DESCRI PTION NOVEL IMMUNOGLOBUTIN-BINDING ROTYBERTIDE 5TECHNICAL FIELD [0001]
The present invention relates to novel polypeptides having high chemical stability and capable of
binding to immunoglobulins. BACKGROUND ART [0002] Antibodies are capable of specifically
binding to substances called antigens, and detoxifying and removing 15 antigen-containing factors with
the cooperation of other biomolecules or cells. The name "antibody" is particularly based on such a
capability of binding to an antigen, and is also referred to as "immunoglobulin” as a chemical name.
[0003] 20Substances (1 gands) capable of specifically binding to constant regions (regions other than
antigen-binding sites) of antibodies can be usedY6prifif 8Ndetect antibodies. Their ability to bind to
constant regions enables them to be used for extended applications, and 25 therefore their industrial

importance is sufficiently high;As typicalexamples f gg%%ga@%g?ﬁﬁfﬁ fically binding to

constant regions of antibodies, there may be mentioned Protein A and Protéin G. [00041 30The
development of antibody-related industries such as antibody drugs and laboratory diagnosis has
increased the demand for more chemically tab¥s Jigahds I Fiparticular, there is a strong demand for
ligands that angbighly stable against alkali because alkalis are used in 35 the deactivation of viruses

Orthe"ke’Othhe\N@ﬁ@ngrgsent invention relates to novel polypeptides
having high chemical stability and capable of binding to
immunoglicbulins,

10

BACKGROUND ART
100027
Antibodies are capable of specifically binding to

substances called antigens, and detoxifying and removing

15 antigen-containing factors with the cooperation of other
biomolecules or cells. The name “antibody" is particularly
based on such a capability of binding to an antigen, and is
also referred to as “immuncglobulin®” as & chemical name.
(00033

20 Bubstances (ligands) capable of specifically binding
to constant regions (regions other than antigen-binding
sites) of antibodies can be used to purify or detect
antibodies. Thelr ability to bind to constant regions
enables them to ke used for extended applications, and

25  therefore thelr industrial importance is sufficiently high.
As typical examples of ligands capable of specifically
binding to constant regions of antibodies, there may be
mentioned Protein A and FProtein G.
o004

30 The development of antibody-~related industries such
as antibody drugs and laboratory diagnosis has increased
the demand for more chemically stable ligands. In
particular, there is a strong demand for ligands that are
highly stable against alkali because alkalis are used in

35 the deactivation of viruses or the like, or in the washing



of carriers (e.g. beads or chips) with immobilized ligands. Since polypeptide ligands are generally
vulnerable to alkali attack, many studies have been performed to improve their alkali resistance while
maintaining their excellent 5 binding specificity (Non Patent Literatures 1 and 2). [0005] Examples of
techniques for improving the alkali resistance of a ligand that binds to an antibody include techniques
of mutating (fly at position 29 of Protein A to 10 provigle alkali resistance (Patent Literatures 1 and 2);
techniques of replacing Asn with another amino acid to provide alkali resistance (Patent Literatures 3
and 4); and techniques using C domain of Protein A or a variant thereof (Patent Literatures 5 and 6).
15 CITATION ©ISTPATENT LITERATORE]0006] Paknt LiteFatuté 1o 9P 5622496087 AZ0Patent
Literature 2: N©.20£0/110288Rateat [Literatre 3P 2002:-527107+1: PatentLiterature 4: JP

2005-538693 T Patent Literature 5;JR 20063046334 Patent Lijsratuse 6: JP2010:504754 T 25 NON
PATENT LITERATURE [0007]2%“; on Patent Literature 1. Linhult M. et al.., "PROTEINS: Structure,
5

Function, and Bisinformatics™, VST 58 b 40418 Kok BStent Titbratlifes2: S&imer B. at al.,
"Journal of BidtéekiiciBgy's 2008: Vor.v1 34 Pip. 222230 SUMNMARY OF INVENTION
[0005]

Examples of technigues for improving the alkali

resistance of a ligand that binds to an antibody include
technigues of mutating Gly abt position 29 of Protein & to
10  provide alkall resistance (Patent Literatures 1 and 2);
technigues of replacing Asn with another amino acid to
provide alkali resistance (Patent Literatures 3 and 4); and
techniques using C domain of Protein A or a variant thereof

(Patent Literatures 5 and &).
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3 [0008] An object of the present invention is to provide novel polypeptides that are capable of
binding to immunoglobulins and have high stability against alkali. 5 SOLUTION TO PROBLEM [0009]
In order to achieve the above object, the present inventors used computational chemistry techniques
and 10 protein engineering techniques, and finally invented novel polypeptides that differ in sequence
from conventionally developed polypeptides, and have much better alkali resistance than such
polypeptides. [0010] 15Specifically, the present invention relates to a polypeptide capable of binding to
a protein containing an Fe region of an immunogiohulin, the polypeptide containing the following amino
acid sequence! REXIX2ENNAFYEILHX3PNLTEEQRNX4FIQX5LX6X7X8PSVSNEX AEAX1.0X11LND

20 AQAPX12 whereinzg] is b tN 001 @5 X298 £:0R R, %3visrls Miorils Xdois A iR, Y, or W; 25X5
ISID’E’H’I’th%gﬁs%%ﬁ¥§eptides that are capable of binding to

immunoglobulins and have high stability against alkali.

SOLUTION TC PROBLEM
focog]
In crder to achlieve the above object, the present

inventors used computational chemlstry techniques and

10 protein engineering techniques, and finally invented novel
polypeptides that differ in sequence from conventionally
developad polypeptides, and have much better alkali
registance than such polypeptides.
(00107

Specifically, the present invention relates Lo a

-
wh

polypeptide capable of binding to a protein containing an

Fc region of an immunoglobulin, the polypeptide containing

the following amino acid segquence:

RFM X EQONARFYETLHY G PNLTEEQRNY FIQK s LX g Xq XgPSVIREXgLAEAX 1 o X1 LND
20 AQAPXpp

wherein Xy is D, &, N, or Q;

¥s 1s ¥ or R;

¥4 is L, M, or I;
Xy is A, E, ¥, R, ¥, or #H;
25 ¥5 is D, B, H, I, L, Q, R, 5, T, or V;
¥ 1s H, I, or R;
Xy is D, I, or R;
Xy 18 D or E;
X9 is I, L, or V;

30 15 18 R or 9;
¥ is H or R; and
Xi» is R, G, or K.
(0011]
The present invention also relates to a polypeptide

35  capable of binding to a protein containing an Fc region of



X6isH,l,orR; X7isD, l,orR; X8isD or E; X9is 14 1., or V; 30X10is R or Q; X11 is H or R; and X92
is R, 0, or K. [0011] 4 an immunoglobulin, the polypeptide containing the follow amino acid sequence:
Z1727Z3RFX1X2EQQNAFEEI X3ENLTEEQRNX4FIQX5LX6X7X8PSVSREX9LAEAX10
XIILNDAQAPX-12 wherein X1is D, E,N,orQ; X2isForR; X3isL,M,orl; X4isA,E,F, R, Y, or W,
X5isD,E,H,I,L,Q,R, S, T,orV;10X6is H, I, or Ry X7 is D, |, or R;

an lmmunoglobulin, the polypeptide containing the following
amino acid sequence:

717023 REX 1 X EQONAFYE I LHXa PNLTEEQRNX s FTOX s LR 6 X9 Xg PSVSREX s LAEAK 15
£ LNDARQAPX 2

wherein ¥, is D, &, N, or {;

(8]

Xy is H or R;
Xy is I, M
Xs is E R, Y, or W;
, E, H, I, L, ¢, R, 5, %7, or V;
T R
T

A

Xy 1s D

10 Xy is H,
D

B

I

¥i0 i3 R, G, or ¥; and
Zi to Zg are each independently A, D, E, G, H, I, L., H, Q,
R, 5, T, V, or Y.
(060121
20 Preferably, the polypeptide has at least 90% sequence
identity to one of the following amino acid sequences:
ADNRFNREQONAFYREILHLPNLTEEQRNAFIQSLRDDPSVEREILAEARRLNDAQAPG
{SEQ ID No:l)y and
ADNRINREQONAFYEILHLPNLTEEQRNAFIQSLRDDPSVSREILAEARRLNDADAPR
25 {SEQ ID No:2j).

ADVANTAGECUS EFFECTS OF INVENTION
[0013]
The polypeptides of the present invention are

30  characterized by their high stakility, in particular,
against alkali. Even when exposed to very severe alkalil
conditions (e.g. 0.1 to 1.0 M sodium hydroxide {(NaCH)) at
room temperature for several hours, the polypeptides hardly
lose their ability to bind to immunoglcbulins at all.

35 (o014}



X8isDorE; X9is |, L,orV; XioisRor Q; 15 Xnis H or R; X22 is 15, G, or K; and ZI to Z3 are each
independently A, D, E, G, H, I, L, N, Q,R, S, T, V, or Y. [0012] 20Preferably, the polypeptide has at
least 90% sequence identity to one of the following amino acid sequences:
ADNRENREQOAFYEILHIPNLTEEQRNAFIOSLRDDPSVSREILAEARRLNDAQAPG (SEQ ID No:1)
and ADNRENRENNAFYEILHLPELTEEQRNAFIQSLRDDRSVSHEILAEARRLNDAQAPR 25(SEQ ID
No:2). ADVANTAGEOUS EFFECTS OF INVENTION [0013] The polypeptides of the present invention
are 30 characterized by their high stability, in particular, against alkali. Even when exposed to very
severe alkali condition$a(eyg.fG.dtte 1n0 M seditem hydidxide MaOHL) at reomdemperature for several

hours, the polypeptidesihardly-lose their abilify ta,bind todmmuneglebuling at-all. 350614 Many

Protein A vari%nts that are en in?ered t}o have tii]gh egkali resistance withof%t Iosin% the ability to bind to
. O TN in 14V e el sern LNown., o he resarn
immunoglobulins have af?gagy Been known. The presénf)lnventlon provides nove péptides that have

significantly high&EalkhfiteBistancethan tHeése VaRAATS fo0TIBE have significantly

5  higher alkali resistance than these variants.
[0015]

Generally, proteins are exitensively cleaved and/or
modified when exposed to alkalil conditions for a long time.
Thus, when the alkalil~treated proteins are analyzed with,

10 for example, SDS-PAGE for protein identification, they are
less likely to maintain the same band patterns (density,
peasition, and number) as those obtained before the alkali
treatment. In contrast, the novel peptides of the present
invention, even when exposed to severe alkali conditions,

15 can maintain the same band patterns as before the alkalil
treatment, and can withstand severer conditions than known

alkali-resistant Protein A wvariants can.

BRIEF DESCRIPTION OF DRAWINGS

20 [G0le]
[Fig. 1] Fig. 1 shows the results of BExample 3 and
Comparative Example 1, specifically the results of SDE-PAGE
on polypeptides of SEQ IR Nos:1l3 to 1b after exposed to an
alkali treatment (for 0, 4, 8, and 24 hours).

25 [Fig. 2] Fig. Z shows the results of Example 5 and
Comparative Example 2, specifically the results of SDS-PAGE
on polypeptides of SEQ ID Nos:38 to 46 after exposed to an

alkalil treatment (for U, 4, and 24 hours).

30 DESCRIPTION OF EMBODIMENTS
(00177
The term "polypeptide” used herein is intended to
include any molecules of polvpeptide structure. The
polypeptides of the present invention each contain about 50

35 amino acild residues, and may thus be generally called



Generally, proteins are extensively cleaved and/or modified when exposed to alkali conditions for a
long time. Thus, when the alkali-treated proteins are analyzed with, 10 for example, SDS-PAGE for
protein identification, they are less likely to maintain the same band patterns (density, position, and
number) as those obtained before the alkali treatment. In contrast, the novel peptides of the present
invention, even when exposed to severe alkali conditions, 15 can maintain the same band patterns as
before the alkali treatment, and can withstand severer conditions than known alkali-resistant Protein A
variants can. BRIEF DESCRIPTION OF DRAWINGS 20[0016] [Fig. 1] Fig. 1 shows the results of
Example 3 andGamparativedzxamplecksspecificatly the resultsief SBSPAGE on polypeptides of SEQ

ID Nos:13 to 15 after.exposedo asrt’,eltl)(@yltr&%m‘emgongoﬁ | 24 hours). 25[Fig. 2] Fig. 2 shows
the results of I.:[f e 5 and Comparative Example 2, speC| I the results of SDS-PAGE on
polypeptides o (% ID Nos: 38 to 46 after exposed to an alkali treatment (for 0, 4, and 24 hours).

30DESCRIPTION OF ENMBODIMERTS (000X © L e Thelterinpolypeptide! tiss@ hiepsindd imténded to
include any malecutesyof-polypeptidessttuetureicthe: polypeptides Qﬁﬁh&@@ﬁ@mmmion each contain

about 50 35 amina agidresidues ﬁ@%&a}i%hlt%%zg@%@!}ﬁqq{ S profeins, or £ (prateln
domains", which are basicall tended to be s%/nonymous W|t&8§ h[;,)e ptides". g0018 The

expression "protSin ESAERING A P fébior BF An itIAASS! i€ ifterdsd 16 fndiGde
immunoglobulireiplecules, fragmentscofrimmruidglobalins; ahdedariviatives bf imartunogiobulins. The
term "immunoglopulia £ detivative’ hereimis.a genere name: of modified-artificial proigins:such as

chimeric;immunoglolulin G in which, pai %99%%”%9—8 ‘HJ‘%@&& 193 afoS‘J(béH%%% and fused with

IgG domains of different species, humanized immunoglobulin Gs in which"'CDRs (Complementarity

Determining R&gidris) ot huk&r 1S ard Sipstitted é’l‘iﬁ?ﬁ?é’d With artigedly GDRE Sfidifferent
species, immuridigdoblilitrnGs suroseaRdé tegibn thasd molectiady medified sugae chainiand artificial

immunoglobulin.Gs+n whieh the ky regian and the:Re region efthumar 1gG arefused. It is possible to
further modify ge - fr%gme&&ae)@t@eggﬂotelqiw‘m}lg alpgalgln& hg cnonéorcrlnatlon of the Pc region.

Accordln%y, the expressmn
i melecularly medified sugar chain, and artificial

immunoglobulin Gs in which the Fv region and the Fo region
of human IgG are fused. It is possible to further modify
{e.qg. fragmentize} these proteins while maintaining the
conformaticon of the F¢ region. Accordingly, the expressicn

20 M"protein containing an Fc region of an immuncglobulin”
herein is net limited only to immunoglobulin molecules
containing the whole of the region generally called "Fc
regicn” and derivatives thereof.

[00198]

25 The novel polypeptides of the present invention are
characterized by the ability tc bind to a protein
containing an Fc regicn of an immuncglobulin and alsc by
containing the following amino acid seguence:

REE K EQORAFYETLHA R PRLTEEQRNE  FIQX LA K Ky PEVIRE s LAKAK 0¥ 1 LND

30 BQAPX 5
wherein ¥X; 1is D, &, N, or Q;

s 1ls B or R:
X3 1s L, M, or I;
X4 18 A, B, F, R, Y, or W;
35 ¥s is D, E, H, I, L, @, R, 3, T, or V;



20 "protein containing an Pc region of an immunoglobulin” herein is not limited only to immunoglobulin
molecules containing the whole of the region generally called 'Pc region" and derivatives thereof.
[0019] 25The novel polypept des of the present invention are characterized by the ability to bind to a
protein containing an Pc region of an immunoglobulin and also by containing the following amino acid
sequence: RFX1X2FQQNAFYERLHX3PNLTEEQRNX4AFIQX5LX6X7XBPSVSREWILAEAX10XIILND
30 AQAPX12 wherein X1is D, E, N, or Q; X2isEorR; X3is1,, M,or I; Xyis A, E, F, R, Y, or W,
35X5isD,E,H,I,L,Q,R,S, T,orV; 7X6isH,i,orR; X9isD, l,orR; X8isDorE; X9isl,L,or
V; 5X10 is R at:Qi;=Xpijs H,oreR; &nd X12 is R, G, or K. [00201 Preferred are polypeptides that
are characterized:hy binding tg.a protein containing an Pc region of an immunoglobulin and also by
containing thexfeollggvir]ljg ggwirElQ acid sequence:

Xg is I, L,
b X
X1+ is H or R;
X2 1s R, G,
[0620]

Preferred are polypeptides that are characterized by

or V;
is R or O
and

or K.

jE
<o

binding to a protein containing an Fc region of an
immunoglobulin and alsc by containing the following amino
acid seguence:
71702 REK X BOONAFYEILHE A PNLTEEQRNK ; FIOK s LA g X0 Ko POVESREX JLAKAK 10
X1 INDAQAPY 12

1% wherein ¥, is D, E, N, orn Q;
X 18 E or R;
¥3 is L, M, or I;
¥, is A, E, F, R, Y, or W;
¥Xs is D, B, H, I, L, ¢, R, 8§, T, or V;

20 ¢ 1is H, I, or R:
X2 1s D, I, or R;
Xg is D or E;
¥ is I, L, or V;
Hig 18 R or Q;

25 X471 is H or R;
¥.» 18 R, G, or K; and
21+ to Z3z are each independently A, b, E, G, H, I, L, N, Q,
R, 5, T, V, cr ¥,
[coz211

30 More preferred are polypeptides that are
characterized by binding to a protein containing an Fo
region of an immunoglobulin and also by having at least 90%
sequence identity to one of the following amino acid
sequences:

35  ADNRFNREQONAFYEILHLPNLTEEQRNAFIQSLRDDPSVSREILAEARRINDACAPG



Z1727Z3REXIX2EQQNAFYEILHX3PNLTEEQRNX4FIQX5LX6X7XeRSVSREX9LAEAX10
X11LNDAQAPX12 15 wherein Xiis D, E, N, or Q; X2isEorR; X3isL, M, orl; X4isA,E,F,P.Y, or
W; X5isD,E,H,I,L,Q,R,S, T,orV;20X6isH, l,orR; X7is D, l,orR; X8isDorE; X9is 1, L, or V,
X10isRorQ; 25 XilisH or R; X.12is R, G, or K; and Z1 to Z3 are each independently A, D, E, G, H,
I,LL,N,Q,R, S, T,V,orY.[0021] 30More preferred age polypeptides that are characterized by binding
to a protein containing an Pc region of an immunoglobulin and also by having at least 90% sequence
identity to one of the following amino acid sequences: 35 ADNRENREQQN.
'YEILHLPNLTEEQRNAFINRDDREY SREILAEARRLNDAQAPG

ADNRENREQONAFYETLHLPNLTEEQRNAFIGSLRDDPSVSREILAEARRLNDAQAPR
{SEQ ID No:Z).
(60221

5 The seguence identity is more preferably at least 95%,
and particularly preferably at least 98%. Polypeptides
containing at least B80%, preferably at least 90%, of the
sequence (range} of the polypeptides of the present
invention are also included in the scope of the present

10 dinvention even if they are shorter than the polypeptides of
the present invention.
(00231

The polypeptides also encompass polypeptides

containing two or more connected amino acid sequences

‘.—J
¢

described above, The lower limit of the number of
connected amino acid seguences is at least 2, preferably at
least 3, more preferably at least 4, and still more
preferably at least 5, and the upper limit thereof is at
most 20, preferably at most 10, more preferably at most &,
20  and still more preferably at most 6. Such multimers may be
homopolymers {e.g. homodimers, homotrimers) consisting of
connected immuncglobulin-binding polypeptides {(domains; of
the same amine acid sequence, or may be hetercopolymers (e.g.
heterodimers, heterctrimers) consisting of connected
25  immunoglobulin-binding poliypeptides having different amino
acid seqguences.
[0024]
Such polypeptides may be connected without any linker
amine acid residues or through one or more linker amino
30  acid residues, but the connection is not limited only to
these manners. The number of linker amine acid residuss is
not limited at all, and the connection is preferably
performed without destabilizing the three-dimensional
gstructure cf the polypeptides.
[0025]

La)
[



(SEQ ID No:1) and

ADNRFNREQQNAFYEILHLPNLTEEQRNAFIULRDDPSVSREILAEARRLNDAQAPR (SEQ ID No:2).
[0022] 5The sequence identity is more preferably at least 95%, and particularly preferably at least
98%. Polypeptides containing at least 80%, preferably at least 90%, of the sequence (range) of the
polypeptides of the present invention are also includgd in the scope of the present 10 invention even if
they are shorter than the polypeptides of the present invention. [0023] The polypeptides also
encompass polypeptides containing two or more connected amino acid sequences described above.
The lower limit of the mumbes Df cepnected aminoracig sequences is:atleast 2,1preferably at least 3,

more preferably, at.le

preferably at most 10, mor

multimers may behdHio 8%/

L4, and still morereferably ghleast 3,and.ihe.upRerlimit thereof is at most 20,
Eﬁ){r)efera,b y at maost 8, 20 and still more Eéeﬁfgrably at most 6. Such

18 (&7 homddimers, ASHBtririersy sting of connected

immunoglobulibireiag pelypepties {domairis) vitive safte amihc atidseguenesZer may be
heteropqumeﬁ&(@g@@&ﬂ&jmﬂs.hhggemmimr@)cw@ﬁi&timgaem@;n recled 25rigmunoglobulin-binding
polypeptides haying different amine acid, sequences, [QQ24] Such palypept.des;may be.connected

without any linker amino acid residues or throlgug.gh one or more linker amino 30 acid residues, but the

connection is AGElIMREd oY o the'se’maHfié

' TRESTEMBEr 8f-itket =0 add rédidues is not

limited at all, arith-thHeaédviraetioh - preferably perforret withoutdeéstabilizing therthrdesdinvensional
structure of thepolypeptides:85[Q025} 9« . . Themalypeptides:of the present inventionralso
encompass fusign;proteins in which animpmunaglobulingindig polypepiide or ywo or mare connected

are also applicable.

20

25

30

[0026]

The polypeptides of the present invention are

conditions. The term "alkall conditicns® refers to levels
of alkalinity which are high encugh for washing oxr
sterilization purpose. More specifically, the alkali
conditions may correspond to, but not limited to, an aboul
0.05 to 1.0 N sodium hydroxide agueocus sclution, for
example. The "chemical stability" indicates the ability of
a polypeptide to maintalin its functions without undergoing
chemical modification such as chemical changes of amino
acid residues and chemical denaturation such as transfer or
cleavage of an amide bond. The "ability of a polypseptide
to maintain its functions" herein refers to an ability to
maintain the binding activity toe the Fo region of an
immunoglobulin (the proportion of polypeptide molecules
maintaining the affinity without undergoing chemical
denaturation). & higher level of “chemical stability”
corresponds to a smaller reduction of the binding activity
to the Fc region of an immunoglichbulin after immersion in an
alkaline solution. The phrase "alkali resistance" herein
is synonymous with the phrase "chemical stabllity under
alkall conditions".

[0027]



immunoglobulin-binding polypeptides, as one component, g is/are fused with another protein having a
different function. Examples of such fusion proteins include, but are not limited to, fusion proteins with
albumin or GST (glutathione S-transferase). Additionally, fusion proteins with a nucleic acid (e.g. a
DNA aptamer), a drug (e.g. an antibiotic) or a polymer (e.g. PEG (polyethylene glycol)) are also
applicable. [0026] The oolypeptides of the presept invention are characterized by their high
chemical stability under alkali 15 conditions. The term "alkali conditions" refers to levels of alkalinity
which are high enough for washing or sterilization purpose. More specifically, the alkali conditions may
correspond to, but nottimitedtto] ant-gbdit0.85 ta 4@ Nnsedinmehydroxiderague atiscsolution; for 20

example. The sehepicahsibllity indicaies the abiliveof & polypeptide to maiatala e dundjions without

undergoing chemical modification such as chemical changes of amino, acid residues and chemical

denaturation stEh B3 AHsfEHoF cRavagE bf aRamite BEnY. The %ﬁ|ﬁ§$b?%fﬁa|y88&fd@25 to

maintain its fueticnd" Preréinrefers 1o em agiltrermantanane dindihg achivity to THe Pc region of an

immunoglebulin:@he peepartionof potypeptideanolesules-maintaining thesaffiaity, without uadergoing

chemical denaturation).,A h&glh% I%‘ﬁ#r?i 1 chemical SEQW I'%‘ég@ correspopds tgge%gglter reduction of
: it . - th

the binding actjvity to the Pc region of an immunoglobulin after immersion in an alkaline solution. The

phrase "alkali reSIStERCE hErein is §yiohynidus with The Phride *Eherieals@biift dnder4dkali
conditions". 33[{802Fta0ted . TikwaffinityTal aiprotdis cohtainmihyar-Ee regionasf ahvimmunoglobulin
may be testedcy, but petlimited toahiosensor sugh as-a Biacare-systenn(GE Healthcare, Japan)
based on the }L&fr@c&%lgg@gﬂ r’_ﬁggn : n(ﬁ%_g{iggiflgjﬁ;ﬂbeﬁ {neasyrement conditions may be

t in

appropriately determined such that a ing signal of the polypeptide of the present invention binding

constant (Ka} and the disscociation constant (Ep) (Nagata et
al., "Real-time analysis of biomolecular interactions",

15  Springer-Verlag Tokyo, 1888, p. 41}, The affinity
constants of the polypeptides of the present invention for
the Fc region of an immunoglobulin may be determined with a
Biacore system. Specifically, human IgG is immobilized on
a sensor chip in the experimental system, and each domain

20  wvariant is added to a flow channel at a temperature of 25°C
and a pH of 7.4. The proteins of the present invention
preferably have an affinity constant (Ka} for human IgG of
not less than 1x10° {Mﬂﬁ, more preferably not less than
1x10°% (MY), and still more preferably Ix107 (M%),

25 [0G29]

However, when the remaining binding activity after an
alkall treatment is determined, the constants K, and Kp are
inappropriate zs binding parameters because the binding
apility of a protein molecule to an immunoglobulin is not

30 changed by a chemical Treatment. A preferred, non-limifting
example of methods for determining the remaining binding
activity of a protein after an alkali treatment is that
where a protein is immobilized on a sensor chip, and then
the same concentration of an immunoglobulin is added

35 thereto before and after the chemical treatment of the



be detected. Specifically, the affinity can be easily evaluated at a temperature of 20C to 40C (constant
10temperature) and a neutral pH of 6 to B. [0028] Examples of binding parameters include the
affinity constant (KA) and the dissociation constant (Ks) (Nagata et al., "Real-time analysis of
biomolecular interactions”, 15Springer-Verlag Tokyo, 1998, p. 41). The affinity constants of the
polypeptides of the present invention for the Fc regign of an immunoglobulin may be determined with a
Biacore system. Specifically, human IgG is immobilizéd on a sensor chip in the experimental system,
and each domain 20 variant is added to a flow channel at a temperature of 25C and a pH of 7.4. The

proteins of thepresentinvention peeferably haveanaffipity copstant (KA) forhuman 4G of not less
than 1x105 (1 4-1e), more Vprggeraylymrcjiot.less t%a&%% (([3)4-2 and stélg,ﬁr%orse prgge{agly 1x101 (W)
when Ikali

25[0029] T—Powever, iwhen the rem%ﬁ%@ binding a%tivi:‘%yr?> a?tjé?gn Ftréatment is aze:teermined, the

constants KA 3§ KD ar& inappréprateaeehifding pArafistets beeatise He bivehig ability of a protein
molecule to an:imemuanglobidig i$ hoti38chanyéd byva chenical dreatment.cAl prefesréd Lnan-limiting

example ef methgds for;deternining theirenpaining binding agtivity.ef-a pegtein: aftey ap,alkali treatment
is that where a g)grotein is imrr%objlizetd ona ser}sor.chia{) and then the same concentration of an
exne 10, ﬁ N,i8

immunoglobulin Radded 35 theréto before and after the chemical (r)géjtmientjb? the 1l protein, to

determine, the'ffaghiti:dé & a binding signal or the theoretical maximum binding capacity (Rmax),
which are used @s3inding parameters. Alternatively, for example, the remaining binding activity may

14 determined not only on the basis of the binding activity to
an immunoglobulin, but also on the basis of the stability
of a polypeptide itself as an indicator. The chemical
stability under alkali conditions can be evaluated, for
example, by comparing electrophoresis bands of a

1%  polypeptide before and after an alkali treatment, in
electrephoresis. More specifically, comparison of the
chemical stability can be performed by performing general
SDS-PAGE and analyzing bands for intensity wvwia densitometry.
When the chemical stability is determined based orn the band

20 intensity analyzed via densitometry, the polypeptides of
the present invention preferably have a band intensity
measured after being left in & 0.5 M sodium hydroxide
aqueous solution at 25°C for 24 hours of not less than 50%,
more preferably not less than 60%, still more preferably

25 not less than 70%, and particularly preferably not less
than %0%, of that measured before the treatment. When the
chemical stability is determined based on the band
intensity analyzed via densitometry, the polypeptides of
the present invention also preferably have a band intensity

30 measured after being left in a 0.5 M sodium hvdroxide
aguecus solution at 25°C for 30 hours of not less than 30%,
more preferably not less than 40%, and still more
praferably not less than 50%, of that measured hefore the
treatment.

35 [00631]



5 a protein before and after a chemical treatment into an experimental system in which an
immunoglobulin is immobilized. [0030] The chemical stability under alkali conditions may be 10
determined not only on the basis of the binding activity to an immunoglobulin, but also on the basis of
the stability of a polypeptide itself as an indicator. The chemical stability under alkali conditions can be
evaluated, for example, by comparing electrophoresis bands of a polypeptide before and after an alkali
treatment, in electrophoresis. More specifically, cmjﬁ%arison of the chemical stability can be performed
by performing general SDS-PAGE and analyzing bands for intensity via densitometry. When the

chemical stability is determined.nased.on the.band 20.intensity,analyzed.via,densitometrysthe

polypeptides_ of the present invention preferably have a band intensity measure af%er being leftin a
0.5 M sodiunt Hy&i?b%izdfet Al deblis SofthGRat5C foF 28 hoGrs"Srn t%%u%%chesqo(%, more preferably
not less than80%% stk riore preferalsly 25 Hot1ess tigh 7094 ahthsarticaasy prerdisly not less than
80%, of that measuted heforadhe sreatment; Whendhe chemical stability is determined based on the
band intgnsitym)@zed via densitometry, the polypeptides of the present invention also preferably
have a band intensity 30 measured after being left in a 0.5 M sodium hydroxide aqueous solution at

25C for 30 hours of notTess fHan 3604 hare preterably Wit TesE tiian 409" aRastiiHora preferably
not less thanB50% séfthat niedsured beforethe treatiientc35[0031}- 12 The proteinsiofihe present
invention cansbe proguced-by. inserting DNAs epgoding:the amine-acid spaueness oftthese proteins

into vectors, and GLlturing fransformants 3%%823;1@@%&{?%{ ﬁS%'énge@&ﬁQ{j%h%@Q§§L £+ el N DNAs may

be any DNAs whose base’sequences can be translated into amino acid sequences forming the
proteins " SucHBRAS EifBe btailiBd by EomTidiF kndwhtechhiguel’ir exaniple, by using
pownuyase(ﬂﬁﬂﬁh@ﬁﬁkﬁﬁﬂﬁyemgﬂ@n chemical synthesis techniques, or are
availabkle from DHA libraries. A coden{s} in the base
sequences of These DNAs may be replaced with a degenerate
codon(s), in other words, their base sequences are not
15 required to he the same as the original base sequences, as
long as the transiated proteins are the same as those
encoded by the original base sequences.
(002337
Site-directed mutagenesis for modifying the base
20 sequences of the DNAs can be carried ocut using recombinant
DNA technology, PCR technology, or the like. Specifically,
mutagenesis by recombinant DNA technolegy can be performed
as follows. For example, in the case where there are
suitable restriction enzyme recognition sequences on both
25 sides ¢f a mutagenesis target site in the gene encoding the
protein of the present invention, cassette mutagenesis can
be used in which a region containing the mutagenesis target
gite is removed by cleaving these restriction enzyms
recognition seguences with the restriction enzymes, and
30 then a DHA fragment containing a mutation only at the
target site, prepared by chemical synthesis or the like, is
inserted therein. Site~directed mutagenesis by PCR can be
performed by, for example, double primer mutagenesis in
wnich PCR is carried ocut using a double-stranded plasmid

35 encoding a protein as a template, and two kinds of
G |9 ¢ '



10 abbreviated as PCR). Alternatively, the DNAs can be synthesized by known chemical synthesis
techniques, or are available from DNA libraries. A codon(s) in the base sequences of these DNAs may
be replaced with a degenerate codon(s), in other words, their base sequences are not 15 required to
be the same as the original base sequences, as long as the translated proteins are the same as those
encoded by the original base sequences. [0033] Sitel-glirected mutagenesis for modifying the base 20
sequences of the DNAs can be carried out using recombinant DNA technology, PCR technology, or
the like. Specifically, mutagenesis by recombinant DNA technology can be performed as follows. For
example, in the casgwhere there are syitable restrictign enzymesrecognitionsequences on both 25
sides of a mutgge@%%islarg%sge Sig It:rgqiqugne encoding the protein of the present invention, cassette
mutagenesis can be tsed in which’a région’containing the mutagenesis target site is removed by
cleaving theself&strfction enzyme recognition sequences with the restriction enzymes, and 30 then a
DNA fragment containifig:a matation anly atithestarget site; ipsepared-Hayt ehemicat syathesis or the like,
is ,mserte%the@@péﬁ%@'r@ﬁt% JHagenesis by PCR canpe perermead by, fonexample, double
primer mutagenesis in which PCR is carried ou&usmg a donible;fst@p_dedrplasm%d 35 encoding a
protein as a template  BRa o KiRAS OF synthcticligs Prmets Sbntaining miitation, complementary to
the + and - strafds. (00341 AlséaBHNA ercodtirig 8 miHtinieriengrbtein dAbe BPprepareday ligating a
desired numberafDNASeagh-eneoding a-mpaomericrprotein £single-domain)of 4he present invention
in tandem. Ligation to, prepare &, PNA, enceding & multigeric, pratein.can beaccomplished, for

example, by introducing suitable restrlig:i.;ion epzyme sites into DNA 10 sequences, fragmenting the
DNA se&t?enc§§Wtﬂﬁ%%sﬁrﬁi%@é}lzﬁfﬂ%, a{hed ig5ting RS bt&inetd ddubié Sstranded DNA
fragments usinga DNAliasecOnlyione kirll of restrictiontészyrnd site eraylbelinttoduced, or different
kinds of restrictionenzymesies maybe tiradticed. = DNA ligase. Only one kind

of restriction enzyme site may be introduced, or different

kinds of restriction enzyme sites may be introduced.
15  [0035]

If the base seguences each encoding a monomeric

-

protein in the DNA encoding a multimeric protein are the
same, homologous recombination may occur when the DNA is
transformed into host cells. To aveid this, the ligated

20 DNAs each encoding a monomeric protein preferably have 90%
or lower base sequence ldentity, and more preferably 85% or
lower base sequence identity to one another.
[0036]

The aforementioned vectors contain a base sequence

25 encoding the protein described above or a partial amino
acid seqguence thereof and a promoter that is operably
ligated to the base seguence to function in host cells.
Typically, these vectors can be constructed by ligating or
inserting a gene encoding the protein into a suitable

30  wector. The vector to which the gene is to be inserted is
not limited at all, as long as it 1s capable of autoncomous
replication in host cells. The vector may be a plasmid DNA
or a phage DNA. In the case of using, for example,

Escherichia coli host cells, examples cof the vector include

(%]
L]

pOFE series vectors (QIAGEN}, pET series vectors {(Merck),



(00351 If the base sequences each encoding a monomeric protein in the DNA encoding a
multimeric protein are the same, homologous recombination may occur when the DNA is transformed
into host cells. To avoid this, the ligated 20 DNAs each encoding a monomeric protein preferably have
90% or lower base sequence identity, and more preferably 85% or lower base sequence identity to
one another. [00361 The aforementioned vectors contain a base sequence 25 encoding the protein
described above or a partial amino acid sequence t éreof and a promoter that is operably ligated to
the base sequence to function in host cells. Typically, these vectors can be constructed by ligating or

inserting a geng engoding, the, protein into -3 suiiable.30 veclorTheyeelor to which the.gene is to be

inserted is not limited at all, as I(%ngras it is capable of autonomous replication in host cells. The vector
may be a plasiid DN o' a phage DNAS Tii the cise 8F USing™ for €Xaniple; Bscherichia coli host cells,
examples of tRésfettordnéiide 35 pOE deids dectbhs(GINTENFASET Sefies ¥etiots tMerck), 19 and
PGEX series veetors (GEHealthcate, dapa)oExamples of plasmid vectors useful fer gene-expression

1), DAY 700 (1 4. S7a000 A). INUZLIROLE (P HOT L1008 A} Snd AET210 (0P H06- 133762
A), and the shutle :{/ééllogr?pl@()jm@Z%jort@&hserl‘féﬁégoﬁgﬁa YHackilia of Brevibacillus (JP 2002- 238569
A). [0037] 10Fhke protéinsief the present ingention ean befrepafed-illus (JP 2002-

238569 A} .

f6037]

10 The proteins of the present invention can be prepared
as fusion proteins with a protein that is known to help
expression of proteins or facilitate purification of
proteins. Examples of such proteins include, but are not
Limited to, maltose-binding protein (MBP) and glutathione

15 S-transferase (GST}. Fusion proteins can be produced using
a vector in which a DNA encoding the amino acid seguence of
the protein of the present invention and a DNA encoding MBP,
GST, or the like are ligated together.

(00387

20 The transformants can be obtained by transfection of
a vector into host cells. Examples of methods for
transfecting a vector into host cells inciude, but are not
limited to, a method using calcium ions, an electropcoratiocon
method, & spheroplast method, a lithium acetate method, an

25  Agrobacterium infection method, a particle gun method, and
a polyethylene gilycol method. Mereover, in order for the
resulting genes to express their function in host cells,
for example, a method including incorpcoration of a gene
obtained in the present invention into the genome

30 (chromosome) may alsc be used,

[00397

The host cells are not limited at zll, and preferred
axamples of those suited for low-cost mass production
include Escherichia coll, Bacillus subtilis and bacteria

35 {eubacteria) of genera including Brevibacillus,



as fusion proteins with a protein that is known to help expression of proteins or facilitate purification of
proteins. Examples of such proteins include, but are not limited to, maltose-binding protein (MBP) and
glutathione 15 S-transferase (GST). Fusion proteins can be produced using a vector in which a DNA
encoding the amino acid sequence of the protein of the present invention and a DNA encoding MBP,
GST, or the like are ligated together. [0038] 20The transformants can be obtained by transfection of a
vector into host cells. Examples of methods for tran%f@cting a vector into host cells include, but are not
limited to, a method using calcium ions, an electroporation method, a spheroplast method, a lithium

acetate methogl, %g@@%%gri%rig&%iggégg@pds@r@ggyﬁ%m%ggd, and a polyethylene

glycol method, Moreover, in order for the resulting genes to express their function in host cells, for
example, a métRbdTAERGIY htBrporation of a gene obtained in the present invention into the genome
30(chromosonméfAtal also be used. [0039] The host cells are not limited at all, and preferred
examples of those suited for tew=6ost mass: peoductioninclude &scherichiar-calic Baetlus subti7is and

bacteria 35(eyhacteria) of gepera including Brevibacillus, , 15 Staphylocogeys, Stigplogecgus,

Streptomyces, and Corynebacterium. [0040] The proteins of the present invention can be obtained 5
by culturing th& a6 HRANEEEISTnR Mediim 36 produéd SRa Hcchmidie s Pro®in"ofthe present
invention in thewcultared cels. fincluding! théiperiglasmitespace: thiereofy ot e tHe kgquid Tultare
(extracellularly), apdcollegting the targetprotein.feem the caltuke. 10004 Ho11ecting the
target protein from the culture.
i0 (00411
Alternatively, the proteins of the present inventicn
can be obtained by culturing the transformant cells in a
medium to produce and accumulate a fusion protein
containing a protein of the present invention in the
15 cultured cells {(including the periplasmic space thereof) or
in the liguid culture {extracellularly), collecting the
fusion protein from the culture, cleaving the fusion
protein with an appropriate protease, and collecting the
target protein,
20 [0042]
The transformant cells can be cultured according tco a
common method for culturing host cellis. The medium to be
used for culturing is not limited at all, as long as it

allows high-vyield, high-efficiency production of the

]

|82}

proteins. Specifically, carbon and nitrogen sources such
ag glucose, sucrese, glycercl, polypeptone, meat extracts,
yveast extracts, and casanmine acids may be used., In
addition, the medium may be supplemented, as required, with
inerganic salts such as potassium salts, sodium salts,

30 phosphates, magnesium salts, manganese salts, zinc salts,
and iron salts. In the case of auxocotrophic host cells,
nutritional substances necessary for their growth should be
added to the medium. Morecver, antibiotics such as
penicillin, erythromycin, chloramphenicol, and neomycin may

35 optionally be added.



Alternatively, the proteins of the present invention can be obtained by culturing the transformant cells
in a medium to produce and accumulate a fusion protein containing a protein of the present invention
in the 15 cultured cells (including the periplasmic space thereof) or in the liquid culture (extracellularly),
collecting the fusion protein from the culture, cleaving the fusion protein with an appropriate protease,
and collecting the target protein. 20[0042] The transformant cells can be cultured according to a
common method for culturing host cells. The mediurhtto be used for culturing is not limited at all, as
long as it allows high-yield, high-efficiency production of the 25 proteins. Specifically, carbon and
nitrogen sourc%()sé@% as glucose, sucrose, glycerol, polypeptone, meat extracts, yeast extracts, and
casamino acids may be used. In addition, the medium may be supplemented, as reqéuired, with

inorganic salts such a& PotASsTHm $aits? s8aihT 541tS 30 PRESpFAES SMagndElimy S4RE fnanganese
salts, zinc salt$, and iroarsaltss iittheecase: 6PauXotiophic host délis; nutriticiat substanees necessary
f?]rl their g éowtla slbguginta‘e} added 1o ia@mw@malm@@éemamibi@i@s suchas peﬁiﬁilliirp@fﬁbromycin,
chloramphenic myci tio dded. 0 .Eurthermore, a variety of
known pr())teasée)n %%%%%%gg}}é rr}h%%yy?r%}%t%%neg %ﬁ?gr%?ﬂgogde]?%[ﬁﬂ%gl) Egrﬁ%gr%%ldine,
4-(2-aminoeth§HEnr_hBsulfSAy Ftorde YAEESEL Ahtipaint chimbltatiP Ttpegtinc pepstatin A,
phosphoramidoniapratinimcethylehediarmmetetrdaceticcacid EDTA) L and/or ethericomamercially
available protease.inhibitoss may-be addedat approprate-concenyatians iyorder 1o irhibit
degradation or g]ol%c(yi rj:size redu%t;i%nC gﬁfgh}?}%(%ﬁt %:Oe Brufo(:t?insﬁt)yog h%gdgg\{ﬂe({l protease present
inside or outsidsé the ce [5.0[8025(1: i order 0 assis accurate dlalng of tﬁe‘ brotelr?s'of the present
invenﬂoﬁfhrnBE%%%ﬁQ%éﬁénﬁ11§EEH%%erEd protease present inside orx

outside the cells.
(G044
In order to assist accurate folding of the proteins
of the present inventiocon, a mclecular chapercone such as
15 GroEL/ES, Hsp70/DnakK, Hsp80 and Hspl04/ClpB may be used
{for example, such a mcelecular chaperone may be coexpressed
with the protein of the present invention or may be allowed
to coexist with the protein of the present invention by
combining them into a fusion protein cr the like.) Further
20  examples of technigues for accurate folding of the preoteins
of the present invention include, but are not limited to,
addition of an additive for assisting accurate folding to
the medium; and culturing at low temperatures.
[0045]

Examples of media for culturing the transformants of

N
(2}

Escherichia coll host cells include LB medium (1% triptone,
0.5% yeast extract, 1% NaCl) and 2xYT medium {1.6% triptone,
L0
(00467

30 Examples of media for culturing the transformants of

e

=

yaast extract, 0.5% NaCl).

Brevibacillus host cells include ™ medium (1% peptone,
0.5% nmeat extract, 0.2% yeast extract, 1% glucose, piB 7.0)
and Z23L medium {4% peptone, 0.5% yeast extract, Z% glucose,
pH .23 .

35 [G047]



15 GroEL/ES, Hsp70/DnakK, Hsp90 and Hsp104/C1pB may be used (for example, such a molecular
chaperone may be coexpressed with the protein of the present invention or may be allowed to coexist
with the protein of the present invention by combining them into a fusion protein or the like.) Further 20
examples of techniques for accurate folding of the proteins of the present invention include, but are not
limited to, addition of an additive for assisting accurate folding to the medium; and culturing at low
temperatures. [0045] 25Examples of media for cuItu’riﬁg the transformants of Escherichia con host
cells include LB medium (1% triptone, 0.5% yeast extract, 1% NaCl) and 2xYT medium (1.6% triptone,

1.0% yeast extract, 0.??{% V}lﬁéc& [0046] (?QE%(?@%%% of media for quituring the transformants of
u [ p

Brevlbacliius host cells include TM medium (1% peptone, 0.9% meat extract, 0.2% yeast extract, 1%
glucose, pH 73 aHI 25t Hddidm (46 FEptonE=0.59% st eRfrattc 296 gidtdse, pH 7.2). 35[0047] 17
The proteins af¢heé presentinwention care bewiccumulatedtinghe cultured-célis @including the
periplasmic spacethereaf) or in-the liquid culture: (extracelularly)- by aerokically culturingsthe cells at a
temperature of 15C to 42C, preferaply, 20C tp_37C, for several hours o several,days in an
aeration-é’tirrinLgeEﬂgﬁ’d:lﬁ%ﬁl,rf%llg\‘}ve }¥ ré’@ov%%inzg tﬁ)erﬁr%é‘?i%%.l g%gn(é"?/,oth?cglls %h%z); be cultured

anaerobically WithBGEaePtiohs [(048] LOHA Te Ca¥E wheré™ bRTIRRRTErotdin s produced and
secreted, the producedaecombinantgproten can deaetovergd; afteptalturing thieteélls; dylseparating
the cultured celig.freamthe superpatant containing the sesreted protein hy.a.common separation
method such 3%, a,gé:Fntrifugation and filtration.
10 In the case where a recombinant protein is produced
and secreted, the produced recombinant protein can be
recovered, after culturing the cells, by separating the
cultured celils from the supernatant contalining the secreted
protein by a common separation method such as
15 centrifugation and filtration.
[0049]
Also in the case where the protein is produced and
accumulated in the cultured cells (including the
periplasmic space thereof), the protein accumulated in the
20 cells can be recovered, for example, by collecting the
cells from the liquid culture by centrifugation, filtration
or the like, and then disrupting the cells by sonication, a
French press treatment or the like, and/or adding an agent
for making the protein soluble, such as a surfactant.
25 [0050]
Purification of the proteins of the present inventiocon
can be performed by any one or an appropriate combination
of technigques such as affinity chromatography, cation or
anion exchange chromatography and gel filtration
30 chromatography.
(00511
Examples of techniques to confirm whether the
purified product is a target protein include common
techniques such as S80S polyacrylamide gel electrophoresis,

35  N-terminal amino acid ssguence analysis, and Western blot



[0049] Also in the case where the protein is produced and accumulated in the cultured cells
(including the periplasmic space thereof), the protein accumulated in the 20 cells can be recovered, for
example, by collecting the cells from the liquid culture by centrifugation, filtration or the like, and then
disrupting the cells by sonication, a French press treatment or the like, and/or adding an agent for
making the protein soluble, such as a surfactant. [0050] Purification of the proteins of the present
invention can be performed by any one or an approb@iate combination of techniques such as affinity
chromatography, cation or anion exchange chromatography and gel filtration 30 chromatography.

[0051] Eégrﬁ)less of techniques to confirm whether the purified product is a target protein include

common techhigues such as SOS polyacrylamide gel electrophoresis, 35 N-terminal amino acid
sequence anal§SisZand Western blot 18 analysis. [0052] The proteins of the present invention
can also be producedrasing ectell-freeprotéire spmthesistsyisternwithd therDNAsteseribed above.

Examples of sychicell-freg protein syathesis systemsidnglude synthasis systems,derived from
5;‘;‘3’"2;0595’ Riant glls: and higher,animal cells; 0023 the profging of hq present invention can be
protein synthesis systems include synthesis systems derived
from procaryotes, plant cells, and higher animal cells.
[0053]
The proteins of the present invention can be used as

16 affinity ligands characteristically having affinity for an
immunoglobulin, and affinity separation matrices can be
obtained by immobilizing the ligands to carriers made of a
water-inscluble base material.
(0054 ]

i5 The term "affinity ligand” refers to a substance
{functional group) that selectively captures {(binds teo) a
targelt molecule in a mixture of molecules due to a specific
affinity between molecules, typically, antigen-antibody
binding affinity, and refers herein to a protein that

20 specifically bkinds teo an immunoglobulin. The term "ligand"
as used aione herein 1s synonymous with the "affinity
ligand"™.
[0055]

Examples of carriers made of a water-insoluble base

25 material used for immobilization of the affinity ligands
include inorganic carriers such as glass beads and silica
gel; organic carriers such as synthetic polymers (e.g.
cross—linked polyvinyl alcohol, cross-linked polvacrylate,
cross~linked polyvacrylamlde, cross—linked polystyrene) and

3¢ polysaccharides {e.g. crystalline cellulose, cross-linked
cellulose, cross-linked agarose, cross-linked dextran): and
composite carriers of combinations of these carriers, such
as organic-organic or organic-inorganic composite carriers.

Examples of commercial products thereof include GCLZOOD

(A}
o

{porous cellulose gel}, Sephacryl 5-1000 (prepared by



10 affinity ligands characteristically having affinity for an immunoglobulin, and affinity separation
matrices can be obtained by immobilizing the ligands to carriers made of a water-insoluble base
material. [00541 15The term. "affinity ligand" refers to a substance (functional group) that selectively
captures (binds to) a target molecule in a mixture of molecules due to a specific affinity between
molecules, typically, antigen-antibody binding affinity, and refers herein to a protein that 20 specifically
binds to an immunoglobulin. The term "ligand" as u alone herein is synonymous with the "affinity
ligand". [0055] Examples of carriers made of a water-insoluble base 25 material used for

immobilizationC%fth @@f@ﬁl' j%?%g%sm' clyde. i oggq_ryg caLriers_such.as glass beads and silica gel;
organic carriers suc% as s%yrét i % ? inked polyvinyl

etic polymers (e.g. cross-linked polyvinyl alcohol, cross-linked
polyacrylate, GBS NARBE pORjECHYIARTAE Seross THRBA bblysHitehaT ahd-StFFolséacctatites (e.g.
crystalline cellttose: cross-MkEd dellulose, IcrogsHinker: agarose; tross-linkethdextran); and composite
carriers of combinatiens of thesesearriers;SuUCh-as Orgamic-ekganie gr organiciinergani¢,eomposite
carrers. Xamf%%ségf %B@@%&é‘i' ar%%‘idésth%ﬁ?so{'e“?c"é %%C 0%%%%%?‘%3 ﬁiﬁ%u'.‘%s% &,
Sephacryl 5-1 (prepared by 19 covalently cross-linking allyl dextran with methylenebisacrylamide),
Toyopearl (méthalryi&e carier 13epharse CEAB {Efossinked dgarBse Taftter), aiid Ceffifine
(cross-linked déliutasie carrier). It should be 5 noted that the carriers listed above do not limit the range
of water-insoluble Car@%@s‘i%ﬁﬂe_ri&t%gr%ﬁ@%m}/@ngﬁﬂ- [00561 » -+ Ceusideringithe purpose and
manner of use gtct_he,a_ffinit se[garation ma%rices the \é/gter_-ingoluble car,rietr) }0 desirab(l;/ has a large
arAinity S%ﬁa Erion ma Lli?s et S b S e carrier .
surface area, and’Is pr 1fera y a porous matrix having a Targe number of ine pores of a Suitable size.
The carfiér malBe irany 16 stichaasBeads: M6iTolith Sfibers B filt (INERHIG Rolfov fiber), and any
form can be selected:approptiatelyvib[@057] arge number of fine pores of a
suitable size. The carrier may be in any form such as
heads, monolith, fiber, or film {(including hollow fiker),
and any form can be selected appropriately.
15 (0657}
ITmmobilization of the ligands may be performed, for
example, by conventional coupling methods utilizing amino,
carpoxyl or thiol groups of the ligands To couple the
ligands with the carriers. Examples of such coupling
20  methods include immobilization methods including reacting
the carrier with cvanogen bromide, epichlorohydrin,
diglycidyl ether, tosyl chloride, tresyl chloride,
hydrazine, sodium periodate, or the like fo activate the
carrier {or intreducing a reactive functicnal grocup to the
25 carrier surface), fcllowed by a coupling reaction between
the carrier and a compound to be immobilized as the ligand;
and immobilirzation methods including adding & condensation
reagent (e.g. carbodiimide} or a reagent containing a
plurality of functional groups in the molecule (e.g.
30 glutaraldehyde; toc a system contalning the carrier and a
compeund to be immobilized as the ligand, followed by
condensation and crosslinking., A spacer nmolecule
consisting of a plurality of atoms may also be introduced
between the ligand and the carrier, or alternatively, the

35 ligand may be directly immobilized on the carrier. In this



Immobilization of the ligands may be performed, for example, by conventional coupling methods
utilizing amino, carboxyl or thiol groups of the ligands to couple the ligands with the carriers. Examples
of such coupling 20 methods include immobilization methods including reacting the carrier with
cyanogen bromide, epichlorohydrin, diglycidyl ether, tosyl chloride, tresyl chloride, hydrazine, sodium
periodate, or the like to activate the carrier (or introducing a reactive functional group to the 25 carrier
surface), followed by a coupling reaction between the carrier and a compound to be immobilized as
the ligand; and immobilization methods including adding a condensation reagent (e.g. carbodiimide) or

a reagent containing 3 pluralify.offygctional grous in the mojeculs (2.0, 30 dluaraldenyde) to a

system containing the carrier and’a compound to be immobilized as the ligand, followed by

condensation ‘dhtFeroseiniiAy. RSpateriidiecuie Lonsisting of Aplliraiity BF IS Ty &80 be
introduced betmeen the ligamd andithe waerder] of alternatively, the Bbdigandimayrbe diredtly
immobbilized %ﬂ&%&i%&@é@iﬁda@ gasecfor immabilization, m%atcﬂ@ms&a‘dmaﬁewﬂlmvention
may be chemically modified, or may.incarporate an amino_acid residue f r immapbilization.
Exampleé1 of aar%i“l‘n% aci 1r§‘§fa%e§°u%%?dﬁ£ﬁlﬁn%‘fgﬁf}%ﬁéﬁ r|lrgfl(l:ﬁjugeels Cﬁ#ﬁn%%%géﬁ‘rgggué% containing a
functional grotipiskfalfof aithehtBa@actiBi t5iikimebiizationtifa $idé chain - Buclf 48 Lys which
contains an aauna grouhin-a sidenthainsand Cysiwhichreontains athiclagoupana,siderchain. The
proteins of the:presant inventionsmay be medifiedor.10 altered insany manner foriamobilization, as
long as matrice};ov%/ith rt\‘rle (%ol\jlg{@ ir}wrrgogirlgged as ‘Iilgta:{ld§ s%i(_lﬂ! m%intani}n(tr}%%fﬁfgcgs of the proteins of the
present invention. [Ef)bSB] ore s%eéﬁic‘:af[yﬁﬂe%génﬁ's‘ ma preefera%fy e ”c‘ova}[ently immobilized on
the carriet viatthes:&fhind gfdlp BRFEME residueiey ot the igands by a cativéntidnal coupling
method. It is preferablesthat the pblypeptides without:birs,ldmeng dlse protemssofstheipresent invention,

20 be modified|fo,incorporate an-additionalseguencewith Lys yseful forimmapilization as described
above. Such an additional sequence with Lys is preferably added to an end of the polypeptide. The

term "additionjalfiggaﬁé‘r?gé with Lys" herein refers to a sequence containing at least one
[0G58]

15 More specifically, the ligands may preferably be
covalently immobilized on the carrier via the g-amino group
of lysine residue(s) of the ligands by a conventiocnal
coupling method. It is preferable that the polypeptides
without Lys, among the proteins of the present invention,

20 be modified to incorporate an additional sequence with Lys
useful for immebilization as described above. Such an
additional sequence with Lys is preferably added to an end
of the polypeptide. The term "additional sequence with
Lys"™ herein refers to a seguence containing at least one

25  Lys residue, and the number of Lys residues is preferably 1
to 10, more preferably 1 to 5, and still more preferably 1
to 3. In the case where a plurality of Lys residues are
present, the Lys residues are not regquired to be
consecutive (next to one another). The number of amino

30 acid residues in the additional sequence with Lys lccated
rerminally ig not limited at all, and the seqguence may
consist of only cone lysine residue. The number of amino
acid residues in the additional sequence with Lys is
preferably 1 to 20, more preferably 1 tce 10, and still more

35 preferably 1 to 5. The expression "added tc an end"



25 Lys residue, and the number of Lys residues is preferably 1 to 10, more preferably 1 to 5, and still
more preferably 1 to 3. In the case where a plurality of Lys residues are present, the Lys residues are
not required to be consecutive (next to one another). The number of amino 30 acid residues in the
additional sequence with Lys located terminally is not limited at all, and the sequence may consist of
only one lysine residue. The number of amino acid residues in the additional sequence with Lys is
preferably 1 to 20, more preferably 1 to 10, and stiltfhore 35 preferably 1 to 5. The expression "added
to an end" 21 basically means the addition to the N or C terminal of the amino acid sequence. Thus,

Lys residue (s). ma added to t olypeptides of the present invention by mutation.of the
polypeptides 12? éﬁ‘éark?c?: YS &?ﬁ?ﬁs r}%Erh%ggp?t(%tle?r'? céﬁtaTr%ﬁgsh an Fc ?eg%grr\%{%%grﬁ}rﬁuﬁ%g obulin”
refers to a prétein:€oftairing ARifd6Fthe FB#8giontd wisiehIHE proteiisoftheresentifvention can
bind, and is noteequited-topcdntan the 10:entireePerregiony {0060} by Suchgirdteins:€ontaining an Pc

region of an immuregl 3 € e.purifi ording to an affinity column chromatography method
FHRURRGIORHWR ¢8R HEPURNECACC
using a commergci 3/ available column. Specifically, a buffet containing a protein containing an Pc

region of'an immunoglobulin is adjusted to be neutral and the resulting solution is run through an
affinity column filled wit§ the>affirfity 'separation s to aAdséptherpréteifi €ontaining an Pc region of
an 20 immunoglobulin 1o the affinity-sepasatian mattixtNext, anradenuate; amount ©f afpure buffer is

run through the affinity,column to wash the imgjepgfot@@iqgur@p. At this time, the target protein

containing an.Pc region of an immunoglobylin remains adsagrbed on the affinity separation 25 matrix of
theFnesentnﬁ%ﬁﬁgh%ﬁ?hg%ghﬁﬁﬁg’ aﬂg is not reqalreg to contal% the

1¢  entire Fo region.
[0G60]

Such proteins containing an Fc region of an
immunoglobulin can be purified acccrding to an affinity
column chromatography method using a commercially available

15 column. Specifically, a buffer containing a protein
containing an Fc region of an immunoglcbulin is adiusted to
be neutral and the resulting sclution 1s run through an
affinity column filied with the affinity separatiocon matrix
to adscrb the protein containing an ¥Fc regicn of an

20  immunoglobulin to the affinity separaticn matrix. Next, an
adequate amcunt of a pure buffer is run through the
affinity column to wash the inside of the column. At this
time, the target protein containing an Fc regicn of an
immuncglobulin remains adsorbed on the affinity separation

25 matrix of the present invention in the column.

Subseguently, an acidic buffer adjusted to a proper pH
(which may contain a substance for accelerating
disscciation of the protein from the matrix) 1s run through
the column fto elute the target protein containing an Fc

30 regicn of an immuncglobulin. Thus, high-level purification
can be achieved. The affinity separation matrix can be
reused through a washing process 1in which a pure buffer (in
scme cases, a solutilen containing an apprepriate modifier
or organic solvent) having an appropriately strong acidity

35  or alkalinity which does not completely impair the



Subsequently, an acidic buffer adjusted to a proper pH (which may contain a substance for
accelerating dissociation of the protein from the matrix) is run through the column to elute the target
protein containing an Pc 30 region of an immunoglobulin. Thus, high-level purification can be
achieved. The affinity separation matrix can be reused through a washing process in which a pure
buffer (in some cases, a solution containing an appropriate modifier or organic solvent) having an
appropriately strong acidity 35 or alkalinity which doeg not completely impair the 22 functions of the
ligand compound and the carrier base material is run through the matrix. EXAMPLES 5[0061]
(Example 1) Preparation of npvel pozypeptides Oligonucleatides respectively having the
nucleotide seq%?&%éé" %?%ég Il% osizfs(‘:jac['rin 4 \wer Orﬁl&%daa%% g&ﬁegt%ﬁ%oeoﬁle%ﬁégp%CR using a Blend
Tad polymerasé fFOYOBO TOWLTE Y 164 dcedrdincewith the attached protocol. The double-
stranded DNA PCR product was extracted and purified by agarose electrophoresis, and then cleaved
with restrictiongngypes; BamHI and Hindlll (both available from Talara Bio, Inc.). Another
double-strgndeg%g)é\ﬁA of interest was 15 obtained by PCR from oligonucleotides respectively having
the nuclectide eque;]ces of SEQ ID Nos :5 and 6 in the same manner as described above, and then
cleaved with redtiiefish enzymBs HindRFand EcoRI(E6th availabfPfréftTakara Bio, Inc.). 20[0062]
These two double-strantedDNAsaweressubotened:into the BamkliEcoRhsite:inca nltiple cloning site

of the plasmid yegtor pGEX:2T (GE Healthcare, Japan). Specifically. the vecton PGEX2T was cleaved

with the , )
overlap PCR using a Blend Taqg polymerase {(TOYOBO CO., LTD.)

10  in accordance with the attached protocol. The double-
stranded DNA PCR product was extracted and purified by
agarose electrophoresis, and then cleaved with restriction
enzymes BamHl and HindIII {(both available from Takara Bio,
Inc.). Ancother double-stranded DNA of interest was

15 obtained by PCR from oligonuclectides respectively having
the nucleotide sequences of SEQ ID Nos:5 and 6 in the same
manner as described above, and then cleaved with
regstriction enzymes HindIII and EccRI {both available from
Takara Bio, Inc.).

20 [0062]

These two double-stranded DNAs were subcloned into
the BamHI/EcoRl site in a multiple cloning site of the
plasmid vector pGEX-2T7 (GE Healthcare, Japan).
Specifically, the wvector pGEX-2T was cleaved with the

25 restriction enzymes BamHI and EcoRI, dephosphorylated by
Blkaline Phosphatase {(Takara Bio, Inc.), and then mixed
with the two restriction enzyme treated double-stranded
DNAs, and they were subjected tce a ligation reaction with
Ligation High (TOYOBO CO., LTD.) in accordance with the

30  attached protocol. The DNAs of SEQ ID Nos:3, 4, 5, and 6
were designed such that the two double-stranded DNAs, when
ligated through the HindIII cleavage sites and subcloned
into pGEX-2T, encode SEQ ID No:l. FE. coli HRLO0L cells
(Takara Bio, Inc.) were transformed with the pGEX-2T

35 containing the DNA& encoding SEQ ID No:l (the ligation



25 restriction enzymes BamHI and EcoRlI, dephosphorylated by Alkaline Phosphatase (Takara Bio,
Inc.), and then mixed with the two restriction enzyme treated double-stranded DNAs, and they were
subjected to a ligation reaction with Ligation High (TOYOBO CO., LTD.) in accordance w 30 attached
protocol. The DNAs of SEQ ID Nos:3, 4, 5, and 6 were designed such that the two double-stranded
DNAs, when ligated through the Hindlll cleavage sites and subcloned into pGEX-2T, encode SEQ ID
No:l. E. coil HB101 cells (Takara Bio, Inc.) were trarisformed with the pGEX-2T 35 containing the DNA
encoding SEQ ID No:1 (the ligation 23 solution), and the plasmid DNA was amplified and extracted by

a common method. [0063] (2),PCR.was performed using thjs expression plasmid as a template
and oligonuclg&?d%t[ﬁﬁr%ifs of gE ?le\}g‘ss:ff%%dggﬂr ﬁ”ealgcf%\ krﬂolij%%c\%a%nﬁ?ul |e§ &nc ﬁ(e?ated with

restriction enZyies PSTaRd éifidl¢{Fakara Bio, Inc.) to prepare a double-stranded insert DNA. (2)
Another doublgsstéarided insert DNA was prepared by performing PCR using 10 the same template

and oligonucleotide primers e SEQ 1D Nas,9.and 10, purifying the PCR nroduct, and thep treating it

with restriction enzymes cfr13l and EcaRl. (3) These two double-stranded. insert DNAs were mixed
with the BreviBcive SXBELTorFUSLE) HRACSbe G S0BLRDE S 16 ik et remted with
restriction enzyhies’Pstilarid EeBRP afd depHosphbriiatededndtiey irté sdibjectéd to a ligation

reaction. In thi;_semaa_mema:mexmeﬁﬁi@@ plasmid:cantaiing a DiNAencoding A pelypeptide with _
connected a”l%'}%ﬁgkdes%%ﬁﬂ%’%em s%%QAQe'&Oi%WQ%OﬂQHUCFQ%)2@[99‘?3%z: dgﬁg@eaame time, an

expression plasmid containing a DNA encoding a polypeptide with connected amino acid sequences
of SEQ ID NoZ Ak HiSo ¢Bfisthict8t usii o gomiiedtide’ phifetS bF SEQ fD'NG ¥ 73fd 11 and 25

restrictio enZyfesPst areh RAGILE akara Bid,nbYin tie prscess Tk and ofigbhticlébtide primers of
SEQ ID Nos:Qiard 42:and nestrigtion; enzymes xxhopand;zeaRidn the process-(2) »r Ehe amjno acid

residue at the (G terminal (the }.%%*IE ¢sidug,of aF'r}\% Secend tepeat) was feplaced, \I(‘t/i‘i‘h'eybsé or 30 easy

genetic manipulation, and this replacement does not affect the evaluation results because it is at the C

te”mna”006$wo double-stranded insert DNAs were nixed with the
Brevibacillus expression vector pNE3260' (WO 2006/0040€7)
15  which nad been treated with restriction enzvmes Pstl and
EcoRI and dephosphorylated, and they were subjected to a
ligation reaction. In this manner, an expression plasmid
containing a DBNA encoding a polypeptide with connected
amine acid seguences of SEQ ID No.l was constructed.
20 [0C64]
Bt The same time, an expression plasmid containing a
DNA encoding a polypeptide with connected amino acid
sequences of SEQ ID Ne:2 was also constructed using
oligonucleotide primers of SEQ ID Nes:7 and 11 and
25 restriction enzymes Pstl and Xhol (Takara Bio, Inc.} in the
process (1} and oligonucleotide primers of SEQ 1D Nog:9 and
12 and restriction enzymes Xhoel and EcoRI in the process
{2Yy. The aminc acid residue at the C terminal (the last
residue of the second repsat) was replaced with Lys for
30 easy genetic manipulation, and this replacement does not
affect the evaluation results because it is at the C
terminal.
[0065]
These expression plasmids were transformed into

35 Brevibacillus choshinensis FY-1. The transformation was



These expression plasmids were transformed into 35 Brevibacillus choshinensis FY-1. The
transformation was 24 performed by a known electroporation method ("Biosci. Biotech. Biochem.",
1997, Vol. 61, pp. 202-203). The Brevibacillus choshinensis FY-1 is a Phe- and Tyr-requiring strain
obtained by mutating Brevibacillus choshinensis 5HPD31-0K (JP H06-296485 A). [0066] The
Brevibacillus choshinensis FY-1 recombinant cells were cultured with shaking for 3 days at 30C in 5
mL of 3YC medium (3% polypeptone, 0.2% yeast eXfract, 3% glucose, 100.01% magnesium sulfate,
0.001% iron sulfate, 0.001% manganese chloride, 0.0001% zinc chloride) containing 60 p.g/mL
neomycin. [00671] The cult%re was centrifu%e;d %orremov% cells, and th ]65, gbtained culture supernatant
was subjectegffo Jé%ﬁ%ﬁ%xcﬁaﬁgé ¢hroma oog(?aﬁﬁ ﬁ%%gléfﬁ‘ SPFastFlow (::Lcﬁﬁr%jﬁ'(GE Healthcare,
Japan) to purity #ié€ targeb pBlypeptide. MoPd spééificalfy: soeliumdtetaie was added to the culture
supernatant ta a-finglconcentraton of 50«mM;, ancdy2Q hydrachioric-aciddavas, thensadded tothe culture

supernatant tQ@QAH% tgg@g_—ﬁg@eé.%g hen, Q%elg%sugﬁgfgggggg supernatant was,applied to the SP Fast
Flow colymn %ngll?[%tgd |Pg[h a,cgtlgg6e E%‘lag?e buffer A (50 mM CH3COOH-CH3COONa, pH 4.0).

After washing the coltimn wi h%% thecation éxchange buffer A, the target polypeptide was eluted and
separated in tHeProcess of salt gradient elution with the cation exchange buffer A and a cation
exchange buffer B (50:1aMeCH3QQOH: CH3000Ma; 1MiNac 1rpH14.03. Next; the.targetipolypeptide

\NaSpUHﬂedl%éggogultured with shaking for 3 days at 30°C in 5 mlL of

3YC medium (3% polypeptone, 0.2% vyeast extract, 3% glucose,

106 C.01% magnesium suifate, 0.001% iron sulfate, 0.001%
manganese chlioride, 0.0001% zinc chloride} containing 60
g /ml neomycin.
[00&67]

The culture was centrifuged to remove cells, and the

15 cbtained culture supernatant was subiected to cation
exchange chromatography using an SP Fast Flow column (GE
#lealthcare, Japan) to purify the target polypeptide. More
specifically, sodium acetate was added tce the culture
supernatant tc a final concentration of 56 mM, and

20  hydrochloric acid was then added to the culture supernatant
to adjust the pH to 4.0. Then, the resulting culture
supernatant was applied to the 8P Fast Flow column
equilibrated with a cation exchange buffer A (50 mM
CH3COOH~CH3COCHa, pH 4.0). After washing the column with

25 the cation exchange buifer A, the target polypeptide was
eluted and separated in the process cof salt gradient
elution with the catiocn exchange buffer A and a catiocn
exchange buffer B (50 mM CH3;CCOH-CH:COONa, 1 M NaCl, pH
4.0). Next, the target pclypeptide was purified by anion

30 exchange chromatography using a DEAE Fast Flow column (GE
Healthcare, Japan). More specifically, tThe separated
target protein sclution was dialyzed against ultrapure
water, and applied to the DEAE Fast Flow column
egquilibrated with an anion exchange buffer A (50 mM Trig-

35  HCL, pE 8.0). After washing with the anion exchange buffer



30 exchange chromatography using a DEAE Fast Flow column (GE Healthcare, Japan). More
specifically, the separated target protein solution was dialyzed against ultrabure water, and applied to
the DEAF Fast Flow column equilibrated with an anion exchange buffer A (50 mM Tris- 35 HC1, pH
8.0). After washing with the anion exchange buffer 25 A, the target polypeptide was eluted and
separated in the process of salt gradient elution with the anion exchange buffer A and an anion
exchange buffer B (50 mM Tris-HCI, 0.3 M NaCl, pH 8.0). The separated target polypeptide solution
was again dialyzed against ultrapure water. In this manner, an agueous solution containing only the
target polypeptide was obtained as a final purified sample, A%l the protein purification processes by
chromatograpﬁy u‘é%lneg 5%%%8%@%0&%%&?%?%@& with %%HAI% Aaplﬁcr%eb Sﬁ%géy%?g?nj(% T&Healthcare,
Japan). [0068P Lo CETHie afifi deid ségliericescafthe tohdljpépilesprepared tibagh the
processes desgeribedaralbiovenand nsed in the: following examples are(shown as:SEQHIDINO: 13 (two 15
connected sequences,of SEQJfp Nozh) and-SEQ 4D No:4(twa connected Nges of SEQ ID
No:2). [0069] Example Z%ﬁnalg/&s, forc?ﬁlﬁlt% of polxpgpth:es tiq‘ﬁuman 19G_20The polypeptiees
obtained ih Ex ?ﬁfﬂ%‘lo\?/e & %ma%/%a for affi ?t)ﬁ??ora an Trﬁﬁqun%g‘fort‘)alﬁfﬁrv%itwaat@i*aCore 000 biosensor
(GE Healthcare} Japan)based oh sutfaceslasmbniressnantd. 0070254 huntdieintmtfasdlobulin G
preparation (hereipatier; yeteriedsto-as human 196 )-sepanatedfiemmiuraan ptasma was immobilized on
a sensor chip..apd gach piotein was flawedoniohe Sl 1o detest ARIEsRan betepn,nem. The

immobilization of the human 1gG onto the sensor chip , B
a column were performed with an AKTAprime plus system (GE

io Healthcare, Japan).
[00e68]

The amino acid sequences of the two polypeptides
prepared through the processes described above and used in
the following examples are shown as SEQ ID No:1l3 (two

15 connected sequences of SEQ ID No:l} and SEQ ID Neo:ld (two

connacted sequences of SEQ ID No:2}.

[0C69]
(Example 2) Analysis for affinity of pclypeptides to human
ot

20 The polypeptides obtained in Example 1 were analyzed

for affinity for an immunoglobulin with a Biaccre 3000
hiosensor (GE Healthcare, Japan} based con surface plasmon
resonance.
(00707

Z5h A human immuncglobulin & preparation (hereinafter,
referred to as human IgG)} separated from human plasma was
immobilized on a sensor chip, and each protein was flowed
onto the c¢hip to defect an interactlon between them. The
immobllization of the human IgG onte the sensor chip CM5

30  was carried out by amine coupling using N-
hydroxysuccinimide (NH3} and N-sthyl~N’"-(3-
dimethvlaminopropyl)carbodiimide hydrochloride (EDC), and
ethanclamine was used for blocking (both the sensor chip
and the immobilization reagents are available from GE

35 Healthcare, Japan). The human IgG solution was prepared by



30 was carried out by amine coupling using Nhydroxysuccinimide (NHS) and Neethyl-N'-(3-
dimethylaminbpropyl)carbodiimide hydrochloride (EDC), and ethanolamine was used for blocking
(both the sensor chip and the immobilization reagents are available from GE Healthcare, japan). The
human IgG solution was prepared by 26 dissolving Gammagard (Baxter) in a standard buffer (20 mM
NaE2P0O4-Na2HPO4, 150 mM NaC1, pH 7.4) to a concentration of 1.0 mg/mldi The human IgG
solution was then diluted to 1/100 in an immobilizatief buffer (10 mM CH3C00B-C1-I3COONa, 5 pH
4.5). The human IgG was immobilized on the sensor chip in accordance with the protocol attached to

the Biacore 3000. A reference cell to be used as a negative control was alsp prepared by immobilizing
cthanolamine 1 SHBI6Y Tou E6T BIRE CRTbAhcr Acthation Wi EBCIS 1000 The

polypeptides preparéd-inaheirnanner destribed in EREmMplé | were appropiiatélyasreparediat
concentrationg 0618401000 mik:inraruningbuffer (20 s1MNaH2904-Na2HR @4, 150 mM Nadi,

0.005% P-20, pi §4) (solitions of fhree ditferant protein coneenifations Were prepaggd.-for each

polypeptide), and each polypeptide solution was then added, to the sensor chip at a flow rate of 20

W7min for 30 B&cdnds. Bintitiy S8RESTgratis &t 250 ere coAfifusisly FécordBd Huriig tHe addition
(association phase, 90 20aseconds)-and aftep thd additioa{tissbertibn pHasel 99%econds). After each
recording, the sensor chip-wassregenerated byadging 40.mMsNaQH: (fer 15seconds), This process

was intended 1o remove the added proteing remaining; on the sensar.chip.and was foynd o
substantially 25 completely réstore the mdw&actlvny of'the immobilized human IgG. The affinity

constant for hdah 198K A knt/REfI)WAS calcufdted by pérformting Bitting anaiysis on each of the

obtained Bindihg&ehsorgrams (the binding sensorgrams obtained by subtracting the binding
sensorgram 30 of the refergnge,eelhusing the- 1d-binding:mode! in.a BIA evaluationspftware attached
to the system.g[gagfp%_l; 1 wgpe paolép?%tide of RﬁgQDID 559%13 was found to hay anasffigi%y constant
(KA) for the p(ﬂ%pe&lore anﬂbo&yl of SE §%ﬁ3 0:1 Ofi.lxi%% 1), and the BQ y e(g)tlde of SEQ ID
10 to 1000 nMin a running buffer (20 mM NaHPOs~NaHPO,,
150 mM NaCl, 0.005% P-20, piH 7.4) (sclutions of three
1% different proteln concentrations were prepared for sach
polypeptide), and each polypeptide solution was then added
to the sensor chip at a fiow rate of 20 uL/nin for 30
seconds. Binding sensorgrams at 25°C were continucusly
recorded during the addition {association phase, 90
20 seconds) and after the addition (dissociation phase, 50
seconds) . After each recording, the sensor chip was
regenerated by adding 40 mM NaOH (for 15 seconds). This
process was intended to remove the added proteins remaining
on the sensor chip, and was found to substantially
25  completely restore the binding activity cof the immobilized
human IgG. The affinity constant for human IgG (K, =
¥en/ Keer) was calculated by performing a fitting analysis on
each of the cbteained binding senscrgrams (the binding
sensorgrams obtained by subtracting the binding sensorgram
30 of the refevence cell) using the 1:1 binding model in a BIA
evaluation scftware attached to the system.
[0072)
The polypeptide of SEQ ID No:l3 was found to have an
affinity constant (K} for the polypeptide antibody of SEQ

35 ID No:l of 2.1x30% (M%), and the polypeptide of SEQ ID



No:14 was found to have an affinity constant (KA) for the polypeptide antibody of SEQ ID No:1 of
2.6x108(Mt). These results show that these peptides had sufficient affinity for a human
Immunoglobulin. [0073] (Example 3) Evaluation of stability of novel polypeptides against alkali by
SDS-PAGE analysis The polypeptides prepared in Example 1 were evaluated by comparing their
bands on SDS-PAGE gels obtained after 10 incubation under alkali conditions for a predetermined per
[0074] The alkali treatment was performed as folows. NaOH was added to 200 tM of each of the
polypeptides to a final 15 concentration of 0.5 M, and the solutions were incubated at 25C for 4, 8, and

24 hours. To the resultinégt pﬁoé%)e tide solutions, 0.5 M HC1 (in a predetermined amougt which was

previously foutld ‘to ‘adja: balk 16 REuftEl) Was Added t§hduftAiize! the sbfttions ®Thus,
SOS-PAGE samples:20 ivBrepreparetly SGSPAGEsamplesdfefaresthelalikali treatifient €0 hour after
treatment) were: preparedibywadding armixdure-ebthedNaOkksolution for:thewalkalFtreatment and the

HC1 solution fpr the nﬁgﬁ%qzqmdgggtm%@i@&rjng all samples to the same polypeptide

concentration and the 25 same solution composition. SOS-PAGE was performed using a mini-slab
size electi’ophé)%}glé3 bath "pageRun" with power supply and a 15% polyacrylamide precast gel
"e-PAGEL" (boBravailable frofy ATTO CORPORATION) invactordanee: with thie <attached manual
(common methgd}).Ide elegtrophpresisigels:3t:were stained and destained, and then electronically

maged using & Cheminec S imaaing. system FisRad Lshargiaries 19e ) and e fiands ere

analyzed (via densitometry Quantity One software (Bio-Ra aboratories, Inc.) attached to the
system in accBrIdreERREA te minual FEig985 Wshts BhiEieéirdric imageé bitaintdby the

SOS-PAGE. 28cubation under alkall conditions for a predetermined
period.
[0G74]
The alkall treatment was performed as follows. NaOH
was added to 200 pM of each of the polypeptides to a [inal
15 concentration of 0.5 M, and the sclutions weare incubated at
25°C for 4, 8, and 24 hours, To the resulting polypeptide
golutions, 0.5 M HCl {in & predetermined amount which was
previously found to adiust the pH back tc neutral) was
added fo neutralize the sclutions. Thus, SDS-PAGE samples
20  were prepared. S3DS-PAGE samples before the alkali
treatment (0 hour after treatment) were prepared by adding
a mixture of the NaCH solution for the alkall treatment and
the HC1 solution for the neutralization treatment to bring
all samples to the same polypeptide concentration and the
25  same scolution composition. SDS-PAGE was performed using a
mini-slab size electrophoresis bath "pageRun" with power
supply and a 15% polyacrylamide precast gel "e-PAGEL" (both
available from ATTO CORPORATION: in accordance with the
attached manual (common methed)}. The electrophoresis gels
30 were stained and destained, and then electronically imaged
using a ChemibDoc XRS imaging system (Bio-Rad Laboratories,
Inc.), and the bands were analyzed (via densitometry] with
a Quantity One software (Bio-Rad Labhoratories, Inc.}
attached to the system in accordance with the manual. Fig.

35 1 shows an electronic image obtained by the SDS-PAGE.



[0075] The results of the ratio of the band intensity measured 24 hours after the alkali treatment
(the remaining intensity as calculated based on the intensity before the alkali treatment (= 100%)) were
as follows: the ratio of the known highly alkali-resistant polypeptide (Comparative Example 1, two
connected sequences of SEQ ID No:15) was 55.0%, whereas the ratio of the polypeptide of SEQ ID
No0:13 was 60.9% and the ratio of the polypeptide of SEQ ID No:14 10was 91.6%. [0076] Thus,
the polypeptides according to the present invention #Were proven to have high stability under severe
alkali conditions. In particular, the polypeptide of SEQ 15 ID No:14 (the sequence derived from SEQ ID
No0%?2) exhibit I'Lz ﬁ change in the band intensity even after 4-hour incubation in 0.5 M NaOH at 25C
(99.8%), and hus proven to be practically very valuable in various applications. 20[0077]
(Example 4) Preparatidteofifsiel palypeptites ratiQuick cHamgeandtagerenisiivis performed using
the pGEX-2T genatainiag the DNA enceding-SER:ID: Noxl obtaiaed in: Example 1:asna template DNA
and two primeys, o, provide an 25 expression B'Q§@lﬁd 88”@{%'“9@{5‘?‘1@‘1‘9?”%‘&8@'@%@9 quick

change mutagenesis, was performed in accordance with thecfrotocol of Stratagene u3|£ Pfu Turbo
f‘%&ﬁ v

DNA polymerase and thé Jated DNA (fempl4RTBNE ctéavay&énzytiie Dbnit {alf available from
Stratagene). THeefolowittg Béwén 30:prirér setssiereause dbtolpiepake expressivreprasmids containing
an additional mutatione SEQdRdNesidbantk17 sSEQ:IR-Nos:I8 grd 19n SEQ 1B Nesi20 and 21; SEQ

ID Nos:22 and; 33 SEQ, I Nos:24 apd 25; SEQIDMes 26 and 21 and SEQ D Nos:28, and 2.

Additionally, a further mutated 35 expressmn plasmid was repared using the primers of SEQ ID 29
Nos:18 and 1§ &fidtRe Txprassion plashid that hé&%e@ﬁﬂ%ﬁﬁ%bdﬁsﬁb tHEPrimterddt SEQ ID
Nos:16 afd 1¥as dtemslate DNA. Thus, eight new expression plasmids were prepared. [0078]

[0G7 61
Thus, the polypeptides according to the present
invention were proven to have high stabillity undey severs

alkali conditions. In particular, the polypeptide of SEQ

[
o

ID No:14 {the seguence derived from SEQ ID No:Z) exhibited
little change in the band intensity even after 4-hour
incubation in 0.5 M NaOH at 25°C (99.8%), and was thus
proven Lo be practically very valuable in various
applications.
20 [0077]
{Example 4) Preparation of novel polypeptides
Quick change mutagenesis was performed using the
pGEX-ZT containing the DNA encoding SEQ ID No:l obtained in
Example 1 as a template DNA and two primers to provide an
25  expression plasmid containing an additional mutation. The
quick change mutagenesis was performed in accordance with
the protoccl of Stratagene using Pfu Turbe DNA polymerase
and the methylated DNA (template DNA) cleavage enzyme Dpnl
{all available from Stratagene). The following seven
30  primer sets were used to prepare expression plasmids
containing an additional mutation: SEQ ID Nos:16 and 17;
SEQ ID Nos:18 and 1%; SEQ ID Nos:20 and 21; SEQ ID Nos:Z2Z2
and 23; SEQ ID Nos:24 and 25; SEQ ID Nos:Z6 and 27; and S8EQ
ID Nes:28 and 2%. Additicnally, a further mutated

35  expression plasmid was prepared using the primers of SEQ ID



The processes (1) to (3) of Example 1 were performed using these expression plasmids as templates
to provide four expression plasmids containing a DNA encoding a polypeptide having an amino acid
sequence consisting of 10 repeats of the same sequence (each of the following amino acid sequences
of SEQ ID Nos: 30 to 37).
ADNRENREQQNAFYEILHLPNLTEEQRNAFIQSLADDPSVSREILAEAQRLNDAQAPR (SEQ ID
N0:30) ADNRFNREQQNAEYEILNIPNLA QSLIDDRSVSREILAEAQRLNDAQAPR (SEQ ID No:31)
ADNRENREQQNREYEILHLPNLTEEQRNA )SLIDDPSVSREILAEARRLNDAQAPR (SEQ ID N0:32)
ADNRENREQONAFYEILHLPNLTEEQRNAFIOLHDDPSVSRE ILAEARRI.JNDAQAPR (SEQ ID
No:33) 20 ADNRENRESONAFYEILNCBNE TREGRNAFIBELRDOPSVERELAPARRLNDAQAPR
(SEQ ID No:3)ABNRENREQQNA EILEE PN ISTEESCAEIQERODPSVSREILAEARRLNDAQAPR
(SEQID NO:%@mplat@ DNA. Thus, eight new expression plasmids were
ADNRENREQONAEYEILHLPNLTEEQRNAFIQTLRODPSVSREILAEARRLNDAQAPR 25(SEQ ID
No0:36) ADNRFNRENNAEYEILHLP TEEQRN 'IQSLRIDPSVSREILAEARRLNDAQAPR (SEQ ID
No0:37) [6079]{%% Shino acid sequences of these polypeptides are 30 shown as SEQ ID Nos:38 to
45. The amino acid ré%idue at the S:terrinal {the!last residue ofel second:repaat)wasreplaced with

Lys as descrihedin Example-Loand this replasement doesnataffectthe-evaluation;kesults because it

s at the C terminal. 3510080]; 30 These expression plasmids wetg,used.fo express and

polypeptide having an amino acid seguence consisting of

[
o

repeats of the same seguence (each of the following amino

acid sequences of 3EQ ID Nos:30 to 37).

ADNRFNREQONAFYEILHLPNLTEEQRENAFIQSLRDDPSVSREILAEAQCRLNDAQAPR

(SEQ ID No:3¢)

ADNRFNREQCHNAFYETILHLPNLTEEQRNAFIQSLIDDPSVERETILAEAQRLNDAQAPR

15 (8EQ ID No:3l)
ADNRENREQONAFYEILHLPNLTEEQRNAFIQSLIDDPESVSRETLARARRLNDAQAYR
(SEQ ID No:132)
ADNRENRECGONAFYEILHLPNLTEEQRNAFIOSLHDDPSVSREILAEARRLNDAQAPR
(SEQ ID No:33)

20  ADNRFNREQONAFYEILHLPNLTEEQRNAFIQELRDDPSVSREILAERARRLNDAQATR
(SEQ ID No:34)
ADNRFNREQONAFYRE I LHLPNLTEEQRNAFIQLLRDDPSVSRETLAEARRLNDAQAPR
(SEQ ID No:3b}
ADHRENREQONAFYEILHLPNLTERQRNAFIQTLRDDPSVSREILAEARRLNDAQAPR

25 (SEQ ID No:36)
ADNRFNREQONAFYEILHLPNLTEEQRNAFIQSLRIDPSVSRETILAEARRINDAQAPR
{SEQ ID No:37T)

[0070]
The amino acid sequences of these polypeptides are

30  shown as SEQ ID Nes:38 to 45. The amino acid residue at
the C terminal (the last residue of the second repeat) was
replaced with Lys ag described in Example 1, and this
replacement does not affect the evaluation results because
it is at the ¢ terminal.

35 (00801



purify polypeptides in the same manner as in Example 1. [0081] (Example 5) Evaluation of stability of
novel polypeptides against alkali by SDS-PAGE analysis The polypeptides prepared in Example
4 were evaluated by comparing their bands on SDS-PAGE gels obtained after incubation under alkali
conditions for a predetermined period in the same manner as in Example 3. The 10 polypoptides of
SEQ ID Nos:38 to 41 were evaluated for stability after 4-hour and 24-hour incubation. The
polypeptides of SEQ ID Nos:42 to 45 were evaluateddfor stability after 30-hour incubation. As a
reference, the polypeptide of SEQ ID No:14 was also subjected to the same 15processes. [0082]

Fig. 2 shows electronic images obtained by the SOS-PAGE. The results of the ratio of the band

intensity measured 24" HGiS &ftetifis alkali freatientivéieras 2696Idws: THBTAfS of e polypeptide
of SEQ ID NoRB8:was 73:4%p tiye fatsofithetpaly peptidenef SEQ H» Non39: wasr/%:0%; the ratio of the
polypeptide of[SE&1ID No:40 was 85.6%; and the ratio of the polypeptide of SEQ ID No:41 was
82.8%. Also, the results of the_ratio of the band 25 intensity measured 30 hours after. the alkali
treatment Weré%xsafrgﬁé\?\)s%héwagtii‘guo ftﬁ8rkn%gvri%@%ﬁ?féélgta%fp%?y%ee%tiﬁg% 'o%r?g&rcgﬁ\?e Example 2,

two connécted g84tiericés 6PSEQID Riosa6Y\ias 23319 S Iwhereas the ratio of the polypeptide of SEQ
ID No:14 was 45.1%, the ratiol gtthiet 30 pelypepiide of SEQ IRNg 42 wWas45:8% vthberatie ©f the

polypeptide of SEQ-IR)NPi43, was43.8%x the ratio Qbmamgyp@eti@e OLBER M No:44 was 49.6%,
and the ratio of the}gc_g)JEy,p(le1I tlde(é)erE(P 1D No.45n\</%(a§3§5.0/o Thus, %h}gesgee%oeg%%%tédgs were also

INC 1o unde ckalil & ITicns for
proven to haverhléh Stabi y under 35 severe alkall conditions. 31

period in the sams manner as in Example 3. The

16 polypeptides of SEQ ID Nos:38 to 41 were evaluated for
stability after 4~hour and Z4-hour incubaticon. The
polypeptides of 3EQ ID Nos:42 to 45 were evaluated for
stability after 30-hour incubation. As a reference, the
polypeptide of SEQ ID No:l4d was also subjected to the same

15  processes.
10082)

Fig. 2 shows electronic images obtained by the SDS-

PAGE. The results of the ratio of the band intensity
measured Z4 hours after the alkali treatment were as

20 follows: the ratic of the polypeptide of SEQ ID Ro:38 was
73.4%; the ratio of the polypeptide of SEQ ID No:39 was
79.0%; the ratico of the polypeptide of SEQ TID No:40 was
85.6%; and the ratio of the polypeptide of SEQ ID No:4l was
82.8%. Alsc, the results of the ratioc of the band

25 intensity measured 30 hours after the alkall treatment were
as follows: the ratio of the known alkesli-resistant
polypeptide (Comparative Example 2, two connected sesquences

of SEQ ID No:46) was 23.1%, whereas the ratio of the

=g

polypeptide of SEQ ID No:14 was 45.1%, the ratio of the
30  polypeptide of SEQ ID No:42 was 45.8
8

polypeptide of SEQ ID No:d3 was 43.

a\®

r

, the ratio of the

; the ratico of the
polypeptide of SEQ ID No:44 was 49.6%, and the ratio of the

=]

i

A

il

aif

polypeptide of SEQ ID No:45 was 65.0%. Thus, these
polypeptides wers also proven to have high stability under

severe alkali conditions.

(€8]
o



[0083] (Comparative Example 1) Preparation and evaluation of CG29A.2d C-Q29A.2d is a
functionally equivalent variant of the C domain of Protein A which contains the mutation G29A, and
this polypeptide is known to have very high alkali resistance (Patent Literature 5). A DNA encoding a
polypeptide (SEQ ID No: 15) consisting of tandem repeats of the functionally equivalent variant was
subjected to PCR to 10 amplify a product that can be cleaved at the Pstl/EcoRI sites, and the amplified
product was subcloned into the vector pNK3260'. The.expression and purification were performed in
the same manner as in Example 1, and the evaluation for alkali resistance was performed in the same
15 manner as in Example 3.[00841 (Comparative Example 2) Preparation and evaluation of
CG29A/S33E.54 A{?ﬁé)lypeptlde obtained by introducing the mutation 20 533E into C-G29A is known to
have equivalentatkak resistance:tarthaeof C-G29A{ WO 201141:18699) .. Agiolypeptide (SEQ ID No:46)
consisting of tandemxgpeats of the sequence thereof was expressed and purified in the same manner

as in Example 1, and gv@gghe@@r alkall r1e5|st nce 2§1|n tg%égwgl@gpngr an Arr'll ,l_Exg\pgle 3. 32
CLAIMS . Claim 1. A po pepUdé C é%n o f”blnav}lg to a'protein comprlsing an Fc region of an
o

immunoglobulin, th&oly tlaé%B?ﬁﬁrl & folloWing aniino deid Séquente: 5292, and
REXIX2EQQNARYEHHXSPNL TEE QRNXAFQX5L XEXEXSRSY SREXIIZARAXL0X11LND AQAPX12

wherein X1 is Py & N..01cQ; X248 En0r R; 10X31is Lo M jor | XhisA B cbdRnY, or Wi
polypeptide (SEQ ID No:l5) consisting of tandem repeats of
the functionally eguivalent variant was subjected to PCR to
10 amplify a product that can be cleaved at the PstI/EcoRI
sites, and the amplified product was subcloned into the
vector pNK3Z60'. The expression and purificaticn were
performed in the same manner as in Example 1, and the
evaluation for alkali resistance was performed in the same
15 manner as in Example 3.
[oog4]
(Comparative Example 2} Preparation and evaluation of C-
GZ9A/533E.24d
A polvpeptide obtained by introducing the mutation
20 S33E into C-GZ29%A is known to have equivalent alkali
resistance to that of C-G2Z8A (WO 2011/118689). A
polypeptide (3SEQ ID No:46} consisting of tandem repsats of
the sequence thereof was expressed and purified in the same
manner as in Example 1, and evaluated for alkalil resistance

25 in the same menner an in FExample 3.



X5isD,E,H,I,L,Q,R,5 T,orV; X6isH, I, orR; X7isD,l,orR; 15X8isDorE; X9is |, L, orV,;
X10isRorQ; X11lisHor R;and X12 is R, G, or K. 20 Claim 2. A polypeptide, capable of binding
to a protein comprising an Fc region of an immunoglobulin, the polypeptide comprising the following
amino acid sequence:
Z1727Z3RFX1X2EQQNAFYEILHX3DNLTEEQRNX4FIQX5LX6X7X8PSVSREXgLAEAXI3 25
X11LNDAQAPX12 wherein Xl is 0, B, N, or Q; X2 is’SE or R;is 44, M, or |; X4is A, E, F, R, Y, or W,
30X5isD,0,H, I,L,QyR, S,orV; X9isH, l,orR; XRis D, l,orR; X8 isDor E; Xsis |, L, or V; Xio is

Ror Q;

[

10

26

30

CLATIMS

Claim 1. A polypeptide, capable of binding to a
protein comprising an ¥Fc region of an immunoglcbulin, the
polypeptide comprising the follewing amino acid sequence:
RYML¥GEQUNAFYEILHY s PNLTEEQRNY 4 FIOK LXK Xg PSVEREXcLARRAK X1 LND
AQAPH
wherein X; is D, E, N, or Q:

s 1s E or R;

¥3 is L, M, or I;

X4 is A, E, F, R, ¥, or W;

Xs is D, E, H, I, L, Q, R, 8, T, or V;

Xg is H, I, or R;

il

Xy is D, I, or R;
Xs is D or E;
Xe is I, L, or V;
Xig i85 R or
¥11 18 H or R; and

X2 is R, G, or K.

Claim 2. A polypeptide, capable cof binding to a
protein comprising an Fc region of an immunoglebulin, the
polypeptide comprising the following amino acid sequence:
LB Za R G EQONAFYE LLEY s PNLTEREQRNK s F IO s LR ¥ X o POVEREX . LAEAK 1
X1 LNDAQRAPX 5
wherein X; is D, E, N, or {;

¥, 1s E or R;

£4

¥y is L, M, or I:

X is A, E, I, R, ¥, or W;

Xe 1s D, B, H, I, L, Q, R, 3, T, or V;
Xg 18 H, I, or E;

X+ is b, I, or R;

¥e 138 D or E;



33XllisHorR; X12is R, G, or K; and 7,1 to Z3 are each independently A, D, F, G, H, |, P, N, Qf R, S,
T, V, or Y. Claim 3. The polypeptide according to claim 1 or 2, which has at least 90% sequence
identity to one of the following amino acid sequences:
ADNRENRENNAFYEILHLPNLTEEQRNAFIQSLRDDPSVSREILAEARRLNDAQAPG 10(SEQ ID No:1)
and ADNRFNREQUAEYEILHLPNLTEEQRNATIQS DDPSVS: LAEARRLNI QAPR (SEQ ID No:2). 1/
26 SEQUENCE LISTING <110> KANEKA CORPORATION <120> NOVEL
IMMUNOGLOBULIN-BINDING POLYPEPTIDE <130> B110170W001 <140> PCT/JP2012/057799
<141> 2012-(21%-26, <1§035P§911-068497 <151> 2011-03-25 <160> 46

1 13
X2 is R, &, or K; and
21 to 23 are each independently A, D, E, G, H, I, L, N, Q,

R, 8, T, V, or Y.

w

Claim 3. The polypeptide according to claim 1 or 2,
which has at least 90% seguence identity to one of
the following amino acid seguences:
ADNRIFNREQONAFYEILHLPNLTEEQRNAFIQSLRDDPSVEREILAEARRLNDAQAPG
10 {5EQ ID No:l) and
ADNRENREQONAFYREILHLPNLTEEQRNAFIQSLRDDPSVEREILAEARRLNDAQATR
[SEQ ID No:Zj.



