F-2253 JR-60086SG PACKI NG MATERI AL FOR AFFI NI TY CHROVATOGRAPHY TECHNI CAL
FI ELD The present-invention relates to an affinity chronmatography packing

material 5 More specifically, the invention relates to an affinity '
chromat ogr aphy packing material to which a specific ligand useful for
antibody purification is bound. BACKGROUND ART Affi ﬂ#?SWé%ﬁ%‘r aphy
utilizes a colum charged with a |Iigand-bound carrier 10(i.e., an

i nsol ubl e carrier on which a substance (ligand) that specifically binds to

the separation/ M¢KD@MMERMR%@NW@HR®M1@@%’&ME?@- For exanpl e,

affinity chromatography has been used to separate and purify bi ol ogi cal
subst ances such as proteins and nucleic acids (see JP-A-6-281638).
Crosslinked particles of sugar chains such as agarose gel have been w dely
used 15 aBECHNIGAKE FIELIY chr omat ogr aphy packing material. However, such
particles may be defornmed and increase the col um pressure when a sol ution
cont ai ni ng t he' D8 Epas ivERTigRIciatgsda e affinitnelyemaioptapbypaskingsngpaimbed t hr ough

t he C%| u at a.hi ht%elr.ow rate, so that the_separation/purification

ef fici eng@oﬁé?“&%ag}@i yentopgelates fonafimity hrrmalegrapippagkiek maigtistat er i al
"PORCS" ( uf act ur.ed..by .20 | i i osystens) .can, be used at a

rel ati veltgﬁ%&%’ﬁa Pr P%%/:g'usegﬁfﬁr ﬁ’ﬁg’ﬁ%ﬁﬁ Bett I?’;?Ibol’]?'ijcl udes mother particles

that contain a hydrophobic styrene-divinyl benzene copol yner as the nain
conponent. Wen using this packing material, non-specific adsorption that
IS consi dgeAEKIGROUND M| y caused by the nother particles may occur.

Mor eover, the binding capacity may decrease when the packing material is

used at a hi giAffibioyehrahstog@bhySWBRYcdiimb BMENEl viabh I EniLeAN BRBLEM
10 (ie., an insoluble carrier on which a substance (ligand) that specifically binds to the
separation/purification target substance is immobilized). For example, affinity
chromatography has been used to separate and purify biological substances such as
proteins and nucleic acids (see JP-A-6-281638).
Crosslinked particles of sugar chains such as agarose gel have been widely used
15 asthe affinity chromatography packing material. However, such particles may be
deformed and increase the column pressure when a solution containing the
separation/purification target molecules is passed through the column at a high flow rate,
so that the separation/purification efficiency ﬁay deteﬁorate.
An affinity chromatography packing material f‘POROS’.’ (manufactured by
20 Applied Biosystems) can be used at a relatively high flow rate. This packing material
includes mother particles that contain a hydrophobic styrene-divinylbenzene copolymer
as the main component. When using this packing mateﬁa], non-specific adsorption
that 1s considered to be niainly caused by the mother particles may occur. Moreover,
the binding capacity may decrease when the packing material is used at a high flow rate.
25
SUMMARY OF INVENTION
TECHNICAL PROBLEM



F-2253_JR- 60086SG An object of the invention is to provide an
affinity chromatography packing material that can maintain a high |igand
bi ndi ng capacity even when used for separation and purification at a high
flowrate. 5 SOLUTI ON TO PROBLEM Accordi ng to one aspect of the invention,
there is provided an affinity chromatography packing%%klﬁﬁﬁﬂgﬁsﬁcluding
porous nother particles that include a copolyner of a nononer m xture

i ncluding a crosslinkable vinyl nonomer and an epoxy group-containi ng

vi nyl monomer,apodjddd 8e RS otife Q%&;&%m%é%%ﬁlﬁgggarti cles, and

t he porous nother “particles 1 ncluding a ring-opening %up pr oduced
by ri ng- apseiddeha®Eart @R Q4R bl itk gﬁ}apa

particles. In the a%%%yg ??%%%?%%?E%%ﬁ%ﬁ%& g r%;l%?eri al ,

t he ri ng-aopentifigitiopayhigh dow raey be a substituted or unsubstituted

2, 3-di hydr oxypropyl group. In the above affinity chronmatography
packing material, the ligand may be a 15 protein that includes an

i m’runggl %i n- bi ndi ng _domai n of protein A In this case, the

i mundg! GHON ReitRPRIdMi n of protein A may be at |east one

Fomacn: s DR af BBt ol S SR it ety * P Shove
ffinit cKi. .erial, t | i d 20

Frmunog! SEOTER R PRI B udTBlRE bbb Beme BRI PR nBRs " ormut (1),
R R2(1) lﬁh&ﬁa&&a{o@ﬁﬁﬂﬁmmm%ﬁ%ﬁw%&nﬁ% hpcludes 4 to 300

am no aci ds and 25 includes a site fconsecuti ve histidine
resi dues epatitriiep-ERRAIBIS L Mn§1 MOnARRNOLGH BeiB L SHERGS tHehRtous Ahdes 50 to 500
am no acids and includes at |east one inmunogl obulin-binding domai n of

pr ot é0n Agartigles,sind ¢lek foats reotharmpaitioks ietuditye rife-G2biBg 2F60086G5G :

i mmunogl obul i n- bi ndi ng domain binds to It In this case, R in the
gener al DErdwpedbyrinz-onppingef thegpoxperetpinaludsd intike pasdusomither rgeicksal f or nul a
(2), _

In the above affinity chromatography packing material, the ring-opening epoxy
group may be a substituted or unsubstituted 2,3-dihydroxypropyl grloup. |

In the above affinity chromatography packing material, the ligand may be a

15  protein that. includes an immunoglobulin-binding domain of protein A.

In this case, the immunoglobulin-binding domain of protein A may be at least
one immunoglobulin-binding domain selected ﬂom an A-domain, a B-domain, a
C-domain, a D-domain, an E-domain, and a Z-domain. 7

In the above affinity chromatography packing material, the ligand may be an

20  immunoglobulin-binding protein shown by the following general formula (1),
R-R? (1)

wherein R represents an amino acid sequence that includes 4 to 300 amino acids and
25  inchudes a site including 4 to 20 consecutive histidine tesidues, and R” represents an
amino acid sequence that includes 50 to 500 amino acids and includes at least one

immunoglobilin-binding domain of protein A,-provided that a terminal of the



S5R1-r-(2) wherein Rl represents an am no acid sequence that includes 4 to
100 am no acids and includes a site including 4 to 20 consecutive :

hi stidi ne residues, provided that a termnal of the site including 4 to 20
consecutive histidine residues binds to r, and r repr _i&ﬁ an 10
arbitrary amno acid sequence that includes 7 to 208R§§§ BLOP#SGNd

i ncludes a TEV domain. At |east one of the am no acid sequence represented
by R and the am no acid sequence represented by R2 in the general formula

(1) may i nehkReioBuldORBER: Hotbiahidd¢d Rdes 1 to 50 ami no acids and includes
one am no aci d sel ected %ron1|ysine, argi ni ne, 15and cystei ne. In

the above af f ilnitiycagé) RO IR HREARINORAGK 1IN Gnaftk Aldréllp shb B bl igand may be an

i mmunogl obul i n-bi nding protein shown by the follow ng general fornula (3),
R2- R(3) 20liowiaggemerfRfbrepile@ent s an ami no aci d sequence that includes 4 to
300 amino acids and includes a site including 4 to 20 -consecutive '
hi stidi ne residues, and R2 represents an am no acid sequence that includes
50 to 500 am ng acids ags i ncl udes at | east one i mmunogl obul i n-bi ndi ng
dommi i of protei'h A pr¥dided that a termnal of the 25

i mmunogl obul i n- bi ndi ng domain binds to R In this case, -Rin the
general fornmula (3) may be a group shown by the follow ng general formula
(4), -r- i r ] i nce .that includes
510 100 el KRBlEL: 4l o h B RERSR S A A BRI S O ARG IR oot ve

hi sti di nenéigdds d4RS incRaAY14A6 20 hecitivk RiBlimatesRined, Bfovidel Shdr Aedlpg 4 to 20
consecutive histidine residues binds tor, and r fepresents an arbitrary
am no acidf tisesipd @rdidgeio 20nohstdasve hidtidind @sidih Bdaw idmdatdoreftalsides a TEV
dormain. At | east one of the am no acid sequence represented by R and the
am notlaciagbitrary amino acid sequence that includes 7 to 200 amino acids and includes a TEV

domain.

At least one of the amino acid sequence represented by R and the amino acid‘
séquence represented by R? in the gencral formula (1) may include a domain t that
mcludes 1 to 50 amino acids and includes one amino acid selected from lysine, arginine,r

15 and cysteine. |
In the above afﬁnity chromatography packing material, the ligand may be an

immunoglobulin-binding protein shown by the following general formula (3),

R*R (3)
20
wherein R represents an amino acid sequence that includes 4 to 300 amino acids and
includes a site including 4 to 20 consecutive histidine residues, and R” represents an
amino acid sequence that il_lcludes 50 to 500 amino acids and includes at least one
immunogiobulin-binding domain of protein A, provided that a terminal of the
25  immunoglobulin-binding domain binds to R.
In this case, -R in the general fornmla (3) may be a group shown by the

following general formula (4),



10 sequence represented by R2 in the general formula (3) may include a
domain t that includes 1 to 50 am no acids and includes one-amno acid
selected from|lysine, arginine, and cysteine. The term "protein”
used herein refers to a nol ecule that includes a peptide structural unit,
and includes a fragment of a natural protein, and a VZf1hdR-6888Githed by 15
artificially altering the am no acid sequence of a natural protein. The
term "i mmunogl obul i n- bi ndi ng dormai n" used herein refers to a functional
unit of a polypeptide that has an i nmunogl obulin avidity. The term

"i mmunogl obul i n-bi nding protein" used herein refers to a protein that
exhibits a speeRfic aff @ty to i nmunogl obulin, and includes an

i mmunogl obul i n- bi ndi ng domai n. 20The term "TEV donai n" used herein refers
to a cleavage site due to.a tobacco etch virus (TEV) protease.
ADVANTAGEQUS EFFECTS OF | NVENTI ON Since the above affinity chronmatography
packi ng nERERIR R reprrseRidaapine ok spmienest thetringades i4gb @80 ahimb atidehndde a

copol yner. of .a mononer,. m xtuyre including a crosslinkabl e vinyl nmononer and
an epoky 5 IUES.2 U PAIHIngS 10120 FPRSSERHRbISTId e Frseihise PERAdeg thbatermingl  ho

. il d the.par. : i cl es incl udi |
P 2253 RIuBas e AR s e s bRty e S EEPg of ¢ he
%ﬁ?r@%&rﬁe ] 1894 Ralhd Sk th f[-Lni
gﬁ(r))(;?/ra? (r)gr aphy pac kéll:ﬁdg%ﬁ{ét e?P%F%ggln nmﬂﬁogi n ad %ﬁlﬁﬁahﬁiuﬁz urﬁi((%s%:r?i i%g

capaci ty ®vwai When used for separation and purification at a high flow
rate. 5 BRI EF DESCRI PTI ON OF DRAW NGS FIG 1 illustrates the am no
aci d sequencesitddast dnewfifglaadnt ddid Rigaetics Gepiésehed By R(HPME anRAeid SPAKK, and
SPATK) produced in Synthesis Exanple 1. FIG 2 illustrates the am no acid
sequelfic e seafengamepneesgledtiyiR iz Hiergdnergl orovle i HanfOndiGRACEGmAPLBK, SPA- Hi s- C,
and SPA-Hi s-N) produced in Synthesis Exanple 1. , FIG3 illustrates

t he conf iBeidesil dp 5@ pmino prids prdigaiudes angamiemacidiwelected fomlysggl asgining.n- bi ndi ng
protein prqoduced in Synthesis Exanple 1 and is inserted into an expression
vect or (FEFFSIE™ pETM 10, and pET29). 15 DESCRI PTI ON OF EMBODI MENTS

The term “protein” used herein refers to a molecule that includes a peptide

structural unit, and includes a fragment of a natural protein, and a variant obtained by
15  artificially altering the amino acid sequence of'a natural protein.  The term
“immunoglobulin-bmnding domain™ used herein refers to a functional unit ofa -
polypeptide that has an immunoglobulin avidity. The term “immunoglobulin-binding
protein” used herein refers to a protein that exhibits a specific affinity to
immunoglobulin, and includes an ﬁnmun‘o globulin-binding domain.
20 The term “TEV domain” used herein refers to a cleavage site due to a tobacco

etch virus (TEV) protease.

 ADVANTAGEOUS EFFECTS OF INVENTION
Since the above affinity chromatography packing material includes porous
25  mother particles that include a copolymer qf a monomer mixture inchiding a
. cros_slinkable vinyl monomer and an epoxy group-containing vinyl monomer, a ligand

being bound to the porous mother particles, and the porous mother particles including a



An affinity chromat ography packing nmaterial according to one enbodi nent of
the invention includes porous nother particles that include a copol yner of
a nonomer m xture including a crosslinkable vinyl nmononer and an epoxy
group-contai ning vinyl nononer, a |igand being bound_to the porous nother
particles, and the porous mother 20 particles incl udiig2Ri0R88GKEni ng
epoxy group produced by ring-opening of the epoxy group included in the
porous nother particles. 1. Affinity chronmatography packing materi al

1. 1. Por ougndi®cife cBaut drbik ino ] i . .S ferabl e
Lhai the g ty eghr%grrmt;ﬁ%? g%ﬁ‘ﬁ%%i‘?%?ﬁgﬁmn%@% W?é&‘%“&%é“%%?ﬁﬁh%

par ti cl esjorausanstikrigrticRs, aheafBifhp ShroRbio ghbhy PRKING R P Bal Rifkath 4 NCI ude a
copol ymer of F-2253 JR-60086SG a nononer m xture including a

crossl i nkzplh Bgand byidingmapavity eserowben 1BpdRy sefapitipn andib@ifithfich atianydh mononer .
An aromatic polyvinyl nonomer and an aliphatic polyvinyl nononer are

pr ef er abl®ovamig.he crosslinkabl e vi nyl mononer. Divinyl benzene is
preferable as the 5 aromatic pol yvinyl nononmer, and a poly(neth)acryl ate
corrpoénd is preferable as the aliphatic polyvinyl nononmer. Exanples of the
pol y( nmet i et hyl ene glycol di(neth)acrylate,

di et hyl e%@ﬁ%@?@%@% triethylene glycol di(nmeth)acryl ate,
tetraet hyl ene Y, i - A e ol. di (nmeth)acryl ate,
di propyl ene gIP%}'o]lqﬂh?t%l}fégﬁ% Jé%]rﬁ(?/ F%l?g%q%? ?&%?g%j%né%éﬁ%éﬁn&f% pmte’}ls '

di (met h) ggpxkagec tpaka" - : M?Ee% te, 1, 4-butanedi ol
di (et h) Ea(crgil(’at e, 1,6- hefgﬁgglﬁglg) %%%‘%S?ﬁl)ﬁgcryl gzﬂé{?ﬁlﬁreiqr’mt hyl ol pr opane

tri (et h)acrylFaGe ilipentaelie/doins ball sé@bids BRnhh@tbakebindid pkdiems | ke.
Anong these, trimethylol propane trinmethacrylate, trinethyl olppr opane

tri adOy| dBBA21et IRA3KN EPHIHisE), antl SRA-HaeNY batdeseddn Symhdyid Exaepd iy col

di acrylate are ‘Eir ef erabl e. 15The epox roup-contai ning vinyl nononer is a -

vi nyl ~ nononer Tl4ak ilpsieaies fesconfigepiasn o P flagmepfethatisheadgs a0 Exanpl es of

t he epoxy _group-cqnt.ai ni ng vi.nyl nononer jnclude (neth)acryl ates such as
gl yci dyl %‘Pﬂ?‘&‘g‘ﬁgﬁ‘r@?‘gﬂ%ﬁ@t% %W&u‘(eﬂé?nﬁy’ﬁ%ﬁﬂ él"&Wé’&fal @qﬁpa%e%ﬁ’btf’yet hyl ene
gl ycol ; e vinyl un h _as Mi.pyl benzyl gl yci dyl ether; and
the | i.ke.%h%%#gsifc{nh‘}ggtéf@Wﬁgﬁdﬂ%ﬁ@{iﬁa@r ﬁE;l?gyand 20 vi nyl benzyl glycidyl
ether are preferable. It is preferable to use porous organic

pol ynmer particles that include a copolyner of 20 to 50 wt % of the

cr osgbki nEsHcRIPITIYN OFoRaEeDIMENEDt h 80 Wt % of t he epoxy group-contai ni ng
vinyl nononer as the affinity chronmat ography packing material according to
one enbodi mentAncfifinityechronraography. patking hateambacnordofz b hac enlegighémbofibl e 25
vinyl nmononer is |ess than 20 wt % based on the total anmount of the
nononer s tha ineengige fnchigesparens mpthprgartnlesthatancluders qgrolymenp fragmenaes to a

decrease i.n strength, so that the C
mhixtute ncl mga crossignk?able vﬂlyl monomer and an epoxy group-containing vinyl

monomer, a ligand being bound to the porous mother particles, and the porous mother
20  particles including a ring-opening epoxy group prodiced by ring-opening of the epoxy

group inciuded in the porous mother particles.

I. Affinity chromatography packing material
1.1.  Porous mother particles
25 1.1.1. Configuration
Itis prefe:rablé'that the affinity chromatography packing matenal (pérous mother

particles) according to one embodiment of the invention mainly include a copolymer of



colum pressure may increase. |f the anobunt of the crosslinkable vinyl
nmononmer F-2253 JR-60086SG exceeds 50 wt % based on the total anount of the
nononers, it nmay be difficult to control the pore size, and the binding

capacity may decrease. The affinity chromatog hy Ki ng, mat eri al
according to one enbodi nrent of the invention may ingﬁgﬁgbgﬁ%éﬁﬁﬁgﬁonal

vi nyl nmononmer as the copol yner conponent 5 preferably in an anount of O to
30 wt % The affinity chromatography packing material according to

one enbod] ABIHmR mikdiR @Rk h eRsMRIE MR YmbRdma aRfhd dfoke size (vol une
average particle size) of 20 to 80 mcroieters, and nore preferably 30 to

60 m cr ongbw-Sontdifing M@ypasidngdre si ze of the affinity chronmatography

packing material is |l ess than 20 mcroneters, the colum 10 pressure nay

i ncrease to ann ampmattpodading] eoabmat ard aniatjhhdiic oty ailyEmondmdriaee particl e size

of the affinity, chromatography packing material exceeds 80 m croneters,

t he bi ndinsgferablsae theyeropalinkgble aninyd magnemeo Davinyibenzeteds prefmalilchsahsi ze" used
refers.to a, volunme average particle size determ ned using a |aser

3? fe Ir gct i%‘?ﬁ’f&‘ﬂ@?y BOBAPEn ;%l}dlea quﬂ@eﬂ})%‘{leﬁﬂS&PP’Bﬁ“nf{jm;S?i@@}me qs?#%ﬁ affinity
Cnvent Sffﬁiﬁﬁas%g@%frfyi‘%gﬂf?%%gﬁéﬁa S b e e syt /§, and
Tty TR LD ditacibor i ictitychD 81 BRER i YRIAREIBIGR eblgt 0° . i g
capaci ty #iReadflrhicOicRh@hyltde di 1&il?;ﬁ9&f&%%é{%<ﬁ§f@%ﬁéopf the affinity

chromat ography packi ng ndaterial exceeds the packing materia

may br eakii@ietigadtiigie, dip@ypyikad glyebl di(hRiidaci@skeRipR PRSIt h, so that the
colum pressure nay increase. Note that the "specific surface area"” used
her eilfl r efi@reth)taylateytziramropyitii ghed] diymelhjacdilaty 1t4eutangdohce area of pores
having a pore size of 10 to 5000 nu determ ned-using a nercury porosineter

by the drif(mgsemylaiss 1.othexapadio] di(reefh)ampyiate fimethylplosdnesnaiwgihinsiwatpacki ng
Vol e aPERAGETEU S4B DABFES) b en TG e EVBHEYRPEBIY 200" to- 300
mater al TP PpE RSy Rl TR R BTV 33657 T B0 05
::ggiL;c?ﬂ%&%?gﬁﬁﬁ%gg%ﬁh%ﬂgpémgmj_ flowrate. If the volune average pore

I ze _ romatography packing material exceeds 400 inn, the
bi ndijgg capacithy epdy HRipCdonQiBhE vin§T BSRRE: livLvidl hdidndel Mat indlu@es a0t € t hat

the "vol unme average pore size" used herein refers to the volune average
por e si zepafy pouem thambrgule pBrampdesad tief epbfy pwupQGaining vinyl monomer
include (meth)acrylates such as glycidyl (meth)acrylate and _
alpha-(meth)acryl-omega-glycidyl polyethylene glycol; aromatic vinyl compounds such
as vinylbenzyl glycidyl ether; and the like. Among these, glycidyl methacrylate and
20  vinylbenzyl glycidyl ether are preferable.

It is preferable to use porous organic polymer particles that include a copolymer
of 20 to 50 wt% of the crosslinkable vinyl monomer and 50 to 80 wt% of the epoxy
group-containing vinyl monomer as the affinity chromatography packing material
according to one embodiment of the invention. If the amount of the crosslinkable

25  vinyl monomer is less than 20 wt% based on the total amount of the monomers, the

packing material may break at a high flow rate due to a decrease in strength, so that the

column pressure may increase. If the amount of the crosslinkable vinyl monomer



5 nmu determ ned using a nercury porosineter. If the particle size, the
specific surface area, and the pore size distribution of the affinity
chromat ography packing nmaterial are within the above ranges, the bal ance
bet ween the openi ng between the particles that serv | for the
purification target solution, a relatively |large poﬁgzgﬁzgRWIgmgie
particles, and the binding surface area 10 of the purification target

nol ecules is optim zed, so that a high binding capacity is naintained at a
hi gh f 1 ovext@ides0 wt% bascd Dp&kd il a0¥&TPF 88 nthohBR, Pakobs dimklen particles
used as the affinity chromatography packing material according to one
enbodi merdonwé! thdypore pive nhd dr binkitgehpagigrmaysdeoregsni ¢ pol yner particl es

i ncluding a copol yner of 20 to 50 wt % of a 15 crosslinkabl e vinyl nonomer
and 50th 80 wilds effinis chipmago prby padkars matetial gcsordipg tonmwembedingntdothavi ng a
particle size of 20 to 80 mcronmeters, a specific surface area of 50 to
150 e/ g, thamsentiop smayriacludecamadditionyl iyl menermer vy the GPATTERSATPPRE hor & Vol ume

of pores havi .a_pore si of .10 to 5000 nm when neasuring t he

affi ni%y%‘?‘%ﬁ%t‘%@‘?%‘ﬂﬂ@“ Bi@ﬁ? %(bw%ﬁt erial according to one embodi nent of
the 20 inventi k _ . 0S| .ar 1S .oref ; 2.5 mg.
(e 20 Lnvent 190 09 cRAGASH B A sed FalE S 40,
e R A A R i R T

pol ymer i z@icioditicrand Bord préRrably 30/ -6dtAG@newWee. | iThithe péﬂtwmfz’e saineon net hod

di sclosed in JP-B-57-24369 may suitably be used for seed pol ynerization.
VWhen pr odidiiityghtdmeatpprapghypackibh entepal i lest then 20 icromatoryeths comaher,  F- 2253
JR-600868G and a pongen are used as essential conponents, and a

pol yriér | zagssura mayiimdrease o, aveimpevicyicnd dcval af pdvghefinw rate. s Jf thapedinle sizaofal t, seed
ol ude: b SoppEESPEGRITRES TR R En 0 THELTS Ut bons,
esters, ketones thers., and, alcohols.. .Exanpl es,of .the organi,c solvent 5
Thol ude copamnaey e Ris,s S hEORE rReE S oS bR iRl GrEcnsene.,

average particle size determined using a laser diffraction/scattering particle size

distribution analyzer.

15 The affinity chromatography packing material according to one embodiment of
the invention preferably has a specific surface area of 50 to 150 m%/g, and more
preferﬁbly 80 to 120 m*/g. Ifthe specific surface area of the affinity chromatography
packiﬁg material is less than 50 m*/g, the binding capacity may deteriorate. If the
specific surface area of the affinity chromatography packing material exceeds 150 '/ g,

20  the packing material may break at a high flow rate due to a decrease in strength, so that
the column pressure may increase. Note that the “specific surface area” used herein
refers to a value obtained by dividing the surface area of pores having a pore size of 10
to 5000 nm determined using a mercury porosimeter by the dry weight of the particles.

The affinity chromatography packing material according to one embodiment of

25  the invention preferably has a volume average pore size of 100 to 400 nm, and more

preferably 200 to 300 nm.  If the volume average pore size of the affinity

chromatogtaphy packing material is less than 100 nm, the binding capacity may



t-butyl benzene, sec-butyl benzene, isobutyl benzene, xylene, ethyltoluene,
cynmene, t-butyltoluene, diisopropyl benzene, nesityl ene, cycl ohexane,
octane, isooctane, butyl acetate, dirnethyl phthalate, methyl ethyl

ket one, 2-octanone, 3-octanone, 4-octanone, diisobutyl keton 2- nonanone,
3- nonanone, 4-nonanone, 5-nonanone, 2-decanone, 10 Sgﬁ%%%igﬁﬁ?&ﬁgﬁecanone,
5- decanone, 2-undecanone, 3-undecanone, 4-undecanone, 5-uridecanone,

6- undecanone, phorone, isophorone, acetophenone, dibutyl ether, 1-hexanol,
2- oct anol sigrlBEANP Hetetictitc Wt a Bish bR rateCY HRNCIRRO verR Yofe \reldiii It 1S
preferable to use a solvent that includes an aromatiC hydrocarbon

I ncl udi ngaffinityadlsythatggrapty paskihg haftriel cx0Edde 40@HiOMe Bind i cBfackt) GnafBi N
conponent, or a solvent that includes 15 a ketone having 8 or nore carbon
atons as ddterionai¢ mresppopunefitbe flow rdts  Nme that the Evaltine atadage@resisdlugant t hat

i ncl udes cunene and/or diisobutyl ketone as the -main conponent. The pore
si ze di sthardutaiesn tafhe velime gpaegefriore St dfawecsdnviag ppowisizedf id®ro 5008 packi ng
mat erial accgordi.ng to one enbodi nent of the invention can be obtained by
appr opY i dtRAYCUEPRCEINES THETARBINTSHTd t he type of the porogen depending

on t he nononer sition. . Exanpl of a preferahle

pol yneri zat i or%flég' %%zgigglrze’i t?]l%fpt?ﬁl I SRS e F‘ﬁjistp? BY'8 rsigg ﬁléﬁfbag%%ﬁ%w

per oxi de, : i 1 t VL e, and

o5 5 1 At S i ekt bl BB oy P Lk AR

azobi si s aRubesh Ry &gehing bamdede Rh3ic ROURL SRRk b bh&age THEMPRLYABELF At | On
initiator is dissolved in the nmononer 25 mxture or the porogen, and used
for pol yneigezsahition, a relatively RXfiTRreszOh thdyearpabsy iRl thé bhaRE Saficeiafel ude

~wat er - sol ubl e pol yners such as pol yvinyl al cohols having a degree of
saponi®f i ctherificat8m tanget9Boecutd is FptRHsS1, sd RaGONEL BEdipglcgeacity ispyr r ol i done.
Exanpl es of, the_ surfactant include anionic surfactants such as sodi um
dodecy| <Bintgingd atsdhiglyBowsdecy| benzene sul fonate, and pol yoxyet hyl ene
dodecyl ‘ether uL%ate sal noni oni ¢, surfactant,s as pol yoxyet hyl ene

t
al kyl " et hers, Ssﬁ‘ﬂ ??f?qp???é’%%?é’ﬁ‘muégmg]?ergawa%?B?eglf'i‘}sg‘%%‘%‘l-‘tﬁ ncl ude sodi um

hl ori de, ' | . . i : i cl
el ude S5 e PR ookl et Act Mk G IR TRAER s e WER R o) G
having a geliReHaalc PR barBtlef Rerkink AR pbQmtPOs A8 50 \Webrysi ng seed

pol ynmeri zation, thé particle size required for the packing materi al

accoridi NGrésslinkable M0 HoiRAér 8 50 K80 W18 R b Bpok§ Rrdup-cdBiadii y
appropriately adjusting the size and the anmobunt of the seed particles, the
anount ofmareemenwand hesg a particle kige afdilnt8Oghiciotctdre appeciirerurfatiem ofSi ng
suspensi on poléngrization, the particle size L&@uired for the packing

mat eri al 8de drlmng 8 agivlipsdysaicaaere siEe of A0 toriP8ME on can be obt ai ned by -

i at el dj usti t t dth t ft I
o s L e
size o StI ade and a. po . V, . co etion
of pol yrre%ﬁ %ﬁgﬁ%ﬁ:’%@%@&ggﬁ;‘yﬁ aﬁg]flg P@%@ %%ﬁﬁﬁg Oﬁ)glg %%%%%‘%‘%éé)rf gg'ewas gd wth a

good ogol tialpuéakgt%ﬁl%cgefﬁwésn Iéng;areﬁ}é%g!g% ohayipg the desired pore

size distribution. ) S "Bindin

1.1.2. Production _
The porous mother particles used as the affinity chromatography packing
material according to one embodiment of the invention may be produced by seed
25  polymerization, suspeﬁsion polymerization, or the like. A two-stage swelling
| polymerization method disclosed in JP-B-57-24369 may suitably be used for seed

polymerization. When producing the porous mother particles, the monomers, water,



20A ligand is bound to the affinity chromatography packing materi al
according to one enbodi nent of the invention. For exanpl e, the

| i gand may be bound to the affinity chromatography packing naterial by (1)
utilizing the epoxy group included in the porous nother particles as a
ligand binding site (see JP-T-2006-511935, for ekanpi€333_{BP0@EaSG/ating an
al coholic 25 hydroxyl group produced by ring-opening of the epoxy group

i ncluded in the porous nother particles using a tosyl group or the liKke,

and bi ndifg atdas oeh ; 1 ' . using the
al cohol i ¢ hy roi%l g%ﬁ“%‘#ﬁ%&ﬁ% g?%gé%e%a%ﬁav‘gdgc‘%%g‘anemﬂ{@ 3 _JR 60086SG

using an pmyxﬁara&sg&sﬁ@,%rfa@tﬁhﬁ DiadiRd phitRlel | A8 R e atd\GiBRIRUSJTOL her
particles (see JP-A-2007-211076 and JB—A—2608-032411, for exanple), or (3)
formi ng a |i nkxampleadf thybeiogen intlode biaenie pelxhtOfRH Bs AlpBhtitdaGrdmatic-he porous
not her particles or a group produced by ring-opening of the epoxy group,
and bi ndihygrachmbohs, gaers) ketoned) ethprsy adsaldwhnist hExamydes dfehesaeatiiosolvest | i nker
(see JP-A-2008-032411, JP-A-10-195099, and JP- A-2004-331953, for exanple).
Wien dsi riacludedobises, ethibenzsas cumpre, amassylbpnems, Bbegbarzeon t he surface of

t he poro t her particles has heen substantially ring-opened before the
por ous n&%]fg&beﬁﬁﬂei or-outy. Ezﬂe‘ﬁoq’&&]?%"% Fﬁ?ﬁ% §thykplsms: IgEPhy packi ng
mat eri al . (£ical.l the 10 affinity chromatoqraph cki terial
recor d ng TG hE isaronitEndspe St Dlch, P RERRE BHARS kB3N, B g epoxy

group. T I.Ng- 1 eb avIN¢]s | C L 0g- i of the
epoxy gr gﬁ%%ﬂ%?&%@@@%kt&ﬁe pojﬁr;i gﬁléw Iﬁ%ﬁ%?%&%ﬁ?&ﬁeg&gﬁﬁgwf ter
bi ndi ng td#Sotuld #BEné, 2-1oREnIHE! PHSnaRBA) @ noBaHoht, F-fsbandda€2-i&kfbne | NY- OpeNi ng
epoxy group” used herein refers to a group produced by ring-opening of an
epoxyiigr @Gudecatdne Mp & asRCcs-Hecaabdey 2-uhb&aheie3-ubddegnodp ePintBcapaxy gJgroup” -
used herein refers to a group produced by ring-opening of an epoxy group
as a r esfirundganpag Otindepandre, plvosnye, tFophgrowd, atetephamank abpitiyl étier.conpound t hat
i ncludes a hydroxide ion, a chloride jon, a nercaptoﬁﬂroqgh an am no

o

group, orl-keyanqlj ractanod degaaghtaugyl algebal, evplefickenokyiad gieyikegr produced by

i ng- i f the 0 hyd hi | t hy f f th
Copol yrerbraEraBle Bk RSB aRREs b brale s GrRpnbeiibe Baldhe | ke, a
Id i tihe. LGk i t k f
the par ¢ guraSink 24ENEES lin A0, AR WL GadonllE) 6 R A SRR 22500 0
ot har Pariltdnk GvilBY Dpﬁl(){]é- AoARERRGs e Shin'cbidRgndnbe nglw]gl%m%

particles in water wth heating or at roomtenperature in the presence of

~an aci d as usd kavlvent they ncidaRhBenc2md/Or diisbs] kgooeid thaialcsMipbient.i Ng- opened
using a nercapto group-containing blocking agent (e.g., mercaptoethanol)
or an aniTie pgrecimg-distrityudion iand)ths Ispesidiongprfagearea (egquiged fonthe petdiegmiiarialne) .
F-2253 _JR-60086SG . o ] , ) )
. according to one embodiment of the invention can be obtained by appropriately
selecting the amount and the type of the porogen depending on the monomer
20  composition.
Examples‘of a preferable polymerization initiator include peroxide initiator such
as benzoyl peroxide, lauroyl peroxide, tert-butyl peroxy-2-ethylhexanoate, and
3,5,5-trimethylhexanoyl peroxide, and azo initiator such as azobisisobutyronitrile and
azobisisovaleronitrile. The polymerization initiator is dissolved in the monomer
25  mixture or the porogen, and used for polymerization.

Examples of the polymer dispersant include water-soluble polymers such as

polyvinyl aleohols having a degree of saponification of 80 to 95% and



The ring-openi ng epoxy group may be a group produced by ring-opening of

t he epoxy group; .a group obtained by binding-the ligand to a ‘group
produced by ring-opening of the epoxy group, or a group obtained by
binding the ligand to a group produced by ring-opening of the epoxy group
via the linker (refer .to the above nethods 5 (1) to ?%?Ziﬁﬁﬁﬁo&gﬁb-opening
epoxy group is preferably at |east one of these groups. It is preferable
that the porous nother particles include a substituted or unsubstituted

2, 3-di hy Sy aBARROT A0 U Rixamp D61 thi Q&fa%ﬁ%agdfﬁﬂa&}ic aggawané%uéhf t

non-specific adsorption of proteins and the |ike can nore eftectively
pr event edsolnnhycdieap Bilkte is@cﬂuhhﬁd&?’&i‘eﬁé@e elifdnhe, £RRRINAPhyIAR unsubstituted
2, 3-di hydr oxypropyl group may be 10 produced by ring-opening of a glycidyl
group vi alddyai efthyisiutfatefsalts, aoammpd eurfabtastslssth dsypobdxZatBrlelichyici ethyr opy! group
may be produced by ring-opening of a glycidyl group using a nercapto

gr oup- corfndithe likg. bEsakplegofagueikrabls. sglt incinde seditwehlozside spdiom satfateni no

gr oup-cont ai ni ng bl ocki ng agent (e.g., nonoethanol am ne). 151.2. Ligand
The type ﬂ%ﬂdﬁ(ﬁl Fxpamles f& thieehearticles inglpds polystyrersparticiesfand paly(allsd | i gand

has affinity.to.the target..Exanples of .the.liga in e proteins such
as prot ewweﬁ)acﬁ%?wwl@%ﬁgéﬁn%?ﬂimmt Bg@oghﬁﬁ’oé‘% ﬂ)(ﬁg{{ﬂl YBent i bodi es
such as ) Iyﬁgﬁ% Les, ﬁgﬁ i glels '!QP%E . _car.bohydr at es
such as %g‘gi%%ér?%ﬁew S 1%&9%]%31%%% |og%1}’%g;fgg;[ﬁ§§af gowt%ﬁxg%oﬂf‘%?‘% wei ght
conpounds $HEBnGiith&c B HleatRhiicn St obial Bt 8y adu@ifeRPASNY| boron
aci d, 4-aninobenzanidine? glufathiong, biot?n?ﬁg d dgﬁgvatﬁves t her eof
Not e t hatanfl tiagi@uhSofhe §dde partitieg aNcEnaibt af the chobymére R hd WBhdu@Nef an enzyne
treatment, or the like may be used. It is also possible to use a synthetic
pept iléle dhe poragant h&{lieo upiep suspensiter polybdriretion? Bk partpdormdzesaiiintfer ther
antibody purification is protein A and protein nore preferably an
i munogl dBekingmpierial aseprdingad anegmbmdinait af the inveationosn bpobimedbyy a protein
ide that includes, four or nmpre consecutive histidine units

in which a pept
is. F- 225’?13‘% %ﬁe’a&%g@géaaaaew § UPAHISOT thY PURSLHHERSBET A then - bi ndi ng

domai n of Lein. A .Exa es .af such rotein |.nc
innunog|Sﬁﬁ%g%gﬁﬂ%%Fﬁﬁﬁ%%%@é?%@“?ﬁﬁﬁﬁm-&‘%%%”?BPF%ﬁﬁﬁgﬁﬁéﬁ%?a| formul as
(1) and (BlymeriatfonkeldelMunogl obul i n-bi ndi ng protein An

i munogl obul i n-binding protein shown by the foll owi ng general fornula (1)
(hergisnafter per 16 SRR rRstionPiR k&idbatticlesiafid/BF B pbRREEa@S t he
ligand. R-R2(1) 1gﬁﬁ%ereiﬁ%g3%§%resgﬁts anq%nino acid sgdﬁgnce t hat

i ncl udes whsheal WilDa pddsohant Wobaitpdrows mistea partiids daving thedicsiggd4poteo 20
consecutive histidine residues, and R2 represents an am no acid sequence
t hat i nclsizddstr@tipn 500 ami no aci ds and includes at |east one

i mrunogl obul i n- bi ndi ng domai n of protein A provided that a term nal of
t he 15 irnnunogl obul i n-bi ndi ng domain binds to It

1.1.3. Binding of ligand

20 A ligand is bound to the affinity chromatography packing material according to
one embodiment of the invention.
For example, the ligand may be bound to the affinity chromatography packing
material by (1) utilizing the epoxy group included in the porous mother particles as a
ligand binding site (see JP-T-2006-511935, for example), (2) activating an alcoholic
25  hydroxyl group produced by ring-opening of the epoxy group included in the porous
mother particles using a tosyl group or the like, and binding the ligand to the porous

mother particles, or causing the alcoholic hydroxyl group to undergo oxidative cleavage

10



The nunber of am no acids included in the am no acid sequence represented
by Rin the general forrmula (1) is preferably 8 to 100, and the nunber of
hi stidine residues included in the site including consecutive histidine
residues in the am no acid sequence represented by It is preferably 4 to
8. The nunber of anino acids included in the 20 ani %EXER§ e
represented by R2 in the.general fornula (1) is preferably 120 to 480.

R in the general formula (1) is preferably a group shown by the follow ng

general Q&g Nihid 3 acid
sequence t hat |r)1{(éilg%nes %?%d%%%mgranﬁno aC| ég‘%ﬁﬁgg%%%ﬁh%pé%g%SG

i ncl udes m-£i2007-2008dhd - Ams&@zmnﬁ%ﬁm% b @b tniR S 1BkbOgs, provided
that a termnal of the site |nclud|ng 4 to 2 consecutlve hi sti di ne

resi dues dxtandsirom the eparyl group épleieé i the poroas Bbtheaparticles dta geipd sequence
that includes 7 to 200 am no acids and includes a TEV domai n. 5The nunber
of am no preduted bnohgidpmtingrofthreepary poupcind bidipgshe bgand pr teentomsl by Rl in

the general fornula (2) is preferabéa/ 4 to 25, the nunber of histidine
resi ddes PEFaREles yia the ligker ésep JR1AUSP 320 Hs dRuit-{ - E91981andi ne resi dues in

Eﬂﬁbgﬁin Wﬁzﬂg‘? S NS h?yaﬁl 10 an 6 ceanence Topresanted by ¢
b h

ol Low g oency R sk the 08l IO 9 SRKY LAWP AL O e B T BN, DY 108

2") is alge, ﬁ%ﬁﬂ(tﬁ‘errggrlu@leéﬁastﬁ%@n Edl’géfﬁlallg%go e ngd?}i%fdﬁ‘@ﬁ{ggdo?o n£ esents an

am no aci'd sequence that 1 ncludes 4 aci udes a site

i ncl udi Nghafidle® aZDuse@ DSBS biEFintt cmoiiatc%kﬂm gm@uﬁaeﬂénds 1ﬂc€lP§ ﬁfeents an
am no aci d sequence that includes 00 am no aci and i ncludes at

| eastl0oneatiimitpuheghabgriphy-packids notetiohmtording (oot @nbodinenp bOthe dedntidiat a
term nal of the i mmunogl obulin-binding domain binds to R 20The nunber of
am no aciiogudaseirpgegening epnxyamduro dbF dng-epenEERpoKe prosB érredicby bR i n t he
general formula (3) is preferably 8 to 100, and the number of histidine -
resi dues WH?H’@&O%WCFP@‘YS%TP@P fi‘ii’d‘flﬁ}&%%‘é%%?r@éﬂﬁ?eéwm%%ﬁé%l dues in

h d f bly 4 8. Th nmb
E)f eaﬁlmng%a%flo%thlg?fg‘lmﬁﬁggl r?Qr ezf%e}?n aC| dI @ée([;tlrj:nirrﬁigr pr egateeg%)? ™ byngul ner
the generﬁbu&’%‘.&ﬂﬂe@eiﬁ foerk $o P é‘l%ﬁlﬁ rbﬁﬂhé’ed]tg%ntg%penmg of an epoxy group.

15 More specifically, the term “ring-opening epoxy group” used herein refers to a group

produced by ring-opening of an epoxy group as a result of reacting the epoxy group
with a niucleophilic cbmpound that includes a hydroxide ion, a chloride ion, a mercapto
group, an anﬁno group, or the like, for example.
An alcoholic hydroxyl group produced by ring-opening of the ¢poxy group
20  hydrophilizes the surface of the copolymer to prevent non-specific adsorption of '
proteins and the like, and improves the toughness of the particles in water to prevent
breakage of the particles at a high flow rate. The epoxy group included in the porous
mother particles may be ring-opened by stirring the porous mother particles in water
with heating or at reom temperature in the presence of an acid or alkali, for example.
25  The epoxy grdup may also be ring-opened using a mercapto group-containing blocking
agent (e.g., mercaptoethanol) or an amino group-containing blocking agent {e.g.,

monoethanolamine). -

11



25 480. It is preferable that -Rin the general fornmula (3) be a
group shown by the follow ng general fornula (4). -r-R1(4) wherein Rl
represents an am no aci d sequence that includes 4 to 100 ami no acids and 5
includes a site including 4 to 20 consecutive histidine residues, provided
that a termnal of the site including 4 to 20 consedut?Pe Kitee86FChe
residues binds tor, and r represents an arbitrary am no acid sequence
that includes 7 to 200 am no acids and includes a TEV donai n. The nunber
of am no aci dspy ' ' i [ 10 RL in
-the general fiﬁﬂﬁru@%g%?gﬁn% ésboté‘?g‘g?éﬁ‘% yb%écld ?%ﬁg%?&{&ﬁibiﬁﬂn%géﬁg} Fge[ﬁitg%/i di ne
resi dues dpogy pdes] al giolpdtfihddeoy biediteihe G NG aGdp\Rodiicsd byi ne resi dues in
the am no acid sequence represented by r is preferably 4 to 8, and the
nunber ofrirgropeningof ths cpmgi grogd ot a giolnp obiainad babinding elpLignad o epoesent ed by r
is preferably 10 to 50. It is preferable that at | east one of the am no
aci d sequendeed byriasepenig dfyheRpanylgroSp vhdhaliken (refer o thegwenoethodpr esent ed
by R2 in the general formulas (1) and (3) include a domain t that includes
1 to 50 dM deﬁciﬁke%ngdoneﬁ@lg@awgﬁ@p Biproferably jatileass paeelcthese @ompb.y si ne,

arginine, and cysteine. In this case, the am nq acid seqguence i ncl ude
a plural ilfﬂ?pB?fe‘%@Eﬁ?fﬁlﬁlpoﬁ}mmql?eéP%‘ﬂFbﬂ f1& SyostitpfRe o p Stgﬂﬁegagequence
repr esent j | . formul 2). and 20 may. i ncl ud TEV
PPl = T L B e e e R

r epr esentachhior of pkdteinsdNAe B gdn%%@@ﬁec&i@&?@?j&%@?h%ﬂ%&o p‘{jziﬁ € amno.

aci d sequence represented by R2 can be separa rotease.

Nor eover thé fiefad&M HOSBpoRmict. aAR 1AHBERDIEE 2 SCHMRIGSpfodl] @6t fiy BY t he
effects (i.e., an increase in the amount of immobilization on a carrier,
and df i neodmestby ring-opaniggifalpiycidyl pene via lodraiisc apekarhple.y &f the carrier)
of the invention. The am no acid sequence represented by r may include a
TEA/  nut anbstittied 2, Bralghydroxmpeppiggrowrf ma0be pedyred by ringrdpevied eficaddyaidd0% or  nor e
wi th the am no, acid sequence of the TEV domain (irrespective. of whether or
not F- 2Z8AP WRESODEBERES goukicayangiedipcking pgent §e-gnBeFaRIOFAYIODLLL @Y

The total nunber of am no.acids of the protein l.ot 2 is normally 70 to
1000, _andHHoPrRErRReRRI RS et &t FERETBPERR P or 2 i o bound ¢ o

particles).

15 1.2. Ligand
The type of the ligand is not particularly limited insofar as the ligand has affinity

to the target-‘ Examples of the ligand include proteins such as protein A, protein G, and
avidin; peptides such as insulin; antibodics such as monoclonal antibodies; enzymes;
hormones; DNA; RNA; carbohydrates such as heparin, Lewis X, and ganglioside; and

20  low-molecular-weight compounds such as iminodiacetic acid, synthetic dyes,
’Z-a.mjnophenylboron acid, 4-aminobenzamidine, glutathtone, biotin, and derivatives
thereof. Note that fragments of these ligands obtained by recombination, an enzj(me
tfeanncnt, or the like may be used. It is also possible to use a synthetic peptide ora
synthetic peptide derivative.

25 A ligand suitable for antibody purification is protein A and protein (G, more

préferably an immunoglobulin-binding domain of protein A, and most preferably a

protein in which a peptide that includes four or more consecutive histidine units is

12



51.2.1.1. 1nmunogl obul i n-bi ndi ng domai n The i mmrunogl obul i n- bi ndi ng
domain of protein Ais preferably at |east one i mrunogl obul i n-binding
domai n selected froman A-domain, a B-donmain, a C-dormain, a D domain, an
E-domai n, and a Z-domain. The anino acid sequences o - i.n, the
B-domain, the C-domain, the D -donain, the E-donain, %ﬁégfﬂg%%8g§géonain
are disclosed in Fig. 1 of Moks T, Abrahns L, et alL, Staphyl ococcal
protein A consists of five I gG binding domains, Eur J Biochem 1986, 156,
637-643. ddied & SRHBMF a0 fminlied AME- LI RMairl SF JrOSRrLONBLegdgFeI N by
reference. A protein that includes an am no acid sequence having a

honol ogy wich Z@#6ten imhide ifpneddetabihybidie mroteiB KRywiby the tdlRwasdg no aci d
sequence of each domain disclosed in the above docunent 15 may al so be the
i mrunog! ogsukiahfopinnids (g aatb@®i n of protein A The

i mmunogl obul i n-binding protein may include a plurality of identical or

di fferent inmunogl obulin-binding domai ns. For exanple, the

i mmunaogl opyl. i n- bi ndi hg domain of protein A may include

(D-do inﬁzﬁd Hﬁ@ﬁ?&bgﬁﬁﬁmﬁ%ﬁgﬁﬂﬁﬁnan i nteger equal to or larger than

f bl inte 1 6)....and 2 bi. ' i d
Sequence may. o8 BRERERobREF bk oRten RnERy R 0ttt bl el o
ce nay . &bt F Ah o
e i s e R R S e A )

i mmunogl obul i n- bi ndi ng domain, or may be a reconbi nant

i mmunogl obnl i n- bi ndi ng domai n. The reconbi nant i munogl obul i n- bi ndi ng
domai n i s consk-#éred to(lhave an 25 inmunogl obulin avidity equal to that of
t he unal t ered i mmunogl obul i n-bi ndi ng domai n. For exanple, the am no acid
“sequelfce of the reconbi nant inmmunogl obul i n-bi ndi ng domain preferably haS a
honol ogy of 70% or nore (preferably 90% or nore) with the F-2253

JR- 60086 SHepip Rorepreredtsad quanceid seagencs that inct HotOasing #cidsiandi ng domai n
of protei.n A, Specific.ex l.es of the.reconbipant i nogl obul i n- bi ndi ng
domai n i BV A PEE 1 20 CORFHLEE TN reeREnd B TR o §

engi neeri . =0 . Y i -resistant
Z- domai n ﬁn‘%?%%%%%‘%%é%%“?ﬁ“ﬁf? Wi atind Ridhado it |8%1_£}§1%a§t 06/ 0194955
(Hober  etinghunbglobhitr-bihSig ASMER 0P broidif AAPRVRICH BEHARRLSal Y thacor porated
herein by reference. A protein that includes an am no acid sequence having

a honml oghmifinoglbalerbinding dépsiaiaidald R. 90% or nore) with the amno acid
sequence of each domain disclosed in the above docunents may al so be the
i mrunogl obul i rFhennohbergpfdonmi avidsfingdudstden theAmidacld falerRe rdpreseuted bpn of

protein! or 2 X . X
R in the general formula (1) is preferably 8 to 100, and the number of histidine residues

included in the site including consecutive histidine residues in the amino acid sequence
represented by R is preferably 4 to 8.  The number of amino acids included in the
20 amino acid sequence represented by R in the general formula (1) is preferably 120 to
48&
R- in the general formula (1) is pfeferably a group shown by the following

- general formmla (2).
25 R'x- (2)
wherein R represents an amino acid sequence that includes 4 to 100 amino acids and

i3



The protein 1 or 2 may be produced by known gene reconbi nation techni ques
such as those disclosed in Frederick M Ausbel et al., Current Protocols:
I n Mol ecul ar Bi ol ogy Sanbrook et al. (editor), Mol ecular doning (Cold
Spring Harbor Laboratory 15 Press, 3rd edition, 2001), and the |ike. For
exanple, the protein 1 or 2 may be produced by the ¢éR&SY RGABIGHAL i on
technol ogy disclosed in U S. Patent No. 5,151,350. Specifically, an
expression vector that includes a nucleic acid sequence that encodes the

target prgtighdd a(sRE %ﬁl‘gﬂl 1 tBrZO%))néleéutIvre%E%?i?lgl% g%gzlulﬁ%tnoi‘)oafgc%ﬁtthaggltelfr?émra? g,

Escherichia coil), an he cells are cu propri-a iquid

medi um A df&hﬁgﬁem% Plo 1 Rh@lchtive HitidaR rési®RE b REORRIT EakiNat ai ned
fromthe cultured cells. Exanples of a preferable expression vector

i ncl ude karbitvary\eeiticincid §dgaénce eipk inchides 7 b WBGILERD abidshAl iRxaePL TEVE he plasmid
disclosed in U S. Patent No. 5,151,350, the plasm d disclosed in Sanbrook
et al. (ethimaor), Mol ecular Coning (Cold Spring Harbor Laboratory Press,
3rd edition, 2001), or the like my be used. A nucleic acid may be

i ntroduced i ntldcpamberof gming agits andhided dr the 2Gnvecibsdquance fepawsented by

transforqgti n. For exanple, the t hod_di sclosed in Sanbrook et al.
(editor), I\%Bﬁ??cﬁﬁ’?g?l %%‘ﬂ?ﬁ"é ““(EBVSEP%SM oy Besryeber ofdustiding rgsidieess, 3rd

dition, ; " t.h i K . The,t f d teri b
ol ¢ ur o, AR i e b el OReod s WA TR BB B Golbaiitd ol | et e
b Ll h L ‘ NSl 4

y a we reﬁ‘r@%d %?k reéﬂ%ﬁ}tt {ocgaelaéé/ Pfhﬁ%uﬂﬂglj oq:'agllugogdd:ﬂilsn_(%&feghﬂ]ﬂlet 0 one

enbodi nent” of the invention - encod e 1 Mmuno I'nding protein
(protein alnif ackd scdfierRe FpRGLAONBY r KhdBRbLtbes 89f The term "functi onal

vari ant” of an i munogl obul i n-binding protein used 5 herein refers to an

i muriogl obul i Aobidinoglopulit ihding paiteih slsoviregnha fdliowesh dardd] fobadh (by
addition, deletion, or substitution of an am no acid, chem cal

nmodi f i cat(hersinafier amnydeireforratiocs Fpotaiu®’) inalse prefardbleess theligandes an ani no aci d
sequence havi ng a honol ogy of 70% or nore, and preferably 90% or nore with
the am no acid sequence of the unaltered i mMmunogl obul i n-binding protein,
and is consid%$ﬁ£uto hqéﬁ an i munogl obulin avidity 10 equal to that of
the unaltered nogl ovudl i n- bi ndi ng protein. Specifically, since a
si ngl e i munogl obul i n-bi ndi ng domain of protein Ais a small protein that

i ncl udes about 60 am no acids, the target expression vector can be

obt aijged vyrehy RtBRedchis A amiddNRid dehRincE HEPHERIAENEHARBILAL Aishadaci d
sequence as synthetic oligonucleotides that include several tens of bases,
bi ndi ng titkdudkb acité GoNURE@ab 2desnsdyutive hisgdink eridueq ahd Rhrapsdsei@s &1 DNA | i gase,
and inserting it-into a plasmd. In this case, a nucleic acid sequence

usi ng optammrmacebsbgnece thaEechided Thio#00 eiind idsendriticludessasyed so t hat the
protein is efficiently expressed in Escherichia coll. It is also possible
t o obt ai Anguppgodigindieg dormain ehprgtrisAs previdedthaateapinalofahs d sequence from

t he Straphyl ocaccus .auy.eu enom.c by the pol ynerase chain 20 reaction
(PCR) . g %b“glflf}’t‘%{“?\g‘iorgarmgmﬂﬁff e a protein that includes one or nore
(prefgrably 2 g gBr Fold S 'm%é | i i ndi ng
dona?ﬁs. A cD&kQ? a‘xggco eéﬁgggﬁL§E§?% &N nﬁ%kgt eag?ﬁ?ﬁ%%#éfﬁgd by

ki NG & QIeRaPHIRRRRIsPA BRASAAY 0T AHE Hedikb BN it Bkeddiah encodes

a single 1 munogl obul 1 n-bi'nding doain in
included in the site including consecutive histidine residues in the amino acid sequence

represented by R is preferably 4 to 8.  The number of amino acids included in the
amino acid sequence represented by R’ in the general formula (1) is preferably 120 fo
25  480. _
It is preferable that -R in the geﬁeral formula (3) be a group shown by the

following general formula (4).
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25 series. A protein that includes one or nore inmmunogl obulin-binding
domai ns can be easily produced by inserting the resulting cDNA into an
appropri ate expression plasm d. For exanple, a protein having an am no
acid sequence of any of SEQID NO 1 F-2253 JR60 | D NO 8
(see the exanples), or a protein having an innunoglgggﬁﬁgﬁ;éﬁ%%¥3and
havi ng an am no aci d sequence of any of SEQIDNO 1 to SEQID NGO 8 in
whi ch one or nore am no acids are del eted, substituted, or added may
suitably be used as the inununogl obul i n-binding protein according to one
enbodi nent of the invention. 5 1.2.1.3. Effects An affinity

chr omat ogr aphyr-Backi ng (terial that utilizes the protein 1 or 2 as a

| i gand- advant ageously retains a |arge anmount of i mrunogl obul i n-bi ndi ng
proteins as conpared with a related-art packing material. This increases
the amount of the target 10 proteins to be captured, so that the binding
capaci t y Wisrein Re rapzgsgrets amprgiveiapid sequenseibati inelydes 4rio b0 amine ecidednd Thi s nakes

it possihl o efficjentl d i nexpensively purify a |arge anpunt of the
targe pﬁﬁﬁﬁéﬁ§3ﬁ39F mﬁﬁéﬂ%BﬁPWFQF“?hEQQWﬁP%%h@g?ﬁémhﬁﬁwg?t@ﬁWﬁ%ﬁtography

Ki i.al. ' t d . the | ti |s furth
fosor | bed i 40 R0 o B TR Evkue bk B TR Slepl o
bed b1 Ol e FE P PHE P PO Bl es
it oo i S £4F RgRaRE ey By LAl MR EHREY o 1o

Parti cl e A The vol une average particle size of the particles was
determ ned using a laser diffraction/scattering particle size distribution
anal yzer (" LSTh332aberndaniircicids ésbhinled Betis minoCrid do§liencd Apresentdbby?. 1. 2.
Specific surface area, volune average pore size, and nodal pore size The
af fi 0t y K tin theegcogeldptyulp @Oks prgfenalyet i themodiberef histidBy meédibes s Exanpl es

included in the site inchuding consecutive histidine residues in the amino acid sequence
represented by r is preferably 4 to 8, and the number of amino acids included in the
amino acid sequence represented by r is preferably 10 to 50.
It is preferable that at least one of the amino acid sequence represented by R and
15  the amino acid sequence represented By R? in the general formulas (1) and (3) include a
domain t that includes 1 to 50 amino acids and includes one amino acid selected from
lysine, arginine, and cysteine. In this case, the amino acid sequence may include a
plurality of identical or different domains t.
The amino acid sequence represented by r in the general fofmulas 2) and 4)
20  may inciude a TEV domain. When the TEV domain is included in the amino acid
sequence represented by r, the amino acid sequence represented by R and the amino
acid sequence represented by R can be separated by the TEV protease. Moreover, the
TEV domain is a preferable sequence for achieving the effects (i.e., an increase in the
amount of immobilization on a carrier, and an increase in immunoglobulin retention
25  capability of the carrier) of the invention. The amino acid sequence represented by r
may include a TEV mutant that has a homolo gy of 70% or more, and preferably 90% or

miore with the amino acid sequence of the TEV domain (irrespective of whether or not

15



F-2253 JR-60086SG 4 to 8 and Conparative Synthesis Exanple 1 were dried
at 40C for 24 hours under vacuumto obtain dry particles, and the specific
surface area, the volunme average pore size, and the nodal pore size of the
dry particles were determ ned using a nercury por03| nmet er é"AutoPore

| VO520". manuf act ured by Shinadzu Corporation). The 5F SRBISG ange was
10 to 5000 urn @re size). 2.1.3. Binding capacity 2.1.3.1. Measurenent
met hod 1 The human 1gG anti body bi nding capacity was neasured at a |inear

fl ow rat enredkadOocdenfd dulkdthe Q,g,rgggg and 1000 cm hr using an instrunent
e

"AKTApri me plus" (manufactur by Heal t hcare Bi osci ences). The col umm
vol une was 1 nihe tJaEBERSE dnif Adbd mp&wpap@islﬁaﬁﬂalgfmlﬁamde ‘

Bi ol ogi cal Laboratories) was diluted to 1 my/ml with a 25 inMcitrate
buf f er ( piid pgefepbly Bieo bihghey tlegpateint lyondais bowldau bakieds)f r om t he adsor ption
amount of the human I gG anti body and the vol unme of the packing 15 materi al
at an elution concentratl on of 5 w v% (breakt hrough) neasured using an

absor bance nonij tor. 2. Measurenment method 2 The human | gG anti body
bi ndi Mg chpadi @mmlqbeh%hwé@gépmam inear flow rate of 20 300 ern/| ur
using a colu haV| n rret er _of c eight of 5 cm and
an i nstrumen';mr l’ﬁ'ﬂﬂﬁ 5% BfﬂngV@a‘ﬁg@ﬂq P?éﬁr"é‘e

Cabor &t or oA %aﬁulﬁl“?@@n%g&ﬁ%%&%ﬁ R
6.0). Theaﬁldaﬁiaﬂgam%ﬁia&yaﬂ@éz%ngﬂ aﬁﬁgafnin%%fd@@%&ﬁééaro@m eon armunt of

the human 1gG anti body and the volune of the packing 25 material at an

el ution cAEesAin! fhéBodordin, 1k WdebninbiRIXibmaH IR FhRamk] 86H ®ei Nng an
absorbance nonitor. F-2253 JR-60086SG 22 Experinmental Exanples 2.2.1.

Synt H@5| 7 -Homaip laee disclqpedtiuitiy.i loof Mbks Trdbraisdh ot amstapmﬁomgcqi patteih A)
consists of five IgG-binding-domains, Eur J Biochem. 1986, 156, 637-643. The

disclosure of the above document ié mcorporated herein by reference. . A protein that

includes an amino acid sequence baving a homology of 70% or more (preferably 90%

or moie) with the amino acid sequence of each domain disclosed in the above document
15  may also be the immunoglobulin-binding domain of protein A.

The immunioglobulin-binding protein may include a plurality of identical or
different immunoglobulin-bindihg domains. For example, the
immunoglobulin-binding domain of protein A may include (D-domain-A-domain)n
{wherein n is an integer equal to or larger than 1 (preferably an integer from 1 to 6), and

20 an arbitrary amino acid sequence may be présent between the D-domain and the
A-domain) (i.e., a repeating unit that includes the A-domain and the D-domain).

The immunoglobulin-binding domain of protein A may be a natural
immunocglobulin-binding domain, or may be a recombinant immﬁnoglobu]jn—binding
domam. The recombinant immunoglobulin-binding domain is considered to have an

25  immunoglobulin avidity equal to that of the unaltered immunoglobulin-binding domain.
For example, the émjno acid sequence of the recombinant immunoglobulin-binding

domain preferably has a homology of 70% or more (preferably 90% or more) with the
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[ mmunogl obul i n- bi ndi ng proteins respectively having am no acid sequences
illustrated-in FIGS. | and 2 (SPAK (SEQ ID NGO 1), SPAC (SEQ ID NO 2),
SPAKK 5 (SEQ ID NO 3), SPATK (SEQ ID NO 4), SPA2K (SEQ ID NO 5), SPA3K
(SEQ 1D NGO 6), SPA-H s-C (SEQ ID NO 7), and SPA-Hi s-N (SEg | D NO 8))
were produced in Production Exanples 1 to 4. FR2P B50098686H 2, ' R
and R2 respectively correspond to Rand R2 in the general formulas (1) or
(2) (R1, R2, and r respectively correspond to RI, R2, and r in the general

10 for mul gnikddci ' NARES QR oYl omai n (TEV

pr ot ease (pep%i ggqug%\%oﬁsg?ﬂgﬁgse %éd%g@ﬁ@@gnﬁpgﬁyﬁ%derl ine in R2

i ndi cat esSprbific RkefsleNEithe ﬂebmﬁ@ﬁar@ﬁmm%ﬁ@duﬂﬁhwdiﬂg' dUein fnERABIHE t) (see
Tabl e 2). I't was confirnmed by Dl - TOF mass spectrum anal ysi s that
t hese pr di-domain disspest in Nelsyon B dt b PratinragiacirthgSEIgUeRLes Nol Lypt rated in
FIGS. 1 and 2. 15 2.2.1.1. Production Exanple 1 (PCR anplification and
restri ct il tehbfo audthe glkali-t¢siptant Zedoain mutant disrdosedidAT Sf Pygerdt ei n A

(D- dor_nai_n+A- domai n% derived from Straphyl ococcus aureus (ATCC, 10832) was
ampl | F1 e BycaeRNop S (RlSIT S @lobamst el )2) e fsclaaus e baye socuernts o

correspondi ng@rest riction %ndonucl ease site *g order, to assi st subcl oning

(descri bediMeaparayed herpin by gkieneg ne APLOtPE Sk iiciudes 3n BRER A% seduerse

i mmunogl | i n-hindin t ei ns. SPAK, . . SRAC, SPA2K. ..SPA3K, SPAI CK, and
SPATK m,e?%"”a%é?{“@%g%%f?%"%’ o5 GreaeiS S0t w e K dhpoe | |

(manuf act Savadhgh J i hat o a vector

PETM 11 (%%%@lﬁ)&g 3 obtai 8flo R %*‘%?%%Vﬁﬁ@iﬁﬂ%?tg%?%ﬁ.gﬁfb‘? EMBL Hei del ber g,
Hei del berigimuaegloBilin)bifdie ddakth of pooteiTie DNA fragnent encodi ng the

i mmunogl obul i n-bi nding protein SPA-H s-N F-2253 _JR-60086SG was di gest ed
by rédd®triction endonucl eases Ncol and Hindlll, and inserted into a vector
pPETM 10 (see FIG 3, obtained fromkind gift of D. Shibly, EMBL Heidel berg,
Hei del berlgZ.1.&dtmdunjipn pEpreteiabpe2 1) . A vector pET29 (see FIG 3,

manuf act ured by Novagen) was used, to produce the 5 jmunogl obul i n-bi ndi ng
protei n SPA- Hilde eratefd i 952 aibs proffuned agopmases ereonbipgtionteahgiqyes s x

Tt Sy e R B 25 R o
(manuf actyis gy Ry mbricENal @RoE Mokalidr MEhiGis KEAE shidfy lGorEfbRPET29.
15  Press, 3rd edition, 2001), and the like. For example, the protein 1 or 2 may be
produced by the genie recombination technology disclosed in U.S. Patent No. 5,151,350.
Specifically, an expression vector that mcludes a nucleic acid sequence that encodes the
target protein (protein 1 or 2) is transformed into host cells (e.g., Escherichia coli), and
the cells are cultured in an appropriate liquid medium. A large amount of protein 1 or
20 2 can be economically obtained from the cultured cells. Examples of a preferable
expression vector include known vectors that replicate: in bacteria. For example, the
plasmid disclosed in U.S. Patent No. 5,151,350, the plasmid disclosed in Sambrook et al.
{(editor), Molecular Cloning (Cold Spring Harbor Laboratory Press, 3rd edition, 2001},
or the like may be used. A nucleic acid may be introduced into bacteria by an arbitrary
25 method to effect transformation. = For example, the method disclosed in Sambrook et al.
| (editor), Molecular Cloning (Cold Spring Harbor Laboratory Press, 3rd edition, 2001),

or the like may be used. The transformed bacteria may be cultured, and the expressed
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Each of the expression vectors illustrated in FIG 3 includes a kananycin

- 10 resistance gene as a selection marker. "Tev" in the am no acid sequence
of the irnmunogl obul.in-binding protein illustrated in FIG 3 indicates a
TEV protease recognition site (am no acid sequence: ENLYFQG . The TEV

prot ease recogni zes the anmino acid sequence ENLYFQGF-3hth_ER-680S8G he anmi no
aci d sequence ENLYFQG between Q and G 15The restriction endonucl eases were
i ntroduced by designing a pair of priners based on the insertion sequence

of the igg&g Lnshiyadi i K. PCR anplification was
perforne us?ﬁghgﬁgk%@?%gﬁga?%%g?@%ﬁﬁﬁ?§ ‘to SEQID NO 17) shown in Table
2. Note that tdpeciiftyfd RQMENciPicchivgh .M@%&ﬁﬂéﬁt%TMepgéeﬂﬂo rotein

SPA-Hi s-N 20 may be directly obtai ned by digesting a plasmd including the
i mmunog! cdavdden iHei imdiungglpiutinetindiPAIS s (pRgeih d Ur) 64 4 AincieREDRMEeases (see
Table 1). In Synthesis Exanple 1, the DNA fragnent of the

i mmunog! aberkéfn- Bhaitim §fupctidmel varBRE-ofizs ilnuaeldbinlie biddjhegltdtainneei by

di gesting a_ plasmd including the i munogl obulin-binding protein SPAK

usi ngar egxerqmeifmt@ﬁdmm@oeiab@kl—wis@eg Mabimethi) has bperpges:d [RoETGEESG TABLE 1

| munogl.obul i n- bi ndi ng protein Expression vector Restriction endonucl ease
| SPAK p efitien, dolegion, of sgbstifutign pf an amino acid, chemical modification of an amino

acid residue, or the like, includes an amino acid sequence having a homology of 70% or

mote, and preferably 90% or more with the amino acid sequence of the vnaltered

immunoglobulin-binding protein, and is considefed_to have an immunoglobulin avidity
10 equal to that of the unaltered immunoglobulin-binding protein.

Speciﬁcally,‘ since a single immunoglobulin-binding domam ofprotein A is a
small protein that includes about 60 amino acids, the target expression vector can be
obtained by synthesizing a DNA that encodes the desired amino acid sequence as
synthetic oligonucleotides-that include several tens of Bases, binding the

15 oligonucleotides by a ligation reaction using a DNA ligase, and inserting if nto a
plasmid. In this case, a nucleic acid sequence using optimum codons of Escherichia
coli is normally employed so that the protein is efficiently expressed in Escherichia coli.
It is also possible to obtain a DNA sequence that encodes the desired amino acid
sequence from the Straphylococcus aureus genomic DNA by the polymerase chamn

20 reaction (PCR).

j The protein 1 or 2 may be a protein that includes one or more {preferably 2 to 12,
and more preferably 2 to 5) immunoglobulin-binding domains. A cDNA that encodes
such a protein may be easily obtained by linking a given number of pi@ces of
corﬁplementary DNA (cDNA) that encodes a single immunoglobulin-binding domain in

25  series. Aprotein that includes one or more immunoglobulin-binding domains can be
easily produced by inserting the resulting cDNA into an appropriate expression plasmid.

For exarnple, a protein having an amino acid sequence of any of SEQ ID NO: 1

18



SPAC pETM 11 Nco | and Hind Il SPAKK pETM 11 Nek | and Hind Il SPATK
PETM 11 Nco | and Hind Il SPA2K pETM 11 Nco | and Hind Il SPA3K pETM 11
Nco | and Hind Il SPA-Hi s-C pET29 Nde | and Xho |

F-2253 JR-60086SG

to SEQ ID NO: 8 (see the examples), or a protein having an immunoglobulin avidity
and having an amino acid sequence of any of SEQ ID NO: 1 to SEQ ID NO: 8 in which
one or more amino acids are deleted, substituted, or added may suitably be used as the

immunoglobulin-binding protein according to one embodiment of the invention.

1.2.1.3. Effects
~ An affinity chromato graphy packing material that utilizes the profein 1 or2 as a
ligand advantageously retains a large amount of immunoglobulin-binding proteins as
compared with a related-art packing material. This increases the amount of the target
10  proteins to be captured, so that the binding capacity for the target proteins (antibodies)
can be increased. This makes it possible to efficiently and inexpensively purify a large

amount of the target proteins having high purity.

2. Examples

15 The affinity chromatography packing material according to one embodiment of
the invention is further described below by way of examples. Note that the following
examples generally illustrate an aspect of the invention, and the invention is not limited

to the following examples.

20 2.1.  Evaluation method
2.1.1. Particle size
The volume average particle size of the particles was determined using a laser
diffraction/scattering particle size distribution analyzer (“LS13320” manufactured by
Beckman Coulter, Inc.).
25
2.1.2. Specific surface area, volume average pore size, and modal pore size

The affinity chromatography packing materials produced in Synthesis Examples
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SPA-Hi s-N pETM 10 Nco | and Hind Il TABLE 2 Prinmer Sequence Product Fwd
Ncol 5'-CAT GCC ATG GCG AAA COCT GAT GCG CAA SPAK, SPAC, SPA2K, SPA3IC,
SPAKK, SPATK CAAAAT-3' Rev Lys-Hindi:Il 5 -CCC AAG CT7' TTA CT' T GGA TCC

ruc TTT SPAK
F-2253 JR-60086SG

4 to 8 and Comparative Synthests Example 1 were dried at 40°C for 24 hours under
vacuum to obtain dry particles, and the specific surface area, the volume average pore
size, and the modal pore size of the dry particles were determined using a mercury
porosimeter (“AutoPore IV9520” manufactured by Shimadzu Corporation). The

5  measurement range was 10 to 5000 nm (pore size).

2.1.3. Binding capacity
2.1.3.1. Measurement method 1
The human 1g( antibody binding capacity was measured at a linear flow rate of

10 150 em/hr, 500 cm/hr, and 1000 cm/hr using an instrument “AKTAprime plus”

(ménufac’:tured by GE Healthcare Biosciences). The column volume was 1 ml. The

human IgG antibody (manufactured by Lampire Biological Laboratories) was diluted to

1 mg/ml with a 25 mM citrate buffer (pH: 6.0). The binding capacity was calculated

from the adsorption amount of the human IgG antibody and the volume of the packing
15  material at an ehution concentration of 5 w/v% (breakthrough) measured using an

absorbance monitor.

2.1.3.2. Measurement method 2
The human IgG antibody binding capacity was measured at a linear flow rate of
20 300 cm/hrr using a column having an inner diameter of 0.5 cm and a height of 5 cm and
an instrument “AKTAprime plus” (manufactured by GE Healthcare Biosciences). The
human IgG antibody (manufactured by Lampire Biological Laboratories) was diluted to
1 mg/mil with a 25 mM citrate buffer (pH: 6.0). The binding capacity was calculated
from the adsorption amount of the human IgG antibody and the volume of the packing
- 25 material at an elution concentration of 10 w/v% (breakthrough) measured using an

absorbance monitor.
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Gfl GAAI 11 GTATCCG3 Rev Cyc-Hindlll SPAC 5'-CCC AAG CH TTA GCA
GGA TCC TTC 11 1 GM GAA 111 GIT ATC CG 3

F-2253_JR-60086SG

2.2.  Experimental Examples
2.2.1. Synthesis Example 1 (production of immunoglobulin-binding protein)
Immunoglobulin-binding proteins respectively having amino acid sequences
illustrated in FIGS. 1 and 2 (SPAK (SEQ ID NO: 1), SPAC (SEQ ID NO: 2), SPAKK
5 (SEQID NO: 3), SPATK (SEQ ID NO: 4), SPAZK (SEQ ID NO: 5), SPA3K (SEQ ID
NO: 6), SPA-His-C (SEQ 1D NO: 7)? and SPA-His-N (SEQ ID NO: 8)) were produced
in Production Examples 1 to 4.
In FIGS. 1 and 2, R and R? respectively correspond to R and R” in the general
formulas (1) or (2) (R, R?, and r respectively correspond to R!, R? and r in the general
10 formula (2) or (4)), an underline in r indicates a TEV domain (TEV protease (peptide -
bond hydrolase) cleavage site), and an underline in R? indicates an interdomain linker or
a C-terminal linker (domain t) (see Table 2). |
It was confirmed by MALDI-TOF mass spectrum analysis that these proteins
respectively had the amino acid sequences illustrated in FIGS. 1 and 2.
15
2.2.1.1. Production Example 1 (PCR amplification and restriction endonuclease
‘digestion)
The cDNA of protein A (D-domain+A-domain) derived from Straphylococcus
aureus (ATCC,10832) was amplified by PCR. Primers (see Table 2) were designed to
20 havea -corresponding restriction endonuclease site in order to assist subcloning
(described later).
The DNA fragments i'espectively encoding the immunoglobulin-binding proieins
SPAK, SPAC, SPA2K, SPA3K, SPAKK, and SPATK were digested by restriction |
endonucleases Neol and HindIIl (manufactured by New-England Bio Lab), and inserted
25  into a vector pETM-11 (see FIG 3, obtained from kind gift of D. Shibly, EMBL
Heidelberg, Heidelberg, Germany) (see Tablc 1).
The DNA fragment encoding the immunoglobulin-binding protein SPA-His-N
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Rev 2k Ifindlll 5 -CCC AAG CTT TTA LI I IT 1 GGA TCC TTC SPA2K TTT GT1'

GAA '"ITT GIT AT-3" Rev 3k Hind Ill 5 -CCC AAG C77' 1TA C 1 CIT LI

TCC SPA3K TTC 111 G T GAA 1 || GIT AT-3' Rev pot KHnd Il

10

15

20

F-2253 JR-600865G

was digested by restriction endonucleases Neol and HindIT, and inserted into a vector
PETM-10 (see FIG. 3, obtained from kind gift of D. Shibly, EMBL Heidelberg,
Heidelberg, Germany) (see Table 1).

A vector pET29 (see FIG. 3, manufactured by Novagen) was used to produce the
immunoglobulin-binding protein SPA-His-C having a histidine tag (peptide consisting
of six histidine residues} at the C-terminal (see Table 1). Restriction endonucleases
Ndei (manufactured by New-England Bio Lab) and Xhol (manufactured by
New-England Bio Lab) were used for the vector pET29.

Each of the expression vectors illustrated in FIG. 3 includes a kanamycin
resistance gene as a selection marker. |

“Tev” in the amino acid sequence of the immunoglobulin-binding protein
ilfustrated in FIG 3 indicates a TEV protease recognition site (amino acid sequence:
ENLYFQG). The TEV protease recognizes the amino acid sequence ENLYFQG, and
cleaves the amino acid sequence ENLYFQG between Q and G.

_ The restriction endonucleases were introduced by designing a pair of primers
based on the insertion. sequence of the immuno globulin-binding protein SPAK. PCR
amplification was performed using the primers (SEQ ID NO: 9 to SEQ ID NO: 17)
shown in Table 2. '

Note that the DNA fragment of the immunoglobulin-binding protein SPA-His-N
may be directly obtained by digesting a plasmid including the immunoglobulin-binding
protein SPAK wusing restriction endonucleases (see Table 1). In Synthesis Example 1,
the DNA fragment of the immunoglobulin-binding protein SPA-His-N was directly
obtained by digesting a plasmid including the immunoglobulin-binding protein SPAK

using restriction endonucleases (see Table 1).

22
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5'-CCC AAGCTT TTATIT (-11 ITT CT!'' CIT ~  GGATCC TTC TTT GIT GAATTT
Gl 1 AT-3' Rev WI-T-GC-Linker-Bam || 5'-CGG GGA TCC TCA GGC AAA COCT GAT
GCG SPATK CAA CAAAAT-3'" Fwd Nde | 5'-CCC CAT ATG GCG AAA COCT GAT GCG CAA

10

F-2253_JR-60086SG

TABLE 1
Immunoglobulin-binding protein Expression vector Restriction endonuclease 1
SPAK. pETM-11 _ Nco I and Hind HI
SPAC pETM-11 Nco I and Hind ITT
SPAKK PpEITM-11 Nco I and Hind I
SPATK ) pETM-11 Neco I and Hind TH
SPAZK. _ pETM-11 Nco I and Hind II
SPA3K pETM-11 Neo I and Hind 11T
SPA-His-C pET29 Nde Tand Xho I
SPA-His-N pETM-10 Neco T and Hind 111
TABLE 2 .
Primer Sequence - . Product
Fovd Noal 5°-CAT GCC ATG GCG AAA GCT GAT GCG CAA | SPAK, SPAC, SPAZK,
CAA AAT-3 SPA3K, SPAKK, SPATK
. 5°-CCC A4AG CTT TFA CTT GGA TCC TIC TTT '
Rev Lys-HindIll GTT GAA TTT GTT ATC CG-3° SPAK
_ . 5°-CCC 44G CTT TTA GCA GGA TCC TTC TTT
Rev Cyc-Hindl | GTT GAA TTT GTT ATC CG-3° SPAC
) 5'.CCC 446G CTT TTA CIT CTT GGA TCC TTC
Rev 2k HindIi | TTT GIT GAATTT GTT AT.3" SPAZK
) 5°-CCC 44G CTT TTA CTT CIT CTT GGA TCC
Rev 3k Hind I TTCTIT GIT GAATTT GIT AE3" | SPA3K
e 5°.CCC A4G CTT TTA TTT CIT TIT CTT CIT
Rev pol K Hind Il GGA TCC TTC TTT GTT GAATTT GTT AT-3’ SPAKK
Rev 5°-CGG GGA TCC TCA GGC AAA GCT GAT GCG SPATK
Wd-T-GC-Linker-BamHI CAA CAA AXT-3 7 _
P Ndo L i _-3c’cc CAT ATG GOG AAA GCT GAT GCG CAA SPAHis.C
Rev Xho! (53 T?'(;G CIC GAG CTT GGA TCC TTC TTT SPAFis.C

Sterilized water was added to a PCR amplification solution coﬁtainjng 0.5
microliters of a Straphylococcus aureus genomic DNA template (500 ng/microliters), 5
pl of each primer, 5 microliters of a 10x Pfu buffer {(manufactured by Fermentas), and 1
microliter of a Pfu polymerase (manufactﬁred by Fermentas) (5 units/microliter) so that
the final volume of the mixture was 50 microliters. PCR amplification was performed
m 30 cyﬁ:le's (one cycle: 94°C for 1 minute, 94°C for 30 seconds, 56°C for 1 minute, and
72°C for 1 minute), and then performed at 72°C for 10 minutes. The PCR reaction

was implemented using a PX2 Thermal Cycler PCR system (manufactured by Thermo
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SPA-H s-C A3 Rev Kilo |l 5 -G8G CIC GAG CTlI' GGA TCC ITC TIT SPA-Hi s-C
GIT-3' 5. Sterilized water was added to a PCR anplification
solution containing 0.5 mcroliters of a Straphyl ococcus aureus genom c
DNA tenplate (500 ng/mcroliters), 5 pl of each primer, 5 mcroliters of a
10x Pt buffer (manufactured by Fermentas), and 1 m dFét33t 8r-60¢865Gpt
"pol ynerase (manufactured by Fernentas) (5 units/mcroliter) so that 10 the
final volune of the mxture was 50 microliters. PCR anmplification was
per f or medsib oA ordirdtiod). (One cycle: 94C for 1 mnute, 94C for 30 seconds,
56C for 1 mnute, and 72C for 1 mnute), and then perforned at 72C for 10
m nutes. The PCR reaction was inplenented using a PX2 Thermal Cycler PCR
system (manuf actured by Thernpo F-2253 JR-60086SG El ectron Corporation).
2.2.1.2. Production Example 2 (ligation and transformation)

The DNA fragment digested by the restriction endonucleases was ligated at
5 12°Cfor 12to 16 hours using 100 to 200 units/m! of a TADNA ligase (manufactured by
New England Biolab) and a 5x ligase buffer (manufactured by New Englaud Bio lab).
E. coli DH 5-alpha cells (manufactured by New England Biolab) were used for plasmid

transformation.

10 2.2.1.3. Production Example 3 (production of plasmid DNA and sequence analysis)
A positive coloﬁy was selected, and plasmid DNA was extracted using a Mini
- Prep Kit (manufactured by Qiagen). The sequence of the plasmid DNA was analyzed
using a 3730 NDA Sequencer (manufactured by Applied Biosystems) in order to
determine whetﬁer or not the inserted DNA fragment had a correct sequence.
15
2.2.1.4. Production Example 4 (expression and purification of immunoglobulin-binding
protein)
1 mM IPTG (manufactured by Sigma-Aldrich) was added to E. coli (BL21) cells
(manufactured by STRATAGENE) at 18°C, and a recombinant
20  immunoglobulin-binding protein was expressed for 15 hours. The cells were
incubated at 37°C before induction until the absorbance (OD600) reached about 0.6.
The cells were collected after the protein had been expressed, and fractured in a Tris
buffer (pH: 8.0).
The resulting recombinant mmmunoglobulin-binding protein was puriﬁedrby Ni
25  affinity chromatography (Ni-NTA (nitrilotriacetic acid) particles manufactured by
Qiagen). The purified immuno globulin-binding prbfein was further purified in an
HEPES buffer (pH: 7.5) by anion exchange chromatography (Q-sepharose FF

24



2.2.1.2. Production Exanple 2 (ligation and transformation) The DNA
fragnent. digested by the restriction endonucl eases was ligated at 5 12C
for Ilto 16 hours using 100 to 200 units/nm of a T4DNA |igase

(manuf actured by New Engl and Bi ol ab) and a 5x |igase_buffer (manufactured
by New Engl and Bio lab). E. coil DH 5-al pha cells (nfAatadROOEHOHY New
Engl and Bi ol ab) were used for plasmd transformation. 10 2.2.1.3.
Producti on Exanple 3 (production of plasm d DNA and sequence anal ysis)

A positiy ' R ROR; asm d DNA was extracted using a M ni
Prep Kitlgﬁgﬁﬁgg%%%fggﬁﬁé Cjagéﬁ?gg¥%@'sequence of the plasm d DNA was
anal yzed using a 3730 NDA Sequencer (nmanufactured by Applied Biosystens)
in order to determ ne whether or not the inserted DNA fiagnent had a
correct sk2RerfyethedibSE2anzhld 2 4imubtaliizacivh ohinfaisplobulth-H@ARE edbigdnand
purification of immunoglobulin-binding protein) 1 MM I PTG

( manuf actparisdesby Si gma- Al drich) was added to E. coil (BL21) cells
(manuf act ured by STRATAGENE) at 18C, and a reconbi nant 20

i r nmurogl obdii WamehitFation BrPRIEA was expressed for 15 hours. The cells were

i ncubated at 37C before induction_ until the ahsorbapce, (QD600) reached
about 0.6. Thé OLs partgles Qﬂgﬁﬁéﬁﬁﬁﬂ?é§n§%g? ggfﬁgﬁggybeen expressed,

and fiact i Trd uf f er . 8.0). The resulti r,econbi nant
Funo) o ftrifedehb SRRl rRlhaclt cop b S blodfkdtF507

chromato '3£$Qﬁm‘ It r i { 1 J : t.ur ed by
Cjagen).géﬁggﬁﬂéﬁéﬁed iEﬁ%n65%@%&?%%%%Fﬁﬁ?ﬁgg%Fg?%%#%&ggmgﬁg%%§?3purified

i n an HERESrdanthdrs fand B bpecificthriide 261 GB3aXYHANY MG QRBkRALIINpelsRySephar ose
FF F-2253 JR-60086SG nanuf actured by GE Heal t hcare Bi osci ences). 2.2.2.
Synt hidsi SH0Bnzngl the PorfuspantizildsiPAadndoid wf of timmghayiehulin-biridirg prgtepr ot ei n on
particles) 5 2.2.2.1. Imobilization Exanple 1 Porous particles
(her ei nafSP&K indfbanirad@ bomtabuifeP@il): §. o wasdnesksien-gixed iati§iC for 24 hours so
nethacrylate-txineth§lolpnopane trinethacryl ate copol yner mereégroduced by

suspensi SRR Y gRprighbingRg PRIFE $EABY 1S hopedtophe pusRRTtRks e particl e
size of 33 m.croneter and .a .specific surface area of 83 n2/g. A mxture
ot epar ed AP ARGEBRERA50-San A8 100F Brpnie il iedia P BrudieBRtHT 36 my of
the i nmmu al i n- hiind) ' \K i f uffer (pH
IR L e T b S e e
I muNag! ghipsN- Phdehritdesti @t MabhedRAith 1853 ROHAS abRobSHIRMNAY Sb@RArIs0C] es PB.
After the addition of 0.8 m of a 10% mer capt oet hanol aqueous sol ution,
t he m xt ungof SPAK-bound porous particles (SPAK-PB). The amount of the

immunoglobulin-binding protein SPAK bound to the particles determined using a

Thermo Sdientiﬁc Pierce BCA Protein Assay kit was 29 mg/g particle.

20 2.2.2.2. Immobilization Example 2
The immunoglobulin-binding protein SPAK digested by a TEV protease was
passed through an Ni-NAT column (volume: 4 ml) in a buffer (pH: 8.0) containing 50
mM tris-hydrochloric acid, 0.5 mM EDTA, and 1 mM DTT to collect a crude
immunoglobulin-binding protein SPAKwoHis in which the histidine tag of the
25  immunoglobulin-binding protein SPAK was cleaved. The crude
immunoglobulin-binding protein SPAKwoHis was dialyzed in a 10 mM HEPES buffer

(pH: 7.5) for 12 hours to obtain a binding assay immunoglobulm-binding protein
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was inversion-mxed at 4C for 6 hours to ring-open and bl ock the renaining
epoxy 15 groups. The particles were washed with a 20% et hanol aqueous
solution to obtain 380 ng of SPAK-bound porous particles (SPAK-PB). The
anount of the immunogl obul i n-binding protein SPAK bound to the particles
deternined using a Therno Scientific Pierce BCA Pr otFe?%?i”AE%é?O&égﬁ was 29
ng/ g particle. 20 2.2.2.2. Immobilization Exanple 2 The

i mmunogl obul i n-bi ndi ng protei n SPAK di gested by a TEV protease was passed

t hr ough oz I ' oy e . : cont ai ni ng

50 nM tr ?SSA%V r odhflgﬂreil%mnaof:%égé *égs?cﬁﬁf‘éﬁf‘k,ﬂ‘“%nﬁwfﬁ%’%?@eg%l | ect a crude
it nogl pAlkivsERE R N ei N SPAKwWoOHI s in which the histidine tag of the
25 i munogl obul i n- bi ndi ng protein SPAK was cl eaved. The crude

i mrunogl GPAKwvhiN (Betipigtebiicicl SEMteeHISEQasNdt ad)yzed in a 10 nmM HEPES
buffer (pH 7.5) for 12 hours to obtain a binding assay

i mrunogl CIAMAKAID AQDRNENIIDORA AFFEIZSBPTRINGDAOGRSGFERRKDBEPSQSTN ani no

aci d sequence of the i munogl obul i n-bindin rot ei n SPAKWOH s was as
fol I o, LEABRNESOATRALNNFNREAQNAT HEH NMENENFEQENGHIOSNEDDRS
GAMAKADA! N AFYE T L NIVPNL NEA GFI OSLKDDPSQSTNV 5
LGEAKKLNM@WM&&%@E@@N@ QSLKDDPS

SANLLSEAKKLN P N K 380.. . SPA i.s- bound. pqr ous

Sar 11 ol e ( SPARGBEI SPRRJo (e 2B PUrOHEBRFAE (EARTAL R RR AP 4D

| nmobi | i | ;E-ﬁﬁﬂﬁ%! 1 . i i obal i n- bi ndi ng
protein éﬁ*ﬁﬁ%‘ﬁ. S |nétgseélc}n%?&)%tﬁ%n‘?l?%%@gg?b%ﬁtr@]g}ldﬁg?ﬂrl]eg 10 protein SPAK.
The anmoukifmihod1FEulin BARHRAGHBRE SPNION G is ekt QfF BleImeRAKMIOHI1S- to the
particles was ng/g particle. 2.2.2.3. Immobilization Exanpl e 380 ng of

SPATKObO prateip GPAKS [The binolre T (HBRATEnHE byl lendibg plordtlSPAK #bHis15 same
manner as in | mobilization Exanple 1, except for using the

i mrunog! dbund to-the padiicles wasdtmg/g pBRIRIEK | nst ead of the

i m_munogl obul i n- bi ndi ng protein SPAK. The anount of the

i mmunogl obul i n-bi ndi hg protein SPATK bound to the particles was 36. ng/g

par ticle, 23, mmobilization Example 3

380 mg of SPATK-bound porous particles (SPATK-PB) were obtained in the
15  same manncr as in Immobilization Example 1, except for using the
immunoglobulin-binding protein SPATK instead of the immunoglobulin-binding protein
~ SPAK. The amount of the immunoglobulin-binding protein SPATK bound to the

particles was 36 mg/g particle.

20 223, Test Examples (measurement of immunoglobulin G (IgG) binding amount)
2.2.3.1. Measurement Example 1
Thé human IgG antibody binding capacity of the SPAK-bound porous particles
SPAK-PB determined by the method described in the section entitled “2.1.3.1.
Measurement method 1” was 30 mg/ml.
25
2.2.3.2. Measurement Example 2
The human IgG antibody binding capacity of the SPATK-bound porous particles
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20 2.2.3. Test Exanples (neasurenent of immunoglobulin G (1gG binding
~ampunt) 2.23.1. Measurenent Exanple 1 The human 1gG anti body bi ndi ng
capacity of the SPAK-bound porous particles SPAK-PB determ ned by the .
met hod descri.bed in the section entitled "2.1.11. Measurenent nethod 1"
was 30 mg/m . 25 2.2.3.2. Measurenment Exanple 2 The Hitdran'B-§¢9888t6i body
bi ndi ng capacity of the SPATK-bound porous particles F-2253 _JR-60086SG
SPAK- PB det erm ned by the rret hod described in the section entitled

"2.1. 3. 1.spNRaph HERRRL gsurenment Exanple
3 5The human IIng ant| d@‘ bin |0g\é@%5%§%%ég%mg%gm@8§lgmvﬁﬁ $- bound porous
parti cl eSRnkueH meib ﬂe&,&rgp]ﬂgg]lby t he nethod described in the section
entitled "2.1.3.1. Measurenent nmethod 1" was 6 nag/int 2.2.4. Synthesis
Exanpl e 3 (production of affinity chromatography packing nmaterial) 10(i)
Synt hesi s of porous nother particles: 60 g of glycidyl nethacrylate

( manuf act2#-38 MyasiensabEsinpliayon Co., Ltd.) and 40 g of

trimethyl ol pro ane trimet hacryl at e (manufactured by Sal -toner) were

di ssoPved in Thahgmyslgh qniig mwd%%’ﬁ@w@ﬁéhwwﬂwﬁa beyndwarews  Cheni cal s
| d 67 g.of t ko Pure Che |
| naubt 1 @ateledgB @K%%%s-ﬁﬁ%‘%%%%n bya 6 PSR O B e TFEES ured by

Wako Pure Ind str o s added to the solution to prepare
an or gani %% h é‘i 0%31 wis %}%\‘% of polyvinyl alcohol ("PVA-217"

manuf act ured by Kurar.ay Co., Ltd.), 1 g of sodium dodecyl sulfate ("Enal
10G' manufactured by Kao Corporation), and 31 g of sodiumchloride were

added t 0 23080 sgni@ésiPEkan{pled (PrediRfiod Sfu i dHrSmMBSrapilyl JabiBds material)

10 (i) Synthesis of porous mother particles: 60 g of glycidyl methacrylate
(manufactured by Mitsubishi Rayon Co., Ltd.) and 40 g of trimethylolpropane
trimethacrylate (manufactured by Sartomer) were dissolved in 173 g of diisobutyl

~ ketone {manufactured by Mitsui Chemicals Inc.) and 67 g of acetophenone

(manufactured by Wako Pure Chemical Industries, Ltd.). 1 gof

15 - 2,2’-azoisobutyronitrile (manufactured by Wako Pure Chemical Industries, Ltd.) was
added to the solution to prepare an organic monomer solution.

12 g of polyvinyl alcohol (“PVA-217" manufactured by Kuraray Co., Lid.), 1 g
of sodium dodecyl sulfate (“Emal 10G” manufactured by Kao Corporation), and 31 g of
sodium chloride were added 1o 3000 g of purified water The mixture was stirred

20 overmght to prepare an aqueous solution. |

A separable flask (7 1) was charged with the resultmg aqueous soflution. The
scparable flask was equipped with a thermometer, a stirring blade, and a cooling tube,
and placed in a hot water bath.  The aquecous solution was then stirred at 825 rpmina
nitrogen atmosphere. When the temperature of the aqueous solution had reached 85°C,

25  the organic monomer solution was added to the aqueous solution using a dropping
funnel. The mixture was then stirred for 5 hours,

The reactio.n solution was then cooled, and transferred to a polypropylene bottle
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20 overnight to prepare an aqueous sol ution. A separable flask (7 1)
was charged with the resulting agqueous solution. The separable flask was
equi pped with a thernonmeter, a stirring blade, and a cooling tube, and
placed in a hot water bath. The aqueous solution was then stirred at 825
rpmin a nitrogen atnosphere. Wien the tenperature dF23Re/Bgl$SS sol ution
had reached 85C, 25 the organi c nononer solution was added to the aqueous
solution using a dropping funnel. The m xture was then stirred for 5

hours. The |y eggt kLR ' Was, rrad to a
pol ypr opg(lse)ge bottl é{,ﬁpélgiugigggva\l R- 6%8%2@%@93@%&@%@%@%% g6l uti on was

then al | audebebsarshantwaubited! e DRl kd KB SRR, %@to&i@%ﬁﬁéﬁar y water

was sucked out fromthe bottom of the bottle. Acetone was then added to

t he reactaddel techartchdion solufisreni ppédigitat: thiparficled. i RS allAbihe theabdcawh Ng t he
reaction solution to stand for 3 mnutes, acetone was renoved by

decant at iselytiomfa gandrfendminutey, Setoni wasrpareed byndecantegon waitfer repastingdded t o

pr eci itabjg the particles. After allowng the mxture to stand for 3

mi nut s, HRAPTHRYGT R ewates R added tp rrermiisihe putieles. Akftespllowipasha ng thi s
operation twce, t rticles were washed. After ieplaci t he di spersion
medi um of FHE tﬁgﬁugg?'g’a@iﬂg%é’r@? Wt\}ﬁet“ﬁsﬁﬁﬂf%%et?%%taﬁ?%t u&%“vvas air-dried
over ni gh } rked usin vacuum.dryer to obtain

por ous rrl;)r %%%?%%}osﬁjﬁ a@?%@%‘ié’ ?% %’ ag[i"'.‘e% (“l’ elr'i? Wﬁsrqlgg'u c‘?ﬁ% A epol?cn%/% tg‘%\nd The

i rmunogl| b el Lia- o] | B ihEs 1-[5_5ggple 1 was
used as ﬁ%ﬂégﬁ?‘é‘fﬂh??lf@%%éﬁg idﬁgéglf()ﬂl“?g];h%gg?%@%eoroug%% er particles 15A
m xture prepahed The mikeRewsd Men SRR Uihse vabiin BEEOWOLERL fRsustasthé:cl es 1 and
18 mM of the ligand 1 in 18 m of a borate buffer (pH 8.5) was

i nverl§i omparticleed (86 gdC for 20 hours so that the ligand 1 was bound to the
porous nother particles 1. The m xture was washed twice with 20 ml of an

aqueous sol ut (BFredstien ai ¥ggnd. 5 npl/ 1 of nercaptoet hanol and 0.5 nol/ 1 of
sodi um chl ori c} % and inver.si on-m xed, room 20 tepgperature for. 4 hours in
f

20 M of a bufPeimppwslebuln-bidinenrpielpiikspiguced mpyithesis fxemaledanol  and

0.5 nol/1 of diymchloride to ring-open and bl ock the remaini ng epoxy
groups. Wéuﬁﬁ%oﬁﬂﬁga{%L t hen washed with a 20% et hanol aqueous solution to

oo 20 oL PR TSR Ap g 10 T e ol L ()
si ze 1gf 43 A mixture prepared by dispersing 350 mg of the porous mother particles 1 and
18 ml of the ligand 1 in 18 mal of a borate buffer (pH: 8.5) was mverston-mixed at 4°C
for 20 hours so that the ligand 1 was bound to the porous mother particles 1. The
mixture was washed t\%rice with 20 ml of an aqueous solution containing 0.5 mol/l of
mercaptoethanol and 0.5 mol/l of sodivm chloride, and inversion-mixed at room
20  temperature for 4 hours in 20 ml of a buffer (pH: 8.5) contaming 0.5 mol/l of
mercaptoethanol and 0.5 mol/l of sodium chloride to ring-open and block the remaining
epoxy groups. The mixture was then washed with a 20% ethanol aqueous solution to
obtain 320 of an affinity chromatography packing material 1.
(iv) Evaluation
25 The affinity chromatography packing material 1 had a particle size of 43
micrometers, a specific surface area of 64 m’/g, a volume average pore size of 235 nm,

a modal pore size of 130 nm, and a ratio “volume average pore size/modal pore size” of
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m croneters, a specific surface area of 64 n2/g, a volune average pore
size of 235 nit, a nodal pore size of 130 nu, and a ratio "vol une average
‘pore sizel/ nodal pore size" of F-2253 JR 60086SG 1.8. The binding capacity

cal cul ated by the nmethod described in the section entitled "2. 2.
Measurement method 2" was 26 ng/m at 150 crn/ hr, Zir%ﬁﬁnﬂbéwﬁﬁﬁﬁ ent hr,
and 22 ng/mm at 1000 cnmhr. 5 2.2.5. Synthesis Exanple 4 An affinity

chromat ogr aphy packing nmaterial 2 was obtained in the sane manner as in

o et ok Ao SERRD Ll QkicliBY B ko @%e@%nl%h'ﬁ%@%@ﬁ nggt e and 45 9

of acet ophenone I ns et one "an

acetophen@n@,zm‘ﬁéﬁl&gnﬁ%@r@@ﬁ /&%u%@l&n%}e@b £ 1 nstead
of the separable flask. 10The affinﬁ%é chromat ogt ap pgbﬁing material 2

had a parahil ¢p enpihlzf 1000 Ghini croneters, a specific surface area of 83 ng/g,
a volune average pore size of 146 nm a nodal pore size of 40 umand a
rati o "vol unme average pore size/ nodal pore size" of 3.7. The binding
capacity calculated by the nethod described in the section entitled

"2.1. 3. 2 2. MkaSumtbepisdixapplenbd 2" was 32 rrg/m at 150 cm hr, 20 nag/nml at .

500 cm hr, 15 and.14 ng/ni at 1000 .cm hr. 6. Synthe5|s Example 5 An
affinity chrof@abipyahiomak Fﬁ'%ﬁf‘%&%ﬁe@%ﬂ%s%ﬁ‘%ﬁdﬁ%@q%m@he sanme

por ous 53R “t%@?iw%egﬁﬁsnesﬁéeﬁﬁ% IG5t fer s GRS Borous
ot et Rl Siane insicad 85 970L of AR RRUMBTBLIGH ¢ BALLIBhSRd oHET © PUL 11 2

pol yet hyl'ene erse puri i’ed water. 10

g of 0. 1Mk istifabdblcAGisd o %{(@gpédhﬂih 2EHAdidkRad thh@kéf;taﬁb% flafe resul ting

m xture was inversion-m at 60C for 5 hours to 25 ring-open the epoxy
groufs of theThosfiuky dbRefogRphy bk nlaterfdd @ hadl X putiele\s&s of B®n filtered
using a Kiriyama funnel. The porous nDther particles 1 were washed with
purifi ed mistoerteand speciiconifued dres of§3du’dl, spehswhverg@peregizo bf Mfetmani t i k.
After the F-2253 _JR76008686 addition of 1.3 g of tosyl chloride, 1.3 g
of tri pr@gyedahpares Slzw%ﬁ()mne agd gfratior iVﬁﬁWV%nBOTﬁWP/é‘&ﬁ‘P]cﬂqf%@ze e m xture

was stirre erature for 5 hg to._t Iate Ihe dr oxyl
groups. HF ﬁ#ﬁi@ﬁ Cﬁﬁéﬂ“ﬂﬁpgg?@ﬁﬁ“*ﬁ@fﬁﬁgﬂpg theseation GaYedy wit h
“2.1.3.2. Measurement method 27 was 32 mg/ml at 150 cm/hr, 20 mg/ml at 500 cm/hr,
15  and 14 mg/ml at 1000 cm/hr.

2.2.6. Synthesis Example 5
An affinity chromatography ﬁacking material 3 was obtained in the same
manner as in Synthesis Example 3, except that the ligand was bound to the porous
20  mother particles as follows.
(i) Binding of ligand to porous mother particles
10 g of the porous mother particles T were put in a polyethylenc bottle (250 ml),
and dispersed in 80 g of purified water. 10 g of 0.1M sulfuric acid was then added to
the mixture. The resulting mixture was inversion-mixed at 60°C for 5 hours to
25  ring-open the epoxy groups of the porous mother particlés 1. The mixture was then
filtered using a Kiriyama funnel. The porous mother particles 1 were washed with

purified water and acetonitrile, and dispersed in 200 g of acetonitrile. ~After the
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acetonitrile and water, and dispersed in 90 g of a borate bnffer (pH 9.5)

to obtain a 5 dispersion of 10 g of tosylated porous nother particles 1. A
m xture prepared by dispersing 400 ng of tosylated porous nother particles
1 and 36 ng of the ligand 1 in 16 m of a borate buffer was '

i nversi on-ni xed at 37C for 20 hours so that the |igdh#P_Wa80B3Nd to the

tosyl ated porous nother particles |I. After the addition of 0.8 m of a 10%
nonoet hanol am ne aqueous sol ution, the m xture was inversion-m xed at 37C

for 10 6 | t k Qi : : < Jhe - icles were -
OUBS of 03 Blo@ syt BRrlae MBS BiR e G dmigE %‘@218 £ gg%a@n%yfg lgs

washed with a 20% €t hanol aqueous sol ution to obt the

af fi ni ty ighfoeRBtag trphyuRaskd A8redat fRlohflemBerafukd fbr E\ﬁainwéﬂo%natér% affmty
chromat ography packing naterial 3 had a particle size of 43 15

m cr onet diydroxgl ggpesi f Tl wmittiraces deadiliofed 54 Thpagiicles wakb siashed wethage por e
size of 235 inn, a nobdal pore size of 130 nm and a ratio "volunme average
pore si zatetoritrile pralwater ansl'displersed &1 90Th of dbordichgileapHc . Sytocdtaiud at ed by t he
net hod described in the section entitled "2.1.3.2. Measurenent nethod 2"

was 28 nismrrsiep of )2 ehfosylated poseys mother patiglechy Wh mixpg preparRg/Yl at 1000
mhr. 20.2.2.7. t i | 6 ] Al init h { h
Okl g MipEemE 0] il S i s s odthes Paicles hapat ot TapHT Ray s Exarol o
3, t, f i 1 f 0 t oph i hst ead of
173°g of §rog Bt bR e P RS BN B0 SRR RE e i £y °

chr omat ogy.2RYndR8 e t@%lzﬁ‘&fgq&rbngé/ raélth&%rt%lé%qr.t | AR 121 aA8ii0H o f08 ﬁugwmet ers, a

specific surface area’of , a volune average pore size of 128 nm a
nodal  porneyshéefhindAniiY aq@dds Soliddd, the MRIWETR . PO ROE nitRida STaefpodal pore
size" of F-2253 JR- 6008%86 3.9. The binding capacity cal cul ated by the
net hdatl dédontste dlock thehemsiampitosyl groupd | dthe partitleS were Wiahain e A0%net hod 2"
was 19 ng/m at 150 cmihr, 8 ng/mM at 500 cmhr, and 6 ng/mM at 1000

cm hr. 5 ethapolgquedpp sdletiingo Bhiairp} & mg of the affmaty chfoftatngraphy hadkingt ogr aphy
packing material 5 was obtained in the same manner as in Synthesis Exanple
3, exceptm"ft‘?ﬂﬂlﬁsi ng 15 g of trinethyl ol propane trinethacrylate and 25 g of
et hyl ene gl ycol, .di .hacryl ate Stead of 40 g of trinethylol propane
trimethacryl aﬁg,gﬁﬁ%ﬁ%i ng 115 g of diisobutyl ketone and 45 g of 10

acet ophenone itst£afly oA ofapRl paikisiaAlMENL 26k APGRALA br43 Of

acet ophenone.
15  micrometers, a specific surface area of 64 m’/g, a volume average pore size of 235 nm,

a modal pore size of 130 nm, and a ratio “volume average pore size/modal pore size” of
1.8. The binding capacity calculated by the method described in the section entitled
“2.1.3.2. Measurement method 2” was 25 mg/mi at 150 cm/hr, 21 mg/ml at 500 cm/hr,
and 20 mg/ml at 1000 cm/hr. |
200
2.2.7. Synthesis Example 6
An affinity chromatography packing material 4 was obtained in the same

mahﬁer as in Synthesis Example 3, except for using 140 g of cumene and 20 g of
acetophenone instead of 173 g of diisobutyl ketone and 67 g of acetophenone.

25 " The affinity chromatography packing material 4 had a particle size of 39
micrometers, a specific surface area of 91 m°/g, a volume average pore size of 128 nm,

a modal pore size of 33 nm, and a ratio “volume average pore size/modal pore size” of
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The affinity chromatography packing material 2 had a particle size of 32
m croneters, a specific surface area of 38 nR2/g, a volune average pore
'size of 329 nm a nodal pore size of 302 nu, and a ratio "volune average
pore size/nodal pore size" of 1.1. The binding capacity cal cul ated by the
met hod described in the section entitled 15 "2.1.3.2?2%E%§%ﬁ@WﬁﬁK}nethod
2" was 10 ng/m at 150 cmhr, 9 ng/mM at 500 an/hr, and 8 ng/m at 1000
cmhr. 2.2.9. Synthesis Exanple 8 An affinity chromat ography
packi ng erfialyibi; ' ' : -1 n_Synt hesi s
el o 3 ox e R R S e by R SR e B ich B SPAkot
instead ob.ithe Nitgabsled metil 2F FAsiotnige/al hORtA0KAP k/RBG KboemRt eri al 6
had a particle size of 33 mcroneters, a specific surface area of 83 n2/g,
a vol une aad émagml mdA060 sinke of 146 nm a nodal pore size of 40 nm and a
ratio "volume average pore size/nodal pore size" of 25 3.7. The binding
capacity cal cul ated by the nethod described in the section entitled
"2.1.3.2. Measurenent nethod 2" was 8 ng/m at 150 crn/ln, 5 nmg/mM at 500
cl hr? a8 Synthesigkxanedo’ cni hr.  F-2253 JR- 60086SG 2. 2. 10. Conparati ve

Synthesis Exanple_1 An affinity chromatography packing materi al
(" MabSel ect xg%a’%“%’rﬁﬁf‘a’a’“eﬁf VRPENSERITREAPES Eitacd BARSEE n whi ch

protein i biliz on gssl i pked 5 arose (i...e., a vinyl nononer
was not use éﬁ?nnﬁ%n%gﬁﬁﬁﬁggkﬁgfoﬁagwgﬁﬁg6§g8§8P%ﬂ%ng§gW§ manner as
descri beqRb@x&viathad b5 BdirBe AP aGEd Mitaths thod descri bed
in the sectioﬁggntit?edg"z.1?3.Zgghbasureﬁgﬁ?%2%¥%%é&g§g&gs 25 mg/ M at
150 cm hesimaglio bopiBé fﬁmsiﬁacgﬂﬁe,cdﬁﬁ%inﬁm of Bigbb@yl ke land 49Worat e of 1000
cm hr could not be reached due to high colunan pressure. 10The enbodi nents
accordi ngcdtoptehend instexdtaf @M3 bay diidobety] beserant 60 gaifasetopbbadre. t hat t he
invention is not |limted to the above enbodi ments. Various nodifications
and vari at i ondheraffiniie chratetogkipby packamt haariil Adiad d esttivkrsizows 30t her
configurations substantially the same, as the configurations _described in
connect i SHERMERTS: RaPeHisoU A ATE YIIFdR /& WHRAAVEREF BECoHe RAITHY L he sane
function, nmefhod, and sults, or,.15 configuration having t.he sanme

ob] ect | vt T RS P 85 30, o i SO o Pt e AR T on 1

whi ch an juns F%ql ! [ i 3t Lan. W - above
enbodine%?é ﬁ%é%g% _cggﬁ&?gﬁggﬁ%gﬁgpkgﬁgﬁgﬁ?% igeqﬁﬁggﬁﬁkg%mgﬁgb i ncl udes
a conki gup 3t DMhRYkRenttrhiehsiEr ™y Al 0aAE/m1 851 JONATR, 9ing/HE:t 300 Lingkr at i ons
described in connection with the above enbodi nents, or a confiduration
capabl e ahd 8edyavitrg00 ba/hr

2.2.9. Synthesis Example 8
An affinity chromatogréphy packing material 6 was obtained m the same
20  manner as in Synthesis Example 3, except for using the immunoglobulin-binding
protein SPAKwoHis instead of the hgand 1.
The affinity chromatography packing material 6 had a particle size of 33
micrometers, a specific surface aréa of 83 m*/g, a volume average pore size of 146 nm,
a modal pore size of 40 nm, and a ratio “volume average pore size/modal pore size™ of
25 3.7. The binding capacity calculated by the method described in the section entitled
“2.1.3.2. Measurement method 2” was 8 mg/ml at 150 cm/hr, 5 mg/ml af 500 cm/hr, and

4 mg/ml at 1000 cm/hr.
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20 sane objective as that of the configurations described in connection

wi th the above enbodi nents. The invention also includes a configuration in
whi ch a known technique is added to the configurations described in
connection wi th the above enbodi nents. F-2253 JR- S I 1. An
affinity chromatography packing materi al conprisingqggggugigﬁﬁﬁgg
particles that include a copolyner of a nononmer m xture including a
crosslinkable vinyl 5 nonomer and an epoxy group-containing vinyl nonomner,
a ligand being bound to the porous nother particles, and the porous nother
particles including a ring-opening epoxy.group produced by ring-opening of
t he epoxy2.7l®WnipaekivelSehthddistii@mpyous not her particles. 10 2. The affinity

chromat ogr aphy packing naterial according to claim 1, wherein the
ri ng- openi ng epnﬁﬁmgnﬁmpmﬂegaﬂSQHSEhgumemhbﬁhﬁdeb30QMHMEmﬁmxmed

2, 3-di hydr ox roup. .. The affinity chromatograp acki ng

mat eri al t%(@é%& tg gloﬁ¢lmQ¢F)lm@fln@Pf0m7@rPeWﬁﬁ mn@hxhzgénacmgsl@aigf otein that

i ncludes an i noglo lin- blnduﬁgﬁﬁgnaln of 15 protein 4. The

af fi ni°t y AP etod iy ’Hﬁ-’&%i"iﬁ PEF PR eé%@\am‘ﬁ%“‘l%e\ﬂh&?%%th%er ein the

nmu | obul bi ndi i f t A
| munogl OB h%nﬁ%r%a?%gn PR SJ%@?@%%‘%%@&%%@M@ Ttdiomin, a
C- dormai n,g @ &ctx@ﬁe{%tfé@”?'l@ 2, ﬁPeg&H A A L e f2§ g)_}ﬂleatei¥)' nity
chronatograp y pac ing materral” " accor 5 any one of "clfains 1 to 4,

wherei n tdaend b GPri0mbea 305007 EnHN 0Bt oRbihd d‘hﬂé‘aﬁﬁﬂvﬂ%t@épfoﬁb RmAbewgby the
following geheral fornula (1), 25 R R2(1) F-2253 JR-60086SG

not be reached due to high column pressure.

10 The embodiments according to the invention have been described above. Note
that the invention is not limited to the above embodiments. Various modifications and
variations may be made. ’fhe invention includes various other configurations
substantially the same as the configurations described in connection with the
embodiments (such as a configuration having the same function, method, and results, or

15 a conﬁgurétion having the same objective and results). The invention also includes a
configuration in which an unsubstantial element described in connection with the above
embodiments is replaced with another element. The invention also includes a

. configuration having the same effects as those of the configurations deséribed n
connection with the above embodiments, or a configuration capable of achieving the

20 same objective as that of the configurations described in connection with the above
embodiments. The invention also includes a configuration in which a known
technique is added to the configurations described in connection with the above

embodiments.
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wherein R represents an amno acid sequence that includes 4 to 300 am no
acids.and includes-a site including 4 to 20 consecutive histidine

resi dues, and R2 represents an am no acid sequence that includes 50 to 500
amno acids and includes at |east one inmunogl obulin- blndln% domai n of
protein A provided that a terminal of the 5 i munogdf BP¥H$Chg domai n
binds to R 6. The affinity chromatography packing nmaterial according to
claim5, wherein R-in the general forrmula (1) is a group shown by the
following general formula (2), 10R~nLy{(®R) Wherein R represents an anino
acid sequence that includes 4 to 100 amno acids and includes a site
including 4 to 20 consecutive histidine residues, provided that a term nal
of the site including 4 to 20 consecutive histkline residues binds to r,
and r repr.esemsaffifityl hrémhitbpraphypRRind enaddialcdigitidpReBrdB alothenCl udes 7 to
200 am no acids and includes a TEV domain. 7. The affinity chronatography
packi ng nmtteldsahat ol dicngolymerd i moipngr nhxtustisrheling atroksiakiblovieylof t he

am no aci d sequence represented by R and the am no acid 20 sequence

r epr eSentBeRIBEr Fod ePoKe SRS PRPiInIg iRl anoneyes péipanddsing beundiorthe t hat
includes 1 to 50 am no aC|gs and i ncl des ope. am no acid selected from

| ysi ne, SOFFUsiTpRther paicles, mﬁfamusqptqﬂ%nﬁ Hh?géﬁﬂﬁﬁﬁﬁﬁﬂg§HHV'packing
mat eri al accordln% Bo any one of. claims 1 25159 4 hwhereln he ligand is
an i mundgP SHUPTHEHPREPH P%“r“?ﬁ% © EROWABY HHEE 8 PERPRES BORET al for nul a
(3), R2-R3).Werein R represents an amno acid sequence that i ncl udes 4
to 300 amno acids and 5 includes a site including 4 to 20 consecutive

hi stidi ne residues, and R2 represents an am no acid sequence that includes
50 to 500 am no acids and includes at |east one inmmunogl obulin-bi nding
domaii® of2.pr otlti affkity phowiadedapbly ahckang muwtislabcoading heclaim 1, wherein the

i mmunogl obul i n- bi ndi ng domain binds to R 10 9. The afflnlty chr omat ogr aphy
packi ng rmigeeticaing speoraidurgs e sulstisited @, ungibstitied 2, Rlihydroxiprepeheroap- f or nul a
(3) is a group shown by the follow ng general formula (4),

3. The affinity chromatography packing material according to claim 1 or 2,
wherein the ligand is a protein that includes an immunoglobulin-binding domain of

15 protein A

4. The affinity chromatography packing material according to claim 3, wheren the
immunoglobulin-binding domain of protein A 1s at least one jznmunoglobulm—binding
domain selected from an A-domain, a B-domain, a C-domain, a D-domain, an E-domain,

20 and a Z-domain.

5. The affinity chromatography packing material according to any one of claims 1
to 4, wherein the ligand is an immunoglobulin-binding protein shown by the followmg
general formula (1),
25
| R-R* ey
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(4) 15 wherein R represents an am no acid sequence that includes 4 to.100
am no acids and includes a site including 4 to 20 consecutive histidine
residues, provided that a term nal of the site including 4 to 20
consecutive histidine residues binds tor, and r represents an arbitrary
am no acid sequence that includes 7 to 200 ami no acidé2¥niRi0HeI03Ges a TEV
domain. 20 10. The affinity chromatography packing material according to
claim8 or 9, wherein at |east one of the am no acid sequence represented

by R and {hgeidRi@pasnt a5 GHHRI LS §ea£én%éaﬁ£ﬁ@1uhysﬁé§oea£dﬁ§)&?d§ gl formula
0 acl ds an

(3) includes a domain t that includes 1 to 50 amno I ncl udes one
am no aci idcla@seGie thefud@P 4 1Y 20 BascBitFb Ristifine ARMuEs @S RetePResents an

amino acid sequence that incledes 50 to 500 amino acids and includes at least one
immunoglobulin-binding domain of protein A, provided that a terminal of the

5  immunoglobulin-binding domain binds to R.

6. The affinity chromatography packing material according to claim 5, wherein R-

in the general formula (1) is a group shown by the following general formula (2),
10 Rl ¥y

wherein R represents an amino acid sequence that includes 4 to 100 amino acids and

includes a site including 4 to 20 consecutive histidine residues, provided that a terminal

of the site including 4 to 20 consecutive histidine residues binds to 1, and r represents an
15  arbitrary amino acid sequence that includes 7 to 200 amino acids and includes a TEV

domain.

7.. The affinity chromatography packing material according to claim 5 or 6,
wherein at least one of the amino acid sequence represented by R and the amino acid

20  sequence represented by Ri rin the general formula (1) includes a domain t that includes
1 to 50 amino acids and includes one amino acid selected from lysine, arginjne-, and

cysteine.

8. The affinity chromatography packing material according to any one of claims 1
25 1o 4, wherein the ligand is an immunoglobulin-binding protein shown by the following

general formula (3),
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R:-R 3)

wherein R represents an amino acid sequence that includes 4 to 300 amino acids and
mcludes a site including 4 to 20 consecutive histidine residues, and R” represents an
amino acid sequence that includes 50 to 500 amino acids and includes at least one
immunoglobulin-binding domain of protein A, provided that a terminal of the

immunoglobulin-binding domain binds to R.

9. The affinity chromatography packing material according to claim 8, wherein -R

in the general formula (3} is a group shown by the following general formula (4),
-R' )

wherein R! represents an amino acid sequence that includes 4 to 100 amino acids and
mcludes a site including 4 to 20 consecutive histidine residues, provided that a terminal
of the site including 4 to 20 consecutive histidine residues binds to 1, and r represents an
arbitrary amino acid sequence that includes 7 to 200 amino acids and includes a TEV

domain.

10.  The affinity chromatography packing material according to claim 8 or 9,
wherein at least one of the amino acid sequence represented by'R and the amino acid
sequence represented by R? in the general formula (3) includes a domain t that inchides

1 to 50 amino acids and includes one amino acid sclected from lysine, arginine, and

cysteine.
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