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ADSORBENTS FOR PROTEIN PURI FI CATION Field of the
I nvention This invention rel at es to conpounds and

wo b@7n9233€ as affinity |igands if or protein PCT/GB2007/050095
purification. Background of the Invention Antibodies

of “a mononer ATUAEarY SHE PR AN ed

Fiéﬂtﬁoifeh@ mhat;onony sts of four pol ypeptl de chains, two
a heav chai

i d e\rlfi g]vep ! d {eef%t g%ﬂscoggﬁ)ﬁ gad 35 aluge“aﬁhe@ge?y ligands for protein

puifi¢adiges . There are five dlfferent types o! heavy chain
, and . that distinguish the inmunoglobulin

B%f«gg@éﬁfft&&rin on gA, 1gD and IgE, respectively).

Therfntisodiealaso ittwurdglobelre gtyctyrpesohaling lat basiaiumit(& a monomer

resulting fr di fferent e prod

St e R GG PoBaT TP W BT SIgFop TphppR iR chains, two
of SWiZieh) 296 Odeniza aﬂhi/}b@damba@&dtwmmsﬁ@'nt&galligﬁi‘t chains connected by
1 nvadi at ens apd e t he h specificit
cigufifFSq G, TPRRAS M dltoFark Y o PRI b s o  and 5) that

diéfmdyish ithe irﬁmtzh@gldﬁt&&h mmﬂgﬁ ugie dighe gl ahdilgE, respectively). There
rese nost

[ 0 ni.cal
ars AR A B AT b g L cRER K A Kl B ERER et gene products
ant i;?@d(amdﬁmﬁerhgwmuﬂ@ﬂbuﬁmla;ﬁ:&;ﬁﬁhéﬂe@l bylmwamm ﬁsze) provides
ngl e ant.igen.and are. gener [0 e i ne at .. .
b s R e F o TS SERrh BB et At B Yo lighfiah Wbty that
igﬁomsttowme sbb@fi(f asﬁm‘s vdthoviha ¢hosect srthé masheommonly used reagent in
- EE rcgutlcaﬂ @,' ? q}é ereis it estimated that
’ ?&1"’ lfP) PSSR AN 5BV et €85S) by 2010. Anti body
|1t rrésndcrop razatr‘{mmiluesemh@ehl tegmbd u‘v’iﬁm ) hareeaditiotiesudd! thave identical
r the | ast, 20 rs and a native
SPONHE PR Aontaeaghighl 4R B oBtr AlsCTaALE S e et has been
prb@mdrf@@ntw sirego lcieet! hrmisprMHtessortmttﬁé eme dksesingioling secior in the
Ant.i bod

o B By el aey 4P ert S ar VEloake Al Sadla¥ Bifbn ws) by
20nbok etitmay itibedlires mimejalian eckasiees BM cmttieuedt improve over the last
EOefyfeaer%t 'af\{ atliemn?{f] Ufo%(\i\}nlé{ream r%%egs%geand chromatography adsorbenis are
required to resolve the process bottlenecks in the processing of Mabs.

Antibody fragments {parts of whole antibody molecules) offer several advantages
over whole antibodies. They are easier and more cost effective to manufacture, they have
fewer side-effects in patients, by reducing the risk of cyiokine release and its associated
toxicity, due to the absence of the Fc (heavy chain) region, and they can be modified to
include therapeutic payioads. There are several types of antibody fragmenis that are either
igG" domains prepared by specific endopeptidase enzyme digestion or that have been
genetically engineered in cell lines. These include monovalent fragmenis such as Fab’, Fab
and scFv; bivalent fragments such as F(ab’), diabodies and minibodies; and muitivalent
fragments such as triabodies and tetrabodie

Many antibcdy fragment products are in developmeni for use as therapeutics or in
diagnostics. Recombinant antibody fragments are expected to have a significant share of
the $6 billion {(US) per year diagnostic market, from in vifre immunoassays 1o /1 vivo tumour
and clot imaging applications (Hofliger, P., & Hudson P.J., Nat. Biotech 23 (8; 2005) 1126-
1136}
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fewer side-effects in patients, by reducing the risk
of cytokine release and its associated toxicity, due

wo ooovie93absence of the Fc (heavy chain) regi onPCEHG®2007/050095
they can be nodified to include therapeutic payl oads.

Ther re sev es of a 0 t ar
oi ¢ WGt PERREY Haleh i 0 S BRERA e Raadifore. untie
ful@ﬂ?ﬁmnﬁbm icannatr bé hatifibavs beedin g@rwﬁnﬁqad:ﬂrymatography. in most
e SgereeLioon Qeopanoetpaioniss e Ui B QiR BRlbooy rragments.
Prfﬁté@gtrEﬁt;:Soﬁllszt@? Frlotdeule? v@bs@’ﬁoﬁl moan%aiamnt dodeesiom a bacterial
tival ent fragnments such . as tria e
sofalss Qe sLer iy Aer ony PradmEint 200G JoB ey and as been
mvdgmfmpm tHe fuoificate oasOmbarnap@dytfra;gsneaﬁs b i heigresidesi to be cost-
& nbi.nant angqbgeo.d fragne {e expected to have a
€ §?tﬁﬁlefjfgésaﬁ?t Al zgfcogﬁ%é@g $1ATi%Sh (US) per year
di agnost/iosaradikebsesl figrme-bavdd compsangBoassays hifinikynadsorbents, of
0, tumour and cl ot imaging applications (Hoiiiger,

"E“Ya& Hudson P.J., Nat. Biotech 23 (9; 2005) 1126- Most
anti body fragrrent products iack a protein A-bnding

site and therefore, unlike full-chain anti i es,
cannot be;, pur dH Fd_b.w pr ot gl n Azaffephtyol
chr onat ogr aphy n nos es, conventy_ofal

chr omat ogr aphy t echni qués are used to purlfqﬁ anti body
fragnents. Protein L a firotei® with a nol ecul ar wei ght
of 35000 Dal tons deri ved% a bacterial species of
Pept ost rept ococcus magnus, (i s known to bind to
anti body Iight chains and fias been investi gated for
the purification of sone antibody fragnments but is not
whesvs iRdee éll aliey! bydeowalkft sptidhaxyariédli Snaoyl. asrlithdbl @hpnyipyrazole,
[
m%% Hgg?%ﬁb%%ﬁ%%gid%gﬂ éé%ﬁ%%gig % fé?fsﬁrﬁch aromatic groups can be
subsiisged evihsoneodr m@f@rmﬂ akyi heteirayIRY. |a§yianmq<yammo NHp, OH, COH,

@%@é papht hyl,

Sug%%gﬁgn pyr ayzoﬁ%ﬁa%'a?%ggggyismgﬁew @géig benzoxazol e
or @éﬁiﬁiﬁl?ﬂmﬁ?@m@ﬁiﬁ NfCiHioe R-@omat i ¢ groups can be
subst gtdjt &M’%th one or nore of aikyl, alkoxy,

acyt oxy, acyl ari no, amno, NH2, OH, COZH sul phonyl ,
car FaadyIS, OTsNﬁiepharmyl al kyl sul phonyS and hal ogen; one

X i g Nnam dbeagi iti?éikys,%ﬂroxgé@i, BEnAy 5N B-phenylethy!;

Q is benzene, naphthalene, benzthiazole, benzoxazole, 1-phenyipyrazole, indazole
or benzimidazole;

Fu, Bs and Bg are sach H, OH, alkyl, alkoxy, amino, NH,, acyioxy, acylamino, COxM,
sulphonic acid, carbamoy!, suliphamoy!, alkylsulphony! or halogen;

nisClic &

pis 010 20; and

A is a support matrix optionally linked 1o the X-containing ring by a spacer.

Compounds of formula | are disclosed as having affinity for proteins such as
immunoglobulins, insulin, Facior Vil or human growth hormone.

Compounds of related structure are disclosed in WOO00/67200 and WOO03/097112.
They have affinity Tor endotoxins
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Yis O Sor NR;, Zis O Sor NR3; R2 and R3 are each

H1 al kyi, hydroxyai kyl, benzyl or b-phenylethyl; Qis
whewzers74 napht hal ene, benzt hi dazol e, benzoxazoPE&T/GB2007/050095

1- phenyl pyrazoi e, indazoie or benzim dazole; R4, RS

and are each H Od al ky!, al koxy,. ] , -

ey (G g TS CopRP e ABRIed R A B gy have afinty for
imAhphianmyk. Aah kxbhsplepborydontouhal heeing sudhsafBhiy & apcompound of

is Op 20; and A is a support matrix optionally |inked
Str%t“fen%g X-containing ring by a spacer. Conpounds of

formula ! are disclosed as having affinity for

protei ns such as i nmunogl obul i ns, 6%sul in. Factor VII

or human growt h hornpne. Conppundsyof rel ated

structureqgre discl gsed n; WOORY/ 67900 and WC03/ 0971 12.

They have af i y~ foryen oxi ng. tain

trazi ne- based pound | di sgl osed i n W37/ 1Q@B87 have

affinity for 1 -w 0 1S, An npl e of a conmpound

showi ng such affinity isia conmpound of structure ! !

Conpounds such as Il arefable tib renove

i mrunogl obul i ns specifically from conpl ex m xtures or

f eed¥ingmhsds URichass Hursee gilladnarenavet menutggiebubifs specifically from

mon, LS.Ladustrially

Cop%oa(uc%%ﬁceﬁ%ﬁg%ﬁﬁcﬁges‘[t%ﬁ%%b%g%%%%s hlgh whi ch nonocl onal

ant iAvethee $yrard cpmeseht erabusieresentdsictkon $duptriatly Brogided cell culture

r. : I .

RGP UPETR AL o RIBAARLHED 5 pleeel, ELBnlign up o 5 o o
supemaianheSempoMtds 8Eh 28l it hewglisa hrebsefgidef spaviiiscemogal of monoclonal

C ' - e I .
ol R PRI, AR AR RREE s Yaptih e sengromsed o
thé preaencentficef oaltiragddijersi sucomeditlrgniadedt.used in
”Hmﬁé,;#oﬁ?a @—%é!is an anti-foaming agent commonly used used in mammalian cell

culture. It is a block copolymer of polyoxyethylene and polyoxypropylene, and has a
molecular weight of approximately 8000 Da. Pluronic F-68 is used io protect celis from
shear and air bubble damage, and is typically used in an amount of 1 g/l in cell cuiture
supernatants. lts presence may reduce or abolish the ability of compounds such as il to
remove immunoglobulins from such feedstocks, which represents a considerable obstacle to
the use of such ligands for direct capture of monoclonal antibodies from mammalian cell
culture media.
Summary of the Invention

Surprisingly, it has been found that certain compounds, many of which are novel, are
useful for affinity-based purification of immunogiobuling, including but not limited to
monoclonal antibodies and antibody fragments, even in the presence of compounds such as

Pluronic F-68. Compounds for use in the invention are of formula L
Hs

Y. % 7 e Y @/ Mg
TS

By-U
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culture it is a biock copolyner of poiyoxyethyl ene and

pol yoxypropytene, and has a nol ecul ar wei ght of
wapproxisnat el y 8000 Da. Pluronfc F-68 is used POI/GB2007/050095

protect cells fromshear and air bubbl e danmage, and is

sopefRsA B 4 e BBy puflaben b i o € Goveric aroup,

e.gabaplithyl, themnmmam(tésf imﬁieﬁser&tma@zcﬂ@m@neoxazo e or benzimidazole, any
n rom suc nt
of wiEs AR dp iR sner B s ERBSLBEeDund Bh Bet BB RERS i with one
or ehdlimle@f alﬁ?ptaiy!e atxbxyroareie ko Nyt oa@:ﬁmmnl ies, téz!nam, EAMB 0L Nsulphonyl,
el! culture e |l nvention

Car%ﬂ?”ﬁ}’r SYIRgTOY atqkyﬁsé‘?%gg%% ®fhat certain

compaeiRds N amaitsie ofheniingIC-af or 0Nl , are useful for
af f | dﬁk}yf&ba purification of immunogl obulins,

i ncl not limted to nonocl onal anti bodi es and
ant Zhody Sforagrgent s, even in the presence of conpounds

v ERETB RO AL G ORY S Rl ety

al ki is mrpbne, meghtaisaiek pbnzticyedie Henpoxauia) o -gierglpyrazoie, indazole
et eroc%%l.i Cc group e.g naphthyS, 1-phenyipyrazol e,
of DRHADSRE® henzt hi azol e, benzoxazol e or benzi mi dazol e,
any Rof Rmﬁainﬁfﬂgaamdé‘cHgl@)ﬂp@kﬁﬁ&ryﬁdﬁﬁ&éﬂo&ﬁ: ia, falktbﬂyeraryﬁoxy, amino,

acyﬁ%%??agf 1o g:, @f@b?'}%i%;g ;%%P%Mrwﬁ é‘ﬁhgfﬂ‘)&g aikﬂsulphony or
hasagemmr tor GORHbf ?ﬁu Hp hon R areclkba rmipkm ascycnmmr,e,

oLV} 548 B3R o B 2 2B B Ao s omtonaly
sumteck%y and oRsnas ef epdrbxH, allafi kyryl, hhgidieial fphenyiehdbnd halogen
S“‘%b%sz?ﬁ%g%‘pgt hbe’nzoniaioIb:nZingheﬂsfgwglzgin:’ i ndazol e

or Bapzistbgaz ola@ix d@ﬂaonéﬁ liakek &%ha#{eccemmgkmg}tly asddlayeér,

ar yIFUrEEert génqggundjs of %e in é/rﬁao r¥c Oci(ey‘the correspondang ligands, in which A is
replaced by a functional group, linked directly or indirectly to the triazine ring, which can be
immobilised on a support matrix. The terms “ligand” and “adsorbent” may be used
interchangeably, beiow.
Description of the Invention

WQO87/10887, WC00/87300 and WOQ03/0871 12 disclose how combinatorial libraries
of ligands can be built on a solid support. Their disclosures, including examples of
embodimenis and procedures common o the present invention, are incorporated herein by
reference. During the screening of a set of these combinatorial libraries with a feedstock
containing albumin, immunoglobuling and Pluronic F-68, a number of ligands were identified
as being capable of selectively binding and eluting immunogiobulins.

Compounds of formula lil, for use in the invention, can be prepared by procedures
known to those skilled in the art. Such procedures are described in the 3 PCT publications
identified above; they can be readily adapted 1o the preparation of new compounds.

In compounds for use in the invention, it is preferred that R, and/or QR.R:Re is or
includes a cyclic structure; either or each cyclic structure preferably has a OH or SOgH
substituent. Preferably, each X is N. Further it is preferred that U and/or V is substituted,

e.g. is CHOH. Such substituied compounds ars novel.
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acyl oxy,

acy

sui phanoyi ,

structure,

Sanmsno, CO2H, sul phoni c acsd,
al kyl suSpnonyi or _hal ogen,
W@ R200RA993RE and R6 are linked té form a cycl i ¢ PCT/GB2007/050095

or

car banoyl ,
two or nore

U and V are the sane or different Ci 10

str hai_n ak ene n b t.
?ﬁ%‘%g?;g g%ﬁv g ga% PR a§§ e? %@%% d?}o ;@é’alai%%mson are of
fomﬂmhﬁmyXMIhyl and hal ogen such as
support matrix optionally linked to the X-containing

ring by a spacer
i ncl ude tMBﬁcorrespondln | i gands,
i , linked dfrectSy Qi
whi ch can be
he ternms isgand" and

Descrfpt|on of the Invention W
and WD003/0971 12 d§§close how co
i i gands can be haul

of

di scl osur es,

procedures common to the present

CHOH, and Ais a

Furt her conmpounds of the invention

in whsch Ais

on a solid support.

9887, 000/ 67900
@ggnatorial libraries

Thesr

i ncl udi ng exanpl es of enbodi nents and

i nvention, are

incorporatdBHherein by reference During the screening

I mmunogl obul i ns, Conpound

the invention, can bey pre

those skilled tn the art Su

ng.8nd
Paa |
by gggcedures known to
procedures are described

i na rlal libraries with a
R ¥unogl obul i ns and

el uting
for use in

in the 3 PCT publications identified above, they ¥an
be readily adapted to the preparation of new conpounds
I n conpounds for use mthe inventi

that R and/or QR4R5R6 is or
structure, :%rt r or eac cycllc struc
; refe=abL,_

é ééﬁé Efﬁ;rSuch s%%g:f;

ef er r nogl obul i n

S Eted,
ar e™~pavel Pr

sug§t|t

adsorbents of the invention are of

A

i ncl udes

on,

=

\

rt

tur

is preferred

a cyclic

e eferably

ea Qﬁ&ﬁss N

5 "0
i compounds

dr'ng | i gands or

OH

Vi



formul ae 1V-XISl: The i mmunogl obul i n-bi ndi ng |i gands
descri bed herein are useful for the purification
WO povanegrobul i ns from conpl ex fi xtures i ncl udi PGT/GBR07/050095
not limted to, human plasma andreconbi nant
fermentation supenatants This utility is denonstrated
bel ow i n %npl , hr ors&t ogr aphy experi nents
H@si n f fgedst cks, erm iX
"i ' [ scri be intact
lgG 1gA |gM
and als agé1 gues t hat functi onal
or structural charagteristics of inmunoglobulins, e.g
internms of affinity to a given conpound descri bed
herein Thus, the anaiyte may be a protein that is a
functional fragnent of an inmmunoglobulin, or a
structural anal ogue having one, nore or all of the
sanme bindigyg sites, or a fusigq protein The optiona

Nnker nay ponp#fse any ndans pf attaching | sgands of
t he suPrortN d providing a
e spaC|ng the h|gand fro the{ surface of the

matrix The. support natr i conpri se any
Hﬁhter/g], sol ubl e o'uinsoluble, particliFate or

non-particul ate, ingluding fibres and nenbranes,
por ous or non-porous. It provides a conveni ent neans
of separating | sgands of the invention fromsolutes in
a contacting solution. Exanples of support matrix and
optional linker A include carbohydrate matrices such
as agarose, cellulose, dextran, starch, alginate or

carrageena synthetic poly matri ces such as
oly bnFen

polystyre‘ , styrene-dtvgySbe e copol yners,
HoQ!l yoe /| afes, g,N OH
po =t hy fyl I nyl al cohol ¥i

i nor.gani c matrices

~&s” gl ass, SI|F§?’ r metai o es; and conposite
materials The fol |l owi ng Exanpl es |IIustrate t he
i nvention Exanple 1A Synthesis of Adsorbents The
synt hesi s of adsorbents of the type described is
expl ai ned in WO7/10887, W00/ 67900 and W03/ 0971 12
The synthesis of Adsorbent Xf described and is

| des or perNIuor car bons,

g Kl
OH

\

N NN
~ COOH
A

The immunogicbulin-binding ligands described herein are useful for the purification

of immunoglobulins from complex mixtures including, but not limited to, human plasma and
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typical 6% cross-|inked PuraBead agarose gel (650 g
settled in ROwater) was slurried wwth RO water (650

work)07/0487M sodi um hydr oxi de (NdOH) {88 nl), anBCT/GB2007/050095
epi chSor ohydnn (124 m), The slurry was stirred over

19 h F 10 M s ' h Xi d Na 22 . .
ro GRS e UPE TR et ) S O S ok BIBR N Bhampe 2, oy
chﬁdnhﬁibgraﬁhy éip@@immrusingBa h@rﬁb& of AddaetocRs.sanpl e vvas

|

for Si S Was ltere
%n@ﬁ \‘zﬁ“t‘”h g ‘-WQS@PU n12ES Uﬁec{)h%%%l%?s?%scﬁg? 'EB&WW”OQ obulins
ih@"hﬁé;m, shreed Hhalgat tgwa ged Eg@%nd%méaida&@dewﬁalﬂ havé-th@ functional or
oups .per of settle el The

SR R eGSR (EHEPe Phun e dni oS 26 SEHRK ] Biven compound

de@Er@edt HergifmOTHLE, &Rl aidias nta08e rildrowst maawi@duﬁd%@na fragment of an
mxtﬁre was stirred an heated to 400C, g tirred
i

IMERNPRPRUFe ApRPHECE 8 Pgii@sh%‘fé?ﬁ AP Oéa €Sl Dinding sites,

orbakasn ﬁme;@nal ysi s, the slurry vvas filtered and then
wash V\nthélel wat er 1.L) TNS({1
For 1081 OGN TRbRREPI IR HE e HBLT AR PaiIRcE e vention to

suwpém raddridksnaml peividney @r @z'é@ﬁs Rerspaciad tsetibhed from the surface of the
tled amnated (47 sslurrledln[{qg
Sl LR in TROCHREER e MAY) Clmeas: PBWISdRlL aopl of insoluble,
paMcRA 98 nvrpRhesRhatie:i(d4® fibtes mmh@m@@%dzoubfm non-porous. it
m.xture stirred wa r usI anq toneé rrLé ﬁdded. _
Preide s PGV ENIGRIS M8 @‘ igaa ot dhg Apyengag from solutes in a
coh@&ﬁ!ﬁ@scﬂm&iﬁwﬂi)@nﬁ;ﬁé@m Q@p@ﬁ hiat&x ehd bptical thkae el intiede carbohydraie
was added Iigjﬂ one portion

m%tfff%sr %%)ho@%ra@i”’%%uPe 05§: feyeen. b‘%@*‘&? agS@?EﬁggaFaﬁﬁ%‘%ﬁnﬁﬂ synthetic
polyesn wmsw tshch 0%y / V poaKIse ks, aCﬁ?z@ﬁ@-d(vﬁzyXbe&Q@néTL) gopolymers,

5
pop S EBR) (o GrkP SR TO RSP P VA F Gor S, polyamides or
peﬁ&%&ﬁaﬁbn&h%oajﬂﬂ&ﬁﬁﬁ&@bs aluc? sngipds, dilichl ormdtel azibegand composite
%ro gs per g of settled gei The dichlorot pazinyl
se (50 g) was slurried in ROwater (55 ni)

Nor piverfyiBepty Brendivsinioshdioticiavénidn99 g) was di ssol ved
EXEPIE N6 MORPGTS SBseBUY on sce, priot |o aaditif
see, prior lo addition
to the synthesis of adsorbents of the type described is explained in WO97/10887,
WOO00/67900 and WOO003/007112. The synthesis of Adsorbent Xi is described and is
typical.

8% cross-linked PuraBead agarose gel (650 g settled in RO water) was slurried with
RC water (650 mL}, 10 M sodium hydroxide {NaOHj} {88 mL), and epichicrohydrin (124 mi).
The slurry was stirred over 19 hours. Further 10 M sodium hydroxide (NaOH) (22 mlL), and
epichlorchydrin (37 mb) was then added and the slurry stirred over 1.5 hours. After a
sample was taken for analysis, the slurry was filtered then washed with RO water (12 x 1 L.
Analysis for epoxy groups showed that the gel was derivatised with 21.6 umol epoxy groups
per g of setlied gel.

The gel was drained before RO water (780 mL) and 0.88 specific gravity ammonia
solution (200 ml) were added. The mixture was stirred and heated o 40°C, then stirred at
this temperature over 18 hours. Afier a sample was taken for analysis, the slurry was
filtered and then washed with 12 x 1 L RO waler {12x 1 L. TNBS analysis for amine
groups showed that the gel was derivatised with 20.8 pmol amine groups per g of settied

gel.
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di chl orot paztnyi agarose. The m xture was reacted at

6q' C over 19 hours. The gel was washed with 50% DMF (5
WO 2M00993) , RO water (5 x 100 L), 0 1 M HCt (BCRGBO®?7/050095

nL) 30% | PA/ O. 2 M NaCH (5 x 100 nmL), RO water (10 Xx

st OB AHES Saa7s ShRes 5 LS0% gl st SLhhfEenatetars mL) and

allcﬁ%&ﬁ'@ @tﬂ’e -1 @b@ﬁ@&z@@f;ﬁpﬁwhﬁhr Whﬂl@ mphyerex@md N trixture stirred
wer e of _th sor bents ta

ted,
vigBpuRbREn 36Tets 0 TLRHER i S S Herk CaPRHEE BrC dof iy Salt beth.
belvas cjﬂé‘rﬁﬁc whichida (bed ghei ghg aeétohe $1Z0mmandas elddsm m/oahemm.on The

t f. 300
SIS bt G4 Pedie 1T HEUR it FOVGY W 50% viv
aghiénsRitRiepkizaoes) §Rbl \Q@te( FBSBO{} ptl) 7widh 5@mdAl Beteous acetone (5 x

506/@p|%9¥3”n%5ﬁﬁ%t§f (g hEL)pr LTS 50l fle wighmert of 25 umo

dacﬁ@rcﬁtﬂéﬁnfﬁgz@@b@Qézeglbf)se@red%aﬁ 1 g/ L 'gG 1 g/L Pl ur onsc

t 0/ f t | f
fee%}g{)@%h Oi{’%g c@%g@ﬁ?r z{’{?mﬁj o‘f’a%OSE{ﬁrLed f;gamr Waisy (55 mb.
Noffmﬁgrégﬁwrkeemdrmrtdl@qn gma@h@@b milsédﬂvéld)mCNOQﬁ;atBB&S pH), A0 M NaOH

ore s ei uted

o 85 1bE vite, 800 1 6 Gre OB okt 4cdiion to the
di{:ﬁloﬁcﬁﬂai? Rigaege( OFtR) miitdre Basbantec0abeNEso@ds Um hours.  The gel was

wag PR RO DU 5 XG0P LIREE Waiar 16 4 1B 58afert T 5 e 00 mL). 30°%
!P@/b[ma’ﬂigﬂ aphy OQN’QQVFR@‘EMIW (t‘ibe( 1ooGnicoahe BO%afquebes ethanol (3 x 100
|§}ag,§ ostloa%&m§ Iuté%@ and CIP fractions were
mig SEEE SWaP 'REPHEAOIRAT | 20X 8BUSUBIET B GPC, to assess
ExbhfidR At mgnandgepuiyson capacities and SDS PAGE
anal ysis to assess purit d I
T e TESPRY I Lol REES 1 RGPt Aisgroents tabulated
in Taimt al. negt 2l @o{gér;méntp@l ychmaheiegeommn% uged Witk a metiheight of 5.5
re ce or  abs e of 1 g/l Pluro pic F-6 ck
o SRHETHER 2T A -4 Ty O B1ERGRA 58] OG- The adsorbent
wa@%é&@?l;ﬁ#@] &;ltrabcé mglobivt fhoghiatd l%mﬁaresesraum &PBEYYoA 7.4, and then
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serum), or murine IgG, feedstock up 1o a concentration of 30 g/l. of adsorbent. The
adsorbent was then washed with 10 CV of PBS, pH 7.4, before the 1gG was eluted with 5
CV of 50 mM citric acid, pH 3.5. The adsorbent then underwent a clean in place (CIP) with
5 CV of 0.5 M sodium hydroxide followed by re-equilibration of the adsorbent with 7 CV of
PBS, pH 7.4,

Subseguent to the chromatography experiment, the IgG content of the load, post-
load wash, elution and CIP fractions were assessad by nephelometry, A280, HPLC or GPC,
to assess the binding and elution capacities and SDS PAGE analysis 10 assess purity. The
binding and elution capacities are summarised in Table 1.

Pure igG feed contained 1 g/L of polyclonal 1gQ in PBS, pH 7.4 In the presence or
absence of 1 g/L Pluronic F-68. Mock fesdstock 1 coniained 1 ¢/L polyclonal 1gG, 1 g/b
horse skeletal myoglobin, 5 g/l human serum albumin and 1 g/l Pluronic F-68 in CHGO cell
culture medium. Mock feedstock 2 contained 1 g/L polycional igG, 5% foetal bovine serum
and 1 g/L Pluronic F-88 in CHO celi culture medium.
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to assess the purification capability of the material.

Experinments were conpleted using a 1 cm di aneter

colum with a bed height of 2 5 cmand col um vol une

(CV) of 2 0 nl and a linear flowrate of 50 cmh (3

m nute residence tinme) The adsorbent was initially

equilibrated with 10 CV of phosphate buffered saline

( PBS) ;—pH-7-4 I 1g@ in a CHO (Chinese

Hanst er_|. ture supernatant was | oaded
onto 1§ ncentration of 54 g/L of

adsor be was then washed wth 10 CV of
PBS, pH7E lgG was eluted with 5 CV of 50
mM sodlj in 3 0 The adsorbent then

under ywe pjl ace (CfP) with 5 CV of 0 5 M
sodi um ed by reequilibration of the
adsor be ABS5 pH 7 4 Fractions (2 nlL)
were ¢ @&t the chromatography and

anal yse @ (Protein A HPLC) DNA cont ent
(Pi cog total protein (Bradford total
pr ot eijn %through profile of 1gGL for
adsor & i ndi ng capacity to be 2 1 8
g/ L and pacity to be 20 9 g/L Using gel
per neat (hy, the pupty of the eluted IgG
was deg £ 8% and adsorbent X has a 2
log cle & omat ogr aphy experinents were
conpl ¢ X S using anti body fragnents
pr-epar

n

:

£
- spB

gi n) digestion Pepsinis a
se that is only active at acid

pHBtang Flenatured at neutral or
al Kal iin Pepsiin dl gestion results in the generation
v hy ) o . .
of one> 3'\;?)}5@9@ and severai small peptides of
t he Fc meft! Fragherd.s o! human, ovsne and bovine
pol ycl'on ant1ibodi es (@ xed popul ati on of anti bodi es)
vere pPLePAresl Dy |epRt-acking the 1gG with pepsin for 1
hour af |80 |ati«p#|4!©|The di gestion was halted by
adj ustli ngithe pHlabove/d 0, and the F(ab') 2 fragnents
ver e sepafatad-by el ~fFtration
=| 515552555l E
R
3OQOQQQQQ§
EEEREEEEEE
<2 35858528 3c
(6|1 | | W m 2
e
L &8 E
3% g [
RNE-B -,
“g.;? I
¢l 1§ 1§ |2
€3 & & 'L
o Bi. B =]
¢ g =
L=




10

15

20

25

30

35

The chromat ogr aphi ¢ performance of adsorbent Xl was
investigated to assess the purification capability of
wo b@7oe3es i a! for antibody fralffrents Experi menpGT/aBe@7/050095
conpleted using a 1 cmdianeter colum with a bed
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roxi.dae (0]
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stern ecnnl gues | ecnni t
UGB R, RTOBSGARPIR N ARAF ol a It oo G i A HPLC), DNA
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uri catl on rac 1 .daen
oITaiag PRS SEIHRNG [0h SBEN P MO TAILPISr 2 (o gPRieAce of DNA
me @fr&Mﬁtdea;ﬁQS@fdéﬁﬁientsﬁ mra:@mn@m ofithf gwbent | Xl using antibody
ereln

fra&y@n@q@rﬁwredat?ﬁ {a{bzyg}e (geﬁgpgg@@%}é %e §;aau%amn sﬁ)epsgec endopeptidass
th&Ps loﬂ@@ldtiye stihst Ipt-“é:&ﬂasWré&Er@iﬁ@ d@haﬂﬁ%cﬁa@rﬁeaﬁiakw alkaline pH. Pepsin
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FangghrhoJd Erigntnes X%fi Buhhandvinbe and hiegvines ﬁmyc@fﬁ! mibodies {mixed
pog,u@tlg%%angog@%/\fverel%gqa&g, éy @mac%%%%w% pegsm for 1 hour at 37°C
atbpoheny ireé hiigestion was halted by adjusting the pH above 7.0, and the F(ab’):
fragments were separated by gel filtration.

The chromatographic performance of adsorbent Xi was investigated 1o assess the
ourification capability of the material for antibody fragments. Experiments were completed
using a 1 cm diameter column with a bed height of 2.5 ¢m and column volume (CV) of 2.0
mi. with a linear flow rate of 50 crmv/h (3 minute residence time). The adsorbent was initially
equilibrated with 10 CV of phosphate buffered saline (PBS), pH 7.4. Approximately 20 mg of
F(ab’), fragments were loaded per mL of adsorbent. The adsorbent was then washed with
10 OV of PBS, pH 7.4, before the fragments were eluted with 5 CV of 50 mM sodium citrate
at pH 3.0. The adsorbent then underwent a clean in place (CiP) with 5 CV of 0.5 M sodium
hydroxide followed by re-equilibration of the adsorbent with 7 CV of PBS, pH 7.4, The
control for all experiments was Protein L adsorbent {using the same experimental conditions
as for adsorbent XI). Each fraction from the chromatography column was collected and
analysed using Western blot technigues. This technigue indicated that adsorbent X bound
both human kappa and lambda light chain and ovine and bovine F(ab’), fragments; profein L
hinds only human kappa light chain and does not bind ovine and bovine fragmenis.
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Q i s benzene, naphthal ene, benzthiazol e, benzoxazol e,
1- phenyi pyrazote, indazole or Denzim dazole; R4, R5
wana7Re93at e each H, OH, aikyl,llaryl, heterocycP@TGB2007/050095
al koxy, aryl oxy, am no, acyloxy, acylam no, CO2H,
i.phoni ¢ acid, carbanoyl, sul phanoyi, al kyl sul phonyi
& al ogen, or two or nore of R4, R5 and R6 are |inked
1.t o fizenvRanystiniey atsaroéntr &y thk asubakatiange rérheves amelation, purification,

different -1.0 straight-chain ai kylene groups . . ,
chgigeieamaitry UG SR ERo8 by s B e R o Rylerial. wherein the
affmiti wHsorBentlis a BystboxymdikyimuibHphenySet hyl and hal ogen;

and A is a support nmatrix optionally linked to ghe

X-containing ring by a spacer. 2. Use accordeg Yo

claiml1l, wherein R1L and/or QRAR5R6 is or in udeiﬁa

cyclic sthuetore: " Xaccordiéig Td crarm 2, ' °©

wherein either or eath cyc structure has g\ﬁgéor

SO8H substituent. 4. e according to any preceding

ciasm wherein eitheror each of Uand V is CHOH 5.

Use according to any p Ing ciaim wherein each X

is N6. Use according toiciaiml1, wheresn the

adsorbent is of fornmula 111 1. Use according to claim

1, wherein the adsorbent?Ass of fornula IV.8. Use MHI

according to claiml1l, wherein the adsorbent is of

formula V. 9. Use according to claim1, wherein the o

whedsio Fhént!, Bisylofiryf, diyruixgalkyl. cyt@hekid earaioe o @ihegeroeycit grawp which is
' , | f I ;

oponell Sl By B 84 BP Flort B dhol Sy aloll arvibdy. 5w, acytamino,
arfioy, R VM, sulbhonyiserzaroed diudpameyt bidyisuiphonh engihaloghe

adsqr 1. ol f : ) ) e according to ciaim

1, %ﬁ’grgg’%'ﬁ\h %%Og{hggi"f)%’#eﬁt S e e % 147 Lee

accof githgs oioNBh;ai m 1, wherein the adsorbent is of

for @EE@ orliem,. Use accor ding to any preceding claim
wherei'n the protei naceous material is an
R, and R; are each H, alkyl, hydroxyalkyl, benzyl or B-phenylethyl;

Q is benzene, naphthalene, benzthiazole, benzoxazole, 1-phenyipyrazole, indazole
or benzimidazole;

R., Rs and R are each H, OH, alkyl, aryl, heterocyclic, alkoxy, aryloxy, amino,
acyloxy, acvlaming, CO.H, sulphonic acid, carbamoyl, sulphamoyl, alkylsulphonyl or
halogen, or two or more of R,, Bs and R are linked to form a cyclic structure;

U and V are the same or different C,.4 straight-chain alkylene groups optionally
substituted by one or more of hydroxyl, alkyl, aryl, hydroxyalkyl, B-phenylethyl and halogen;

and
A is a support matrix optionally linked to the X-containing ring by a spacer.
2. Use according to claim 1, wherein R, and/or QF.R:Fe is or includes a cyclic
structure.
3. Use according o claim 2, wherein either or each cyclic siructure has a OH or S0
substituent.
4, Use according o any preceding claim, wherein either or each of U and V is CHOH.
g Use according to any preceding claim, wherein each X is N.
8. Use according to claim 1, wherein the adsorbent is of formula .
7 Use according to claim 1, wherein the adsorbent is of formula V.
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I mmunogl obul i n, immunogl obulin fragnent or protein.

16. Use according to claim 151,_,7 wherein the material is
wa@2ovsnesional anti body. 17. Use accordi ng to cP@i/eB1®;7/050095

wherein the material is an i munogl obulin fragmen!

sel ( Eab. (:ab' EV,: i Y,
o nibs gyt PR ae e el sl R I Y e
9. accdisdiangordogan glapn é cedenanp bt adsgrbewies ef fornbilie V.
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15accafsdi agotding it@iany Prdgedwigecieirm wineesubist proteingobouis material is an
oSSR e PSRy, accorcing to claim

18 Use according 1o claim 15, wherein the material is a monocional antibody.

17. Use according to claim 15, wherein the material is an immunogiobulin fragment
selected from Fab, Fab’, F(ab')2, scFV, diabody, minibody, tribody and tetrabody fragments.
18. Use according 1o any preceding claim, wherein the proteinacecus material is in cell
cuiture. _

19. Use according 16 any preceding claim, wherein the proleinaceous material is in
combination with an anti-foaming agent.

20. Use according to claim 19, wherein the anti-foaming agent is a block copolymer of
polyoxyethylene and polyoxypropylene.

21. A compound of formula il as defined in any of claims 1 fo 14, wherein U and/or V is
substituted.

22. A compound according to claim 21, wherein the substituent is OH, aryi or halogen.
23. A compound according fo claim 21, wherein U and/or V is CHOH.



