
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
Igen-canfaLning 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) (I2)" as a .ch.cirtmcal
hame.           Recent deveXogmen ts in genetic engineer-Mg, 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 nat.k a. ta.rget folecule than conventional pharmaceuticals, u.s.i
thereof Is expected to further reduce side effect a and to produce: higher Therapeutic                In fact,
these-tribute to impLovement in various di -ease condition 



: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 anlibodv, technigues using an adsorbing materi.a7 that
contains a ligand molecule capable of specifically bind' on to an entjhqHv (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))0 antibodies" refer to antibodies produ=1 by clones of a single antibedv-producing
cell. Almost ail antibody drus currently ava-'7a10...le on the markeq are classified into
imimanomlobo.Min (igG) scbcjasses based on their molecular structures. One wen-known example of
immunogiolpulin-binding proteins having 15affinities for 111qG antibodies. is Protein.A. Protein A is a
cell wall Protein produced. by the gram-qqcsitive bacterium Staphylococcus 3=TUS and contains a
signal sequence 3, five immune:globulin-binding domains (E domain, 0 domain, A domain, B domain
and CI domain) and a cell wall-anchoring domain: known. 20as XM region (Non. Patent Literature 1).
In the initial ourificaticm step (capturing step) in the process of antibody drug manufacture, affinity
chromatography c011:17,71s where Protein A is immobiLzed as a ligand on a water-insoluble carrier
(hereinafter, referred to as Protein A. columns) are 25 commonly used (Non Patent Literatures 1 to 3).
[0006]        'Various techniques for improving the performance of Protein. A columns have been
deveqoPedm Various technological developments in hoards have also beer. made. Initially, 30
wild-type Protein A has been used as a ligard, but currntly, recombinant Protein A altered by proteim
en.gineem-irr, is 



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 introducing a plurality of Lys mutations (Patent Literature 2) HQ uP-ed as a ligand. These
pechniques ::?re. effective in immobilization of licands on a water-insoluble 15 carrier and are
advantageous in terms of the antibody-bingthq capacity ofgcolumns and for reducing leakage of the
Immobilized ligands. rC009]        Another well-known technicue is using, as an engineerad
recombinant Frotein A ligand, an engineered domain obtained by introducing Imitation into the B
domain (this engineered domain Ls referred to as TI domaCnI (Non Parent IMPicmcatures r and. 4
and Patent Literature 3). Specifically, the. Z domain is an engineered domain containing a. substitution
of Ala for Orly at ugsgw_ron 29 of the B domain_ In. the 0 domain, a substfitugion of Val. for Ala at
position 1 of the B domain 4c, alse corh:ained, and this mutation is
intendedtofacilitategeneticengineering pre-garatior of a gena encoding multiple connecged domains
and doac= not affect the domain functions (for examoje, a variant. 30containing a substmtmtjon of
-1-1a. for Gal an position 1 of the. Z domain is used in an example of Patent Literature 4). [C.010T
The Z domain is known to be more alkali resistang than thP domain and has an advantage in rem she
of a column through T2%washing with. an alkaline solution having high. bactericidal and  cleansing. e
ieco . Patent Literetursand 6 disclose inventive ligan(,_ derived from the I domain, containing a
substitution of another amino. ac.id to a Asn in order to impart hiTher aliali resistance,aused for
industrial purposes. 



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 after the        (sure of the "G291;" mutation in 198G7
invrIve 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 having t     nentratHof ant ibod...es can he
recovered lasing less el uant. Recent developmentsHn.antibbrdvdrugmanufacturehae increased tho
cell culture production capacity beyond 10,000 liters per hatch, and in the oast few years the antibody
expression hasn improved up to nearly lOg/L (Non Patent Literature 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 for improvement fn order to recover an elaate navin 30 higher concentration of
antibodies by using less elaant.  on to the. I domain, enoinE, nds 



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 domains 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 to overcome _his disadvantage, we have exa71Ped a C domain variant containing a
slpstituaTion of 79Ia for Ply at position 29 for its antibody dissociation properties in the acidic condition.
The results have revealed that the antibody tends to 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 one mutittion which is known to cause an. antibody to readily dissociate from the
immunogJobulin-Pinding domains of Protein. A, a described 20 above. The "0529A"ffratacionthas the
above-mentionePadvapttages as well as ready lisscciaTion of an antibody, and further technical
'Tp9r566eme6t by mutations at pcsitions other than position 29 is demanded_ However, there are so
far no rePer'S of Imatations at positionp other than position 2; which enable 25readier dissociation of
an antibody, CITATTON LIST ETATENT TTTEPATU-92 1-001.51 36Patent Literature I:Patent No.
6399750 Patent Literature 2: JP 200T-252368 A PatcnL lilerature 3: T.S. Patent No. S143814 Patent
LiteratureJP 2006-304633 A Patent Literature 5: European Patent No. 1123389 35Literature 6: WO
053/080655 



Patent IH-erature 7: H.S. PubiTYpap'on No. 2006/9194956' NON PATENT LITERICRE n 16    Non
Patent Literature lx Heber S. at al., "7. flhxematorxr. 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 TECHNICAL PROBLEM 20[00171        An object of the present Invention is to create a
novel engieeered2rofeinieligandhavisx;betteranfibodydissoplation properties in the acidic condition
compared with known enJineered Protein A ligands, by introducing mutatior*s) at amino acid
resfdue(s) at pesitionKs) other than position 23. SOLUTION TO PROBLEM [GC151 The present
inventors constructed a large number of 50 recombinant Protein LA variant "oleo-dies containing
amino acid substitutions at positions other than position 29, recovered these varianta from
transformant cells by protein erxieneerine and Qsnatio eflireerifux techpips,xes, and examined and
compared the ace-ex-Liles of these variants. Consecuenfly, the present 



35inventors completed the present. invention.              chat-Mc:ill: the. ores en.t invenoion relates, to a
protein :inocscourn, I DOIUOT nq 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. One domain before introduction of the substitution. ls any of amire a:yid sequences. of the E,
Dr A, B and C domains or Protein A of SE.Q ID dos :1 t amino aci eqeenees of SE(I) ID dos :4. to 10
derived from' D,C domains of Protein A. [0021] ?refacid sel,riv .C from an least 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 sequence of of Protein A.         Preferably, the qomain of the amino acid sequence before
introductHon of the substitution. contains Ser as an amino acid residue corresponding to oosition 33 of
the C domain, u:7- as     aamino acid residue .rcrresconding 0.0 position 33 of the  domain, Aso as an
amino acid redue o.orresio coding to position 36 of the Cdomair or Asp as an amino acid residue
co.recueidiri. to position 31 of u.he C domain, [0023] 



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 Ile for Asp corresponding to posi then 36 of the C 0, 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. L0026? 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              The present invention further rel -7:,tES to a. -ANA ercoding 23 any one of these
proteins. 2 Ed         Preferably, in the DNA,base sequences each 2nciud6ng the domain have a
secuence identity of not 14gApher than 90% to one another. 25:0029.         he present invention
further re', am es no a vector containing The DNA. 00331        The present invention further relates to
a transformunf which is efhainable by transformation of a host with tne vector [006,1 I         Preferably,
the host for the transform:ant is grammpositive bacterium. 



[30321 35The pram-positive bacterium is preferatly a hacterigr. of  9 RTaT4baci}lus and the
bacterTam of Brevibacillus is more [-preferably IThevibacillus (a.',toshinelisis. 10ORR: 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, and a carrier made of a water-insoluble 'case material on which the protein TtTabilized.
[0036]         The water-insoluble base material preferably incl)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 trurianoglobulin Go an imTanoc.1Tbriin C derivative. [CO38i         Further, the
present invention relates to use of the affinity separation matrix for separation of. a protein containtro,
an to region of an imflogielbulia. Preferably, The separation of a proteir containing an Fc region of an
lrmulnoglobulin is aimedi at separating and recovering a protein concYstno, only of the Fab region. of
an intnagloiyalin. 



[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 separation 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 ln 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 StaTJ7171000CCUS sp.;         Figs, 2 are sensorgrams of various OFT fused. C domain
variants binding to .monoclonal IgE-Fab (VE3) by Etacore measurements in Example 10 of the present
invention and LCCome,arative Example 3;  FL:T. 3 is a graph of 5% dECs of the asfl:.-Ilty matrix (4) of
Example 12 of the present invention for an antibody; Figs. 4 show elution peak p-ofile:s obtained bv
antHieedy 25 efurif4catier: chromatography usino the affinity separation matrix (1) in Exarcole 13 of
the present invention and Com.earat've Example 1;         Figs. 5 show elution peak profiles obtained by
antibody purification chromatography using the affinity separation. mar 4x (2) in Example 3 of the
present invention and Comparative. ExamoCe 2;         Figs. 4 show elution peak etofiTee, obe-a.ined
by antibody puriff.cation chromatography using the affinity separation matrix ("') in Exarrce 13 of the
prPent invention and 'HS Co=arative Example 1; and          1717o. 7 praorfs an elution peak profile
obtained by antibody hurification chromatography using the. affinity separation mat rim (1 ) in Exam's,-
e 3 of thep r e sent invenst. on, 



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 Protein T, of S7E1.0_. it Nos:I 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 before inof the substitution, and has an affinity far an imfrftnogitrifulin. 904.27
Protein A is a hrotetn containTng 'ire. connected. :-..amur.oglobulin-binohng domains, i.e.,
immunoghobulinsbinding protein.s. The FS, 0, A, B and C. domains of Protein A 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 infnunoglcrhalins and particularly the [Tv region in the Tab region. Although
the origin of Protein A herein is not ;particularly limited, Protein at .cfsiffvfhfsoccus origin is preferred.
30[0043]         The term. "protein" herein is intend.ed to include any molecules ef phitypeptid..e
strucThre and therefore include fragmented polypept'Lde chains and polypter.sside statists linked
through pethsrde bonds as wall. The term "domain" refers to a 35 higher-order protein structural unit
which consm sts of several   or ho,roirc]ds f am' no acid residues and is able -Po fulfill a certain
nlhgrEyksoninieribi cal or biochemical function.           'Me amino acid sequen.ce deri.ved from at least.
one cior...ain means an amino acid sea-ger-ice before introduction of the mutation. This se.gtence is
not limited only to the wild-type amino acid sequences of the E, 0, A, B and C domains of Protein A"
and is intended to ac SO include amino acid sequences partially altered by substitution, insertion, del
et ion. and chemical modification of an amino acid aesiglue., providec that they encode proteins
having a binding ability to the Pc region. EX EiFIO h e S of the amino acid sequence d.erived from at
least one domain include amino acid sequences of. the 5, 0, A, P and C domaifliS Protein A of
Sesphylocopous origin shown in SEQ. ID dos: 1 to 5, and amino acid 2.5  segueno.ps of the 5, 0, a 5
and C domains of Protein A shown in SELO ID dos :6 to 10. Here, the proteins having the amino acid
sequences of SEQ ID Nos:6 to 10 are proteins having an-Uno acid sequences obtained by introducitb
a. substitution of .Tda for Gly corresponding to pcbieicie 29 of the C d=sain into the E, 05 A, 



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., Sand C domains our Protein A, and has an abj H e V no bind to the Fc regicia. ronL61  to the
:75,-1"2 arcing acid residues that occur in equivalent ocations whenno acid. secuences of toe a, 1.9,
A, 3 and ains are cempart9d.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. in all The domains. Specific examples of the amino acid residues conserved in
all the domains include arimho acid residues at positions 31 to 31 of the A,. Ei and C domains, amino
acid residues at positions 29 to 35 of the E domain, and amino acid. residues at posit' ons 37: to 40
corresponding to positi  Ei domain .Ser - the C domain, ins corresnondinq  to position 35 of the C
domain, 'As': corresponding no nos THt ion 36 of the C domain, and ASQ corresponding to r.osioicn
37 of the C domain are preferred. In particular, Per COnresoondins to position 32 of the C domain is
more preferred a lthouqn toe amino acid residues are not limited to these examples. Here, the term
"corresponding" means the amino acid residues arranged in the same vertical linac19hen the F, 0, A,
H and C domains of protein A are as shown in iio. 1. 



Ho genera- hiqhsj 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 are hichlny, conserved, inut.aoi.ons to these regions
do not considerably affect the bin din abil to the Pc reqiimmunoglobulin 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 of as small as about 61  amino acres.or examole, a-:.ant con. ai rico. a s ubstotut
ion of Ala for Phe car responding to position 30 of tine C domain has significantli 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-mentionedeffeetwhileimain7.aidrThqnherenr_ ChEATH ca stabili F00491 lie amino a)
s.uhstitution 7..eaTI5. a m-itati.of..eting Sflo .ginal amino acid and adding a different amino acid. at the
same. position- The different amino acid to be added is not nal-- :C.a.' dr -ted and exam"- dareof
include natural proteinogenic amino acids, (3.nlnogenic amino acids, and nn-natural amino acids.
PC1T-'r-liCUfrom toe yiewmoint - altc enddneering, nauurac mn.c acids are amino acids include 2-
Tyr, 



Lys, His, F,31o, 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 ll: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. residue introduced by the 7.3ulasti1...ution, For exacip substititon of Ala for icy at p3csitox) 29 is
retores en.ted by 35229A,  [C 31]         Examples of &Tina acid substitutions at the ahobementiored
amino acid sites conserved. in ah. bhe dhriahns -:.nclude a substitution of GM, Len or ibr for Ser
corresponding to position 33 of the C. domain, a. substitution of Arg for Lys corresponding to position
35 of the C domain, a. substitution 7Arg or Ile for Asp 0n-7.es:banding toposition36f the C: domain,
and a substitution of Giu for Ash cbrrespobding to has friar of TheCIdomain. Apa-r.tbcuTab'y preferred
one ih a substitution 10 of G-bu for Bar coraesponhing to position 33 of the C domain although the
substitutions are not -Thited to these examples. [0052]         The protein obthaned by ictroducing the
amino acid sbibs_b_dbbon(s) bas a seablence identity of 7r.irbb:Prahlv net lebc, 15than 85%, and
more ppreferably not less than 99% to bhewild-bype amino acid seguence of any of the 2, 17), A, B
and C domains of Protein A., and has a. binding ability no the To region. [00531 



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 protein, 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 :monomeric proteins or single domains include, but are not limited to, a connection without
any linker amino acid 35residues and a connection by one or more amino acid resid",-L.es.  ir The
number of amino acid residues used for the connection is r.OtpE,rticlAarly limited. Tbe connection
method and the number of nCAMPCITH cm,: are also not par: icalarry _Limited as lona as tney
donotcabsedesTabilizaticticithethbee-dimensionalstructure 5 of the mcmcmaric proteins. E0056.1
Also included within the scope of the pi-cabin of the bresent invention are fusion aroaeans in which
such a orotein or multa-domatn protein as described above, as one comr_banient, 10 is fused with
another protein having a dffibrena function. Examples of the fusion proteins include, but are not limited
to, musion prbmeims with albumin, CST (giutathicne 0-transferase) or NIA2 (maltose-binding botein).
Proteins exoressed in the form of fusion paoteins. with GOT or MB? can 15be easily purified_
Additionally, fusion. proteins with a. nucleic acid (.3.1.gt DNA aptamer), a drug (e .0:, antibiotic
substance) or a porymer (e.g.. PEG polyethylane glycol ) are also included within the scope of the
p'ro'tein of the lotesect invention, provided that they produce the same effect of the 20 ptesent
invention.           The present invention also relates to a AMP encoding the protein. The DNA may be
any DNA, having a base sequence which can. be translated into the amino acid sequence ef the
ore:Mein 



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 cah be 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, provlded 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 of a known DNA encoding. a wild-type doma.in of Protein A DP a variant thereof. The
sioe-d-ireched aaatagenesas can be carried out as follows, uhand, recombinant 5 DNA technology,
PCP technology cr the ii he ESS In; Oe ri LP-22" thecase ofYmmtagenesisby recombinant DNA
technology,  or example, if there are sutah'e Peg- cLienzyme  ecoonitich.sequences entarathscles
ofamutagenesishmarpet site 1sin the gene encodinh: the protein of the Present. 4nvention, cassette
matagenesis can be used in which a region containing the mutagenesis target site is. removed by
cleaving these restriction enzyme recognition aites wit:, the maaLL1ohion enzymes, and then a DNA
fragment contair-inp mtitatHon orily at _5 the aargetsitea preparedbya method such as chemical
synthesis, tEsepted. MDC6C1           triune case of site-directed mutagenesis by PCR, for example,
double primer atAageheshis can be used in which. PCP. is 20carried out using a. double-stranded.
plasmld onoodOng the 



protean as a template, and two kinds of a vnthetic lige pr1meas 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 maybe int-hod-iced or restriction enzyme: sites of different types may he ntroduced.
Alternatively, such a DNA encoding 3 the mnitiadornain protein may be produced, for example, by  18
applying the aforementioned mutagenesis techrol ogj es to e DNA encoding Protein A (for example,
NO 36/004067) . If the Case sequences enooiri ng monomeric nrotei las in the thli-a. enchoding the
fiLdi: protein are:-: the sane,. comolccous recombinaTion may 5occur- ln host cells.. Tnereteore, the
ilgatec DNRs each encoding of not higher than 90%, and more preferably not higher than 857- to one
another. [00621 10The 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. can he constructed by linking or inserting the. protein-encoding DNA
to a. vector. [00631         The vector to which the gene is to be inserted is not particularly limited,
provided that it is capable of autonomous replication in host cells. As such a vector, a plasm-id DNA or
2.0: a priage DNA. can he used. For exafrale, in the case of u.s.iiag Escherichila cull host cells,
examples of the vector to Wrhuth the gene late:: be inserted include pr2E series vochor.s (chTAGIEM ,
pEif series vocttars (Merck.) , and pGEX aeries vectors (GE health. care, Japan) . ID the case of using
Rrevibatitil. ins host cells, 25exameles of nine vector include nine known Bacillus subtilis vector
p0115110, and oH17500 (0h2 H02-37662 A), rt\01700 (i? 



H04-278091 A)- , oNt7211R2105 (JP H07-170984, 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 BacilIgs subtiIis and bacteria of genera Including Exemlbaclilme,
Staphylococcus, Streptococcus, Strept,=m7ces, and Coryeegactereum. Still more preferred are
bacteria of Exembimabillwa, which are 'Known to be used for mass production of Protelle A. (WC.
06/0010673. pl.0651           The bacteria ef Brevibaciiiws are not particularly limited and examples
thereof include Bremi)ecillus agri, S. horeteIersis, R. bre7P-7, B, cebrrospcm2s, P. chosh'nensis, B.
fol-MOSLTS, B. invocatos,jaterosporus, BM parabzwmteco, B. rousguari, and B. ehermoruber.
Preferred. 11examples include Rrevudrecillus brevis 47 (00516265), Brevihecillosbrevis 4751
(FER11EP-2306), Breve.barliosicrevis 47-50 (J0M8970), H5revibacWilos cnosninensis rdP031 (F7EM
HP-71.067 and. Brevibdcillus choshinensis HP:031-0K (FERMI BP-4577i. Mutant strains (or derivative
straits) such as 20 protease-deficient strains, high-expression strains and sporulatlon-deflcient strains
of Bhebaxteria.cfErevlbacilirs maybe used acconiing to purposes such. as improvement in yields.
Specifically, the profease 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 HPD31 may he used- 7006kY Examples of the method for
transfecting host cells with 30 the vector .2x-delude, but are not limited to, a method using calcium
ions, an erectroPoraticoemettood, a sphergglastmerThod, a. lithium acetate method,. an
AcuthewMorigo. infection method, a particle gun method., and. a polvethviene 



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  ;I: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 using the tran.sformant for the 15. production of the protein, the oroqein can be
accumulated intracellularly andior the pe.YThlasmic space of the transformant. in the case where the
expresc:edlouootein is thus intracellolarly accumulated, it is advantageous In that the protein can be
cronected from oxidation, and side reactions with 20 medium coff.p.onents can he avoided, In the case
where the expressed protein is accumujated in the periolasmic space, d.egradationbyan intracellular
protease can advantageously he HYihibited_ Atternativery, the protein may be secreted extracellularly
from the transformant in the Production of the 2n protein. This technique advantageously provides
production cost avihqs because processes such as cell djsrunron and extraction are not required. r 0:n
n The -riansicirmat of the present invention can be cultured 30 in a medium in accordance with a
common method for culturing host. cells. The :Tedium to be used for culturing the obtained
transformant is not particularly limited, provided. that it enables highydeld production of the oroteinat
high efficiency. Specifically, carbon. and nitrogen sources such as glucose, sucrose, glycerol,
poly/peptone, meat extracts, yeast extracts,  21  saminn          lemented, potasssum salts, s
nar.ganese sails, auxotropnic host 



beIn 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,loranphen'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-amlnoethyl)-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 degradation or molecular-snce reduct'or of the desired protein by a host-derived protease
nrePent Jn.sjdue Of outside the cells. [6072] In order 70 assist soourate foldingtrotein of the present
invention, a. molecular chaperone suchGroEL/ES, Hsp70/2raK, Esp.90 and HspIOL:1g2. may be
used_ For exarcple, such a molecular. chaperone'he ooexpressed witn .he c.,rotejg accurate ioldir,g of
the roter the present lion include, but are not. limited to, addnt ion of an additive: for assjstinc accurate
folding to the nedi 71; and culnuring temperatures. 



[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 call tiring 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 I y culturing the cells at a
temperature of 15C to 42C, oPecerably 20C: to 327C, for several hours co several days in an
aeration-stir: pi= cononLtionpriorao recovery. in. sc= cases, the cells may be cultured anaerobncallly
winhopia aeration. [0076]           In the case where the recombinant protein in orodgced and
secre-r-ed, the produced recombinant bpi:nein can be recovered, after culturing the cells, by
separating the culture cells from the supernatant contalnlng the secreted. protein by a comm.on
20separation method. such as oontpifuoation and. fllcretion. [00'771           Also in. the case where the
protein is accumulated in the colgured cells (including the periplasmic space), the protein broduced
and accumulateo. in the calls. can be recovered., for 23 example, by collecting the cells from 1-be
culture liquid, by centrifugation, filtratiob or the like, and then gi sruoti no the cells by sonication, a
French press treatment or the like, and/ or adding an agent nor mabi ng the probe' n soluble, such as a
surf aCtant, 30HO78]           In one case where the pmotein of the rnrEasene invention is produced by
a cell-free protein Synthesis system, the cell-free prOt.eir synthesiS systeifmLs not particularly limited,
and exaapia.les thereof include. synthesiS systems derived from procaryotes, plant cells, and higher
animal. cells.  10079:          Puxcatinn of he puPfehn or the present invention can he. accomplished by
any one or an appropriate combination of technic:nes su,,h as affddify ch.homatoraplay, cation or
anion exchange chromatography and gel filtration chromatography. [COEC.]          EZ37.17Jes of
techniques to confirm_ whether the obtained purified pfoduc.7 is the desired protein. incidde cuff=n
techrHcifes such as RDS. podyaflwylanwi.de gel eiecrophoresis, ldN-terxinal amino acid seduence
analysis and Western. If-do 



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 include inorganic carriers such as glass beads and silt ca ge).; organic carriers
suchassynthetjopolymers (e .g. cross-)Hdediaphyvinyialcohndj, cross-linked polvacrylate cross-linked
nolyacfNlamdde, cross-llnked polystyrene) and polysaccharides (eng. 30crystalline cellulose,
cross-linked cellulose, cross-linked agarose, cross-)inked dexfran); and comcosite carriers of
combinations of these carriers such as orcanic-oroan2c, or organic-inorganic composite carriers.
Examples of conercial products thoreof include C.01200Y31 35(porous cellulose gel), Sephacryl
3-1000 (prepared by  c cv atran watg meth be- misacrylamide) Toyoba(methacryi t Sepharose CL4P,
cross-linked iat carrier) and Gel- ufine (cross-linked cell 11:1 ose carrier)crctIoi be. noted that cue
water-insoluble carrier usable in-;s not limited only to the carriers list. [ 00 8 3]  of the CU.rose anhod of
osace of the a f f 



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 iiq Examples of such a coupling
method include imrnobi I 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 the iike (s-r introcaleflon of a reactive aancf g L 1.:L p into ante carrier surface) 'o.Towed
by a coupling reaction between the carn-i er and a comocand to be .imanatillirea as me lioanHJ a-if=
methods involving condensation and. crosslinbing by adding a condensation reagent such
carbodiimad or a reagen.t containing a pluralf f uhs: t (Dna' groups in the mohiecule, such as
giutaraidehyto a system containar q the carrier a- nomoound to be irrtoi A the    spa ocr rnoiecru.e
conaisciro of a plarall t.y o atoms may bh introduced between the hoard arid the calm er,  25 carrier.
That is, for imif.ciallication, The protein of The oresent inf./en:1i= may be chegi sally modified, Of If y 



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 immobilization. 15[00661           The affinity separation matrix Is thus obtained by
immobilizing the protein of the present invention. Therefore, due to the activity of the protein of the
present invention, per se, the affinity separation matrix is capable of tindsino 2(1to a priate-SE
ccentainoi no- the Pc region of an -lir:mil:logic:cell in. Accordingly, the protein containing the Pc region
of an imunoglobulin can be separated and purified by an affinity column chromatography purification
Hietriod using the protein and the affinity separation faatoris: of the present invention. The term
"lorote'n containing the he region of an. imunoglobullin" refers to a -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 region as long as Protein A can binds thereto. 30PO0877           Examples of the protein
containing the Pc region of an immunoglobellin include, but are not limited to, timininogicbull5 is and
inriunogloloulin G derivatives . Specific examples of the protein containing the Sic fegiOr. 0 f a
ninrinunocplolaulin 35IgG of the VHS subfamily, in particular, hrrpan Inc:G of the VHS  26 subfamily
Droutici nal antibody) . The Protein and the affinity separation matrix of the present invent ion
Preferably :nave a lower affinity for the Feb region of To.B. of the VIBB subfamily than a protein before
i..ntroducition :it the mutation, and at the same time they -preferably have an affinity Ber the time.
reg.ion of Id:B subtypes. 1, 2 and 1. Nearly halt of human VP' germ line genes be i ORO to the 733
subfamily. In fact,. pharmaceuticals contain-in. Ig.flausibpdies of the VP? subfamily are under Stiddy
and some of thArn are already cokccucially available, In addition, it is regarded as a. known fact that in
the case of 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 for antibody purification, tine remainind binding ability
adversely affects the, dissociation properties 15 of the antibody in the acidic condition, from some
literatures (Ghose 3, et al., Biotechnology and bioengineering, 212015, 97, No. 61. 'Therefore, the
orotein and. the affinity separation matrix of the present invention oreferably have a reduced. bindina
ability no the Fab reciion of human IgG of the Vhf subfamily. l0088j           The term "innoglobu" G
derivatives" is a generic name of altered synthetic icriate.ins to which Protein A binds, sucin as
chimeric iTerianogiobulin Gs in which demsain(sM of human Dcea is/are :partially feulaced and fused
with. IqG domain s) of another species, humanised immenodlctulin Gs in which CDRs 



,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 and 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 -(=c71:rT, while
ma4nrarr.n"-[(7 the ehree-dimensional structure of the region to which Protein A TTiT-Ids by protein
erg. neering techniTaes based on the ,three-diTTensional s7ructure uf- the antibody, whU-sn is
aiTeadv known_           Pulrification of the protein cantai..nin Cl the Pc region of an immunoglorulTn
using an affinity column filled with the toaffinity separation matrix of the T.,Tesen7, invention is
accoifTilished in accordance with an affn'ty column chromatography purification method using a
Protein A column which is already on the market (Non Patent Literature 3). Sgecifically, a buffer
containing the protein containing the 15Pc recTUDno:Pan liTammoglobuli.n. is neutralized. and the
resuMPflg. solution is allowed to pass through the affinity column filled with the affinty separation
matrix of the present invenLion so that the protein containing the Pc. region of an immunogicrloulin is
adsorbed on the affinity separation Matrix, 20 Next, an adequate amount of a pure buffer is allowed. to
oass through the affinity column to wash the inside of the cal-onto. At this time, the desired. protein
containing the Pc region of an immuncglobulin Terrains adsorbed_ on the affinity separation matrix of
'The present invention in the column, Subsequent 1', ,,.. an acidic. buffer adjusted to an adequate 0
(which may contain a substance for accelerating dissociation. of the protein from the matrix) is allowed
Lo pass thrTTp'h the column .'-o. einte the des-Treo protein containing t. he re region at an
immunogicbul.H. Thus, high-Jeve_ purification. can be achieved, -.p- ,u[PC.911           The ar=infty
separation' mat--4.-,7 of the present Invention can be reused through a washing process in which a.
put e. buffer (in soTle cases, a soli:tion containing an appropriate modifier or organic soiventi having
an adecluately strong acidity or 35al-KPTin.ity which does not completely ifTgair the. Tunct-HTns of 



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 for an 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 the Fab region is changed. The protein of the present invenuion shows. 15 a. reduction in
the senoodary affinity for the Feb region which the imdnog lotdi tndolna ins of Protein Pd'd,herefddl y
have Therefore, the protein of the present invention has an advantageous effect of eliminating an inof
the secondary hiniThnd by interaction with an imminoglobudin. On 29 the other hand, the affinity for
the Fda region is maintained, and therefore the affinity for the iroodanoglobulin as a whole is
maintained. When the affinity of the cdoteim of the present invention for an immunodlobulin Is
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 :nigher. i0093i
The affinity of the protein. and a he affinity seoaratiod matrix of the present invention far a. protein:
containing rho. 30 Fd. -egion of an imumoglobuidd can be tested by for exampled but not limited to, a.
bib:sensor such as a rui adore system V:T. health cade, Jacan) based on the surface vliasmon
resonance [0(0.94] The measurement conditions dav be determined such that  a binding siconal
eni.nted when Protein. A hinds to the Kc reni cr of an Michinoglobulin can be detected. Speci.fically,
the affinity can be easily evaluated by measurement. at a temperature  



01 2000 to 40C (constant teTinedatude1 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 the difference in affinity by obtainivii( senscrgrams of the hindirvi react -; ons wi.th the
same immunoql olou 1 in MC1. ecu i.e uncer t ne same. 20 measurement conditions, and maiming a
comparison between boinoind parameters obtaineci by theenalysis of proteins before and after
introduction of a mutation. Here, the sequences to oe compared for the difference in affinity should be
the same except for the mutated site. For example, when the sequences of the B 20domain and. a C
domain variant containing the 10361A. mutati.cce are used for (scan Llat on of the effect of the D36R
mcifation, as the amino acid sequence of a protein before inuroductH on of the imitation and the amino
acid secience of a proten adder Thotroduction of the mutation, respectively, :he comparison 30
between them does not make sense. 10097:         Examp( es oe hindmnc parameters include the
affinity constant (CA) and f he dissociation constant (CD) (Nagata at al., "Real-time analysis of
biomolecular interactions", 35Springer-Verlag Tokyo, 1998, im Ali . iihe affidlity constants  30 of
domain variants of the present invention for Fab can. he determined with a Biacore system by adding
each domain variant to a flow channel. in an. experimental system that HnolIngieg a sensor chip with
an dab fragment 029. ali inbauhogl(Mfulin of the 



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 constant 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 of Ala for 'fly at position 29 have a KA for Fab of b/1224 to Ilucing (M C domain variants
containing mutation (5) according te Tif the present 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 I) or lower. The Fah)
used a. KAmeasurementmaybe ottainedbyfragmentiffq 25 an inuaunoglobulin G into CO Leo fragment
and an rt fragment by papa in; Cr' may be prepared using a genetically engineered production system
that expresses only the Fab region of an immnpoglonplin S. [00991         Because of its reduced
branding ability to the Fab region of an inuneglohnifin, the affinity separation matrix of the present
invention excellently dissociates an antitugdy in the process of eluting the antibody with an acidic
sblution. Specificailv, since the affinity separation matrix of the 35 present inventich allows elution
under acidic ellatj,on  31 conditionscrosertcneutral, damagetoanfmtibodycausedunded acAdhc
conditions can. advantameously be suppfessed. The acidic elution conditions closer to neutral
specifically mean conditions wldh a oH of about 3.0 to 5.C. compared with the pH 5range of comfmton
acidic elution conditions of about 2.0 to 3-5. El .u.under the conditions redkces damage to an antibody
(Those S. et al., Buotechnciingy ancticenoineerind, 2005, vol. 92, No ed. The oxcellent antibody
dissociation properties iu ehe acidic coudihfon mean, for example, dissociation under acidic elution
conditions closer to neutral, or Ea sharper elution peak profile obtained when an antibody is eluted
under acidic nondmtt'ons. A sharper elution peak profile in 



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 recoefed readily 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 - an introduced mutation (wild for the wild-type) "For example, the wild-type C domain of
Protein 30 A is represented by "C-wild", and a C domain variant ci o-ntaini nd the 029:[[ mutation is
represented by "d-d29.A". A domain variant, containing la7pfd mutations togeuher is resreseneed by
indicating the two mutations together with a slash. For example, ad domain variant_ containing- the
0291-. and Slt3E mutations is represented by "C-d29A/5T33E". A protein containing a plurality of
single  -R2 domains connected is represented to ether with a. period (.) and the number Of connected
domains with "d". For example, a protein consisting of five corrected C domain variants conatning the
52.92.. and. 5337 :notations is reeres,ented Ps.7 "T-152'9A/533E.. '" [0102C 'Example 1: Preparation
of DNA encoding 0-529A Bh          A base seeuenu.e encoding a protein consisting of five connected
C-G297s was constructed by reverse trnsUlasion Prom 10 the amine acid E;Tduerce (C-C2FTEdc.,
SF(.2 ID No: 11) octheldrchetn. Codons were assigned such that. the codon usage freouency of the
protein ,,,aT closer to the codon usage frecueney of the cell  surface proteHn. NW?, which. is
expressed in . large amount 1990, No. 272, pp. 1312-1720), and that the sequence identity between
the base seauences of the five domains was low. T.nn restrictionendym.e recognition sites for Ft7
andEbsiwere also prepared on the 5' side and 3' side, respectively, of the
sequenceencodingtnetiveconnectedtomains. Tnep:eparePTNA 



20itagifent was commissioned from takama Sic Inc. The sequence of the prepared DNA fragment is
shown. as SEG IT. No: 12. [1103"         ThepreparedDNAfragmertencotilno-C-q297.5dwancteested
with Ps-7 and X.baI (Path avsilable ffeM Takers. Sic Inc. I , 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
pNN3262-C-G297..dd capable of expressing 0-5297.Sd was constructed. BrevOPPci17us
choshinensis was transformed using the plasTid vector obtained by rheabove procedures. The
transio=tion was accomplished by a known 35electroporat'ionmetnod ("Eeoscd. Hiccech. EHochem.",
1997, No.  61, on, and 'Tyr-rec.:till: ohssensis The Brevibaci17-ue rscsrli A It V nutatinq Brec 1 7-2 5
Thez9V, flNK3262-0-0297. led thus prepared was lea v= fvagments so that ear's, fragment contained
of the indiv i dual domain . The dornai75 were is zhv starting from the N-term.ina sacee. The DNA
traqrkent. for the domain 1 was disested with Pst the DNAactent for the domain 2 was digested -,Tith
Nan and Hi. nil. 111 the DNA fr.aa:_ t 0 r the domaHn was digested with raintswr and Mis,T; the
traoneent for the domain 4 was di qs....EV:: ed ,,s-wEVH Nl..ui. and 001t1; the TiNia., fragment for the
domain 5 was digested with 7,3gLII and Xbai (Nari is available from TOYOSO CO., 11,17D and the
others are available from Takara Bio I each followed separation end. purification using an agarose sel
toive the respective DNA frac:tents . at 



manner, osasmids each contaUsinc, one of the Live-divided DNA fragments were ocm.strnoted.are-
represented in correspondence to The domainOers as pUC1J-729-dl,        -di, p5.L.351-729-d3,
p5L3C1-129-6.4, and, pSL301-729-d5. equen CFI'S (including the restriction enzyme recognition \ of
the DNA f of the 0-n297. 5d-encoding region  are shown as SE0 ID No s:13 to 17. N11:."H (I:akar&
7.13 t a g e:Ies i s wasd tne oiiqonuoio .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 were obtained, each of which ocytHined a 5H..0J-\ fragment encoding C-G9.0.A
contajn4ng74.00,,,, =or 5 Val-29 of the domain. The five fragments were seckientdally liganed no one
another with Lfoation High. In this manner, an expression plasmid pNK3262-C-G291k.Fki containing
the DNP, fragment P135..f.: ID. 1-b: 29-) encodino C-C29A.Bd (SEC; 00 No: 2:3) was prepared. Then,
this plasmid was used for trans-Fon-cation of 10----recombinant cells. Tne ou.ick Mange
rT.taC1enLeST a was 



performed in accordance wioh the protocol of Stratagene using Pfu Turbo DN.415plymeDase and the
methylated DNA (template DNA) cleavage c-n nyme DpnI (both ay:iliac:De from Stratagene). For
exanycHle, the quick change mut.-ygenesis was performed. on the. 15 plasmidp1:019.-V29-d5
containing -the =fragment of SEc2IDNo: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-I73335.5d,
0-G29R/5363_5d and 0-029A/K315R/F0377.3d          The sane techniapes based on gylick chance
ifia5agenesis as in Example I were applied. using the oligenucleotide primers of SEHD P Nos: 30 no
Sc, and the ill ye ;ssimids each Trrtairping a 250-529A-encodind DnT, fragment, pUC19-A29-dl,
pUC19-A29-552, p5L301-A29-d3, p5L301-2-c29-d4, and oS15301.-P029-d5 prepared. in Exam.ple 1,
as templates. An a result, olasmids containing frac:Tents encoding 0-009A/533E, C-C29A/E)365, and
C-529.2,./C55/1237E were prepared. 30[010E]          Subsequently., the DNA f-a.75ents were ligated
in the manner described in EX2MX:11,8 1 so than an expression plasFid iDNK3262-0-5292W3335.5d
containing the DNA fragmen-t (SEQ. ID N0:61) encoding C-029A/333E.5d (SEQ ID No560), an
expression intdlasmid p1-iK3260-0-11029A/D36R.5d. containing the DNA fragment   SE,I.:). ID,
No:63) encoding C-G29A4C436R.S6 (SFE.Q ID No:642), and an expressibriplasimnd
cNH32642-C-029AIK)35R/D137E.S6.cont4).uhling the DNA fragment ("SE1.:2 Tfl No: 65) encoddimg
C-029A/K3q.P.4037E.Emd (574:2 4E) to 64i were orecareoL These clasilds were used ft.:E-
Rtbqa.nsformation of. FE-.1 recombinant cells. For ligation of. the f DNA fradints. encoding. C-G29.4,
the restriction enzyme Hbn-niiii was used. Since the Hindi-1 recognTh sequence was close to the
mutation site, a odasmid -nrtain:'ng the DNA fragniehh enqodina the unrhatannd domain 2. and the
DNA fraqment encoding ___Jthe mutated. doma,n R bonnebted through the HindiII site Was prepared,
and. then the corresnonding mutation was inEroduced in the domain 2-encoding region. "additionally,
the DNA fragment :ir.E.C. 114 No: 694 encoding C-r=12.9A4533E-4d (SEC ID No: 68) was. amplified
byPORusinqiNK3262-C-S29A/533E.Fd as a template 15 plasmid and the biqqanucleotidq primers of-
SE0 ID Nos:66 and 67. The amplified DNA fragments were digested with Psti end Xbaip and inserted
into the vector. pN13262 dHcested wlth the same enzymes. In this manner, an expression piasmid
pl4F3262-0-:29A4533E.4d was prepared, and used for 20 transformatin of FE-1 recombinant cells. 



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. I. I Cycle Seqqencinq 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 purn4ied 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 es 1 and 2 were cultured with shaki.nd for 3 days at. 300g in 5 dT of 3TC.
medium L-stiE polyp:et:tone, 0,2% yeast. extract, 2% glucose, 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 suoernatant was
subjected to cation exchange chromatography using an SP Fast Flow. column (GE Fea 1 thcare,
Japan) to isairify (partially purify) the target protein. Specifically, sodidm acetate was added to the
culture supernatant to a final concentration of 50 silI" and. hydnochl osn C acid was also added to
adjust the pH to 4.0, Then, the cuntura sup,ernatant was applied to the SP Fast Flow column
egailibrated. 1.5 with a cation exchande buffer A 5Cr intl CH-:CCnH - C nOCI; Si, o184,0) . After
washing the column with the cation exchange baiter A, the target protein was eluted and separated in
the process of salt gradient elution nsinq the cation exchange buffer .74 and a cat"ion exchange buffer
B (50 mM CH3COCH-CII2000.Na, 1 M NaCI., oF 4.0) . 20L0112 I         Next, the. garden protein was
purified by anion exchange chnsonsategraphy using a DEAE Fast Flow col umn 17 Healthcare, Japan)
Specifically, the separated target protein solution was dialyzed with ultrapsre water, and _applied to
the DES.T4E Fast Flow column anjuil ibratesd with an aTh.on excnanqe buffer A (SO mM Tris-HC1,
pH 8.0) . After washing with the anion exchange buffer A, the target protein was eluted and seoareted
in the process of salt gradient slut Ton using the anion exchange buf far A and sn anion exchange
buffer B (50 HI,: Tris-H001, 0.5 M 30,The separated tar-get Dre--main solution was re-dialyzed with,
titradure wager. In this- manner, an aqueous solution containing only the target ',Protein was obnained
as a ft nal. ournfned sample,  



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 of. the human TqC, cd the sensor ohdo C15 was carried out by amine coupling using
N-hydpoxysuccinim:de (NHS) 15and Neethy1.,-N1H3-d-amechylantinopropvi)carbaddiimide
hydrochloride (EDS), and ethanciamine was used for blocking (all the sensor chips and the
immobilization reagents are available from SI5 health care, Japan), The human IgG volution was
prepared by casso_ving Charm-Lagar :Parter in a standard buffer (20 mM 4aH2?.04-Na2H204, 150 [IL
Na01, folH. 7.4 to a. concentration of 1.0 mga/mll. The human ig4(3 solution was RilluTed to 1/100 in
am. immobilization [Duffer (100H300eH-0HDCCCe[la, pH 4.5) and :he human 3gs was immobil77ed.
on the sensor chic) in accordance with the protocol attached to the 3iaccre 3000. A reference cell. to
be used as a negative control was also prepared by Mobilizing ethanolamine on another flow bell on
she chin after activation by EDC4NHS. The protein, solutions were apprepriateiv prepared at
concentrations of 10 to 1000 nI4 usengalrinsirdisuffer (20a44[NalH2PCa-Na2H30.[, 150ELHadi,
0.005% 2-20, PH 7.4) Holutions of three different protein concenprat'ons were prepared for each.
protein,, area each protein solution was added on the sensor chip at a flow rage of 20 aL/man for. 30
seconds. [,[. sensprqaam of the binding reaction at 25C was seguent'ally plotted daring the addition
(bindina phased 30.e..sonds) and aster the addition  Op  (Cflssochation chase, 60 seconds). After
each sense-Jog:gml det(fbnfination, the sense,: chin. was regenerated by agflgitng SO mv NaGfi (for
15 SESOCSIS(SiS) (chiS "SaaDCGSS Was per f fcgfed to remove the added proteins remaining on
the sensor chin and it was cornthat the binding activity of the immobilized human Ian was gubstanti
ally crigaggetely recovered) . The bindigna rate constaht (icor), dissociation rate constant (kaff),
affininy constant (Kg. f."/koff), and dissociation constant (NT= Ifcff/kag were oalculatedby ii,:rform.ing a
fitnine analysis on each of the 10obtained ginThno reaction sensorgraffs (the hf..nding feacticn
sensorgrams obtained by subtracting the bind-lnq reaction sense:co:ram of She ra2f eISOSICe cell)
ogy using the 1: l.laf riding model in a software BEA ofgluaflon g-fchheg to the systegh shour in giap_c
1, the binding parameters of proteins to the human IqE were at 7-G29A.Sd (Comoarahicelfxaude1).
constants (KT.) of all she olio:oh-1g therangeof5.010- vto0.Cx1C- (urfligflevelsto thoseof 



Specifically, Lheafffliity for tine hum= IcG fellin [3116]     [TableI:      I<, lx 'ICJ" (10-3 s.8) 14-2,0<1.08 .)
(l(29\ .51!  0.88   



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 fraqTgent derived from humanized. 30 monoclonal
antibody           In the ehesent invention, the "affinity for the Feb region" was analyzed using an Feb
fragment free front the No region of an. 1=noglcbulin.  3-9 



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 . L01..1. DI           Specifically, heroeptin
(humanized monoclonal IbeS drug available from Chugai 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 (hereinafter, referred To as monoclonal )1)21;-).1a15) was separated and  iron the 15
reaction solution (containing both the Feb fragment and t'de 155 fragment) which had been separated
from The papain-insibilired .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 eT211i.bratEd. 20with the ion exchange beffes.After washl no; thc, criluiTm with the 'Ion
exchange buffer A, the monoclonal IgGeLsab was eluted and separatedln the process of salt gradient
elution as2ng the Ion exchange buffer 1--). and an (on exchange buffer IS (50 rs.1
C33C115121I-05T3C0011a, 1 N NeC.t,on)5) (the buffer Pi COTiCentraii ion 25 was linearly
Thionessed from (1%. to SO% ddrird the process of allowing the buffers ins total amount.
co.rrespondina 70 the volume of 12 columns to pass through :he column) . [012D1 The separated
=nocional IgG-Fab solution was purified 30 by ri.e] filtration chrbmatodhaphv using a Superdex 75
10/300 SI column (the standard buffer- was used for equilibration and sebaration) 10 this manner, a.
monociond. IgG-Flab solution was obtained. [01211  122:11Apr1 {3-1321 5' wait7]of.ah3rt.12a 



ff:OT)o.JOflalritmole d was the sen.s -. chip CMS, anotein obtained 2xamp1e 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 human 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 dtihinTi. theaddition hi 2-ing prim as, 3e secondsp and after the addition
(dissoctatiot 60 seconds). :After each sensorgraiin ceteamtnat3ot,222 NaCri-i was added for 30
seconds 23r regeneration of the sensor chin. The analysis was in the same manner. as in SwanIn
shoulded that P.rax, one. of binding parameters., was regarded asant in  the fitting ana2 when added
molecu2,2 



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 as anmall 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. 



C-C29./1/2.54  0.13  C-029/ki.S3OF:,(1  0.10 0 011  ,5d 0229 1.539 0.057 -E-',51I/1.)37E 5d 0.23 0.41
05(.4  [01261 []Ixample 31 Preparat.io of traneformahtcapabd 



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.lci 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-01g2978/dp365. id., a
gitHC-G291V L'37E Jgg) of SDI) ID Nos:81 to 85 we.-re obtained by qui oh change matagenesis
usiigg The two plasmids as templates and. the oligonucleotd de primers of SE.fl -fl dos: 77. to 80. For
example, the C dc-main variant (C-S2924./53301.- Id) gf. SEO. g:81 was ocica:neo:quick change
mutagenesis using the  expression plasmid (b7,0EX-(SP-1-C-0291r.131) containing the IMNP,
sequence of sprc.) ID No: 79 as a template and the 0311(movociegt foe praiser a; of (3,70Q. IT hiss;
71 and 72. The ET::: seggences of the obtaing,d express-i ori pi a:5771.GS were :de-9 e minerian toe,
same manner as En Fixamcie 3. The obtained., expression plasmids were used for Transformation of
37. coil 513101 (Takara Sic Inc.) in. The same manner. as in Example I. [01213; Foxarbrig 91
Expression and purification of sin(gle-domain varH ants          The transformants ohtained.i is Example
8 were capable of expressing the respective -variants in the form of GET fusion proteins. Each of
These v ran =,formants was cultured in LE(3 medium containing alapi0L. II In at 373:0 overnight. Each
culture iirgaid 15was inoculated in 217rE medium (o.ontaining ampicillin) and 



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-1.23:13Ougation and
resuspended in PBS buffer containing EDT:3, (0.5mM)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 exbrau0s 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 (20 rilLiNaH2PO4-11a2P,PO4, 150 :CA Nadi, oIl 7 . 4 )Then, the target GSI( fusion
'Grote' was 30 eluted wish an Elation buffer (50 ra1.2Tris-P,(01, 2:0mM gglostatbi one, DH 8.0) . The
elated fraction was subjecte.d to exchange with the sta.ndard buffer hr ultrafiltration. The solutions
tnus obtained were treated as final purified sambM es. [01291 35(Example 101 Tbialysi ho: affinity of
single-domain variants' to  43 monoclonal IgG-Fab         The single-domain variants obtained in
Example 9 were measured for affinity for the monoclonal GgG-Mab by Diaccre in the same manner as.
ff. Example 7 70 analyze the changes of the 5 bindbhg ability to IgG-bab caused. by the introduced.
m.:afaticnEm Here, only sensor grains of the sing_e-comain variants at a protein concentration of 4 91
(at which the fra fa ant S had. the same ahaorbance at 2644 nm) were oeterbineg, 10Hgs. 2 show the
resulting IgG-Fab. binding sensorgrams. The proteins S."-lowed sugnifIcarc:ily reduced binding
responses 110 the monocTonal log-Fab compared with thm of G-G29,4",ld (Comparatlife Example 3)
and their responses were reauced to undetectable levels. Thus, the mutations obtained in. the it
present invention were found to reduce toe Fab binding ability, Here, since the responses were
reduced_ to undetectable levels, their affinity constants were not calculated, i0m4,1T Huxampme 21
Evaluation of ar.Kamti resistance or c-c429}-7533L.Erd 20  C-G29164/533EpEd obtained in Example
4 was evaluated. for alkali resistance by comparinq decreases in the. binding amount to tne iuman IgG
(remaining binding- activity to the human TgEP before and after incubation under alkaline conditions
for a pmedetEmmbned period. 25         Specifically, the binding amount ofC6G294/S3M,E.Imitothe
human IqG was measured using the Blacore 3000 before and after an alkali treatment_ In the alkali
treatmpnt, to a 26.2 pit s amp le of the protein 1: 1 0 ut w as added ace-frail: amount CC 0.627 



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 solut1on. 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 solution used for the alkali treatment and the HCI solution used for the neutralization
treatment in advance, and adding the mixed solution to a 26.2 p2 sample of C-G29A/33311-5d. (10
pIE 10 Preparation of a sensor chip (e.g. im=t1lization of the. human ImG), the runninq buffer used for
the measurement, the measurbrrent temperature, and the regeneration. treatment of the; chip were
the same as those in Example 7. Lach of the 0-529A/333E-5d. solutions before and after the alka.1.
treatment 15 was added on the sensor chip. at a flow rate of 20 pL/mdis for 150 seconds, A bindino.
reaction sensorgram was then sequentially plotted during the addition (binding phase, 150 seconds)
and after the addition (dissociat'.on phase, 210 eeccnds). SO1013E7           The analysis was
conchisted in the same manner as in Example 5. :ere, an additional 1nterretation of the obta1m.ed
binding :parameters le provided- :n this analysis, the protein concentrations of the sclE2tins before and
after the alkali 25 treatment were the same, but the concentrations oi the protein having bindrnd
activity to the human IgG were different from each. other. However, since firtingimExii6g the
concentratHon as a varied-1e 4F difficult, each concentration. was considered to be the same before
and after the treatment. in. the fittt,nq 30analysis. In this case, the concentration difference of the
protein having b-Ending activity to IgE is reflected oni the parameter. Pc". which is the MaXiffilIL
binding. capacity. Therefore, the alkalH resistance of 0-0.29.7ed5337-5d was evaluated_ by
calc'ElatincT and comparing the relative valL....ae or 30 theafter the alkali treatment to the R,,:before
the alkali  treatment (remaining TqG binding activity IC734' 



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 IgG binding activity after the alkali
treatment. of 85.5%, The results demonstrate that the 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 (11Pand5j 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 Corrporat2, on) was used. Thds filler was a methacrvlate pcjymer-based filler already bearing
fccrwl grip-tips for im=tiliHation of a piLeinic ligand. The final purified sample of (C -G29A /333E .
SoHATH.,:iiicedL :tc:PEXalftOle 4 was used iicand and immobilised to idepare affPn'ty separation
TC,matrix (1) . [0136]           More specificaliv, 5 fr.1 of ire fH 11 er was scloected to exchange with a.
citric acid buffer (0.25 Pi - rH Sndi 11. rn ci crate dihvdrate, PH 9.0 adjusted with Nx01-1) on a class
filcher, and 25 the volume-was increased to 7.5 FL in eeetel in , cextrifuge 'Luba. To this was added
0.64 IT I, of the C-C.29A/533E.5d-contain-icg solution (64.6 mgircL) , and the :cesultthn,..yTixtn=ogas
shaker' with a TA x rotor (MIX ROTOR MR-3 1-336-05 avail.able from .4.21,)NE) ao 6C for 4 hours.
Subsequently, the mi.xture was adjusted :o C. H 30 3 with a 2,4 M citric acid aqueous soluosion and
contAxu:pusiv shaken at 6C for 4 hours. Then, 2.8 mL of a 5.5%; by weigh: dimethylamix-ie borane
aqueous sclut? = (Wako Pure Chemical. Ihdustries, Ltd.) was added thereto, and the resnaffing
mixture was shaken at 25'). for 18 hours. The thus prepared carrier was 35 washed on a glass filter
with RO water until the electric  46 conductiv'my of the washing filtrate fell to 5 1,13/07. or less. In this
manner, the affinity selfarat.iof matfx was mrefared1,0137] Affinity separatHon matrix (2): ofosselhked
aqamose-baesed            As a watef-ensolf-ble base material, a comme--Nal I71, pxepacked activated.
opium "Hitrap NIES activated HP" (GE Meelfhcare, Japrn, was used_ This ociumfi was a cross
-1Hnbed agarose -based column already hearing NEnvdroxysuccinimide (NriS) groups for
Immobiicafimn OE a brfteintic lif.jand, The 



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).
[013j 572Ecre specifically, the final purified sample was diluted to a final concentration of about 4
mq/m1, id a eoutf'nq 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 milImin 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 at the same flow rate. The ton, and bottom of fhb column were sealed, and the
column was than left an rest at 25 Orfor 20 minutes. In. this 25 manner, the obtained pmmteid was
immobilized on the colufffe. Thereafter, the column was opened, and 3 mi of the coupling buffer was
allowed to flow therethr=qh at fhb same flow rate to recoveftmorfteciprotein- Next, tha procedure. of
ailoweng 2 mil of a blocking buffer (0.5 M etifTf)lamine, 0.5 M NaC1, oN, 308.3) to flow through the.
column was carried comM three ftHfev, and the procedure of alio-wino 2 ml of a. washing. buffer.
acetic acid, 0.5 M NaC1, pIt 41.1)) to Cow therethfough was also carrieo out three times. Finally, 2
1EL of a standard buffer (20 mM Nal:HP/al -NaLHPO4, 150 mNNaC.1, p.11 7.4) was allowed to flow
3f5therethreugh. Thus, the f",reparation of the affOnity  :17 seoaration column was coffilleted. Affrity
separation matrix ,(3:LLcelluloc.c.eTbaeflei. As a water-insoluble base mar.eota-,,oarnercUal.
GA3-filtration fill en "Celluicf2ne GCL-2000-m" (T.h.r7so Corp.ration) was used_ This filler was a
cross-linhed peolppps celirlose-based filler. The final purified samtple of 7-n29A/5335-5d brained in
Examcple 4 was used. as a lig-and and Hmoiooloillsed po orepare affinity seflaration matrix (3),
13)[0140 More specifically,pi of the filler was subjected to exchange with a citric acid bufferM
tTUsadJum: citrate doLhvdrate -citric acid. monchydraT3e, 7333i 3) on a glass 'litter (17G-2 available
!Tr= 701:-, and the fluid volume was inorerased 



13 to 18 it in a. centrolfuge tube. To this. was added 6 ri of an aqueous solution containing 0.03 g of
SOdiLlTi 7),=r.hDdate *-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.      a cent --r,fuge tube, To this was added C. 64 mi of the C-GO29A/S33E.36-conteinHeg
solution (64.6 mg/713), and the 30 mixture- was adjusted to pH 12 with 0.4 H NaOH and. then shaken
with the nix rotor at 6C for 4 hours. Subsequently, the resulting mixture was adjusted to pH 3 wiTh a
2.4 H citric acid aqueous solution (citric acid mch.ohydrate3) and. rhen continuously shacren at 6C for
4 hours. Subsequently, 2.3 35 of a 5.5% by weOghr dimethviamthe horane aQueous solution was  4t8
added thereto, and the Tresu_Lting ITJ xture was shaken at 25C for is hours The :has precared carrier
was washed on a glass filter  with PC) water until the electri.c conductivity c's the ,,,Tasining filiracte
fell to 5 uS/em or less. In this manner, the affinity seoannat.ion matrix was prepared. Arfnitv
sepaidtion. marirlx (4): cellulose-based 2          I.;.s a. water-insolub]e Case ateriai, crystalline highly
crosseuTked (-2111110s= (gel available froniChissoCorporati=" 1C: disclosed in U.S. Patent No.
(006211.0 (JP 2009-242770 A)) was used. The final purified sample of 2-S291/533E. 80d obtained in
P.xamule 4 was usea as a ii and and immobilized to affinity separation matrix 4).         More
specifically, 12ml of the gel was subjected to exchange with a citric arid buffer (0,01 V tisoddion, citrate
ditydrate-cittric acid raohohydrate pH 3) one a nlass tiTi-tr, and the fluid VC:1=e was increased to 18 in
a centrifuge tube. To this was added 6 nti of an ao-eous solution containing C.08 g of sodium
Del:iodate dissdiud in RO water, and the resulting 20 mCHiurewas shaken with the mix rottycat 6C.,for
about 30 nThutes. 101/.1R-, Then, 5 ni of this form71 uroup-oearing cart Her was subjected to
exchange with a citric acid buffer (0.25 M trisodium. citrate dihydratey pH. 8.0 adjusted. with Na011 on
a glass =Hlier, and. the volume was increased to 3,5 Mt in tonal 



in a centrliiige tube. To this was added 0.96 ml, of the C-229A1533E.5d-contaihnnq solution (64,6
mg/nI) 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 aqueous 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. revealed That t.-le amount of C-G29A/233E-5d. introduced was 11 mg/mi.-gel, and she w'e'Rh'.,
of the ligand inobilized on :hie carrier was 90%. [0144A           This carrier was washed on a glass filter
with PG water until the electric conduh_ivity of the washing filtrate to 5u3/'cm or less. Then, the carrier
was further washed a 0.1 M citric acid, acueous solution (citric aciclmonchiydrate), 10 a schiTh
hydrox'cielsodiui shifate mixtwre aqueous solution. (C).05 N. Naclj,, 0.5 M sodihrl, sulfate), and a citric
acic, buffer   0..5D-ItrHsodiumc-Thrate dihydhate-citrfc acid monohydrate, :DH 60 in this order. Finally,
the carrier was washed_ with NO water unfii tne ejectric con=ctivaty oi the washing filtrate fell lfto 5
-45/07 or less. in this manner, the affinity separation matrix was prepared. [01451           This affinity
separation. matrix (4) was measurer: H accordance with the method described. in WC) 2010/06==27
to 20 deter:fine the adscry3ti=capacfly for an anthibodyand the amount      ligand leakage. The 54
dOG values at 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 of a commercial hi qhly cross-linked agarose carrier "MabSelecf" (GE Healthcare
P1oschen.c,"): measured under the same conditions were 28 and 27 m5/1711, hesc)(-)Lh,Hve10. Pg.
3 shows a graph for comparing the 0,6 6.BC values. The amounts cf ilgand leakage of =tmehria affinity
separation matrices have b.),),r) reported in a known literature (Tnia?.11-1P. et. al., "J. Chromatogf.
Tx.", 2006, 70.1. 1.152, pp. 22=-23T), As described above, the affinity separation matrix. (4) obtained
.1)-1 this example was found to have performance parameters important for antibody drug purification
at levels sufficient for practical use. 35[G146] 



'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 filiculw1tH each. etf the aftinitv
separationmatrices 3.(1) to (4) prepared In Example 12, 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, Naddie04-NauhiPth,,ritifl Nan, piu 7 . 4 )500 pi., of a 1 ir.(3/m.b solution of heryegtin
(humanized Tronacional (lq(C.; drug of the 7E3 subfamil y) in the shandard buff el" 15  WaS apoed
thereto at a flow rate of 2 (7,!/71.1r- Subsecuently, the column was washed with UniL of the standard
buffer "lowing at the same flow rate, and then U ndb of an elution buffed :35 7,7/Y1
0H3C0.8H-0H2COCNa, (..DH 3.5) was also appowed to fmnw therethxough at the same flow rare.
Durina this period, ebb 20 absorbance at 280 nut was monitored vo determiHe a chrenatogralchi.c.
profile of an TeG el.ution 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.22504, t1.1 2.5) was also allowed. to flow 88  at the same flow rate. During this period, the
absorbance at 280 nm was monitored to determine a peak of forcibly separated :g.G. which had been
still present in. the column. Here, only for the affinity separation matrix. (2), a strong washing solution
(28 m.21 C18C0ONa-CH30,0OM, IM Nael (11:21 3.2)) was used_ 30The affinity separation matrices
(1) 110 (3) were evaluated for antibody elution oropertbes in the acidic condition by carryinu-out
antibodypurification cnromatograbny with an elution buffer adjusted to pH. 3.75 in the same manner as
described above. [014.71                                             51 



Antibody elution procerclesh acid of affinity separatior matrix (I)           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, (Comparative Examb5e 1) immobjilced 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 at an elution pH of 3.75, it was demonstrated that recovery of IuG 15
adsorbed on C-G29A"5d, which corresr,onds to a protein before intrsdc.7-'01-1 of the mutation, was
difficult hut 7gG adsorbed an C-G29.?./S32E..5d, Which corresponds to a protein after introduction
OIL Title mutation; COUI ine, all recovered, ;kik s mar be one example showHibs, that the present
Iltvebtion can 20 drastically. enha=.e the antiPody recovery rate in the presice of an acj]dic scluticm.
closer to neurral, [fl748 ThatCbcdv elution properties of affln ty separation matrix h2) with acid
Figs. 5 show draphs on which elution peak srof'iss obtained by antibody purification. chromatography
using the affinity sebarati= matrix (2) with C-G29A/533E-4d or with C-El9A,4d1,"omparative Example
2) i.imnobC. l.i zed instead are superiirposed, Likewise, as seen in the case of the affinity diseparation
rsaerxtheelutionpeakprofiles obtained. usine, the matrix with. C-G2955,4d immobilized therecT, were
apparently sharper than those obtained using the matrix with. C-G2:aP,.. 4d immobilized thereon. The
obtained data demonstrated thatprotein of the present. invention can produce the effect 35 reqardless
of the type of the base of she water-insoluble, base  material, the immohh I fhation method of the
lagand on the base materild and the =riser of domains of the protein selmwinq as. a ligangL [014q1
jA.mitibody elution poperties of affinity sepgrh(matr x (3)  with acid.          Figs. 6 show grans on which
elubion teak profiles obtained by antbgbgy oJhfficaghon chromenogrplim using the affinity separation
magh'x (3) with 1-129A/S33E-Sd or with 



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 usgnq the matrix 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).CI] 29lammibodx,7 El tion properties of allIhnily sepahailon mdlhix (4) with acid           Fig. 7 shows
an elution peak profile eiihmtion pE: 3.5) obtained by antibody purification chromatography using the
affinity seriarazion matrix (:1) wit. z. C-(2.229e9/SECE.3d immobilized thereon. Trtman industrial point.
ofview, a need for matrices having a high antibody-binding caQacitm is large. Increase in       amount
of imimohilizeoT ligands is effective to higheasp, the antibody -bdrding capacity, The obtained data
demon strata that the present invention can produce the effect without 30 causing any problems evbn
when the amount of .4=AmihMM2Thed proteins is high. [01511 [Comparative ExarableProparazion
ftnd usb of 'T.: -329E.Ed -G29.L.Sd (SEQ ID NoM28) was prepared usmng the hhox-bnant eel Is
chta*ned in Example 1 in the same manner as  53 in Examples 3 tel. The adcHnities for the human
TaS and she monoclonal lot-halo were analysed in the same manner as in Examples id and 7, and the
analysis results arc, also shown in Eabies 1 and 2. [C152           The alkali resistance was aoso
evaluated in the same manner as in Example 11, Additionally,. 0-229.3d was used instead
for.reparasion of 11.11:.:3affinity separation matrices and Y3) illExample112, and the resulting
matrices were evaluated 10for anmibody elution properties in she acidic condition in the same manned
as In Example 13. The resuits are also shown in Tics. 4 and 6. Here, the solutions used for preparation
of the 



affinity separation matrices (1) and (3) had a. protein concentration oa 58.2 mq/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 traneformant cells 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 for anolbody elution properties in the acidic condition in the same manner as in Example 13.
The results are also shown in Figs. 5. [0154] [Coaparative Example 31 Preparation of C-G29A.1d
3s30-229A.ld was prepared using the transformant cells  (1374101) containing the template dlasmid
used. in Example 11 in the same manner as in Example 9, and the affinity for: the
=nocironaligG-YabwasanalyzedinthesamemannerasinExa7:31e 10. The analysis results are also
snown in Figs- 2.  CI MS Claim IApi otein navin an affi ccmcrI.sinq an arlini0 act. .L1 sequence  5
OThtEil 'no acid sequence derived fromselected from E,6 and C domains of Protein 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 CHTE-n; amino acid re.stdites at oositions 29 no 35 of the E domain, and amino acid
residues at 0051005 34 to 10 of the A domain, 2 orotein havinca lower affinityan Dab region an
i.m:nunoglocul.in than a prooel in before introduction of the suhstituiion. The rogelt 



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 I 5i 5
os: I to 5 and amino acla sequences ci SE1Q ID -to from the&ins of Protein Claim I.Ta proteing noid 1
or isiherein the amino acid. sequence derived, from at lea2t. one 1 1e 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:toe co tires stonato positiontiseOn a nL,V5. as an amino acme._ residue corres
condin to position. 35 of ohe C. domain, Asp as an amino acid residue corresponding to position. 3536
of the C domain, or Ass as an. amino acid residue corresponding  to cosifian 37 of the C domain.
Claim 0.protem5 whered is a substitution of GLia, Lou or 5-hrcorrespondlA position 33 of the. C
domain, a s.ubsuitutio nof irro for Lys oorrasoond.anq to Pc' the C domain, a substitution of Arg orrlsp
core.sronnHnc 34 of the C O.ofl 00 0, 



a substi3Lution at Cu for, Ton-responding 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 protensaccoruinqany one:
of claims I noconnected together. The-domain protein aucoruino to claim wrerern the proteins
connected _55different 25from one another.  The Au_t_ domain -,5)aoco;rdtio to claim 7 or  55e
55=135er of the protA-i11.net hc" A DNA enc-.ding the protein a000rcinc to any one 35
Claimaccording to claim ID           wherein licated ba-s a sequences each comprising the domain have
a segbene Identity of not higher. than 90% to one anotThec. Claim 12.A vector comprising the ni..1A
according to claim. 10 



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 the 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:prising:                  accur,ndlating the protein.
intracellularly and/or in a 30 periclasmic space of The transformant; and/or           ceddeting the Protein
extrcellularly froft. The transformant.  affirLi L.,. ligand, a a carrierde of a water - i n s a Lib 9 a ba. se
materia..1 on which in is crstotili zed , 



ClaX93to senaration matrix =cc ir to claim 19,   rein the watersansoluble base polymer Or avarchatide.
Claim 21.The affinity seidasatio matrix aoco' 20,  einysacide is csiluicse.    7 separation matrix binds to
e.10rote.in of aT isx=ogioculis. separation ma-                   in the protelh containing an Ec region of an
jahmuncuichatlin is an immunoglobtalin C Of an inthinegichsalin derivative. 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 c 1 a lit 21, wherein the setaraxion of
a protein CO7taininq an 



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 




