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WD 200710993741PCT1GB2007/ 050095 ADSORBENTS FOR

- PROTEI N PURI FI CATION Field of the Invention Thi s

invention relates to conpounds and their use as

ffini | igands for protein purification.

gg&odfog%ﬂ"d of the invention ® Ant i bodi esP%T/(éBz°07/050095

i mmunogl obul i n gl ycoproteins having a basic unit of a
nmonomer st ruct ADSORBENTRHTRMEBROTEINPURIEKHIEANpr ot ei n
Fﬂ%’ﬁﬂ@ﬁ*‘éﬁﬁmﬂf four polypeptide chains, two of whi ch

are rdentic eavy chains and two are i dent i cal l'ig

chai nBig mﬁrﬁ@ne’@*aw iai camnoHndpeanst thelaise aﬁqefiﬂ@wav@ﬂﬁ \?@' protein
&]rfﬂf;ﬁfoﬁnt types of heavy chain (y, p, a, e and 6) that

10 di st he i mmunogl obulin classes (19G I|gM
P@‘ﬂ‘,gr‘?‘ﬁﬁl %fﬁgef"@’ﬁm'?'éspectlvel y). There are also two

dl f f eargibbdiby pes ihuhdgiibbilirc btoprdtéinamaviky e essit tunthgf 2 monomer

FH?EH&% g}t hgg'ﬁ(ﬁ%h'leggsgee g%%%%%ﬁérgtem thafgam%(%? of ﬂ)upga fib& chains, two

of eictieme ammibaidveayascé@mnanmiww agggdlentical ilightadiaiep connected by
E@&;Bﬂ@@ Bﬁd dinshd ea,ré Fivd Rt '%;p%@%@'h%hw &ﬁéuﬂ Wv\tp, |c9<é and 3) that

as towar SeCI Ic antl gens W th
giginogish the: mmgvbu%@afrséaéleﬁt la, las 'Hﬂxﬁ‘i‘&l 18%’1 @aﬂ)ectwe*v) There
ERSARD difdebnClypéd GFaibhidiha@oatd ©Sesulting fromwmt@a@é products,

have Bitelt Modpm el rPLBRTSP D aep ALl of) EPoSRp] fabize) provides
antthody-baspe immanigd agaimaninvadie Ipathpg@smmft dhado ti@emgh specificity that
H}Goﬁ%ctggazfdé QB&cﬁlcsdnﬂQer% 'ﬁl ki bﬁﬁ;‘ ht-is h@bﬁo& Q&ﬁﬁ"nbﬁlw'lﬁed reagent in

stest gro qg sector in bi ophar maceut | cal
imfqugjﬁawﬁf%%m%ﬁ qiniealidiagRPE¥St hat sales will reach

$30 beﬁchi?qal( hﬁ)bobhés Q(Qer%gwl%rmé@tmdwﬂ)éré iahfitRslicdsr @@ have identical
n ur,es contin 6\& to i r[olve @ g@as been

£ F@éfowﬁoé%yaa%*%@%ﬁa g 8129 9 e oML g % gele

arnducddr bomt D ginglehylosats oelb dvidis mtnnmqitnerfeelestognoeml sagtor in the

kﬁ?n%&%&&ﬁm t?x‘?&Jst '&?’1%#‘95:3 iNe tFr%n&{ ﬂ%@éaﬁé Q;ll%a&‘?@%  pller (US) by

ragnen arts o e ant I
8otk r‘\ngwaﬁrgﬁs H@mamra"g@l@nw& FUIMRRS) @Vaﬁpm’%aﬁ! &lmmwewver the last

té!% eye%%S 'aﬁdl RBGhaliRy @o@:@aﬁﬁeaﬁ; B@?éés\é@ atn@ ﬂﬂﬂméﬁgia\éﬁﬁ,acisorbems are
e wer Si e ec | e
Saied RySeha e Bpoed @ enriad PeplyBEgd Mg

assocAattbedy fragmentit )(parttuef Wwil¢ laetitmioy emdecutsl) tfier $ayeral advantages

C e f
DS DLl e e R bbbt o, ey e
@ﬁweamdemﬁgg,&s fme agiants, @ytrﬁ@{cmr lae disk RELYIPYES relRiAPhi qqgi |ts associated

RERRAT /R BYhs as@nt:e &f edeparbkig mmgwem me 'chi®Be Gfiodified to
t hat  have been et| cal I%? gln i neer ed in

‘b tierRReltFP s G B BEAS Hcaringsi sapmefpet are oiher
10k c&:miairssC;ﬁ'eparbd\ml sRkciit r@gn@u@a@umyae drgasdtidn 2r that have been

§8%%C% ly et”P %r r{“&e‘%‘?ﬂ%se qucgdeeHoY\Qva%Ht frfaﬁ/hgﬁﬁguéh as Fab’, Fab

es an
and isbbd ybivaieat) fragmefps csdeimas %ﬁ@)aldﬂﬁh@é@élaﬁgn@ﬁ&oﬁz@% ansemuliivalent
?%Eﬁﬁ ARGULsitGshoRles aRa flt@gR@sd | cs. Recombi nant

fragnments are expected to have a, significant
shar eM@FV ﬁW%”EQﬂ“P”(ﬂﬁO{{L@@ arpdt IGEPMENA R OSE % therapeutics o in
m@k@éucs f ReEBrhInAtk BALJAIRAGNAGSE AYeS ekpcied Wihdee talmgmut;ant share of

oo |uS) PRey o pRBen S b “hdBisnunppsaefs o fggvo wmour

%aezmmmmdmmigsﬁma Hudson P.Jb skt &intedhrBy(e; 2005) 1126-
ggnent products |ack a protein A-binding site and
erefore unli ke full-chain antibodi es, cannot be

purlfled by protein A affinity chronatography. I n nost

i nstances, conventional chromatography techniques are

used to purify antibody fragnments. Protein L, a

protein with a nol ecul ar wei ght of 35000 Dal tons

derived froma bacterial 5 species of

Pept ost rept osoccus maghus, is known to bind to

anti body |ight chains and has been investigated for

the purification of sone antibody fragnments but is not
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W)97/ 10887 di scl oses triazi ne-based conpounds, useful
as affinity adsorbents, of formulal /R4 X Z- R -
(CH2) p\ n5 Re 10 wherein Rl is H, alkyl,

%}{%ﬂ i(yl cycl ohexyl, NH2; phenyl, naphtP&gbgzogposoms

eny yrazole i ndazol e, benzthlazole
or benzi m dazol e, any of which aromatic groups can be
s ubsthdsi eiibody fragroere povdunisriackad patdiry A-biralingositg ,and therefore, uniike
a
@g%ﬁ A Yamii 5’&%&5[ 'L% q%nbﬁ}ﬁ’ﬁd :@Z?ro%ﬂn %F’g Eﬁkﬂ%ﬁﬂ)hy in most
Imgt@a@sw&wt@n@ ODW@WW@,CWGU@A @IIe ysed @@ oty gnt;bgcinfragments

ﬁoﬁ!’m NRa prgte!nsw&h a In@EcLMRIeidid cﬁrﬁéoﬁ@ DAltehsCd&Redifrom a bacterial

rox al kyl, benzyl or - phenyl et hyl; .

et o G rseEn ke e e B g 31 Bid Biocdydbbtseains pag hes been

:ﬂlv@lﬂgﬁtydi Ry El'ibzgmhﬁ:atmmd%ﬁ'leeanﬁﬁmy fhgméhis}bgﬁz ebegonsidered to be cost-
e al koxy, ami no,

,”Féa%’@ﬁg?ég%"%%s'ﬁ 'ﬁ%ﬂmﬁg 8%!?4' aﬂ‘L"E'@%gphom c acid,
car baNE@F/ 10887 qvinsey HiazabipberLitquhmunds, olsefhlaaaa)giéﬁty adsprbents, of
Brh@z$: p is 0 to 20; and 25A is a support matrix
optionally linked to the X-containing ring by a

spacer. Compounds of fornula | are djsclosed as
having affinity for protelns such as |nnun | obul i ns,

i nsul i n, BactolCHyh oY ren,
Corrpounds of related st uctur are d| scl osq%d in
WD00/ 67900 and W03/ 097 12 T ey have affinity for

endot oxi ns.

A

wherein R, is H, alkyl, hydroxyalkyl, cyclohexyl, NHs, phenyl, naphthyl;, 1-phenylpyrazole,
indazole, benzthiazole, benzoxazole or benzimidazole, any of which aromatic groups can be
substituted with one or more of atkyl, alkoxy, acyloxy, acylamino, amine, NH,, OH, CO.H,
sulphonyl, carbamovl, sulphamoyl, alkyisuiphonyl and halogen;

cnie X is N and the otheris N, C-Cl or C-CN;

YisO, S or NFy;

ZisQ, 8 or NRg;

R. and Ry are each H, alkyl, hydroxyaikyl, benzyi or B-phenyiethyl;

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

Ry, Rs; and Rg are each H, OH, atkyl, alkoxy, amino, NH;, acyloxy, acylaming, COgH,
sulphonic acid, carbamoyl, sulpharmoyl, alkylsulphonyl or hialogan;

ris Oio 6;

pis 0 1o 20; and

Ais g support matrix oplionally linked to the X-containing ring by a spacer.

Compounds of formula | are disclosed as having affinity for proteins such as
immunogiobulins, insuin, Factor VI or human growth hormone.

Compounds of related structure are disclesed in WODBDN/67900 and WOQ3/097112.
They have affinity for endoloxins.
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Certain triazine-based conpounds disclosed in

W97/ 10887 have affinity for imunoglobulins. An

exanpl e of a conmpound showi ng such affinity is a

compound of structure I1. Compounds such as

Il are able to renpve i munbgl obul ins specifically

fromconpl ex m xtures or feedstocks such as human

pl asma. 10Anot her type of conmmonly encountered

f eCetAirgaEinedased ermpopda Hissjospd @mﬁ 08 |hpveaffinity fo
immEtRRIRE Rh exdnlple¥th edngoRAG SRR uctdHilif) 3l BRp@& o REESSHI.

at concentrations -up to 5 g/ 1 of supernatant.

Conpounds such as Il may al so be useful for specific

renmoval of nonocl onal antibody fromthese m xtures,

al t hough their performance is known to be conprom sed

by the presence of cell .culture agditives such as

Pl uronic FW%S' 5Pl ur JF-6diis an anti-foani ng agent
commonly us i RF ':£§§ém sure. It is a.block
copol ynmer of p l.en éEgiEZﬁyoxypropylene, and
has a nol ecul ar~we Zappr oxt ely 8000 Da
Pluronic F-68 is used to brotect cells from shear and
air bubbl e damage, and is*typiBally used in an anount
of I g/Lin cell culture supernatants. Its presence

MBYompihh&Sudilas ARRIabIE b reA&vedRinlirofbbudihs HOGRA Sifpltx as
ve i mmunogl obulins from such feedstocks,

.11 tag re

XU ?fﬁeeésé‘frlgﬁ"é}b"érl?’t"ga@l%@ﬁsi derabl e obstacle to the use

of Aselbdn type gfxosisiohl Encolinteeeitfecd Ak iy iRduStfialipRaiaéed Bl culture
supeg'?{attﬁﬁ QUIh ﬁ\ﬁ/ gfﬁ of%%ﬂ%&%éiésa% LP%%%“:t gﬁ%lﬁ% ﬁ%l)q/u;eaticlr)rrg %IPI g;és @g)gg‘tﬁxre%atam.
Compeyrderuettradl reayratsa bruselshfoomerifes, remevalof gfonastena antibody frovibse
mixt@de aktRBgHheid pofformif de R kh¥w DB B Ehridrinlidelt SRIE PraseRde of cell culture

dannuno%HgbuL%$g i ncluding but not limted to

addifiysh eh BFONHihodi es 25and anti body fragnents, even

i N PlvaicFr83eanaeti-Glamig Apatkeamodly aked asmdthmilianted chin@S1tis a

‘ bloc%lﬁ%}%iggboo&ééﬁ%%n% Qndtpla@ogyg%gﬂéﬂep agd ﬁars% m%qec&grrwrtrelijglhta of L

approximately 8000 Da. Pluronic F-68 is used to protect cells from shear and air bubble damage, and
is typically used in an amount of 1 g/L in cell culture supematants. Its presence may reduce or abolish
the ability of compounds such as 11 to remove immunoglobulins from such feedstocks, which
represents a considerable obstacle to the use of such ligands for direct capture of monoclonal
antibodies from mammatian cellculture 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 immunogiobulins, 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 [11;

: z—V Q/ R
TN

Ri{-U

i
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Q -R6 Rzt 4 wherein R, is an aryl, or aromatic

het erocyclic group either of which may contain a

further fused ring and can be substituted with one or

more of alkyl, aryl, alkoxy, aryloxy, acylamn no,

am no, OH, CO2H, sul phonyl, carbanoyl, sul phanoyl,

al kyl sul phonyl and hal ogen; each Xis N, 5Yis 0,5 or
wheNRPR , iZani agy],0y arSmait hdde8eycRraupditieBofaricheag bontdin affulthel fused ring

and Q%doregﬁﬂtﬁlu mcﬁgnﬁ){&e eral I ﬂlegwoxﬁt @f{r)xgh c%lammo. a%noSOH COqH,

benzene, fene razo xazol
sulphmbwbwvfamhgnoyi nmﬂmmnﬁundw@hgqnm dazol e; 0R4, R5

ang, g6 Ane each 1-1, OH, alkyl, aryl, heterocyclic,

al kox ar oxy, am no, acyl oxy, acylam no, CO2H,

sulpﬁﬁh »er carbanmoyl, sul phanmoyl, al kyl sul phonyl

or mabps}&masor two or nore of R4, R5 and R6 are |inked

to forma c c structure; QR4R5R6 is or includes a
cy&zf‘@%tafel%ﬁ?‘%é'k“ hydroxyalkyl, behzyljopBraheqy'etidi t he same or

di fg e b&nﬁéne,@apl‘ht@&hé’, 8én@tRiazdtd) BdnBoxatoy | -QMyi@)Fr&U@,_Sm@E&e &
b % V is 5substituted by hydroxyl; and Ais a
engm'%mrt matri x optionally linked to t he X- cont ai ni ng

ri g, RepndRsqypaeaehrt, OH, alkyl, anffLhetetveyclic (alknpouyﬂd&y,ﬁrﬁmdi heyloxy,
acylh:ﬂl}ﬁgrqdégrku%%liclﬁg‘iﬁ ctaiﬂﬁ?f%? 1r1iﬁl§nﬁ8gdzh u'p (Qlﬁ{zoqﬁalo en, o\'\,{yfo olljmore

of Ry Rs piifisaesdinkegl tq 9rm peycliq sragtive r | ng, whi ch can be
'nﬁp@nh&&%dm&ﬁkaaéﬂmﬂﬁﬁ&mﬂatf'X The terns "ligand" and

8&-& h rair l{u? saﬁn grrdlt? 2 e??.lrfgstérﬁ{gﬁth zgrg S?}H&lm)f/: groeg:,I agc\iN U andfor V is
subsututed by hydroxyl; and

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

Further, compounds of the invention include the corresponding 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, below.
Description of the Invention

W097/10887, W000/67900 and WOD003/097112 disclose how combinatorial libraries of
ligands can be built on a solid support. Their disclosures, including examples of embodiments and
procedures common to the present invention, are incorporated herein by reference. During the
screening of a set of these combinatorial libraries with a feedstock containing albumin,
immunoglobulins and Pluronic F-68, a number of ligands were identified as being capable of

selectively binding and efuting immunoglobulins.

Compounds of formula i, 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 to the preparation of new compounds.

In compounds for use in the invention, it is preferred that R, and/or QR4RsR is or includes a
cyclic structure; either or each cyclic structure preferably has a OH or SO;H substituent. Preferably,

each X is N. Further it is preferred that U and/or V is substituted, e.g. is CHOH. Such substituted

compounds are novel.
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The immuneglobulin-binding ligands described herein are useful for the purification
of immunoglobulins from complex mixtures including, but not fimited to, human plasma and
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WO 2007/099374 7 PCT/GB2007/050095

recombinant fermentation supernatanis. This utility is demonstrated below in Example 2, by
chromatography experiments using a number of feedstocks.

The term “immunoglobulin® is used herein to describe intact immunogiobuiing
themselves, including 1gG, IgA, IgM and IgE, and also analogues that have the functional or
structural characteristics of immunoglobuling, e.g. in terms of affinity to a given compound
described herein. Thus, the analyte may be a protein that is a functionat fragment of an
immunoglobulin, or a structural analogue having one, more or &l of the same binding sites,
or a fusion protein,

The opticnal linker may comprise any means of attaching ligands of the invention fo
support mairices and providing a means of spacing the ligand from the suriace of the
support matrix. The support matrix may comprise any material, soluble or insoluble,
particutaie or non-particulate, including fibres and membranes, porous or non-porous. i
provides a convenient means of separating ligands of the invention from solutes in a
contacting solution. Examples of support matrix and optional linker A include carbohydrate
matrices such as agarose, celiulose, dextran, starch, alginate or carrageenan; synthetic
polymer matrices such as  polystyrene, styrene-divinylbenzene  copolymers,
polymethacrylates, (e.g. poly(hydroxyethylmethacrylate), polyvinyi alcohol, polyamides or
perfluorocarbons; inorganic matrices such as glass, silica of metal oxides;and composite
materials.

The following Exampies illustraie the invention.

Example 1 — Synthesis of Adsorbents

The synthesis of adsorbents of the type described is explained in WO87/10887,
WO00/67900 and WO003/097112. The synthesis of Adsorbent X1 is described and is
typical.

6% cross-linked PuraBead agarose gel (650 g setfled in RO water) was slurried with
RO water {650 mL), 1C M sodium hydroxide (NaOH) (88 mL), and epichlorchydrin (124 mL).
The siurry was stirred over 19 hours. Further 10 M sodium hydroxide (NaOH) (22 mLj, and
epichlorohydrin (37 ml) 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 greups showed that the gel was derivatised with 21.6 umol epoxy groups
per g of settied gel.

The gel was drained before RO water (780 mL) and 0.88 specific gravity ammonia
soiution (200 mL) were added. The mixture was stirred and heated to 40°C, then stirred at
this temperature over 16 hours. Afier a sample was taken for analysis, the slurry was
filtered and then washed with 12 x 1 L RO water {12x 1L}, 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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NCOOH A 35The i mmunogl obul i n-bi ndi ng |Ii gands
described herein are useful for the purification of

ﬁgqu%% ?Jégl |tgs from conpl ex gi xtures includjng. But, oo

human pl asma and WO
2007/ 0993747PCT/ GB2007/ 050095 reconbi nant fernentati on
S upeIS&aVEalatrmatéEhjet {4T6ig) way slugieddmd M patatsdoin pledsphate k475 ml} and

e?ll & eegﬂcéyt%%ﬁho&{ogﬂw%ﬁf%%i)r@%g M%gﬁ?j f'he mixjure stirred
w@rw&vdamféa@met(m by addagde Thatraisiure m@dd%gm ﬁlsan lce salt bath,
Heﬂﬁéf%?én‘ﬁﬁé chzbﬂfé @qﬂgngg it 86t ab&bne {1@Mnem dvakgaade@m%@l oftion. The

anal ogues t have unctlona uct ur al

T Wes étmegtqves 160Uy \%ﬁ@ QsHIP ORE9 f-&a'ae ey Washed gytn 50% viv
@E&@ﬁy dc)étdh@ (Sx GO0/ AN), ADTRAEN(S H8ETnl. @dth lse%a.lfmaquﬁbusacetone (5 x

Xg?og@{ r?ﬁ% ﬁ(oglﬁcp tgﬁb r{(n'?a@%;s r%getaarl%lu{ﬂl tf%\@l%ent of 25 pmol
caamdrotgamndmumgaemgej satibacegedr al | of the same bi ndi ng
Si tesrheord:cﬁmﬁdir?éz | PR (5 § Utied HHKSO MRiter (55 mL).

conprise an atta C
mm@wieﬁwlrtewmmcalaﬁqfoﬁtgw\f'ﬁiSc §S°§f$a "E)F&/Y"a‘ieﬁ& Sanive 4R M NaOH

(@fgssﬁﬂplvféﬁ sdiRdl lag@nde frgind h&sswd‘léwan Oif:etbﬁbrsbp@dtr tion to. the

AN SoRe o he Mok Wi e TEH 5, S 1B, e oot vas
wasbbl dith G0Yel VS RN mENHweEr (qo:oﬂ@mebQ I Gy ¢5 ©aBO ML), 30%
lb?s./d’%&%aﬁd? (& FOUWEn ”h@ﬂk Era0% 1%6 %@%b/n&queb&aélﬁémi (3 x 100

e I nve bmM SOl Ut 68 ont
rolo) efore storameamibe ¢gldapors ifpEle ﬁQW’F P%a@ﬁid opt i onal

EldMRE 2A cHislatiyra@hoohydrat e 15matrices such as

agarose, cellul ose, ‘dextran, arc al

o 1 RSB DB B R ToTHEY MUCSSLR e Sisorbents tabuiated
inalapiet iy r Eorey)) esi:@mmts-ain cimygikibeier estemc ops lugerbwith a bed height of 5.5

cB':g :a%né&gr gngﬁhﬁﬁn&§:ﬁ acr Lr with ? hnear flow. rate of 30(8 gﬁngr.’ The adsorbent
5 e DratpMIT 1004 ORI RUfehrInAUE RS el 7.4, and then

BaG vt SUr@ R, 10 BB 1 PEEARNIGQXT §eFiabslc EWBPaSd StBer proteins to
rT.anES rcleéjl lcu!ture supernatant) or 2 (1 g/L 1g&, 1 g/t Pluronic F-68 with 5% foetal calf
serum), or murine IgG, feedstock up to a concentration of 30 g/L of adsorbent. The
adsorbent was then washed with 10 CV of PBS, pH 7.4, before the IgG was eluted with 5
CV of 50 mM citric acid, pH 3.5. The adsorbent then undsrwent a clean in ptace (CIF) with
5 GV of 0.5 M sodium hydroxide followed by re-equilibration of the adsorbent with 7 CV of
PBS, pH 7.4.

Subsequent o the chromatography experiment, the IgG content of the icad, post-
load wash, elution and CIP fractions were assessed by nephelometry, A280, HPLC or GPC,
o assess the binding and elution capacities and SDS PAGE ana!ysis 0 assess purity. The
binding and elution capacities are summarised in Tabie 1.

Pure 1gG feed contained 1 g/L of polyclonal igG in PBS, pH 7.4 in the presence or
absence of 1 g/L Pluronic F-68. Mock feedstbck 1 contained 1 g/t polyclonal 1gG, 1'gfL
horse skeletal myoglobin, § g/t human serum albumin and 1 g/l. Pluronic F-68 in CHO cell
culture medium. Mock feedstock 2 contained 1 g/l polyclonal igG, 5% jostal bovine serum
and 1 g/L Pluronic F-88 in CHO cell culiure medium.
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synt hesi s of adsorbents of the type described is
expl ai ned in W97/10887, W00/ 67900 and vmooqép 7112
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typi cal. 256% cross-|inked "PuraBead agarose gel (650 g
settled in ROwater) was slurried with RO water (650
m.), 10 M sodi um hydroxi de (NaCH) (88 ni), and

epi chl orohydrin (124 nL). The slurry was stirred over
19 hours. Further 10 M sodi um hydroxi de (NaOH) (22
nmL), and epichlorohydrin (37 nL) was then added and

the slucry stirred over 1.5 hours. After a sanple was
taken fof langlyfi e slurry was filtered then

was hed |3 &[5 RE2E 2 x 1L), 30 Analysis for epoxy
gr oups |'shc ; gel was derivatised with 21.6
unol epORYER of settled gel. The ge
was dr gle[re iwvat er (780 nlL) and 0.88 specific
gravity™an (200 m.) were added. The

m xt ur ¢—w sheated to 40C, then stirred at
this tenne W6 hours. After a sanple was

t aken 61 slurry was 35 filtered and

t hen was L] EL RO water (12 x 1 L). TNBS
anal ysiis H an ps showed that the gel was

deri vati-£eid W T: 5@ol am ne groups per g of

settl ed - £ E3893748PCT/ GB2007/ 050095

Settl eq at et g5 g) was slurried in 1 M

pot assifs EE @ nL) and allowed to settle. 1
M pot agSEi Phos 4340 nL) was then added, the

m xt ur e—EeE oo &1y, and acetone (70 nlL) added.
The-im Xi-UEE | WA #3%0 0Cin an ice salt bath,

bef@r e |Cyan ' e (11.9 g) in cold acetone (120
L), =was e L yp£tion. The 5 slurry was stirred
over 1 |h@UElaflxDsAC |Before being drained, then washed
with 50% ‘gxékaﬂsj aetone (5 x 500 nlL), RO water (5
x 500 mi_pEZEs 1 hi 50% Vv aqueous acetone (5 x 500
m), and|R2jwater| (JL1d x2500 ). Analysis reveal ed the
attachng FQ%%?@ ~fdfchl orotriazi ne groups per g of
settled geky The |6hrontriazinyI agarose (50 g) was
slurri gdriT RO ywater—-(Hd nL). 10 Nor phenyl ephrine

hydr ocrL%%"%L% %)% @as di ssolved in RO water (15
m), 105MENGIGHSE Bl YR Bl was added, and the nixture
was cooBed| BIE|St8|SFEos to addition to the

di chl or|@f e g@@ gt"JSe. The m xture was reacted at
60C ovek EP=IMeis|= e el was washed with 50% DVF (5
x 100 m_améw%gﬁ &8 100 nL), 0.1 MHC (5 x 100
n), 3094+PAO2 MINIOHE(5 x 100 nl), RO water (10 x
100 nmL)|, |ands20%eaqueols et hanol (3 x 100 15ni) before
storage i@ tige ¢8l dgoomin 20% aqueous et hanol .

Exanpl 6 3=~ Cl¥ on@t oGy aphy Chr omat ogr aphy

exper i rr%@s \fer egpert orned with each of the adsorbents
t abul atjeg™i n“Talte g For all experiments a 1 cm

di amet er | col |t sl us¢d with a bed height of 5.5 cm

and col'utm—vielutre—~eh-of 4.3 nL with a linear flow
rate of 300 cmh. The adsorbent 20 was initially
equilibrated with 10 CV of phosphate buffered saline
(PBS), pH 7.4, and then | oaded with pure 1gG 119G
feedstock 1 (1 g/L 1gG 1 g/L Pluronic F-68, and ot her
proteins to mmc cell culture supernatant) or 2 (1
g/L1gG 1 g/L Pluronic F-68 with 5% foetal calf
serum), or nmurine 1gG feedstock up to a concentration
of 30 g/L of adsorbent. The adsorbent was then washed
wth 10 CV of PBS, pH 7.4, before the I1gG was el uted
with 5 25 CV of 50 nMcitric acid, pH 3.5. The
adsorbent then underwent a clean in place (CIP) with 5
CV of 0.5 M sodi um hydroxi de foll owed by
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Pure 1gG feed contained 1 g/L of polyclonal 1gGin
PBS, pH 7.4 in the presence or absence of 1 g/L
Pl uronic F-68. Mck feedstock 1 contained 1 g/L

ﬁ’?{.%é??"’g&?‘l 1gG 1 g/L horse skel etal nyogl Obf'{:;‘r/&ﬁﬁg%&soogs

um al bumin and 1 g/L Pluronic F-68
cell 35culture nmedium Mck feedstock 2 contained 1
g/ L priey chromalogtepfic fdfofromtcal ofbadsorents X wasaiuthdr ipréstigated, to

%fé%@%@g%{%@ﬂf& @%%ﬁ%&g&g&@ﬂ{l?ngﬁlg%Mg\ggre}/@mpleted usinga 1 cm
Jiemer0 7¢i0n0 3ita 2 bpdTeignzd 85/ cosgwomlumn volurmen{E V) of 2.0 mi and a linear

?ur ﬁg@Wﬁﬂ’h' (§ mitftd REIABRSSiInRY. @ﬁ@@dﬁ&ﬂf&t was RiBilly equilibrated with

SRSo0pegong S g T A S 89 e

HEinB@r @vﬂ?/}:miicbuﬂﬁi’@ts@be;ﬁ@tbmfmagl\?oédbdaarh@tﬂaehﬁsiug'ht toaf codBentration of

bR sl e 45 dr s oo MsSpltbn f 0 of PEEwH ¥ U botore e
s omb esitedasthi GV af 59 relusddiuos a:ﬁl@tb # pH 3010Ti®yagsorbent then

HM%@@E% fnebiﬁgﬁ_lgﬂns Wﬁh P@@ ¢ g scfdl n@Q]yH?cxzeé h18Q4d by re-

saupbibrafian  thanadsorheatieih 6rﬁ?\6 R o Jrﬁa quptsgrrase(z mL) were collected

Wﬂﬁtrﬁb'&ﬁor@étoéépl@/ nPbnd rﬂ@emge. cb'h@ma@a@tetmem HPLC), DNA

n washed w 4 f th
e P A T R PR W
BreRikthrbogh prsilerds eg(h fb:’raa:lsomadt@ﬂ\mnmrs thedlireting dapagiyde e 21 8 g/L and

5 dikioMichecity o b0 . Mo ek BUKEAGH U o Bln B ety of the
BIBSd mﬁiwas xlietema@d fodbeP2(8% and adgerentid| e @t2dag clearance of DNA.

t hr oughematdohng Wx@éﬁﬁ&ﬂé aphy c@n’ﬁgle@ﬁa}vi}fﬁ afsdreént 1XJGusing antibody
cont ent §Pr otein

HAAMNSUS Byerared QY&”éYm%kR%{péﬁ”Wgﬁtlgaf 2R, lgtaanogﬁpgggﬁ: gndopeptidase
ams Byonly ddtiee br sudk ph med ghirpratibly eleodtuled @t néaral adglkaline piH. Pepsin

oo Ead . DL OREATAR, il fy B Ul Bt of o
€hr brgmastyr Aptgynentshel puriany ayhet Ard ]?@V@P UP@EF'Q@G W@Odf@s {mixed
gs;.téxgértgh @g&#gibe%;gﬁ Wite Biépaiad b3 dsmaRRY thelbGhat Rpen k&9 hour at 37°C
at pH 4.0. The digestion was halted by adjusting the pH above 7.0, and the F(ab’).
fragments were separated by gel filtration.

The chromatographic performance of adsorbent X! was investigated to assess the
purification capability of the material for antibody fragments. Experiments were completed
using a 1 cm diameter column with a bed height of 2.5 cm and column volume (CV) of 2.0
mb with a linear flow rate of 50 cm/h (3 minuie 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 CV 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 FBS, 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 cotumn was collecied and
analysed using Western blot techniques. This technigue indicated that adsorbent X bound
both human kappa and lambda light chain and ovine and bovine F(aby’), fragments; protein L
binds only human kappa light chain and does not bind ovine and bovine fragmenis.
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Chr omat ogr aphy experinments were conpleted with

adsorbent XI using antibody fragments prepared by

enzyme (pepsin) digestion. Pepsin is a non-specific

endopepti dase that is onlyggtive at acid pH and is

irreversi bly denatured at neutral or al kaline pH

Pepsin digestion results |n t he generatlon of one
Thr@ghdubthsZpecifingfion e warld carenries”adr varirtiors sysbpt Tcomprise” ot leemm@ing”,

willlB€ uxflcfeﬁgag@ﬁtnmpIF Ei@m§55§of(&fstalaw BBbent Qﬂf&g@ﬁ)r @l@ﬁj opéwdpnﬁ elements,
clonal antibodies (m xed popul atl on of anti bodi es)

pol
mtees‘éw stpsebid Pwe@ych@aﬂatosw Miled #%mr GteBsRPE FEPRE BETR ofieéﬁmeats
intefddidr s@ps. 37C at pH 4.0. The digestion was halted by

adj usting the pH above 7.0, and the F(ab')2 fragnents

were separated by gel filtration. The chromatographic
All pehtitatipwsenepdoned indids spediiaationddre hagi inaoxpested guteferknto Ang divaission
of d%gh‘la‘neﬁé 3%' {r{a{e'nglgtdleﬂ&s Eﬁﬁ@pbljtﬁet% Q:fnclti Qﬁ@ bémtil]%ruld&il n hg Fresent

S were co
specificaiorct m*pé)t fer ﬂiemrnmmofquvwm ajgertexhier @hpressﬁt lm!e@oenitmt to be
takéﬁ%g MmYsgerm aﬁﬂ{)all Of these Mhattrs f¥fnt [ﬁrt%f b %ﬁﬁﬁrt BASQW e Smmon
he

@ m nute residence ti ne) adsor hent

ge“%'é‘“?‘ﬁ'ie‘lgie oAl i/ﬁeé‘h'iﬁlel"al“bﬁ" ShedieseRt inpention "’@V eb‘?‘e‘b‘ﬁ ALkt @ elsewhere

befdtltht pric@Rly &@d df BRh CIBBS thig¥pplicaton. Appr oxi mately 20 ng of
F(al a2 fragnents were | oaded per nlL of adsorbent. The
adsor bent was then washed with 30 10 CV of PBS, pH

It will b, apipediadedchy tobreont slalipdimthsarttbat ouredroits @atiaiprts ndbor @gdifibatis s may

be Mem anﬁéntag é“o@m% thcpf? ecifi @emb%méerﬁgéﬂ{opl%ﬁaninla?ﬁm the Sf\)/lnt or

underwent .a clean in

scopedtd the A VERHAR es&rwé':ffde?cr-hﬁﬂeahwes'% sré'aﬂm"repﬁ gt theseforssto Pwnmder&d

in afl Ak pecR @O lustaiive add faVre@ifictPBS, pH 7.4. The control for
all experinments was Protein L adsorbent (using the
sane experinental conditions as for adsorbent XlI).
Each fraction fromthe chromatography col um was
col l ected and 35 anal ysed using Western bl ot
techni ques. This techni que indicated that adsorbent X
bound both human kappa and | anbda |ight chain and
ovi ne and bovi ne Nab52 fragnents; protein L binds only
human kappa |ight chain and does not bind ovine and
bovi ne fragnents. Ca Throughout this specification
the word "conprise", or variations such as "conprises"
or "conprising”, will be understood to inply the
inclusion of a stated elenent, integer or step, or
group of elenments, integers or steps, but not the
excl usi on of any other elenent, integer or step, or
group of elenents, integers or steps. 5 A
publications nmentioned in this specification are
herei n incorporated by reference. Any discussion of
docunents, acts, materials, devices, articles or the
I i ke which has been included in the present
specification is solely for the purpose of providing a
context for the present invention. It is not to be
taken as an admi ssion that any or all of these matters
formpart of the prior art base or were conmmon
10general know edge in.the field relevant to the
present invention as it existed in Australia or
el sewhere before the priority date of each clai m of
this application. It will be appreciated by persons
skilled in the art that nunmerous variations and/ or
nodi fications may be made to the invention as shown in
the specific enbodi nents without departing fromthe
spirit or 15scope of the invention as broadly
descri bed. The present enbodi nents are, therefore, to
be considered in all respects as illustrative and not
restrictive. |1 CLAI M



| .Use of an affinity adsorbent for the separation,
renmoval , isolation, purification, characterisation,
identification or quantification of a protei naceous
material, wherein the affipity adsorbent is a conmpound
of formula 111 wherein Rl is an aryl, or aromatic
het erocyclic group either of which may contain a
fowatksr fused ring and can be substituted with one or
nore of al kyl, aryl, alkoxy, aryloxy, acylam no,
am no, OH, CO2H, sul phonyl, carbanoyl, sul phanoyl,
. al llksylogamaﬁﬂwmdsoram fqntik@@erﬁtwneu@hvax igolgtioq, puyificagion, S or
chara!:\B?sauoz |B&§|tlﬁcau§| & u:«{}lﬁgcau f@%%ie%ce%ﬁﬁna@é?ﬁh szrelﬁ‘lhKXI*f mty
ydr oxyal ky[, enz - phenyl et hyl ;
“ﬁmh@hﬁéﬁﬁmmhﬁbﬁﬁﬁ@Wéﬁé benzthlazole benzoxazole
1- phenyl pyrazol e, indazole or benzi m dazoRe;
ILI, Rs and R6 are each H, OH, alkyl, afgl,
het eRPodicHic Y~al kox¥,. ar ylLéxy— armne, Cacyt-oky,
acyl am no, CO2Hysul p I c. acid, carba I,
sul phanoyl , al kyji sul phagnyl :or hal ogen, or ﬁmo or nore
of R4, R5 and are Linked to forma cycllc
structure; CQRARS & or includes a cyclic structure;
U and V are the saE? or different Cl.10 straight-chain
al kyl ene groups andiU and/or V is substituted by
hydroxyl; and A is A support matrix optionalFy [|inked
to the X-containing ring by a spacer. 2. Use

rej el i r fy .
oneEEORILDG, el oS Aok FLE BBl
and cpyshe sulstigted Witk oner mase obalkyl oyl tatkexy, prerboadiaeyiprieasmine, OH, COH,
sulphwrc%ﬁnc@l LHamoy!, MBEQIpRInyldn@Mlogkn;i s CHOH. 12 4. Use

acc to claiml, wherein the adsorbent is of
f of 5 VIll. 5. Use according to claiml, wherein the

adéerh8nrtNRg of fornmula | X
Zis 0, S or NR;;

R and R; are each H, alkyl, hydroxyalkyl, benzyt or §-phenylethyl;

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

Rs, Rs and Rg are each H, OH, alkyl, aryl, heterocyclic, alkoxy, aryloxy, amino, acyloxy,
acylamino, CO,H, sulphonic acid, carbamoyl, sulphamoyl, alkylsulphonyl or halogen, or two or more
of Ry, Rs and Ry are tinked to form a cyclic structure;

QR4RsRg is or includes a cyclic structure;

U and V are the same or different C.io straight-chain atkylene groups and U and/or V is
substituted by hydroxyl; and

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

2. Use accordin_g to claim 1, wherein the cyclic structure of QRsRsRgand/or R, has 2a OH or
SO;H substituent.

3 Use according to any one of the preceding claims, wherein either or each of U and V is
CHOH.
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56. Use according to claim1, wherein the adsorbent is
of formula X. 7. Use according to claiml, wherein the
adsorbent is of formula XI. 8. Use according to any
one of the preceding clai wherei n the proteinaceous
material is an Oi munogl obuflin, inmmunogl obulin
fragnment or protein. 9. Use according to claimS8,

4. Whek®ictordifeo BREY, wadreih the adsbBED R lopPmulavitii body. 10. Use
according to claim8, wherein the material is an
I mmunogl obul in fragnment selected from 5Fab, Fab',

5. F( &8s dc@rdimgtb-Waindi, asbaely the adsprbdno @ pf fotrpuldd@dy and
tetrabody fragnments. Use according to any one of the
preceding clainms, wherein the proteinaceous material

6. | sUpgnceasding te oleiyl, hereip the adgaberd s@bfodiviXt o any
preceding claim wherein the protei naceous material is
in_conbination with an anti-foanm_ng agent. 13. Use

7. actisT WrHYna 1§ claimyl jheron thgadsprbey isehemlg XL f oani ng agent
is a block copolynmer of polyoxyethyl ene and

t DOLIIREORN LA Geor i TR M Bl o

imm@R4RBMInSimamadetabulil fragment arpr@@h.or SO3H substituent. 15.
A conpound according to claim 14, wherein U and/or V
is CHOH 16. Use according to claim| substantially as

9. heMst 3sensding ta caiest Mheei the ppterial iseavaseniend! 286kedy-di ng t o
claim14 substantially as herei nbefore described.

10. Use according to claim 8, wherein the material is an immunoglobulin fragment selected from

Fab, Fab', F(ab')2, scFV, diabody, minibody, tribody and tetrabody fragments.

11. Use according to any one of the preceding claims, wherein the proteinaceous material is in cell
culture.
12, Use according to any preceding claim, wherein the proteinaceous material is in combination

with an anti-foaming agent.

13. Use according to claim 12, wherein the anti-foaming agent is a block copolymer of

polyoxyethylene and polyoxypropylene.

14. A compound of formula I1I as defined in claim 1, wherein the cyclic structure of QR4RsRg
and/or R, has an OH or SO;H substituent.

15. A compound according to claim 14, wherein U and/or V ts CHOH.
16. Use according to claim | substantially as hereinbefore described.

17. A compound according to cliaim 14 substantially as hereinbefore described.



