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I nternational patent application WO 96/ 00735 (Massey University) clains a
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The invention al so provides a nethod for separating or increasing the
concentration and / or purity of a protein or peptide froma m xture

cont ai ni ngot2oa/@emkei n or peptide. The nmet hod conpri ses peconiragiviong28ai d
m xture with a sorbent 25 according to fhe invention, to which the desired
protein or peptide is bound, the subsequent elution of said protein or

pepti de |Hd%1'201é1f°es§§?fe§%bouﬁ@Q|a0§Bivﬁﬂi’§dlﬁho?1€ linkh&§é m@u&bg if tr{é%fra&.oﬁtaﬁ@n of
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of such techni ques. 35 According to a general aspect, the sorbent
according to the invention conprises a solid support material, the surface
o “whi ch-conpini Biesenaratian BdSPe 68 or i, A HTiss B SATbe IR WARPIEPBEAREIE:
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al | poss’ﬁg&ié ggél b#éo,r:éo%y‘ferjlof'gflpg@&gehz@p%nrortg?'( aBg%g%i\hl%éo %ﬁgh J?Lf'@lg} %sdl )

str :.IC'Ej urMemboeanen Svéancep07 dRAB2), RAel 26é oylon sroqmtmrne rd@kSSWE[ﬁ:mvélenﬂy

i ncl udi S i i :
NSbated Hﬂl‘ﬂ §bRth 6F?GWW¥6H§?]€I£% n%@cfif?f rrg@ﬂnt\?a?l@ﬁa (Hida? -epMEmohydrine

t hi abenzopyri dine structu e_nononucl ear

het er oarastiiatien with achexanediamipe diakerand @’@"Mﬁbh'éﬁd'ﬁﬁt Ehe gresmbiang sedhents

In qge agdrecidifptred ¢ offith affiHity @aémbRInes o tHyiedbikty 36 bingthirgan gG& pyrrol e
structure, including all possible aza-pyrrole, oxa-pyrrole, and

thia-pyrrole structures 15such as 3-azapyrrole (imdazole). I n one
enbodi nent, tAecamdingrtodRemativeet EuneatiamaiiRolynséns B2 (1997)l0833 rot11¢ setenticre of

si x- Menered gt eaRar O Ga PO 301 SorBB CERRE BN trorh N, MUARIKGLARe.

het er coaromati ¢ structure conprises a SI X-ne core under

t he pr omysioowemw@atrmcwlatebrmpédan@tfyshthe)rﬁteirca@wbon sofnthe gupperdZvite
ri nggor @puE}MBn*dHthﬁ‘%r'1'4DSutah8d|8f‘cﬁgPyE?€|?@tﬁ@.”t the first and / or second

resi dues conprise a linker n one enbodinent the first and / or
second residues conprise a covalent, conformationally flexible |inker of a

| ength of fr O(Dhrbrﬁalo gfaphly Mith. sorbents having hisr-dm@ereem@dlmtombemuowabmet
Cont o TG RAe RS T ePr el TR AR R B g, 59, g5
300 car b‘dowefbuumng enghe ZpplicatiddOotc antibmdy (gBsigM) rpwiicdtieniredultse abtaineideon
linkar cQibpiardss, OhyiBh, HABH-bSGwin{ClaYEhdY ! GRE Gli¥s Chat"PidthbiaRes 33s well as
polyethylene vinyl alcohol hollow fiber membranes with immobilised histidine were
summarised. The recovery of antibodies directly from sera was found to be superior to
traditional capture on protein A or protein G media in so far as a high degree of
functionality could be retained. The sorbent was discovered to have IgG subclass-
30 selective properties.

In Journal of Chromatography A 814 (1998), 71 — 81, aminopropylimidazole,

histamine, aminomethylbenzimidazole, mercaptomethylimidazole, and 2-
mercaptobenzimidazole were coupled to activated sepharose or cellulose beads. The

35 retention behaviour of several model proteins on these sorbents under elution conditions
employing a salt gradient or a pH change was tested. In another example, 2-mercapto-1-
methylimidazole was coupled via a 2-hydroxypropoxy linker to sepharose as described in
Journal of Biotechnology 79 (2000), 103 — 115. Its suitability in the isolation of an
extracellular acid protease during work-up of a microbial culture under pH conditions



WO 2011/ 012302PCT/ EP2010/ 004628 13 I n one enbodi ment further
substituents are bound to the binuclear and / or nononucl ear heteroaromatic
struct ur evoaoprdisiong at | east one of the heteroatons N, POI/EB0m@eeLt i vely.
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exchanging (i.e., negatively charged) groups, or said binuclear and / or
rmnonucl‘%asre tB%?bPéL{PnE%rbfenr?%H%é{é@ do not conprise cation-exchangi ng
(i.e., negative arged) groups. 10In one enbodi ment, said further
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phosponate groups; or sal I nucl ear nononucl ear heteroaronatic
st ruct urd® ‘not conprise cation-exchangi ng groups sel ected from sul phat e,
sul fonat e, phosphate, 20 or phosponate groups. I n one enbodi nent the
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whi ch ardf @804} c\&Pent145. fugtheeaors: lm@bl@td@i and Sustacea ¥ 38k (2007) A9G a487er .

20 a non-covalent composite comprising histidine on bentonite as a solid support material
was described and tested in an analogous way.

Tryptophanol and 2-aminobenzimidazole were, among other residues, each

independently coupled to sepharose supports as described in Joumnal of

25 Chromatography A 1016 (2003), 21 — 33. The breakthrough capacities and the

recoveries of BSA as a model system for negatively charged biomolecules were
measured and compared among the different sorbents.

2-Mercapto-5-benzimidazole sulphonic acid coupled to cellulose beads was again
30 described in Journal of Chromatography B 808 (2004), 25 — 33. 1gG; monoclonal
antibodies from mouse ascitic fluid or rat hybridoma cell culture supernatant as well as

IgG from human plasma Cohn fractions Il + Il were captured on the sorbent.

International patent application WO 96/00735 (Massey University) claims a

35 complex formed between a resin and a protein or peptide bound thereto, whereby the
resin comprises ionisable ligands covalently attached to a solid support material. The
experimental part and the stated adsorption / desorption mechanism was largely identical

with the following patent (see below). As an additional example, the binding of a subtilisin
variant from a fermentation broth to 1-(3-aminopropyl)imidazole attached via amide
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2 pol yeatiogicyang: hyprophgbic grotps 2t & avER1IARYF AStARCRS APt (AT GAEN ALRR | al
or at | edsioushsharhpeptides orpeptidomirmetice averellimsedbiliseddon reymthidtie psmspand
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silica, glass, starch, cellul ose, agarose, sepharose, and dextran, or 20

comppsi tes t hegBpan Patent EP 768048 E6SEPHBAE) ERMNS SbRRAts Askthinidy Ghtlonally

conprises an easily detectable taqg such ,as an optically absorbing, an
opt i cal ISHbeHuied Rymembesed fiteroguclica repighrs: i Whicty age igked gy a solid support
radi of r agatfiay vians GldetBet BAdge2SThe given examples included sorbents prepared from 2-
amino- and 2-mercaptoimidazole and epoxy-activated solid supports with hydrogel-filled
pores. The 2-mercaptoimidazole sorbent was successfully used in the purification of 1IgG
25 from bovine colostrum. International patent application WO 2004/024318 (Ciphergen
Biosystems Inc.) claims sorbents having mono- or polycyclic heteroaromatic residues
with certain anionic substituents which are linked via a mercapto-, ether-, or amino-group
to a solid support material. As an example, 2-mercaptobenzimidazole sulphonic acid was
immobilised on cellulose beads, porous zirconia beads, and as a dextran-based coating
30 on silica. Antibodies were separated from bovine serum and from milk whey by
chromatography on the modified cellulose material.

European patent EP 921855 (Upfront Chromatography A/S) claims a method for

the isolation of IgG from a solution on a sorbent consisting of a spacer-bound, low-

35 molecular weight residues selected from benzimidazoles, benzothiazoles, and
benzoxazoles, on a support material. 2-Mercaptobenzimidazole on an epichlorohydrin-
activated agarose support was tested for its alkaline stability and then used to isolate
monoclonal antibodies from an artificial culture supernatant as well as polyclonal
antibodies from various animal sera and from egg yolk. A sorbent containing 2-mercapto-



The invention also relates to a nethod for preparing a sorbent, conprising:
(i) providing a polyner having functional groups; (ii) adsorbing a film of
sai d pol ywenrnoontiesobhe surface of a carrier; PCTiEP2€008608 Nnki Ng a
defined portion of said functional grouls of the adsor bed 30pol ymer with at
| east one crosslinking reagent; (iv) derivatising further defined portions

of sai d 5 piftebé@AimidaFortisidules ks SAs@eekédtedd pol ymer with first residues
conprising a binuclear heteroaromatic structure conprising besides carbon

atons at |east one of the heteroatonms N, 0, S, and with second residues
conpri sing a Sephanisd sarbdmts ee)dwmmgatéumeBSByptuphamﬂ Qeaminiobenzjntidesots s or

car bon q}’tscei@sr}fﬁ skcﬁj?%t whith \B%I Al ar{ag\'}grsﬂ FAlTRel tOQheg’oh@ggP%&rt thABfidichake

further el nven ore atestoa

i
sor bént exeowparilyi regorted) iy antemnatignal raitgnte applicatioy Wiac Ol G82R g(/gr?rrpse%anm
2011/ 01%@3/@3%%/ @4% tAir (ahioh @hhNgd bﬁdﬁwu&ezsganﬁ@l e hb@@ﬁpr‘éfeuﬁ@' d

functi ona groups w th resi dues conpri sin binucl ear heteroaronmatic

st r uct uMeredngaswed gAyesthegdofckingisg 3&!‘6%""%9&'3/ PB%TQPdo?\@SHPtec fiemn3n @AHEeYhs

N, 0, Siigaid with ha Ssﬁﬁ@éwt IhagingU ¢6si@ Gad I with ngnmltaﬁeammlaabnhﬁtmwgemg)rrﬁd C
structure co lSI n |des 5car bon,at ons at east onecﬁi t he hEtﬁf)oatcf
WY he

N, 0, SNYdrP {% 8 H e e fEYUE ¢ FOTPIEING ) 2adiifIsTy SRACP
der Moat |&r§ddnmxtryumrstnmtme1 iseclaimeida dre indérnaticral rpamnt a{ppht)attnndélﬂ r005/092483

further é’n@&é&é’ eng q’néfﬁ%?jtfbpﬂ% QréPor é?i’t.bb&%s%fb?@f E\‘E.dDBJn}S@r

W th at eas one Cross rea I nvention a at es

met hod fserbentéselainmed whgtﬁﬂmm sorbgnwa)rgesmgeswues which each cpmprige iadlaagt two
pol ymer diferend siribitdOHe BRI Bxchdrige as&gﬂaha%@ 0,6/0- meté@ﬂoﬁmtmw
BZI

onto the surface of a carrier; i ne ortion
of sai d VSRR GhEPMatasRRNY, oM Re 2:31810BE #?egeﬂaf@"ﬁ%aﬁoéb%r PPEsT NPPy)

der }1?% itﬁ:imlngg fddh‘di_tltﬁﬂs ?ﬁs st imme examplessas d ﬂdmtﬁroogmlpo@sMng)step‘ fdrhsre-
ra e 0] ' W L. |
O Pt o AT burinhief] fott ASRINRAC ol Fhic o Pl qehies' 7 inefiafiafdl BatRh <
N, 0, S,applicatiant W@eaeaavma&saw@as o‘meqjthncarm@:@é‘swmscaBboa onethad dor the
mononuclLan, R%P ﬂﬁB rﬁt5 Hf&hl&”?s PJFH?:EHSWHQha ses£8SEoBRAt Pavingetwo
& e

het er oat 0 optional further residues. I nvention al so
rel ates dlfaﬁersnhemwe f'@r first @parbemrgg sapahle aftinterantinn; with gegative Ghasgesiiong@m
pol poer danteGndunetdeRdall dieOb@iRg capable of a respective non-charge interaction. The
sorbent retains the impurities of the sample while the antibodies pass through. As an
example, monoclonal antibodies were separated from protein A and host cell proteins by
chromatography on a sorbent containing 2-aminobenzimidazole residues on an activated
sepharose support.
25
US 6,071,416 relates to compositions comprising one or more N-cyclic aromatic
hydrocarbon ligands the composite of which contains at least two, and preferably four or
more N-cyclic groups bonded through an appropriate hydrophilic spacer grouping to a
solid support and to the use of such compositions in the removal or concentration of
30 specific ions from solutions.

WO 97/10887 relates to affinity ligands, their preparation and attachment to
matrices which may consist of solid, semi-solid, particulate or colloidal materials, or
soluble polymers, and to the use thereof in the purification of proteinaceous materials.

35



25(1i) derivatising defined portions of said functional groups with first
resi dues conprising a binuclear heteroaromatic structure conprising besides
car bon atwoBoftoibmast one of the heteroatonms N, 0, S, ampdTwprbévosesend

resi dues conprising a nononucl ear heterbaromatic structure conpri sing

besi des carbon atons at | east one of the heteroatons N, 0, S, and with
optional 30further residues; (iii) adsorbing a filmof the derivatised

pol ymer onto the surface of carrier. (iv) grafting a further defined
portion of said functional gsgdﬁérrcﬁ‘ofh'é”ﬁd@gﬁb'é'&ob‘olyrrer to said carrier.
351 n one enbodi nent of the nethods for preparing a sorbent, the polyner is
sol ubl e in agyeous.or, nm xed aguepus-.organi ¢ .nedi a. .

2011/ 012302P G EIRISH) BbABSSATSRRER 8 BB R @ Thave uifsationemetiad for

nmol ebul groteeng bnhd pephidesmed & sodErdot perfamingGaidmeadhbdon. 51 n one

enbodi nrent the at | east one crosslinking reagent is selected fromthe group
consi sting of dicarboxylic acids, diamnes, diols, and bis-epoxides.

I n one enbodi nent the at BREER SUNMARYSOF HHEMVEMIRN: is a |inear,
conformationally flexible nolecule of a length of between 1 and 20 atons.

10 I n e enbodi pent .the derivyatjisation step.is carried oyt, b
formation of (i ARG IVERLORdS SHEsa IRIE B aIbaNt SogPrainS 2:salid Sdnnasts.
| n doe aenbiedialetiie tshefader of athictatdompréseap ait deastr twe ddiffeterstt smidises winidngeach

oer oas it e AsRC UG bong oy BadER: heefodiemitlc SryoBRE CBHdnd |
m xt ur e besides eanbgnsatomhspatdesshone op the hdteroatoms NsiChS, 20d s¢cethresiduesy
sai d m @o‘r'ﬁ;grigt?ﬁ%ng RHoPeALYRIr %et?ﬁ@ﬁ%@'géj%eisﬂu@nfrér gbmiprigitgd bsides? casdipnt

according t I nvention or w nt prepared according to a nethod
of the iAo@st Abdeastopng Qfethedederoatemssl 1P ciSenPrlignahanthessant 1easit Wt or

pepg'sde eridﬁ@@Qa’F@ ﬂmg@;&atmcﬁ eyczh5ﬁpﬁ e é:ro@hiir)kéﬂobblyﬁgér' doveringi $xd ﬁ@iﬁfé‘cg.

sor bent t se i qui d; iii),contact.ing said.sorbent wth, sai
bound pridiete oo aily:avoMgtt oSt sel BRRIAT ' aaraErRel B4 gk rySic
suf fi ci dparticulahalthernsal) canat ehemicalr rqestness, t thogbostill radlbwedrse dhé r specifid d
sor bent ;. (1.V):: bt | WS | n &;}d rpq.ﬁg ' It b \ a
fourth asg&a)‘%%éﬁ?&ﬂlﬁbﬁaw d%g?)lgn derﬁ’llren 0 e@é@%érﬁ%nt 5 t’hgmrar%mggﬁ] of
separ at iundaveirable seanle gmatiécesonbietnasiveomedieds for therprepasatien mfosegh or
pepbpde.sdrbénf dreSdish ipisliedt he second liquid, and the third liquid are
buf f ered aqueous nedia, not containing further organic nodifiers.

The invention also provides a method for separating or increasing the
concentration and / or purity of a protein or peptide from a mixture containing the
protein or peptide. The method comprises contacting said mixture with a sorbent

25 according to the invention, to which the desired protein or peptide is bound, the
subsequent elution of said protein or peptide from the sorbent, and optionally an

intermediate rinsing step.

Disclosed are also various analytical and preparative biochemical as well as
30 medical applications in which the sorbent and / or the method can be beneficially
employed. Antibodies purified according to the method are being characterised by
percentages of recovery, purity, and biological activity which are comparable to
those obtained via conventional bioaffinity separation techniques, without suffering
from the disadvantages of such techniques.
35
According to a general aspect, the sorbent according to the invention
comprises a solid support material, the surface of which comprises first residues
comprising a binuclear heteroaromatic structure comprising besides carbon atoms
at least one of the heteroatoms N, O, S, and second residues comprising a



35 In one enbodi ment, the second liquid is the sanme as the first |iquid.
WO 2011/ 012302PCT/ EP2010/ 004628 18 I n one enbodi nent, the pH of the
third |iowodoigigiodf erent, in particular |ower, than thecphrefioioha2dirst
and optionally of the second liquid. 51H one enbodinent, the pH of the
first liquidis in the range of from5.5 to 8.5 and the pH of the third

l'iquid insohdhudiéar BeESo@forhatidNstructure- 5c;>mPr|smgt bes:H@sOé?bﬁﬁF@wrﬂri]@ﬁﬁ Iebbtﬁh
eren In parti cul ar |g er an

ionic stren tB f thetthlrh?4)| uid is dif
t he i oni%®esTr ﬁgﬁﬁef&r” ?R& ¥:iYst and optionally of the second 10! i quid.
In one enmbodi nent, the nmethod is carried out as a nenbrane-filtration

techni que, & yalicChaBaRmmEN SAC LA SRNAGRRSS AR s dehzopyrrole

hi gh- pressure (o] r onat echni
t he &et Kimdolejr slm@@tuce;rrmqltgbsgtaib P|0§§lbéﬂ iaga- mnmpe/rrro@,easwepi@pwrﬁleorand

pepti de tﬁla%‘%ﬁﬂﬁ)yﬁ'r@lédsirh@fﬂrgssu&seQu%étnzBB ﬁ&lﬁ@ ((Quinoline or isoquinoliRene

enbodi ment, the rel eased protein or peptide of step glll ains |ess 20
than 10 Sﬁyﬁilﬂﬁ lipgluHing ?Hr Bessible a&?r&%"%@dﬂﬁﬁ'@l eOXA8sh A 't‘?l’elaé‘#rﬁ'}ﬁ"

I n one m@dpyrﬁm\e dthestimeishod is conbined with further separation processes
such as precipitation, centrifugation, drying, (mcro- / ultra-)filtration,
di al ysis, ion exchange, or viral reduction treatnents. 25 In one
enbadi nent, daiahererthodimeaht thenmogosucleapheteioaromatie mtrubduriescomprigee ar

parti al I epMEHHe?gd RiePsbardHRbLEiE cBFLduct , obtained froma m croorganismor a

cel | cuI ure roma crop extract. 30ln one enbodi nent, said protein or
peptide has an isoelectric point pl of from5.5to 8.5 and a nol ecul ar

wei ght of frqmdfd ér':ﬂ)&ﬂﬂve%)thamononuclear Hé’ﬂe%@on@\'&h@dﬂmhse i prr@Ieel n
or peptide |s an an |bo P/ Hela ment t&greof olig sso‘c? a%

Cher oot STGICKTR. DF9BE,AI B SRl BERpYITo ke AP PUERIES AE Y - AEFTEIF SEGRUISS
The 16nveiichals Na&epyﬂbm@md&oae)col um for liquid chromatography or solid
phase extraction conprising a sorbent according to the invention or a

sorbent prepared according to a nethod according to the invention as a
stationary pHasenwi embndimemp thel MOIBCRREThERI0anaatic Z8rurtuney idgesr not

cont ai nrgyak % 5 QBL h@ﬁ%érﬁfifﬂﬁténﬂroﬁ%ﬁrﬁ%‘?@ts such as frits, filter plates,
utor

flow distri seal s tings, screw ngs, valves, or other fluid
handl i ng or connection el ements. 5ln one enbodi ment , the method is further

chapgct eri sednlynhd embviiment! theNghononuclear heteroaromatic structure comprises a
six-membered heteroaromatic core under the proviso that said six-membered
heteroaromatic core is not a triazine ring or a pyrimidine ring.

In one embodiment, the first and / or second residues comprise a linker.
25
In one embodiment the first and / or second residues comprise a covalent,
conformationally flexible linker of a length of from 1 to 20 atoms.

In one embodiment the covalent, conformationally flexible linker does not
30 contain sulphur.

In one embodiment, the linkers comprise independently from each other from
1 to 300 carbon atoms, e.g. 20 to 300 carbon atoms. In said embodiment, the linker
consists of or comprises polyethylene glycol moieties.
35
In one embodiment, the linker does not comprise a further heteroaromatic

structure, particularly not a triazine or pyrimidine ring.



chem cal resistance against applied pressures up to 20 bar, against applied
heat up to 110 C, as well as against conmopn sanitisation protocols, thus
enabl i ng wo0rgpeioeti ve use of up to 1,000 tinmes, preferalppap/004526, 000
times. 10The invention also relates to B collection of a plurality of the
sanme or different sorbents according to the invention or of sorbents

prepared accqp CBﬁwehfbo@hrﬂthﬂﬂtr%}CQﬂSBthﬁtQ éraebédwde'&s itRE mﬁu@éaﬁahurvnér

accordin tothel ention int r nm croc
o Ton ! Bfongnmgiear. Patarpaiaryat: SHACHER Caruisie At JeSB, AhS it ing: eferoRsms
pr ocessaNl OnSpegsplelctivelyl5 The invention also relates to a diagnostic

or laboratory purification kit conprising a sorbent according to the
invention or a sorbent prepared according to a nethod according to the

i nvedtion or la ené uembadinenti sgid dutther isubstituents oarea ned| croprisingotcation-
sor bent %xehaﬁgﬂngmﬁ?ac IfHrNe) Ocﬁ%eupvgmuﬁn 3hdsald ! Binlclddt S / or

packagi ng uni reagents and

di sposalﬂ"é%oﬂ‘réﬂ%%"sé‘leﬁrpéfo@aﬂ?y$tﬁ\§FtB[ﬁ "c%é‘%?%ﬂ"'ﬁ@c%’dﬁmﬁx?'@’!m@g (ie.,

i nventi %gg[.vgwcgﬁd‘rgé@pgrﬁpal ytical, diagnostic, or |aboratory method
different therefrom The invention also relates to the use of a sorbent
according to the invention or a 25 sorbent prepared according to a nethod
accaodi ng tolbhhene nerabbdiomentn ddie fusther asubstituerits aapharatacemprisinlg oation-
nutritiqp o' i .LSin a ISPt

di agnos%lxgh ﬁﬁfﬁg §' llt"%] &%Bﬁé?bl ?,Fg}halt@ §}l]tljfgngtfﬁe8h8,\sl&rlé}ébn aldshg)%lp f‘atte

to the @feups; ar §@ndaé:nmu%eb|aadng or gnpneni¢ieantheterogromatio sforaiere dor ephr ed
accor di R@nigtise esf.&%xaﬁsﬁg.ﬁbn@rowst&lﬁnpﬁyﬁgtémahét@ tsm‘ohﬁf@Vﬁ{os‘bfha?é beast

one protein or @a&tl , and i'n"the medi cal preventlon or treatnent of

di seasePNOSPARAEYOY®Shy the presence of said at |east one protein or
pepypde. The inventi on also relates to the use of a sorbent according to
the inventio ent. pre acc to a nethad accordi.ng to
the | nvent i ol Andther BARETRLL i tuafief SEefbet 81 ndh sRCT REEL F8HE

| abor at exxghpogingi geitipsnselected Ifeas tsupleatpr sudfonatsr, nﬂmnm ovnphosponate
2011/ Olﬁ Egéﬁlg%g&%mgéggﬁ and / or moIBﬁuél@?éP'ﬁte'té’r%a%ﬁ\Qtl&eétgftﬁ'ﬁret QAqt 6t use
of a so accor he i nvention or a repared accor |ng to
a net ho@oawmpa@owxghenglngegﬂqueﬁ sqiqactﬁﬁefrwé\/éwghst% wimqe,. BhOSRIAtef at
| easp ong pghopBhatePgrovet i de and optional Iy testing for binding of further
chem cal or biological structures to said protein or peptide. 5

According to a first aspect, the invention relates to a sorbent conprising
a solid suppdntonmémbbdlmemhmsfusf ané setondlirebidaesmaregresent inrsmalas ratice
conpri si i ar I t st uct yr.e. conpri sing besi des carbon
at ons ato'??g)gg? onéln E %%‘?E%rg%ggﬁ%%ml\ﬁ;f%’%@1 aﬁd 10 -a second residue
conprising a m)nonucl ear heteroaromatic structure conpri si ng besi des
carbgn at ons |3lonetdRb Qe fthk fif h%%ﬁfiféaé&ﬁp ibbs the Secdiitffeaidsd.i zed in that
the Tirst an sgcgég (r)e5| ue aresnot I rect §/' csonneect%d w th each other but
are separately attached to either a bulk solid support material itself or a

EOl erFr fi Lmlﬁu@rﬁ)@rérﬁﬂo@méﬁt fife %aﬁbbérof ife solid slljwbmgalmrﬂmdéd@mbmanyﬁe
ncl udi ngmHTSa5I0eATEs s ek obina S dso BT IRSR ol e,
thi a- benzopyrrol e structures, or a benzopyri di ne (qU|noIine or

oo Bencopy: 1A CEUERmEAFHIAD AklopSraiibind 2 BRIROBY B Brucire
embodi mpieferably anrmany lazine IstrustsEr omati ¢ structure is a pyrrol e

structure, including all possible aza-pyrrole, oxa- pyrrole and

thia-pyrrole structures, such as azaggrrol e él m dazol 5:
In one embodiment the first, se¢ond, and third residues are present in a

molar ratio of about 1 : 1: 2.
35
In one embodiment the total density of residues amounts to from 0.1 mol dm™
to 1.0 mol dm3, preferably at least about 0.3 mol dm™.



25 I n one enbodi nent, the first and / or second residue conprise(s)
a covalent, conformationally flexible linker of a length of from1 to 20
at ons. WO 2011/0123021 n one enbodi nent, the surface of thecsareeiopoyspor t
material additionally 30conprises a thitd residue and optionally a fourth

resi due. In one enbodi nent, the third residue conprises an am ne or
am de struct Hheor% eﬁmBUdu'ﬁ%hY e%@h"@pétdfuf‘é"si&% |s3ﬁbﬁrogéﬁe8m?déﬁ'ﬂ?'ﬂéndélhﬁy /
first, second, _and resi due are present I n a io of about” 1:

TSt Neraeially Ssibtet £pBen 516350 58 i SOl SURPRY BIAGRRALN nay b

different fromeach other, which in turn carry said first and second and

optionallyathlrdadaf thrS|due

ol yrer compinae sPBedfard bl fraiRpRs meterial coesthAr BFaLfie B v e
cr os$l i rdfedhichtis ceaered withr a fiimtoMmolyraerehaavmgdunaﬂlmlIgr0bps|mhldn ogrraés ed
to the %Héffﬁgtearﬂj % aafr{d ﬁétlonallg the tleB%‘?‘ndel’gﬁﬂﬂ'rgg est e polyner is a
pol yam ne, a polyvindy r copol ynmer or po yrrer bl end conpri si ng
a pol yam ne. 10 I n one enbodinent, a first portion of said

funct : onﬁl gruﬁuaﬁe Oémbaa.raéiﬁtorub@obmhﬁéﬁeéoﬂssstsr 86 ShdivkrRAI WHdinatwhighShrene
Crossi i nKin r

ere| a, seco i on of saldfu ctional
o oups. GROVBIRI; Bnsiked Wi yesh HBSHR bR, e ot SoVaRtlE /gRRY aRd
opt i1onalbdurrdtlmethersmfai:ee®fthéﬁ:arrler The invention also relates to a nethod
for preparing a sorbent according to the first aspect of the invention,
conprising: (i) providing a polymer having a first and a second functi onal
group; (ii) ddsanebempadimentrthd pohindempohgineraremayaiedlyscrosstieked withceaeh er ;

20(iii) gft \5|t6 Bl @)ﬂeﬂt bF l'fl%tm RO k9B 04, 5?‘%&1})\4”@1@ PiRbe B of Y@SctRinal r@‘?'oups

adsor be grrer W t | east one cross ing reagent; (iv)binding a
second pﬁ)‘fﬁ'l‘a le tor csessd '"Nﬂﬁ:tl onal groups of the crosslinked polymer with
sai dsfirst, second, and optional further residues. 25The invention al so

relates to a method of separ ating i ncreasin entratio nd / or
purity of a pPoPBfne B‘lboﬂgﬁ?Pﬁéh‘F r‘é)wg'eh QUSC gﬁ &'Hl%? %"%r‘%ﬁ'@ nabt
pepti de, covatgntlysgrafted( tg tensadacegpfsthedcarriet,ubet beti cgvalestyicvesslioked with
suspend ‘%‘{'ﬂ | rst liquid with a sorbent according to the first
aspect o e |nvention for a period 300of tinme sufficient to enable said
protein or peptide to become bound to

20 In one embodiment the polymer chains are covalently grafted to the surface
of the carrier via their terminal functional groups.

In one embodiment the film of the polymer accounts for from 5 % to 30 %,
preferably from 15 % to 20 %, of the total weight of the sorbent.

25
In one embodiment the polymer is swellable in aqueous or mixed aqueous-
organic media.
In one embodiment the polymer is a synthetic polyelectrolyte.
30
In one embodiment the crosslinking or grafting connections of the polymer
and / or the linkages of the residues are made of amide, urethane, urea, or
secondary / tertiary amine bonds.
35 In one embodiment the polymer is a partially derivatised polymer selected

from the group consisting of polyvinyl alcohol, polyvinylamine, polyallylamine,
polyethylene imine, polyacrylic acid, and polymethacrylic acid, or any copolymer or
polymer blend comprising at least one of these polymers.



said sorbent; (ii)optionally rinsing said sorbent with a second I|iquid;
(ii1) contacting said sorbent with said bound protein or peptide with a
third |i owbRef@izszperiod of time sufficient to enabl e pairgdpps0ioeicds Or

pepti de to 35becone rel eased fromsaid Forbent; (iv) optionally washing and
/| or regenerating the sorbent with a fourth and / or fifth liquid. WO

2011/ 012302quoﬁg?‘{}ﬁgé%ggﬁp?ymey is pBIyRfHyI afhipdi nent, the pH of the

first and optionally iquid Is’close to the isoelectric point pl
of the target protein or peptide. I n one enbodi nent, the pH of
the first |iquishd embodifent afgesolid isuppoft. materidl. br 2andashehe ldaofiet e a

' 1S . to | n.ope

third liquid is.in e range of fro .. dj t
said pr (#é?lhs matﬁﬂﬁt AUNHL PR Péz(?e{g}eﬁ?m éﬁp'm‘ntf’ ‘bqo Bfn’f(froﬁsgggﬁ't%oélg?%eand
a nobecurea ofiioghtl rof gf'rtort,000 m’og 5,00r, ® pordsity dftfraro@tvnty 8@ % by sodumde.
aspect, the invention invention relates to a sorbent conprising a solid
support material, the surface of which conprises a first and a second,
functional grle@ne embediment the salid supporbmalefiakischparticulatespatesial hguing

conpri sigNgadicli §igelAFForh 8t BHhAB'SUTRLMC Structure conprising besides carbon
atons at 1east one of the heteroatons N, 0, S; and 15 -a second residue

conpri sing a nononucl ear heteroaromatic structure conprising besides carbon
atone at | eash omeecerdbotineertatherspdidasupprt Matédialdb ar stedetr br éibre-iike nsdtetibke
first resi Rlue iinbrﬁﬂndeto the first functional group, and the second

resi due i BuA T8I second functi onal group. 20According to a third
aspect, the invention invention relates to a sorbent conprising a solid

support matenjaine %ﬂ%o?%ﬁ%ﬁ?@w@{mm}iﬁhtr@%mi?ﬁfé mAadbl 661s @iféréntSh6RNthe

functional group, I C y be the sane or erent; a first residue
conpr i simatedabtha,tineaf arpalwperisoRade©fst ruct ure conprisi ng besi des carbon
atong at | east one of the heteroatons N, 0, S; and 25 -a second residue
conprising a,nononucl eat heferoaromatic structure onpri.sing besi des
carbon at ons 'ﬁto']eeﬁglmgﬁ'@eﬂé ﬁ\%ﬁmﬁg‘gg%ﬁﬁdﬂ@%ﬂ?' vl aé;le%ﬂaﬁlgg?aerpfe%%n? S hat
the firsif aanathrali selécteddfrom the droupt cdnsisting rod| geperig or asudfadeemeeifmd
resi due j C . On - | e sai d
Funct | oRsyafis, RS eRE RIPHAHE o Sy B es PHOVMITASL DIt aE Sn Bl
r esi due.alcohol, silica, glass, starch, cellulose, agarose, sepharose, and dextran, or

20 composites thereof.

In one embodiment the sorbent additionally comprises an easily detectable
tag such as an optically absorbing, an optically emitting, a radioactive, a magnetic,
or a mass- or radiofrequency-encoding tag.

25

The invention also relates to a method for preparing a sorbent, comprising:

(i) providing a polymer having functional groups;

(ii) adsorbing a film of said polymer onto the surface of a carrier;

(iii) crosslinking a defined portion of said functional groups of the adsorbed

30 polymer with at least one crosslinking reagent;

(iv) derivatising further defined portions of said functional groups of the
crosslinked polymer with first residues comprising a binuclear heteroaromatic
structure comprising besides carbon atoms at least one of the heteroatoms
N, O, S, and with second residues comprising a mononuclear heteroaromatic

35 structure comprising besides carbon atoms at least one of the heteroatoms
N, O, S, and with optional further residues.

The invention also relates to a method for preparing a sorbent, comprising:
(i) providing a polymer having functional groups;



30 According to a fourth aspect, the invention invention relates to a
sorbent conprising a solid support material, the surface of which conprises

a first anwd20113aemd functional group, which nay be thepsampe/00ickd er ent ;
a first residue conprising a binuclear Yeteroaromatic structure conprising
35besi des carbon atons at |east one of the heteroatons N, 0, S; and a

second resi qile @RMPtisig YefinB® WBHIGHS aF Bﬁaefuﬂef.&mtgr@uﬁgrmﬁ UfirSt GeSRGES| N
besi des carbon atons, at” | east one of the heteroatons

2011/ 012302PCT/ Emv@memsoa@zwcte?rd}%?@@m?%atwﬁ%59mPH§'"95§%%' LSRR i s
bound to the fi atgdmé wtdeastnane @f Ah heterdatonss Neoco,ns raedi witle sesofhd wasidues t he

second functional qr.oup; _under th pr vi SO _tha L
does not conpri sam "?'rnsafi ﬁ%°'?f’d1”8 etgrcb%;f){nﬁ]ilal iu%.g e?%?'ﬁ@%?@)r%% cgé%o a
fifth aspect, taerbawatemsnatrlebsi eeetoci the sSwtematoros br OsiShgard withi dptiomapor t

material, the syt h%‘?‘? Qfuddi ch conprises a first and a second functional
group, Wmch may %e sarfe or different; a first residue conprising a

bi nucl ear hétuéraas@wbamgefémgfc&hsrcéermeﬂsqun%gnm@em ef HRAMMIAT | east
one of the hRrYecrsARRINY. aOfurtheraBefidéd -porfieR oY shRSS fehidhalMmyro&ipd dofe the

nmononucl ear het er,oaromatic struy sin bes des carbon atons
at | east one of 2Rer %‘P'éﬂﬁleérYEﬁT\P{ l@asgon%ﬁéqﬁpg %@gﬁﬁ ‘that the first
resifgue is bound to the first functional group, and the second residue is
bound to t f ti r | h olid
suppor t _md SEnaTe R ARG ey 18 adHBingd WSt SR B doRens BhplSinB
moi ety; 15arf@ wpeoddingraopelypierskaving functiopahgrapmsups i s bound to both sai d
first resid a | t according to
Yk ?gséﬁilﬁ'? SEANEF éfa Eﬂ)‘t‘ﬁner onto tﬁ\'ersbl fii PRSP eh R g

t he second, thi or fi aspect cl ear heteroaromatic
structure i diii} Béﬁfﬂ@ﬁ)?r@ﬂ@d(ﬂoﬁmﬂ @f)s%‘i’ f‘iﬂﬂ“ﬂ?%‘ arpuRs gtitheadgorbehpolymes fe)) o

aza-lgenzopyr r ol gajdgegridwenzopyrrol e, and thi a-benzopyrrole structures, or a

b d | . incl udi I | bl
D Beh i S A i B 246 Mo L bt e °
I n one enbodi rrenpblyméTewmmrfmsmms@xeshemmpnsm@raabimlclaarrUtettenoardreatic siructores
25structure, | ”%@ﬁ'n%g%ésiﬁé’ én AtdhY; tﬁé’%s‘ff or%xafﬁ\%ﬁé:l{efoat@lﬂg N, O, S,

thia-pyrrole stru -azapyrrole
enbodi nment, theanhfdmwith s@@mb@smuesr@m@mmbe&@el@rbentaﬁ@mﬁa songryclene

secopd residue %@féramnvatkostm&efddn%r.s@r@afsra.agnslné B tHd RERIoASRYN VDA S
i nker. In one embodi nent, from5 to % or from1l5 to 85 % or

from 25 to 75 %@Angwitheptossl tugthgsresid ‘{?rs from 40 to 60 % of said first and
second functional groups are bound to said first and second residue, and

\ém?r g' tnosg ) eg;h\r/ésrtitlo%nglssoer%f)aqgs rtc?%'r%%ﬁ] J%r%rrggaer%g E%O?bgﬁl, %(r)mrp?igi'n& of from
(i) providing a polymer having functional groups;

25 (ii) derivatising defined portions of said functional groups with first residues
comprising a binuclear heteroaromatic structure comprising besides carbon
atoms at least one of the heteroatoms N, O, S, and with second residues
comprising a mononuclear heteroaromatic structure comprising besides
carbon atoms at least one of the heteroatoms N, O, S, and with optional

30 further residues;

(i) adsorbing a film of the derivatised polymer onto the surface of a carrier;
(iv) grafting a further defined portion of said functional groups of the adsorbed

polymer to said carrier.

35 In one embodiment of the methods for preparing a sorbent, the polymer is soluble
in aqueous or mixed aqueous-organic media.

In one embodiment, the functional groups of the polymer are -NH—, —NH;, —OH,
~COOH or —COO- groups.



WO 2011/ 012302PCT/ EP2010/ 004628 24 I n one enbodi ment, the third

resi due conprises an amne or amde structure, or a primry am ne
struct ur ewo 2011/012302 In one enbodi ment, the first, secead;epamndoddsrs d

resi dues are present in a 5nolar ratio bf about 1: 1. 2. In one
enbodi ment, the surface of the solid support material is covered with a
filmof a polyner conprisi ng said first and second functional groups which
inturn carry said fjrst econd, and tlonall a third an fourth
651 due. 168 9nS Smhadimzet BpRvRghas ABARYRoNeidRh Besh SR Salton

i ndi vi dusld st@00Dakere.h are coval ently crosslinked with each other, but

whi ch are not covalently grafted to the surface of the carrier. 15In one

enbodi ment, the polymer is a partially derivatised polyan ne, or a
pol y8i nyl anilnegneoembodapentyther abiteastlopeecrobslnking: ceggentiis gelected jrom the

N one euBgEBRIL indof ditboRficl A, HariiAbd diblsSandBR-SeAR T unct i onal

gr oups |'east one cr'osslinking reagent, and wherein a
second portion 200of said first and second functional groups are bound to

Sﬁ‘i)ddfl r S': ang %‘ﬁ@oﬁ?b&iﬁeﬁf)t th@nadtt fiedst heher %%é%lllﬁﬁn reag en|tn|spn£l; I|rt1ear
enbodi nen i at es ng a sorben
accor di n{q{m[ 8“§'&:@‘?ﬁﬁem‘? gaulep(gaﬁ?rpgtgi%tfgfegq EEB&?g Q)ﬂﬁrl si ng:

25(prrOV|d|ng a polyner having a first and a second functional group; (ii)

d bi fill I
e R

t he adsdrdndd m@umsamfumtmmal gmpsend saiceesidueRi ng reagent ; 30(| V) b| ndi ng
a second portion of said functional groups of the crossli nked poI yrrer W th
said first, second, and optional further residues.

embodi nent , tIReonenERRdiment thg derivatisation: sisn 1§t cawisdr eyt ﬁ@pwdﬁe “ﬂ@r gash ng
the1gonqg§‘uu§t|on and / or purity of a protein or peptide froma m xture
35conprising said protein or peptide, conprising: WD

2011/ 012302PCT/ EP2010/ 004628 25 (ii) optionally rinsing said sorbent with a
second | i qui dfheg iihi/entimntaim inetptesii b o nEthod woft Isesa'raiirtg)umd ipcretasing the

b ot ei n Aricsafaligh'dhd | 88 et lor 3 BRI brbebtdP ] o Fbade b E‘ﬂ”ﬁ#@' ’
washi ng pamtﬁm %metpélgénéﬁmlpirlﬁwgt he sorbent with a fourt h and / or

20 (i) contacting said mixture being dissolved or suspended in a first liquid with
a sorbent according to the invention or with a sorbent prepared according
to a method of the invention, for a period of time sufficient to enable said
protein or peptide to become bound to said sorbent;

(i) optionally rinsing said sorbent with a second liquid,

25 (iii) contacting said sorbent with said bound protein or peptide with a third
liquid for a period of time sufficient to enable said protein or peptide to
become released from said sorbent;

(iv) optionally washing and / or regenerating the sorbent with a fourth and / or

fifth liquid.
30
In one embodiment of the method of separating, or increasing the
concentration and / or purity of a protein or peptide, the first liquid, the second
liquid, and the third liquid are buffered aqueous media, not containing further
organic modifiers.
35

In one embodiment, the second liquid is the same as the first liquid.

In one embodiment,the pH of the first and optionally the second liquid is close to
the isoelectric point pl of the target protein or peptide.



fifth liquid. I n one enbodi nent, the pH of the first and optionally
the second liquid is close to the isoelectric point pl of the protein or
pepti de. W0 2011/0123021 N one enbodi ment, the pH of the firgtridgpasio@ods3si N t he
range of from5.5 to 8.5 and the pH of t&he third liquid is in the range of
from3 to 6.5. I n one enbodi nent, said protein or peptide has
an isoelectric point pl of from5.5 15 to 8.5 and a nol ecul ar wei ght of
from 100 to 500, 000 - Fqr rpose. of this disclosur I
erbodi ment o 48 dne EwodPerhhe it ot dhedbh SR ts,tee te b PAT e Bivery

t he i nvehanahe pilyobthecfinsbanddplionhlly lbé tleosbdeorid baquidr ding to the first, the
second, the third, the fourth, and the fifth aspect of the 20i nventi on.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The techni cal probl em
undebl yi ng t Ho qnecembodimerhthe pHahthsefircst finuid isgnttbe 28nge of iftpen 3. 9169 815
purifi caid il I 5ﬁ§g' [ acks the di sadvant ages
of the §%g€?§ﬂ§$3ﬁsmégﬂnﬁg§%@dgsggm?ﬂey hgegégﬂgﬁggd%narised in the
foregoi ng sections. This nmeans that the method should allow to-isolate the

targeted protiai Bneremeptiriént, nthe i@l streidth 67 AR t thirds Agide igTaiifférenat iki gh

recovery w.t hout .conpr.om sing its functiopal integrity,.. while rgel

o df nepRtHEVRY niglhel Bk Y8 enle streRatn, 8f Toe s CHbn i dotitBlyron Bedsetene. (o
adhdPe tlmuid.andard cl eaning and sanitisation protocols of the equipnent in
use and thus ensuring acceptance of the nethod by the respective regul atory
authorities, i.e. to provide the targeted protein or peptide in an
economi cal | y Ineasebembgdiment, athenhsnethedutsi carrieflaut: gs asmemprasetfiliration
probl emigenhiduBOY B6Ii¢ PnARE BXtrRé demw_ieuélqyreb_stamﬁeahnﬁ%bﬁqh-bfés@,are_
enployeq,ln a solld-llqﬁédcaﬁulI|br|un1d|str|but|on process of the protein
or pept i ¥4 GhIAMAteOrIRIHIECRRQUS- can be di sti ngui shed from those known from
the1state of the art primarily by its specific two-fold chem cal

derivatisatiqgn with resi , i er L vati i an i n il o t

or obl om of - saNs BrIERBEEE e LG e B, PBLSepR Relsloh s sle5a60

pr ot ei nsproteipeppéptide fforothe thaid ligiidisubseqdent to, stepifit). cul arl y from vari ous
other proteins or peptides, with a selectivity and sensitivity that can

mat ch that of conventional affinity media but having a conpgsition which is
conpl et el y dddding embgdimeant, dhgirgleagednrotrip &riraptige efsteayiicantaivadese to
nmangbacttiag 1@brn c¥leGEREb i@t or BT IeBati sle Gabdidrice8hetdfdmdur abi l ity
of all materials enployed in the production of the sorbent al so ensures

| ong-termreproduci bility of any separation nethod which uses the sorbent,
whi ch may bedaneneobmibmaimbyt,tthe rmbthenicis aimbined withf fuethes separation psocesses
results. assl st h j S | O t he i .gbl.em.gi ven
above i ssuzla"ﬂl(jg?e?gécﬁﬁéisagigﬂbféfm (t)ﬁf[]g%ﬁgﬁs(ﬁwrﬂ, Q'S%Or'i Zi H%'%% ﬂn{aggé,t Q{'@\gélg’ o

di f f er erexchange.iaflvirabfeduntiohtreatenis.a synt hetic or bi osynthetic pol ymer
fil@gcarrying both residues and covering the second material which serves
as a solid base. This particular assenbly i s characterised on the one hand
by a conpar at'nmeyernpaﬁmﬁéxtg?ﬂ'dém%ma ipg §Aid ATOteIR P& PERIR iS:8iqMvds, Obf

t he pol ypartialfyi putifiel Wiosyinthdticgproatdte bblaingd flsrgraemicrborganism bt &xebicuittng, or

resul ti a%§o Igéﬁiﬁh sol vent and sanpl e uptake capacity as well as their
fast dif 2o 3P a ange. The filmis thus maintained in a honbgeneous,
bi oconpati ble, soft and gel-like state. This allows the analyte protein or

ixdes to i i f ir - £l vl i
oy 20 Cont aj e gmibdithent Kdid BRAEHtr iyt Has B BEMIBIic GMTE0r fird 582
bi ndi ng tarfbd andadnelesulanweightobfrgm 190 tar5Q0.8QDat s surface while

sinmul taneously preventing their denaturation. It thus ensures the creation
of a quasi-three-di nensional interaction space for the anal ytes and al |l ows
il £ por nt - AB e EBRAL sl IR o ReHEE s Bybbodhe gmest thedeet n
or pept igligomeritaassoziated litereef; i sluan ramtibbdydog ahtilpdtys ragenptentaiminp fegidrs
are hereb%ﬂglso 25 effectively shielded by the polynmer filmfrom unwanted
i nt &PactR 8N wi th the under |l ying constituents of the solid support

materi al . Wth the intent to assess the entire scope of the present

| nvent | on andridiERGET aidy [ARMtEs BS gﬁééagmfo} NEuiEA ORISR raphy B 88fid Bhals” T

as used within the 30 context o _present ‘I nventi on "her Irst
bei ng degxtiaghon (CoMRIising s gadant RgcartingHe . they Inygsatien, e aypadest orgrared

al | exarqicesdingetodiavridthéd dddovdingatd Yife RRVARRAS a8na YstatithanplphaBaNLitis &N
exclusive list of enbodinents. Persons skilled in the art wll certainly
recogni se additional and anal ogous ways of carrying out the invention

wi t hout deviating fromits overall spirit. The schematic representation of
35Figure 6 again synbolises the interrelationship between a nunber of
different terns



used herein which are related to the sorbent conposition. WO

2011/ 012302PCT/ EP2010/ 004628 27 whi ch exhi bits sel ective non-coval ent

bi ndi ng pwopertdiem2as a receptor for at | east one gi venpCamped10p04sei n or
peptide contained in said sanple, or whi%h is capable to distinguish inits
non- coval ent binding properties between at | east two given target peptides

or prot QUB@Iaﬂfcoﬁlafrfrﬁéﬂnénd?%ﬁbhéllyt f@ﬂheﬁ%ﬂhﬁidﬁéﬁts‘ Qué’nab§| fﬁ@mﬁitér blat@s floveh

5 absol u BI ndi ng (i ihant or %dl ng con @Irence) {}éﬂ

t her ef or StQ %@f%l A ee S8 SPE?"E %e "5~°r’v8h°é ;B't"idc pn F‘gpPép%qfﬁ‘FF

det ect i cglemsefsar ati on, i mobilisation, or (bio) chem cal conversion task

whi ch often consists of a uni que conbi nation of at |east one target protein
or peptide, whose constitution may be known, partly known, or unknown, and
a safpl e mat rinxonevesskodicnept sihei methed, is duithen gshanactasiskd obn itspphysigalkamdn,
or unknQamical resst%%c@%?ﬁéi ép‘bll@@'b‘?éés%rég‘ﬁé% Z(O"Gérc li'lgglnfsf %bﬁﬂid RESt up to

anal yt es accor di n%ht 0 cunul atrve par amet.ers ar e basj ca aver aged

over t he! ¥hiG.as P??Ea'ﬁ‘ﬁt %UF@"&?@H'SQEO%PE‘HP?@&‘QHF @"Eh‘ﬂ]gg'és rqmeﬁgy%use
nonent  f upi tBoRBOA tiiek ypreferdbly up to BOGDtiMes! binds, at least in part, by
the concept of group conplenentarity to at |east one donmein (epitope) on
the three-di nensional nolecular surface of the at | east one target protein
or fdéptide. THiesinvenbdn @iswc sxdates Heraefcoﬂe::t'-hsmf a qglurhbly dfethenshrmée eorsdiffierentf

so-cal | t d e
accordi ﬁsg) l?(l‘é)ﬁ(ta conjg(ﬁ gﬁpgﬁ@oivi@m&h]@r dr{ é@%l %Hpgaver a (Z@Héf% atsﬂ{&@
sor bent acsprding tq the ivestien or of spturens apeomhm tedke grm\eaﬁtm inHbeformaatuofa
llevel tgnirdpl at@"dr%n@r&!hr}%ﬁ‘aﬁ’r&tﬁhﬂxltpéapﬁﬁé}X'dﬂ%lefoﬂﬁlcﬂé Qt\AcEf capablCéiieing Y
closely rela sé@ggrot S or peptldes with high affinity and high individual
or groupP'Sef P?Da t of an environment which may contain a large
speasrum of different SI de products. 25As a "solid support mat erial" all

fhe art such & B e8RS 10 BTRERmet By FbesRionL ool KB Piinged e
magnesi &orbéntaacenrdingr twrthe, inventiansior, a nsajhemh pegpared| actoe)gdlng| foi @armeathod
(celite, al(é&bﬁﬁﬁé QYR - inle B BY Y GTSME-WEbE&d: tbo'iﬁ@ﬁ}ﬂiénF.Sn 6?%;’;& 1|8&ﬁ§%f

f r amewor am cs an asses controll ed pore gla
such as S&rmﬁtﬁlﬁn?°|%mﬂﬁﬁﬁ$°’4"ﬂ9)rﬁ° thgdnyentigni and. widindhe Ssi"FQ/é\aCk%PQI unifnd

al s@ogr arnhhénecmmeapbpb |§a’4rr59§bnt§aa‘?ﬂrl, of alsewéﬁldmécé%rmorse@hyuﬁg out

polysac arl cr m des ol ystyrene er chr.omlm

hhet hor 186 racifa REpiciS o FiE, Gvanudhapa dSRRp anallcdlr SRoRoR R ohPhreioRs
sorbentrnambykmﬁyeehmeuﬁkﬂnV|nylbenzene) (especially

pol y(styrene-co-divinyl benzene) which is bul k- or surface-sul phonated as it
is used in strong cation exchange resins), 35 polyacrylates,

pol yet hacr y| Eeciavention gispyelates tohibie, uss of 2 sorhginh ascording toothggavertioni afea
suchsas strlbredblidcesRing R & Wdlsd S8 dtihg BITHE ARRNGBIH e manbRBRFODE,

mannan, Xxant han and dextran are referréd solid support materials The
i ntroduc Ptswnaﬁceaﬂe%hqrm%a%@abpowpﬁﬁ'ﬁpmﬁmnﬂ@m tyjeaFHPNePTPERIR OF JP§PH¢|€ of

i nsol ublcﬁa%nmermefamhbom mtaondegal@ebasi s for the enlargenment of the
interface between stationary and nobile phases which is WO

2011/ 012302PCT/ EP2010/ 004628 28 the place of interaction wth the protein
or peptide asThehiaventi@ralsarretates to therusehef pisodent acConding toatheiinventiongr a

bet wgen

abr asi vesﬁ)g%%tpge}g%em a gr&d? t@% §§V{°§ﬁ%%ﬁ rorgwggﬁs(gﬁlrvfé{e'@? % fb{ﬁgoval ogo id
suppor t lpastepnespsotainc oF @ientgdee oamchen ithey enediea mye'm@rbpr rﬁmﬁgenfeeﬁglseases

het er og éa&é&%@@%‘ﬁré@éhc%%aﬁ&@tr Iééﬁr&e%rﬁﬁem BEpEpRIcat € material s which
are conposites of one or nore of the materials nentioned above, in
particular multi-layered conposites. In this context, magnetic particles
are specifi carHelunnemmdmaled relatesatd thepee 6ina serdwdiaﬁwﬂufgedoatheanehcnr 4 he

surf,ace of, the so rt .10 nmaterja e.,covere r.Jilm
SucRBan Qeverpeaief FeBRARG 1 auPRlred Seeaiive 16 57 fieBhem i T HshiRbation:
si nce aldhapaciersadiono quantificatioar airi Eboratotyo gerificationopé dataledsi mneograteid ber e
whi ch ret tig@ functional groups or residues on the i mediate surface of a
unitary solid support material |ikew se work with respective
functional groups or residues of such a polynmer overlayer. Furthernore, a
meso- or macropor ous topography 15 inherent to the bulk solid support
material will often be preserved in the coating process. If in such a
resulting hybrid material the surface polyner filmhas to be distinguished
fromall the material (s) underneath for purposes of the invention, the
latter is summarily referred to individually as a "carrier”, or, in other
words, the hybrid solid support naterial mould conprlse both the carrler

o ~ -, = Y



35 preparation and application as a separation agent, where the recognition
and bi nding of anal ytes by the residues occurs, and which is accessible to
at | east woeodiasmbved protein or peptide via (optional lpgTpres9snicasd)

hydr odynam c flow, convection, perfusio#, diffusion, or electromgration,
or conbi nations of any of these. Due to possible swelling of carriers

conpri sing softe ifRéAtRIn A86 rERRACIAhEYIsE! ofSd!5bdent AESrIRG th!th8invehtiBh AR
l'iquids, WD 2011/012302PCT/ EP2010/ 20&628 29 this is \&%)_é. a fshzqué) boung?ry
but may SPAREtRIERF AN 89 dPea Jrethpf Aaccordiggto the, ipvantiop iopdhe reversiole e
sor Ibent irlﬁimbﬁimsadbrﬁ fcﬁrainltealétr oulfie t;i’letdirub]!( perpﬂderafr}deSpﬁrinatllbetesﬁmgfufbrabinding gf
enpl oyed. ..This is particul.ar true (f 1. ifferent. materials are used as
a carri gﬁ’m?ﬁ{cf:%gnﬁg#}fﬁ&loqw'f;%s\(ré'r?g"% bﬁ%@%{%ﬂn&{ Ffﬁrﬁtlﬁ ds are used which

| ead5t o extraordinarily |arge 5specific surface areas. "Covering" can

be techni cal lNccﬁ‘)?@iingvﬁda Jsf"la%ggg@’\ﬁegf’\yéﬂ%ﬂ ?Qla'fépw d got%e%lfiddn?ﬂ'ié?ﬁ PN

whi ch may either ocCur_ under tural driving forces or be manually enTorced
such as sobdrauppesBatariad, thei sHfaceapwhichHpsePiRgsosi ti on, pol yneri sati on

fr o(rjn the I'igy dirst9assiddd d?{(m;ﬂ*is’?lﬁ%?a Hifs@eas Hefere@pdrmatic sttUct@@e comprising
cvapor ati on. bESHEEAIPGR Apma aderrbone of te Brtenrasodhy 8 il "as el |

nmet hods -based ogedomdeaelsittues eddmpsdsiagblay monbnasleaf ohetexeamineatid | sfauature
crystal s, Lan i F- - -y~ fi f ' h ol ymer
filmmay ther yp rbséﬁé g)gg @(?ga‘f a?égbl@;ggég t% I*J?ﬁ%%{ﬁ qeaéléefﬂeo'?étggéda{g@ts e'gwés§ '
sequencehafactedred dodhat therdinel apdrsecondt wsidife afe modtdieactlyeonnaeiecdgvith
MACT OMDI e SiheR bt GPE SRpArstely® hpgbﬁ-‘ed 96 et} la PRk YotiddSispont hiditerialigdiner
spontaneous or artificially accelerated, 1s 1n any case considered as being
the firdr %Pﬁwmﬁilféfﬂ‘e‘;”%édow HrAp €¥HEIng process starting froma pol yner
sol ygi on which is in physical contact with the surface of a solid. It
requires the presence of so at .l egst kly attractive physical_ (van,der
Wl s-) or - 'Prpnegdbstmept dnghinddrer heterodmalcsinaire i B hzsPYERS e
carrier (antblé) struttuee pirichuding- all gidssible Eea-benzopyorole ovaa drenzopyroteal and

il £11 ay BPD e R, shruetiiedrPof 12 M Ropy e Meuiine”" § 0ol oy

di f f er erstrugtune;, darluding adk possibjerazarbengapyriding. f exanbenzopwiding, @adathigapl e
agghgoatgenlehGhlinesdtaldtGrdsor ces between charges of opposite sign are often
utilitsed for "25 this purpose, the surface charge of the carrier thereby
being given by its zeta potential. Initial adsorption may occur in a | oose
and i rregul arinf eséliembaodinmnt/Tthe Invéresnucliearsheteroarohtatic strugkire degr pyrole

two- or three-dinmension ar nd ./ or densit Thi s 4. e i.bed
o sone BT GGaI MRS, 21, P8rSBlr. TBeyAEle FRERiols drRcnia PP ol sEagkes
consequenuch a¥ 3mzapyadle gradazaeli | i bri um bet ween adsor pti on and desor ption
30 ocesses at individual surface sites and may for exanple be fostered by
annealing. It is usually necessary to further increase the stability of the
adsor bed aggr'éqat%ewqdyﬁﬁeﬂblthé\ﬂrﬁbai‘%{ 06 $EPNE Fesidug RRIMRHEe (B AT Meen
proxi mat@ rffereaticiidly fEXMIBlinkeR ofddéhgtBrofifiord PRS2E atdrAsi ¢ (entropic)
stabilisation by physical entangl enent of the chains. For achieving still
increased stabilities, the chains of the polyner filmmy further be
35coval ent | y lgr ehé eembodinhentc dhei surface of ithe soldbisnppbht. material additioraly nal
surface of the sol. t i al. ther e flat (plates, sheets,
f ol I3 , a‘ioﬁé{?&sﬁ ?éﬂé'sq §#glqﬁﬁéraéj,gaénpéH?%elalxeals?{,?)u\;\%rg%ﬁ%)ﬁrepnonwoven fabrics, paper)
or curved (either concave or convex: spheres, beads, grains, (hollow)
fibres, tubesy ﬁ@e%ﬂ%ﬁrﬂéﬁﬁqggq{rg%gﬂlgé%é@aﬁ%?hihleaér‘ Shide/sbSture
wells in a sa_np?e tray). The pore structure of the internal surface of the
sol i d suPpdPIIMAY @MIAE Stal¢tuent er alia, consist of regular, continuous
capillary channels or of cavities of irregular (fractal) geonetry.

M crascopical ly, it can.be ot.h .or rough endi ng on the way. of
mam#acture. ‘Fh@%?‘g’@%?aﬁ?ﬁ% irgdi ?ﬁ%‘?"‘gﬂ%ﬂﬁﬁrgorﬁtsf 00 9‘95§“¥H}86@%‘8&t
t he ent imatosdlabdbusdppbr2. material or end in (branched) cavities. The rate
of a protein or peptide's interfacial equilibration between its solvation
in the nobile phase and its retention on the surface of the stationary
phase and t hu® eme egftiadinent thefsurfacenef theoselid Fupperd maateriabis s9vareeh with
largely éiﬁirﬁrdﬂdﬂpslyhyerr@&ﬁpﬁéiﬁa% fiFst\drid Q'§JCB§HQDn&ﬁ6r%4£H}ohBewlhwrﬁﬁ1a8(f bé he
solid support material and thu$ by its characteristic distribution 10 of
particle and pore sizes. Pore sizes may optionally show up as asymetri c,
mul ti modal and / or spatially (e.g. cross-sectionally) inhonbgeneous

di stributions. Typical pore sizes of porous solids suitable for use in the
invention as either full solid support materials or carriers range from 10

o, A NN - o, o o o o o



35 enpl oyed during sorbent preparation, as well as to indicate the chain
segnents | ocated between the knots of a crosslinked polyneric nesh, since
in the | avbentimas®2t he full |ength of individual strandecirgprbandoicos
identify. WO 2011/012302PCT/ EP2010/ 004828 31 side chains are preferable
since they allow an easy derivatisation with residues at such functional

gr oups 'tﬁe QRO R &PHiEh %a{aqieeameﬁpﬂsnrreébn otie, WARERTIR QurATRBYryPEARETTSE €S
of a polyner in the soljd or di ssolq\gje és“ﬁhgﬁgad also its tendency to

adsor b rﬁ%?é‘@uéf‘? ttonalin@ ke Y€t o a given solid carrier

are 5 being determned by its functi onal groups. Pol yelectrol ytes are

specifically nentian d ere r l.{ €l

sratistical Bros Shbedifienn L% BONHET comiien sl hnefts HRiytar chains
non- Sunrythlolmaareunbvaleatlp eﬂosellmlmi ivgthbleachnotheirs buéswhich. amhaqir edvalertly
functi ong)ungr ﬂgaqo c@Qﬁtﬁ@%ﬁﬂQﬁry am no, hydroxyl, and carboxylic
acid or ester oups. pen ing on the acidity / basicity of 10 the
surroundi ng nedium am no groups may be present as protonated ammoni um

ions, carboxyh (S}{é)kéﬁﬂxﬁﬁm‘éﬂprm%oﬁ@WﬁﬁrQQréJ%Waﬁﬁrﬂel ofsa pbfyvinylGimine, @ a
non- por ous bul k as t carrier of the solid support

mat er i alCOPRIYMEr ‘SroP%m?faﬁ"‘% ﬁ&'t“pf'ﬁ@gf?lp y@fm'f’ﬁe pol ymer coated thereon, as

desdoi bed here, will have a different chem cal conposition. These

di fferences y. l.e t f t r i f

functi onal gggrfie? bt°°d“§«[ﬂ J]ﬁ r%érrnﬁpg\efgrsa}rglfg}é&%naq\%gﬁﬁré °tf¥h8 afd%?oed

| oner deplyvenis erosskinkerk wild. atAeast pee eressliming:reagend, @@d w’ngre@se@econd
hydr ophiddridr ¥ s#ifl tiREoraVgrd il bf the droSdiinkbdigiiyménsrebbOsRIMALAiRI flrkt Liind as

well as to dimnjshed unspécifi¢c adsorption on the coated surface. 20
pr ef erreﬁ?cﬁﬁ‘l’yqf’é’roﬂthnﬁr‘w'i’ﬁ Fresidues: | east one pol ymer containing am no
groyps. Pol yvi nyI amne i s st rongl y pref erred. Ot her 'suitable polyam nes may

[ I j f
ol yrier s ot hes M RBStg SrPh tn g HNGS JPbAEroTliEn sBsbt Sorerdhe to
al cohol ,thpdirrytvasgdct aémeatmr,enpohyamnpnsmg acid, polymethacrylic acid, their

|
ot ysacohar  dlo: ( PipHEhda pofyimBChalii £t '*&f%ﬁ‘*yé’ﬁé@fr fURELsRE €F°?r>s
enpl oyed, the(ubrefaé#spé@ng@ﬂmQﬁeasi relymer ppte the rerdacepharf@desr pol ar,
i nenp rmnorreg(ﬁl)l i l@oysrmklin ‘Hflﬁdt';%}ﬂén d?reé.erm@uaﬁbregm%fal s BEiibtAisebdde

pol yners use ran rq ton to 50, 000
Dal ton, which is ¥'T‘E[|Yvért '??%teo'?%f:mﬁé QVPHJFQW?& Pol yners having a 30
mol ecul ar wei(@ht rd&ding he decmu portioh off saidefunatigealggroaps abb e feavsslinkedn
to penetrate even tate material s
wi th high surface p%jy %mﬂggggr@%tq%%g %35\6\#?#69&3@@?3&%@8#99%% er Kkinetics,
resol uti on and bindi ng capacity can be used in the sorbents of the present

i nvegtion. 35He jResMBH aréalre@eé%%\b%tﬁa&' fnhee pSFiny, '6‘|k"?ﬁjcr€¥as fa,airr@d

as a thin adlayer onto the surtace of a suitable carrier, either_ he ore or
af ter deranggniratien @nda R PUFifs of Arkroteip ATPeRIdeffem aTRiXturg FORIgINIRG S

t he resyrbidig oh)ﬁébhde”@émbhﬁin including its derivatisation with residues,

may range from about %to %, pr fera romabout 15 %t Q % b
R IR TN W T IR C TR LR

32 sorbent. The ewstht a\,sajrhentJécd:dIdrngcﬂoytherfrrsbasrmnt ajfthehrevénildm/fo"rmpenlmﬂral
sorhant will also 8; n i e

nol teégul ar weight o rﬂ%%‘rﬁgf%?%te@ eﬁ;bg %%% E?ecr V\é %ﬁgtb Q?We B l(j)nsdeno
carrier. These valsadsetandspond to a fil mthr ckness in the | ower nanoneter

range. The C%) ed cﬂﬁioWEﬂ& rﬁ%mgséérh|sdr8érﬂ'\nrthtasse5ﬁ>¢|'d| quWdtO swel | or shrink,
the actual filmthickness thereby bei ng strg}aq%i endent on t he tg/g qu:‘
sol vent bei ndiillsegontacting %‘9 urberkwy nﬁkrwge'afort heP 5’6’1 yithra thir
may range from 2 %quid 76F pasdhbfainé kaffiuientato @fabiesaid preteingoopeptide to

avail abl e for crosslinkin espectiyv ... 10 Particularly preferred are
cr o8l i nkages by f 8W%H%Fa§?(i88"b8ﬁ§e%§gﬂ1 n, but all other nethods known

in polymer chani stamronraﬂylwa:hhn@g aadi/calregede @Etingdbkeerarbentywith anfolsethaqud ¥ ed.
However, crosslinkj can also be fornmed directly between the

functi onal groups of t pol ymer (s) involved wi thout addition of
crosslinking reagents. Th| s is in particular possible if co-polyners or

bl ended polynmers are 15 enpl oyed which provide at | east two different
functional groups that exhibit a latent reactivity toward each other, e.qg.
am ne groups and carboxylic acid groups which can form am de bonds between
each other after activation. Preferred crosslinks involve formation of
coval ent C- N bonds, e.g. am de, urethane, urea or secondary / tertiary

ani ne bonds and may be for rred vr a reactr on. of erther actr vat ed car boxyl iC

~ N . ~~ N I T



30 crosslinking (in such case two functional groups are required per
formati on of one crosslink) whereby it is assuned that the reaction
proceeds weaniyiggeantitatively at the ratios attenpted pereEpr20m/0pssci pl e,
it is possible that both inter-strand a¥d intrastrand crosslinks as well as
non-crosslinking end-termnated side chains (frompartially reacting

crossl i nker s)in@ne erbodimef, rmélpr—Béf the rrst arfPotRINGRY Yhe §édorideliqilid & @ibseé fy”
nmeans a covaIF anchora ‘ﬂ? Fﬁ{@ nF%PF%'P rrer chains to the surface of a
solid cé'r‘?fSQPecb APt ol theyfaract %‘?tfd(?nal groups thereon. It woul d
be sufficient if each polymer strand is anchored at at |east one arbitrary
position alo i Ls I e i| f. WO
2011/ 012302P2$/d€r92%'i‘g%8‘2%’§sk%b\'7f él‘a{r?r‘ul "t"rg{ Rguidyis m’r’% fg@g%*‘{%“? gpr ocfrgg)gr ng
pol yfer andothe pit of the thind bquidiie i the range aﬁfeonnai tep.Svet hod, however,

reduces the three-dinensional flexibility of the polyner chai ns.

Si ngl e-point attachnents are preferably realised through a chain term nus
so that the flonesgrabedimeat, saig;proteip qrrr@p@ﬂa.hﬁsano'ﬁeelﬁmﬂewweq'eqférﬂm aly a
pl urali tty 8% afd hunslecalapeighebpPfom 1085toBOBSOOD Danly a single one at the
opposite term nus may be attached, can point outwards away fromthe
surface. Although the actual conformatr on of the grafted polynmer nmay be a
random coi | , Adverdisg tof ahsepongr aspectg thierisventen oventiensteldtasetoaadsorbent

appr opr 'c%ﬁ-rﬁarfs%%‘a@oﬁmcﬁﬁayo‘?ﬁ%aﬁé’némﬁlé élﬂ%%‘gf %Ic‘i‘r”&cﬁ'ﬂ { assenbl i ng

phenonena ring chalns via ersive 1 eractions such

as in the fomﬁrrsrand@r swqﬂr@rncbpugh@rmmmrphwvd@ fhﬁsarére ardifferanded by

crosslinking.a Rr&f RIsile cotiptidihg % Ibin@@Bae Waterdarorihtidl StARIEIRS @bhitising
reactions simlar to the cr ossl.i nki n tions, but tgo%s i nvol vi ng

propagat i ng fiesiesearoqn atoms At legst ’a"dpg e hefgioatgms @Y ve or
radigt i an-i ndiicsstonet hedriveoutamptisiagbe apphosulcle'a'heheﬁememmmtmostrwture

depend on the ease and f t e

carrer " cr arenysing Sastarhgn S ey O pEAR ARG oqtBr B O s

t echni qeharacteazéd i thatetbenfirsticesidus is rhomﬂdaomarfdshﬁrmnsl groumi andatrtﬁr s
to buil deuBna3EakLeis BRLUKERE tﬁ@%'e@ﬁn@%h&ioﬂa‘i p'r ynerisation fromthe
surface, ereas in the second technique a poFymer chain is first
synthesised inits fuII | ength in a honbgeneous medium i.e. in the absence

of bhe surfagcordinghicta ithirdOadpectnkive SHEGKBIEMhVentmaréRted Noad Sxrbeat
step. The latter teoﬁl& é_(jmagrefe red if af éb nt of .the invention is
pr epar eFORRIYPAAT %}ﬁ’&& griajn the-swiace ot which CPRURFTal enbodi nent of
t he i nventi om filst aadp sécndflnetivad! gmuip, efhichmayrkes the sameaosttdiffarerithe

pol ymer film, §§0 ésuglfeS 4o?r‘incgr‘sgﬁ‘§w tﬁ{.}&’&éér ’Pr‘é‘?@rog}’cfrﬁ%‘é"sﬁﬂIcéHr%”@E[rHJrﬁsu@t

grafted, i.e. coval
it is bound tbre@rdasncarpomgtgmeat lgast gneof techetesvatamsoNpO, &i and .

Accggsdingly, 4 h@eéd?fdm reerdirél r&mﬁnaﬂapeassfﬁanenuabsal héwoéro@ﬁatrdﬂegwabre
adsorption. The chem cal . and

ani Cal stability of 0S| mat eri al
then results Wﬁ'ﬁ'ﬂ@ esidessarhpn atemsAtdeasions oﬂﬁ‘@ ’EFJPFQ%SR@N E?e
crossl i ihadagteliys@in thatntheTivet résiakaas bound tdethei firgt aindtmapglrwreraﬁd trra are

still sufficient.in aorder ol ar or reac I ou

ur f ace SEOPHASSislBolR: e £ P SeCotdeindaspl efburr 854 Whibsfi b5 87,58
t he casdunétiomadligdoywpd isshgurehto bolhpsaid dirst, residue and sail $edandyresidush ar e
ot hgawi se suspected to be cleaved by reagents or to undergo undefined,
irreproducible or irreversible 35interactions with the tar %et protein or
peptide or i tAccestieantia anfourthh @spertsther inveatignxinyeatien nslatesfar at erbent\p

2011/01%%%?@6 %@W%ﬁf?% sm*ff& aswhRin caﬁpeéééteg ORto tlhe
carrier ree differ resu et wor ogies o e pol ymer
Tilmare depiatiish a0giuMes TR HNFUPRAR GutPe WhiENSTEY be Bie SR8 BHGGRmlol | ses
the preferred $|egtbfe"ﬁidudne:rommustuhg a ihwcidarlheperoprdmatib adtnsctares compristng | y
crosslinked with, each,oth r but coval ent fted,t e surface of 5
theﬁgarrr er. b@zi‘éqe 9 QBP e ata'%%‘r%’é%f’*ﬁﬁ* Heﬁoaatﬁgrs Ndrgvfégfa]&pol yner
chai ns are cavasegundy rgrsu:lueedcampnsuegswfmoeoolﬂcleae beteroarmonmatic nstructure
coval ently cr(%ﬁ S rigept erein
the individu pé)ﬂlﬂﬁg(raec &aa:gn(gégrgg '?'% a&%ﬁﬁentﬁ%&a@%ﬁﬁﬁhﬂ ?urfsmgce of
the carrier and covalently crosslinked with each other, as a result of a
conbi nation of the two fixation techniques (which may 10be carried out in
any order). The term "functional group” neans any sinple, distinct
chem cal noiety belonging to an (underivatised) solid support material or
restricted to an optional polymer filmon its surface, or to a polyner

during preparation of said surface via 15 filmadsorption, which my serve
as chem caI at t achnment por nt or anchor and vvhr ch theref ore |s at | east in

.. Y " o o e -



35" groups". A set of functional groups can be treated as a plurality
of separate, but identical units, and their chem cal behaviour will mainly
be det er mvoadiiby2peedi ct abl e and reproduci bl e group propertapesioomegs and t o
a far less extent by the WD 2011/012303PCT/ EP2010/ 004628 35 materials to
whi ch they are attached, or their exact position on these materials. Anong

such | VERSIAIEld HBRIANE LY Rsilde TPB0LAE 18 (ISR UIROREP YRy, i 0|
Lncr; osEPOGH SAmSUP Jb Ed torihe s GRICL L SHPRaLS e WBORT 4hS mppuse tHet B
and are sbhd%upﬁodlrﬁéfdrhﬂlﬂedsmmbaﬁiﬁrwecn/majim gevietyesrsa pirifidine imbiatye.
Suitabl e functional groups often exhibit weak acid or base properties and
thus give a filmform ng polymer the character of an anphol yte. Functi onal
groups in a palcpndingdana diftthaspeet, ithe rinventean delatesgtpal yorbent omprisin@ra t he
cor r esPaafll L ABRAEIHA Rl HHRBCGHERchsRfAgRal group conversion

0

(pol yner-anal 0gous react re or after adsorption 10 onto the
carrier- A p@*l gbandia s nstopalkgraup. wmhichomaydieethg sameaidifferedti onal

groups eitherp flfstdiésf&f@%ﬁﬂ}%ﬁ@ré biviclEar PeterbBFdmiatic Stiucturec Ebmipaksingy oup
conversion i ped bef

rec r if different palyners are
| ayered on t H°Btag%'r“sc?r qg st %%Pb&?e‘??tﬁfqﬁ elgvxgr% he preferred
funapi onal graow;m:o:’mﬂe residuer yccmphsagoradanpnanmcﬂeagrbeqesoariamatrocudtarcture
pr eference is
"derivati satiGn" pr a%%eg[de%e%&ﬁa?%ggaégé%#p@ae ofb he h%@?o%t u’t‘:’iO S
speci f i chaeadtetized amtlmattﬂhe first regiduefis Hosodita tbarfp'ét funaiioaal groupr, amt thea
polyImer S4e8Hd Bbideve Ndlthd*R) d\éé‘éé(ﬁﬁﬁflﬂ%’hbﬂgl gﬂrdaﬁrund@ren@rp%r.ea thit rrréier

to produce an interne funct] onal sor bent articularly b
addi t i orsolig suppost, patetial degs gt CPf'b"rﬁ?néttr'Bﬁ'QP BRRip L tPrY“H“Q'rﬁ‘iet RISy

der hyat ighat WEérélﬁ&ﬁﬁiét of 88idafunictignaihgroupsi i Usoudid B PHEC BAROfirst hesigaé.and

| nt er conver si unctional group into a different but still reactive
functi orfdf ‘EIHP@FA‘F‘I' ‘al so be covered by the term A "precursor" of the
resi due may |ncor porate a masked or protected chem cal noiety which can be
depr ot ect ed h a i

Si il t ancousity % Eioaip SRt AEE g & ERebE it AT or st The

in the dénuciaari beteroarosmatic strbr:tuamlteemiquwée fiodoled rsteustire; mclmlnmly or
5ecQﬁdardbs§fBIé‘%zBLHHHz'o‘iy9ﬁbléJrd%épﬁeﬁﬂfby‘i'ﬁflé Vaid 8hibehzopyFBREstrliétaHs) it de

bond formation wth theSe, additional ,ﬁ) zﬁ/ or secondary m ne ieties

Lo be cHAMEPRUHING (Hnelas o SRRRINGINGY B ctyrepelnpiusing 1l RESSlg. agae-

or Fnoc-tédzopgiidivies oka-bed2opiadide! andithiasbetopyeidianstructurédier, if the bond

to be fornmed during the derivatisation reaction between a surface or

pol ymer functional group and a reactive center on the derivatisation

reagent | eaddntane Iemﬁqﬁimm,otheofanwwlaaﬁemtemarnmaé'lesl\l\mwl‘e p$ @ pyerofel e

'n ge rg t i t e due
| POaptitey kg SIF phitiBR, oBd-BRole RchBroR] ek Wi BRRBE S

part or Salchlﬁ‘ﬁzg1aéﬁavrfﬁ’(ﬁj("ﬂ1|'¢%ﬁqféﬁn of 35 it is contained as a precursor in

the derivatisation reagent. In such case, part of the precursor noiety (a

| eavi ng grou may al sq. be s uring, the derivatisatipn_ reactign

(such 5s o vab arergmbegisni e fied resieiatde SePRicPahs or G htand e

2011/ 0122e3RATEEAY6 1t Himttodaid dirsti e sedorahfunctideal gretippoa ta linkKerof t he

fungbi onal groups. This nmeans that - taking the reactivities of different

funCti onal groups and reagents into account - a targeted, predeterm ned

per cent age oflnemehembedim&nt,drost 5f ien8% i%enar frgrolipdo r&ﬁa%erw framt3feto 75 %,

under i vajirasd :mos/é@% Yr ﬁ&hurb RHB0% bof & g&rdeﬁrs%nu%e%rreﬁn&fdm gropLhied

into functronal groups derivatise he respectrve resi dués chosen.
In order ql@dyﬁ%ﬁﬂdhfdfﬁbg'@ﬁeﬁ@"ﬂ mﬂ%m%&meﬁv wRifi frat ?§€o€e§(9r“9efrﬂséd“e
cal cul ataﬁd pREPE IR iR IARtBIcT fRdm @2 Y@Ri:siti on reagents are then let to
reag;g with the polyner. Full derivatisation (degree of derivatisation = 100
n also be attenpted, whereby the derivatisation reagent is often used
in excess, bubh ome sarhbodnmera this tsurface. ofGhe solid s8ppod miateniasadditibnally
mat eri al e \ ired during the
deri vat |Cz>at| ogné%s? ngl:&)?%'d@é aﬁy%rbt%ggwggﬁe‘ gre%er ormthe derivatisation
under mld conditions. It may thus be necessary to either activate the
functional groups or the derivatisation reagent prior to or concomtant
with the actual bond formation step in order 15 to maintain sufficient
reactivity under such conditions. Preferably, the derivatisation reagent is
activated. A preferred derivatisation reaction will involve a nucleophilic
pol ynmer containing electron-rich nitrogen functional groups such as am no
groups and an el ectrophilic reagent containing a | eaving group attached to



35 CH or CH2 repeating units of the lattice or polynmer chain on the sorbent
surface. Such a place at the solid / liquid interface is, in analogy to the
descri pt iwp 20f1/@apmai fic i nteractions invol ving bi omacr opelrgapudemoseesl | ed a
"binding site". A residue can thereby b& an entirely synthetic or a natural
product or a fragnment or conbination thereof, but should be anenable to
chem cal syn 'eserﬂﬂgdﬁné?{t ﬂfe”h‘ﬁ%t ie%"i’dd@@ombhseygn amine or amide structure,
2011/ 012302PCT/ EP2010/ 004628 37 may conprise nore than one distinct

cheni calof AoP@Nary apune, giragt ”(Eﬁem cally unreactive noieties such as, for
exanpl e, al kyl or alkylene unlts mhlch are nevert hel ess capable t o engage

i n hydrophobi c or di Si Vv ctians nor e _di ferent
resi dues aref rﬂ@o&ﬂ?&ﬂ{'mﬁt"g t rﬁ&ﬁ?n%’naoa ﬁﬁé{@ Eesf(i% 28re anSFﬁB{ H&ite
wi | | 5compolias eatiovof aboutot e 1 |21ent| cal and different residues. The totality
of residues involved in the formation of a particular binding site is

| ocated in close two- or three-dinensional spatial proximty of each other
and may, but ldsae embodieents dhe isurfage ofitbe sokidssurparesiatedal isrcayerethmathy i ng

surface 5 dfth Brla%dlgw.@k cahwrﬁng)@anpf.&*ﬂ%urger&meemehbﬁa droubs vich iRQlisHTEr
film Individual resi uesqjg{v, a conmon bin %@2 rrax as. well belong to
di f f er ef@Y:$310 disstAnd secQndy |andepficnally, & thik a’g‘;‘i arfough SepidHEr (the same
pringiple applies to the counterparts of blndlng exposed on the respective
protein or peptide surf e her [ n be
shared by twg'? G 5P Hflgg?gntﬁgoé&y o‘i?é'?ﬁ’ speps ﬂ?‘%ﬁ '(i’lt ng’lfgﬁ '('%%Ia&é%a 0 the
random (wdtich i arei cavalently icresslinkede withs teachuetihen, dwt ovhich| arek agd scavadently
re5|due s on the surface or within a pol yner

ilm aﬁfr%@%c?ttc?ﬂge %FQ%‘% ﬂﬁeogélg%?‘si mlar, but neither structurally nor
energetl cally identical binding sites can be fornmed. As a result, the sizes

andqgffiniti ¢ e tém.melﬁdl ﬂ{é %b'lﬁﬁel’f war Eahmyt@émﬁns@aop@nyanﬁﬁe peptd de
may differ to a 20 consid wever, 1n practl ce not

proven &Q'W'W'ﬁﬂ\?&n?é@&op ?ymer or BP&HT%A;"G’B%PMS{%%HOM Msites of the
sorbent and the target protein or peptide shall be reversible and shall
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comprise a binuclear C, N, O, S-heteroaromatic structure but linkers of different

kind, length, or connectivity and optional or missing further structures. Such a group

of residues could then be distinguished on the molecular level but they would

functionally altogether qualify as “first residues” within the meaning of the invention.
35 The use of linkers will be discussed in more detail farther below.

The structures of the residues responsible for the target recognition involve
“heteroaromatic structures”, which are in a narrower sense those principal structural
parts of the residues with which the interaction contact with a protein or peptide
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30 comprise at least one, more preferably exact one five-membered ring.

The term “C, N, O, S-heteroaromatic structure” as used herein means a
binuclear respectively a mononuclear heteroaromatic structure comprising besides
carbon atoms at least one of the heteroatoms N, O, S.

35

In one embodiment, the heteroaromatic structure comprises at least one N
atom and at least one additional heteroatom N, O, or S. In one such embodiment,
the heteroaromatic structure comprises two N atoms. Such a heteroaromatic
structure is e.g. imidazole,
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20 according to the third and fifth aspect means that less than 5 % of the available
functional groups of the surface of the carrier, preferably less than 1 %, more
preferred less than 0,1 %, still more preferred none of the functional groups, carry
both a first and a second residue.

25 In a specific embodiment, it is not detectable by common analytical methods
such as spectroscopic methods that a functional group carries a first and a second
residue.

Said solid support material of the sorbent can be chosen from the group
30 comprising polystyrene, polystyrene sulphonic acid, polyacrylates, polymethacrylates,
polyvinyl alcohol, silica, glass, starch, cellulose, agarose, sepharose, and dextran, or any
composites thereof. The solid support material may belong to the class of generic bulk or
further surface-modified materials, e.g. to introduce surface functional groups or to
increase aqueous wettability.
35
In a special embodiment, the sorbent may also comprise an easily detectable tag,
such as an optically absorbing, an optically emitting, a radioactive, or a mass- or
radiofrequency-encoding tag. The tag may be used to identify a particular sorbent with its
individual combination of residues even in sorbent mixtures or to facilitate the detection
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Dehydr OQrear}r?gv%oﬁ( erbsulléélng up a sorbent according to the existing demands will be given.

For simplicity, only one mesomeric formula is shown for each structure in
Figures 3 and 4. Moreover, for the purpose of the present invention it is sufficient
20 within the meaning of the term “heteroaromatic” if at least one reasonable
mesomeric or tautomeric formula of heteroaromatic character of such a structure
exists even if there are additional non-heteroaromatic formulae possible. The
connection between the ring system and the remainder of the residue, and thus
eventually the solid support material, can be made via any of the ring atoms,

25 including free valencies at the heteroatoms, as attachment points.

Some of the heteroaromatic structures shown, especially those containing
one or more weakly basic ring nitrogens, are ionogenic which means that an
electronically neutral atom or any group containing it can, under the conditions of

30 the separation to be performed (i.e., usually mild or ambient conditions that do not
affect the structural integrity of sorbent or analytes), be reversibly converted, (e.g.
by protonation or deprotonation) into a cation or anion which is either stable under
ambient conditions or in equilibrium with the uncharged form. More specifically, the
C, N, O, S-heteroaromatic residues of the sorbent will, at least in part, be amenable

35 to protonation and thus, at least in part, be present in their protonated form.
Although the charged forms are not explicitly shown in the figures, the equilibrium
can actually reside almost entirely on either side under the given conditions, and
there can still be a measurable mutual interconversion between the charged and the
uncharged form. Protonation depends on the environmental pH but is also prevalent
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in most aprotic organic solvents and makes it difficult to distinguish whether both

forms or only one of them is responsible for the affinity exhibited by the sorbent.

The exact degree of protonation of each residue will depend on its basicity, the

concentration and kind of acid present, on the mobile phase used and on the way of
5 pre-conditioning of the sorbent.

Depending on the particular separation task, it may thus be advantageous to
either treat the mixture to be separated with a sorbent which exhibits residues which
have been conditioned to be predominantly in the uncharged state or predominantly

10 in the charged state, or which may even change the state of charge one or more
times during the separation (e.g. by buffer exchange as known from weak ion
exchangers). Conditions under which ionogenic heteroaromatic structures of the
sorbent are partially ionised are also possible, as can easily be imagined if a
separation is performed in an environment whose pH approaches the pK value of

15 the respective heteroaromatic structure. It might also be necessary to manufacture
or store the sorbent in an uncharged state while performing the separation in a
charged state, or vice versa.

A pre-conditioning of the sorbent involving an aqueous buffer system of an

20 about neutral pH is preferred, especially if further (third) residues comprising an

amine structure (see below) are present. Such treatment will establish a uniform

distribution of counterions belonging to each sort of ammonium structure or other

ionogenic residue. The strength of hydrogen bonding exhibited by the residues

towards an analyte is also influenced by the nature of the counterions which are

25 expected to stay within the surrounding solvate shell and to form ion pairs with

protonated residues, their basicity and / or their «hard» vs. «soft» polarisability
behaviour.

Further substituents can be bound to the binuclear and / or to the mononuclear C,

30 N, O, S-heteroaromatic structures, respectively, and can be chosen for both kinds of
structures independently. As shown in Figure 5 for exemplary structures, wherein the
substituents R', ..., R" independently represent an electron pair, hydrogen (H), an
organic radical, or a surface linkage. Without wishing to be confined to a particular ring
geometry or substitution pattern, suitable substituents of C, N, O, S-heteroaromatic

35 structures may especially comprise those which are composed of one or more of the
following simple organic radicals: C; — Cy linear or branched alkyl, alkenyl, alkinyl,
cycloalkyl, cycloalkenyl, aryl, arylalkyl, arylalkenyl, arylalkinyl, alkyloxy, alkenyloxy,
alkinyloxy, cycloalkyloxy, aryloxy, arylalkyloxy, alkylthiyl, alkenyithiyl, alkinylthiyl,
cycloalkyithiyl, arylthiyl, arylalkyithiyl, halogenalkyl, halogenalkenyl, halogenalkinyl,
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halogencycloalkyl, halogenaryl, halogenarylalkyl, halogenalkyloxy, halogenaryloxy,
halogenarylalkyloxy, . halogenalkylthiyl, halogenarylthiyl, or halogenarylalkylthiyl. In
particular, substituents may contain at least one further binuclear or mononuclear C, N,
O, S-heteroaromatic structure or heteroatoms bound in any other way, and

5 especially one taken from the list depicted in Figures 3 and 4. Also, two or more of
the substituents R’, ..., R" may be connected to each other by an aliphatic linkage of any
kind and length, but especially via any of the aforementioned organic radicals or a
combination thereof, so as to form a polycyclic ring structure. Condensation into
multinuclear C,N, O, S-heteroaromatic structures (number of fused aromatic rings > 3) is,

10 however, excluded, as are substituents comprising permanent cation-exchanging
groups.

Preferred binuclear structures are benzopyrrole (indole) structures, including all

possible aza-benzopyrrole, oxa-benzopyrrole, and thia-benzopyrrole structures, or

15 benzopyridine (quinoline or isoquinoline) structures, including all possible aza-

benzopyridine structures. Preferred mononuclear structures are pyrrole structures,

including all possible aza-pyrrole, oxa-pyrrole, and thia-pyrrole structures. Here, 3-
azapyrrole (imidazole) structures are particularly preferred.

20 The fully synthetic sorbents of the present invention have to be distinguished
further from conventional affinity media in which the surface-bound residues are
themselves often proteins or peptides or parts thereof and which closely mimic known
biological ligand-receptor interactions. In general, such media suffer from the
disadvantages stated in the beginning. Since the natural amino acids tryptophan and

25 histidine also contain binuclear or mononuclear C, N-heteroaromatic structures in their
side chains, respectively, any polypeptide residue or group-protected variant thereof,
which could easily be built up by sequential solid-phase synthesis techniques, would
theoretically qualify as a residue according to the present invention. It has thus to be
made clear that neither tryptophan nor histidine, their esters or carbamates, or any

30 peptides comprising either of them as residues are within the scope of the invention. This
is, however, not true for any synthetic and predominantly non-peptidic structure which
may contain a tryptophan- or histidine-related building block.

Roughly equal degrees of derivatisation with each residue are preferred, i.e.

35 the first and second residues will be present in a molar ratio of about 1 : 1, in a
broader sense at least of from 3 : 2 to 2 : 3. The sum of the degrees of
derivatisation for first and second residues combined is preferably kept close to at
least 50 % (based on the number of functional groups available for derivatisation) in
order to promote the formation of multivalent interaction sites of mixed composition
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while still keeping the binding capacity of the sorbent for the target protein or
peptide high. Both first and second residues may then be present, for example, at
degrees of derivatisation of close to 25 % each. Preferred third residues (see below)
comprise amine or amide, more preferably primary amine structures. In such case,
5 the first, second, and third residues are present in a molar ratio of about 1 : 1 : 2,
respectively. Relative deviations of ca. 10-% around these values are tolerable.

In one embodiment, from 5 to 95 % of the functional groups are linked to said

binuclear and mononuclear heteroaromatic structures, preferably from 15 to 85 %,

10 more preferred from 25 to 75 %, still more preferred from 35 to 65 %, further

preferred from 40 to 60 %. Since the ratio of first to second residues may be freely

selected, it is possible to optimally adjust within said given ranges a sorbent to a

specific separation problem, e.g. the separation of a protein or peptide from a

mixture comprising said peptide or protein, or to adjust the sorbent to the optimal

15 increase of the concentration and/or purity of a peptide or protein from a mixture

comprising said peptide or protein. This variability renders particularly useful the

sorbent or the sorbents according to the invention for the mentioned separation or
increase and/or purity problems.

20 Accordingly, in one embodiment, from 5 to 95 % of the functional groups are
linked to said binuclear and mononuclear heteroaromatic structures, preferably from
15 to 85 %, more preferred from 25 to 75 %, still more preferred from 35 to 65 %,
further preferred from 40 to 60 %; wherein the first and second residues are present
in a molar ratio of from 3 :2to 2: 3.

25 .

The type of residue attachment can be any variant of a covalent bond (homo-
or heteroatomic, variable bond order) and may either be made directly with
functional groups on the surface of the solid support material or on an optional
polymer film covering said surface, whether attached to its backbone or to its

30 pendant linear or branched side chains or optionally coupled via the termini of
bifunctional linkers. In addition to the heteroaromatic structures which are the
designated parts of the first and second residues to interact selectively with the
target protein or peptide, these residues may thus also comprise covalent linkers.
Such bifunctional linkers are intentionally not shown in the figures due to their large

35 possible variability in length and chemical composition but they are known from
standard solid phase synthesis or bioconjugation methods (e.g. succinyl); the most
simple bifunctional linker would be an alkylene chain of a predetermined number of
from 1 to about 20 atoms. Best suited linkers are conformationally flexible ones. The
preferred covalent linkages which connect the entire residues to a polymer film will
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It can therefore not be excluded that possible additional chemical structures

15 formed between such an optional linker and the functional groups of the solid support

material and / or the heteroaromatic structures by way of their attachment are also

accessible to various analytes and may thus aid in the selective retention of the target

protein or peptide. The only practical limitations with regard to the chemical

composition of the additional structural entities placed between the heteroaromatic

20 - structure as part of the respective residue and the surface of the solid support

material are imposed by the requirement of chemical stability and compatibility with

the conditions applied during the manufacture, storage, and use of the sorbent.

Therefore it is also possible that the respective residue is incorporated via a

specified attachment point as a sub-structure into a scaffold of higher complexity

25 (including polymers) which may comprise additional residues of the same and / or
different kind.

The residues can be coupled directly to the surface of a bulk solid support
material, in particular by forming covalent bonds with functional groups on said
30 surface. For example, the method of choice for coupling residues to the surface
silanol groups of silica is performed with the help of chlorosilane- or alkoxysilane-
terminated linkers whereas coupling to the hydroxyl groups of carbohydrate
supports can be achieved through a variety of methods such as the classic
cyanogen bromide activation. These methods are sufficiently known to those skilled

35 in the art.

In a preferred embodiment, however, the bulk solid support material
represents only a carrier the immediate surface of which is covered with a film of a
polymer having functional groups, said polymer in turn carrying pendant first and
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second and optionally further residues. Thus a thin interlayer is formed which moves
the macroscopic shape-defining and the analyte-interacting parts of the sorbent
apart from each other but does not significantly change the overall underlying
surface topology and is therefore being considered as a part of that surface. The

5 residues can be attached to said polymer functional groups which will turn the
employed base polymer into an at least partially derivatised co-polymer. Suitable
polymers having functional groups are for example polyvinyl alcohol,
polyvinylamine, polyallylamine, polyethylene imine, polyacrylic acid, polymethacrylic
acid, and any copolymer or polymer blend comprising at least one of these

10 polymers. Especially if the solid support material consists of a bulk polymeric material as
a carrier whose surface is further covered with a film of a polymer, but also if non-
polymeric carriers are used, the material the carrier is made of can be different from the
material the film of a polymer is made of. Such difference can manifest itself for example
in a different monomer composition, polymerisation regio- or stereochemistry,

15 stereoregularity (tacticity), molecular weight distribution, degree of crosslinking, or
combinations thereof.

The exact thickness of the polymer film and also the separation kinetics and
capacity of the sorbent are thereby dependent on the state of swelling of the
20 polymer, which itself will always be a function of the mobile phase composition, and
can thus vary under different external conditions. For separations of proteins and
peptides carried out in aqueous or mixed aqueous-organic media, it is preferable if
the polymer is swellable in such media. This is accomplished most easily if the
polymer is a synthetic polyelectrolyte. As explained above, the charge character of
25 any possible ionogenic residues also influences the swellability of the polymer film
to a certain degree which is again solvent-dependent. The term “aqueous” is used
herein to describe liquids which contain more than 50 % by volume of water, the
remainder being other water-miscible solvents or additives such as inorganic or
organic buffers, salts etc.
30
Such a morphology is designed to maintain unusually high mass transfer
rates between mobile and stationary phases via pore diffusion. The linear or
branched polymer itself has to be durably fixed to the surface of the rigid and firm
carrier in order for the polymer film to withstand the conditions of the separation
35 process for which it is made and stay in position throughout the entire process. The
fixation can either be performed by internal crosslinkage of the individual polymer
strands resulting in the formation of a continuous polymer network, or by grafting of
individual polymer strands at one or more positions along the chain to the carrier
solid. Crosslinkage as well as grafting can easily be achieved between the same or
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different functional groups of the polymer, or between the functional groups present
anywhere in the polymer and those present on the surface of the uncoated carrier,
respectively. The preferred crosslinking or grafting connections of the polymer will
be made of amide, urethane, urea, or secondary / tertiary amine bonds. The
terminal functional groups of the individual polymer strands are best used for
grafting, which will result in an end-on configuration giving the highest chain
flexibility.

Though a combination of both techniques would certainly be feasible, usually
one of them is sufficient. The preferred way of fixation is crosslinkage (without
grafting). The polymer chains may thereby be covalently crosslinked with each other

- to an extent of from 1 % to 20 % based on the number of functional groups available

for crosslinking.

Additional supplementary residues could thus in principle result from the
introduction of crosslinks into the polymer film if the crosslinking reagents contain
chemical structures that are suited to interact with one or more analytes. Since the
degree of crosslinking of the polymer is preferably held at a comparably low
percentage, their contributions are believed to be rather negligible. The same is
thought to be true for the contribution of additional amide (e.g. formamide) or
urethane groups which may be remaining in a variable amount, but usually less than
1 %, as a result from the synthesis of polymer films containing amino functional
groups via incomplete hydrolysis reactions, resulting in statistical amine / amide or
amine / urethane copolymers.

It is nevertheless possible to derivatise a solid support material with two or
more different first residues and / or two or more different second residues,
according to the definition of their respective partial structures. These may then
differ from each other in their heteroaromatic structures or in their ways of linking
these structures to the surface of the solid support material, or both. In a preferred
embodiment, the total number of first residues and total number of second residues
(or their degree of derivatisation equivalents, respectively) will be about equal in
order to realise the maximum number of mixed-composition binding sites comprising
all different first and second residues under the provision of a random (statistical)
spatial residue distribution.

Usually and in a preferred embodiment, the first and second residues are not
connected directly with each other but are separately attached to either a bulk solid
support material itself or a polymer film supported by it as a carrier. Both the binuclear
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and mononuclear C, N, O, S-heteroaromatic structures are two distinguishable entities,
each possessing its own linker to a bulk solid support material or polymer surface, which
shall — within this embodiment - constitute the shortest connection path between them.
Such a form makes the second residue easily separable by structure from the first

5 residue. Accordingly, the binuclear heteroaromatic structure and the mononuclear
heteroaromatic structure are not linked to the surface of the support material via the
one and same functional group.

On the other hand, two or more residues of the same or different kind can
10 also be connected directly with each other through covalent bonds not involving the
backbone of a polymer film or in any other way the surface of the solid support
material. In such case, the boundaries between the individual residues begin to blur
and are becoming arbitrary since they may only be left meaningful if the
derivatisation history of the sorbent (i.e., the sequence and kind of derivatisation
15 steps) is known. As is exemplarily shown in the schematic representations A — H of
Figure 1, two pendant functional groups on the surface of the solid support material
can be derivatised with two different residues in many different ways (the long
horizontal wiggly line here denotes a part of the surface which may itself contain
further residues).
20 .

In addition to the case mentioned above of an equal distribution wherein each
individual functional group carries one residue (in formulae A or B), they can also,
for example, be aligned sequentially in a row (in formulae C, D) or in parallel (in
formulae E, G) onto the same functional group. Such configurations can

25 experimentally be achieved, inter alia, in that a residue contains itself a functional
group which is the same as the polymer or surface functional group or different
therefrom, and which may, after derivatisation of the polymer or surface functional
group with said first residue, be derivatised itself (optionally after deprotection and /
or activation) with the second residue (case C), or in that one functional group is

30 derivatised at least twofold (in a single step or in a number of consecutive steps,
such that a common functional group (case G) or a linker having a branched
structure (case E) is shared by both residues (an appropriate example would be a
two- or threefold alkylation of a primary amino group to yield a tertiary amino or
quaternary ammonium moiety). The resulting configurations C, D, E, F could,

35 however, also be achieved via an alternate path in which the surface or the polymer
having functional groups is derivatised with a single derivatisation reagent already
carrying both first and second residues in the correct mutual arrangement. More
complex mutual arrangements of both residues such as macro- or polycyclic ring
systems (cases F and H) are also imaginable, of course. In all cases except for A, the
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It has now surprisingly been found that any sorbent possessing a
combination of the two structural features described above allows the easy recovery
of a number of proteins or peptides, in certain instances with a purity higher than 98
%, or with a final concentration of each impurity below 1 % in a single step starting
from only partially purified mixtures. Pharmaceutical grades can thus be obtained
without laborious or cumbersome procedures. The concentration of proteins or
peptides in crude materials such as those directly resulting from manufacturing on
the industrial scale, can be enriched to high levels in a single step, too. Applicable
titres may range from about 1 % to about 90 % in the mixture. The recovered yields
of said steps are thereby at least as high as those of conventional purification
methods and can approach values of 95 %. The markedly good performance of a
sorbent comprising residues of both kinds of the two different heteroaromatic
structures for the given object of the invention is even more surprising since it could
be shown that sorbents comprising residues of closely related structures or only one
kind of the two heteroaromatic structures necessary showed only a moderate
separation efficiency at most.

Without wishing to be bound to a theory, the high performance of this

- particular sorbent compared to a sorbent coated with a film of a simple,

underivatised polymeric amine can be attributed to the presence of additional and
structurally novel multivalent binding sites. The structures responsible for the
creation of such novel binding sites can predominantly be attributed to the partial
statistical modification of the polymer. Among those structures particularly to be
noted is the potential presence of extended, either electron-rich or electron-poor n-
systems and / or conjugated systems of weak basicity within said binding sites. The
underlying interaction mode is thought to both involve interactions belonging to the
group of polar / dipolar ones like electrostatic forces, charge transfer and hydrogen
bonding, as well as those belonging to the group of apolar ones like hydrophobic
interaction and n-stacking. The heteroatoms of the = system are expected to be the
potential sites of dipole forces and hydrogen bonding, whether through the
electronic n system itself or through an extra electron lone pair. However, without
having performed investigations into the actually operating mechanism in a given
separation and the exact kind of the partial contribution of each residue to the over-
all binding strength, a definite conclusion cannot be drawn in advance for any such
structure, partly because hydrogen bonding forming competition with solvent
molecules may also complicate the case. Steric factors may additionally contribute
to the selectivity of the designed sorbent. At least, pure ionic contributions from the
first or second residues are unlikely or can even be excluded.

0
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Moreover, after testing a large number of differently derivatised sorbents, it was
strikingly found that the presence of a third residue in addition to derivatisation of first
and second portions of functional groups on the surface of the solid support material with
first and second residues yielded even superior results in view of the given separation

5 object of the invention. The solid support material may thus be further derivatised
with a supplemental third, fourth, and fifth residue, and so forth. A sorbent
comprising a solid support material, the surface of which in addition to first and
second residues, as described above, also comprises a third residue, is therefore a
further embodiment of the present invention. Binuclear or mononuclear C, N, O, S-

10 heteroaromatic structures are being excluded as structural building blocks of the third
and each further residues. Apart from this exclusion, all options regarding possible
structural relationships between two residues, as exemplarily set forth in Figure 1 for the
first and second residue, analogously apply to the mutual relationships between the third
and the first, the third and the second, as well as between any additional residues. Each

15 additional residue of a different kind promotes the sorbent’s potential of creating
very specific binding sites for a given protein or peptide and to distinguish it from
closely related side products. Each category of residues should, however, be
present at a degree of derivatisation of at least about 20 % since significantly lower
degrees of derivatisation are in most cases negligible for statistical reasons. For the

20 - majority of applications, it is therefore sufficient to keep the number of residue
categories < 5 at about equal degrees of derivatisation. Regardless of the number
and mutual ratio of different residues, each type of residue should still be
homogeneously and randomly (statistically) distributed on the surface of the solid
support material.

25 '

Whereas said first portion of functional groups may thereby comprise said second
portion of functional groups, or may be different therefrom, the third residue may also
arise from incomplete derivatisation of the surface functional groups of the solid support
material with portions of first and second residues. Depending on the reagents and

30 synthetic conditions used, the derivatisation reactions often remain incomplete.
Therefore, a certain number of underivatised functional groups generic to the
surface of the solid support material including the optional base polymer covering it
(i.e., those incorporated into at least one of its corresponding monomers or
repeating units) to be derivatised may survive intentionally or for technical reasons.

35 These may still be accessible to various analytes, can act as supplementary part of
a binding site, assist in binding the target protein or peptide, and thus add to the
separation ability of the sorbent. This means that a third (leftover) portion of said
functional groups itself may represent a kind of said third residues. In the present
invention, it is preferred to employ solid support materials covered with a polyamine
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film, particularly a polyvinylamine film. Accordingly, the preferred functional groups
are primary and optionally secondary amino structures which may therefore be
regarded as supplemental third residues. It could also be shown that fractions of
derivatised functional groups which were apparently too high led to a decrease in
the selectivity for the given separation object. This fact may be taken as an
indication that novel multifunctional binding sites are thus created within the sorbent
comprising both first and second residues and underivatised functional groups in
close spatial proximity.

By way of such a designed tertiary derivatisation or an incomplete primary and
secondary derivatisation, the selectivity for a given protein or peptide can in many cases
be further increased, and as an accompanying practical benefit an optional polymer film
covering the surface of the solid support material is often observed to gain additional
chemical stability and better solvent compatibility or swelling properties, depending on
the relative polarities of the first and second residues and the functional groups
involved. Nevertheless, it can be stated that the first and second residues are the
most essential residues for achieving the underlying separation object in terms of
specificity since a film of a completely underivatised polymer like crosslinked
polyvinylamine, which exhibits only backbone primary amino functional groups to
the analytes, does not achieve the separation object of the present invention
satisfactorily. Ideally, the total density of residues (including underivatised functional
groups acting as supplementary residues) amounts to from 0.1 mol dm™to 1.0 mol
dm™, but preferably to at least about 0.3 mol dm™.

On the other hand, underivatised reactive functional groups of the solid
support material or of an optional polymer film thereon, more specifically amino
groups, may still exhibit considerable reversible or irreversible reactivity towards the
target or possible reactive side products of the mixture to be separated which may
lead to firm capture of those substances — even if they are present in low
concentrations only - and, after repeated use, to a slow deterioration of the sorbent
and loss of binding capacity. In order to avoid such unwanted interactions, it is
common practice in the preparation of chromatographic stationary phases to render
such residual functional groups inactive via final «end-capping» of said groups.
Thus, additional (third or fourth) residues may be created here via at least partial
conversion of originally free functional groups into structurally different end-capped
functional groups. End-capping may in this way be regarded as a special case of a
derivatisation reaction establishing an improved compatibility of the solid / liquid-
interface with the demands of the respective analyte, matrix, and mobile phase but
which can hardly create additional binding strength and thus no additional
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selectivity. Partial or full end-capping of residual functional groups may nevertheless
eventually turn out to be favourable in terms of long-term process stability despite
the additional effort in stationary phase preparation.

5 Preferably, end-capping oAf nucleophilic functional groups such as amino
groups is achieved through reactions which reduce functional group nucleophilicity.
End-capping groups are designed to be of simple molecular structure so as to
exhibit no interaction or at least only non-covalent and non-specific interactions of
low strength with a broad range of analytes and to not alter the overall polarity of

10 the stationary phase significantly. It is conceivable, however, that they may assist at
high degrees of derivatisation the first and second residues in multivalent
interactions with the substrate. Despite the possibility of more than two-fold mixed
tertiary derivatisations on the sorbent due to incomplete or mixed endcapping, it has
turned out that it is preferable to aim at either a uniform endcapping (i.e. to a degree

15 > 95 %), or no end-capping at all, throughout the sorbent. Depending on the
structure of the end-capping groups, they thus may or may not potentially act in the
role of tertiary residues, if treated formally.

In a first methodical embodiment, the present invention is directed to methods for
20 preparing sorbents of the invention having the characteristics as presented above. They
will result in that special class of sorbents wherein the solid support material consists of a
carrier the surface of which is covered with a film of a polymer having functional groups
which carries the residues. The special characteristics of this preferred class of sorbents
have also been extensively outlined above. Now, said preparation methods comprise at

25 least the steps of:

(i) providing a polymer having functional groups;

(@) adsorbing a film of the polymer onto the surface of a carrier (“adsorption
30 step”);

(b-1) crosslinking a defined portion of the functional groups of the adsorbed polymer
with at least one crosslinking reagent (“crosslinkage step”);

35 or:

(b-1l) grafting a defined portion of the functional groups of the adsorbed polymer to
the carrier (“grafting step”);



0% 17% 83% 86% - Quinoline (ca. 40 %9 - - 0 %100 %0 %83 %I ndole (ca. 50
%W - - 1 %13 %86 % 69 % Benzim dazole (ca. 50 %9 - - 0 %100 %0 %

WO 2011/012302 PCT/EP2010/004628
65

(c) derivatising defined portions of the functional groups of the polymer with first
residues comprising a binuclear C, N, O, S-heteroaromatic structure and with
second residues comprising a mononuclear C, N, O, S-heteroaromatic
structure, and with optional further residues (“derivatisation step”).

Several variations concerning the detailed layout of the above preparation method
are conceivable. First, steps (b-1) and (b-ll), crosslinkage and grafting, respectively, are
considered as equivalent alternatives, and either one of these steps is sufficient to carry
out the method in order to build up a sorbent according to the invention which will show

10 the characteristics described further above. Both alternatives serve as means to fulfil the
task of a durable fixation of the adsorbed polymer onto the carrier under the conditions of
further processing and use of the sorbent, even if treated with strongly solubilising
solvents. This is achieved by either forming a continuous network of additional covalent
bonds between all polymer strands and thus physically entangling the carrier

15  (crosslinkage) or by forming covalent bonds between each single polymer strand and the
carrier (grafting). Of course, both alternative processes for fixation can also be combined
within the method, either concurrently into a single step or subsequently as two
distinguishable subordinate steps, without suffering from disadvantages for the stability
of the sorbent.

20

Secondly, further variations are possible concerning the relative temporal order of
the derivatisation step (c) in relation to the adsorption step (a). It is thus conceivable to
first derivatise a polymer in homogeneous solution with the residues and then adsorb a
film of the derivatised polymer already containing the residues onto a suitable carrier.

25 Such a procedure will require to investigate and optimise the experimental conditions of
the coating step for each differently derivatised polymer. The preferred variant is
therefore rather to first adsorb an underivatised polymer onto the carrier as will be carried
out within the adsorption step (a) parallel or prior to the derivatisation step (c), in order to
obtain a thin homogeneous layer.

30

The crosslinkage step (b-l) or the grafting step (b-Il), respectively, will in any case
immediately follow the adsorption step (a) since, once crosslinked, the polymer would be
difficult to be adsorbed as a film. A further boundary condition is that step (i) will always
be the first step of the sequence. Taken together, the following four combinations of said

35 two independent variations of steps (choice of step b-l or b-ll combined with relative
order of steps (a) and (c)) are possible:

1! Method: Method for preparing a sorbent according to the invention,
comprising, in the following order:
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(i)

(ii)
(iii)
(iv)

66

providing a polymer having functional groups;
adsorption step (a);

crosslinkage step (b-1);

derivatisation step (c).

2" Method: Method for preparing a sorbent according to the invention,
comprising, in the following order:

(i)

(ii)
(iii)
(iv)

providing a polymer having functional groups;
derivatisation step (c);

adsorption step (a);

crosslinkage step (b-I).

3 Method: Method for preparing a sorbent according to the invention,

comprising, in the following order:

(i)

(ii)
(iii)
(iv)

providing a polymer having functional groups;
adsorption step (a);

grafting step (b-ll);

derivatisation step (c).

4" Method: Method for preparing a sorbent according to the invention,

comprising, in the following order:

@

(ii)
(iii)
(iv)

providing a polymer having functional groups;
derivatisation step (c);

adsorption step (a);

grafting step (b-Il).

Each step of the sequences is meant to be carried out with the polymer in its state

as resulting from completion of the immediately preceding step, i.e. a derivatisation step

following a crosslinkage or grafting step will be carried out with the already crosslinked or

grafted polymer, whereas a derivatisation step preceding an adsorption step will be

carried out with the free, non-adsorbed polymer. If a defined portion of the functional

groups of the polymer is reacted in a particular step and a similar portion has already
been reacted in a preceding step, it is meant that the defined portion in that particular
step will be taken from the totality of those functional groups that are leftover from the
preceding steps and have not been reacted previously (with the exemption of bi- or

58
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multivalent functional groups). While all four methods will in principle yield comparable
results, the first method is preferred for its practical simplicity.

In a further variation which has not explicitly been mentioned so far, a first portion

5 of the functional groups of the polymer could be derivatised in solution, the partially
derivatised polymer then adorbed, and a second portion of the same or different
functional groups as before on the thus adsorbed polymer derivatised with the same or
 diffetent residues as before. Or functional groups of the polymer could first be converted

into different functional groups or residue precursors by solution derivatisation, which

10 would then, after adsorption, be converted into the final residues. The most reasonable
order in which individual residues are introduced by such a mixed combination of
preparation steps will thereby strongly depend on the particular kind of carrier material
and the easiness of adsorption of a particular, partially derivatised polymer on the carrier. -

15 Intra- and intermolecular crosslinking of the layer will form a stable two- or
preferably three-dimensional polymer network and prevent its desorption from the
«enwrapped» carrier medium. Although crosslinking can be achieved according to all
procedures known as state of the art, also incorporating unselective methods based on
the generation of radical species anywhere on the polymer chains such as

20 electrochemical, light- or (ionising) radiation-induced methods, the crosslinking step will
preferably be carried out only between the functional groups of the polymer using
crosslinking reagents which for example are to designed to undergo condensation
reactions with said functional groups. Linear, conformationally flexible molecules, such
as a,w-bifunctional condensation reagents, of a length of between 1 and 20 atoms are

25 preferred for crosslinking. Also, two or more crosslinking reagents of different length and
/ or different reactivity and / or different chain rigidity can be employed, preferably in
consecutive steps. Crosslinking will not be carried out in an exhaustive manner which
would lead to a rigid material, but always to a predetermined extent only, i.e. with a
defined portion of polymer functional groups, which is easily controllable via the

30 stoichiometric fraction of added crosslinking reagent(s) in relation to available polymer
functional groups. Suitable crosslinking reagents in this respect comprise dicarboxylic
acids, diamines, diols, and bis-epoxides, for example 1,10-decanedicarboxylic acid or
ethyleneglycol diglycidylether (EGDGE). 4,4’-Biphenyldicarboxylic acid is useful as a
rigid crosslinker.

35

Crosslinking reagents are preferentially chosen to react specifically with the
functional groups of the polymer but neither with the template nor with the underlying
carrier material such as to accomplish stable crosslinks within the polymer film only but
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not between the polymer film and the carrier surface. Anyway, establishing additional
crosslinks of the latter type in a moderate number would certainly not alter the properties
of the sorbent significantly.

5 If additional capping- groups are desired, they are usually introduced last in
the .process (after the last derivatisation with a specific residue) if prior
derivatisation has been incomplete. End-capping can in principle be carried out
anélogously to the specific derivatisation steps described above. However,
activation methods leading to highly reactive reagents are usual in capping

10 reactions since they are required to react with those functional groups which have
proven to be the least reactive ones during the prior derivatisation steps. Preferred
are acyl anhydrides and acyl chlorides, particularly those of acetic acid, or
isocyanates and isothiocyanates, or epoxides. Also, two or more different end-
capping reagents or reagents comprising two or more different capping groups such

156 as, for example, mixed anhydrides can be employed. It can also be imagined to use
other typical alkylation reagents having good leaving groups such as methyl iodide,
dimethyl sulphate, or diazomethane. Other suitable end-capping methods both for
polymeric and non-polymeric stationary phases as known from the prior art can
analogously be used. Usually, an exhaustive end-capping of as many residual

20 functional groups as possible is desired although the process can also be managed
to stop at essentially any arbitrary degree of capping, if required.

It is also possible to temporarily derivatise functional groups of the polymer
film or substituents of the residue with protecting groups. Said functional groups or
25 substituents can thus be protected during the introduction of one or more further
sets of residues from sometimes undesired reactions with the respective
derivatisation reagents which may otherwise lead to uncontrollable accumulation of
residues or higher-order substitution patterns such as branching. Once the
additional set of residues has been put in place, the protecting groups are usually

30 removed again.

The preferred functional groups of the polymer to be adsorbed as a film onto
the surface of a carrier are primary or secondary amino groups, hydroxyl groups,
and carboxylic acid or carboxylic ester groups. These groups are easily

35 derivatisable, biocompatible, and increase the water solubility of the polymer. It is
thus also preferred to employ polymers in the method which are soluble in aqueous
or mixed aqueous-organic media because the adsorption step is preferably carried
out from such media onto the carrier material suspended therein. Although the
adsorption step itself can in principle be carried out stepwise using different
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polymers in each step, it is preferentially carried out with a single type of polymer
(i.e., polymers having the same type of functional groups, or functional groups
bearing charges of the same prefix) only. Particularly preferred are polymers having
a molecular weight of between 5,000 Dalton and 50,000 Dalton.

5
In general, all further preferred embodiments as outlined above with respect to the
composition and properties of the sorbent of the invention also apply to the methods of
its preparation and the materials to be employed in said method in an analogous way
and thus do not need to be repeated within this context.
10

The anchor group, i.e. the site of activation of the derivatisation reagent used in
the derivatisation step may be close to the binding site to be formed or at a short or long
distance remote from it, basically depending on structural, functional, or synthetic
requirements, i.e. it may incorporate a spacer group between the structures forming the

15 binding site and the activation site. Such spacer can be either rigid or flexible and of
variable length, whereupon a longer spacer group often transforms into increased
conformational flexibility which may sometimes be required by the complex between the
binding site of the sorbent and the target protein or peptide in order to adopt a favourable
geometry. Spacers can either be coupled first with the corresponding heteroaromatic

20 structures in separate (possibly homogeneous) reactions and the formed conjugates,
which resemble the full residues, then, after optional deprotection, coupled with the
polymer, or spacers can be coupled to the polymer first and the formed conjugates then,
after optional deprotection, coupled with the corresponding heteroaromatic structures to
form the full residues. The two coupling reactions may thereby be of the same or

25 different kind. In general, if a polymer containing primary amino functional groups is used
as the film-forming polymer, the nitrogen atom of the functional amino group can directly
be incorporated into the residue.

Preferred derivatisation reagents comprise amines, epoxides, carboxylic acids or

30 esters, and iso(thio)cyanates, resulting in the formation of amide, urethane, or urea

linkages with the preferred polymer functional groups. For structural, stability, and

convenience reasons, it is most preferred if the derivatisation step is carried out by

formation of amide bonds between the functional groups and the residues, i.e. either

between an amino-containing polymer and a carboxyl-terminated derivatisation reagent

35 or between a carboxyl-containing polymer and an amino-terminated derivatisation

reagent. In conjunction with amino polymers, particularly preferred derivatisation
reagents are activated carboxylic acid derivatives.
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If chemical activation is necessary prior to derivatisation, it can be carried out
in an extra step upstream of the derivatisation step or concurrently with the
derivatisation step. Either the polymer functional groups or, preferably, the
derivatisation reagent can be activated. Activation of a carboxyl group, for example,
can be achieved by standard techniques of solid phase peptide synthesis, e.g. via
activated esters such as OBt (benzotriazolyloxy) or ONB

(norbornendicarboximidyloxy) esters. Hydroxyl groups can be treated analogously.‘

in an economic and thus particularly preferred embodiment, the activation will be
performed in situ during the derivatisation step with the help of methods also known
from peptide chemistry, i.e. as a one-pot reaction in which a steady-state
concentration of the activated species is being produced, but not isolated.

Both residues can be introduced into the polymer in a single derivatisation step.
Optionally, a single derivatisation reagent is used here which already comprises both
residues (or precursors thereof, respectively) or which comprises the first residue which
comprises the second residue (or vice versa). Or at least two different derivatisation
reagents are employed as a mixture, each of which comprising at least one but different
residue. The derivatisation step can alternatively be carried out stepwise with each
residue. Then the derivatisation reagent employed in the first derivatisation step
comprises the first residue and the derivatisation reagent employed in the second
derivatisation step comprises the second residue, or vice versa.

In one variation of the preparation method, steps (iii) and (iv) can be carried out
as a single step. This embodiment takes into account that in a derivatisation reaction of
the functional groups of the polymer both the first and the second residue can easily be
introduced simultaneously. This can either be achieved in a way that a mixture of at least
two derivatisation reagents is used, the first of which comprising the first residue, and the
second one comprising the second residue. Although a random, irregular distribution
of the two residues along the polymer backbone will then result, the derivatised
polymer can be characterised by a statistical ratio of first and second residues
which will basically be determined by the relative amounts and reactivities of the at
least two derivatisation reagents. Alternatively, it is feasible to use only one
derivatisation reagent if this derivatisation reagent already comprises both the first and
the second residue (or if the first residue comprises the second residue, or vice versa).
Naturally, both residues will then be present in the resulting derivatised polymerina 1 : 1
ratio and in a pre-defined mutual regio- and stereochemistry. Instead of two fully
developed residues it is also possible that at least one residue is present in the
derivatisation reagent as a precursor.
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Within the scope of the same variation of the preparation method of the present
invention, configurations can be realised in which a mixture of derivatisation reagents is
used, each of which comprising both the first and the second residue. In particular, in
such a mixture a partial structure of the first residue (or precursor thereof) can be varied

5 among the derivatisation reagents whereas the second residue (or precursor thereof)
may be kept identical, or vice versa. Very particularly, derivatisation reagents can be
combined with each other in pursuit of the preparation method, a defined amount of
which contains both first and second residues whereas another defined amount may
contain only first or only second residues. The resulting product would then exhibit one

10 residue in excess over the other if reagent amounts and reactivities are otherwise
comparable. In such way, inter alia, tailor-made, but still homogeneous and random
(statistical) distributions of first and second residues among the functional groups of the
polymer can be achieved.

15 If additional third, fourth, ... etc. residues are to be introduced into the
polymer, the derivatisation step can optionally be repeated step-wise multiple times
employing further residues comprising a desired structural motif accordingly.
Economically feasible are up to about four repetition steps. Preferably, each
derivatisation step is always carried out to roughly the same degree of

20 derivatisation, the degree for each residue thereby accounting for about 25 %.

The sorbent of the present invention can predominantly be applied to the
purification of mixtures containing proteins or peptides. In a second methodical
embodiment, the present invention is therefore directed to a method of separating, or

25 increasing the concentration and / or purity of one or more proteins or peptides from a
mixture containing said protein or peptide and optional side products using a target-
specifically designed sorbent as described above. The method comprises at least the
steps of:

30 (i) contacting said mixture being dissolved or suspended in a first liquid with a
sorbent of the invention for a period of time sufficient to enable said protein
or peptide to become bound to said sorbent;

(iii)contacting said sorbent with said bound protein or peptide with a third liquid
35 for a period of time sufficient to enable said protein or peptide to become
released from said sorbent.

In a first variation of the above method, a separate rinsing step with a second
(wash) liquid that ideally does not significantly disrupt the non-covalent bonds
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between the sorbent residues and the protein or peptide to be purified or otherwise
acts to release said sorbent-bound protein or peptide can be included between step
(i) and step (iii). Depending on the kind and number of side products and further
constituents contained in the mixture, such a change of liquids during the separation

5 process can sometimes increase separation efficiency. The second liquid will mostly
have low elution strength and will elute unspecifically. The method then comprises
the optional intermediate step of:

(i) rinsing said sorbent with a second liquid;
10
After contacting the mixture of the target protein or peptide and side products
with the sorbent in step (i), the sorbent with the protein or peptide adsorbed to it can
also be separated again from the remaining mixture contained in the first liquid
before it is then rinsed with the second liquid in step (ii). The remaining mixture may
15 itself be recollected if it contains valuable side products. The latter variation can
also be used as a capturing means for very dilute feedstocks and also be a feasible
way to remove potential side products in a rapid batch process which are suspected
to interfere with a subsequent, full and more sophisticated chromatographic
separation. Among such possible side products are those which may lead to a slow
20 deterioration of the sorbent by irreversible physical or chemical adsorption and thus
to shortened column durability.

In a special but important case in practice, the second liquid can be chosen
identical to the first (feed, adsorption) liquid. This means that the sorbent is rinsed in
25 step (ii) with the same liquid as the one from which the target protein or peptide is
adsorbed when it is applied as a mixture to the sorbent in step (i). This is often
possible since the first liquid is usually chosen such that it has only medium-to-poor
solubilising properties for the target protein or peptide because an efficient
adsorption will only be possible if the interaction enthalpy between the target protein
30 or peptide and the liquid is smaller than between the target protein or peptide and
the sorbent. If, on the other hand, this liquid has good solubilising properties for the
side products which are supposed to be eluted from the sorbent in step (ii), it can
also be applied for rinsing the sorbent while the target protein or peptide will still
adhere to it without being simultaneously released.
35
Similarly, the second liquid can be chosen identical to the third (desorption,
elution) liquid. If the solubilising properties of the third liquid for the target protein or
peptide and the side products are different to a degree large enough while their
adsorption enthalpies on the sorbent are comparable, the same liquid can be used
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for rinsing the sorbent. This essentially means that step (ii) and step (iii) of the
method can under these circumstances be combined into one step. In a continuous
flow system, the better solubilised side products will then be rinsed off first, followed
by the released target protein or peptide in a later eluted fraction of the same liquid.
5 Of course, this sequence may again be followed by additional fractions of the third
liquid containing further, less solubilised and therefore slower eluted side products.

Even all three liquids may be identical. However, even if two or three liquids

are chosen identical, they may still be applied to the sorbent at different flow rates

10 in different steps of the method. Volumetric flow rates in chromatography are in

general a function of the applied pressure regime, the column dimensions, and the

liquid viscosity. Corresponding one-dimensional velocities of the mobile phase in

HPLC are typically in the order of about 1 — 5 mm s™'. The numeration first, second,

third, ... liquid thus serves to define the relative sequence of applying liquids that

15  fulfil different tasks, but is not meant to define necessarily particular compositions of

the respective liquids. Instead of exchanging the kind of liquid or its applied flow-

rate discretely or stepwise (i.e., as a step-gradient), other continuous gradient

shapes, in particular linear gradients, may be used to switch slowly between the

different liquids and / or flow rates. This requires the installation of a mechanism to

20 gradually mix increasing fractions of the succeeding liquid into the preceding liquid,
respectively.

In one embodiment of the present invention, the third liquid will differ from the

first and optionally also from the second liquid in its pH. In a particular embodiment,

25 the pH of the third liquid is lower than the pH of the first and optionally of the second
liquid. Still more preferred, the pH of the first and optionally the second liquid is
close to (i.e.: within + 1 unit approximately matches) the isoelectric point pl of the
target protein or peptide, whereas the third liquid has a pH which is largely different
therefrom, at least by ca. 2 pH units, and in particular lower. The pH of the first

30 liquid may favourably be in the range of from 5.5 to 8.5 whereas the resulting pH of
the third liquid would be in the range of from 3 to 6.5. This embodiment deals with

the case that the enthalpy of binding between the sorbent and the target protein or
peptide is dominated to a significant part by electrostatic or other polar interactions
(dipole forces, hydrogen bonds) involving one or more ionisable residues (e.g.

35 amino groups or nitrogen-containing heteroaromatics) on either binding partner. In
particular, hydrophobic and polar interactions are expected to be dominant close to
neutral pH, whereas ionic repulsion is expected to partially replace the attracting
polar forces of the same, hitherto uncharged residues, when approaching either
extreme of the pH spectrum (e.g., between protonated nitrogens at low pH). This



56 % Benzi m dazole (ca. 50 %9 - - <l %99 %1 % 88 % Benzi m dazole (ca. 50
% - - 70% 30% 0% 74% Quinoline (ca. 40 %9 - Acetyl (ca. 60 %9 100 %0 %O

% 82 % w0 2011/012302 0y PCT/EP2010/004628

effect can considerably weaken the enthalpy of binding and, as a result, release the
bound protein or peptide from the sorbent. In the opposite way, an attractive ionic
interaction can also be weakened upon loss of a point charge of either binding
partner as a result of a pH shift. Of particular importance are in this respect

5 nitrogen-containing heteroaromatics as residues on the sorbent since these are
capable of exhibiting both hydrophobic as well as polar / ionic interactions. The
attractiveness of such heteroaromatic residues for use in the separation method of
the invention results from the fact that their binding behaviour can be switched at pH
values which closely resemble physiological conditions, whereby the exact pH range

10 of switching is dependent on the isoelectric point of the specific residue and may
thus be fine-tuned by its structure and the relative composition of the sorbent which
contains at least two different residues of such kind. On the other hand, the pH
dependency of the enthalpy of binding should be less pronounced with regard to
interactions between the sorbent and at least one side product to be separated off.

15 This can for example be due to different isoelectric points of target and side
products or to quantitatively different relative contributions of hydrophobic / polar vs.
electrostatic interactions. '

In a further embodiment of the present invention, the third liquid will differ

20 from the first and optionally also from the second liquid in its ionic strength. In a

particular embodiment, the ionic strength of the third liquid is higher than the ionic

strength of the first and optionally the second liquid. This embodiment deals with the

case that the enthalpy of binding between the sorbent and the target protein or

peptide is dominated to a significant part by electrostatic interactions under

25 participation of one or more ionic or ionisable residues, whereas such participation

is different, in particular less pronounced, in the electrostatic interaction between

the sorbent and at least one side product to be separated off. On the other hand,

hydrophobic contributions to the enthalpy of binding will be strengthened upon an

increase in ionic strength, if all other parameters are kept constant. Preferably, the

30 adsorption step (i) of the separation method is performed under low-salt conditions

(0 - 0.2 M sodium chloride) in the first liquid, whereas the release step (iii) can be

performed at up to 1 M sodium chloride in the third liquid. Although the sorbent of

the invention tolerates high-salt conditions very well, it is under most circumstances

neither necessary nor advisable to add high salt concentrations to the third liquid of

35 step (iii) in order to desorb sorbent-bound proteins or peptides. Instead, the affinity

of the sorbent for many proteins or peptides can be largely invariable with changes

in salt concentration. Therefore salt gradients may not be effective merely by

themselves to release adsorbed proteins or peptides, but they can be efficient in
combination with assistive pH gradients.
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Release of the target protein or peptide from the sorbent can thus be
accomplished via increasing the solvation strength of the third liquid for the target
as compared to the first and second liquids. It can alternatively be accomplished via

5 displacement of the target protein or peptide from the binding sites of the sorbent
with a displacement reagent which is dissolved in the third liquid. The displacement
effect (preferable binding of the displacement reagent by the sorbent rather than of
the competing target) can either be achieved if the displacement reagent is present
in molar excess over the target protein or peptide or if the displacement reagent’s

10  binding strength toward the sorbent is even higher than that of the target protein or
peptide. The displacement reagent may itself be a protein or peptide having similar
properties as the target, or a fragment thereof, but also a small synthetic molecule
with high affinity for C, N, O, S-heteroaromatic residues. It may also itself be a
binuclear or mononuclear C, N, O, S-heteroaromatic molecule; displacement would

15 then rather occur as a consequence of saturating the target protein or peptide’s
sorbent-interacting groups with soluble heteroaromatics in preference over the
sorbent’s residues. Excess displacement reagent must, however, be removed later
from the eluate in order to isolate the target protein or peptide in pure form.

20 Another eluent change, after the target protein or peptide has become
completely released from the sorbent, can similarly be useful in terms of economics
in order to accelerate a chromatographic run at the expense of chromatographic
resolution, or if other valuable products are eluted behind.

25 In a second variation, the method is augmented by the optional final step of:

(iv)  washing and / or regenerating the sorbent with a fourth and / or fifth liquid;

which is introduced after step (iii).
30
Here, as a fourth (cleaning) liquid a liquid is used which will mostly have very
high elution strength, may contain additives of the above-mentioned kind, and elute
unspecifically. If the sorbent is used in the form of a chromatographic column, the
fourth liquid may be applied at high volumetric flow rates in the normal or reverse
35 direction since its task is to clean the sorbent and permanently remove any build-up
of residual, strongly adsorbing or otherwise interfering chemical or biological
impurities, especially particulate matter, in order to prevent gradual fouling,
clogging, or capacity reduction of the column. For medical hygiene and safety,
typical sanitisation or sterilisation protocols (e.g., alkaline (1.0 M sodium hydroxide),
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acidic (0.4 M acetic acid), oxidative (hypochlorite) and / or heat treatment) to
eliminate microbial contamination can also be applied to the sorbent at this point.

The fifth (reconditioning) liquid is used to condition the sorbent, its degree of

5 swelling, and the solvation of its attached residues after prior treatment with

aggressive or strongly solvating liquids such that the original state of the sorbent is

restored and constant, equilibrated conditions are installed at the beginning of each

separation run. Apart from the removal of traces of elution or cleaning liquids,

counterions of ionic residues, if present, will thereby also be replaced to their

10 original uniform distribution in order to maintain constant acid / base properties of

the sorbent. The fifth liquid can be identical to the first or second liquid, and will

usually be applied at the same flow rate. It is also possible to switch from a quick

and simple wash / regeneration program after each run to a more sophisticated

procedure after every fifth, tenth etc. run, for example, depending on the actual load

15 of those contaminants which are critical to reach the attempted product quality
specifications.

The preferred way of carrying out the separation method is as a medium-to-
high pressure liquid chromatography technique. Due to its operational simplicity,
20 and by way of either of the variety of variations cited above, the method may also
be used discontinuously in the manner of a batch purification as with the affinity
(membrane-) filtration or solid phase extraction techniques or continuously as with
the simulated moving-bed (SMB) technique. All variations may also be combined
with one another.
25
The strong chemical stability as well as static and dynamic binding capacity of the
sorbent (up to ca. 0.3 | feed load or ca. 20 g protein or peptide per litre of sorbent,
respectively, are possible) allows large degrees of freedom in the independent variability
of all five liquids used in the method. Also strongly solvating eluent systems not
30 compatible with conventional affinity chromatography are now accessible so that there is
plenty of room to optimise the liquids for properties such as solubilising power, low cost,
low toxicity, and low waste production. A system of liquids compatible with the
implementation of the method basically comprises any liquid or mixture of liquids
which possesses at least weak solubilising properties for the substrate of the
35 separation method, i.e. in particular a protein or peptide, and preferably also for the
side products — the latter being of particular importance for the second liquid. Since
chromatographic separations on the sorbent of the present invention will usually be
carried out under biocompatibility restrictions, buffered aqueous media are often
used as first, second, and third liquids. Organic modifiers other than buffers or metal
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salts which are essential to preserve the protein function (e.g. detergents,
chaotropic additives, antioxidants, antifoams) could hypothetically also be added to
the liquids, but in order to retain the highest possible biological activitiy of the
protein or peptide to be purified, these reagents are best be avoided completely.

5 Small amounts of volatile organic acids may be added though prior or subsequent to
the actual separation process for reasons of enhancing the detectability of certain
analytes.

If further additives are being used nevertheless, they usually have to be
10 removed later on, i.e. after completion of the method, from the liquid containing the
target protein or peptide obtained in step (iii), especially if it is required to obtain
said protein or peptide in crystalline form. To achieve this purpose, a broad range of
such potentially additional steps is well known to those skilled in the art. In order to
remove additives, the method of the invention may therefore as well be combined

15 subsequently with any other type of common separation processes.

Though it would be feasible to apply virtually any organic or aqueous liquid or
liquid mixture including supercritical fluids to the sorbent of the present invention,
preference is given to those polar liquids which facilitate swelling of a polymer film,

20 if present on the surface of the solid support material. The exact polarity of a liquid
mixture can be easily fine-tuned by way of its composition.

Since the adsorbed target protein or peptide (and also side products) are often
not released instantaneously (like an on-off state) in step (iii) of the method but rather
25 slowly and gradually, step (iii) itself can favourably be carried out stepwise, i.e. as a
fractionation, for an increased resolution of the overall separation process. Two or more
fixed-volume fractions of either the same or different size are then collected manually or
automatically of the third liquid after the sorbent has been contacted with it for a sufficient
time. Then step (iii) is repeated and the sorbent is again contacted with fresh third liquid
30 (of a modified composition, if necessary) until all bound target protein or peptide has
been released. A continuous supply of the third liquid is also realisable during the
collection of fractions. Purity and recovery of the released target protein or peptide in
each fraction is subsequently determined, and only those fractions which meet the pre-
set acceptance specifications in terms of quality and / or economy are further processed

35 while all other fractions may either be discarded or recycled into the feedstock.

Frontal as well as zonal elution techniques can be employed. The best
performance and productivity are often achieved with gradient elution, especially
with increasing content of polar organic solvents (lower alcohols, acetonitrile,
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acetone) to the second and / or third liquids. However, if used in process
chromatography or within a manufacturing environment in general, isocratic elution
or simple gradient shapes such as step gradients might be preferred for operational
simplicity and technical robustness. pH and salt gradients can also be successfully
5 implemented. Depending on the particular residues of the sorbent, pH values in the
range between 1 and 14 for short durations, and between 2 and 13 for continuous
operation, are possible, as far as the chemical stability of the sorbent is concerned.
The respective optimum liquid compositions will also depend on the actual degree
of derivatisation of the sorbent and has to be determined experimentally from case
10 to case.

What makes the method clearly distinguishable from conventional ion
exchange sorption in that it can also and particularly be applied to separation tasks
in which the protein or peptide does not contain any net ionic charge, i.e. if the pH
of the solubilising medium resembles closely its isoelectric point. Although anionic

15 charges may add to the binding strength toward the sorbent of the present invention
due to its potential content of protonable nitrogen-containing residues, their
presence is not obligatory for a successful completion of the method. The same
holds true for the side products and other components of the mixture. The extent to
which charged interactions are able to affect the sorption or separation of a

20 compound on a sorbent is also determined by the dipolar character and salt
concentration of the surrounding medium. What has been explained above for
opposite charges of sorbent and analytes is also true for charges of the same prefix
which may lead in some cases to repellence and exclusion from the sorbent instead
of an additional attraction.

25

The method may also additionally comprise the isolation of the protein or peptide,
subsequent to step (iii), from at least one fraction of the third liquid into which it has there
been released. In preparative applications, it is possible to isolate the protein or peptide
in concentrated or even neat form from a solution in the third liquid for the purpose of

30 characterisation and / or subsequent treatment. In the easiest way, it can be recovered
from the liquid of step (iiij) by gentle methods of solvent evaporation (including freeze
drying, lyophilisation). Solvent evaporation would, however, also enrich possibly
contained substances of low vapour pressure stemming from the third liquid. Such
substances may comprise additives such as buffer salts or stabilising agents, or

35 contaminants such as higher boiling solvent homologues and / or degradation products
which are usually contained in trace amounts in solvents of commercially available
qualities. Due to the high physical and chemical stability of the sorbent, however,
practically no leaching from the stationary phase will occur during steps (ii) —(iv), so that
the released protein or peptide of step (iii) will typically contain less than 10 ppm of
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leached sorbent or other leachable substances therefrom (i.e. its constituents (polymer,
residues), or decomposition products).

) A preferable method of isolation consists of a crystallisation step of the third
5 quuid containing the purified protein or peptide or said evaporated residue, if
necessary, after re-dissolution. During such a crystallisation step, which may for
example be induced by changing the temperature and / or the composition of the
liquid, even higher degrees of purification can be achieved since contaminants of
low vapour pressure are usually kept in solution and are thus easily separated from
10 the targeted product crystals. After drying, the crystals are often ready for use in
compounding and formulation processes. If dry storage is unwanted or impossible, it
may alternatively be necessary to perform a transfer of the purified product into a
solution of differing composition, i.e. the third liquid would be exchanged against a
storage liquid by standard operations like dialysis, ion exchange etc.
15
As usual in chromatography, the method and an associated apparatus on
which it is run may also favourably be supplemented by a suitable detection
technique which allows for qualitative, semi-quantitative or quantitative
measurement of the concentration of the target protein or peptide and / or side
20 products or other components of the mixture in the eluate for sharp and fine
fractionation. Preferred detection methods involve on-line flow-cell detectors of
physical or spectroscopic properties such as refractometers, polarimeters, -
conductometers, .ultraviolet / visible absorbance or fluorescence spectrometers,
infrared spectrometers, mass spectrometers, and nuclear magnetic resonance
25 spectrometers. An online pre- or post-column derivatisation or degradation unit may
also be added to the system in order to convert all or specific components of the
mixture to be separated into derivatives or fragments with improved detectability, or
to accelerate or delay their elution. A universal non-destructive detection method for
proteins or peptides is UV absorbance at a wavelength of 280 nm.
30
On the large scale, the sorbent and thus also the separation method of the
present invention employing the sorbent can beneficially be used in the manufacture of a
pharmaceutical or nutritional composition for human or veterinary use (e.g. an antiserum
or vaccine), if such composition comprises at least one protein or peptide of diagnostic,
35 therapeutic, or nutritional value which can be bound by the sorbent. The benefit of the
present invention mainly arises from the fact that such applications often require purities
of the valuable active ingredient in the range of > 99 % or even > 99.9 % which are
realisable by conventional methods only under lengthy and costly procedures, which may
even render some applications prohibitive from an economic viewpoint.
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On the small scale, they can alternatively be used in the identification,
characterisation, quantification, or laboratory purification of the at least one protein or
peptide. For this purpose, which is related to qualitative and quantitative analysis, the

5 separation method is likely to be complemented by a specific biological assay or by a
spectroscopic method, e.g. using hyphenated techniques, but can also be accomplished
by comparison of retention volumes with pure, authentic samples or peptide standards.
In microscale formats, they may be interesting for proteomic applications, i.e. the
simultaneous identification or quantification of the expression levels and modifications of

10 a plurality of different proteins in a cell or in an organism.

As part of a medical device, they can also be used in the removal of at least one
protein or peptide from a biological fluid, which includes the medical prevention or
treatment of diseases being caused by the presence of said at least one protein or
peptide in said biological fluid. The device may be applied as a kind of detoxification or

15 decontamination unit in all cases in which a patient has already taken up or is about to
take up harmful or infectious proteins or peptides, as they are for example secreted by
pathogens, but also in those cases in which the body of the patient itself has produced
such harmful or infectious proteins, as it is often the case in autoimmune diseases.
Potential sources of uptake include food, water, air, contact with infected persons, blood

20 transfusions etc. In a specialised application, the medical device may be constructed as
an apheresis or plasmapheresis unit. Such a device will predominantly be operated ex-
vivo or in-vitro, but construction as a miniaturised, implantable device also appears to be
within imagination. A biological fluid of the patient could (either continuously or batch-
wise) be taken from the patient, depleted from the contaminant via treatment with the

25 sorbent, and then returned to the patient. Biological fluids from external sources (other
humans, animals) could also be treated with the sorbent to reduce the risk of
transmission of infectious diseases before the fluids or parts thereof or compositions
manufactured therefrom are administered to a patient in need thereof. In such case, the
separation method of the invention would be used to diminish the concentration / purity

30 of the target protein or peptide in the <value> fraction (thereby increasing the purity of
the proteins or peptides of value therein), whereas it would be enriched in the <waste>
fraction.

Finally, they can be used for the immobilisation of at least one protein or peptide

35 on the sorbent. Due to the non-covalent nature of the interactions between the sorbent
and the targeted protein or peptide, such immobilisation will be reversible. This may be a
potential advantage in applications such as the preparation of filterable reagents or
catalysts, the surface-bound culture of cells, in drug delivery devices (e.g. drug eluting or
healing stents), or in drug discovery screenings. In the latter case, the separation method
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of the invention can be complemented by a method of testing for binding of further
chemical or biological structures to the immobilised protein or peptide. The detection of
such secondary binding can then serve as a first indication of a possible physiological
effect of either binding partner. If a polymer coating is used, the immobilised protein or
5 peptide may become physically entrapped by the surrounding gel-forming medium and
will thus additionally experience an environment of high biocompatibility. Expressed
differently, a non-covalent, isolable complex formed between a sorbent as described
~herein and at least one protein or peptide is thus also embodied within the present
invention. Such a complex containing an antibody as the preferred protein of the

10 invention may be used in immunosorption techniques.

A further object of the present invention which can immediately be derived from
the explanations given above is a pre-packed column, comprising a sorbent of the
present invention within a tubular containment. Such a column can be used as stationary
phase of a fixed, desired size (length x diameter) in liquid chromatography or solid phase

15 extraction applications. Beside the tubular containment, such a column can optionally
comprise further components such as frits, filter plates, flow distributors, seals, fittings,
screwings, valves, or other fluid handling or connection elements, which are known from
the state of the art. The sorbent may be packed either as a slurry under gravitational or
centrifugal force, under externally applied hydrodynamic pressure, or under additional

20 axial compression by a piston into the column, and made commercially available in such
a pre-packed format. For the added convenience of the user, a more reproducible
packing can thus be assured and stationary phases can easily be stored if not in use and
quickly be exchanged within a chromatographic system. The material the containment is
made of (chemically and biologically inert materials such as stainless steel, borosilicate

25 glass, plastics like PEEK etc.) is typically chosen such that the high stability of the
sorbent itself is not sacrificed, which means that the entire column should ideally be
characterised by a physical and chemical resistance against applied pressures up to 20
bar or against applied heat up to 110 °C as well as against common sanitisation
protocols including autoclavability. Under favourable circumstances, this will enable a

30 repetitive use of the column of up to 1,000 times, preferably up to 5,000 times, and add
to overall process economy. However, it can also be a disposable or incinerable unit.
Another option is to design only the immediate tubular housing of the sorbent cheap and
disposable and to place it inside a second, outer housing made of long-lived and durable
materials which also contains all re-usable, supplementary components (cartridge

35 design).

A column can be part of a full chromatography system. Apart from the detection
system described above, other pertinent components of a chromatography system
include pumps, flow regulators, liquid reservoirs, degassers, injection ports, column
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switching valves, pressure and flow meters, temperature-controlled chambers,
outlet collection trays (carousels), and robotic fractionators.

A further object of the present invention is a collection (or "library”) of a plurality of

5 the same or different sorbents of the present invention either as loose materials (of

granular or block (monolithic) design) or as pre-packed columns, cartridges (see above),

or membranes, whereby the individual sorbents may be the same or different. A

collection of different sorbents may for example be used in an initial screening campaign

for suitable sorbents that are planned to be used in a more sophisticated preparative

10 chromatographic setup afterwards, whereas a collection of the same sorbents may for

example be used in multiple medical diagnostic tests of large numbers of samples having

similar matrixes, or in quasi-continuous process monitoring. The advantage of such a

collection is its ability to be processed in parallel, either.in a manual or in a automated

fashion. Such parallel processing allows — beside time savings due to higher sample

15  throughput as compared to serial processing — to compare different sorbents or other

process parameters also under standardised or at least identical (reproducible)

conditions. This advantage can especially be exploited if the individual members of the

collection are arranged in a standardised and positionally addressable format, preferably

a two-dimensional rectangular grid compatible with robotic workstations, such as a

20 microplate array or a microchip array, or as a multi-capillary or microfluidic device. As far

as the readout of miniaturised formats is regarded, reference is made again to
proteomics technologies.

All intermediate products beginning with the crosslinkage / grafting step of the
25 preparation methods described above are sufficiently stable to be stored for future
usage. Such product can then be split into several subsets upon which the derivatisation
step is performed with individual derivatisation reagents. In such way a library of different
sorbents (i.e. sorbents derivatised with different residues or combinations thereof or at
different residue ratios or different degrees of derivatisation) can be formed on demand.
30 If the derivatisation step is carried out in parallel on the entirety of subsets, it is feasible
to form such a library in a very short time in order to perform an initial screening search
of the best sorbent for a given application which would allow to respond rapidly to
changing separation objects. Apart from different derivatisations, different solid support
materials, including the possibility of different polymer films, carriers and / or activation

35 chemistries, may also be applied in the formation of the sorbent library.

Random or targeted library screening is a means which may sometimes
complement or even replace rational sorbent design. It is used especially in those cases
where the relative importance of contributions from different residues on the sorbent and
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/ or their counterparts on the target protein or peptide are non-obvious, if structural
information is scarce, or if additional tight boundaries, e.g. concerning the choice of
compatible liquid phases, apply. The screening of such a library toward a given
separation object can be carried out in such a way that one or more parameters that

5 characterise the performance of a particular sorbent (affinity, selectivity, capacity,
recovery, stability etc.) are measured either consecutively or in parallel with the full
library or one or more subsets thereof. The most prominent characteristics are affinity-
and selectivity-related thermodynamic and kinetic parameters regarding the formation of
complexes between the sorbent and protein or peptide targets. A pre-selection of

10  sorbents suitable for incorporation into the library could be performed with computational
methods.

A viable screening method would for example consist of treating a mixture

containing at least one protein or peptide as well as side products and / or other

15 components with the respective sorbents of the present invention under suitable batch

conditions and measure the individual equilibrium Gibbs enthalpies of complex formation

between the sorbents and the targeted protein or peptide. An alternative method would

consist of measuring the differential Gibbs enthalpies between the formation of

complexes of the sorbent with the targeted protein or peptide on one hand and those

20 with appropriately chosen side products on the other hand. Measurements can directly

be carried out with the help of all thermodynamic and / or kinetic methods known to the

person skilled in the art such as, e.g., calorimetry. Measurements can also be made

indirectly with the help of chromatographic runs under the process-like conditions of the

envisaged application on the transient formation of such complexes, whereby the

25 obtained results may need to be corrected for eluent contributions. In a chromatographic

environment, k' and a values may serve at first approximation as indicators of the Gibbs
enthalpy or differential Gibbs enthalpy, respectively.

A further object of the present invention is a diagnostic or laboratory purification
30 kit. which comprises beside a sorbent of the invention (or a collection of sorbents, or a
column containing the sorbent), within the same packaging unit, a set of further (or even
all) chemical or biological reagents and / or disposables necessary for carrying out the
separation method of the invention or a different analytical, diagnostic, or laboratory
method in which said sorbent can be employed. Such a pre-packed collection of
35 materials in the right number, amount, or concentration is intended to increase the
convenience of the user if standardised experimental protocols have to be followed when
the separation method is carried out, and especially if the sorbent or column is used as a
disposable device. Said protocol can be incorporated together with safety data sheets

etc. into the directions for use which can optionally accompany the kit.
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FIGURE CAPTIONS
Figure 1: Different individual configurations A — H and one general representation |
5 resulting from derivatisation of two adjacent surface functional groups (FG)

with one first and one second residue.

Figure 2: Different schematic morphologies A — C of a solid support material

consisting of a carrier the surface of which is covered with a film of a

10 polymer (here exemplified for a non-porous, particulate carrier depicted as
a grey sphere; not drawn to scale).

Figure 3: Choice of possible first residues comprising a binuclear C, N, O, S-
heteroaromatic structure composed of fused 5- and 6-membered rings and
15 one or two heteroatoms contained therein.

Figure 4: Choice of possible second residues comprising a mononuclear C, N, O, S-
heteroaromatic structure composed of 5- or 6-membered rings and one or
two heteroatoms contained therein.

20
Figure 5: General representation of exemplary first and second residues composed
of 5- and 6-membered rings. R’ ... R® = electron pair, H, organic radical or
surface linkage; X' ... X®=CorN;Y'... Y?=N, O, S.

25 Figure 6: Symbolic representation (not drawn to scale) of terms used to characterise
the analyte-interacting surface of the sorbent. Not all items depicted are
necessary to carry out the invention.

Figure 7: Structures of first and second residues used in this study (functional

30 groups provided by a surface polymer film are printed in bold).

Figure 8: Stepwise pH-elution of immunoglobulin G from sorbent no. ND 10003 for
the loading capacity determination of Example 4.
35 Figure 9: Analytical chromatograms of a protein test mixture containing catalase and

of its individual components on sorbent no. ND 08037 of Example 5.

Figure 10:  Analytical chromatograms of a protein test mixture containing catalase and
of its individual components on sorbent no. ND 070002 of Example 5.
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Figure 11:  Analytical chromatograms of a protein test mixture containing catalase and
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Figure 12:

Figure 13:

Fiqure 14:

Figure 15:

Figure 16:

of its individual components on sorbent no. ND 06380 of Example 5.

Analytical chromatography of a protein test mixture containing conalbumin
and of its individual components under the influence of high salt
concentrations on sorbent no. ND 08236 of Example 6.

Analytical chromatography of a protein test mixture containing conalbumin
and of its individual components under the influence of high salt
concentrations on sorbent no. ND 07200 of Example 6.

Analytical chromatography of a protein test mixture containing conalbumin
and of its individual components under the influence of high salt
concentrations on sorbent no. ND 07122 of Example 6.

Analytical chromatography of a protein test mixture containing conalbumin
and of its individual components under the influence of high salt
concentrations on sorbent no. ND 06386 of Example 6.

UV-Chromatograms of the semi-preparative isolation of conalbumin from a
mixture of further proteins on sorbents no. ND 07200 (a) and PRC 10014
(b) according to Example 7 (the dotted lines symbolise the course of the
applied pH gradients; sections | — VII: time windows of collected fractions).
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HPLC systems from Dionex (formerly Gynkotek) consist of a four channel
low-pressure gradient pump (LPG 580, LPG 680 or LPG 3400), auto sampler (Gina
50, ASI-100 or WPS-300), six-channel column switching valves (Besta), column
oven and a diode-array UV detector (UVD 170U, UVD 340S or VWD 3400).

All sorbents employed were based on the same porous spherical carrier of
sulphonated polystyrene-divinylbenzene copolymer (35 um mean particle diameter, 1000
A mean pore diameter) covered with a film of crosslinked polyvinylamine which is
derivatised in a randomly distributed fashion with residues as given in the respective
experimental description. The binuclear and mononuclear heteroaraomatic structures
employed as first and second residues are shown in the formula of Figure 7. Both five-
and six-membered heterocyclic rings containing one or two nitrogen atoms are
represented therein. For all chromatographic experiments the sorbents were used in
standard stainless steel HPLC columns of 33.5 x 4 mm actual bed size, if not stated
otherwise. Columns were packed by flow sedimentation of water-methanol (1:1)
suspensions under a pressure of 20 bar.

The following Table 1 lists the proteins that were employed in the various
experiments. The given choice spans a broad variety ranging from medium-sized
peptides to large multimeric protein complexes, with different functions such as catalysis,
transport, immune response, and signalling / regulation being represented, too.
Isoelectric point data were taken from the literature and were reproduced by isoelectric
focussing. Protein purities were additionally checked by gel permeation chromatography.
All other reagents used were of standard laboratory grade quality.
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Cont ai ni ng Residues for Neutral and Weakly Acidic Proteins 5 Experinental:
The three proteins henoglobin, conalbunmin., and catalase (frombovine [iver)
D. 0 mglcphaﬂtel n peIBakb(ssy&astonary 'phase (equal s 3 131 k[BE el ght
Delsyaizogenasiey,| were i njected| Sigma |9031-72-5
Catalase Bovine liver Sigma 9001-05-2 | 250 kDa 54
Catalase Murine liver Sigma 9001-05-2 | 250 kDa 6.7
t r;p-g:g;c:A Bovine pancreas Sigma 0035.75.0 26 kDa 95
Conalbumin Chicken egg white | Sigma 1391-06-6 | 77 kDa 6.7
Cytochrome C Bovine heart Sigma 9007436 | 12 kDa 10.5
Hemoglobin Human Sigma 9008-02-0 | 64 kDa 7.4
Hexokinase Bakers yeast Sigma 9001-51-8 | 54kDa | 45-5.0
Immunoglobulin G| Human plasma 144 kDa 6.4
(Gammanorm®) Octapharmal|89957-37-9
. Recombinant _ 6 kDa 53
Insulin human Bioton 9004-10-8
Lysozyme Chicken egg white Fluka 12650-88-3| 14 kDa 8.9
Pepsin Porﬂﬁic?:as e Sigma 9001-75-6 % k_Da 2.9
Proteinase K Tritirachium album| Sigma |[39450-01-6| 29 kDa 8.9
Pyruvate Kinase Rabbit muscle Sigma 9001-59-6 | 237 kDa 7.6

10

15

Table 1: List of poteins used in this study

Example 1:

Containing Residues in Different Ratios

Commercial polystyrene-divinylbenzene copolymer spherical resin beads (Rohm
& Haas Company: Amberchrom™) were first excessively sulphonated in concentrated
sulphuric acid, then commercial polyvinylamine-polyvinylformamide copolymer solution

Synthesis of Specific Sorbents Having indole and Imidazole

(BASF: Lupamin®) was adsorbed onto the porous beads and lightly chemically

crosslinked with a bis-epoxide. To this underivatised intermediate, which contained ca.
0.35 — 0.45 mmol/ml free amino groups and was pre-swollen in dimethyl formamide, in
situ-activated 3-indolylpropionic acid and 4-imidazolylacrylic acid were successively and
independently coupled to the amino groups via a standard solid phase amide coupling
protocol in a slight excess over the predetermined amount corresponding to the targeted

degrees of derivatisation. The sorbents were washed free of excessive reagents and
dried until constant weight was achieved. Degrees of derivatisation were determined
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Conal bumin 7.13 3 %95 % 2 % ND 08037 Catal ase 11.88 5 %82 % 13 % Table

7: Yi el dswefharoiasdsor pti on and stepw se desorption for phra®2010/004628
sorbent-protein conbinations at their r¥spective nmaxi mum | oadi ng capacities
5 Exanpl e 4: Determ nation of the Loading Capacity of |nmmunoglobulin G on a
Sorbent Having | ndol e and | m dazol e Contai ni ng Resi dues 10Experinental: A

sol uti Oq'a%ie %:0 dgr/u%sitliomgu&osgellgc gcli IeQer(r%pfalrg %rb%%?s Brre%%%erde ?actcj:zracy ca.+ 2 %; if
acetyl is present as third residue, the difference between the combined degrees of
substitution and 100 % usually equals the content of acetyl groups; if no third ligand is
5 present, the difference between the combined degrees of substitution and 100 % equals

the content of residual amino groups)

Example 2: Screening of a Collection of Sorbents of the Invention for Their
10 Binding Properties Towards Different Proteins

Experimental: Solutions of the pure proteins conalbumin, hemoglobin, catalase
(from murine liver) and pyruvate kinase, all having isoelectric points between 6 and 8, in
25 mM-phosphate buffer pH 7.4 were prepared in concentrations of ca. 15 — 18 mg/ml
15 (pyruvate kinase: 5 mg/ml). Analytical amounts of 30 pl (hemoglobin: 125 pl) of these
solutions were independently injected onto different HPLC columns containing the
sorbents which had been derivatised with one or more individual residues comprising
heteroaromatic structures in the respective degrees as listed in the tables below. A step
gradient was employed starting with a 25 mM phosphate buffer pH 7.4 binding step for
20 40 min at 0.25 ml/min, followed by a 50 mM acetate buffer pH 3.5 elution step for 20 min
at 0.5 mi/min and a final acidic purge with 1 M aqueous acetic acid (pH 2.25) for another
20 min at the same flow rate. Reconditioning with the binding buffer for 20 min at a flow
of 1 mI/min restored the original conditions of the sorbent for the following run. Yields of
eluted protein were determined independently for each elution step via integration of the
25 UV absorbance signal at 230 nm, 280 nm, or 500 nm wavelength. Total protein
recoveries were determined through quantitative comparison with additional bypass runs

(no column installed).

Results: The screening results are listed in Tables 3 - 6 (the sum of the absolute

30 vyields of all three elution steps thereby equals the total recovery) which allow the direct
comparison of different first and second residues as well as the effect of either missing
residue. While derivatisation with second residues only usually resulted in a diminished
binding capacity of the sorbent (higher breakthrough), derivatisation with first residues

only resulted in binding which often proved to be too strong for practical

35 (chromatographic) purposes. Reversible and reproducible binding can only be assured if
the target protein is recovered during a moderately acidic buffered elution step (here: pH

3.5). If, on the other hand, the target protein can only be released from the sorbent in a
strongly acidic purge step, it may suffer from denaturation, thus making the sorbent
useless for preparative purposes. Irreversible binding was sometimes also indicated by

40 low total recoveries which may imply that even the aqueous acid used in the purge step
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pur poses catal ase was sufficiently

resol ved woantnatdezpr ot ei ns during the applied gradi ent poirigpeosepabat i on

fromcytochrome C and pepsin was actual?y conpl ete.

Cat'al ase coul d thus be

detected in the sinmultaneous presence of both acidic 5 and basic proteins
with the hghgolef a|3I@idedle PfSudemic Nventgpp, Wign gogpali Mg %or pergq %o. [ND
070002 |wi t hod\B)06380,24 bppefonpsidal o evi dent that the qdditional
mononuc] ear heterogyclic su J{Q;Iai_ sgepy| present in[ND 070002 effecfs a genefral
| ncr easje—A—+eteptHrer—as—weHH—as—a—teduced—oevertap—ot—catalase—pnd
a- chym)lt rypedelegen|A peaks. |10 Sorbent N&.%a- Chynd00t%ypsi B8gen| A &hatal ase
Hexoki nlasécaN®508D3T 25.8 29[ 2 38.3 ND 070002 289 33.9 41.8 ND pP6380 24.[4
27.0 3243 [e 8] Retentipn tines [mn], T Thijee,pgot ¢ n [fhrge,
sor bent|s |g§i‘aﬁ el ¢tion gragient of Exan‘l&%’ 5 1% E1x-}a)1r4‘gl ¢ &%%ff actgbfnﬁ’ Added
Salt on[th f’entilon of Proteins on Different $orbentsiof the |nventio
-Quinoline - - 0% 100 % 0% 83 %
(ca. 40 %)
Indole - - 1% 13 % 86 % 69 %
(ca. 50 %)
Benzimidazole - - 0% 100 % 0% 72 %
(ca. 50 %)
Benzimidazole - - <1% 92 % 8 % 97 %
(ca. 50 %)
- Pyridine - 58 % 42 % 0% 61 %
(24 %)
- Imidazole - 29 % 1% 0% 89 %
(30 %)
- Imidazole - 0% 100 % 0% 59 %
(62 %)
- Pyridine Acetyl 91 % 9% 0% 103 %
(ca. 20 %) | (ca. 50 %)
+
Imidazole
(ca. 30 %)
- - - 42 % 5% 53 % 75 %
- - - 36 % 0% 64 % 91 %
- - Acetyl 100 % 0 % 0% 100 %
(ca. 100
%)
- - Succinic 100 % 0% 0% 95 %
Acid
(ca. 100
%)

Table 3: Phase screening with the target protein conalbumin
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sor bentjs—differs—f o A st Fe—tomgxchange—AsTa conseyuence, [proierms|may
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cont ai rli ng{(2ff ¥ copcé#t PatijonsAel pH-neutral salts. Confrariwisle, the sglt
concent|ration of the el uent|€an5®&)sed as an 1badditiohal pargmeter to
adj ust pro sel pctivity [ n separdtiong.pf nofe I &X ture rotjei n
Ret entifo dﬁ%& n] Salt H ution Yileld r}gakt hf oug Vi ¢l dmé)z; Elseust(?on
Yield A(‘I )np Total Recovery Cdnalbumn
Indole - - 0% 96 % 4% 73 %
(30 %)
Quinoline - - 58 % 41 % 1% 67 %
(ca. 40 %)
Indole - - 3% 90 % 7% 56 %
(ca. 50 %)
Benzimidazole - - <1% 99 % 1% 88 %
(ca. 50 %)
Benzimidazole - - 70 % 30 % 0% 74 %
(ca. 50 %)
Quinoline - Acetyl 100 % 0% 0% 82 %
(ca. 40 %) (ca. 60 %)
- Imidazole - 84 % 16 % 0% 83 %
(30 %)
- Imidazole - 81 % 19 % 0% 79 %
(62 %)
- - - 89 % 10 % 2% 91 %
- - - 85 % 2% 13 % 78 %
- - Acetyl 100 % 0% 0% 91 %




% -

10

68 % 68 % a- Chyno- trypsinogen A -

53 % - 43 % 96 % Cyt ochrone C -

88 % Hexokinase - 9 %- 47 %56 %
WO 2011/012302 03 PCT/EP2010/004628
(ca. 100
%)
Table 4: Phase screening with the target protein hemoglobin
First Residue | Second Third Yield Yield Yield Total
Structure Residue | Residue |Breakthrough| Elution | Purge | Recovery
Structure | Structure pH7.4 pH3.5 | pH 225
Benzimidazole | Imidazole - 2% 98 % n.d. 86 %
(13 %) (10 %)
Quinoline Imidazole - 3% 97 % n.d. 85 %
(19 %) (30 %)
Indole Imidazole - 4% 96 % n.d. 45 %
(25 %) (20 %)
Indole Imidazole - 4% 75 % n.d. 45 %
(26 %) (26 %)
Benzimidazole | Imidazole - 2% 98 % n.d. 82 %
(ca. 50 %) | (ca. 30 %)
Indole Imidazole Acetyl 6 % 94 % n.d. 90 %
(25 %) (21 %) (54 %)
Indole Imidazole | Succinic 72 % 28 % n.d. 86 %
(26 %) (24 %) Acid
(ca. 50 %)
Indole - - 29% 71 % n.d. 25%
(ca. 25 %)
Indole - - 27 % 73 % n.d. 27 %
(30 %)
- - - 63 % 37 % n.d. 49 %
- - Acetyl 100 % 0% n.d. 84 %
(ca. 100
%)

Table 5: Phase screening with the target protein catalase from murine liver (n.d. = not

determined)

88



Pepsin - 31%- - 31% 20 Table 9: Retention data with added salt on sorbent
no. ND 08236 (14 % 3- indolyl propionyl + 29 % 4-i m dazol yl acryl residues)
WO 2011/ O&3302RGI30EP2010/ 004628 100 Protein Retenti on Tipog/Hpoaojoodsas t

Elution Yield Breakthrough Yield Salt EMution Yield Acidic Purge Total
Recovery Conalbumn 25.1

First Residue | Second Third Yield Yield Yield Total
Structure Residue | Residue |Breakthrough| Elution | Purge | Recovery
Structure | Structure pH 7.4 pH 3.5 | pH 2.25
Benzimidazole | Imidazole - <1% 100 % n.d. 55 %
(13 %) (10 %)
Indole Imidazole - 0% 100 % 0% 61 %
(ca. 15 %) | (ca. 25 %)
Quinoline Imidazole - 0% 100 % n.d. 55 %
(19 %) (30 %)
Indole Imidazole - 0% 100 % n.d. 31%
(25 %) (20 %)
Indole Imidazole - 53 % 47 % 0% 13%
(ca. 25 %) |(ca.25 %)
Indole Imidazole - 0% 0% n.d. 0%
(26 %) (26 %)
Benzimidazole! Imidazole - 0% 100 % n.d. 44 %
(ca. 50 %) (ca. 30 %)
Indole Imidazole Acetyl 31 % 69 % n.d. 87 %
(25 %) (21 %) (54 %)
Indole Imidazole | Succinic 100 % 0% n.d. 58 %
(26 %) (24 %) Acid
(ca. 50 %)
Indole - - 0% 0% 0% 0%
(ca. 25 %)
Indole - - 0% 0% n.d. 0%
(30 %)
Quinoline - - 0% 100 % 0% 56 %
(ca. 40 %)
Benzimidazole - - 0% 0% 0% 0%
(ca. 50 %)
Benzimidazole - - 0% 100 % 0% 45 %
(ca. 50 %)
Quinoline - Acetyl 100 % 0% 0% 93 %
(ca. 40 %) (ca. 60 %)
- - - 100 % 0% n.d. 36 %
- - Acetyl 100 % 0% n.d. 1%
(ca. 100
%)

Table 6: Phase screening with the target protein pyruvate kinase (n.d. = not determined)
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Example 3: Determination of Loading Capacities of Sorbents Having Indole and
Imidazole Containing Residues for Neutral and Weakly Acidic Proteins

Experimental: The three proteins hemoglobin, conalbumin, and catalase (from
bovine liver) were each dissolved at a concentration of 32 mg/ml in 25 mM phosphate
buffer pH 7.4. Increasing volumes (15...250 pl) of these stock solutions corresponding to
absolute amounts of 0.5...8 mg protein, or loadings of 1.2...19.0 mg protein per ml
stationary phase (equals 0.2...3.6 % weight / weight), respectively, were injected
stepwise onto HPLC columns containing the sorbents which had been derivatised to
varying degrees with 3-indolylpropionyl and 4-imidazolylacryl residues as shown below.

ND 08240: 25 % 3-indolylpropionyl + 20 % 4-imidazolylacryl residues
ND 08236: 14 % 3-indolylpropionyl + 29 % 4-imidazolylacryl residues
ND 08037: 26 % 3-indolylpropionyl + 26 % 4-imidazolylacryl residues

A step gradient was employed starting with a 25 mM phosphate buffer pH 7.4
binding step for 40 min at 0.25 ml/min, followed by a 50 mM acetate buffer pH 3.5 elution
step for 20 min at 0.5 ml/min and a final acidic purge with 1 M aqueous acetic acid (pH
2.25) for another 20 min at the same flow rate. Yields of eluted protein were determined
independently for each step via integration of the UV absorbance signal at 280 nm or
450 nm wavelength. The total protein recoveries were checked through quantitative
comparison with additional bypass runs (no column installed).

Results: The elution behaviours of the three proteins at increased loadings on the
different sorbents are being summarised in Table 7. ND 08240: Breakthrough at pH 7.4
ranged from 4.3 % to 52 % over the measured range of 4.8 — 19.0 mg/ml load for the
neutral protein hemoglobin. The maximum loading capacity was determined to be 4.8
mg/ml. Higher loading led to a rapid rise of the breakthrough portion. The remainder of
the protein was eluted at pH 3.5 over the entire range of loading. ND 08236:
Breakthrough at pH 7.4 ranged from 0.32 % to 47 % over the measured range of 1.2 —
19.0 mg/ml load for the neutral protein conalbumin. The maximum loading capacity was
determined to be 7.13 mg/ml. Higher loading led to a rapid rise of the breakthrough
portion. The remainder of the protein was eluted at pH 3.5 over the entire range of
loading. ND 08037: Breakthrough at pH 7.4 ranged from 2.1 % to 10.4 % over the
measured range of 1.2 - 19 mg/ml load for the weakly acidic protein catalase. The
maximum loading capacity was determined to be 11.88 mg/ml. Higher loading led only to
a slow rise of the breakthrough portion; the remainder of the protein, however, was
divided among both acidic elution steps, with the portion at pH 2.25 decreasing from 56
% at 1.19 mg/ml load to 16 % at 19.0 mg/ml load.

88



- 32%- - 32% Table 10: Retention data with added salt on sorbent no. ND
07200 (19 % qui nol i ne-4- carbonyl + 30 % 4-i m dazol yl acryl residues)

Prot ei n RepeontiwpseZi me [mn] Salt Elution Yield Breakt hpougir20fiopbg26al t
Elution Yield Acidic Purge Total Recovety Conal bumin 30.6 - 56 % 32 % 88 %

Sorbent Protein Maximum Yield Yield Yield
No. Load Breakthrough Elution Purge
[mg/ml] pH 7.4 pH 3.5 pH 2.25

ND 08240 | Hemoglobin 475 4% 92 % 2%

ND 08236 | Conalbumin 713 3% 95 % 2%

ND 08037 Catalase 11.88 5% 82 % 13 %

Table 7. Yields after adsorption and stepwise desorption for three sorbent-protein
combinations at their respective maximum loading capacities

5
Example 4: Determination of the Loading Capacity of Immunoglobulin G on a Sorbent
Having Indole and Imidazole Containing Residues
10 Experimental: A solution of 10 mg/ml immunoglobulin G (IgG) was prepared by

diluting 303 pl commercial Gammanorm® pharmaceutical product with 100 mM
phosphate buffer pH 7.4 in a 5 ml volumetric flask. 842 pl of this stock solution
corresponding to an absolute amount of 8.58 mg IgG, or a loading of 20.4 mg 1gG per ml
stationary phase, were injected onto a HPLC column containing sorbent no. ND 10003

15 which had previously been equilibrated with ca. 70 column volumes of 100 mM
phosphate buffer pH 7.4. This sorbent had been derivatised with 22 % 3-indolylpropionyl
and 30 % 4-imidazolylacryl residues. During injection, a 100 mM phosphate binding
buffer pH 7.4 was applied at a flow rate of 0.1 mI/min which was maintained for 90 min,
followed by a stepwise change to 100 mM acetate buffer pH 4.3 + 50 mM sodium

20 chloride elution buffer for 20 min at 0.5 ml/min, an acidic purge pH 2.6 with 0.5 M
aqueous acetic acid for another 20 min at the same flow, an intermediate dilution with
100 mM phosphate buffer pH 7.4 for 10 min at 1 ml/min, and a final cleaning with 1 M
aqueous sodium hydroxide solution for 12 min at the same flow. A corresponding
chromatogram is shown in Figure 8. Three fractions resembling the eluents of different

25 pH (pH 7.4, pH 4.3, pH 2.6) were collected and analysed off-line for their IgG contents
photometrically at 280 nm. For assessment of the 100% reference value, a bypass run
was performed with the column being replaced by a piece of empty tubing but under
otherwise identical conditions.

30 Results: 1gG could be found in all fractions, with the majority being reversibly
bound at pH 7.4 and desorbed at pH 4.3. The yields of IgG in the three analysable
fractions were measured as 9 % (breakthrough pH 7.4), 81 % (elution pH 4.3), and 12 %
(purge pH 2.6). Total protein recovery over all three fractions therefore amounted to a
sum of ca. 102 %. The reversible loading capacity (pH 4.3 fraction) of sorbent no. ND
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10003 could thus be determined as 16.5 mg IgG per ml stationary phase, the total

loading capacity (injected amount less pH 7.4 breakthrough) as 18.5 mg 1gG per mi

stationary phase. Since the sorbent was repeatedly used under the same experimental

protocol, the stability of the sorbent against cleaning / sanitisation with 1 M NaOH is also
5 notable.

Example 5: Analytical Separation of Catalase on Different Sorbents of the
Invention

10
Experimental: A mixture of the five proteins catalase (from bovine liver),
hexokinase, pepsin, cytochrome C, and a-chymotrypsinogen A (each in an amount of
0.48 mg dissolved in 25 mM phosphate buffer pH 7.4) was injected onto different HPLC
columns containing the sorbents which had been derivatised with first and / or second
15 residues as listed below.

ND 08037: 26 % 3-indolylpropionyl + 26 % 4-imidazolylacryl residues
ND 070002: 50 % benzimidazole-5-carbonyl + 30 % 4-imidazolylacryl residues
ND 06380: 32 % benzimidazole-5-carbonyl residues
20
The eluent was applied as a gradient starting from 25 mM phosphate buffer pH
7.4 for 10 min at 0.25 ml/min, followed by a first linear pH change to 0.1 M aqueous
acetic acid (pH 2.86) within 50 min at 0.5 ml/min and a second linear pH change to 1 M
aqueous acetic acid (pH 2.25) within an additional 50 min at the same flow which level
25 was finally held for 20 min. The eluate composition was monitored at absorbance
wavelengths of 225 nm, 280 nm, and 290 nm. For comparison, each single protein was
injected also as a pure solution. Chromatographic runs on the different sorbents are
depicted in Figures 9 - 11.

30 Results: The chromatogram of the mixture matches the superposition of the
single protein runs. Elution of the full injected amount of the targeted protein catalase
was retarded on all three sorbents. As expected, the acidic proteins hexokinase and
pepsin were also electrostatically bound to the sorbent but with low capacities (5 — 25 %
breakthrough for hexokinase; 35 — 50 % breakthrough for pepsin). The consistently low

35 overall recoveries of pepsin suggest that the bound fraction of this protein cannot be
released from the sorbent again even at the lowest pH values applied. Among the basic
proteins, cytochrome C was entirely found in the breakthrough fraction whereas of a-
chymotrypsinogen A about 25 — 35 % were breaking through and the remainder was
retained. The relative order of elution along the pH-gradient was in all cases found as (1)

40 a-chymotrypsinogen A — (2) catalase — (3) hexokinase with peak-to-peak differences



33% Table 11: Retention data with added salt on sorbent no.
residues) Protein Retention Tine [m n]
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ranging between 3 and 9 min. Although the eluted peaks were always overlapping, for
qualitative analytical purposes catalase was sufficiently resolved from both proteins
during the applied gradient while separation from cytochrome C and pepsin was actually
complete. Catalase could thus be detected in the simultaneous presence of both acidic
and basic proteins with the help of a sorbent of the invention. When comparing sorbent
no. ND 070002 with ND 06380, it becomes also evident that the additional mononuclear
heterocyclic substituent present in ND 070002 effects a general increase in retention as
well as a reduced overlap of catalase and a-chymotrypsinogen A peaks.

Sorbent
No.

a-Chymo-
trypsinogen A

Catalase

Hexokinase

ND 08037

258

29.2

38.3

ND 070002

28.9

33.9

41.8

ND 06380

244

27.0

32.3

Table 8: Retention times [min] of three proteins on three sorbents in the elution gradient
of Example 5

Example 6: Effect of Added Salt on the Retention of Proteins on Different
Sorbents of the Invention

Experimental: A mixture of the five proteins conalbumin, hexokinase, pepsin,
cytochrome C, and a-chymotrypsinogen A (each in an amount of 0.48 mg dissolved in 25
mM phosphate buffer pH 7.4) was injected onto different HPLC columns containing the
sorbents which had been derivatised with residues as indicated in the corresponding
tables below. The eluent was applied as a gradient starting from 25 mM phosphate buffer
pH 7.4 for 10 min at 0.25 ml/min, followed by a linear salt increase from 0 to 1 M sodium
chloride at constant pH within 50 min at 0.5 mU/min which level was then held for 20 min
at constant flow. A final purging step with 1 M aqueous acetic acid for 10 min at 0.5
ml/min concluded the elution sequence. The eluate composition was monitored at
absorbance wavelengths of 225 nm, 280 nm, and 290 nm. Given yields were based on
these signals after integration. Protein recoveries were calculated here by summing up
the yields of each elution step. For comparison, each protein was injected also as a pure
solution (see Figures 12 - 15).

Results: The retention data of all five proteins are listed in Tables 9 - 12.
Sorbents no. ND 08236 and ND 06386 did neither show any notable influence on the
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Protein Retention Yield Yield Yield Total
Time [min] |Breakthrough| Salt Elution Acidic Recovery
Salt Elution Purge
Conalbumin - - - 78 % 78 %
a-Chymo- 10.5 61 % 1% 28 % 100 %
trypsinogen
A
Cytochrome - 78 % - - 78 %




separated on sorbent no. ND 06386 (retention tines of 35.1 and 35.7 mn) if
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Example 7: Semi-Preparative Separation of Conalbumin from a Mixture of
Proteins on Sorbents Having Imidazole and either Indole or Quinoline Containing
Residues
10 Experimental: A mixture of the five proteins conalbumin, hexokinase, pepsin,

cytochrome C, and a-chymotrypsinogen A (each-in an amount of 0.48 mg dissolved in 25
mM phosphate buffer pH 7.4) was injected onto two different HPLC columns containing
sorbent no. ND 07200 (33.5 x 4 mm) or PRC 10014 (250 x 4 mm; 0.96 mg loaded). The
sorbents had either been derivatised with 19 % quinoline-4-carbonyl and 30 % 4-
15 imidazolylacryl residues (ND 07200) or with 22 % 3-indolylpropionyl and 28 % 4-
imidazolylacryl residues (PRC 10014). The eluent was applied as a gradient starting from
25 mM phosphate buffer pH 7.4 for 10 min (PRC 10014: 40 min) at 0.25 ml/min, followed
by a linear buffer change to 50 mM acetate buffer pH 3.5 within 50 min at 0.5 ml/min
which level was finally held for 20 min (PRC 10014: 50 min) at constant flow rate. The
20 eluate composition was monitored at an absorbance wavelength of 225 nm (Figures 16 a
/ b) and collected in seven fractions. After concentration to a volume of 0.2 ml through
centrifugal membrane filtration the protein content of each fraction was qualitatively
analysed by SDS-PAGE (exemplarily shown in Figure 17 corresponding to the
fractionation on ND 07200). For purposes of comparison, analytical runs of all five
25 individual proteins on sorbent no. ND 07200 are depicted in Figure 18.

Results: ND 07200: Fraction IV (31:30 — 40:00 min; 4.25 ml) contained the
majority of conalbumin together with some residual a-chymotrypsinogen A but not
contaminated by any further protein. Cytochrome C was found in fraction |, a-

30 chymotrypsinogen A in fractions Il and lll, and hexokinase in fractions V and VI. Minor
amounts of conalbumin were also detected in fractions Il, lll, and V. Although still
incomplete, the purification ability of the chosen combination of stationary and mobile
phases was acceptable when considering the short column dimension and coarse
fractionation. PRC 10014: Fraction V (98:00 — 109:00 min; 5.50 ml) contained the

35 majority of conalbumin together with residual a-chymotrypsinogen A and hexokinase
from which it had been partly separated. Cytochrome C was found in fraction |, a-
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chymotrypsinogen A in fractions IV and VI, and hexokinase in fractions V - VII. Minor
amounts of conalbumin were also detected in fractions IV and VI.

Example 8. Analytical and Semi-Preparative Separation of Hemoglobin from a

Mixture of Proteins on a Sorbent Having Benzimidazole and Imidazole Containing

Residues

Experimental: A mixture of the five proteins hemoglobin, hexokinase, pepsin,
cytochrome C, and a-chymotrypsinogen A (each in an amount of 0.48 mg dissolved in 25
mM phosphate buffer pH 7.4) was injected onto a HPLC column containing sorbent no.
ND 07003 which had been derivatised with 13 % benzimidazolyl-2-thioacetyl and 10 %
4-imidazolylacryl residues. The eluent was applied as a gradient starting from 25 mM
phosphate buffer pH 7.4 for 10 min at 0.25 ml/min, followed by a linear buffer change to
50 mM acetate buffer pH 3.5 within 50 min at 0.5 ml/min which level was finally held for
20 min at constant flow rate. The eluate composition was monitored at absorbance
wavelengths of 225 nm (Figure 19), 280 nm, 290 nm, and 500 nm and collected in seven
fractions. After concentration to a volume of 0.2 ml through centrifugal membrane
filtration the protein content of each fraction was qualitatively analysed by SDS-PAGE
(Figure 20). For purposes of comparison, parallel analytical runs of all five individual
proteins (hemoglobin: 1.92 mg injected amount) on sorbent no. ND 07003 are plotted in
Figure 21 together with the measured pH values of collected eluent at the end of the
column. Analytical runs on the analogous reference sorbent no. ND 06386, which was
lacking the imidazolylacryl residue, are added in Figure 22.

Results: Some key data of this experiment are summarised in Table 13. The
overlay of the analytical chromatograms obtained with sorbent no. ND 07003
demonstrate a reasonably good separation efficiency of the stationary phase.
Hemoglobin could thus be detected in the simultaneous presence of both acidic and
basic proteins with a minimum retention time difference of 7.5 min and recovered with
100 % (reference sorbent ND 06386: 86 %). Furthermore, the chromatogram of the
mixture matches the superposition of the single protein runs. As expected, the acidic
proteins hexokinase and pepsin were also electrostatically bound to the sorbent but with
low capacities (i.e., partial breakthrough). Most difficult problem to be solved turned out
to be the separation of hemoglobin from hexokinase due to the broad elution behaviour
of the latter. The consistently low overall recoveries of pepsin suggest that the bound
fraction of this protein cannot be released from the sorbent again even at the lowest pH
values applied. In contrast, o-chymotrypsinogen A and hemoglobin could not be
separated on sorbent no. ND 06386 (retention times of 35.1 and 35.7 min) if the same
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20 3. Sorbent of claim 1 or 2, wherein the mononuclear heteroaromatic structure is
a pyrrole structure, including all possible aza-pyrrole, oxa-pyrrole, and thia-
pyrrole structures such as 3-azapyrrole (imidazole).

4, Sorbent of any one of the preceding claims, wherein the first and / or second
25 residue comprise(s) a covalent, conformationally flexible linker of a length of
from 1 to 20 atoms.

5. Sorbent of any one of the preceding claims, wherein the surface of the solid
support material additionally comprises a third residue and optionally a fourth

30 residue.
6. Sorbent of claim 5, wherein the third residue comprises an amine or amide

structure or a primary amine structure.

35 7. Sorbent of claim 6, wherein the first, second, and third residue are present in
a molar ratio of about 1 : 1: 2.

8. Sorbent of any one of the preceding claims, wherein the surface of the solid
support material is covered with a film of a polymer comprising a first and a



10

15

20

25

30

35

WO 2011/012302 PCT/EP2010/004628

10.

11.

12.

13.

105

second functional group, which may be the same or which may be different
from each other, which in turn carry said first and second, and optionally a
third and a fourth residue.

Sorbent of claim 8, wherein the polymer comprises or consists of individual
chains which are covalently crosslinked with each other, but which are not
covalently bound to the surface of the carrier.

Sorbent of claim 8 or 9, wherein the polymer is a polyamine, or a polyvinyl
amine, or a copolymer or polymer blend comprising a polyamine.

Sorbent of any one of claims 8 to 10, wherein a first portion of said functional
groups of the film of a polymer is crosslinked with at least one crosslinking
reagent, and wherein a second portion of said functional groups of the
crosslinked polymer are bound to said first and second, and optional further
residues.

Method for preparing a sorbent as claimed in claim 11, comprising:

(i) providing a polymer having a first and a second functional group;

(i) adsorbing a film of said polymer onto the surface of a carrier;

(iii)  crosslinking a first portion of said functional groups of the adsorbed
polymer with at least one crosslinking reagent;

(iv) binding a second portion of said functional groups of the crosslinked
polymer with said first, second, and optional further residues.

Method of separating, or increasing the concentration and / or purity of a
protein or peptide from a mixture containing said protein or peptide,
comprising:

() contacting said mixture being dissolved or suspended in a first liquid
with a sorbent as claimed in any one of claims 1 to 11 or with a sorbent
prepared according to claim 12 for a period of time sufficient to enable
said protein or peptide to become bound to said sorbent;

(i) optionally rinsing said sorbent with a second liquid;

(iii)  contacting said sorbent with said bound protein or peptide with a third
liquid for a period of time sufficient to enable said protein or peptide to
become released from said sorbent;

(iv) optionally washing and / or regenerating the sorbent with a fourth and /
or fifth liquid.
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Method of claim 13, wherein the pH of the first and optionally the second liquid is
close to the isoelectric point pl of said protein or peptide.

Method of claim 13 or 14, wherein the pH of the first liquid is in the range of
from 5.5 to 8.5 and the pH of the third liquid is in the range of from 3 to 6.5.

Method of any one of claims 13 to 15, wherein said protein or peptide has an
isoelectric point p! of from 5.5 to 8.5 and a molecular weight of from 100 to
500,000 Da.



