DESIST PT :-[[ Ti[01CH- EINDI?-BECI FICALLY '201_,OPuLTN [AND IMNUNOCILOBIJIIN-20=ING
fIFFINITY LTGAND xxCANICAL FIELD [000 The puesent bind en. on relates to a protein capable of
antibody, an affinity separation matrix contaHrHnq the nras an 171:1 affinitv ligand, and a metiog for
seffarating and purn-yimq or adsorbing and removing an antibodythe use of the- matrix.
BACKGROUND ART Ar:tibodi-asflailv bind to substances anticens, and aetoxnry and remove ant
Ilgen-canfalLning factors tfe cooueraff= of other tio=lecules and cells. The name "antibody" is
carticulabased on such an antigen-bindirc IS alsoed. to, as "if=no0[101aulig) (12)" as a .ch.cirtmcal
hame. Recent deveXogmen ts in geneti@%ﬁﬁﬁfepe?-ll\@& ofotin engineering, and cell technology
hane accelerated the development of ant'f are uharmacegtjcals ifilizing the abilities of an:ibia es. Since

the ari-"-xxx4.drugs more.specifically natk a, tasgetfolecule than conventional pharmaceuticals, u.s.i

thereof Is expected to further reduce side effect a and to produce: higher Therapeutic In fact,
; : MMVNFC‘ﬁBsgfg—f%\?uww AFFINITY LIGAND
these-tribute to |mpLovemerL|t in-various di ~ease condition
5
TECHNICAL FIELD
[0001]
The present invenitiion relates to a protein capable of
specifically binding to an antibody, an affinity separation
10 matrix containing the protein as an immunoglcbulin-binding
affinity ligand, and a method for separating and purifying or
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BACKGROUND ART
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ther biomoclecules and cells. The

with the cooperation of © ame
"antibody" 1s particularly based on such an antigen-binding
20  ability, and is also referred to as "iImmunoglobulin (Ig)" as
a chemical name.
[G003]
Recent developments in genetic engineering, protein
engineering, and cell technology have accelerated the
25 develcopment of antibody drugs, which are pharmaceuticals
utilizing the abilities of antibodies. Since the antibody
drugs more specifically attack a target molecule than
conventional pharmaceuticals, use thereof is expected to
further reduce side effects and to produce higher therapeutic
30 effects. In fact, these drugs contribute to improvement in

guality of antibody drugs is thought to largely depend
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urity compared with the guality of other recombinant

harmaceuticals because the doses of these antibody
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:rhe cuancty of antihn--J, drugs is thoughtful. --00: depend the purity compared with. the Qua-ity of
other recombinant protein pharmaceuticals because the doses of these antibody 2 drugs to the body
are very large. In order to produce a high purity anlibedv, technigues using an adsorbing materi.a7 that
contains a ligand molecule capable of specifically bind' on to an entjhgHv (e .g. affinity chromatogray)
are commoniv em.picNe.d. [000 .5 Antibody drugs developed so Lai- are penerallymonoclonai
antibodies. These antibodies are mass eroducedby recombinant cell-culhure hechnologv or the like.
The "monoclonal T))O antibodies" refer to antibodies produ=1 by clones of a single antibedv-producing
cell. Almost aiftartibody drig curfenty aval 7al0.3é On -the'markétfare-classified o> 297
imimanomlobo:Min (ig&) iscbejasses based on4dheir molecular stracttires: One wen:krnowmexample of
immunogiolpulin-binding proteins, having 1 Saffinities for,1119G antibodies. is,Protein.A. Protein A is a
cell wall Protein produced, by the gram-qqcsitive bacterium Staphylococcus 3=TUS and contains a
signal sequefide 3"five firung:giobulintbifding dom&ing (B Homaid, 0 domai, A domain, B domain
and C| doma#m)rahdya cell wall-anchoring domain: known. 20as XM region (Non. Patent Literature 1).
In the initial ousificaticm step (capturing step) in the process of antibody drug manufacture, affinity
chromatography c011:17,71s where 5[01%% igg@mggig;elg asa Iiggnd on.a waéer;ipfglgglg carrier
(hereinafter, referred'to as Protein A.“ColUmns) ‘are 25 commonly used (Non Patent Literatiires 1 to 3).
[0006] "Variou’s techiriques fersimproving thepedsrmanteé orPretsin JACoImTS havebéen
deveqoPedm-Variocus: technelogical developments inchoards have-alsohees anade.1initially, 30
wild-type, Profein A has been,used as a ligard, but.currpty, recombinant Protein A altered by, proteim
en.gineem-irr, is . N
antibody-producing cell. Alm
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st all antibody drugs currently

availlable on the market are classified into immunoglobulin G

(IgG) subclasses based on thelr molecular structures. One
well-known example of immunoglcobulin-binding proteins having

15 affinities for IgG antibodies is Protein A. Protein B is a cell
wall protein produced by the gram-positive bacterium

a
Staphylococcus aureus and contains a signal seguence S, five

immunoglobulin-binding domains (& domain, D domain, A domain,

B domain and C domain) and a cell wall-anchoring domain known
20 as ¥M region (Non Patent Literature 1) In the initial

raphy columns where
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Protein A is immobilized as a ligand on a water-insocluble

carrier (hereinafter, referred to as Protein A columns) are
S

25 commonly
[0006]

u

Various techniques for improving the performance of
Protein A columns have been developed. Various technological
developments in ligands have also been made. Initially,

30  wild-type Protein A has been used as a ligand, but currently,

®

recombinant Protein A altered by protein engineering 1s used

as a ligand in many technigues for improving the column

(8]
U

Typical examples of such recombinant Protein A include



as a lioand in many techniques fr o imnrowThrT the: column - performance. [0007] recorchinant
Protein /I. without the KM region that does not bind to immunogictillins (rProtein. ASenharose
(registered tradamark available from GE health care;Japan). Currently, columns containino as. a ligan
recombinant Protein A without 5 the KM region are widely used for industrial purposes because these
columns have an advantage of suppressing non-specific adsorption of proteins compared with noones.
[00091 Also known are inventive techniques in which a recombinant Protein A obtained by
introducing a single Gus mumation into Protein A (Patent Literature 1)or a recombinant. Prot.einA

obtained by infrodicing & plurality of Lys mutations (Patent Litsratlre 2) FO UPSEd 43" igaitd. These
pechniques :2reeffectiveliniimmobilization of ficands 6 Al watesinsolssle 45scagrier and are
advantageous.ip terms-of the antibody-bingthq capasity efgcolumnsandfor reducing deakage of the
Immobilized ligands, 1C009] _ . Another well-known technicue is using, as an engineerad
recombinant Frotein'A ligand; an engineered domain obtained by introducing Tmitation into the B
domain {this ehgirndered Horiainils reféfréd to BT demaCHt INsn PareRt IMPiemcatares $and. 4
and Patent Literature-3): Speeificaly; the. Z domain iscan engineerecdamaineontainingia: substitution
of Ala for Ory gl ygsgwton 29 af the.B domaig,. I, e 0.domain, 3 substfiugion of Val. for Ala a
position 1 of the B domain 4c, alse corh:ained, and this mutation is
intendedtofaé—iﬁ@a@@g}eneticengineering pre-garatior of a gena encoding multiple connecged domains
and doac= not affectzhe doiain functions (foe exame|e; ecvariant=30contaihingra substmtmtjon of
-1-1a. for Gal.an position, 1 of:the, Z domainjis used in an example,of Ratent Literature 4).[C.010T
The Z domain is known to be more alkali resistapg than thP domain and has an acfvanga e in rem she

of a column fAFoGgh T 2%Washing With: "an"alkaline Solutiorr having high. Bactericidal’and cleansing. e
ieco . Patentiitetetursand 6tdiscloseinventiveoligan(: adderived frohi the ¢ domyain] contairing a
substitution of another amino. ac.id-to a Asniin order tosinapart hither alialidesistancesaused for

industrial purposes . . : e : ,
P greeFfectlveJj11mmoblilzatlon<x:llganascnmawater—lnsoluble

15 carrier and are advantageous in terms of the antibody-binding

capacity of columns and for reducing leakage of the immobilized

ligands

[0009]

Another well-known technigue is using, as an engineered

20 recombinant Protein A ligand, an engineered domalin cobtained by

introducing mutation into the B domain (this engineered domain

is referred to as Z domain) (Non Patent Literatures 1 and 4 and

Patent Literature 3 Specifically, the 2 domain 1s an

ition 29 of the B domain. In the Z domain, & substitution
r
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la at position 1 ¢of the B domain 1s also contained,
is intended to facilitate genetic engineering

preparation of a gene encoding multiple connected domains and

deces not affect the domain functions (for example, a variant
30 containing 2 substitution of Ala for Val at position 1 of the

The 7 domain 1s known to be more alkalil resistant than

the B domain and has an advantage in reuse of a column through
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n having high bactericidal an

W
n
=3
QO
n
o5
} 1
o]
el
=
FA! -
o
-
Sl
o]
o3
I_,
s
V]
;H,w!
i
s
@]
n
O
] ]
-
¢t
} et
O
]



11 As desc.ribed above, iii is widely in o substitution of Ala for Giy at position 29 of a
immunogichulin-binding domain (E, B, A, B or C domain) or Protefuseful mutation strategy. In fact, the
p or rotein A engineering technologies developed aftér the (sure of the "G291;" mutation in 198G7
invrlve the "G.2 9A" mutation. (Patent Literatures 2, 4 and 6). Another feature of the - domain is Its
reduced to the Feb region of immune-globulins NAch Parent This feature advantageously facilitates
ation of. an antibody binding- to the domain with the an acid (Non Patent Literature 1 and Patent
Lirerature an antibody readily dissociates, an eluate havingt nentratHof ant ibad...es can he
recovered lasig fss el dant. Recent develdpmentsAhantibbravariginanufatiiireR&€ increased tho
cell culture produetion eapacitysbeyond<10,060! litersperthatch, dndin the oastfewyears the antibody
expression hasn.improved up tomnearly-tQg/L (NonPatentLiterature,6)..These-developments-have
naturally created a need for scale-up of the processing,capacity of the downstream rification process,
and there is a' -demand Tor improvement fn order to recover an elaate navin 30 higher concentration of
antibodies byfusing lessslaart. dntorthé cFdomain, enoinE, nds

[0011]

As described above, 1t 1s widely knowr
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substitution of Ala for Gly at position 29 of a
immunoglobulin-binding domain (E, D, A, B or C domain) of
10 Protein A is & useful mutation strategy. In fact, the pr
Protelin A engineering technologies developed a
disclosure of the "GZOA"™ mutation in 1987 involve the "G29A"
mutation (Patent Literatures 2, 4 and 6).
[0012]
15 Enother feature of the Z domain is 1ts reduced binding
T Fab region of immunoglobulins (Non P
5). This feature advantageously facilitates
an antibody binding to the domain with the use

of an acid (Non Patent Literature 1 and Patent Literature 7).
I

20 If an antibody readily dissociates, an eluate having a higher
concentration of antibodies can be recovered using less eluant
Recent developments in antibody drug manufacture have increased
the cell culture production capacity beyond 10,000 liters per

batch, and in the past few vears the antibedy expression level

25 has been improved up to nearly 10 g/L (Non Patent Literature
6). These developments have naturally created a need for
scale~up of the processing capacity of the downstream
purification process, and there is a very large demand for
technical imprcvement in order to recover an eluate having a

30 higher concentration of antibodies by using less eluant.
[0013]

In addition to the Z domain, engineered Protein A ligands
derived from the C domain of Protein A have also been studied
{(Patent Literature 4). These ligands characteristically take

35 advantage of the inherent high alkall resistance of the



derived from the C domain of Protein A haveo been studied (Parent literature 4)These ligaras cha
racteristicaliv take advantage of the inherent high alkali resistance of the wild-tpop C domain and have
been receiving attentions as. new alternative base démains to the Z domain prepared based on the P.
domain. Howpver, our studies on the C domain have revealed a disadvantac:Jya That it Is difficult no
dissociate ap antibody 51.7thd,ng to the C domain wl:h. the use of an acid. The. C domain, as taught
in Non Patent. Literagure 2 and Patent Literature 4, has a strong binding ability to the Tab recion of
irmninoglobulins, and this ability is presumed to make ft difficult to dissopPae the antibody with an.
acid. In ord. 10-t6’ovefesme s disadvantage’ we hiave exa?iPed a € dofiain VafadAtcsitdining a
slpstituaTion of 79tafor Pheat pesition29 for itscantibody dissociatiore properties inethesacidicescondition.
The results have revealed that the.antihody tends o more readilly dissociate, from the, domain variant,
than the 15C domain, but its properties are not enough yet. [0014] At present, the "529A" mutation
is the only oré MufittiohiWhicH fs kndwn'to cause an. -antibody to readily dissocidte tront the™”
immunogJobalim-Pinding ddmains obPeoteini A, ra described 20 above i The "0529A"firatacionthas the
above-mentionePRadvapttages as,well as-ready lissceiaTionzoft:an; antibedy, and further, technjcal
"Tp9r566eme6t by mt]thtioqs aEpcsLtjqns otgeg gnan Q%sitzjqn 29 isD d%rgandgd However, there are so
far no rePer'S of Imatations at pé&%hﬁ othier than position e2; which érable 25readier dissociation of
an antibody, CITATTONEIST-ETATENT TTTEPATUL92 1-001. 51 36PaténtLGtefattife FPatent No.
6399750 Patentsliterature 25 JR:: =252368 APatent diterature 3: TS, Ratent Na.rS143844 Patent

“tefat%ngP 2006;304633 A Patent Literature 5: Furopean Patent No, 1123389 35Lierature 6: WO
053/080655 - h ’ = BLatEy : exdmiTed C e
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nt containing a substitution of Ala for Gly at position
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or its antibody dissociation properties in the acidic
ts have revealed that the antibody tends

to more readily dissociate from the domain variant than the

15 wild-type C domain, but its properties are not enough yet.
[0014]

Et present, the "G29A"™ mutation is the only one mutation
which is known to cause an antibody to readily dissociate from
the immunoglobulin~binding domains of Protein A, as described

20 above. The "G29A" mutation has the above-mentioned advantages

as well as ready dissociation of an antibody, and
technical improvement by mutations at positi

position 29 is demanded. However, there are so far no reports
of mutations at positions other than position 29 which enable

25 readier dissociation of an antibody.
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Patent IH-erature 7: H.S. PubiTYpap'on No. 2006/9194956' NON PATENT LITERICRE n 16 Non
Patent Literature Ix Heber S. at al., "7. flnxematorxr. 2007, Vcf. 848, pp. 40-47 Non Patent Literature
2: Low D. at al , "J. Chromategi. 2007, Vol. 848, pp. 48-63 Non Patent Literature 3: Roque A. C. 79. at
al.,J. 10Chromataux. A", 2097, Vol. 1160, pp- 44-55 Non Patent Literature 4: Nilsson 3. at al.,
"Protein Engineering”, 7932e, Vol. 1, FP- 107-1123 Non Patent Literatare 5: Janssen S. at a .,
"9-EMS Immunology and Medical Yicrobioloey", 1998, Vol. 20, on. 6=4-24 15Non Patent Literature 6:
Jun-ichi Inaaawa ef al., "Separation process engineering"”, 2008, Vol. 38, cp. 201-207 SUMMARY CIF
INVENTION TECHNICGAE PROBEEM20[00171 U - SAnOhjectGF the présent divéntionis to'Create a
novel engieeered2rofeinieligandhavisx;betteranfibodydissoplation properties in the acidic condition
compared with-known- endineered:Rrotein A ligands, by introducing mutatior*s) at amino acid
resfdue(s) at pesitionKs) other than position 23. SOLUTION TO PROBLEM [GC151 The present
inventors constiucted a large number of 50 recombinant Protein LA variant "oleo-dies containing
amino acid substitutions:at positionsiotherthansposition 29, fecevered.these. variantadrony r .
transformantcells by protein, erxieneerineand; Qsnatio eflireerifux techpips,xes, and examined and

compared the ace-ex\:,{l(.)i}lﬂfasPot_the§eTvaErié€71nt : Consge_CLfOn{TIy
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atent Literacture b J. Chromatogr.
B", 2007, Vol. 848, pp. 48-63
Non Patent Literature 3: Rogue A. C. A. et al., "J.
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SUMMARY OF INVENTION

enginesred Protein A ligand having better antibody disscociation
rties in the acidic condition compared with known
engineered Protein A ligands, by introducing mutation{s) at

amino azcid residue(s) at position(s) other than position 29.

o e
and genetic engineering technigues, and examined and compared
the activities of these variants. Consequently, the present

inventors completed the present invention.



35inventors completed the present. invention. chat-Mc:ill: the. ores en.t invenoion relates, to a
protein :inocscourn, | DOIUOT ng an amino equerce btai tnTroduclug into an a: ce derived. :Lona at
least one domain selected 3 and C domains of Protein. A of Sri) T72 Nos:1 to 5leaso one amino acid
subs.:tuuieel at any one or more of a residues at positions 31 to 37 of the A, R and C domains, arni.no
acid resiques at positions 29 TO 35 of the E domain, and Fl acid residees at positions 34 to 49 of the
D domain, the coot having a lower affinior an Fab region of an immunoglobu than a crotein
beforefroduction of the subst- csbon. rOu2C' Preferably, the ainna, acid sequence derived from
at least. Onedomain before introduction of the substitution. Is any of amire a:yid sequences. of the E,
Dr A, B and C domains ot Pratein Aof SE<QdD=des: 11 { amina acregeeneessof SE(H 1D desn4. to 10
derived from'D.C dgmains of-Protein A [0021] 2refacid selriv .C from.amleast-one dolhainion of the
substitution is an aeinci acid sequence of theof Protein A of SP.(.: ID_No: if cx Hfc-r-d fthe C domain an
amino acid sBquéENCEGH6T Protéin A - = Preferably, 1He qomin of the amind acid sequénce before
introductHonsofthe substitatiomecoritais Sér as antamirfo acidaesiduelcotfesponding to oosition 33 of
the C domain, UZ- 855 @aming:acid sesiduerecrresconding 0.0 position 33 ef the domainsAso as an
amino acid redue o.orresio coding to pp§i?ti~opi36rofﬂt‘hheﬂ%dorgTaj;r or Asp as an 2amino acid residue
co.recueidiri. 16 position 3£ of U.he C domain, [0023] =¥ “0F ©F TUEE o0 S

residues at positions 31 to 37 of the A, B and C domains, amino

acid residues at positions 29 to 35 of the E domain, and amino
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inity for an Fab region of an immunoglobulin
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aving a lower af
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n a protein before introduction of the substitution.

Preferably, the amino acid seguence derived

before introduction o
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amino acid sequences of the E, D, A, B and C domains of Protein
A of SEQ ID Nos:1 to 5 and amino

to 10 derived from the E, D, A, B and C domains of Pr
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Preferably, the domain of the amino acid seguence before
introduction of the substitution contains Ser as an amino acid
residue corresponding to position 33 of the C domain, Lys as

an amino acid residue corresponding to position 35 o
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Preferably, the amino acid substitution to be introduced

35 is a substitution of Glu, Leu or Thr for Ser corresponding to



position 33 of the C domain, a substitution of Arg for Lys coresponding to position 35 of the C domain,
a substitution of Arc or lle for Asp corresponding to posi then 36 of the C O, ITL a in, or a substitution of
Giu for Asp corresponding To posi tion 3a of The C domain. P0241 Preferably, the amino acid
substltution to be introduced is a substitution of G-hu for Ser. corresponding 70 position. 33 of the C
domain. resent invention also relat.es no a multi-domain proesefh, including two or more proteins
described above, connected together. LO026? 15She prate.' 146 connected together are Preferably di
fferent from one another, and. the number Of the proteins connected together is preferably. 2 to 5.
0027 CPRe présent invention furthét T8F-72tES t6'a> SANAEre6ding 237 arly one of these
proteins. 2 Edor rePreferably; inthe ©DNA base Sequéntces each@neiud6ng thedomain have a

secuence identity of not 14gApher.than 90%.to-one;another. 230029, ¢ he presentinvention
further re', am es no a vector containing The DNA. 00331 The present invention further, relates to

£

ain

2. QUL S Tl LU 1 o) Glp —or ASpy Corresooncir Lo TRASHLI0ON &/
a transformuﬁfrwﬁlc%‘gse“fhénﬁabl% by transformation of a hostwith trie vector [006,1 1 Preferably,
the host for the transformcantds grammpositive bacterium.
[0024]
Preferably, the amino acid substitution to be introduced

is a substitution of Glu for Ser corresponding to position 33

10 (00257}

The present invention also relates to a multi-domain
protein, including two or more proteins described above,
connected together.

[0026]

15 The proteins connected together are preferably different
from cne another, and the number of the proteins connected
together is preferably 2 fto 5
[0027]

The present invention further relates to a DNA encoding

20 any one of these proteins
[6028]

Preferably, in the DNA, ligated base seguences each
including the domain have a seguence ildentity of not higher than
90% to one another.

25 [0029]

The present invention further relates to a vector
containing the DNA
[0030]

The present invention further relates to a transformant

30 which is obtainable by transformation of 2 host with the vector
[0031]

Preferably, the host for the transfcormant 1s a
gram-positive bacterium
[0032]

35 The gram-positive bacterium is preferably a bacterium of



[30321 35The pram-positive bacterium is preferatly a hacterigr. of 9 RTaT4baci}lus and the
bacterTam of Brevibacillus is more [-preferably IThevibacillus (a.',toshinelisis. 100RR: Farther, the
present invention relates to a method. for 5 producing any one of the aroteins, the method. including
ut™7,ng the transformant or a call-free protein synthesis system using the DNA. 100:341 P.TefP-ahHy,
theproductionTathodinci-tdes:accunalating :0 the protein intracallularly arid/or in a periplasmic space of
thetransformant; and/orsecretingtheproteinextracellularly from the transformanT. [00351 Further,
the preseni iTvenTion relates to. an affinity separation matrix containinR: any one of the proteins as an
affinity ligand? aRd & E4rtier Hiade’6fa Waterinsoltble " Case matérial oh-whicH the proteicTtTabilized.
[0036] TheeWwaterinsoluble baseanaterial preferabheinel)tdes a synthetir -3olymet or a.
polysaccharide; and the polysaccharide iS preferably cellulose. [0037] The affinitv separation
matrix preferably binds to a. protein containing anregion. of an. immunaglobtalin, and it more
areferably binds to am"tririanoglobidin Goan imTanoc. TTHin'C deérivative. [CO38i“ Fdrther, the
present invemtioritelates té use of thevaffinity separationsatrixforséparation of. aiprotein containtro,
an to region gfan imflegjelbulia.-Rreferably: Ihe sepasatiom of & prateis eontaining andrcregion of an
Irmulnoglobulsig gstg;pm%;nlsi at geggreatiggﬁnd recovering a protein concYstno, only of the Fab region. of

an intnagloiyafin.
[0034]

e

eferably, the productionmethod includes: accumulating

£

T
the protein intracellularly and/or in a periplasmic space of

(]

e
he transformant; and/or secreting the protein extracellularly
T

t
M
=
}45
o))
}ﬁJ
O
3
z
oy
‘MJ -
O
=)
wi
iy
M
T
3
O
ot
¢}
;...J
3
b
n
g
5
O
o
E_J -
L__J
E,J -
]
®
Q.

[N
[w]
0
W]
3
)
]
ot
}‘A
@]
t+ (j
O
],- A
<
=i
[
[
Q
[
a8
el
O
F_J
<
0]
j\I)
@]
@]
»y
3]
[
} 1
(0N
®
&8}
=]
Q.
¢t
ey
™
T
Q
‘._4)
b
n
j43)
@]
O

The affinity separation matrix preferably binds to a
g

an Fc region of an immunoglobulin, and it
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Further, the present invention relates to use of the

an immunoglcobulin. Preferably, the
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¢ region of an
ering a protein

only of the Fab region of an immunoglobulin.

ADVANTAGEOUS EFFECTS OF INVENTION
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[0239- The Prte:'n ot the present invention has excellent antibody dissociation properties in the
acidic condition. Therefore, the use of an affinity. separation matrix ir which ",,the ;protein is
immobilized on a carrier enables to is:Trove separatioh and purification of an antibody. Whichever
domain is used among the E, ri), A, D. and C domains, the protein and the affinity separation matrix of.
the present invention each produce this effect situ any sieEce the erotece of the present invention
coneales-mitation(s) at amino acid__ site (5.) conserved In all the domains. BRIEF DESCRIPTION. OF
DRAWENGS [C040 Fig. 1 is a table for co7Tarison of the sequences of E, A, E and C domains of
E'rotet. A of Sta¥3?171000CCUS sp.; Figs, 2 are sensorgrams of various OFT fused. C domain
variants binding to .moneclenat lge-Fab (YE3) by &tacare measurements: in Exaraplest0-of the present
invention and | CCome,arative Fxample 3; FL:1.3.s a graph of 3% dEGs of the gsfl - |lty matrix (4) of
Example 12 ch the pgegentTﬁ’vention for an antibody; Figs. 4 show elution peak p-ofile:s obtained bv
antHieedy 25'éftfifacatier: chrématsgraphy usino thié-affinity 5éparation matrix (L) i ExXarcote 13 of
the presént inventionand:ComsearatvecExample b 2 dHgs.5shew #lution peak profiles©btained by
antibody purification.chromatography: using the.affinity.separation smar 4x.(2) in-Example-3 of the
present invention and Com ar@ng.gxgmoge 2, Fi ,s.éshoyv elution Peglé gtoije&e,‘,b be-a.ined
by antibody puriff Catior ERromatography ‘using the affinity Separation matfix () in Exarrce 13 of the
prPent inventidit and tHS Cu=arativecExamplelt; and the 17§76 praorfsan elution peak profile
obtained by antibedy hurification chremategraphy using the +affinity separation mat fimdtJin Exam's,-

e 3 of thep r e sent invenst, on, L

Tnvention contalins mutation(s) at amino acid site(s) conserved

in all the domains.

BRRIEF DESCRIPTION OF DRAWINGS

[0040]
15 Fig. 1 is a table for comparison of the sequences of E,
D, A, B and C domains of Protein A of Staphylococcus sp.:

Figs. 2 are sensorgrams of various GST fused C domain

variants binding to a monoclonal IgG-Fab (VH3) by Biacore

measurements in Example 10 of the present invention and
20 Comparative Example 3;

matrix (4) of Example 12 of the present invention for an
antibody;
Figs. 4 show elution peak profiles obtained by antibody
25 purification chromatography using the affinity separation
matrix (1) in Example 13 of the present invention and
Comparative Example 1;
Figs. 5 show elution peak profiles obtained by antibody
purification chromatography using the affinity separation
30 matrix (2) in Example 13 of the present invention and

P gy

u
fication chrometography using the affinity separation
e

f the present invention and
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PTIGN OF EM7,700TMENTS [0041; The protein of the ;resent invention has an amino acid
sequence obtained by j. nsroducing, into an amiTsr acSd sequence derived from at least one dcclain
selected from E, D, A, 2. and ill C domains of Proteih T, of S7TE1.0_. it Nos:l to 5, as least one amino
acid substitution at any one or more of amino a,cid residues at Positions 31 to 37 of the A"B and C
domains, amino acid re.sH dutes at 100sH tiOnS 29 to 35 of the F. domain, and amino acid. residues
at positions 34 to 40 of the P domain, which are conserved in 15 all the domains, and the protein also
has a lower affinity for the Tab region of an immunoolobulin than a corresponding protein having the
amino acid sequence beforé inoP the Sulistitition,: ditEias anfaffifity Tacan fRfftncgitrifulin “904.27
Protein A is ahrotetn.containTag rice.conpeeted;, :-uamut.oglobulinhinchng demains; i.e.n
immunoghobulinshinding protein.s.. The ES, 9, AcB.and ¢, domains; of Rrotein £ are
immunoglobulin-binding domains having an ability to bind to s region other than complementaritv
determiTing regions (TITIP.$) stf;of irraffloghohfulin.s. All. the domains are oat:able of tf ficilisfq to all of
the To and Fab regions of infnunogletisalinsrandopardieularydhe PRriggion in the Tab region. Although
the origin of Rrotein A herein is not ;particularly limited, Protein at .cfsiffvfhfsoccus origin is preferred.
30[0043] “The té[ﬁn}j.n "protein” herein is intend.ed to inﬂpludeﬁ%r_]y malecules ef Qh[gy/opeptigée
strucThre and thereforeinEludé Fragriented palypeptiLde chains and polyptér.sside statists linked
through pethsreledsonds as wallnFheltermrdomait refersito w35 highererdet protsin Stuctaral unit
which consm sts of several o hojreirgldsf-amsne acid residues-and is-able -Po, fulfill & certain
nlhgrEyksoninieribi cal or biochemical functio ~'Me amino acid sequen.ce deri.ved lfr,gm at least.
one cioirl?.aincm%%‘% ‘é%%r%i‘n?%%iﬁ%éé%eﬁc% ‘before introduction 6f the mutation. This se.gtence is
not limited ority ictiseRéld-type aniing acid Segleneés ot e E GA B atfeC doniains ®f Protein A"
and is intended 20 acSQ include amino acid sequences pastialiy-aliered by substitution;, insestion, del
etion. and chemical modification qf an aminq acid-aesiglue., providec that they; ancode: proteins
having a blndﬁng‘a ility to the Pc region. EX EiFIO h e S of the amino acid sequence d.erived from at

least one dorRaiFinéludeaifino’adid sequence’of e 520, A, Pand'CUomaifis® Protéin A of
Sesphylocopeus origin showhnrin SEQJ IDdos: Actos, rand. amine acid 25 sseguehorps-of thes, 0, a 5
and C domains of:Protein A shown.in SELO 1D dos 6 19,10, Here, the-proteins having the-amino acid
sequences of SEQ ID Nos:6 to 10 are proteins having an-Uno achise%u,gnﬂc%e_s Obtaiped bg/ introducitb
a. substitution of T for Gl Corresponding T8 pebieicie 29 f the C-d=Sair int6 the E, 05 A,

substitution, and has an affinity for an immunoglobulin.

[0042z]
20 Protein A is a protein containing five connected

mmunoglobulin-binding domains, 1.e., immunoglobulin-binding
proteins. The E, D, A, B and C domains of Protein A are
immunoglobulin-binding domains having an ability to bind to a

g
termining regions (CDRs)

region other than complementarity ae

of immunoglobulins. All the domains are capable of binding to

e
ul
O

all of the Fc and Fab regions of Immunoglobulins and

particularly the Fv region in the Fab region. Although the

The term "protein" herein is intended to include any

ecules of polypeptide structure and therefore include

=
O
’..J

nted polypeptide chains and polypeptide chains linked
through peptide bonds as well. The term "domain" refers to a
ral

®
~

higher-order protein structural unit which consists of sev

(V)
w



20anti p :domains (31D:: ID Nos : 1 to 5) of Protein 19. Addle lonattv, the Z oosar,WhiCh hS
'‘Obtained by introducing the Algi and C729A mutations into the B domain, 'Ls also encompbsed in the
amino acid seuencb derived from. at least on,F., domain because in has a. binding a:Pi' the Sc region.
Preferred examples of the LJ amino :acing. sequence before i nt reduction of the mutation include
those of domains having high chemical. stability and vary ants :hereof ICC 451 The eroebin to which
amino acid substitution (s is/are 30 to be introduced preferably has a secuence identH ty of not less
than 85%, and more preferably not less than 9095 to themd-type amino acid sequence of any of the
EU 0, A., Sarid:Csdemains eucProtein ATand 1Fasian gbj H&¥ené bind fo the Fciregicia.fonk61 to the
.75,-1"2 arcing acid residues that eceukin:equivalent-ocations whenno acid.:secuences of toe a, 1.9,
A, 3 and ains areﬁemparth in one sequence comuarison table of tic. 1, the amino acid resi dues at
posotrons 96 to 39 of the A, p and C domains, positions 24 to 37 of the E domain, and pos.42 of the D.
domain are conserved i all The d6mains Specitic examples of e dmind atid residtes eonserved in
all the demains inctude arimho acidresidues:atpositions 31 ta 3dwf the A ¢ EitandrC: demains, amino
acid residuesat. poggqnsézg to 35 of the,E domain,.and.amino:acid,residues at posit -ons-37 to 40
corresponding to positi” Ei domain Ser - the C domam |ns corresnonding to posmon 35 of the C
domain, 'As': CoreSpoRding NG nos THEior 36 ofthe C domain. and 7 ASQ Lorrespondfiigto rosioicn
37 of the C domaémaredipreferred. imparticalar; Per EOhresodndins €6 positicrr32 vfthé €domain is
more preferred,althougn:toe arming acidresidugs;are-natdimited torthese examples.iHere; the term
correspgndl gF means th}eO aming acid rLeveLdues arranged in_ the same)yerheglltnalehen the F, 0, A,

H and C-domains of proteéin A aré as shown in iio- 1. -
having a binding ability to the Fcregion. Examples of the amino

acid seguence derived from at least one domain include amino

cid seqguences of the E, D, A, B and C domains of Prot 1 A of

wn W
f

taphylococcus origin shown in SEQ I s:1 to 5, and amino acid
15 sequences of the E, D, A, B and C domains of Protein A shown
in SEQ TD Nos:6 to 10. Here, the proteins having the amino acid
sequences of SEQ ID Nos:6 to 10 are proteins having amino acid
quences obtained by introducing a substitution of Ala for Gly
rresponding to position 29 of the C domain into the E, D, A,

20 B and C domains (SEQ IDNos:1 to 5y of P
the 7 domain, which is obtained by introducing the ALT

V
mutations into the B domain, is also encompassed in the amino
S

a binding ability to the Fc region. referred examples of tl
n

[R]
(@2

amino acid seqguence befo
those of domains having hi
thereol.
[06045]

The protein to which amino acid substitution(s) is/are

to be introducedtpreferably has a sequence identity of not less
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Ho genera- highsj conserved recdons of - sequences are imflortant for Protein functions in many ea
and a mutation to such a region is likely to cause loss protein function. However, although the amino
acid sequences of the above-mentioned regions aré hichlny, conserved, inut.aoi.ons to these regions
do not considerably affect the bin din abil to the Pc regiimmunoglobulin while remarkably reducing only
the bindto the Feb rnsosi On of en eminuno.grctrnri. know- that when the amino
acid seauence before intro c:act:min of e mutation is chat of Et domain having high chemical stabilion:
or a variant thereof, introduction of a new mutation is iiikely to reduce the chemical stabilH liv because
the domain consists: ofasisnall ascalsout 61 amine acresicriexamole, as.ahticon2aiFies. a s ubstotut
ion of Ala for:Rhe ear-respending-to-pesition 39-0f4ine-G domain has sigaificantli reduced-chemical
stall:Dili-7:v against aliali Jdnhult Si. at al. . Strictdr Bioinformatd,cx, 2004, Vol. 55, p.p.. . ..
407-416)However, the amino acid mcita ions in the nresent invention cern produce the
above-mentierédefféetwhiléimain 7-arlrTRghReréhrS CREATHEGA $tabild F00491 fiedmin &)
s.uhstitution 7£.eaT4b zg n-itaticofC eting Sflos ginal amineacid andadding @ differentiaminoracid. at the
same. positi%@raTg%9&?@{8@%6%@@% to be added s not pal--.C.a, dr-fed and exam"- dareof

include natural proteinogenic amino acids, (3.n|nogen|c§m|no acids, ang nn-natural amino acids.

1 H AP H g - fi £ h =il 2030 (LS. .
PC1T-T-liCURSHT [0&yiewnGint - aftc BhddReérng: nautiracmn'Cadids aré &mifo &8ids include 2-
Tyr, conserved in all the domains include aminc acid residues at

positions 31 to 37 of the A, B and C domains, aminoc acid residues

10 at positions 29 to 35 of the E domain, and amino acid residues

at positions 34 to 40 of ti

n
corresponding to position 33 of the C domain, Lys correspondi
to position 35 of the C domain, Asp corresponding to pos

36 of the C domain, and Asp corresponding to position 37 of the
15 C domain are preferred. 1In particular, Ser corresponding to

position 33 of the C domain is more preferred although the

a
acid residues are not limited to these examples. Here, the

same vertical lines when the E, D, A, B and C domains of Protein
20 R are aligned as shown in Fig. 1
[0047]
In general, highly conserved regions of amino acid
seguences are important for protein functions 1n many cases,

kely to caus

=

and a mutation to such a region 1s 1 e
25 protein function. However, alth h the amino acid seguences

of the above-mentioned regions ar

to the Fc region of an immunoglobulin while remarkably reducing
only the binding ability to the Fab region of an immunoglobulin
30 [0048]
Additionally, it is known that when the aminoc acid

sequence before introduction of the mutation is that of a domain
having high chemical stability or a variant thereol,
introduction of a new mutation is likely to reduce the chemic

al
35 stability because the domain consists of as small as about 60



Lys, His, F,310, Cit and Arc. Particularlv, Gil.; an. 20 referred. The nun:bercf amino acid siflcstit u tions
is oarticudar_ted, provided that the -Protein containing substitution (s) has lowered affin-ity for the Tab
irExinogioulin whide maintaining its affinity for the c£LIOJNOILL 01 ui in, Tn fl.rCir to maintain the
three-dimensHonal structure. of the bpotoin before introduction of the substitution, the numbor of
substitutions is preferablyv more than 4, and more preferably not morce. than 2. 50] Witb re,splect to
the notation of 5t.Ostiti 30 acid residues, a substitution is represented by an amino aC11d residue of
the-type or non-mxtated pypo, foLiowd by the . substitution, followed by an amino
acHd. residuglihfrodaced by thecr: 3utasti L itich "Eéréxacip Substifiton DFFARNOT icyat p3esitox) 29 is
retores en.tedy. 35229A, p[G 314 r r = sExamples ob&Jina acidrsulistittitions at therahobementiored
amino acid sites conseryed, in ah, hhe dhriahns -.nelude 4 substitlition.of, GM, Len oy ibr for Ser
corresponding to position 33 of the C. domain, a. substitution of Arg for Lys corresponding to position
35 of the C domdifi“a."substifttion 7Arg orile for AspOn-7 s banding toposition36f fhe C: domain,
and a substittition of GiaforiAsh cbriéspobding tahas friar of TheCldomainiApasethcuTab'y preferred
one ih a substitution 10:0f G-hu.for Bar coraesponhing 4o position 33 ofthe.C domainalthough the
substitutions are not -Thited to these exampl| ,sl.éOOSZ __. The protein obthaned hy ictroducing the

*‘u.e nathntadanyn 8! Tnnerant ™ Y

amino acid sbibs’ b_dbbon(s) bas a s&ablence i er"ﬁ‘fit‘yl‘ 6F7¢ Bl Praniv netlebe, 15than 85%, and
more ppreferabiyoactiless than 99% to bhewild-bype amino acid seguence of any of the 2, 17), A, B
and C domainsf £rotein A., and has a. binding ability no the To region. [00531

~

10 The amino acid substitution means a mutation of deleting
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suitably used. Examples of natural amin
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immunoglobulin. In order to maintain the three-dimensional

Bo
Ul

structure of the protein before intro o
substitution, the number of substitutions 1s preferably not
more than 4, and more preferably no
[0050]

30 acid residues, a substitution is represent
residue of the wild-type or non-mu
position number of the substitution, followed by an amino acid
residue introduced by the substitution. For example, a
substitution of Rla for Gly at position 29 is represented by

35  G2Y9A.



The 'protein. of the present tnventihh may be a protein consisting only of a single domain containing
aTino acid substit,JtionH), ormaybea=iti-domainbrotein'ncludinQtwo or more pi the Proteins connected
together. [0054] In the case of a whitr.,-domain protéin, the proteins 23 connected tchetber may he
OTC 07-Sperirect as= the saTe domain homopolymer such as norrodimer or hcmot r imer , c.r
protemns Hrbhveh from different dorlains (i.e. heteropolvmer such as heterodimer or beieratrimer).
The number of r,rote’'ns connected together is preferably or "ore, more preferably 2 3070 10, and still
more preferably 2 to 5. J-J0551 In she multi-domain protein, examples of the connecticm
between :monometic proteins or single domains include, but are not limited to, a connection without
any linker amino acid=35residues and-aconnection by, one-or-more amine acigdaesid”,-L.es. ir The
number of amino raézzjge?r«et'sjd,\umesduaggﬁ for the connection is r.QtpE rticlAarly limited. The connection
method and the number of N"CAMPCITH ¢m,: are also not par: icalarry _Limited as lona as tney
donotcabsedesTabilizaficficithethbee-dirmensionalstruétire s of the Mcafchafic proteins CE0056.1
Also included-withirsthescopenfthepi<abin of thenbresent invention are fusion aroaeans.inswhich

such a orotein,or multasdomatn protein as descrined above, as gne comr_banient, 10,is fused with

h )

another protein having a dffibrena function. Exarpgle;s of the fusion proteins igcjude%bfyt an not limited
to, musion prBmeéiis With diotimin: BT (Gitathicre 0-Farsferase) of NiAZ (maltGse-biriding botein).
Proteins exoressed inthe form of fusiort paoteinsr WilbGOE o MB?:cam d5be easilypurified
Additionally, fusioncprateins with arnycleic acid-(.3.1.gt-LNA-aptamen), a.drug.(8+0: antibigtic
substance) or a porymer (e.g.. PEG polyethylane glycol ) are also included within the scope of the
rotein of the Toteseet inentish, Brovided that they prodics ihe Same effect of the 20 plasent
invention.  21tThel present iAvérition“alse velatés fo aAMPLERCcaTding thé proteit FiecDNA-may be
any DNA, having=rbase sequence which can. be translated into the amino acid sequence ef the
ore:Mein The protein obtained by introducing the amino acid
substitution(s) has a sequence identity of preferably not less
15 than 85%, and more preferably not less than 9

O
amino acid seqguence of any of the E, D, A, B and C domains of
g

®

Protein A, and has a binding ability to th
[0053]
The protein of the present invention may be a pro

20 consisting only of a single domain containing aminoc acid
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derived from different domains (i.e. heteropolymer such as

heterodimer or heterotrimer) The number of proteins

connected together 1s preferably 2 or more, more preferably 2
30 to 10, and still more preferably 2 to 5

gle domains include, but are
not limited to, & connection without any linker zmino acid
o)

r more amino acid residues.
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25 of the present invention. Such a base seeramce can be ob'AeHned. bycemm= knOW71
techniques, for example, usin.epolymebase chain reaction (hereinafter, abbreviated as PCP.)
technolbbay. A.Crtertratively, the base sequence cahte synthesized by known chemical synthesis
techniques Or es available from DNA 30libraries. A codon in the base sequence ray be replaced with a
degenerate codon, that is, the base semence Hs not necessarily the sable as the original base
seabance, provided that the translated amino acids are the same as those encoded by the original
base etauence. 35[0058] The DNA of the pre sent invertion car he obtained. by site -d-ireeved
lovitagenesas &t a kiioviT DNA efeading=a WilEfpe doma it of Protein’& DP & \rianttheréof. The
sioe-d-ireched-aaatagenesas ecan be carried.outras: folows; athand rrecambinant SrBNA technology,
PCP technology cr the jihe ESS In; QeJiLP-22" thecase of Ymmtagenesisby recombinant DNA
technology, or example, if there are sutah'e Peg- cLienzyme ecoonitich.sequences entarathscles
ofamutagenesishmarpet Sfte”fsif the gené encodinh” the protein of the PreSent: Znvention, Cassette
matagenesisccanthe: used inwhich aregien centaining the mutagenesis target site is. removed by
cleaving thesgrestriction enzyme recognition aites wit:, the maalL1ohion enzymes, and then a DNA
fragment contair-inp mtitatHon orily. at,_5 ;Q(? aargetsitea pre arQ,dbylg method such as chemical
synthesis, tEsepted. MDC6CT """ “friuhe case of site-directed mutagenesis by PCR, for éxample,
double prime? atAageheshis tan be dsed inwhich. PCR.SS 20 cafried oGt usinga.cdeublé-stranded.
plasmld onoedOng the -domain protein as described above, as one component,
10 is fused with another protein having a different function.
Examples of the fusion proteins include, but are not limited
to, fusion proteins with albumin, GST (glutathione

u
S-transferase) or MBP (maltose-binding protein
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i1y purified. Additionally, fusion proteins with a
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chemical synthesis technigues or is avallable from DNA
30 libraries A codon in the base seguence may be replaced with
a degenerate codon, that 1s, the base secguence is not
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protean as a template, and two kinds of a vnthetic lige prlmeas containing mutation, complementary
to the andstrands. f.DO 6.11 In the case of a DNA encodihd the imhiti-domain proteam 25 HP can be.
produceo by ligating the desired number of DNAs each oncoadino the monomeric protein (sincle
domain) of the present invention in tandem. Ligation to flroduce a DNA encodind the multi-d=alal
protein can be accomplished, for example, by introducing a. suitable restriction enzyme site into DN.L.
30 sequences, fragmenting. the DNA secuences with the restriction enzyme, and ilgatingthe
caat.ah_nedo,ouole-stranded DNA fragments using a DNA ligase. Only one restriction enzyme
recognition site mayB&uint-Hod-iced of Festrictivtrénzymesitesof differeft typés may he ftroduced.
Alternatively such a;DNA-encoding 3 thesmnitiadorpaim proteimmay-be-produced, farexample, by 18
applying the aforementioned mutagege%ig tgchro}ljggiq%s to e DNA enceding. Protein.A. (for example,

NO 36/004067) . 1f the Casé Sequences enooiri ng monomeric nrotei las in the thli-a. enchoding the
fiLdi: protein ‘aré:1he SanE,. CoMBlECOUs FecombinaTioh may 5o¢cur-1n iost célis “Thereteore, the
ilgatec DNRseach-encoding of nothigherthianc90%;/and more prefeeably not higher than 857- to one
another. [OOG%%@I{he vector of the ore sent invention contains a base sequence encod'nq the proieln
or the multi-domain protein, and promoter that is operably linked.to the base sequence to fanction In
host cell s. Typically, the"vector.3éaf h& Conrsiritted by inking Or indétting the. protein-encoding DNA
to a. vector. [0063%xzmpThe vettarite which thesgeresislte besinserted isonotqgarticdarly limited,
provided that it is capable of autonomausJeplication:in hostcells. As sueh & veetor -a plasmeid DNA or
2.0: a priage DNA. can he used. For.exafrale, in the case ot u.s.ilag Escherichila cull host cells,
examples of tHe vettorto Wriith the ‘géne Tate” be inserted include pr2E series vochor.s (EhTAGIEM
pEif series vouttars (Mercki) 2ard pSEX aefiesvettors (GE heakth. éare Japany 1D the ease of using
Rrevibatitil. ins,host cells2bexameles o nineivestardnelude nine known Bacillus stibtilis-vector
p0115110’a“dQtuzgggéghéﬁgg%%7§§§ﬁ§ JQQl%%OQEzeS with the restriction

regstry

enzymes, and then a DNA fragment containing mutation only at

Y 1

15 the target site, prepared by a method such as chemical synthesis,

In the case of site-directed mutagenesis by PCR, for
a
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invention in tandem. Ligation to produce a DNA encoding the
multi-domain protein can be accomplished, for example, Dby
introducing a suitable restriction enzyme site into DNA

30 seguences, fragmenting the DNA seguences with the restriction
enzyme, and ligating the obtained double-stranded DNA fragments
using a DNA ligase. Only cne restriction enzyme recognition

o)
’ be introduced or restriction enzyme sites of differen

b
types may be introduced. Alternatively, such a DNA encoding
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HO04-278091 A)-, oNt7211R2105 (JP HO7-170984, and pHT2110 (JP H06-13-3782 A) , and the shuttle
vector oNC1-102 between ;Thscherichea coil and bacteria of RreatibactlThs (OP 2002-238549 30A)
0064.1 A trans f ormant can be obtained by transformation of a host with the vector. The host is
not oartichlarly limited, and preferred examples of those suited for low-cost mass product37. include
Escherichis coil, Bacillus subtitle and bacteria is Meubacteria) of genera includPieg arevibacilus,
Sterluwlocoerus, Streptococcus, Strepromwcgs, and Corwbebncterium. More Preferred are
pram-positive bacteria sooh as Bacillgs subtilis and bacteria of genera Including Exemlbacliime,
Staphylococeus; Streptococcus] Strapt =m7cesiand Garyeegacteredmn Stilb fricté preférret are
bacteria of Exembimabillwa-which are /Kpewa:te-be used:for mass production of Pratelle A {WC.
06/0010673. pl.0651 __ _The bacteria ef Brevibaciiiws are not particularly limited and examples
thereof include Bremijecillus agri, S.horetelersis, R. bre7P-7, B, cebrrospcm2s, P. chosh'nensis, B.
fol-MOSLTS'B.liAvoCatos jatérospérus, BN parabzwmtecs B folisgtdr, @t B. ehermiorlibér.
Preferred. 11lexamples inclkide Rrewvudrecillus brevis A7 (00516265), Brevibecillosbrevis 4753
(FER11EP-2306). Breve harliosicrevis 47:50 (JOM8970), HrevibacWilos enosninensis rdPO31 (F7EM
HP-71.067 and. Brev[bdc!ﬂus choshinensis HP:031-0K (FERMI BP-4577i. Mutant strains %ngderlvatlve
straits) such 88 20°protedse-deficieht strains AigHexpression Straifs ahd Sparufation-deflcient strains
of BhebaxteriaccfErevibaciliissmaybe used acconiing to purposes such. as improvement in yields.
Specifically, tpg(ﬁrggease irritant strain 5P021-0.K of BgevlbacWilus acshinesis (JP H06-296495 A)
and the ersporriation-deficeent strain HPEM31-BPS of Brevibacillus choshinensis (WE) 05/045005)
derived from BreVibaCiliLIS Choehblermsis HPD31may he used- 7006KY Examplés of the method for
transfecting host celts with"30 thevetior .2xdetude Sbut-are AL imité@ 16, 'a nethod tiRing:éalcium
ions, an erecyoRoraticoemettood, a sphgrgglastmerThed,a. dithium-acetate methosh.an to
AcuthewMorigg, infection method, a paytidle gun method: and., 3 polvethyiene. , .

o
constructed by linking or inserting the protein-encoding DNA
15 to a vector.
[0063]
The vector to which the gene is to be inserted 1s not
particularly limited, provided that it is capable of autonomous
replication in host cells. As such a vector, a plasmid DNA or
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Escherichia coli host cells, examples of the vector to which
the gene is to be inserted include pQE series vectors (QIAGEN),
pET series vectors (Merck), and pGEX series vectors (GE health
care, Japan). In the case of using Brevibacillus host cells,

nclude the known Bacillus subtilis
8

682
04-278091 A), pNU211R2Z2LS (Jp H07-170984 A), and pHTZ10 (JP

04
H06-133782 &), and the shuttle vector pNCMOZ between

Escherichia coli and bacteria of Brevibacillus (JP 2002-238569
30 B .
00647
A transformant can be obtained by transformation of a host

include Escherichie coli, Bacillus subtilis and bacteria

(98]
n



order fog the cbtained gene to express its function In the host 35cells, for exact) e, a. method
inciudingincorboratioriof the gene obtained in the present invention into the genome (chromosome)
mav be used_ [0067] The protein can be produced dtiiiLiDC4n transforicrflut. a cell-free protein.
synthesis system. using the DNA. [0068] In the case of using the thansforrant for the production
of the protein, the trarsformant may be cultured in a medium to oroduce and accumulate the protein of
the present invention 1C ;l:the cuituredcells ;including-the periciasmic space thereof) or in the .culture
ligrAd (extranellu).arly). Thus, the desired protein can be collected from the culture. 01,) 69 1 Also in
the case of usitigrthe tran.sforrantfor #ie 15 productioh 6 théproteid, thé orogein can be
accumulateddntsaceHularly-andior the:pesY thlasmie space efthe-transformant. in the case where the

expresc:ediounotein is thus intracellqlarly accumulated, itis adyantageous In that fhe.protein can be
cronected from oxidation, and side reactions with 20 medium coff.p.onents can he avoided, In the case

where the expréssedprotein is'dccumijatettin the perivlasiic Space, A BGradationbysn-ntracellular
protease canfadvantageouslyshe Fyahibitéd c Attermativery; ¢he proteimumay bersecreted @xtracellularly
from the transformapt.in the Production of the 2n protein. This-technique.advantageously provides
production cost avihgs b,e7c7agse processes such as cell djsrunron g{anr,d extraction are not required. r 0:n
n The -riansiGifMAt ofthe present mvention Can e Cultdred™30 fir & medidin it agéardance With a
common methodForcelturing Host. ¢ellsO The GTedium to be used for culturing the obtained
transformant g netparticularly limited, provided. that it enables highydeld production of the oroteinat
high efficiency. Specifically, ﬁcg,“rbor}.ﬁang;nithgg en sources such as glucose, sucrose, glycerol,

N Lne & erla CL BT LUS r 1OT, part Uall
poly/peptone, meat extracts, yeast extracts, 21 saminn Jemented, potasssum salts, s

natganeseséﬂ@%ﬁﬁénﬁﬁﬁk?%ﬁﬁples thereof include Brevibacillus agri,

X

D

Iy

borstelensis, B. brevis, B. centrosporus, B. choshinensis, B.
formosus, B. invocatus, B. laterosporus, B. Iimncophilus, B.

parabrevis, B. reuszeri, and B. thermoruber. Preferred

fd
o

examples include Brevibacillus brevis 47 (JCM6285),
Brevibacillus brevis 47K (FERM BP-2308), Brevibacillus brevis
47-50 (JCMB8970), Brevibacillus choshinensis HPD31 (FERM
BP-1087) and Brevibacillus choshinensis HPD31-0OK (FERM
2P-4573) ., Mutant strains (or derivative strains) such as
20 protease-deficient strains, high-expression strains and

rulation-deficient strains of the bacteria of Brevibaci
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cient strain HPD
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derived from Brevibaci
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choshinensis HPD31 may be used.

Examples of the method for transfecting host cells with
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beln addition, the medicn u reqUifefa,salts such as phosph:magnesium salts, alts. In the
case of s" n utritionai substances necessary for theft growth may be addedthemegnum. Moreover,
antibiotics such as penicillin, ervthroniycin,loranphe@'gcol, and neon.nay cc optional [0071]
Furthermore, any one Of more of a yarn protease inhibitors such as chenyimethane sul any' fluoride.
(PMS7), bentanAdine, 4-(2-aminoethyl)-ben7eriesulfornil fluoride (NERSE), ant .pain, chyr=tatin,
leupeptin, pepsttatin 71, ghosphorand=, aprotinin, and ethylenedianineteraacenic acid (=TA), and
other commercialavailable protease inhibitors may ng added__ at s.pprorri.ate concentrations Tintrder
to inhibit degradationsot molécar-shee reductiorofthe desired-protéfii by a Hestiderived protease
nrePent Jn.sjdue Qtoutside the cells. [6072] In order 70 assist soourate foldingtrotein of the present
invention, a. mo(l ar chaperone suchGroEL/ES, Hsp70/2raK, Esp.90 and HsplOL:1g2. may be
used_ For exarcple, such a molecular. chaperone' he ooexpressed witn .he c.,rotejg accurate ioldir,g of
the roter the present Tior inclGde ‘But&re riot. imited fG addnt iorfof'an additive=for assfstinc accurate
folding te thecnedi 73zand cubwiringdemperatyres.esis system using the DNA.

[0068]

In the case of using the transformant for the production

O
th

the protein, the transformant may be cultured in a medium

ot

}._l
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produce and accumulate the protein of the present invention
10 the cultured cells {including the periplasmic space thereof)
in the culture liguid (extracellularly). Thus, the desired
ot

0

O
[

in can be collected from the culture.
]
Also in the case of using the transformant for the
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production of the protein, the protein can be accumulated

3
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tracellularly and/or the periplasmic space ©
transformant. In the case where the expressed protein i1s thus
intracellularly ted, 1t 1s advantageous 1n that tThe

a
protein can be protected fromoxidation, and side reactions with

™o
O

medium components can pe avoided. In the case where the
1

This technigue advantageously provid

o
w
o]
=
O
1
]
}7
o

cost savings because proce
extraction are not requ
[0070]

The transformant of the present invention can be cultured

30 in & medium in accordance with a common method for culturing
host cells. The medium to be used for culturing the cbtained
transformant 1s not particularly limited, provided that 1t
enableshighyieldproductimqOftneDIOLeuqauhwcnef:;c ency.
Specifically, carbon and nitrogen sources such as glucose,

35 sucrose, glycerol, polypeptone, meat extracts, yeast extracts,



[0073] :Ixam.pies of media a culturing transformant cc onralnen from an Escharichia cnii host
include. LE a trlotone, C.yeast extract, 1% Nail) and 2x= medium C.c-J% tribtone, 1.0% yeast extract,
CH% Nadi). [00741 Exano lea of medin for callitiring transfopmant cells obtained, from a
Brevibaciilus host include TM medium-. (1% peptone, 0.5% meat extract, 0.24. yeast extract,. 1%
glucose, pH 7.0) and. 2,312 medium (1% peptone, 0.5% yeas.t extract., 2% glucose, pH 7.2) [0'OM]
The protein of the present invention is Epacx=lated in the cultured cells Jncludina the peariplasmic
space thereof ) or in roe cull ...TicrXd extracellularly) by aerobical | y culturing the cells at a
temperature of$5C36 U420 ©Peterably 20C: t0'327¢; for Sevéral hours co-severardays inan
aeration-stir: pi= eonenldionpriorgo recovery. insc>= cases, thewxellsmay be cultured-anaserobncallly
winhopia aeration. [Q076] . , . In the case where the recombinant protein in.arodgced and |
secre-r-ed, the produced recombinant bpi:nein can be recovered, after culturing the cells, by
separating tHECUITTE 2811 frorthesupernatant cortathing the Sécrefed. protein by Eémmton
20separatioremethod such ascaantpifudatiomand.flicretien. [005A1ances Also#s the case where the
protein is accynulated in the colgured. cells;(including:the periplasmic-space), the: protein praduced
and accumulateo. in the calls. can be recovered., for 23 example, by collecting the cells from 1-be
culture liquid>By Cefitifégation filtratiob or thé fiké “and theh i $Hidth no the cells By Sonication, a
French pressteatment onthe like, @nd/ oraddingzalviagent nor mabi ng the probe' n soluble, such as a
surf aCtant, 30HOQ78] In one case where the pmotein of the rnrEasene invention is produced by
a ceII-fg%e protein Syg;h?,ei_s'}seséyw'kséeyrg, thgpcell(;]}rge ,QLO,%%LL §yntpe§iSJ§3¢s£§i{mL% ?owgrtjrqularly limited,
and exaapia.les theréof include. synthesi$ systems derived from procaryotes, plant cells, and higher
animal. cellsP100795¢  1npiRéatinhcof e puPfehn Gritié présetit invehtibcan he: deesmplished by
any one or an @ppropriate combination, oftechniemes st b as) affddifychehamatoraplay, cation or
anion exchange.hromatogianty and.oel fitation.ehyomatography; [GOEG] », o EZ37.LTles of

technigques to confirm_ whether the obtained purified pfoduc.7/ is the desired protein. invcid_plfeibuff:n
techrHcifes suchPASRDS ity afiiylamivi de'get eiecrophoresis, 1R terXinal drihd Heidseduence

analysiscand Westermifrdo, and other commercially available protease
inhibitors may be added at appropriate concentrations in crdex
to inhibit degradation or molecular-size reduction of the
desired protein by a host-derived protease present inside or

utside the cells.
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20 [0072]

In order to assist accurate folding o
present invention, a molecular chaperone such as GroEL/ES,
Hsp70/DnakK, Hsp90 and HsplO04/ClpB may be used. For example,

such a molecular chaperone can be coexpressed with the prof
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f the present invention or can be allowed to coexist with the

but are not limited to, addition of an additive for assisting
30 accurate folding to the medium; and culturing at Llow

temperatures

[0073]

Examples of media for culturing transformant cells

b

obtained from an Escherichia coli host include LB medium (1%

A\

tone, 0.5% yeast extract, 1% NaCl) and 2x¥YT medium (1.
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analysis- [00811 An affinity separation matrix can be prepared by immobilizing as an affinity lfgand the
?grate’'s). reduced by the 15 above method on a carrier made of a water-insoluble base material. The
term "affinity ligand" refers to P subs-fa-rine (functional grcup) that select'.vely captures (binds to) a
target molecule. in a mixture of molecules due to a sidEdific affinity between molecules., typ, ea) )7,
anfigen-antiniodn/ 20 binding affinity, add refers herein to a Protein that specificallytinds 70 an
immuhogiccoulin. The term nlidadd" as used alone herein. is sydohymous with the "affinity licard".
[0082J Examples of the carrier made of a wader-dnsoluble base 23 material. used in the present
irhfertion includerdnonganiclcdifiersssuch as:glass beads and'silt €a ge).; organic carriers
suchassynthetjopolymers (e .g. cross-)Hdediaphyvinyialcohndj, cross-linked polvacrylate cross-linked
nolyacfNlamdde, cross-linked QoIg/gtyyggr(\\g)ﬂangﬁgolygqgch_griggs {eng. 30crystalline cellulose,
cross-linked cellulose; Cross-linked agarose, cross-)inked dex raﬁ%; and comcosite carriers of
combinationsbf- these ¢arfierss et as drcanic-6f0anR2¢, of Brgarficiindrganic’compasite Carfiers.
Examples of copergiakproducts: thoreof. inelude: €:0 220031 35(porpuscelialoseigél) [Sephacryl
3-1000 (prepared by c cv atran meth be-misacrylamide) Toyoba(methacryi t.Sepharose CLAP,
cross-linked ia%?(’:épr‘rél_lgrfghd %‘e%%%%'(ér'ogz-linkésd@%%alé%l%s% g;%ir cr%:?l%i %le. Er?ftid%%t cue
water-insoluble ¢afrier usable in-;s not limited only to the carriers list. [ 00 8 3] of the CU.rose anhod of
osace oftheaff The protein of the present invention is accumulated in

the cultured cells (including the periplasmic space thereof)

(.

10 or in the culture liguid (extracellularly) by aercbically
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culturing the cells at a temperature of 15°C to 42°C, pref

20°C to 37°C, for several hours to several days in al

15 [0076]
In the case where the recombinant proteln 1s procuced an
secreted, the produced recombinant protein can pe recoveredc,

(a)
(&
(]
(&)
~J

In the case where the protein of the present invention
is produced by a cell-free protein synthesis system, the
cell-free protein synthesis systemis not particularly limited,
and examples thereof include synthesis systems derived from

procaryotes, plant cells, and higher animal cells.
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rationthe water-Hnqol able cairier used in it i ant eon des rat)]larrms surface area and.
rreferahivDO:OUS Iratrix haVilarge bunter of fine pores of a suitable size. The carri. er may be in any
form such as :Damns, monolith, fiber,. or film (including hollow fiber) , and ainv fern be selected
apbrebriatecy 100241 ndriChil.izatio-n of the iTaarh on the cars', Ps may accoshed, for examglea
cgrvent iof al coapf_ ut- 1Q an aminc carboxyl of thiol group of the iig Examples of such a coupling
method include imrnobi | sat meghoos includinc ctivariL on of the-carrier by reacting carrier with
cyancgen bromifie, epichaecohydr n, CH gT v ether, tosvl chloride, fresyl chloride, hydrazine, sod
perhodane, or&he fike (s-r introcaleflon of a reactive aancf g L 1.:L p into ante carrier surface) 'o.Towed
by a coupling reaction:bhetween the eani-i-et and-a comoeand te berimanatillireacas melioanHJ a-if=
methods invelying condensation.and, crosslinbing by adding 8 condensation reagent such . ¢

Lo id

carbodiimad or a reagen.t containing a pluralf f uhs: t (Dna’ groups in the mohiecule, such as
giutaraidehyto a Systeicontainar §thé carrier al nomootind to e’ irrfoi A the “'spa’oct rmoiecru.e
conaiscito ofsxplaralbty olatomsmay bhiintreduteddietweenthé hoardaridthe calneer; 125 carrier.
That is, for imi@gi@@ipation, The protein of The oresent inf./en:1li= may be chegi sally modified, Of If y

Examples of technigues to confirm whether the obtained
purified product is the desired protein include common
technigues such as SDS polyacrylamide gel electrophoresis,

10 N-terminal amino acid sequence analysis and Western blot
analysis.
[0081]

20 binding affinity, and refers herein toc a protein that
5 b s - 7 - - LE B J %Y o
specifically binds to an immunoglobulin The term "ligand” as
M < - e iA £ . - - o . ¥
used alone herein is synonymous with the "affinity ligand
3 £ e - — £ - = T o
Examples of tThe carrier made oI a water-insoluble base
25 material used in the present invention include i1norganic



incorporate an addinicmar amido acid residue useful. for ifcm.:Sclization. Exam.] es of amino aci.ds
useful. for ifemoluilization include areino acids containing, in a side chain, a functional grouts) useful or
a chendca- reaction f o-immobilization, and specifi call y in chide If ys wro ch. conna.ins an amino
group in a side chain, and Sys which aortas. S a. in 010.1. group in a side chain. In the nature of the
present invention, the matrix containing the protein of the present invention as a gand indfobilized
therein should also have the effect of the pro rein of the present invention, and the matrix is also'
included within the scope of the present invention even if the protein is modified CC altered in any
manner for imwobilization. 15[06661 1k iEhe affinity Separation'matrix Is thus obtained by
immobilizing the pretein-of the present invenfion-Therefore, due to the-activity of she peotein of the
present invention, per se. ine affiniy separation mett s capable f tdsing 241102 priaie:nE
ccentainoi no- the Pcregion of an -lir:miltlogic:cell'in. Accordingly, the protein containing the Pc region
of an imunoglobulii Tahbe‘séparated andpurified-5y an affinity colurin¢hroniatography ptifification
Hietriod using the:proteincand-the affinity sepasation:=faatoriss of thes presentimvention. Theterm
“lorote’n containing the he region of ap. imunoglobullin'.refers 1o & -protein ciontaining any part of the
Fe region to which Prot.eln A binds. It should be noted that the protein is not. reouired to contain the
eneHro Pc reb@dﬁéé long as Protein A can binds thereto. 30PO0877 Examples of the protein
containing the Pc region-of @n immuroglobelindneiude,sout arecriotilimitedtd, timsininogicbulls is and
inriunogloloulin G- derivatives . -Spegific-examples of the-protein.containing the Sic;fegiOr: 0f a
ninrinupgcplongIin 351gG of the VHS subfamily, in QagticylagrLQggaQ ,}Ihnvcd;gcqf th_er é/ﬁHSﬁ rzp subfamily
Droutici hal ahtibody)". The Protein and the affinity séparation natrix of the present invent ion
Preferably :nave adower affininpfor the Febreyion of T6.B. oftheVIBBsabfamily thah aprétein before
i..ntroducition; it the mutation, angkat thersame-time they--preferably.havean affinity: Ber 4he fime.
reg.ion of 1d:B subtypes. 1, 2 and 1. Nearly halt of hun P'germ line genes_be.i OROto the 733
subfamily. In‘fact,, p H?mdcjékfjﬁéélsoéohﬁail%-ig Tiqc.:ﬁai*uggi%{p&(;fe%_(ﬂéhgevg’g iﬁbf&?ﬁﬁy aré undrlet; Stiddy
and some of f#ArN dre Hiready CokeeucialFavailable, In addition, it is regarded as a. known fact that in
the casesof a sing a lidand maintainirg the bind', rid O)_to the Fab region of an iimmunogitobulin of the
VHf subfamily in an affi. nj separation matrix forantibody purification, tine remainind binding ability
adversely affects the, dissociation properties 15 of the antibody in the acidic condition, from some
literatures (GRBSEDF et &l BiotdchndTidGy and bidehdin&éling. 212018, 97 °NB: 61.9THeretdte, the
orotein and. theiaffinity:separation matrix ef thexpresent inventiorvoreferably have a reduced. bindina
ability no the Fab, reciion othuman 1gG.of the Mhi subfamily. 10088} 5= 1 rfhe term. danoglobu” G
derivatives” is a g_eneric name of altered synthetic icriate,ins to which Pratein A binds, sucin as
chimeric-iTerianogivbulin'Gs ifwhichtdemsain(sh of human Déea is/are “partially feulaced and fused
with. 1gG domain:s) of anbtHer specieschufmaniseddmmeéncdictalin Gsdin \hicA CDRs 1Ay 1

ether, tosyl chloride, tresyl chloride, hydrazine, sodiun

periodate, or the like (or introduction of a reactive functional

carrier and a compound to be immobilized as the
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mobilization methods involving condensation and
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crosslinking by adding a condensation reagent such as
carbodiimide or a reagent containing a plurality of func
uch as glutaraldehyde, to a systenm

)
= E P
groups 1n the molecule

30 ole
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z1so be introduced between the ligand and the carrlier, or

35 alternatively, the ligand may be directly immocbilized on the



,conLperne ni arat.y Determining Regions) of human Id(D are re.olaceil and fused. with antibody CDRs
of another species, isismanc.sgiolculin Gs whose Po regio has. a moleteslarly altered sugar chain, and
30art i f,rimunociebulin (as in which the Fie redlon ard the Fc region of human IB-C are fused, [0089]
ThA reitions no be bound are loosely defined as "Feb region (in particula, Ter region)" and "Fc region”,
and the rt"datein 35to which the p.rtelis and the affinity separation matrix of the present invention bind
may be one obtained by PPrt,ne- a.l.terino. (e,g. fragmenting) the Pah, or Pc -(=c721:rT, while
madnrarr.n"-[(7 the ehree-dimensional structure of the region to which Protein A TTiT-Ids by protein
erg. neering tethRiTaes based-on the three-diTTensionalsAucture af-the dntibody, whi-sn is
aiTeadv knownesent Rulificatiomofithe preteimeantas niry Chthe Pcaegion:ofrasimmunoglorulTn
using an affinity column filled with.the toaffinity separation matrix.of the I.,Tesen7, invention is
accoifTilished in accordance with an affn'ty column chromatography purification method using a
Protein A colufiA-which i§ Air8ady on'thEmarket (NGR Paterit Literattre 3} Sgecifically, a buffer
containing therpretein. centainingthe 15P¢ recTUDnoPandiTammoglobuliim. is pedtralized.rand the
resuMPflg. selution is-allowed to-pass theaugh theaffinity-celumnfilledbwith the,affipty separation
matrix of the present i[;vzen_lf;o(glhso that the protein containing the Pc. region of an immunagicrloulin is
adsorbed on the affinity separation Matrix, 20 Next, an’ adequate amount of a pare baffer is allowed. to
oass through#the &ffinity €blum s t6 Wesh ftie inside df the tal orito: At thisitite, the desired protein
containing the Pc:regior of an:immuneglobulin J'errains adsarbes: enr:the affinity separationdmatrix of

The pregent jpvention jn the.calumn. Subsequentd, «canaeidic. Juffer adiisted fo,gn adeguate 0
(which may contain a su )

Ol q substance fo accelerating dissociation. of ;Ehp protein frgrp the rhgtrlx)Ts allowed
Lo pass thrTFp'RIRe coltiin +'1o. intethe des Tres protefrcontaining t ¥ Fe région at an™e
immunogicbut+h tEhus, high=Jevep rpurification.vcan-be achieved fap- U RCO11:s 21 Fhe ar=infty

separation’ mat-4: 7.0f the-present Invention can bereused-Lhrough,a washing process in.which a.
put e. buffer (in soTle cases, a soli:tion containing an appropriate modifier or orgaknjc soiventi having

an adecluately’Strong acidity or 35K T ity which ‘d6es n6t compietely iffgair the? TancEHTns of
15 [0086]

The affinity separation matrix is thus obtained by
immobilizing the protein of the present invention. Therefore,
tein of the present invention,
b

o 4 £ o 2y R R
he Fc region of an immuncglobulin.

due to the activity of the or

h

-

n matrix 1is capable o nding

[N]
[
¢
Q
[§3]
U
I
O
ct

n
m "protein containing the Fc region of an immunoglobulin”

refers to a protein containing any part of the Fc region to which
Protein A binds It should be noted that the protein is not

30 [0087]
Examples of the protein containing the Fc regicon of an
mmunoglobulin include, but are not limited to, immunoglobulin
Gs and immuncglobulin G derivatives. Specific examples of the
protein containing the Fc region of an immunoglobulin include
35 IgG of the VH3 subfamily, in particular, human IgG of the VH3



the licand compound and the carrier base material is sidcwed tc pass through the matrix. [0092]

An advantageous effect of the prold.in of the present invention and the affinity separation matrix
utilizing- tl-U.s protein is that they have ad affinity foe @&n inmodnoglobulH in but have a reduced affinity
for :he Fab region of the dramcsdogiolaul .  general, the domains of Protein. A more strondly bind to
the Ft region than to the Fab (7dd) region (Non Patent Lodterature 3) . Thus, the "affinity for an
immunoglobulin” of Protein and the domatns essentiad y r.efers 00 t he affinity for the Fc region, and
the degree of affinity for an iadddnopiolindlin does not largely change when only. Lhe strength of
binding to thesFal #8gion isthanged Theprotein ©f the présentinvendion'shows. 5%l Feduction in
the senoodaryeaffinity-for the Feb region which-the dmgnog:letd tndotna insroefRretein Petdsherefddl y
have Therefoyg{ﬂtﬁbg protein of the present invention has an advantageous effect Qtd%[iglcjggtirgg an inof
the secondary hiniThnd by interaction with an imminoglobudin. On 29 the other hand, the affinity for
the Fda region 8 maintained andtheretore theaffinity for the ir66danogiobahin asswhble s
maintained. Whes the -affinity=of the €teteimiof thepresentdnvention,fof an inimuncdlobulincts
evaluated as an affinitd; for,a hUrian immanodicbdlin 0 drug by-a 21 aflore system deacribed below,
the affinity. constant (FiL') is preferably 10e" higher, and more preferably Irf (1./Cli) or éqigher. 10093i
The affinity of HeSrotéin ~aid athe affinity Sedaratiod matrix of the*preseRt mventic far 2 protein:
containing rhoo3@ £ iegionaf amimiumdglebuidd can BE testedisyfor exanpleddsut riot limited to, a.
bib:sensor such.as.a rui adere system-V:T.-health.cade, Jacan)based-on.the-surface vliasmon

resonance [0(0,94] The measurement conditions dngbreoggtegninfed&uﬂqﬁh t{]gt a Qingip psiggnal
eni.nted whefi Proteiit. A hindst the K réni cf of an Michinogfobulin'can be detected. Speci.fically,
the affinity cansbeeasilylevalgated by reasuterient At d'températurey to the Fab region

Tt : i : T2 e R N ot i
of an immunoglobulin of the VH3 subfamily in an affinity

separation matrix for antibody purification, the remaining

binding ability adversely affects the dissocilation properties
of the antibody in the acidic condition, from some literatures
e

f
(Ghose S. et al., Biotechnology and bicengineering, 2005, vol.

N
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o O3

The term "immunoglobulin G derivatives" is a generi
of altered synthetic proteins to which Protein A binds, such
S

: T Ak 4 T o D o Yo~ F hiimean T
¢ immunoglobulin Gs in which domain(s) of human IgG
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and fused with antibody CDRs of another
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Gs whose Fc region has a molecula

immunoglobulin Gs in whicl
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01 2000 to 40C (constant teTinedatudel and a S . [00951 neutralof 6 The immunogi bull n
molecule as a. binding partner f s cloy parCicalarly Limited, nrovided that it al lows detection of binding
to. the Tali d.eoidn. However, fragmented 1mminogicbulin 10 molecules (Fab fraaments, Fr
fragments.) (obtained by seoaratinc the Feb region from the Pc region are preferred because binding
to the To region is also detected if an im=noidlobmlin molecule containing the To region is used.
Farther, more preferred are Fab fragments of immunoglobulins c.f the VHS subfanily, which 15 are
aldeahy known to ailew Protein A to bond to the Fab region. [0(3961 Those skilled. in the art can.
easily determine tendifference irraffinity by ebtaifiviif Sensergrams of the hinditvi reatEx ons wi.th the
same immunog|. elousk-inMC]: eey j.e-urcer-the same.20;measurement.eonditions, and:maiming a
comparison hetween boinoind parameters obtaineci by theepalysis of. proteins pefore and.after
introduction of & mutation. Here, the sequences to oe compared for the difference in affinity should be
the same except for the rttated. site 'For'example, when the’sédquernices of the B'20domain and. a C
domain variant.eeniaining: the: 10361 A -mutati.cce are tsed=for (Scan:tlat-on of the effectefthe D36R
mcifation, as {he amino acid sequence of a protein before inuroductH on of the imitation and the amino
acid seciencér’bfg” roten adder Thotroduction of the mutation, respectively, :he comparison 30
between them toés not make sense. 10097: Examp( es oe hindmnc parameters include the
affinity constant (CA)andifthie dissociation-constant(€D) (Nagataat ab, "Reaktimesanalysis of
biomolecular interactions’, 35Springer:Verlag Tokye 1998, jm-Ali iihe affidlity.constants :30 of
domain variants of the present invention for Fab can. h? de;ejfrmsiré?g With,aeBianpe system by adding
each domain¥/ariant to’a floW channal: ifi an. experimental System that Hnoimgieg a sensor chip with
an dab fragment 029.1alkinbauhogliMfulincofthe with an affinity column
chromatography purification method using a Protein A

+-

col
which is already on the market (Non Patent Literature 3).
ng

Specifically, a buffer containing the protein containi

!

Fc region of an immun
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olution is allowed t

4]

with the affinity separation matrix of th

e
o that the protein containing the Fc regio

9]

immunoglobulin is adsorbed on the affinity separation mat
20 Next, an adeguate amount of a pure buffer is allow

through the affinity column to wash the inside o

At this time, the desired protein containing the Fc re

an immunoglobulin remains adsorbed on the affinity separation

matrix of the present invention in the column. Subsequently,
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5 7H3 subfamily tbnlobiliSed thereon, at a temberattre of 2.5cC and a. pH of 7.4. Among proteins
having mutated sequences accortMpq to the oreseAt invention, fhosehavinganaffihitycchstant (HA)
reduced to not higher than 1/2 of the affinity constarit®of a protein having a sequence before
introduction of the mutation IADare suitably used. The affifm,ty constant (Kid s more preferably
reduced to not higher than 1/5, and still more preferablynot higher than 1110. Here, it should be noted
that although the affinity constant is also described as the agsociation o onstant in some 'literatures,
these two te-sms basioallp mean the same. [C098] In general, C domain -variants mon:Pining a
sn.stitutimm ofAlalfoe flycatposition29 have aKATor Fab of bAEZ24 o Rucing (MSC dontaiit variants
containing mutation{5) according tenHf therpresent Invention in addition to the substitution of Ala for
Ply at position 29. and naving a HA reauceb to Ipxteer than 121C4 (M -j) are suitably' used in the
present invention. MorC suitably used are 'varier-O.:shaving:a Fifof 0.5210) (7 1) or lower. The Fah)
used a. KAmeasureméntataybe ottairetbyfragfitentifig 25°an intfaufoglobulin & inté €&°Léo fragment
and an rt fragment-by: papa: ing Crhmay beiprepared-using aigeneticalty engineéredi production system
that expresses only the Fab regian of an immnpoglonplin S, [00991., . . Because, of its reduced

branding ability o the Fab region of an inuneglohnifin, the affinity separation matrix of the present

invention exceli@htly dikS56ates an-dntitugdy in tHe 5@%3&%%%%%8 aRtibody wit dn adidic
sblution. Spetificailv,esince thé affinity=separatiof :matrixofthecd5: present fnventichcallows eketion
under acidic ellatj,on ; 31, conditionscroserteneutral, damagetoanfmtibodycausedunded acAdhc
conditions can. advgnfggmegtglhsly be §ypgfq$$eg. The aci ig We‘luption ( ongjtgqnsocgo%er Otg Eg\ﬂevl\ﬂtr/:zll
specifically mean condifions widh & oH of about 3,06 5-C. compared with the pH 5range of comfmton
acidic elutionzconditionsiofrabout 2036:355.2E1L u. urdet the ‘conditiorisretkéés damagetd arrantibody
(Those S. et akBuetechneiingy-aneticenoineednd; 2005, vob 92 :Ne-ed. The oxcellent antibedy
dissociation properties iu.ehe acidic coudihfon mean, for.example, dissociation under acidic glution
conditions clc?soeg tonettral, o Eg%%a%ép elution bggksp”rgfﬂé%gb%aigrlfe W%%%g% él‘srglmtitv)(f)’ll is gluted
under acidic A6RdrAttorfs. A sharper elutich peak profifefin-ne present invention shows

R

15 a reduction in the secondary affinity for the Fab region which
the immunoglobulin-binding domains of Protein A inherently have.
Therefore, the protein of the present invention has an
advantageous effect of eliminating an influence of the

secondary binding by interaction with an immunoglobulin. On

o
Q.

20 the other hand, the affinity for the Fc region is maintained,
e

D

refore the affinity for the immunoglcbulin as a whol

is maintained. When the affinity of the protein of the present

invention for an immunoglobulin is evaluated as an affinity for
e

a human immunoglobulin G drug by a Biacor

25 below, the affinity constant (KA) 1is preferably 10° (M) or
higher, and more prelferably 107 (M) or higher
[0093]
The affinity of the protein and the affinity separation
matrix of the present invention for a protein containing the
30 Pc region of an immunoglobulin can be tested by for example,
but not limited to, & biosensor such as a Biacore system (GE
health care, Japan) based on the surface plasmon resonance
principle.
[00%4]

The measurement conditions may be determined such that

(U8}
o



chromatograuhy indicates that. an e pane having a nigder concentration o it ant ibOlilte a can oe
recovered using iess. eivant 15AddTtionally, the affinity separation matm-uf of the invention
enables the Fab region to be separated and recoefeétPreadily as a flow through fraction front a
m[mfture of a. molecule containing the Fe redion and a molecule contain:ng only the Fah region.
EXAMPLES [0100] The fol 1 owing description is offered to illustrate in more detail the present
pvent[ on based on examples, hun the 25scope of the present invention is not limited to these
examples. [01011 Proteins obhained in. examples are each represented"an alphabet indicating a
do-main - andntreddced niutation (#ild forthe WitdLtyse) “'For examplé Stheowildstype C dontdin of
Protein 30 A isrepresented by '©-wild'; and-a C«omainvasiant cke-taini ad the,029:f{4mutation is
represented by :4-620,A°. 4 damain yariant. coniaining iaeld mulalions lagsuhat s (esteseneed by
indicating the two mutations tqgﬂetﬁ/ér with a slash. For example, ad domain variant_ containing- the
0291-. and Sk3E4Hutations 1§ réprésentedBy-"C-a2BASTISE" | ASprotéin contdifing™ plurality of
single -R2 domains connected is represented to ether with a. period (.) and the number Of connected
domains with'dEer example, a protein consisting of five corrected C domain variants conatning the
52.92.. and. 5337 :notations is reeres,ented Ps.7 "T-152'0A/533E.. " [0102C 'Example 1: Preparation
of DNA encoding 0-529A BI™""° % Ba5e s8elient e ericading & protein Torsisting of five €onnected
C-G297s was eonstructed by reversedrnsUlasion Promc1@ thelaminelacid Ei¥daerce(C-C2FTEdc.,
SF(.2 ID No:d41) gctheldrchetn. fodons were assignegd-sucty that:the-codanusage; freeuency of the
protein,,.aT closer. ';o.]tge codon y}fs%%g frecgenEey of the cell. §L\m‘O ce proteHin. .Ns\/\e/?g\l}lhigb-mié‘:
expressed in' . large amount 1890° No. 272-pp. 1312-£720)- and that the sequence identity between
the base seatefcesiofthe five domains was oW T.an restristicriendymteorecaghition sitesfer Ft7
andEbsiwere-also-preparedon-the §' sidecand 3: sideg respegtively,.abthecbulin molecule
Sequenceen%Oodr%@ggggg%egcg%e%tgdpe@@&si.ng%%g%g@%f[}%her, more preferred are

Fab fragments of immunoglobulins of the VH3 subfamily, which
15 are already known to allow Protein A to bond to the Fab region.
[0096]

Those skilled in the art can easily determine the
difference in affinity by obtaining sensorgrams of the binding
reactions with the same immunoglobulin molecule under the same

20  measurement conditions, andmaking a comparison between binding

i

parameters obtained by the analysis of proteins before and after

introduction of a mutation. Here, the seguences to be compared

for the difference in affinity should be the same except for
the mutated site. For example, when the seguences of the B

o 4
C

domain variant containing the D3GR mut

@]

domain and a

[N
i

amino acid seguence of a protein before introduction of the
mutation and the aminoc acid seguence of a protein after

introduction of the mutation, respectively, tThe comparison
n

30 between them does

[0097]
Examples of binding parameters include the affinity
constant (KA) and the dissociation constant (KD} (Nagata et al.,



20itagifent was commissioned from takama Sic Inc. The sequence of the prepared DNA fragment is
shown. as SEG IT. No: 12. [1103" ThepreparedDNAfragmertencotilno-C-g297.5dwancteested
with Ps-7 and X.bal (Path avsilable ffeM Takers. Si¢fnc. |, and 25 then separated ard Purified ley
so:arose gel electropheresis. Separately, the plasmid vecuor p51253262 for ErevliStsphillus was
digested with Pst: and Thai, and then purified and recovered. The recovered vector was treated with
airraiiiie phesphatase (Takara. Hie Inc.) for dedhesPhorylation. Seth were mixed and
EtlligatedwittiCigstion High (007050 CO., LTD,). In this :tannery a. plasnid eeceor

pPNN3262-C G297 dd ca a%reéfe@r655|h§% 52GF 8 was Eonstricted BrevOPPeR7USE
choshlnens&waéﬁﬁanséﬁfmed bsm@ih&pl%ﬁd yeetortobtam:edhy @Iaeabamlpmecmtes: The
1997, No. 61, on, and "Tyr-rec.ill: |- ohssonsis The Brevibaci17-ue rscsrli ATtV nutatlnq Brec 1 7-2 5
Thez9V, INRSI6220-0797 Iédth“usaprejb‘aped\li\ﬁi% 164 v=Fvagments'sd tHat €ar's, fragmeht Contained
of the indiv i'dual sionfainmi The domaiZ5 were is zie starting frone thies Natermsana’sacee: Fhel DNA

tragrkent. for.the:domain;1 was. disested with -Rst the; DNAactentfor the domain 2 was digested -, Tith
Nan and Hi. nil. 111 the DNA fr.aa:_ 1.0 r the domaHn was dlgestedﬁwnh ralntswr and Mlng ‘the

traoneent for the domain 4 Was di'qe- - BV ed S-wEVH NE.Gi- and 001t the TiNia., ;rragment for the
domain 5 wascdigested with:? EQLllgﬁlﬂxbéiﬂ(Nar/ % é?vall*a@% ﬁf@l@T@Y@S@*@@aﬁi 17D and the
others are ayailable from: Takara:Bie: heach-followed-separation end: purification: using-an agarose sel

toive the resgectlve Abfrac tents at”he

affinity constant (KA} 1s more
preferably reduced to not higher than 1/5, and still more
preferably not higher than 1/10. Here, it should be noted that
although the affinity constant is also described as the

ssociation constant in some literatures, these tTwo Lerms

D)

he same.
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(M ™) C domain variants containing mutation(s) according to
20 the present invention in addition to the substitution of Ala
for Gly at position 29 and having a KA reduced to lower than
1x10* (M%) are suitably used in the present invention More
suitably used are variants having a KA of 0 5x10° (M™Y) or lower
LheE&ﬂ:use@Mfﬁth@E@%meaSJrementx@ykxzobta;nedkn/fragrentlhg
25 an immunoglobulin G into an Fab fragment and an Fc fragment by
papain; or may be prepared using a genetically engineered
production system that expresses only the Fab region of an

immunoglobulin G.

[0099]

20 Because of 1ts reduced binding ability to the Fab region
of an immunoglobulin, the affinity separation matrix of the
present invention excellently dissociates an antibody in the
process of eluting the antibody with an acidic solution
Specifically, since the affinity separation matrix of the
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manner, osasmids each contaUsinc, one of the Live-divided DNA fragments were ocm.strnoted.are-
represented in correspondence to The domainOers as pUC1J-729-dI, -di, p5.L.351-729-d3,
p5L3C1-129-6.4, and, pSL301-729-d5. equen CFI'SX(including the restriction enzyme recognition \ of
the DNA f of the 0-n297. 5d-encoding region are shown as SEO ID No s:13to 17. N11.."H (l:akar&
7.13ta g e:lesis wasd tne oiigonuoio .dde primers of SEC,: ID Nos-: 1.8 to 27, and the pla SILL ha -]
-712 R-can rdOl. 2i77Q_dI , DE11,301-129-d3, Q 1,301-729-6.4, and 34 p51,301-729-d5 as
templates. 20,skescat, plasmids p0C19-A09-61, pUC19-A29-d2, pEL301-P,29-d5., 15Si507-A09 -d4,
and p*F321-A29-d5 wereobtaired; eacheoofwhich ceytdined a SH s0J-\ragmermt ereeding €:G9.0.A
contajn4ng74,00,5; =0F5:Val-29-0f the domain.-The five fragments were seckientdally tiganed no one
another with g@gggn High, In this manner, an expression £Ia§mig _PNK3262-C-G291k,FKi containing
the DNP, fragment P135.f-1D. 1-b: 29-) encodino C-C29A.Bd (SEC; 00 No: 2:3) was prepared. Then,
this plasmid wWas @i5éd fortrans-Fon-éation of £0-4=recombinant ceffl$ Fife 6¢ ick-Mange® FF
Im.taClenLeSkagwass common

o

cidic elution conditions of zbout 2.0 to 2.5.
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i
present invention enables the Fab regicn to be separated and

recovered readily as a flow through fraction from a mixture of

a molecule containing the Fc region and a molecule containing

only the Fab region.

B
[}

EXAMPLES
[0100]

The following description i1s offered to illustrate in

e
25 scope of the present invention is not limited to these examples.
[0101]

Proteins obtained in examples are each represented

o
G

QJ‘

o3

domain - an introduced mutation (wild

o

alphabet indicating

o

thewild-type)". Forexample, thewild-type Cdomainof Protein

Ll
[
)3

L is represented by "C-wild", and a C domain variant containing
o

the G292 mutation is represented by "C-GZ9A". A dom
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performed in accordance wioh the protocol of Stratagene using Pfu Turbo DN.415plymeDase and the
methylated DNA (template DNA) cleavage c-n nyme Dpnl (both ay:iliac:De from Stratagene). For
exanycHle, the quick change mut.-ygenesis was pefformed. on the. 15 plasmidp1:019.-V29-d5
containing -the =fragment of SEc2IDNo0:13 with tY.,io synthetic MA primers of SEC! ID :go: 18 19,
thereby providing a plasmid p5019-A29-di. containing a DN.L'. fwapmenk fothe domain 1 contaMtng a
...15st-2.ttutHon of Ala for Val-29. Pxample 2] Preparation of DNIts encoding 5-0292-173335.5d,
0-G29R/5363_5d and 0-029A/K315R/F0377.3d The sane techniapes based on gylick chance
ifiabagenesisias.in.Example ¢ wete applied: Usiig: thecoligerudiestide primers 6f SEHD P Nos: 30 no
Sc, and the ill ye ;ssimids-each Trrtairping.a 250-529A-encedind DnT, fragment pIG19-A29-dl,
pUC19-A29-552, p5L.301-A29-d3, 95L30_1-~23Q]2A9-Q4A,%nedhgé%57301,-PQ%Qng prepared. in Exam.ple 1,

as templates® AR & result. olasmids containing frac:Tents encoding 0-009A/533E, C-C29A/E)365, and
C-529.2,./C55/1237EwWere prepared/30[0T0E]° °F "Silbsedtiently S thé DNA f-a 75entswere ligated
in the manner describedsmEX2MX:11,8 1 so than an expression plasFid iDNK3262-0-5292W3335.5d
containing thierlglkl)éwfragmen-t (SEQ. ID N0:61) encoding C-029A/333E.5d (SEQ ID N0560), an
expression intdlasmid p1-iK3260-0-11029A/D36R.5d. containing the DNA fragment SE,|.:). ID,
N0:63) encodifig TUE2oA4CAI6RISEISFEIQID N6-642 And arf expressibripfasimnd
cNH32642-C-029AIK)35R A1 37 S6cont4)uhlingrthe DA fraghrent *SEE. 12 Tff Nof 65) eéacoddimg
C-029A/K30.P.4037E.Emd (574;2 4E).o 64j,were orecareo). These clasilds were-used ftifx
Rtbga.nsformation of. FE-.1 ,recombjnan\tﬂceljﬁs_.ch&l)gagon of, the: ﬁpNAf(agi{,m;_sﬁgné:gg@gig-629.4,
the restrictior 8fzyfe FHBH=niili Was-Used: Sincéthe Hindi-1 tecognTh sequence was close to the
mutation siteaddasmid =artaim ngthe DNA fraghiehfs engodina tie dArhatafing domain 24nd the
DNA fragment.encoding, - = Jthe mutated. domasn R-bonnebfed threugh the Hirdil isite Was prepared,
and. then the corresnonding mutation was inEroduced in the domain 2-encoding tegion, “additionally,
the DNA frag?n“érnﬁ?i?.%.é?%m Nb:‘ggnfeﬁ“é‘oamg C§r:’°1>(2”_§,&2?53%3r,0r'|]5_2,‘d (él%C 'ilﬁde*?%%%ﬂ*was. amplified
byPORusINqiNK32622C-S29/533EFd asatémplate s plashiid and thebigganaéiéotidyg primers of-
SEO ID:Nos:66;and 67, Theyamplified DNA fragments avere-digestedewith Pstirend Xbaiptandiinserted
into the vector, pN13262 dHcested with the same enzymes: In this manner, an expression piasmid

pl4F3262-0-: 9A4533E.4d was prepared, and used for 20 transformatin of FE-1 recombinant cells.

restriction enzyme recognition sites for Pstl and Xbal were also

prepared on the 5’ side and 3’ side, respectively, of the
sequence encoding the five connected domains The prepared DNA

20 fragment was commissioned from Takara Bio Inc The seguence
of the prepared DNA fragment is shown as SEQ ID No:1Z

]

The prepared DNA fragment encoding C-G29V.5d was digested

with PstI and ¥Xbal (both available from Takara Bioc Inc.), and

25 then separated and purified by agarocse gel electrophoresis.
Separately, the plasmid vector pNK3262 for Brevibacillus was

jigested with PstI and Xbal, and then purified and recovered.

(Takara Bioc Inc.) for dephosphorylation. Both were mixed and
30 ligated with Ligation High (TOYOBO CO., LTD.) In this manner,
nlasmid vector pNK3262-C-G29V.5d capable cof expressing

a a I
C-G29V.5d was constructed. Brevibacillus choshinensis FY-1
was transformed using the plasmid vector obtained by the above
procedures. The transformation was accomplished by a known

electroporation method ("Biosci. Biotech. Biochem.", 13837, No.

W
(@]



11C109] [Exmple 3] DIAP, sequence determination The DNA base sequenes of the expression
plasmids obtained in Examples. 1 and. 2 were detedmined using a DNA 25Analyze.r
(kvcdieciBidpsystems). Using BigDye Terminator a.331 Cycle Seqgencing Nit (Applied pic.)=.7eins) in
accordance with the attached protocol, PCR of these. b144smid DNAs for sequencing was carried.
out, and the sequencing products were purndied atql seqirenoed. The 30 sequences of the
olidbnucleodide primers for sequencing were omitted here. [0410] [Examq)e 4] Expresslon of target
pretain in expressing. recant:Ina= cell 3:-,The Previbacillus choshinensif FY-1 recombinant cells
obtain ad in ExamtC.esand 2 were altbret with Shakitid 6P 3 days at 3009 in 5 dF 6f 3TC.
medium L-stiE-polyp:et:tone; 0,2% yeast: extract 2% ghicose, 0,01% magnesi= sulfate, OCTi,k H rot’
sulfate, 0.001% manganese cinicride, 0.0001% sire chloride) congatning. 60 ugh-01 neodsvci.n.
[01117 Each culture was centrifuged to remove cells, and the cbtatned culture suoeratant was
subjected to catiortexchange chromatography using an SP Fast Flow. column (GE Fea 1 thcare,
Japan) te isairify (partially purify) the-targetyprotein.cSpecifically; sedidireacetate was added to the
culture supernatant fo a-final ggneentration of 50 sill'.and, hydnochlesn €,acid wasalso:added to
adjust the pH to 4.0, Then, the cuntura sup,ernatant was ap;gljed Lojthﬂe SP quSt fﬁl\ow,\gglu_rgrg
egailibrated. 15 With @ cation éxchandebuffer A BET intf EH=CER -T¢ nOCH; Si,'0184,0) . After
washing the calummewith ther cationl exchange -baitersA dhe darget pecteinwas elited and separated in
the process of salt.gradient elution.nsing the.cation exchangerbuffen:74sand;a cat'ion-exchange buffer
B (50 mM CH3COCH-CI12000.Na, 1 M NaCl., oF 4.0) . 20L0112 1 _. _Next, the. garden protein was
purified By aniGh @xthangé thnsonsategraphy using a DEAE Fast Flow col umn 17 Healthcare, Japan)
Specifically, thesseparatedtarget proteir selution Wasrdialyzed Withlultrapsté Water: and™@pplied to
the DES.T4E=ast:Flewcolumn anjuik bratesd withsan aTh.on excriangenbuffenA (SO©maMTris-HC1,
PH 8.0) . Afte washing with the anion exchange buffer A, the, target protein was eluted and seoareted
in the processb?ééﬁ gradient slut Ton using the anion exchange buf far A and sn anion exchange
buffer B (50 HETREMOUE U5 M 30°The séparated targetDré-mam-sotution waretdiaiyzed with,
titradurezwager.dn thiss annerzan agueaus solution@ontdining.only e target ;Prmteiniwassobnained
asaftnaLo%ﬂﬂ?%%gggg%%%zfr@nTakar“Bic>Inc.),eacbfollowedkn/Separation

and purification using an agarose gel to give the respective
£
4

DNA fragments
[0105]

20 Two cloning vectors pSL301 {(Invitrogen) and pUClS (Takara
Bio Inc.) were digested with the same pairs of restriction

o 2

enzymes as those used for the DNA fragments encoding the domain

n

The resulting fragments were each mixed with the correspondin

o]

~

DNA fragment, and they were ligatedwith Ligation High. Inthi
+-

2
ct
n

the five-divided DNA

Do
(O3

manner, plasmids each containing one of
fragments were constructed. The plasmids are represented in
correspondence to the domain numbers as pUCI19-V29-dl,

SUC19-V29-d2, pSL301-V29-d3, pSL301-V29~d4, and pSL301-V29-d5.

ion

(m

The seguences (including the restriction enzyme recogni

pl

i0

Q

ing re

B

y of the DNAE fragments of the C-G29V.5bd-enco

Q

o
iTe

(W
O
n

0]

(

are shown as SEQ ID Nos:13 to

~
[

[0106;

Quick change mutagenesis was performed using the
oligonucleotide primers of SEQ IDNos:18 to 27, and the plasmids

pUC19-v29-dl, pUC19-V29~d2, pSL301-V29-d3, pSL301-V29-d4, and

w
(@3



lasing the columns were carried out usimb an AKTAprima plus svstem (CE Healthmare, JaPan.),
[01141 [Example al Td.alysis earaffinityof obtained proteins for humana immmnoalobviin C
Opuman IgG) The :proteins. obtained in Example 4 were analyzed for affinitv for an
InroencolohulOn by a bdosensor Biacore 3000 [CE health care, Japan) ntilr7Ond. surface olasmbn
resonance. In the present exa,,tple, a human imnpinodlotlin G drug (hereinafter, IC referred to as
human IgS) separated from human plasma was ased. The human lg.": was .1=dt:1.1i:red.on a sensor
chip, and eachl protein was added on. the chip, to detect an Interaction between them. The
immobilibatlon<ef > the himiaA T cethe sensér ohdd G5 ®as tarriéd-6Gfby*amine coupling using
N-hydpoxysuecinim:dec(NHS), 15and NesthyLi-N 1 3thameehylantinopropyvijeariaddimide d
hydrochloride. (EDS), and-ethanciamine was.used for blocking (all the sensar.chips,and the:
immobilization reagents are available from SIS health care, Japan), The human I9G volution was
prepared by ¢&ss9Ving Ehafin i 4garParter i & standard Buffér{20 mMv4ati2?.04-Na2H204, 150 [IL
NaOl, falH. 74 to-a Scancentrationrof 110 mga/mll: The himamigd(3 sokution swas RiluTed to/1/100 in
am. immobilization- [Duffer (L0OH300eH-0HDCCCella, pH.4.5)and :herhuman-3gs was immobil77ed.
on the sensor chic) in accordance with the protgcal attached to the 3iaccre 3000. A reference cell. to
be used a5 aCHEHEHOE SHPIOLAAE WC yoParal by N S AHOIHHITE O Sndthg flow bell on
she chin aftef aetivation by EDCANHS. The proteif LsclutioRs Were appréepriateivi prepared af
concentrations-ef-10-t0;1000 14, usengalrinsisdisuffer (20ad4NalH2P Ca-Na2H36:(: 150EL Hadi,
0.005% 2-20, PH.7.4) Holutions of three. different protein concenprat'ons, were prepared for each.
protein,, area éach protein solution was added on thé sensor chip-at a flow tage of 20 al/man for. 30
seconds. [,[. 8érsptgaam of the“binding reaction at 25¢ wasseguentally plotiettdaring the"addition
(bindina phased:30.e:isornus). and astet-the-additionh O p (Cllgsachationiehase 60 seconds).) After
each sense-Jog:aml. det(fbnfingtion, the sense.;, chin, was,regenergted;by agflgiing. SO mv NaGfi (for
15 SESOCSIS(SIS) (chiS "SaaDCGSS Was per f fcgfed to remove the added proteins remaining on
the sensor clifi 2Rd ifwas torithatthe Birding detvity 6F e imniGilizsd haman Tar WasGubstanti
ally crigaggetely: recovered). ©Fhe bindignarrate constaht €icor); dissatiationoratérconstant (kaff),
affininy constant {Kg,,t,"/koff),;and:dissegiation,constant (NF=1lfctikag were oalculatedhy iizrform.ing a
fitnine analysis on each of the 10obtained giQIpn% reaction sensorgraffs r(;[hpe hf..nding feacticn
sensorgrams-gbtained by Subtracting the bird-ing reaction Sense:cotram of Shé FAoF elSOSICe cell)
ogy using the:Lel.ldbriding modeltint aisoftware BEA ofgltiaflorcg-fehheyglto the systeghshour in giap_c
1, the binding parameters of proteins to the human IgE were at 7-G29A.Sd (Comoarahicelfxaudel).
constants (KT,) of all she plioioh:1g therangeof5.04(: vt90,CX1C: (urfigfievelsto, thosedf

smple :

B
I and C-G29%A/K35R/D37E.5d

Pl
]
]
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O
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w
oy N
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The same technigues based on guick change mutagenesis as
a eotide primers of
59, and the five plasmids each containing a
h-encoding DNA fragment, pUCl19-AZS9-dl, pUCLS9-AZS-dZ,
301-A29-d32, pSL3I01~-A2%-d4, and pSL301-A29-db prepared in
ple 1, as templates. As a result, plasmids containing DNA

S, C-G29%A/D36R, and

W
o
<
‘ A
[}
a0

Subsequently, the DNA fragments were ligated in the
ibed in Example 1 so that an expression plasmid

EQ ID

-
W
,ﬁ
=

D
e
Q
(]
0
O

0

ribe
pPNK3262-C~G29A/S33E.5d containing the DNA fragment (

No:61) encoding C-G29A/S33E.5d (SEQ ID No:60), an expression

(&3

plasmid pNK3262-C-G29A/D36R.5d containing the DNA fragment

(9]



Specifically, Lheafffliity for tine hum= IcG fellin [3116]
(I(29\ .51! 0.88

[Tablel:

L

I<, Ix 'ICJ" (10-3 s.8) 14-2,0<1.08 )

(SEQ ID No:63) encoding C-G29A/D36R.5d (SEQ ID No:62), and an
expression plasmid pNK3262-C-G29A/K35R/D37E.5d containing the
DNA fragment (SEQ ID No:65) encoding C-G29A/K35R/D37E.5d (SEQ
ID No:64) were prepared. These plasmids were used for
5 rransformaticn of FY-1 recombinant cells. For ligation of the
DNA fragments encoding C-G29A, the restriction enzyme HindIII
was used. Since the HindIII recognition seguence was close to
the mutation site, a plasmid containing the DNA fragment
encoding the unmutated domain Z and the DNA fragment encoding
10 the mutated domain 3 connected through the HindIII site was
prepared, and then the corresponding mutation was introduced
in the domein Z-encoding region. dditionally, the DNA
fragment (SEQ ID No:69) encoding C-G29A/S33E.4d (SEQ No:68)
was amplified by PCRusing pNK3262-C-G29A/S33E.5d as a template
15 plasmid and the oligonucleotide primers of SEQ ID Nos:66 and
67. The amplified DNA fragments were digested with PstI and
¥bal, and inserted into the vector pNK326Z digested with the
same enzymes In this manner, an expression plasmid
pNK3262-C~G29A/S33E.4d was prepared, and used for
20 transformation of FY-1 recombinant cells.
101097
[Example 3] DNA sequence determination
The DNA base sequences of the expression plasmids
obtained in Examples 1 and 2 were determined using a DNA
25 seguencer 3130x1 Genetic Analyzer (EApplied Biosystems). Using
BigDye Terminator v. 1. 1 Cycle Seguencing Kit (Applied
Biosystems) in accordance with the attached protocol, PCR of
these plasmid DNAs for seguencing was carried out, and the
sequencing products were purified and seguenced. The
30 sequences of the oligonuclectide primers for seguencing were
omitted her
[0110]
[Example 4] Expression of target protein in expressing
recombinant cell
35 The Brevibacillus choshinensis FY-1 recombinant cells



C-29A/838E.5(.1 8.0 1.3 2.8 C-C29A/D86R.5d. 44 1.5 3.0 (0-(529A/1d85RT37E.50 0.86 1,3 0.45
[01171 [Exam:fie 6] Preparation of Fala fragTgent derived from humanized. 30 monoclonal
antibody In the ehesent invention, the "affinityfor the Feb region" was analyzed using an Feb
fragment free front the No region of an. 1=noglcbulin. 3-9

- 5 R o o
obtained in Examples 1 and 2 were cultured with shaking for 3
mren o AINO = - £ < 4s e Ty N
days at 30°C in 5 mlL of 3YC medium (3% polypeptone, U.Z2% vyeast
e ey g e 0 R -~ g - u . L e YT O 2
extract, 3% glucose, (0.01% magnesium sulfate, 0.001% iron
vy ] Ly e N R PR o I ERPNIPN ST S K 7 R Y
sulfate, 0.001% manganese chloride, 0.0001% zinc chloride)
= P U 0 T e o
5  containing 60 pg/ml neomycin.
(0111317

Each culture was centrifuged to remove cells, and the
u

biected to cation exchange

s:“
=
®
n
ol

®
=
I}
9%
(m
o3
o3
s
=,
W
9]
n

chromat ‘ast Flow column (GE Healthcare,
10 Japan) to purify (partlally purify) the target protein.
Specifically, sodium acetate was added to the culture
supernatant to a final concentration of 50 mM, and hydrochloric
acid was also added to adjust the pH to 4.0 Thern, the culture
supernatant was applied to the SP Fast Flow column eguilibrated
15 with a cation exchange buffer A (50 mM CH;COOH-CH3COONa, pH 4.0) .
Efter washing the column with the cation exchange buffer A, the
target protein was eluted and separated in the process of salt
gradient elution using the cation exchange buffer Aanda cation
exchange buffer B (50 mM CH3COOH-CH.COONa, 1 M NaCl, pH 4.0).
20 [0112]

Next, the target protein was purified by anion exchangs
chromatography using a DEAE Fast Flow column (GE Healthcare,
Japan) Specifically, the separated target protein solution
was dialvzed with ultrapure water, and applied to the DEAE Fast

25 Flow column eguilibrated with an anion exchange buffer A (50
mM Tris-HC1l, pH 8.0). After washing with the anion exchange
ffer A, the target protein was eluted and separated in the

oy

process of salt gradient elutionusing the anion exch

-3

e
0]
o
<
=
-
D
[

a
A and an anion exchange puffer B (50 mM Tris-HC1, 0.3 M NaCl,
e

35 The protein purification processes by chromatography



monoclonal Tax; chisug as a starting material into an Feb frogmen,: and an Fr fragment by using
pabain, and separating and pr yinsd only the Fob fbagment . LO1..1. DI Specifically, heroeptin
(humanized monoclonal IbeS drug available from Chiligai Tharmaceeticai Co., Ltd.) was dissolved in a
bapoin digestion buffer (0.1 M Acall-P..cONa., 2 mM EDTA, 1 a)11 cysteine, pE 0.5). senaHn .L.garse
from babays latex (papaine-i=obillred agarbse available from sibsiimpe, wt-ris added to 10the am-MI
uti on, and the resulting mixture was Incubated for about. S :lours ab d(152 while bells.; mixed witn a
rotator. Sy Ti. exchange obroTtograpny using a Resource S column (Ss' heast.Th care, Jaban), the
Feb fragment:(heteinafter, referrat=To asenonocional )1)21;) 45158) wWas’separatedandLifén the 15
reaction solution {containing:both:the £eb fragment and t'de 155 fragment) which had been separated
from The papalq-JQS;blllred .agarose. More specifically, tne. reaction solution was diluted to pe) 4.5 in
an ion exchange bui den A (50 mM CH31,0011.-1:11y10,111a, and then added to the Resource S
column eT211EBrtEd 220With the'idn exchange beffes AfterwashoPthe: ErfurTrwith tHé “lon
exchange bufferAn thelmonoctonal IgGelsabwwas eluted and separatedin the process of salt gradient
elution as2ng the lon-gxchange buffer 1-5). and.an (on exchange Quffer@ (504sd,cq 2o
C33C115121l- OSTSCOOlla 1 N NeC.t,on)5) (the buffer Pi COTiCentraii ion 25 was lin arI¥
Thionessed ffom (196 1o ‘SO ddrifd the protess of alioving the Butfers ins totalamount. -~
co.rrespondinzZ0 the velume 612 Ttolumns tazpass throdghk ¢he celemm) .{032D2 The seps(rated

=nocional lgG-Fab solution was-purified.30 by.ri.elfiltration ehrbmatodhaphy using-a Supetdex 75
10/300 Sl column (the standard buffer was, used fora:eL%lllbratlon and sebaratlon) 10 this manner, a.

monociond. I§G-Fiab%sdlution was obtained, [0T2T1 “122:11AprL {3-1321 5-wait7]of ah3rt.12a

The human I1gG was immobilized on a sensor chip, and each protein

n

added on the chip to detect an interaction between them.

—
[

"
b

e

immobilization of the human IgG on the sensor chip CM5 was

5
D

carried out by amine coupling using N-hydroxysuccinimide (NHS)

and N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide

fod
(@2}

hydrochloride (EDC), and ethanolamine was used for blocking
(211l the sensor chips and the immobillization reagents are
available from GE health care, Japan). The human IgG solution
was prepared by dissolving Gammagard (Baxter) in a standard
20 puffer (20 mM NaH,PO,~-Na,HPO,, 150 mM NaCl, pH 7.4) to a
concentration of 1.0 mg/mL. The human IgG soclution was diluted
to 1/100 in an immobilization buffer (10 mM CHsCOOH-CH;COCHa
pH 4.5) and the human IgG was immobilized on the sensor chip

in accordance with the protocol attached to the Biacore 3000.
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ff:OT)o.JOflalritmole d was the sen.s -. chip CMS, anotein obtained 2xample 4 as added on the
cidetect an interacti= een thEmserum albumingma Aldri imaLobiliaed on a reference cell. The
Immobilisat. of the monoclonal IgG-Tab and the hurb&n serum albumin was carried cut in the sate
manner as in Examph Protrions of different concentrations 11M, 16 WI", 32 pM F32 pM sarisnooteins
were not 2 for each of the proteins to be measured, using a runni a buffer (207h"
NaH2 P'2: Na)H PEM, 1531-ZINaC1, 0,00525 P-213, pE 7.4 . Each citateHla solution was added or
the sensor La Lirate of 20 aLimin for 30 seconds, and a aenschchram -action at 25C was
sequentially plotted dtihirniTi ctheaddition ht 2-ifg prindas,-3eSee6AdsE and after thedaddition
(dissoctatiot 60-secends): :After each sensergraiin ceteamtnatdot222 NaCr-iwas added for:30
seconds 23r regenerahon of theﬁ%ensor cJ1|n The ana alysi 15 was ggthe same manper. as >IN Swanin

[ I ol

shoulded that t P rax, one. of bindi ing parameters was regaraed asantin the fitting ana2 when added
molecu2.2 &dded prot einsrera;”eAGCY**weseﬂeoreﬁlvc¢Q_d,wascon_¢; ad

5 that the binding activity of the immobilized human IgG was
J
v completely recovered) The binding rate

substantially
constant (kg

constant (Ki = kon/koss), and dissociation constant (Kp = Kese/Kon)

RS
(@)
[ o)
}w.j
[
[oa

Kon(x 105 M1g) Ko (1072 871 Ka(x10° MY

C-GZ9A.5d 4.1 0.88 4.7
o5 C-G29A/533E.5d 3.0 1.3 2.3
B C-G29A/D36R . 5d 4.6 1.5 3.0
C-G29A/K3ER/D3TE.bd 0.86 1.8 0.65
[0117]
[Example 6] Preparation of Fab fragment derived from humanized
30 monoclonal antibody
In the present invention, the "affinity for the Fab
region" was analyzed using an Fab fragment free from the Fc
region of an immunoglcbulin
[0118]
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and. could. not largely change 1:1 rhas same molecules Ohonocionai IcO- n:slanal is very weak.,
however .e signal amountaimed immobilised molectdes, xoertateitts in which the. are immobilized. If
the Fitting is incorrectly made- go 'gig: thregarded asanmall gra Hence, the: 2,", was shown in Table
2, the birudin monogiere sigg (d-.9A. go. ccomparatl nra axampre constgrg',. were less f_han 1/10 of
chat C212 gl constantthe sitt'L meters of the proteins to the cowerthan-those of

gneafgingty is to the mono-cl. onal -Fab C-Ts.291.

[0119]
5 Specifically, herceptin (humanized monoclional IgG drug
available from Chugai Pharmaceutical Co., Ltd.) was dissolved
in a papain digestion buffer (0.1 M AcOH-AcONa, 2 mM EDTA, 1
mM cysteine, pH 5.5) Papain Agarose from papaya latex
(papain-immobilized agarose available from SIGMA) was added to
10 th 1 ixture was incubated for about

care, Japan), the Fab fragment (hereinafter, referred to as
monoclonal IgG-Fab) was separated and purified from the

15 reaction sclution (containing both the Fab fragment and the Fc
fragmer .

R ted
) L gt e Py Ty A ~ o e -~ 1 ~ Ty g v e
20 with the ion exchange buffer A. After washing the column with
1 o 1 i i el T e T oo 3
the ion exchange buffer A, the monoclonal IgG-Fab was eluted
J
and separated in the process of salt gradient elution using the

e r o
allowing the buffers in a total amount corresponding to the
volume of 10 columns to pass through the column).

[0120]

W
U
!
=
®

o)
=
O
o
®
[
]

el
-
B
I 1
h
%_L.
0
W
o
f__l.
O
3
o

~
O
oy
s
O
=
Q
o
O
Q
|

3
o

e
=
o
5

ge;
®
=
Hh
O
B
=
(]
Q.



8
¥

C-C29./1/2.54 0.13 C-029/ki.S30OF:,(1 0.10 0 011 ,5d 0229 1.539 0.057 -E-',511/1.)37E 5d 0.23 0.41
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expiessingle-domai.variants :n order to effecOively evaluate other mutations sed hereinion to the:
'mutations 20 Exampledomain vanwere :prepared_ The arcnodo seguergot-T .0.1Co : 10,
C-029A.1E-Pi derived. dram. the(--; domain of Protein A. was chosen as a igrotein sequence  (Th
-beimt:tated. C.:=MHtuseon protein expression vector ',C.- -C;,-)-1 (GE Healthcare, Japan) containing
the DNA seguence encoding. C.-G25A.Ici of SEQ Cc-: '70 was used as a nemplate plasmdd for
tat-don. The template clasmid was preparedaccordance '.. the descrof WO 2010/110288. re.sasmids
encoding C. do-main variants (C-G29:.g,r-fl291\153.73jt 1d, C-C29A/Y3-61 eg-019g2978/dp365. id., a
gitHC-G291W1E'37Esdgg)reftSDNADRNes: 81 t0-85 westewbtained- By guicoly change: niatagenesis
usiigg The twe-plasmids, asitemplates.ane the-eligenucleetd-de primers:of SEfl -fl des:.77 zte 80. For
example, the C dc-main variant (C-52924./53301 - Id) gf. SEQ. g:81 was ocica:neoiquick change
mutagenesis USing thé expressidn b1a%mid‘@T,@E%@‘-‘?@-D’ZQ??.I31 ‘containing the IMNP,
sequence of 5prcdib°Nei 79 &s o femplatecartd tHe 03 TH(frovociegt foe praisera: of €3,70Q. IT hiss;
71 and 72. The E734 seggences of the obtaingsebexpress-i et ptaSr7A1GS were: :de-Oie minerian toe,
same manner as En Eixamcie 3. The gbtained., expressian plasmids were used.for Transfopmation of
37. coil 513101 (Takara Sic Inc.) in. The same manner. as in Example I. [01213; Foxarbrig 91
Expression af@surifigatiorr of Sinfgle domain VarH ahts ~ < “rhatransformants ohtained.i is Example
8 were capable of expressing the respective -variants in the form of GET fusion proteins. Each of
These v ran =farmants was cultured in LE(3 medium containing alapiOL. Il In at 373:0 overnight. Each
cultureqii‘ggaid“ 15was inoculated in 217rE medium (0.ontaining ampicillin) and

- koo (x10% M'ls) kotr (271) Ka(x102 M1
C-G29A.5d 5.8 0.13 4.4
C-G29A/S33E.5d 0.056 0.40 0.014
C-G29A/D36R.5d 0.22 0.39 0.057
C-G29A/KA5R/D3TE . 5d 0.23 0.41 0.059
15  [0126]
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The amino acid seguence (SEQ ID No:10, C-G28A.1d) derived
from the C domain of Protein A was chosen as a protein sequence

e
robemutated. AGST fusionprotein expression vector pGEX-6P~1

(GE Healthcare, Japan) containing the DNA sequence encoding
25 C-G292.1d of SEQ ID No:70 was used as a template plasmid for

mutation The template plasmid was prepared in accordance with

the description of WO 2010/110288.
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No:81 was obtained by quick change mutagenesis using the



cultured. at 37'70, for about I hour. ISIS (isogropy17-3-thip-c3-D-galacmoside) was added to a fi
concenbrg-inv of C.1. mM, followed by further culturing at 373C cen-1.23:130ugation and
resuspended in PBS buffer containing EDT:3, (0.5nM)The cells were sonicated and centrifuged to
separate a sucernatant fraction(cell-free extract) and an insoluble fraction. The 051 fusion proteins
were purified (part ryu9n fled) from the ref .1-3frree exbrauOs containing the GET fusion proteins by
affinity chromatoP(raphy using a GSTrap EE column (G7 Hgaithcare, Japan), whicb. has an affinity for
CST. Each cell-free extracr was a(=lied to The CSTrap FT column, and the column was washed vrlin a
standard buffer¥2@ fifLiNaH2 POUL1 Fa2P P04, 9501 CA Nad: ol . 29Thén, the fargeEGSI{fusion
'Grote' was 39-ejuted-wishran Elatiombuffer (50 ralk: 2Fhs-P:(01; 2:0mM gglostatbi one,DHSB:0) . The
elated fraction was SLngQQtquL{j) exchange-with the sta.ndard buffer hr ultrafiltration. The;solutions
tnus obtained were treated as nal punfled sambM es. [01291 35(Examp1e 101 Tblaly5| o affinity of
single-domaifVafianfs® 1643 ionocloRaFIgG-Fab = ¢ Thé Singte-domain Variamts obtainéd in
Example 9 were measuted for affinity far thetmaonaecloral:GgG<Mab by Riaccresinthe same=manner as.
ff. Example 7-7Q apalyze the changes gtthe 5 bindbhg:ability te lgG:hak; caused. by the intraduced.
m.:afaticnEm Here, only sensor grains “of the sing_e-comain variants at a protein concentration of 4 91
(at which the¥rd fa 4t'S ad “the samé alaorbance at 2644 nm) were oeterbineg, 10Hgs. 2 show the
resulting IgG{Fak: hinding sensorgrams. The proteins S."-lowed sugnificarc:ily reduced binding
responses 11 themonocTonalleg-Fabcompared.with-thm of 6-G29,4: 1d (Cemparatlife Example 3)
and theu;responses were reauced to undetectable levels. Thus, the mutations obtained in. the it
present invention were found to reduce toe Fab blndlng ability, Here, since the responses were
reduced_ to undetectabte Tevels théir affinity constarits v&é?eﬁf@tréélﬁjlétetﬁ TOmE TR MuRafmpme 21
Evaluation otanKamti resistancerer=6-6429}£5331::Erch 20 C-G29164/533EpEdsahtained:inExample
4 was evaluaje% fgt alkall reslrsglan(,;a@éggmgarmd%gga§gs n gh;ab.1 @Mam%@tggénel;uman IgG
(remaining bmdlng act|V|ty to the human TgEP before and after incubation under alkaline conditions
for a pmedetEfimbBréd peripdr2s -1 18 peeifically, tHeBindy amotnt6fEEG284/53M Efritothe
humanilgG was=meéasured=using the Blecoren3000ubefore and after arcalkalctreatmentatnithe alkali
treatmpnt, to a,26.2 pit;s amp-le«of the protein 1: k Oyt w.as adged ace-frail: amount CC 0.627

|Mwl

(isopropyl-1l-thio-B-D-galactoside) was added to a fina
itration of 0.1 mM, followed by further culturing at 37°C

I i}
r 18 hours. After the culturing, cells were collected by
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cell-free extract was applied to the GSTrap FF coclumn, and the
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column was washed with a standard buffer (20 mM NaH-PO,~Na- HPO,
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30 M WaC64 to a finai concentration of 0.5 M. The bixture was incubated for 8 hours at 30C
Subsequently, (-4..3 HC1 (in a certain amount that had been confirmed to neutfafHze the pH) was
added to the treated solution to neutralize the solutkon. The solution was then diluted to 1/2 in a
running Puffer (20 35in NaH2PO4-Na2HPO4, 150 in NaC1, 0.005% 2-20, pH 7.4), In this manner, a
C-E29AES33E.5d solution after the alkali treatment was prepared. In order to achieve the sarce
protein concentration and the same solution ock-positios as those of the above setkLik' 5a.
C-1129A/533:-5.:d soluteon before the alkali treatment was preparedbypreparino amixedsolutionof
theNaOH solutian vised 4or the@lkalictreatment and the HCI solution used for the neutralization
treatment in advance; and adding.the mixed solution-to-a 26:2-p2 sample 0£:6-G29A/33311-5d. (10
PpIE 10 Preparation of a sensor chip (e.g. im=t1lization of the. h n ImG), the running buffer used for
the measurefient, thé meadsurbrrent %é’r?ﬁpLe?éﬁtUT%?aIﬁa‘fﬁé ”’Fé)g‘eal:i{;r%%iﬁw%)gaﬁﬁeﬁf of tTfe;Egcﬁip were
the same as thosesinExamples?. Each. of thee09529A/333E S solitionshefore aifd after thealka. 1.
treatment 15was:added onithe sensarghip:-at a flowsate ©f20:plfmdisfor-250rseconds; A bindino.
reaction sensorgram was then sequentially plotted during the addition (binding_phase, 150 seconds)
and after theré%%el’}ti’ong(%fs\éoséiélf‘fogrfSﬁﬁgé%lﬁb e&:%n%gf S%,lgl%plz% A0 l?r%mlis%is%\(as
conchisted irfthe isaiie AvdriRR a5 Exanple’s. e an additiond Thidirétation of thid obtaim.ed
binding :parameterssle provided<:nethisanalysis, therprotein eondentrations of the sclE2tins before and
after the alkali @?BtB%atment were the same, but the concentrations oi the protein having bindrnd
activity to the human IgG were different from each. other. However, Siﬁndgemfirtin imEXxii6g the
concentratHon as a vatied-1¢ 4F difficulf each tonceRtration. Was considered %5‘ be'the same before
and after the treatment sinrthe fitttyrg 30apalysis: 4n this case; el dontentration differérce of the
protein having;h-Ending activity t%%@tﬁi@'@%ﬁ%&m@@mmgt Re?. whichds the;MaXiffillL
binding. capacity. Therefore, the alkalH ress,istan(:de of 0-0.29.7ed5337-5d was evaluated _ by |
calc'ElatincT and Gomparing the réiative valL. . ae or 30 theafter the alkall treatment to the R,,:before
the alkali treatmierit{remaihing. TG Iindintractivity I€73gtations obtained in the

B

15 present invention were found to reduce the Fab binding abilit
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Here, since the responses were reduced to undetectable levels,
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to the human IgG (remaining binding activity to the human IgG)
before and after incubation under alkaline conditions for a
predetermined period.
[0132]

N

: \ 7 1 : 3 - T £ 207 /2T B+ ar=
Specifically, the binding amount of C-GZ9A/S33E.5d to the

[N
(@3]

human IgG was measured using the Biacore 3000 before and after

M NaOH to a final concentration of 0.5 M. The mixture was

()
<

incubated for § hours at 30°C. Subsequently, 0.5 M HCL (in a

in amount that had been confirmed to neutralize the pH)

cert

W

was added to the treated solution to neutralize the solution.
The solution was then diluted to 1/2 in a running buffer

(
35 mM NaH,P0,-Na,HPO,;, 150 mM NaCl, 0.005% P-20, pH 7.4). In this



C-029-21.56.1 (Cpci,paatVe. Exampde -1.H had a 2 Crt a Ming bindino cxx_iv ' Ly after the alkali.
treatment of EE:5.4%, whereas _ C-C29A/333E.5d had a rematnidg I1gG binding activity after the alkali
treatment. of 85.5%, The results demonstrate that thie: Tri 12 til t 14 014 in the present invent isn can
produce the EP:Pact Wirhort sacrificing excellent alkali resistance of C-G.29A. ri.-.113nj 1CPExample
12] Pre'carationi of affinity separation matrices vni_Lh obtadned. proteins (11Pand5; itcrcr.olo.ii H sed.
thereon nity separation matrix (1): melth.acrylate polymer-based AS a water-insoluble base materi.al,
a commercial activated filler for affinity chromatoPcan,hv "cininPEAHJ, 15 71.1.1HFpcmy1-650Y."
(Tosoni Corrperatz; :on)avas Ggéd. Fnds-filler was a methaeiviate pcjymer-based filleralready bearing
fccrwl grip-tips-for im=tiliHation of a piLeinic ligand. The final purified sample of (C -G29A /333E .
SoHATH.,:iiicedL :ic:EEXngLOIg 4 was used iicand and Tiﬂmmqpiligsgdﬁto jgl\g%agre#qﬁ;m'tgg,epg;[\ation
TC,matrix (1) . [0136] ~ ~* “More Spécificaiiv, 5 Tr.1 of ire fH 11 er was scioected To exchange with a.
citric acid bufférs(0:25'Pi s YHSHdI™L L $hled érdte dihvidtate) P13 920 adijiisted with Nx01-1) eh-a class
filcher, and 25 the wolumerwas.inereased{o 7:5 bk in eeetet in zcextrifugekuba.cto-thisswas added
0.64 IT |, of the C-C.29A/533E .5d-contain-icg. ion (64. ircl) , and the ‘cesultthn,..yTixtn=ogas
shaker' with & TA X ro(%téﬁl’[)(vl\/l& ﬁ(“)‘“l%% ?\/IC‘R‘-HS9 ig%%téfé%u@é%gt%écf%?ﬁﬁ%%,)ﬂ E) a0 %jg%gr%a(hours.
Subsequently, the isktare Was adjustéd &€, B30 3'With 4 2,4 M-éitriccacid 8gtedds soltbsion and
contAxu:pusivshaken at 6C:for: 4 thours Ehen, 2.8 mlvefa5,5%nby weigh: dimethylanix<e borane
aqueous sclut? = (Wako Pure Chemical,\hdustries, Ltd.)was added thereto, and the resnaffing
mixture was shaken at 257). for 18 hours. The thus prepared carrier was 35 washed on.a glass filter
with RO Water Uttif fiie-electric- 46 Tonddctiviimy of the a%i]i%[?ﬁtratédfén t0'5°1,13/07. 0r 188s. In this
manner, the affidity selfaratiof matfx was farefaredd,0137] AffinitysseparatHontmatrixs(2): ofosselhked
agamose-baesed: ; r .1 A8 @ Watefrensolf-ble-base mnaterial,-a cammer-Nak Fily pxepaeked activated.
opium "Hitrap MES gﬁg}tj\éatgd HIZ"L&GE Mee_lthcgée, Jygpg:n,ﬁvyyqas‘ gse;d_ 'I;h;i\swgciumfi%wgs a cross
~1Hnbed agarose -baséd collimn alfeady hearing NEnvdroxysuccinimide (NriS) groups for
|n“nobncaﬁn@ﬁ@@%ﬁﬁﬁ@ﬁﬁﬁﬁﬁj@ﬁ@pTﬁ@ns before and after the alkall treatment
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The analysis was conducted in the same manner as 1in
tnl I o b — 3L e S - - 4 Eo L de 1
Example 5. Here, an additional interpretation of the ob
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binding parameters is provided. In this analysis, the pr
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30 analysis. In this case, the concentration difference of the
protein having binding activity to IgG is reflected on
arameter Rp.., which 1s the maximum binding capacity.
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10 final puriMiad sample of C-129A/333E5.4d obtained in Example 4 was riser as a tioand and
immonflffea in accordance generally with the frbeffot manual to prepare affinity separation matrix (2).
[013) 572Ecre specifically, the final purified sample was diluted to a final concentration of about 4
mqg/m1, id a eoutf'ng buffer ( C .2 H sodium cartoonate,51'.1.1NaoL p H 83) to prepare! a sample
diluted. vofution (1 7.12, . The. 12 0 0 e CEE fe of allowing 2 ml, of mM HfE).. cooleH in an ,ce bath to
flow through the COJUME at a 20 flow rate of 1 millmin was caffbeya oNL three Limes to feffefe
isopropano-11. Hn the column. Then, 1 PET OE the sample diluted solution prepared above was
immediately added-atthe sanseflow’rate. THe tonland bottemioffhll column were sealed, and the
column was thanieft an rest at 25 Orfor 20 minutes. In. this 25 manner, the obtained pmmteid was
immobilized on the colufffe. T hgreag‘;e{ghtybﬂercﬂofﬂlqmg vgaysp_fg}ggr)hedq, \ang;% mi of Laggngg!igg buffer was
allowed to flow therethr=gh at fhb same flow rate to recoveftmorfteciprotein- Next, tha procedure. of
ailoweng 2 mil'6f& Blecking buffer (05 MefifTHlamire: 0.5 M NdCT: 0N 308.3) to flewthrcugh the.
column was carded xpopi\ three ftHfew; and-therprocedure of alio-wine 2tmivafra; washing buffer.
acetic acid, 0.5 M.NaC1, plt41.1)) to Cow therethfough was alsg carrieo, ut three times. Einally, 2
1EL of a standard buffer (20 mM Nal:HP/al -NaLHPO4, 150 mNNaC.1, p.11 7.4) was allowed to flow
3f5therethredigh: Thuslthe f* réparation of the’affonity: “7'sebaration cofumn was coffileted: Affrity
separation matrix.,{3:LEcellulec;ceThaefleiz Asal waterdnsdlableshase maf:eéta-,,oarnercUal.
GA3-filtration fil,en iCelluicf2ne GCL-2000-m" (T.h.r7so Corp.ration) was used_ This filler was a
cross-linhed rjgolgggs gekir ose-based jiﬁ[le_r.;l’heﬁfin@lcgurifi%_evg §qmtapJQ of 7-n%€2@/§§3§-q5qibgalned in
Examcple 4 was Gs8d.“as 4 lig-and ‘ahd Hmodicoloillsed po orepare affinity setfaration matrix (3),
13)[0140 Morerspecifically pp ofthesfiller Was sibjectad i exélarye-With accitric acid bufferM
tTUsadJum: gitrate.delhvdrate-gitrie acig monehydraT 3g; 7833i-3)101 a glass Jitter-([1 26-2 available
ITr=701:-, and the f|lﬂg volume gv}a_sﬁlpl%rg{%%ed’ :

a water Te base material,

commercial

o

activated filler for affinity chromatography "TOYOPEARL
15 AF-Formyl-650M" (Tosoh Corporation) was used. This filler was
a methacrylate polymer-based filler already bearing formyl

groups for immobilization of a proteini

C
purified sample of C-G29%A/S33E.5d obtained in Example 4 was used
S lig

and and immobilized to prepare affinity separation

20 matrix (1.
[0136]
More specifically, 5 mL of the filler was subjected to
exchange with a citric acid buffer (0.25 M trisodium citrate
dihydrate, pH 9.0 adjusted with NaOH) on a glass filter, and

25 the volume was increased to 7.5 ml in total in a centrifuge tube.
To this was added 0.64 mL of the C-G2UA/S33E.5d-containing
solution (64.6mg/mL), and the resultingmixture was shaken with
a mix rotor (MIX ROTOR MR-3 1-336-05 available from AZONE) at
6°C for 4 nours Subsequently, the mixture was adjusted to pH

30 3 with a 2.4 M citric acid agueous solution and continuously
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was shaken at 25°C for 18 hours. The thus prepared carrier was
a

ss filter with RO water until the electric
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13 to 18 it in a. centrolfuge tube. To this. was added 6 ri of an aqueous solution containing 0.03 g of
SOdiLITi 7),=r.nDdate *-Jakc. Pure Chemical Industries, Ltd.) dissolved in P1:0 water, and the
resuleing m.Txure was shaken with a mix rotor (H IX ROTOR 1-33E-05 from 1310302..) at 6C for
ah...ut 30 milTutes. The thus 20 prepared product was. waoshedcoi a glass filteo 33.3h a sufficient
amount of RO water:, Thereby providing. a carrier boaring forryl groups. [G1411 Then, 5 rti, of the fo
-my-, group -bearing carrier was 233subjected to exchange with a citric. acid buffer (0.25 trrsodi.um
citrate dhydrate, oh 3.0 adjusted with Na.013.1) on a glass filter, and the volume was increased to 8.5
mn in total. cancent=irfuge tube;Te thisawds added C.64emi of the C-CO2IAIS33E.36-onteinHeg
solution (64.6: mg/%13), and.the 30-mixture- was-adjusted-topH 12:with-0:4 H-NaOH-and: then shaken

with the nix rot rg;m@(: for 4 hours. Subsequently, the resulting mixture was adjusted to pH 3 wiTh a

! i
e

2.4 H citric acid agueous solution (citric acid mch.ohydrate3) and. rhen continuously shacren at 6C for
4 hours. Sub&éduentlyy 2:8:35 bf 4 5:5% by weOght diméethviahthe hetané a6)iedts solifion was 4t8
added thereto, and thesTeesuz Lting ITkxture wasrshaken at 2bC-for is:heurs-khe-has precared carrier
was washed on.a glass filter. with PC)water until the electri.c conductivity s the.. , Tasining filiracte
fell to 5 uS/em orﬁessﬁn this manner, the afﬁnlty seoannat.ion matrix was prepared. Arfnitv
sepaidtion. migriik (@) cefluloseasedZS “=§5 s a WaterSnsollible"Casé ateriai, Crystalfiie highly
crosseuTkedH=2111440s= {gel available feani€hissoCorporati="1Cydisclogeddrn LhSirRatent No.
(006211.0 (JR,2009-242770.A)) was; used, The final purified sample of 2-5291/533E; 80d-obtained in

P.xamule 4 was usea as a ii and and imffﬁobilized to gg%rlgtyz_sepgration matrix 4). . Maore
[ ith'a Ci

v A rya e 11T T T Ty -~ — G OO T a0 R =l LQQ .
specifically, Z2mifof the ‘get was sibjedtedto exchan ric arid butfer (0,01 ¥ tisoddion, citrate
ditydrate-cittriczacid vachelydrate pHIB) onela ntasstiTiir ahdithesfiuid VE&:1ce was increased to 18 in
a centrifuge tybe To:this\was added:6,nti of an ag-eeus solution-containing €08 g:ofsodium
Del:iodate dissdiud in RO water, and the resulting 20 mCHiurewas shaken with the mix rottycat 6C.,for
about 30 nThues. 101/.1R-, Then, 5 ni of this form71 uroup-oearing cart Her was subjected to
exchange with%a éitric acid buffer (0.25 M trisodium. citrate dihydratey pH. 8.0 adjusted. with Na011 on
a glassi=Hlier, and. the velupe was; inereased to=3:5 Mt indanalf i ed sample was diluted

o a final concentration of about ¢ mg/mlL in a coupling buffer
(0.2 M sodium carbonate, 0.5 MNaCl, pH 8.3) to prepare a sample
diluted solution (1 mL). The procedure of allowing Z mL of 1
mM HC1 cooled in an ice bath to flow through the cclumn at a

fiow rate of 1 mlL/min was carried out three times to remove

BO
O

isopropanocl in the column. Then, 1 mL of the sample di

solution prepared above was immediately added at the same flow

rate. The top and bottom of the column were sealed, and the
1

gt

1 E ) o~ [ T 4 (S NSy 2y L o~ - A e e
column was then left at rest at 25°C for 20 minutes. In this
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Thereafter, the column was opened, and 3 ml of the coupling

e
ruffer was allowed to flow therethrough at

(ad
<

f allowing 2 mL of a washing buffer (0.1 I
o

zcetic acid, 0.5 M NaCl, pH 4.0) t r
carried out three times Finally, 2 mL of a standard buffer
(20 mM NaH-PO,~NaHPO,, 150 mM NaCl, oH 7.4} was allowed to flow

[P g gy



in a centrliiige tube. To this was added 0.96 ml, of the C-229A1533E.5d-contaihnng solution (64,6
mg/nl) obtained Examcie 4, and the mixture was adjustec to pH 12 with 0.4 N NaCH and then shaken
with the mix rotor at 6C for 1 hours. Subsequently, the resultinu mixture was adjusted to pH 5 with
a 2.4 M citric acid agueous solution (citric acid monohydrate) and then continuously shaken at EttC for
4 hours. Subsequently, C.46 FL of a 5.5% ty weight dimethylianlne borane aqueous solution was
added thereto, anonhe resulting mixture 35was shaken. at 25C for 18 hours, After the reaction, the 49
reaction solut.i or was ineE s urea' for acsofcance at :fle aloschptmor, maximum around 275 --c.. The
result. reveatedbFhatti-tleramountrof @2G29A233E-5d! introduced was 11 mg/mi.-gel, and she w'e'Rh'.,
of the ligand inebilized on :hie carrier was 90%. [0144A This carrier was washed on a glass filter
with PG watgr;gr_?til :\theyelqec_tric_qur!du‘wh_ivjtyrqf ;ghg y\(a_shicn& fjl;ra’;estp_%uasslfgm or less. Then, the carrier
was further was

¢ - Mreitric-acid;-acueotis solution (citfic acicimonchiydrate), 10 a schiTh
hydrox'cielsodiui shifate mixtwre aquesas selutioR2(0).05: NS Naelj,; 05 MPSadiht sulfate), and a citric
acic, buffer £..5D=krHsodiume-Thrate-dihydhate-citsfc:acid oonehydrate,:DH 60 dm this order. Finally,

the carrier was washed, with NO watter,unfi-ine eiectric con=ctivaty. ol the washig fiteate fell Ifto 5
-45/07 or less. i t%I_S manner, tﬁe :;ﬁ?ﬁnjty separation matrix was prepared. [01451 This affinity
separation. Matrix-(4) Wasmeasurer:- H accordatice with the Hrethod- desctibed’ in WC) 2010/06==27
to 20 deter:finedbe madscry3tiscapacflyifor anianthibodyand4hezamoantt 2 figandleakage: The 54
dOG values af contact times of 1.8 minutes and.3,minutes were 33.and- 41,mg/mL, respectively, and
the amount of ligand leakage was 30 ppm relative to eluted. lot. Here, :he corresponding 5ff /01.03C
values'df a cornmercial hi ghly cross-linked agarose carrier "MabSelecf" (GE Healthcare
Ploschen.c,"): meastred: under thel sarme conditiors weré 28 and 27 mBAT 13 hese)(-jth Hve10. Pg.
3 shows a graphfor,cemparing the 0;6 6BC values: Theramounts of ilgand deakage-of:=tmehria affinity

separation matrices have b.),),) reporte i[_)L a known uttg'-:-ratuggzq (Tﬁia%.rj,lél&ﬁel,sgl.,f"gq Chromatogf.
Tx.", 20086, TOflﬁylo;fgz,vppC._”’Z‘Z‘f:_st:f)f A(g Jescribed %%QSé,Fthé affinity separation matrix. (4) obtained
.1)-1 this example-was feund:to' have performance pararfieters important for‘antibody drag Purification
at levels;sufficientfor.practical use.35{G146] tube. To this was added € ml of an
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thereby providing a carrier bearing formyl

)
=
O
o
o
[wi
O
1y
s
O
=
&
ot
¢}
[
ot

Bag 1 . I
ormy. group

ko]
|
0]
[©]
W
[
f_l
o]
&}
O
W
i
=
}r
[
[
=
Q
U.

Then, 5 ml of the

subjected to exchange with a citric acid buffer (0.25 M

[N
(82

P

trisodium citrate dihydrate, pH 8.0 adjusted with ]

ter, and the volume was increased to 8.5 mL in f

C-G29A/S33E.5d-containing solution (64.6 mg/ml), and the

17

djusted to pH 1Z with 0.4 M NaOH
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C for 4 hours. Subseguently, the
4

resulting mixture was adjusted to pH 3 with a 2.4 1

aqueous solution (citric acid monohydrate) and then

continuously shaken at 6°C for 4 hours. Subsequently, 2.8 mL
u

dimethylamine borane agueous sol
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'HU [Example 13( Evaluation of antibody elution_ broper8Hee 0.f matrices,: wnth acid Ar. empty
column Tricorn.' .5/50 Ceiryn (Gm b828,21t1-878-et, Japan.; was filiculwltH each. etf the aftinitv
separationmatrices 3.(1) to (4) prepared In Example £2, and the column was connected to a
chiboTamo system. AKTn oriene plus ((.2E teaitfloare, japan) to evaluate the antibody elution
properties in the acidic condition by antibody bunif=ation chromatoaraohy. Here, the affenitv
secatat(on matrix (2), which was a pre:packed column, could be nonneeted as it was. All the columns
Lad a volume. of about. 1 bdinter equilibration of each affinity separation dolls= with .1,1 standard
buffer (20 ma({r; Naddie04NauhkiPth; fitifl Nan; piu 79 4)500:pk, of:a EirdB3M.I5 Soltion 6ftieryegtin
(humanized Tronacional (lg(C.;-drug ef the-7E3;subfamil y).in the-shandard buff ek <15 i\WaS-apoed

gl W S o,

thereto at a flow rate of 2 (7,!/71.1r- Subsecuently, the column was washed with Unil. of.the standard
buffer "lowing at the Sare fiow F‘a‘t(‘i:',:Z‘fincil‘fﬁerelS Uer¥d6 of an %IU%E)ﬁ’bLu\?féayzf%uSy;,Z'/Yl i % L o
OH3C0.8H-0H2C0CNa, {SDH 35)wias /also @ppdivet to friinw therethxotgh at the®samé flow rare.
Durina this period,-ebb 20 abserbanceat 28041t was.monitored vo determiHe a chrenatogralchi.c.
profile of an 'IEQG ﬁeél.ption peak. Continuously, 5 ml), of the standard buffer was allowed to f)ow
therethregn a:” the same flow rarer arid then Ural, gra strona washing soli...it-ft:2- (0,1 M 0H3(12:818H,
0.1 M N.a.228041f1 1 2 5)5kad alsollolat: to-flow 88 afthe samé fidw fate.During this period, the
absorbance at 280 npswassmanitored to determine aspeak ef-forciblyseparated g6 hwhith had been
(28 21 C18C0ONACHED 00M, M Nasl (1121 3.2), mas Lsedl 307he aftinity separation matrces

m.2 C a- 0,00 Nael (11:21 3. s used_ 30The affinity separation matrices
(1) 110-(3) wére evalaated-for antibody éﬁﬂ?%nl\gr()pﬁggs? fnﬁthiugc%%%r%%t?jn/ﬁy ‘carryint-out
antibodypurification critomatogeabny: with ‘@rrelution suffer adjasted/ topH.-3.75°n the 3afMe tanner as
described abpye{014.71 25 used as a ligandddnd immobilized to prepare

More specifically, 12 mL of the gel was subjected to
15 exchange with a citric acid buffer (0.01 M trisodium citrate
yar te

20
25
ol
and then shaken with the mix rotor at 6°C for 4 hours.
30 Subseguently, the resulting mixture was adjusted to pH

2.4 M citric acid agueous solution (citric acid
monohydrate) and then continuously shaken at 6°C for 4 hours.
Subsequently, 0.46 mL of a 5.5% by weight dimethylamine borane
agqueous solution was added thereto, and the resulting mixture

was shaken at 25°C for 18 hours. After the reaction, the

(V]
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Antibody elution procerclesh acid of affinity separatior matrix (1) rHOF. 4 show grail; hs on which.
elution peak profiles obtained hr antibody orcation chrb=tograt,thy using the affinity separation matrix
rT..) with. C-C29.,1j533E -5d or with C-Ck9A.5c, (Cemparative Examb5e 1) immobijilced instead are
sucerrmcosed. The upper graph shows elution peak profiles obtained at. an elution on of 3.5, and the
lower graph shows elution peak prcf'Tes obtained at a.n elution pH of 3.75. shown in Figs, 4, the
elution peak profiles obtained using the matrix with, 17-222A/333E-5d. imiclailicepthereon were
aLfentihy sharper than those obtained using the matrix with C.-C25.A.5P immobilized thereon, krem
one elution peak profiles=atlarelutionspHrek3.75¢it Was demonstrated thatirecovenrefltiGors
adsorbed on,C-G29A'5d, which ceresr,onds:te a-protein before intrsdc. 2-01:1-0tthe mutation, was
difficult hut 79G adsorbed an ;C629“21§32AI§35d Which corresponds to a protein afterintroduction
OIL Title mutafion; EOUT ine, 4l rééovered; kik §mar be one examplé showHibs, that the present
lltvebtion cart 2@ drastically. ‘enha=ie thecantiPody recoveéryirate itfthepresice of an acj]dic scluticm.
closer to;neurral, {748 ThatCbcdyv elution properties of affin ty separation matrix h2) with acid

Figs. 5 show d_raphs on _y\éhigg rei%tiop %eask Ms:;oj'}lgs og@igeg by @t@gggepyrjfgigggogcctygg@ography
using the affinity sebarati= matrix &) with C-G?QA?533E-40” or with C-EI9A,4d1,"omparative Example
2) i.imnobC. krzed-instéad afs supetiifposed Likéwise, as Seen iffthe case of thé affnity diseparation
rsaerxtheelutienpeakptofilesrobtairned. usire, the-matrix with xC~62955 Adiimmobilized therecT, were
apparenty sharpe tian those abtained ysing.the matibowit, G- G2APe Addmatiizar thereon. The
obtained data demonstrated thatprotein of the present. invention can produce the effect 35 reqardless
of the tyPe ofthetase of She Water-solible"base" midterial; the fmmoHh T fationmethod of the
lagand on the bagé rifaterildiand the=riser bf domalins ofthe protein selmwingas:d ligange {01491
JA.mitibody elution poperties-of affinity sepgrh(maty x(3): with-acid. a1 4 Figsc6 -shewgransion which
elubion teak profiles obtained by antbgbgy oJf:ff@_cgghon chromenog@irqggigﬁ ;[:Qe %i@igt%%paration

AR Al e e, Finally Carr1ler was was!
magh'x (3) with 1-129A7833E-Sd or with™~ >
until the electric conductivity of the washing filtrate fell
15 to 5 uS/cm less. In this manner, the affinity separation

or
matrix was prepared.

This affinity separation matrix (4) was measured in

accordance with the method described in WO 2010/064437 to
pacity for an antibody and the amount
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kage. The 5% dBC values at contact times

T3 43 3. ol
mnere, The Corresponalng o%

cross—linked agarose carrier "MabSelect™ (GE Healthcare

(]
w

Rioscience) measured under the same conditions were 28 and 37

mg/ml, respectively. Fig. 3 shows a graph
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10 1-329P"Ehi (Comparative Emamcgic 1) 'mobilized instead are simderimpcpsed. It was shown that
the clot ion peak profhles obtained. using he matrix with 1-32921/323E.56 immobilized thereon were
appahentiv sharper than those cbgiaihed usgng theamatrix with 1-1)2921.5d ihtme.bilized Iherechh
The obtained data dempgsbrated that the protein of the present invention can produce a better effecu
when a base material witt. excellent antibody eiutior. properties (sharp elution) is used in combination.
(9).ClI] 29lammibodx,7 El tion properties of alllhnily sepahailon mdlhix (4) with acid Fig. 7 shows
an elution peak profile eiihmtion pE: 3.5) obtained by antibody purification chromatography using the
affinity seriaraZionrratrix (Z1) Wit az. ‘G {2.229e9/SECE.B3d dmntobilized thereoit: Tringan industrial point.
ofview, a need-for matrices baving a-high-antibedy-binding ga@Qacitm is large. Increase in amount
of imimohilizeoT Iigag@s ieswéffwegtiyg 1o Q;gheg§p Lb,%zangit/)g\gy zbdrding cgpwacgg,g{q%ggtagned data
demon strata that thé present invention can b“rc?guic'e%thé effect without 30 causing any problems evbn
when the amouRt6f .A=AmMiIRMMZTHed proteinsds high. f01511{Comparative ExarableProparazion
ftnd usb=of 'T1-329E.Ed) -G291:5e {SEQHD-NeM28) was prepared-usmng theshhox-baant=eel Is
chta*ned in Eega@pé%M&%@%S@%@Mﬁ@%?%@ Examples:3 tel. The adckinities for the human
TaS and she monoclonal lot-halo were analysed in the same manner as in Examples id and 7, and the
analysis resuft&are Zaiso ‘shewa'in Eabies T and-2[C527° - The dikali résistarcewas aoso
evaluated in thexsamémannes as i Example 171} Additionallyy. 0-229.3davas used ¢nsteatd e

for.reparasion of 11.11;.:3affinity separation-matrices and ¥3) ilExampleLl?; and-thesesulting
matrices were evgluated 10for anmibody elutlonqprongrqegjn she @Ejgl(:s congtltlé)n‘lcr)utbg1 same manned
LU e onpecTe A3, 10 WabSe. Aal The C01UGH GG VO LUume OL .
asiIn Exampfé‘:’r&dl'hf réStitsare als6 Showr in Tics. 4 and'6. Here, the sofutions used for preparation
of the about 1 mL. ZAfter eguilibration of each affinity separation
columnwith a standardbuffer (20 mM NaH,PO,~Na HPO,, 150 mM NaCl,
pH 7.4), 500 uL of a 1 mg/mlL sclution of herceptin (humanized
monoclonal IgG drug of the VH3 subfamily) in the standard buffer

a
added thereto at a flow rate of 2 mL/min. Subseguently,

[
(@3]
b3
Q3

at the same flow rate, and then 5 mL of an elution buifer (35
mM CH:COOH~-CH;COONa, pH 3.5) was also allowed to flow
therethrough at the same flow rate During this period, the
20 absorbance at 280 nm was monitored to determine &
chromatographic profile of an IgG elution peak Continucusly,

[N
(@3}
Q)
ot

H Z
the same flow rate. During this period, the absorbance at
e

280 nm was monitored to determine a peak of forcibly separated
IgG which had been still present in the column. Here, only for
the affinity separation matrix (2), a strong washing solution
(20 mM CH:COONa-CH:COOH, 1M NaCl (pH 3.2)) was used.

30 'he affinity separation matrices (1) to (3) were
evaluated for antibody elution properties in the acidic

v
2

i
il
O

matography

€

€6

c r
with an elution buffer adjusted to pH 3.75 in the same manner



affinity separation matrices (1) and (3) had a. protein concentration oa 58.2 mg/mJa. and the used
amcsint was 1.79 :01531 LCoinparative Example 2] Preparation and use of C-229A.4d. An
expression plasmid for 0-029A. 4d and traneformantcells obtained using the olasmdd were Prepared
using the expression piss:rid 3NK3262-0E-3:29.5d obtained in Exam:Tile , as 20.a template and the
olidenucleoticieg.rimieas o fop,n I: Nos H66. and 67 in the same manner as in Example 2.
C-G.2.9A-4.a. wasprepared in The same manner as in Examples 2 to I. 0-1329A. 4d was used instead
for preparation of the affinity separation matrix Y2) in Exisndie 12, and the: 303-ialtHnd matr-ix 25 was
evaluated forfariolbodiyefetion propertiessn thesacidic-conditich i te' same hiafférdsiin Example 13.
The results are also.shown in Figs. 5. [0154] [Coaparative Example 31 Preparation of C-G29A.1d
3530-229A.1d was prepared using the yansformant cells (1374101) containing the demplate dlasmid
used. in Example 11 in the’same manner as in Example 9, and the affinity for: the _ B
=nocironaligGYabweasanalyzetinthésamemannerasinExa7:31e 16."THe ahalysisTestits-are also
snown irs Figs-f2.1 €1 MS &laim-Apl oteinaavinan affi ccimerl. Singzaikadinilactd . Ldrsequence 5
OThEil 'no acid sequenge derived fromselected from E;6 and,C.domains of Rrotein A of SEQ ID Nos:

d one amino acio. substitution ao any one or :more ot amino acid residies at positions 31 to) 37 of the
'‘A., P. and C THTEHIBRING acid 1& stdites at 90&kions 29'Ho 35 Of the E domaif, and amino acid
residues at 0051605:34 te 10-0f thé A-domain; 2oToteiry havinca fowerlaffinityair Bab région an
i.m:nunoglocukin:than aprooelinbeforedintroductionsotthe-suhstituiion- The regelt . 75.  2s

- o

10 shown in Figs. 4, the elution peak profiles obtained using the

3E.5d immobilized thereon were apparently

3
se obtained using the matrix with C-GZSA.5d

immobilized thereon. From the elution peak profiles at an
elution pH of 3.75, it was demonstrated that recovery of IgG
15 adsorbed on C-G294.5d, which corresponds to a protein before

introduction of the mutation, was difficult but IgG adsorbed
on C-G29A/S33E.5d, which corresponds to a protein after

dbe all recovered. This may
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immobilized thereon. The obtained data demonstrated
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t the protein of the present invention can produce the effect
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egardless of the type of the base of the water-insoluble base

(9]
n
=



s.iherein the amino aci.d seciotehog derived from at leas.- domain before fntroducni.or. of the
subs:nit:ion is any of amino sequences of the E, D, r 2 and C domains of Protein A of SEQ | 5i 5
os: | to 5 and amino acla sequences ci SE1Q ID -tofeom the&ins of Protein Claim |.Ta proteing noid 1
or isiherein the amino acid. sequence derived, from at lea2t. one 1 le introdr ct ion of the subs:tit:it
sinamino solo of the C domain of Protein A of SEQ. IS No:5 or an agtno so:tce o SEQ
IDNo:tfrom that domain of Protein !Dia im 1,The prc:teinECTOC -ding so any one of claims It

-the domain: of the amino acid segue:floe introduction of the substidutH on co-morise.sSer as an
am-no acid resit:toeied tiresistonato positioatiseOn el VS, as aaming acme ! resiluesdires
condin to position.,35,0f ohe C..domain, Asp as-anaming acid residug correspondingitopasition. 3536
of the C domain, or Ass as an. amino acid residue corresponding to cosifian 37 of the C domain.
Claim O.prot5m5ﬁ$é?%d is a substitution of GLia, Lou or 5-hrcorrespondIA position 33 of the. C
domain, a s.ubsuitutio nof irro for Lys oorrasoond.ang to Pc' the C domain, a substitution of Arg orrlsp
core.sronnHng, 34108 the £ O:0fb000;cperties of affinity separation matrix (3)

Figs. 6 show graphs on which elution peak profiles
obtained by antibody purification chromatography using the
affinity separation matrix (3) with C-G29A/S33E.5d or with

10 C-G29A.5d (Comparative Example 1) immobilized instead are

n ppa

matriz with C-GZ9A.5d immobilized thereon The obtained data

15 demonstrated that the protein of the present invention can
produce a better effect when a base material with excellent
antibody elution properties (sharp elution) is used in
combination
[0150]

20 Antibody elution properties of affinity separation matrix {4

obtained by antibody purification chromatography using the

sfFfinity separationmatrix (4) with C-G28A/S23E.5d immebilized
o i - AT e A . £ &
25 thereon From an industrial point of view, a need for matrices

1

having a high antibody-binding capacity 1
e

v is
the amount of immobilized ligands is effective to increase the

antibody~binding capacity The obtained data demonstrated
that the present invention can produce the effect without
30 causing any problems even when the amount of immobilized
proteins 1s high
(0151]
[Comparative Example 1] Preparation and use of C-GZSA.5d
C-G2%R.5d (SEQ ID No:2
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a substi3Lution at Cu for, Ton-res

ponding t0 post:: the C domain. Claim 6ice protein aucordi w'herei n

the aTiflo acid sub o substitutionsp-nding to the C domain. domainor more protensaccoruingany one:

of claims | noconnected together.
connected _55different 25from on
55=135er of the protA-ill.net hc"
Claimaccording to claim ID

The-domain prot€in aucoruino to claim wrerern the proteins

e another. The Au_t_domain -,5)aoco;rdtio to claim 7 or 55e

A DNA enc-.ding the protein a000rcinc to any one 35

wherein licated ba-s a sequences each comprising the domain have

a segbene ldentity of not higher. than 90% to one anotThec. Clalm 12.A vector comprlsmg the ni..1A
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o r flibgurLA inansrOrmant which is. obtainable by transformation of a host with the vector acbrding to
12. 10 Claim 14.The transformant according to cgaim 13, wherein the host is a cram-positive
bacterium. The transfcrmant according to wherein th& gram.-positive bacterium is a: had_ergam of
Claim 16.The transfodmant accordinc to claim wherein the bacterium of Brevibaciiius is Cocci 133 cSu
choshir:'erlsis, Claim 17..74. method for producing the protein according to any one of claims 1 to 9,
the method comprising uLddc4rig. the transformant according to ary one of claims 13 to 16. or a
cell.dfnee protein syrthesis system using the DNA according to 25claim 10 or 11. Claim 18.The
production method according to claim 17, con:prisigis accur,ndlating the protein.

intracellularly and/or in a 30 periclasmic space of The transformant; and/or

__“u ******

ceddeting the Protein

extrcellularly jrpft The transfqrman;_ affII‘LI L Lgand aal carner,gle of awater - O| & %g&_l_QQfa ba. se

materia..1 on WﬁlCﬁ inis CI'S'[O’[I I zefjl

commrzs;ncg&z“”m.&;ac 1d seguence obtained by introducing, into
N ey .
e o o ~ e T~ P \ PR o
5 an amino acid sequence derived from at least one domain selected
3 -~ - . < = ™ T .
from E, D, A, B and C domains of Protein A cof SEQ ID Nos to

one amino acld substituti

&3]
93}
o oF

10 amino acid residues at positions 34 to 40 of the D domain,
: 3 Tl ag - Ty 4 =
the protein having a lower affinity for an Fab region of
an immunoglobulin than a protein before introduction of the
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25 sequence of the C domain of Protein A of SEQ ID No:5 or an amino
acid sequence of SEQ IDNo:10 derived fromthe Cdomain of Protein
A
Claim 4 The protein according to any one of claims 1 to 3,
30 wherein the domain of the amino acld seguence beiore

re
id residue corresponding to position

domain, Asp as an amino acid residue corresponding to posit

35 36 of the C domain, or Asp as an amino acid residue correspondil

n of the substitution comprises Ser as an amino acid

35 of the C
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ClaX93to senaration matrix =cc ir to claim 19,
Claim 21.The affinity seidasatio matrix aoco' 20, einysacide is csiluicse.
e.1l0rote.in of aT isx=ogioculis. separation ma- 55

jahmuncuichatlin is an immunoglobtalin C Of an inthinegichsalin derivative.

rein the watersansoluble base polymer Or avarchatide.

7 separation matrix binds to

in the protelh containing an Ec region of an

25Claim 24.ffir Sty

separation matrix accal-ding to any ore of ci.LIHmP 19 to 23 for sesgarataof a oroteincontaining an
Toon of an trutionogl bin in . Claim 25.The use t the9'accordS op ¢ 1 a lit 21, wherein the setaraxion of

a protein CO7taining an

to position 37 of the C domain
Claim 5 The protein according to any one of claims 1 to 4,
wherein the amino acid substitution to be introduced is
5 a substitution of Glu, Leu or Thr for Ser corresponding to
position 33 of the C domain,
a substitution of Arg for Lys corresponding to position
35 ¢f the C domain,
a substitution of Arg or Ile for Asp corresponding To

10  position 36 of the C domain, or

a substitution of Glu for Asp corresponding to position
37 of the C domain.
Claim ©. The protein according to claim 5,

15 wherein the amino acid substitution to be introduced is
a substitution of Glu for Ser corresponding to position 33 of
the C domain.

Claim 7. A multi-domain protein, comprising two or more

20 proteins according toe any one of claims 1 to 6, connected
together.

Claim 8. The multi-domain protein according to claim 7,
wherein the proteins connected together are different

25 from one another
Claim 0. The multi-domain protein according to claim 7 or
g,

wherein The number cof the proteins connected together is

30 2 to &

Claim 10. A DNA encoding the protein according to any cne of
claims 1 to 9
35 Claim 11 The DNA according to claim 10,

pri



region of an iturtsac.gicts21 in is aim.ed at Separating and recoverl no a protein oonsi..sting only of the
Fab region of imstutirsgiot,9 it

56

Ty T o« - P ™ by 34 - I e T
12. A vector comprising the DNA according to claim 10
> or 11
T 17 7 . o~ £ o~y R - e o i
Claim 13. A transformant which i1s obtainable by
e o £ 4 ~ o e T e y 4 o~ - - e Ty
Cranstormation ©f & noeost wilith the vector accorcing to 12

16 Claim 14. The transformant according to claim 13,
wherein the host 1s a2 gram-positive bacterium.
Claim 15 The transformant according to claim 14,
wherelin the gram-positive bacterium 1is a bacterium of
15 Brevibacillus.
Claim 16 The transformant according to claim 15,
wherein the bacterium of Brevibacillus is Brevibacillus
choshinensis.
20
Claim 17 Amethod for producing the protein according to any
one of claims 1 to 9, the method comprising utilizing the
transformant according to any one of claims 13 to 16, or a
cell~free protein synthesis system using the DNA according to
25 claim 10 or 11.
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