Tyr
Ay

Ay
H s
du
Lys
Al a
Trp
Pro

Val Lys
Il e Ser
Leu Gu
Thr Leu
Tyr Tyr

Ser
Pro
Asn
Asp
Asp
Lys

Val Phe

Phe Pro Pro Lys Pro Lys Asp Thr Leu

Val

Phe

Pro

Thr

305

Val

Thr

Gln

Gly

245

Thr Cys Val Val Val Asp Val Ser
260 265

Val Asp Gly Val Glu
280

Asn Trp Tyr
275

Arg Glu Glu
290

GIn Phe Asn Ser Thr
295

Val Val His Gln Asp Trp Leu Asn

310

Gly Leu Pro Ala Pro
325

Ser Asn Lys

Lys Gly GIn
340

Pro Arg Glu Pro Gin
345

Glu Glu Met
355

Thr Lys Asn GIn Val
360

Phe Tyr Pro
370

Ser Asp lle Ala Val
375

d n Leu

Pro Ser u 151015 Thr Leu Ser Leu Thr
Hiyg7Asp 202530 H's Ala Trp Ser Trp Val

Trp 354045 121 G n dy Arg Val

Thr Ile

Tyr 65707580 Leu G n Met Asn Ser Leu
Cys 859095 Ala Arg Ser Leu Ala Arg Thr

Net

250

GlIn

Val

Phe

Gly

lie

330

Val

Ser

Glu

| le

Glu

His

Arg

Lys

315

Glu

Tyr

Leu

Trp

Ser

Asp

Asn

Val

300

Glu

Lys

Thr

Thr

Glu
380

Gu @y 100105110 Thr Leu Val

Arg Thr Pro
255

Pro Glu Val
270

Ala Lys
285

Thr

Val Ser Val

Tyr Lys Cys

Thr |le Ser

335

Leu Pro Pro

350

Cys Leu Val

365

Ser Asn Gly

Thr Val

Glu

GIn

Lys

Leu

Lys

320

Lys

Ser

Lys

Gin

Ser Ser



115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gy Gy Thr Ala Ala Leu
130135140 Ay Cys Leu Vval Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp
145150155160 Asn Ser Gy Ala Leu Thr $geg Gy Val H's Thr Phe Pro Ala Va
Leu 165170175 A n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
Ser 180185190 122 Ser Asn Thr Lys Val Asp Lys Thr Val Gu Arg Lys Ser Cys
Val 3 u 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gy Pro Ser Va
Phe Lou 225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Lou Met lie Ser Arg
Thr Pro A u 245250255

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

211> 214

<212> PRT

<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 47
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 Thr Asp |le Ser Ser His
20 25 30



Val Thr Cys Val
Phe Asn Trp Tyr Val
Pro Arg Gu Gu dn Phe Asn Ser Thr P
Thr val Val Hs Gn Asp Trp Lou Asn G
305310315320 Val

Ay G
Asp d

35

Tyr Tyr Gly
50

Ser Gly Ser
65

Glu Asp Ala

Thr Phe Gly

Pro Ser Val
115

Thr Ala Ser
130

Lys Val Gin
145

Glu Ser Val

Val

Ser

Gly

Ala

Gln

100

Phe

Val

Trp

Thr

Val Asp Val
Asp Ay Val

His Leu Leu
55

Thr Asp Phe
70

Thr Tyr Tyr
85

Gly Thr Lys

Ile Phe Pro

Val Cys Leu
135

Lys Val Asp
150

Glu GIn Asp
165

40

Ser

Thr

Cys

Val

Pro

120

Leu

Ser An du Asp Pro Gu Val G n 260265270

d u Val

Gly Val

Phe

Gly

Glu

105

Ser

Asn

Asn Ala

Ser

Lys

Thr

Gln

90

lle

Asp

Asn

Leu

Asp

H's Asn Ala Lys Thr Lys 275280285
9Arg Val Val Ser Val Lou 290295300
Lys Gu Tyr Lys Cys Lys

Ser Asn Lys Ay Lou Pro Ala Pro Ile Qu Lys Thr Ile Ser
Lys 325330335 123 Gn Gu Qu Met Thr Lys Asn G n Val Ser Leu Thr Cys Leu
Val Lys 355360365 Gy Phe Tyr Pro Ser Asp Ile Ala Val GQu Trp Qu Ser Asn

N ed 7R3/ $BSOTyPr @ {3aUn Ase My &Yy LivgsAThPrdtaiuPréy Pe@ IVet Leu Asp Ser
y

Pro Ser
60

|le Ser
75

Gly Asn

Glu Arg

Glu GIn

Phe Tyr
140

Gln Ser
155

Ser Thr

45

Arg Phe Ser Gly

Ser Leu Glu Ala
80

Arg Leu Pro Tyr
95

Thr Val Ala Ala
110

Leu Lys Ser Gly
125

Pro Arg Glu Ala

Gly Asn Ser Gin
160

Tyr Ser Leu Ser
175



385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
G n 405410415 Au @y Asn Val Phe Ser Cys Ser Val Met Hs Qu Ala Leu H's
Al 'a 420425430 His Tyr Thr G n Lys Ser {ogu Ser Leu Ser Pro 435440 <210> 49
<211> 214 <212> PRT <213> Artificial <220> <223> An artificially

synt hesi zed peptide sequence 124 Asp Ile Gn Met Thr Gn Ser Pro Ser Ser
Leu Ser Ala Ser Val @y 151015 Asp Ser Val Thr Ile hr Cys G n Ala Ser Arg
Asp Ile Ser Ser H's 202530 Leu Asn Trp Tyr Adn Gn Lys Pro Ay Lys Ala Pro
A u LeSetelhr[ Leu Thr Leu Ser Lys Ala Asp Tyr gl|u Lys His Lys Val Tyt

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> 48

211> 443

<212> PRT

<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 43
Gln Val GIn Leu GIn Giu 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 |le Thr Asn Tyr Asn Pro Thr Leu
50 55 60



354045 Tyr Tyr Ay Ser His Leu Leu Ser Ay Val Pro Ser Arg Phe Ser Ay
505560 Ser Ay Ser Gy Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Qu Al a
65707580 A u Asp Ala Ala Thr Tyr Tyr Gy Gn Ay Asn Arg Leu Pro Tyr
859095 Thr Phe Ay G n Ay Thr Lys Val ulle u Arg Thr Val Ala Al a
100105110 Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Gu G n Leu Lys Ser Gy
115120125 125 Lys Val G n Trp Lys Val Asp Asn Ala Leu A n Ser Ay Asn Ser
G n 145150155160 G u Ser Val Thr Gu A n Asp Ser Lys Asp Ser Thr Tyr Ser
Leu Ser 165170175

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

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 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 Asn Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro
195 200 205



Ser Thr Leu Thr Leu Ser Lys
Ala Cys Qu Vval Thr Hs dn
Phe Asn Arg Ay du Cys 210
<220> <223> An artificially

Ala Asp Tyr Gu Lys His Lys Val Tyr 180185190
Gy Leu Ser Ser Pro Val Thr Lys Ser 195200205
<210> 50 Z§%1> 445 <212> PRT <213> Artificial
synt hesi z pepti de sequence <400> 50 G n Va
Gn Leu dn du Ser Sly Pro Sly Leu Val Arg Pro Ser G n 151015 126 Hs Ala
Trp Ser Trp Val Arg An Pro Pro Ay Arg Gy Leu Qu Trp 354045 Ile Ay Tyr
Ile Ser Tyr Ser Ay Ile Thr Thr Tyr Asn Pro Ser Leu 505560

Ser Asn Thr Lys Val Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu

210

Cys Pro Pro Cys Pro
225

Phe Pro Pro Lys Pro
245

Val Thr Cys Val Val
260

Phe Asn Trp Tyr Val
275

Pro Arg Glu Glu Gin
290

Thr Val Val His Gln
305

Val Ser Asn Lys Gly
325

Thr Lys Gly GIn Pro
340

215

Ala Pro Pro Val Ala
230

Lys Asp Thr Leu Met
250

Val Asp Val Ser Gln
265

Asp Gly Val Glu Val
280

Phe Asn Ser Thr Phe
295

Asp Trp Leu Asn Gly
310

Leu Pro Ala Pro lle
330

Arg Glu Pro GIn Val
345

Gly

235

e

Glu

His

Arg

Lys

315

Glu

Tyr

220

Pro Ser Val Phe Leu
240

Thr Pro Glu

255

Ser Arg

Glu
270

Asp Pro Val GIn

Asn Ala
285

Lys Thr Lys

Val Val
300

Ser Val Leu

Glu Tyr Lys

320

Lys Cys

Lys Thr Ser Lys

335

ile

Thr Leu Pro Pro Ser

350



Lys
Leu
Arg
Leu
Leu
Cys
127

180185190 Ser Asn Phe Ay Thr G n Thr Tyr Thr Cys Asn Va

Ser Arg
Arg Leu
Ser Leu
Val Thr
Ala Pro
Leu Val
G n Ser

Val Thr
Ser Ser
Ala Arg
Val Ser
Ser Ser
Lys Asp
Ser Ay

Met
Val

Thr
Ser
Lys
Tyr
Leu

Leu Arg Asp Thr Ser Lys Asn G n Phe
Thr Ala Ala Asp Thr Ala Val Tyr Tyr
Thr Ala Met AspsTyr Trp Ay An Gy
Ala Ser Thr Lys Gy Pro Ser Val Phe
Ser Thr Ser Gy Ay Thr Ala Ala Leu
Phe Pro Qu Pro Val Thr Val Ser Trp
Tyr Ser Leu Ser Ser Val Val Thr Val

Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys

355

Gly Phe Tyr Pro Ser
370

Pro Glu Asn Asn Tyr

385

Ser Phe Phe Leu Tyr

405

Glu Gly Asn Val Phe

420

His Tyr Thr GIn Lys

<210>
<2115
212>
213>

<220>
<223>

<400>

435

49
214
PRT

Artificial

360 365

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly GIn
375 380

Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
390 395 400

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn
410 415

Ser Cys Ser Val Met His Glu Ala Leu His Ala
425 430

Ser Leu Ser Leu Ser Pro
440

An artificially synthesized peptide sequence

49

Ser 65707580
Cys 859095 Al a
100105110 Ser
115120125 Pro
130135140 Ay
145150155160
Pro Ser

Asp H's Lys Pro



195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Gu Arg Lys Ser Cys Val Gu
210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val Phe Leu
225230235240 Phe Pro Pro Lys Pro Lys Thr Leu Met | |e Ser Arg Thr Pro
G u 245250255 val Thr Cys Val Val Val p Val Ser Hs Au Asp Pro Gu Va
G n 260265270 Phe Asn Trp Tyr Val Asp Ay Val GQu Val H's Asn Ala Lys Thr
Lys 275280285 Pro Arg Qu GQu Gn Phe Asn Ser Thr Phe Arg Val Val Ser Va
Leu 290295300 128 Val Ser Asn Lys Ay Leu Pro Ser Ser Ile GQu Lys Thr Ile
Ser Ly4sB2bl230B38Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Ser Val Thr |le Thr Cys GIn Ala Ser Arg Asp |le 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 |le Ser Ser Leu Glu Ala
65 70 15 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 Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe |le Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140



Ala Lys Ay Gn Pro Arg Au Pro Gn Val Tyr Thr Leu Pro Pro Ser 340345350
Arg Gu GQu Met Thr Lys Asn G n Val Ser Leu Thr Cys Lou Val Lys 355360365
Ay Phe Tyr Pro Ser Asp Ile Ala Val Guyslrp Au Ser Asn Ay G n 370375380
Pro Gu Asn Asn Tyr Lys Thr Thr Pro Pro Met Lou Asp Ser Asp Gy
385390395400 Ser Phe Phe Lou Tyr Ser Lys Lou Thr Val Asp Lys Ser Arg Trp

G n 405410415 Gn @y Asn Val Phe Ser Cys Ser Val Met Hs Qu Ala Lou H's
Asn 420425430 His Tyr Thr G n Lys Ser Leu Ser Lou Ser Pro Gy Lys 435440445
129 <21ixs YHTGIn Trp Lys Val Asp Asn Ala Leu GIn Ser Gly Asn Ser Gin

145 150 155 160

Glu Ser Val Thr Glu 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 G!y 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



<213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 51 Gn Val Gn Leu Gn Qu Ser Ay Pro Gy Leu Val Arg Pro Ser G n
151015 Thr Leu Ser Leu Thr Cys Thr Valyoger Ay Tyr Ser | le Thr Ser Asp
202530 His Ala Trp Ser Trp Val Arg Gn Pro Pro Ay Arg Gy Leu Qu Trp
354045 Ile Ay Tyr Ile Ser Tyr Ser Ay Ile Thr Thr Tyr Asn Pro Ser Leu
505560 Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys Asn G n Phe Ser
65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys
859095

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp

35 40 45

le 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 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

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



130 Ser Lou Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Val Phe
115120125 Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Ay Ay Thr Ala Ala Leu

130135140 Gy Cys Lou Val Lys Asp Tyr
145150155160 Asn Ser Gy Ala Lou Thr

é%e Pro Gu Pro Val Thr Val Ser Trp
er

Gy Val H's Thr Phe Pro Al a Val

Lou 165170175 A n Ser Ser Ay Lou Tyr Ser Lou Ser Ser Val Val Thr Val Pro
Ser 180185190 Ser Asn Phe Ay Thr G n Thr Tyr Thr Cys Asn Val Asp H's Lys
Pro 195200205 Ser Asn Thr Lys Val Asp Lys Thr Val Gu Arg Lys Ser Cys Va

G u 210215220 Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Ay Pro Ser Val Phe

Lou 225230235240

GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser

180 185

Ser Asn Phe Gly Thr Gln Thr Tyr Thr
195 200

Ser Asn Thr Lys Val Asp Lys Thr Val
210 215

Cys Pro Pro Cys Pro Ala Pro Pro Val
225 230

Phe Pro Pro Lys Pro Lys Asp Thr Leu
245

Val Thr Cys Val Val Val Asp Val Ser
260 265

Phe Asn Trp Tyr Val Asp Gly Val Glu
275 280

Pro Arg Glu Glu Gin Phe Asn Ser Thr
290 295

Thr Val Val His GIn Asp Trp Leu Asn
305 310

Cys

Glu

Ala

Met

250

His

Val

Phe

Gly

190

Asn Val Asp His Lys Pro
205

Arg Lys Ser Cys Val Glu
220

Gly Pro Ser Val Phe Leu
235 240

| le Ser Arg Thr Pro Glu
255

Glu Asp Pro Glu Val GlIn
210

His Asn Ala Lys Thr Lys
285

Arg Val Val Ser Val Leu
300

Lys Glu Tyr Lys Cys Lys
315 320



131 val Thr Cys Val Val Val Asp Val Ser Hs Qu Asp Pro Qu Val Gn
260265270 Phe Asn Trp Tyr Val Asp Ay Val Qu Val Hs Asn Ala Lys Thr Lys
275280285 Pro Arg Au Gu G n Phe Asn Sgr Thr The Arg Val Val Ser Val Leu
290295300 Thr Vval Val H's Gn Asp Trp Leu Asn Gy Lys Qu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Ay Leu Pro Ser Ser Ile Qu Lys Thr He Ser Lys
325330335 Ala Lys Ay Gn Pro Arg Gu Pro Gn Val Tyr Thr Leu Pro Pro Ser
340345350 Arg Qu Gu Met Thr Lys Asn Gn Val Ser Leu Thr Cys Leu Val Lys
355360365 Ay Phe Tyr Pro Ser Asp Ile Ala Val Qu TrpSer Asn Ay Gn

Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr |le 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 Leu Thr Cys Leu Val Lys
355 360 365

Gly Phe Tyr Pro Ser Asp Ile 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

<210> 51
211> 443



370375380 132 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
G n 405410415 Gn @y Asn Val Phe Ser Cys Ser Val Met his Qu Ala Leu H's
Asn 420425430 Hi s Tyr Thr G n Lys Ser %@u Ser Leu Ser Pro 435440 <210> 52
<211> 445 <212> PRT <213> Artificial <290> <223> An artil iy synthesized
pepti de sequence <400> 52 Gn Val Gn Leu Gn Gu Ser Ay Pro Ay Leu Val
Arg Pro Ser G n 151015 Thr Leu Ser Leu Thr Cys Thr Val Ser Ay Tyr Ser Ile
Thr Ser Asp 202530

<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 51
Gln Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln

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

Ile 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 95

Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Gly GIn Gly
100 105 110



H s
Lys
Leu
Arg
Leu
Leu
Cys
Asn

Al a
Ser
Arg
Ser
Val
Al a
Leu

L
Sereq L)PUA%;I

Ser
Val
Ser
Al a
Val
Ser

Trp
Arg
Leu
Leu
Thr
Pro
Val

Trp
Thr
Ser
Arg
Ser
Ser

Asp
LTén
115

Pro

145

Asn

GIn

Ser

Ser

Cys

225

Phe

Leu Ala

130

Cys

Ser

Ser

Asn

Asn

210

Pro

Pro

Leu

Gly

Ser

Phe

Thr

Pro

Pro

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Lys

Val
Met
Val
Thr
Ser
Lys

Arg Gn Pro Pro Gy
Leu Arg Asp Thr Ser
Thr Ala Al a AsgQThr
Thr Ala Met Asp Tyr
Ala Ser Thr Lys
Ser Thr Ser Ay

he Pro Au Pro

Vﬁ{r SgerSGGIA/l avker I-[Ihé

Ser

Lys

Leu

Leu

Thr

Val

Pro

Pro
245

Ser

Asp

150

Thr

Tyr

Gln

Asp

Ala

230

Lys

120

Ay
Gly

Arg
Lys
Al a
Trp
Pro

Val

Gy Leu Gu
Asn G n Phe

Tyr Tyr

Gy Gn dy
Ser Val

Phe

Thr Ala Ala Leu

hr Val

Ser Trp

|2M$r th@"PrSﬁ"AN@ﬂ \Pézr:

125

Lys Ser Thr

135

Tyr

Ser

Ser

Thr

Lys

215

Pro

Asp

Phe Pro

Gly Val

Leu Ser
185

Tyr Thr
200

Thr Val

Pro Val

Ser

Glu

His

170

Ser

Cys

Glu

Ala

Thr Leu Met

250

Gly Gly Thr Ala Ala

Leu

Pro

155

Thr

Val

Asn

Arg

Gly
235

140

Val Thr Val Ser

Phe Pro Ala Val

Val Thr Val Pro

Trp
160

Leu
175

Ser

190

Val Asp His Lys

205

Lys Ser Cys Val

220

Pro Ser Val Phe

Ser Arg Thr Pro

Pro

Glu

Leu
240

Glu
255

Trp 354045 133

Ser 65707580

Cys 859095 Al a

100105110 Ser
115120125 Pro
130135140 dvy
145150155160
Leu



165170175 G n Ser Ser Ay Leu Tyr Ser Leu Ser Ser Va
180185190 134 Ser Asn Thr Lys Val Asp Lys Thr Val QQu Arg Lys Ser Cys Va
G u 210215220 Cm Pro Pro Cys Pro Ala Prg Pro Val Ala Ay Pro Ser Val Phe
Leu 225230235240 Phe Pro Pro Lys Pro L Asp Thr Leu Met Ile Ser Arg Thr
Pro G u 245250255 VvVal Thr Cys Val Val Val Asp Val Ser Hs Qu Asp Pro Gu
Val G n 260265270 Phe Mh Trp Tyr Val Asp Ay Val Qu Val Hs M1 Ala Lys Thr
Lys 275280285 Pro Arg Qu GQu Grl Phe Mh Ser Thr Phe Arg Val Val Ser Va

Val Thr Val Pro Ser

Leu

2903958{)0Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val GlIn

260

Phe Asn Trp Tyr Val Asp Gly
275

Val
280

Arg Glu Glu GIn Phe Asn
290 295

Pro Ser

Thr
305

Val Val His Gln Asp Trp
310

Leu

Val Ser Asn Lys Gly Leu Pro Ser

325

Ala Lys Gly GIn Pro Arg Glu

340

Pro

Glu Glu Met Thr Lys Asn
355

GlIn
360

Arg

Gly Phe Tyr Pro Ser Asp lle Ala

370 375

Glu Asn Asn Tyr Lys Thr Thr
390

Pro
385

265

Glu Val His

Thr Phe Arg

Asn Gly Lys
315

Ser |le Glu
330

Gln Val Tyr
345

Val Ser Leu

Val Glu Trp

Pro Pro Met
395

270

Asn Ala Lys
285

Val Val Ser
300

Glu Tyr Lys

Lys Thr Ile

Thr Leu Pro
350

Thr Cys Leu
365

Glu Ser Asn
380

Leu Asp Ser

Thr

Val

Cys

Ser

335

Pro

Val

Gly

Asp

Lys

Leu

Lys

320

Lys

Ser

Lys

GIn

Gly
400



Thr vVal Val Hs Gn Asp Trp Leu Asn Gy Lys Qu Tyr Lys Cys Lys
305310315320 Val Ser Asn Lys Ay Leu Pro Ala Pro Ile Qu Lys Thr Ile Ser
Lys 325330335 135 Arg Gu Gu Met Thrigsys Asn G n Val Ser Leu Thr Cys Leu
Val Lys 355360365 Gy Phe Tyr Pro Ser Asp Ile Ala Val Gu Trp Qu Ser Asn
Gy Gn 370375380 Pro Gu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
Asp Gy 385390395400 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
Arg Trp G n 405410415 Gn Ay Asn Val Phe Ser Cys Ser Val Met His Au Al a
Leu H SeAsPhesPbadsa3lyrHber Tys mw Tl VallyAspSeys 1Set Bt Treil8er Pro Gy Lys

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 Gln Lys Ser Leu Ser Leu Ser Pro
435 440

<210> 52
211> 445
<212> PRT
213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 52
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

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

le Gly Tyr |le Ser Tyr Ser Gly lle Thr Thr Tyr Asn Pro Ser Leu
50 55 60



435440445 <210> 53 <211> 443 <212> PRT <213> Artificial <220> <223> An

artificially synthesized peptide sequence

136 Gn Val Gn Leu Gn du Ser

Gy Pro Ay Leu Val Arg Pro Ser G n 13%&15 Thr Leu Ser Leu Thr Cys Thr Va

Ser Ay Tyr Ser Ile Thr Ser Asp 20253
Pro Gy Arg Ay Leu Qu Trp 354045 Ile Ay Tyr

Thr Tyr Asn Pro Ser Leu 505560 Lys Ser Arg Val
Lys Asn G n Phe Ser 65707580 Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr

Ala Val Tyr Tyr Cys

Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser Lys

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

GIn Ser Ser Gly Leu
180

Ser Asn Phe Gly Thr
195

10

Val Thr

Arg Thr

Ser Ser

Ser Lys

135

Asp Tyr
150

Thr Ser

Tyr Ser

Gin Thr

15

Ala Ala Asp Thr Ala
90

Thr Ala Met Asp Tyr
105

Ala Ser Thr Lys Gly
120

Ser Thr Ser Gly Gly
140

Phe Pro Glu Pro Val
155

Gly Val His Thr Phe
170

Leu Ser Ser Val Val
185

Tyr Thr Cys Asn Val
200

is Ala Trp Ser Trp Val Arg Gn Pro

Ile Ser Tyr Ser Ay Ile Thr
Thr Met Leu Arg Asp Tir Ser

Asn GIn Phe Ser
80

Va

Tyr Tyr Cys
95

Trp Gly GIn Gly
110

Pro Ser Val Phe
125

Thr Ala Ala Leu

Thr Val Ser Trp
160

Pro Ala Val Leu
175

Thr Val Pro Ser
190

Asp His Lys Pro
205



859095 Ala Arg Ser Leu Ala Arg Thr Thr Ala Met Asp Tyr Trp Ay Gn Ay
100105110 Ser Leu Val

115120125 137 Gy Cys Lou Vol

Thr Val

Trp 145150155160 Asn Ser Gy Ala Lou Thr Ser Ay Val

Vol

Ser Ser Ala Ser Thr Lye Ay Pro Ser Val
Lys Aspgzdyr Phe Pro Gu Pro Val Thr Va

Phe
Ser

H s Thr Phe Pro Al a

Lou 165170175 G n Ser Ser Gy Lou Tyr Ser Leu Ser Ser Vo

Vol

Pro Ser 180185190 Ser Asn Phe Ay Thr @ n Thr Tyr Thr Cys Asn Va

Lys Pro 195200205 Ser Asn Thr Lys Val
d u 210215220

Val

Ser Asn Thr Lys
210

Cys Pro Pro Cys
225

Phe Pro Pro Lys

Val Thr Cys Val
260

Phe Asn Trp Tyr
275

Pro Arg Glu Glu
290

Thr Val Val His
305

Val Ser Asn Lys

Thr Lys Gly GIn
340

Val

Pro

Pro

245

Val

Val

Gln

GIn

Gly

325

Pro

Asp Lys Thr Vol

Thr Vol
Asp Hi s

Gu Arg Lys Ser Cys

Asp Lys Thr Val Glu Arg Lys Ser Cys Val Glu

215

Ala Pro Pro Val
230

Lys Asp Thr Leu

Val Asp Val Ser

265

Gly Val Glu

280

Asp

Phe Asn Ser Thr

295

Asp Trp Leu Asn

310

Leu Pro Ala Pro

GIn
345

Arg Glu Pro

Ala

Met

250

His

Val

Phe

Gly

| e

330

Val

Gly

235

[le

Glu

His

Arg

Lys

315

Glu

Tyr

220

Pro Ser Val

Ser Arg Thr

Asp Pro Glu
270

Asn Ala Lys
285

Val Val Ser
300

Glu Tyr Lys

Lys Thr |le

Thr Leu Pro
350

Phe

Pro

255

Val

Thr

Val

Cys

Ser

335

Pro

Leu

240

Glu

Gin

Lys

Leu

Lys

320

Lys

Ser



Cys Pro Pro Cys Pro Ala Pro Pro Vol Ala Ay Pro Ser Vol Phe Lou
225230235240 Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
G u 245250255 val Thr Cys Vol Vol Vol 18sp Vol Ser H's Qu Asp Pro Au Vo
G n 260265270 138 Pro Arg AQu Au G n Phe Asn Ser Thr Phe Arg Val Val Ser
Val Leu 290295300 Thr Val Val H's Gn Asp Trp Leu vh Ay Lys Qu Tyr Lys
Cys Lys 305310315320 Val Ser Asn Lys Ay Leu Pro Ala Pro Ile Qu Lys Thr
Il e Ser Lys 325330335 Thr Lys Ay Gn Pro Arg Gu Pro Gn Val Tyr Thr Leu
Pro Pro Ser 340345350 Arg Qu Gu Met Thr Lys Asn G n Val Ser Leu Thr Cys
Leu Val Lys

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 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
385 390 395 400

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 Leu Ser Pro Gly Lys
435 440 445

<210> 53

211> 443

<212> PRT

213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 53



355360365 Ay Phe Tyr Pro Ser Asp Ile Ala Val Qu Trp Au Ser Asn Gy Gn
370375380 Pro A u Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gy
385390395400 Ser Phe Phe Leu Tyr Ser Leu Thr Val Asp Lys Ser Arg Trp

G n 405410415 139 His Tyr Thr G n Lys Ser Lou Ser Lou Ser Pro 435440 <210>
54 <211> 326 <212> PRT <213> Artificial <220> <223> An artificially

synt hesi zed peptide sequence <400> 54 Ala Ser Thr Lys Ay Pro Ser Val Phe
Pro Leu Ala Pro Ser Ser Lys 151015

GIn Val GIn Leu Gin Glu Ser Gly Pro Gly Leu Val Arg Pro Ser GlIn
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

Ile 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 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

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140



Ser Thr Ser Ay Ay Thr Ala Ala Lou Ay Cys Lou Val Lys Asp Tyr 202530 Phe
Pro Au Pro Val Tir Val Ser Trp Asn Ser Ay Ala Leu Thr Ser 354045 dy Val
H's Thr Phe Pro Ala Val Lou G n Ser Sqr7Gly Lou Tyr Ser 505560 Lou Ser Ser
Val Val Thr Val Pro Ser Ser Asn Phe Glg Thr @ n Thr 65707580 140 Thr Va
AQu Arg Lys Ser Cys Val Qu Cys Pro Pro Cys Pro Ala Pro 100105110 Pro Val
Ala Gy Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125 Thr Leu
Met He Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp 130135140 Val Ser

Hi s G g|aseysPrey Gav Lyal Adg myPreheABro BNp Prgr VARIThASY (BSYr 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

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



145150155160 Val

Asn
Trp
Pro
du
Asp
Lys
Ser

290

Thr Val Val His
305

Val Ser Asn Lys

Thr Lys Gly GIn
340

Arg Glu Glu Met
355

Gly Phe Tyr Pro
370

Pro Glu Asn Asn
385

Ser Phe Phe Leu

GIn Gly Asn Val
420

d u Val

GIn

Gly

325

Pro

Thr

Ser

Tyr

Tyr

405

Phe

Il e 245250255 Al a Val
Thr 260265270 Thr Pro Pro Met _Leu Asp Ser p Gy Ser Phe Phe Leu Tyr
LySro7g2z86ksslu Gin Phe

Asp

310

Leu

Arg

Lys

Asp

Lys

390

Ser

Ser

H's Asn Ala Lys Thr Lys Pro Arg Qu G u dn Phe

165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val H's G n Asp
180185190 Leu Asn Gy Lys Au Tyr 1Bgs Cys Lys Val Ser Asn Lys Gy Leu
195200205 Ser Ser Ile Au Lys Thr Ile Ser Lys Ala Lys Gy Gn Pro Arg
210215220 141 G n Va

Ser Leu Thr Cys Leu Val Lys @y Phe Tyr Pro Ser
GQu Trp Au Ser Asn Gly Gn Pro Au Asn Asn Tyr

Asn Ser Thr Phe Arg Val Val Ser VaI Leu

295

Trp

Pro

Glu

Asn

e

375

Thr

Lys

Cys

lLeu Asn Gly

Ala Pro |le
330

Pro Gln Val
345

GIn Val Ser
360

Ala Val Glu

Thr Pro Pro

Leu Thr Val
410

Ser Val Met
425

Lys

315

Glu

Tyr

Leu

Trp

Met

395

Asp

His

300

Glu Tyr Lys Cys Lys
320

Lys Thr |le Ser Lys
335

Thr Leu Pro Pro Ser
350

Thr Cys Leu Val Lys
365

Glu Ser Asn Gly GIn
380

lLeu Asp Ser Asp Gly
400

Lys Ser Arg Trp GIn
415

Glu Ala Leu His Asn
430



Leu Thr Val Asp Lys Ser Arg Trp A n G n dy Asn Val Phe Ser Cys 290295300
Ser Val Met Hs Qu Ala Leu H's Asn Hs Tyr Thr G n Lys Ser Leu
305310315320 Ser Leu Ser Pro Gy Lys %@ <210> 55 <211> 324 <212> PRT <213>
Artificial <220> <223> An artificially Synthesized peptide sequence 142
Ala Ser Thr Lys Gy Pro Ser Val Rho Pro Lou Ala Pro Ser Ser Lys 151015 Ser
Thr Ser Ay Ay Thr Ala Ala Lou Ay Cys Lou Val Lys Asp Tyr 202530 Phe Pro
GQu Pro Val Thr Val Ser Trp Asn Ser Ay Ala Lou Thr Ser 354045

His Tyr Thr GlIn Lys Ser Leu Ser Leu Ser Pro

435 440

<210> 54
211> 326
212> PRT
213> Artificial

<220>
223> An artificially synthesized peptide seguence

<400> 54
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 Gys 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 Gys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95



Gy Val His Thr Phe Pro Ala Val Lou G n Ser Ser Gy Lou Tyr Ser 505560 Lou
Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Ay Thr @n Thr 65707580 Tyr
Thr Cys Asn Val Asp His Lys Pro Ser Aﬁquhr Lys Val Asp Lys 859095 Thr Val
AQu Arg Lys Ser Cys Val GQu Cys Pro Pro ' Cys Pro Ala Pro 100105110 Pro Val
Ala Ay Pro Ser Val Rho Leu Phe Pro Pro Lys Pro Lys Asp 115120125 143 Val
Ser Hs Qu Asp Pro Au Val Gn Phe Asr Trp Tyr Val Asp Ay 145150155160
Val Qu Val Hs Asn Ala Lys Thr Lys Pro Arg Au Qu G n Phe Asn 165170175
Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val H's Gn Asp Trp

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 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 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 Ile Glu Lys Thr |le Ser Lys Ala 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



180185190 Leu Asn Ay Lys GQu Tyr Lys Cys Lys Val Ser Asn Lys Ay Leu Pro
195200205 Ser Ser Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn Pro Arg Qu
210215220 Pro A n Val Tyr Thr Leu Pro13ﬂo Ser Arg Gu Gu Met Thr Lys Asn
225230235240 G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp
Il e 245250255 Ala Val Qu Trp Gu Ser Asn Gy Gn Pro Gu Asn Asn Tyr Lys
Thr 260265270 144 Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Ay Asn Val Phe
Ser Cys 290295300 Ser Val Met His Qu Ala Leu H's Asn His Tyr Thr G n Lys
Ser Leu 305310315320

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

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 Gly Lys
325

<210> 55

211> 324

<212> PRT

213> Artificial

<220>
223> An artificially synthesized peptide sequence

<400> 55



Ser Leu Ser Pro
An artificially
Pro Ser Val Phe
Ala Ala Leu Gy
Ser Trp Asn Ser
Pro Ser Ser Asn

Lys Pro Sr Asn Thr Lys Val

Ala Ser Thr
1

Ser Thr Ser

Phe Pro Glu
35

Gly Val His
50

Leu Ser Ser
65

Tyr Thr Cys

Thr Val Glu

Pro Val Ala
115

Thr Leu Met
130

<210> 56 <211> 326 <212> PRT <213> Artificial <220> <223>
synt hesi zed peptide sequence <400> 56 Ala Ser Thr Lys Qvy
Pro Leu Ala Pro Ser S ﬁzLys 151015 Ser Thr Ser Ay dy Thr
Cys Leu Val Lys Asp Tyr~-202530 Phe Pro Qu Pro Val Thr Va
Gy Ala Leu Thr Ser 354045 145 Lou Ser Ser Val Val Thr Val
Phe G st Thr Gn Thr 65707580 Tyr Thr Cys Asn Val Asp Hs
Asp Lys 859095

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

Gly Gly Thr Ala Ala Leu Gly
20 25

Leu Val Lys Asp Tyr
30

Cys

Pro Val Thr Val Ser Trp Asn
40

Gly Ala Leu Thr Ser
45

Ser

Thr Phe Pro Ala Val Leu GIn
55

Ser Gly Leu Tyr Ser
60

Ser

Val Val Thr Val Pro Ser Ser
70

Phe Gly Thr GIn Thr
80

Asn
75

Thr Lys Val Asp Lys
95

Asn Val Asp His Lys Pro Ser Asn

85 90

Pro Cys Pro Ala Pro
110

Arg Lys Ser Cys Val Glu Cys Pro

100 105

Pro Lys Pro Lys Asp
125

Gly Pro Ser Val Phe Leu Phe Pro

120

Ile Ser Arg Thr Pro Glu Val Thr

135

Cys Val Val Val Asp
140



Thr Val Qu Arg Lys Ser Gys Val Gu Gys Pro Pro Cys Pro Ala Pro 100105110
Pro Val Ala Ay Pro Ser Val Phe Lou Phe Pro Pro Lys Pro Lys Asp 115120125
Thr Lou Met He Ser Arg Thr Pro Gu VaHAEhr Gys Val Val Val Asp 130135140
Val Ser HHs GQu Asp Pro Au Val G n Phe“Asn Trp Tyr Val Asp Gy
145150155160 Val Gu Val H's Asn Ala Lys Thr Lys Pro Arg Gu Gu G n Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Lou Thr Val Val Hs Gn Asp
Trp 180185190 146 Ala Pro Ile Qu Lys Thr Ile Ser Lys Thr Lys Ay Gn Pro

Arg G ya21921822@ | Rr ;spCPro eal VEMT GMPheeasnPT e Rye \Belr A& GIGd u G u Met Thr
Lys Asn,g 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

Ser Ser |le 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 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
2175 280 285



225230235240 G n Val Ser Leu Thr Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp

Il e 245250255 Al a Val

Thr
Lys
Cys

Leu

260265270 Thr Pro Pro Met Leu Asp 1
275280285 Leu Thr Val Asp Lys Ser Arg Trp Gn Gn Gy Asn Va
290295300 Ser Val

Artificial

Leu Thr Val 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

<210> 56
<211> 326
<212> PRT
<213> Artificial

<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

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

Gu Trp Au Ser Asn Ay Gn Pro Au Asn Asn Tyr Lys
gr Asp Gy Ser Phe Phe Leu Tyr Ser

Phe Ser

Met Hs GQu Ala Leu H's Asn Hs Tyr Thr G n Lys Ser
305310315320 Ser Leu Ser Pro Ay Lys 325 147 <212> PRT <213>



<220> <223>
Lys Ay
Gy Thr
Thr Val
Al a Val
Pro Ser
Lys Pro

Thr
Ay
Val
Pro
Val
H s

Pro
Al a
Ser
Leu
Ser
Ser

Leu Ser Ser
65

Tyr Thr GCys

Thr Val Glu

Pro Val Ala
115

Thr Leu Met
130

Val Ser His
145

Val Glu Val

Ser Thr Phe

Leu Asn Gly
195

Ser
Al a
Trp
Gn
Asn
Asn

Val Val Thr Val Pro Ser

Val

Leu G st Cys Leu

Ser Ser Ay Leu Tyr
Phe Ay Thr @ n Thr

Thr Lys Val

70

Asn Val Asp His

Arg

100

Gly

| le

Glu

His

Arg

180

Lys

85

Lys Ser Cys

Pro Ser Val

Ser Arg Thr
135

Asp Pro Glu
150

Asn Ala Lys
165

Val Val Ser

Glu Tyr Lys

Asp Lys

Ser

Ser
90

Lys Pro

Val Glu
105

Cys

Phe Leu
120

Phe

Pro Glu

Val

Val GlIn

Phe

Pro
170

Thr Lys

Val Leu
185

Thr

Cys Lys Val
200

An artificially synthesized peptide sequence <400> 57 Al a Ser
Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser
5 Lys Asp Tyr 202530 Phe Pro Gu Pro
Asn Ser Ay Ala Leu Thr Ser 354045 dvy Val

H s Thr Phe

Ser 505560 Leu Ser Ser Val Val Thr
65707580 Tyr Thr Cys Asn Val Asp
859095 148

Asn Phe
75

Asn Thr

Pro Pro

Pro Pro

Thr Cy

140

n

Asn Trp

155

Arg Glu

Val Val

Ser Asn

Gly Thr GIn Thr
80

Lys Val Asp Lys
95

Cys Pro Ala Pro
110

Lys Pro Lys Asp
125

Val Val Val Asp

Tyr Val Asp Gly
160

Glu GIn Phe Asn
175

His Gin Asp Trp
190

Lys Gly Leu Pro
205



Pro Val Ala Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp 115120125
Thr Leu Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp 130135140
Val Ser H's Gu Asp Pro Gu Val G n PRggAsn Trp Tyr Val Asp Qy
145150155160 Val Gu Val His Asn Ala Lys Thr Lys Pro Arg Gu G u G n Phe
Asn 165170175 Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val H's Gn Asp
Trp 180185190 Leu Asn Gy Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Ay Lou
Pro 195200205 Ala Pro Ile GQu Lys Thr Ile Ser Lys Thr Lys Ay Gn Pro Arg
G u 210215220 Pro G n Val Tyr Thr Leu Pro Pro Ser Arg AQu G u Mt Thr Lys
Asn 225230235240

Ala Pro Ile Glu Lys Thr Ile 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 Gtu 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 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



149 Ala Val Qu Trp Gu Ser Asn Ay Gdn Pro Au Asn Asn Tyr Lys Thr
260265270 Thr Pro Pro Met Leu Asp Ser Asp Gy Ser Phe Phe Leu Tyr Ser Lys
275280285 Leu Thr Val Asp Lys Ser Arg{liyjp Gn G@n Gy Asn Val Phe Ser Cys
290295300 Ser vVal Met Hs Gu Ala Leu H's Asn Hs Tyr Thr A n 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 G n Va
an Le%2%>n (F');‘IR% Ser Ay Pro Ay Leu Val Arg Pro Ser A n 151015

213> Artificial

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

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 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 95

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



150
I'le
Ser
Arg
Ser
Val
Al a
Leu

Hs Ala Trp Ser
Ay Tyr Ile Ser
Arg Val Thr Met
Leu Ser Ser Val
Leu Ala Arg Thr
Thr Val Ser Ser

Pro Ser Ser L
VaProyis| dbts Gy

Thr

Val

145

Val

Ser

Leu

Ala

Pro
225

115

Leu Met Ile
130

Ser His Glu

Trp Val
Tyr Ser
Lou Arg
Thr Al a
Thr Al a
Al a Ser
Ser Thr

Arg Gn Pro Pro Gy Arg Ay
Gy Ile Thr Thr Tyr Asn Pro
Asp Thr SepglLys Asn G n Phe
Ala Asp Thr Ala Val Tyr Tyr
Met Asp Tyr Trp Ay Gn Gy
Thr Lys Ay Pro Ser Val Phe
Ser Ay Ay Thr Ala Ala Leu

PPh eSer ¥a [GPhe Rrey B#aﬂ PrarProalysétroTrys

Ser

Asp

Arg Thr

Pro
150

Giu Val His Asn Ala

Thr Phe Arg
180

Asn Gly Lys
195

Pro Ile Glu
210

Gln Val Tyr

165

Val

Glu

Lys

Thr

Gin Val Ser Leu Thr

245

Val

Tyr

Thr

Leu

230

Cys

135

Glu

Lys

Ser

Lys

lle

215

Pro

Leu

120

Pro Glu

Val Gln

Thr Lys

Val Leu

185

Cys Lys

200

Ser Lys

Pro Ser

Val Lys

125

Val Thr Cys Val Val Val
140

Phe Asn Trp Tyr Val Asp
155

Pro Arg Glu Glu Gln Phe
170 175

Thr Val Val His GIn Asp
190

Val Ser Asn Lys Gly Leu
205

Thr Lys Gly GIn Pro Arg
220

Arg Glu Glu Met Thr Lys
235

Gly Phe Tyr Pro Ser Asp
250 255

Leu Gu Trp 354045
Ser Leu 505560 Lys
Ser 65707580 Leu
Cys 859095 Ala Arg
100105110 Ser Leu
115120125 Pro Leu
130135140 Ay Cys
445150155160

Asp

Gly

160

Asn

Trp

Pro

Glu

Asn

240

[le



151 Gn Ser Ser Ay Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180185190 Ser Ser Leu Ay Thr Gn Thr Tyr Ile Cys Asn Val Asn H's Lys Pro
J95200205 Ser Asn Thr Lys Val Asp Lys1%gs Val Qu Pro Lys Ser Cys Asp Lys
210215220 Thr H's Thr Cys Pro Pro Cys Pro Ala Pro G L" Leu Leu Ay Ay Pro
225230235240 Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
Ser 245250255 Arg Thr Pro Qu Val Thr Cys Val Val Val Asp Val Ser Hs Qu
Asp 260265270 Pro G u Val Lys Phe Asn Trp Tyr Val Asp Ay Val GQu Val His
Asn 2732802856 ardeduTder Wys GPy oG IAr BradGiuGhan Gsm ThyrLydsihSer Thr Tyr Arg
Val 290295300 260 965 970

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 Gln 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

<210> 58

Q211> 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 Gln

1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr Ser Ile Thr Ser Asp
20 25 30



152 Tyr Lys Cys Lys Val Ser Mh Lys Ala Leu Pro Ala Pro Ile GQu Lys
325330335 Thr Ile Ser Lys Ala Lys Gy An Pro Arg G L, Pro Gn Val Tyr Thr
340345350 Leu Pro Pro Ser Arg Asp d u1§@u Thr Lys Asn G n Val Ser Leu Thr
355360365 Cys Leu Val Lys Ay Phe Tyr Pro Ser Asp Ile Ala Val @ u Trp Gu
370375380 Ser Asn Ay Gn Pro Qu Asn Asn Tyr Lys Thr Tr Pro Pro Val Leu
385390395400 Asp Ser Asp Gy Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
Lys 405410415 Ser Arg Trp Gn Gn @y Asn Val Phe Ser Cys Ser Val Met His
G u 420425430 Ala Leu H's Ala His Tyr Thr Gn Lys Sr Leu Ser Leu Ser Pro

His Ala Trp Ser Trp Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp
35 40 45

Ile 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 Gln Phe Ser
65 10 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



435440445

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

Val
305

Ser Ser

Ser Leu
195

Asn Thr
210

His Thr

Val Phe

Thr Pro

Glu Val
215

Lys Thr
290

Ser Val

Gly Leu Tyr Ser
180

Gly Thr GIn Thr

Lys Val Asp Lys
215

Cys Pro Pro Cys
230

Leu Phe Pro Pro
245

Glu Val Thr Cys
260

Lys Phe Asn Trp

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr
280

Lys Pro Arg Glu Glu

295

Leu Thr Val Leu
310

His

151

Ser Ser
185

| le Cys

Val Glu

Ala Pro

Pro Lys

250

Val Val

265

Val Asp

Gln Tyr

Gln Asp

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp
315

Val 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

|le Ser

255

Glu Asp

His Asn

Arg Val

Lys Glu
320



Tyr Lys Cys Lys Val Ser Asn Lys
325

Thr |le 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

Ser Arg Trp Gln GIn Gly Asn Val
420

Ala Leu His Ala His Tyr Thr Gln
435 440

Ala

Pro

345

Thr

Ser

Tyr

Tyr

Phe

425

Lys

152

Leu

330

Arg

Lys

Asp

Lys

Ser

410

Ser

Ser

Pro Ala

Glu Pro

Asn Gln

lle Ala

380

Thr Thr

395

Lys Leu

Cys Ser

Leu Ser

Pro

Gln

Val

365

Val

Pro

Thr

Val

Leu
445

[le

Val
350

Ser

Glu

Pro

Val

Met

430

Ser

Glu

335

Tyr

Leu

Trp

Val

Asp

415

His

Pro

Lys

Thr

Thr

Glu

Leu

400

Lys

Glu



