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Case PO1-2079-PCT Method for the optim zation of
ﬁ%{%’ @gra hic purification processes for biologica
e invention relates to a nethod which

~allows the devel opnent and optinisation of

chr omat ogr aphi ¢ purificationiprocesses for

bi onol ecul es whi.ch can be carried out on a | arge

scal e. ioBackground to the Invention Bionolecul es

such as proteins, polynucleotides, polysaccharides

and the |ike have increasingly been gaining

comerci al significance as nedi canents, as diagnostic
dbethiod fontheoipliimization of chirosddeafaphic patiticafion pravedses for

appl i cati one.  The neddoRCATINERHBR0l cou s cannot

generally be satisfied by isolating t he nol ecul es

om n ura sources - case of proteins -
B B Blerotel & BegiodiEion ellabe i e s ot gRtmisation
SRS oI ITREHEO bREE SRS 1BF @i@#@téc%swmm @érﬁbé‘ 8arried
typically begins with 1solating the 20 DNA wh
@Hdﬁbﬁkﬁgeﬁﬁgede5|red protein and cloning it |nto a
sui tabl e expression vector. After transfection of the
expreSS|on vector into suitable prokaryotic or

G 0 fex rvegtidmn cel | s and subsequent sel ection
of transfected cells the latter are cultivated in
fermenters and the desired protein is expressed. Then
Bbmataiul!@ Qschtaseprotding) pelynacipetidest palysachafisvarst tad like

n rot n cont.ai ned therein 25wor ke
B hDEaBingly Hes CURS e el ar A IR AeasipATherte, £ di-
8Y¥ds88Bgents Cas W@ AvatSioP odBIIe] datBrgefls! arfethb Wke Sasse€arch
as CHO or NSO cells, in the last 1 ears a one
Wﬁ@?@cﬁ"ﬁ&%ﬂ"ﬁﬂﬁ pihes @pRicatigaen T Ag ﬁ@@iﬁ&ﬂ spgh piggnolecules can-
{#é‘e?n@H %%hgif;e& ?f shg% %@cﬁlee féeﬂm ﬁﬁ‘tu?zﬂ%o&%e@ee g.in

tures or cel
@@p@ﬁﬁ@f amt@m? A btzh@qe;(p tlesgseont tswt@wn@malmedwam methods.
period the binding capacity of chromatography
mat erials which are used during the subsequent
P bioterhhoiogicaf prtokiecmnmd}fqimi@msagploaﬂyybdgamwm dolwina the

PR gl sodie for e e e SRR AT O Baibf §g A b plgosion

m&cﬁmlwk@&sfe@%ﬁ bEthbaixbiesBicatveics intyaLitdbie @fbkbﬁyotlc or eu-
carried out on a large industrial scale. In

@W%'%?ﬁ%?%%’é%“s@dl Sub§98¥ﬁrﬁ§eﬁﬁﬁm@ﬁﬁ§an§£@é&%§eils The latter
HRALRVARAL 1 foffndhtels RS el e ABAR H Sproddaaadiibh iiceli
to the product yield the renoval Impurities is
oll the colturedtssipaméitary arﬁb@waiﬁfé@ﬁd/th@i pEteinconnashifersdn is
€ ocess-dependent inpurities and
%é%l é?”%%@ﬁﬂggﬁt inpurities. The process-dependent
impurities contain conmponents of the host cells such

BB RaS b AR ST R BRrBns n LR e
edtunds $$oncds 8ECE@I SO @éll:ﬂ@i tellgst ﬁrye@r@g e@eaphyred-fold in-
es are noil e

FaRa iR DB BHICHDULEE CRTATLENPR oF IGIepH B aratpasytion can

E@ 88RelRChUHe cém @ﬁ k@Bedr f:é!{ GETEEY §l§be@§at§ﬁ@(§ﬁ 'tﬁeoé)gxé‘é&bn
hydr ol yti ¢ breakdown products, but al so nod

y
$lep O VSF BLsasae p@mféi&ﬁwtﬁn@nwa%%% shiogiatogiaeby matenals
R R S e T R e A
polvedby @ fasidr ahgr Egatresreatoe theée in ypwgent pegtd 1 irgproved,
used to denote all other materials of a chemcal,

bi ochem cal or m crobiol ogi cal nature which do not
directly belong to the manufacturing process.

Exanpl es of contam nants include viruses which may
undesirably occur in cell cultures. 20l npurities and
contam nants lead to safety concerns in the case of

bi opharma- ceutical & These are intensified if, as is
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15 In addition to filtration and precipitation steps,

(col um) “chromat ogr aphi ¢ net hods are of central

i nportance. Thus, the capt urbng frequently includes a
step of purification by affinity chromatography.

Accordi ngly, there are nunmerous known col um

chr omat ogr aphi ¢ net hods and chromat ography naterials

whi ch can be used 20 with them Wth an increasing
nuhirbi@ed ofirifiletier pradesess foeboma@its parfisnlsdy proikins, which can
Bé%grlr Q)% Xnéé%@;%ﬁv@@f@gg%*ge- carried out, however,

nor timum materials and

.rrethods internms of the purification effects, yield,

Eik’?‘l ggl ca% activit time, costs, etc. %SV\he
S5FPSA %P%ﬁwa&évﬁ*%f% |SH§h gs B[F?t?‘f‘?éié? 88 Trdeaeantsieg.
fResApakis anft R, additidh RGhE PR U yiBRShE QePBvaiaif |1r9ﬁz9ﬂaes is

very individually to the biochem cal and bi ophysi cal
plsp pépeisteading imperipage i A disincling eanbedteydeetyaen prasgss-
U450, AL S LRCREL AR ol OTH i dependen

lmmwztlaaboma@ oobtpgingats. of The hbstaleligisuet as panteinagnd nucleic ac-
to. be

=B Bne R NE et O G ES SFRE [P0 € B the work
iﬂngIpl{fa&cmés smsirammdlomr@ﬁdlegratmylngah@é)e F&ﬁ@hct-dependent

concentrate the tar Iec I eci f
FROERS PEunalaevion oty ot theprefict sithsifaring praue igs e These

iﬁbl%ﬁg %hoﬁéﬂédasﬁnbgaém@ ghécwgo)/s and hpcur@ﬁ,ﬂs%nréak@own progucts,
affinity for |nd|ng partners are exploited. For each
u

hadlsomgdifiedfarasnredusasddorseamplebydeaminationrincorpgealycosy-
f
BROACH] \ﬁ'ro%i&ging%d' efsbﬁ’nlth'nd%'lﬁidbgg nﬁg‘ggl ptrc?ég.gct o%ﬁgﬁ@érﬁ Yariants also -

steps (e. ange
ioolgé @atyn@ms and aganetietest dihedatracootaminarie |qoms&ﬁ9tssieha’sa all

. it i ibl.e th
e R o S PP ehdmisB A BB Tl el G o ot
di imnge belbeg as tieavedufandeing heceseVEongie s bb ocntamirfintd helude
' of theoretically conceivable

same tine, the nunb

SES AT BYY HROGHHEBR oLt D Gel QR | at ed by the

nunber of paraneters |listed above. In colum

chromat ography, for exanple, the arrangerrent of the
Hes 8eF spHgMinasys leaditn satshneanserssindhepaseot hipgharma-

cfé%kllz'é‘iﬁ ‘Tﬁé@é’ éu%l inténBfiel, ad fbev bﬁe??ﬂaﬁ EYe |ﬂ§3¢oﬁrﬁﬁnaceuta-

nature io of th evarlouseua S use
i tties thesanstia prefeins mrevadminisiareg nyinjdetior of influsiamdirectly into

SR TR, B BB Bl BR Y 3501 TRkt or
inmhunupaﬁhi@m effectphyn pdaitiers smparides magakbriead teaadesirable

r easonabl g, cost, and aso ble tine frame., On
P BRI oS e B bR o o AR ek e 5 UrideSTable
el esborisel Hliag patisht bthé esapsitichgRst, tp'@@sﬁ@&d tASbOiInt of

se as few different buffers as possible and

lesrifireRieping EaphYlacimfintks TOer oo et 1 5 BRPS éqr salﬁabie purift-

@EAR fﬁ%dé%é’s%‘)’rr@h@ IoF Wnfoh ditddReRaki8 %UMQHaHegéo@i be depleted

product-containing fractions as snmall as -possible an

tp l9e inggeiNieapt favel.m se the processing tinmes and al so

the vol unes of waste water) demand such optim sation
for each individual step of the process. 20

@o theeotheomadld, geotdie gepeblisemnnst lw;gnom;hadh@yase of biophar-

TARRERLY This (B PO ceh o S B R hePhg SRS et ot ieor-

aodiek ithie aaompntic viabiityoof thb éidphatrahcandabsoauctahig prc@ilueed In

_ and endi ng .these trials as soon as a basically

“functiani ng" process can.be found. Thus there is
virtually no or only 25very limted systematic
optimsation of all the essential paraneters of a
process, possibly froma nunber of points of view,
e.g. wth respect to the depletion of inpurities,
hi gh product yields with sinmultaneously small | osses
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15Therefore, there is still an urgent need for

processes by which colum chroma- tographic nethods

of purification of bionolecules can be established

and optim sed quickly and cheaply, while these

processes must also deliver satisfactory results

under the conditions of |arge scale industrial

production and purification of the bionolecule. The

afdition, thadmieacalawibin weich @ vepifealioie brogegs ereks established
r.ofl sol.yve

ﬁgﬁ%@gtm}gg?rﬁ erglg §B% ﬁEQ t? %f@lgﬂc\f{l%h '?he’ &’Jsﬁs g}?eé(row% aiieveiop

et enviss be irovind edthaheptduidicaf arfd um;mdmlamm of the drug.

neters for ch cesses
TBRS A Bihde el REBrdhiRLn e PLERETEERH s cag only beain
seHNERIcPE qestitbs bf Bld MBphAMAEUNEGI oVASIYidH paRE are avail-
elution steps are carried out on a snmall scale, with
¢8le ati on of individual paraneters, and fromthe
results of these tests conclusions are drawn as to
30o0pti mum paraneters, characterised in that the
4 éq L@Wmtae@ﬁmIpuremr@tsuc@nsmtl!hmvfgfpngbaamstﬁpﬁ greysgive as a
{

%ﬂéﬁ&) f8P§ \Je“f'oso(fr\?é {Aﬁ% Fon o&{é@ g@g%ne%@ibgﬁgg@ﬁ%cgn be

cdamrletfm:ogn apdmermialer lraih)a flrsﬂm;eihm tatgel pastdin ishieolated, concen-

| ses. endi ng, t.he chromato
e s SRR, S B B Ao AT S R e e i
e Bilg RePSH@Iicaiont ub%aﬁwdomtw@hamhye ety of thehmpuntaes such
particul ar, the disclosure provides a netho

P? REFSE agifs, aihes PBﬁ?‘Hﬁé‘(‘@ EOIPKINSIS ﬁ‘ﬁ?iﬁtﬁdadﬂ rtfae final step-any
F&rﬁ&sﬁﬁ%Q%cfeﬁ’ bf ﬁﬁ&ﬁf@& lGRE cBRtaRYRARY 'aFkgeEPhs%t%g' (&Rlishing™.

nmol ecul’es, in which a sequence of equil |brat|on

char gi ng, washing and el ution steps is conpleted in a

Q%cﬁdéﬁir} i%ﬁ Itg |oﬂ%n%%e&z§a$t%ré§% %?mm J:If}?}ﬁ%torgf;raph;c methods.

eread)ﬂ ceswral ieypodagee, WE bims, dha eiaptbemg {refjuemdly ofciudes a step of purifi-

BT S ER Dol iy, ARG MRrere gl fnayh col-

Gﬂm‘ilﬁfromfatobﬁﬁﬂw&: @Bthdds eimdtdheorneegtdphy ofatbies @./hi(ﬁﬁd@z be used
can be drawn as to the optinum conditi

|
Bgvgra%%]'ﬁ‘ FhECERSER BBP T |akiefﬂaéi&£%§“%faﬂ{eﬁ*@r nuMBers of
ﬁﬂﬂlhin%’ry%is hg\b@toq% EARieq dut PRl OSoliBE® diﬁér@ﬁlﬁé Redopti-

can ppIJe to chromat ogr aphi ¢ net hods,

i D‘tﬁi@flﬂ“’r ?ﬂfbmeuhﬂﬁisdh ey @ e pHiificatien Rbeeds, Yigit chiological
n a larger scale. By the phrase

%%t%;? 'thé S%%Frcgt hod" is meant that in one or nore

of the speC|f|ed 5steps - but not all the steps - the

BT e o Rt 8E Bme
afind tret o lmas Rbe mtlapéwvmﬁm ma:l.la!tﬁl& eise Dtbmmaammﬂbtdphys;caf

BiRPGHRS Cap RGP ICHg GSIG Heien e e o e dproet pro-

ﬁé%cftbtdoota th@c&ﬁdzﬁfhs%ﬂﬂérthl&?ﬂﬁﬁé@’@ioéz@at%tﬁ@aﬁ@ﬁia'{@%i 92k ob-
wi t hout causi ng suspensi on of

bed nd
B, ca O OEEah RN Tt BHIaT AU e bIgial R to be
ARl ?émergl!!gf &Srishds bRy v@m;ﬁe)p r)ﬁﬁt%vdftsﬁbstances In order to

centrifugation, the applicati'on o pressur

 igokait end concetriﬁ"@td ’ﬁﬂeéarg&é solefivia itScSDEhl‘éc dt@@ﬁtﬁﬁﬁu@ﬁuas shape,

838 QLQY @Qb%‘blg %H!afg{)l d¥uksel @(ﬂrogﬁ%b:rﬁtg a‘ﬁ'dfbg?édgz% f%ba?ﬁ’rﬁty for

nentione carry
betihgdlarsecharehadpiaiedi iepr talaeh h&etamgt mglestiep antieven for the

" chromat ography material is suspended but during the

elution step (or steps, in the event of severa

el ution steps) suspension of the chromatography
material is avoided and instead the eluant sol ution
is noved in directed manner through the deposited ge
bed. 20If optinmum chargi ng, washi ng and/or elution
conditions for the particular chroma- tography
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30t ographic nethods, i.e. in a manner that can be
scaled up to industrial quantities. In other words,
the partial batch nmethod caryied out on a mniature
scal e can be used as a "nodel” for colum

chr omat ogr aphi ¢ net hods. The mi ni aturisation allows
substantially cheaper and faster operation conpared

wi th conventi onal Opt i msation pr ocesses.

ga@ettar@ﬁt mgiaseledvifiy? varialiopriansecl dhepssering ﬁtepSt(% a
,Hfthée&npsﬁ. rf)é\‘ttEQ% !ti?éfbrpﬁwfeﬁﬂﬁfo‘? r%ﬁtdisﬁpj,%@ﬁmc—
ers 1 n para euseo Sul t e sanpl e

eamhass t@em@n@siu@kimﬁedmﬂ it is-posisiblé that dre pdshpessible eesults from

g?épge%ﬂ\%)rpé) l q%ﬁ,}j@ “Bgﬁ ]%f(qr}ﬁur l,!ptglarC%hﬁ%gémdgli'rtgﬁé{eg]?c‘éonggpns,

be vari ed S|nultaneously The result is that a large

unt of data are obtained from which ossi b) e
R Pisctasaring. VR a-GuRt AR ERIRSIsaG G osvkp bl rAt GRS 1
BroRaks Isﬁ&ﬂtéﬁha@é@ﬁ@ih@%ﬂn%ér%f *aaréméﬂefd IRehd £vieMis 86lumn
Si mul taneously in respect of the critica
phriomAsewPBY, AT @PMmniR.She grraﬂ@@agat ¢fthe phremegiogiapiy step in the
%ons QgéRﬁﬂﬁéWﬁe@&gﬁﬂHh&@nhpﬂﬁg?ﬂyﬂ@%%t%B entandthena&we

tutes sérious pr progress et me

_ obﬁem&ms&ébeni rifend used, tab protgiarcanetrdradion shen charging the

B RRRART o ERRIER halb BT SR TioRtg T B TRy m-

possitpl e tigvaigp bh aptindedlceturamdh dmerlimegrabispprtoo%dien an indus-

ity and ecaonom c viability of roduc
a7 b1l ob s te St and i aektertbaie MG e oo e other hand
PRSEdonBhii®asiitytdhe OBq@pmEhDreldeh p¥dirictioh ‘{JSWJCh as the need
dlagrankylllustratln a partial batch nethod

differenphivifars @ sy jer b ineamalasiomssidin agpunts or
t -
LBk YR B e SR 68 L0 St o rocuc
conening ngctiond ansmad elsuyroiseiblg and ﬂwmﬁdeto vigsigassthe processing

n i.ni [ in.s I ti 2] s
% 2l SR EbEE-3 e RRee Sl R By TR Ehton for ecch
maltvittisabep(d Xhe piocess.i tre plates with equilibration,
washi ng and eluting buffers (4), mcrotitre filter
plate (5) and a supply of pipette 25tips (6). Fig. 3
ShaVEntioRaly, AMb pfmému@gpﬂsr@a@ihécsbsatsu@e@gwematﬁng a fimited
described in Exanple 3, the 8 figures Fig

3 .
PG DEBOTISPRSE RRJAMRIETS gsmpf%oﬂfasg svﬁierﬁaﬂq@ygef@&% grelimi-
xg%éas%gft sf'ﬁatargdﬂé&mbﬂaé.g@%&gﬁ me§e\€rﬂ:\{$ 8s tsssn 4sa
ures he results of
aasw@iy furwhorsrog eRIPCegs' cal mfaurm fThusdpergtis virtually no oronly
G&S’ﬁﬁ‘ %5@{%%;@%@% s?dta%n of & 1Re égsgé?\'i@&?argﬁngf&é H} 8 PRocess,

rotein used per cavil
possitbia froorgh sumibeebiuadisis af Rieth e @.heitrgiespedtie the depiletion of im-

hrou Shl ste
vteR hiebiRspEl o bl SRSl e e oL higfiab oty
@lﬁ@fr%l Iike! Feoysdsed e@;tabkugahecpmmhrzs way arssétisBgudiithyamerally
each group of four bars shown in the diagramthe
lesatNATHE8R! bars indicate the results at different pH
and salt concentrations indicated in the caption.
Fig. 4 shows by conparison the elution profile,

Bleraphely. aitemispiee deen pradg te @BW&M@’@@PHW%’OHS us-
r I

P e il Bh g A By S e B e ol TRl bBut +
mibf cloomaérrapity atdrial)a Hovaven i wasidunid-thed dnly & llitded num-
pl ates under correspondi ng conditions 10(bars). Fig.

5 graphically shows the results of the experinents
described in Exanple 5, Fig. 5.1 to Fig. 5.4 show ng
the results of the screenings wth 4 different

chromat ography materials. The percentage proportions

of the to- 15 tal anmount of protein used per cavity

in the run-throughs or eluates in the charging step
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native enbodi mrents of the invention the

chromat ography material is suspended or not suspended
in the washing step or washing steps. In all these
enbodi nents, the partial batc¢h nethod is used, which
consists in carrying out part of the process - at

| east the charging step - with suspension of the
chromat ography ma- 5terial (i.e. by a batch process)

}NII;!%F' ‘%i pi@nﬁqjﬁgtg%hfgzi aqz\t(qq@g q{.écl?.ﬁ%g)f’télalg %é%tlnqgﬁ,ltﬁe l'&’lé(%ﬂ'\go t:vashmg

: CQﬁ@%ﬁ@g ?@E@ibolkta&?eﬂfﬂéwbi 086 Ry offthis tsedlial sdate.not

suspen ead the elution buffer is applied
to t he non-suspended gel - bed and then the eluate is

écgt\égl; %pdpds%%ﬁg %ﬁ)fu'n sW@ﬁHoP@iseE Bﬁl %@Wldtlgrﬁéréggégta g@‘gcrazapbe found

nﬁtW02306/028ﬂ5% mmmahg Of ;] étoﬂr@l&ﬁi samsledo aheomatogr épgbj/ mate-

used for caql umm nato ca

bioe ' baran g BoRePeb o Rl e RS G B bt Ao
Eﬂﬂ%ﬁ)r&éﬁ&%\%b@tﬂﬁwm deatitibesfortHiy biagingrstémiv be deter-

exchange and cation ex-15change chronato

hvme@mm@qlwandﬁ@tﬁﬁ@qttyﬁlyt: tHRYED dra EHE/POS%‘W&;’JP% wietner,
é: géﬁd‘@otng Qﬁ%sﬁ eﬁ }’(gﬁtﬁmfn fEalts E8n stilt be achieved in the

togra rophobi ¢ charge induction”
Cwlonmtcogrmﬁtbmaahﬂm&odsmm@vaneaw@eswmmddmd@p mglustrial-

| aI L0 g x?gxttn{]r% 'ﬁrj]]s‘\é)e ﬂ}ﬁ gﬁrﬁi lgég{@i( %fitgé ?fdc‘éggﬂilﬁtgs bﬁ@%@ optimising

h%%t@@éﬁ Q{arg[h@tﬂérdrﬂér&atfogfamﬁ(fmatenal, icholysd smathpény of the
contain a ligand bound to a carrier material 25which

chipsess 82RO e and specific binding of the
bi onol ecul e to be purified to the chronatography
material. Ligands frequently used for th )
pi]herﬁafm”a,t there istilhan Higent @%G%ﬁoé pmc@wsmwhiah &%lpmwﬁwma'

t f !
GBS0 poS o P BRGE 51 ap s A Uiy and opt
f mﬁd qm@my gndechEsphnwhlie trese guo@Eshss msteaiscaﬂghver satisfactory

* tresulnarderibe SIS S AR DI Ep BTt Bfcaton o

t {2 KIgRAbRICOR! Whbldifier e iavédtioatihisd provide guc atphecess.
di et hyl am noet hyl group. Suitable groups for cation

exchange chromat ogr aphy i nclude, for exam 10 pie,
t he sul phonet hyl group, the sul phopropyl group and
tHammanyoxynet hyl group. |n hydrophobic interaction
chr omat ogr aphy, for exanple, alkyl and aryl 1|igands

" Bbmay be used, such as ether and nethyl |igands

(wbﬁfblemtﬁé@@taMe%%Blv@ﬂqsﬂh@%hetr@ﬁsbé&*féd intReny délms

and octyl ligands (strong interaction). In reverse
greres,dh cogespgeh pirgre ialpkgvided aefﬁ91h0k1| qjimdmgaswta@u@o

i amerR At bbbl nieRShed M Se by Faurgmojetifes,
mmm mmkecompdsmb)akémme@offdw !Waﬂl(ﬂd ldfxbrg?iﬁg washmg and

chronatography in particul ar gands are used
yienstepscire crgiad 944 @hﬁeﬁma!m@i% withevamation of individcal

R e FBop i sl SRR R ol ibhpiiad e rap as to

RipdiSapm aa)ararﬁh&eremhdrablremt;eﬂ@ that ftieg sé@ueﬁdeﬂd?ﬁeqmlﬂﬁétlon

| ut.ions, washing .solutjons and_ el ution sol uti
ﬁ%@F@PSa‘N@é‘F‘”@ éWé*r%Pﬁ'Qﬂ slaPsris camied it PyirRartial baich method
solutions") may be solutions based on e.g. phosphate,
Tris, acetate, citrate or glycine buffer.



20 The suspension of the chromatography material is

carried out for exanple by (high frequency) shaking

of the sanple vessels (e.g. using a nechanica

shaker) or by pipetting the chronatography nateri al

on and off, 25In the chargirmg step, in particular, it

may be necessary to carry out an incubation step

after the addition of the test solution containing

the bionol ecule to the chromatography material. |f

($teps€ i Wt?@fdlgitl;&ﬂhy;uspémr{oalof the ehrontséngraphy niatetial), wherein

test solution for too short a ti

& losit agharaisotemerEptRes Aseing (e rimaRiEBRy materia

t hsidfloithen is

?"Eé?“g?"teagg E@H@%taﬁ%lﬁd te qg%;lreﬁl?lnlgﬁ;dsﬁé the incubation

thimategtaphylroaigrial. her e is a danger with many

bi onol ecul es that denaturing of the bionolecule wll

set in. Depending on the type of bionolecule, the

‘rﬁ %3}!‘5 f fle RRBshiRGrENESIRh RSN FindiAg etitadle parameters for
erefore, the incubation period nust be sel ected

biam@grapuceraaeemfossawahmwwnfymm@a@q@éﬁ@lﬁwes in

tg’Elg:go LA mﬁc:e ﬁf: gﬂ@@{%&gg %@é ar gugrg'f” @né}ﬁgei\g‘%éﬁ st88§ is com-

platet B Parial batshuhethbd{steps it sind Withed suspensidOofithe chro-

et Tl e o SN PaR: £5 WS GRS B shygetos-
Pﬁy%&ﬁal ot Bsm%ntm 8hd QT QU RPKY, BRE OF imdkre }Naﬁdmeters

bi onol ecul e. - Dependi ng on the particul ar. prob

e beneded i a pursberif &eis gRd frap He FQ%“%PUP@S? F?@’fs conclusions
E’érﬁ ﬁé’ d?éWli Ss f4hE B?tlhnh?ccﬁ'td‘ﬁfbnf hﬂdérMFﬁcm%hFd?ﬁatographlc
, constitutes an elution step, 1.

mmhsmgambei cm‘rrad ooh Eheepptinistt contilions huscjsiermingd ean then
the particular problemthe test solution during the
charging step may contain a defined bionolecule or a
m xture of bionol ecul es. Depending on the particular .
question the defined bionmolecule my be, for exanple,
a protein which is to be purified on a |arge scale |n
the process which is to be established 15and
opti msed, or a defined inpurity such as, for
exanpl e, aggregates of the pro- tein mhich is to be
purified, or protein A (in order to investigate the
renovability of "leach protein A" optionally rel eased
froma protein A colum in a preceding puri- fication
step). The m xture nmay be, for exanple, a cel
| ysate, optionally after previous centrifugation
and/or filtration steps, such as for exanple a
m xture of 20host cell proteins (HCP) with
over -expressed target protein, which is to be used as
starting material for the purification on a |arge
scale at a later stage. As expl ai ned previously, the
bat ch nmet hod descri bed above and carried out on a
smal |l scale may be used to determ ne the
chr omat ogr aphy conditi ons under 25which the
correspondi ng col uimm chromat ographi c purification
process which is to be carried out on a large scale
wll yield optimumresults. Whether the conditions
sel ected, such as the nature of the chronatography
material, the type of buffer, ion
i ntensity/conductivity, pH, etc, wll give better or
worse results, can be determned in the usual way by
anal ysing the run-throughs of at |east the elution
step 30or steps for their quantity and quality (e.qg.
bi ol ogi cal activity still present) of the eluted
bi onol ecul e. Preferably, noreover, the run-through
fromthe charging step and the washing step (or
washi ng steps) is collected and anal ysed in the sane
way in order to obtain a full picture of the binding
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' sﬁwmeaihrmwpaﬁia! ba

nogl obulin can be found in the eluate fromthe

el ution step or steps and what proportion still has
the desired biological activiiy. These findings can
be obtained in the conventional manner, e.g. using

~spectroscopi c nmethods and ot her methods of neasuring

proteins. The quantity of inpurities can be discl osed
and quanti- 15fled, for exanple, using SDS-gel
eheahsien e tR®Ns:tograpisio enaticdds, parftmubasiy agiumet m@mamg!‘aphlc
According to one particul ar enbodi nent of the

i mobrds.omich a9 Gk EHRLR atf@f’?r&?ﬁi “ography, charging
and elution conditions are optimised in separ at e
experiments (blndlgg and el ution screenin

gngthed’ |d$ ErEamE had i ‘P%g’% ‘H@reeqfﬁi?ef ghpciiied
SSARET A A B SHE Do R oBLIast O EABKAIM Lipenliet o
Dﬂ?r@&@ésree dn arsacsh preoésst Hiheexjepd inbvhich om susprustpny the chroma-

h d 113
TR PR A B S VB 1, PR o
Bnin #Brdri H§Rap Ry CoYE r@?ih‘yé elildr aier sd)lbmm e. g an elution
ien

conaltlons are expe varied in the in

Cdterbartenssied obhad, MBI AU DESPPEIRe L g Bt and
laleypsdted i efample b

B (e B G S el e TR oRample by

céaoity iconirfygaion oheiapplisation of a Pressyss grasignaer the like.

bi onol ecul e and/ or chromat ography material. The

runni ng of parallel experinents ca

apsedriinave ke distlpauredonas Rreued ﬁamﬁp@ﬁy &SE{] G ‘%‘V”%ﬂ% above

e S A o
s % u?m%%’c@;ﬂﬁ‘w‘e' dr%rﬁéiog eaphynhatbrisl 0 stdpended basduring the elution

cont ai ni ng a bi onol ecul e,

ns opti onal
weishi(onsteps, i mﬁqgveé%gf savigral Gt 8|s@ﬁqsg ﬁg§pe£1‘s;§maf g&ee@romatog-
1%1%?}2 eﬂ@ﬁ IIQS???C]?(? FH@ irfstéRiafle effandboltdieh Rahd @M iR Yirécted

tering properties which allows
t h\enheufme:fuguhatdepnsmdtgahb@dt he chr omat ogr aphy

‘material to escape. Miulti-well or mcrotitre filter

plates of this kind are obtainable for exanple under
t fe hﬁﬁﬁﬂc goaakm:n@ ahg/oWaiutiam @idionsdor the pswkaular chroma-

reatioe ngbamhtegg&g@en@g% Y hBOEER Rl foa on a
5&@@%@19}’ QuiSRg b8fvaspl dbvunsol paampzems:f zhroofat@graphy material,

romat ogr aphy sol utions
S atiertiondo @‘mp@@a%?aa@i Velhad s e S Y Sorframpls arving
| t
ﬂBa e&ﬁgﬂngférgl F e{}lg-ri] @n&ﬁﬂ%qﬁﬂeﬁéﬁﬂ} (ln:f'r'fgg gﬁ(%@ﬂgég @?léxgo?s% protein
rra@ka:dmyraﬁm an@he M@Tm deiemnm@@g@n:}tlm'@ easuiienaith gpeash e the

V\@pnécaﬁgg} eg‘gg\y H]argdr 518{&5 é’raer am B?{%Qﬂ%mgfaegalgf‘ Shese condi-

0ti&ds &4h SurstisingBrie Mrsfmaﬂhlyhly meproducibiyde cokiom @rgsa-
L?{@%@@hnw\/\‘%{iﬁ@%s' ngn on atg%l'ge%] ac?ql% bov\éﬁ !{"Fn lét?%%?% I[:érl]lln[eg fout not by
{ B PdrbiGfatdh deffod'biifin ter mbaGIapIvay am pers abluinh chesna-

v

prove ant ageous first to ri nse t i lter plate 0

whaghaphig metB205209 Br2 MeBp g Sotiocuip e PhiB uanttes
agd oHTRe Butlort @ nfeadic oan be
A A s e

oused heapnweg'éoawwm.oh@m@iogmmwem%nThﬁ mitiatunsation

p%e%ﬁtigsﬁﬂy%@%ﬁ%tﬁdg agfer gpé}lgﬂ?rf Fﬁ)@éafé@' W conventional

S|nultaneously 20and thus opens up the possibility of
devel oping, i-n a very short tine and with smaller.
anounts of material, a columm chronat ography process
which will also yield excellent purification results
even on an industrial scale under the conditions thus
determined. In this way better processes can be
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.et hanol

(g) a noist gel bed is produced according to step
(b), (h) in order to wash the chromat ography
material a washing solution ¥s added to the gel bed,
the gel bed optionally being suspended and optlonally
I ncubat ed again (washing step), 15(i)a noist gel bed
i s produced accordlng to step (b), (k)optionally

steps (.h) and eat e ayer al .
Safretapiseatise 1 PArEER GEC TRt deteheliedment the
vasibhides f&s‘ﬂbbt@ﬁés SSEe BRYiee o0t iailargt herteneingraralle! by the
di fferent conpositions and optionall bed

h
1ge pepldtadleovarie septabges (sa@ha%aw ’WFP( l%%rei)*%%tf?) %}‘%’Wée)
Qx' g%a‘h@ﬁ%n?(mﬁﬁ cﬁ!ahﬁé! g)eﬁgjs Wik ﬁ)b@%‘}’ %Hd te%}fnﬁ't%rﬂaﬁba-

causl ng ension of  th
(rmha!terswarsb@panecx mmu&mwuaﬁyn ghe dsesﬁteg ti(a@)a 1@9@@@‘%“”@ gf data

bed d

ggq ?%t%g%p&rogfg&:ﬁnt tpgﬁsatﬁ% K?E&elg?ﬂpé?llé% ?éfgl%@gc\‘f/’xmrﬁ%}bgraphy

chR@iSonPRF bipatticarar }momtﬁa;uie?ﬁ»tba meified, egiindsed simedianeously in

(#ﬁslrp:eg} éth?llrﬂeule E‘&% gg%%gs gﬁxoop? B‘yme{g‘ gmézpﬁ%?ﬁtgss%d Rlthus
xb@ﬁés@@aﬁ(ﬁe §uitR & ¥aRtbutAhtiebnanaley Sefowd pibbesehruwms of

and the other run-throughs which may have "
tht mdtmm sefestion plesuitablgrResameiars b o8 aﬂe‘é@%ﬁe}aﬁ ggparation

' e%th M@uﬁﬂoﬁ% %ﬁé&% hia E}@bﬁ&ﬂ@@tﬂfﬂ%@ﬁbkﬁlﬂg the proc-

C onven mn w |
ie8s@s mﬁuhﬂym mmblebdz!emm: henceas@iStbéq s} qwagty@nscﬁﬁeaﬁm vi-

bl bm gt nar i ae el B R AREERr £ ol

in order to obtain opti- nmum results 15 The
i nvention is hereinafter described nore fully with

1] €S Wit hout restricting the .
subj ect of the invention to these exanples. 5Exanpl es

Exanpl e 1: Ceneral instructions for rryin ut_the

Figces s stoeon ﬂ@wgﬂlagiafﬁn@ilﬁfﬁiﬁa|an%?ﬂ’a‘g’lai°t‘%89‘g‘ﬁg eeqrgiha o a

(aut oma K t est

bat cheségﬁﬁ&g}lm%@&v\% 'ﬁH@ﬁ{eﬁéfp}ﬁgt@er@?l nsed in a

first step with 20% ethanol solution. To do this, the
ion s ed int

cFQ 9t% i f OgED Fﬁ@y% % éSIPSFE ?é %isntg:;éeﬁ)tblroffﬁusghgév A

of f bei geugaeitbining ahancd solution € )psanpe peeandgicontaining pro—

under neath and then discarded, T .

then 1 Fimacilians Eheomiuereb o apEh il e chro

chromat poy, f’gﬁQWﬁia?éﬂan ), rhfcrdme@mes with equigb2€es, washmg
solutl on can be add

Gent 1 1 agaeiugng Guiem: 4L RRCRTR I IS BLAYbR UPEL! PiPete
and the é ﬁjld is elimnpated to a point where the -
rrateria e not quite dry. The run-through is also

di scarded. Then equilibration of the chromatography

| . tak
gﬁgp Isgsh:B\ﬁ? ?@9'%865?’5‘@@8 nrg@uit%cbf e&?%r:rflle\,nts %%gﬁﬁrﬁgtﬁln ggample 3,
condi ti gRsg figureddag. 3.0 t6 Fi. it shrating trepRsulirefer ibinding
thpo: ngr%leg\tngt ;gsltg :ggtﬁge;r%hﬁqulalgfa ﬁm%e?t%ﬁ gﬂ?l}pttﬁgfl figures
and mat # 3.9 @l é;; her? dHver tufréauitsics andettion seredniogt with 4 dif-

agai n and di scarded. This step i.s repeated once i
accor di ﬁgeﬁw&rﬁ@a&%ﬁmyémﬁf@ﬁa@m@ﬁ § RQPPLiony of the to

tal amount of protein used per Qavity in the run-throughs or eluates in

the charging step (“run-through"), the washing step ("Wash1"), the 3
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Fig. I by way of exanple. 25 In the subsequent

charging step the prepared protein solutions, which
have previously been adjustefd to have the same pH

| evel s and salt contents as in the equilibration, are
added to the chromatography material and incubated on

t he nicrotitre plate shaker. The filtrate fornms the
run-throu t he subse- oguent washi ng and

el uti of! %‘8% PScSW é‘b%h‘é’n A {hedgfal stegnbelaratet %@%\éemd
for exy tc%}&el%@gr%%ng Vefn %%ci@??o@dcﬂg&ﬁ%ré Qﬁ’own in the
chr omat ogr aphy terrals. Optiona further shak |ng
and i ndiggeam ghe wwwaﬁbarbencb@ate rﬂ@@lr@utts dudiffergnt pid and salt
washi n he elution there is

no sucﬁoé%% ﬂon%@g%ﬂe&ﬁ ba%%ﬂ'hethod ‘). The liquid
phase is centrlfuged off in each case. The filtrates

;rom the washing steps,are indicated by "W_or "Wash"
Hho?a Bty BLePedhibLr Sunn e fhatstied i ERimpld &, fora
el uti oaoiahﬁanﬁ\r@x&a@t@?@émgwlcmmbkm@ pr&esrprhAbEl(at,bhdamd pro-
a progressive nunber. At 5the end, 150 of all

t he
undi sc ireengantretian;dyokandine; seraustivibg a,np]tt!a,e g figngentra-
m Cr ot yiop | §s&le@5%§n{u‘ﬁf w@!ﬁ‘ﬁ’ﬁé?'ﬁ?étéé GnH@r%‘l‘rre%H@r‘fﬁmg)f:ondrtmns
their content at nm Preferably, duri
equi | i Breds) on, chargi ng and washing, the m xtures are
shaken and i ncubated. During elution, which'is
typically carried out (see es 3 10a

Ex
gt B vardriigaly sbews e fﬁﬁw&wﬁ%@ eéag"ém%'&iﬁtd@ﬁ%ﬂbeedn'é@xample
el utiog pyf %eftob#?cg atgh%wing e ‘P@élﬁtfslﬂf ke @&Q@ﬁ!mww&ng dif-

chromat bgraphy materials and | nmmedi ately centrif

uge
ful |y farenlotrompidgnaphyridaterialab Jneqercenidgereranisis obthe to-

ot ovi et EPUEERELRlsh SefaRAR) e AfehEfiSyghdes n
peri odthe dftwgmﬂém@"bﬂhfm@h&)oﬂmmstep (fWMash1™), the 3

eqwllb tio u, and salt co o T

vol ueSndn Sk HT 58 B 2ofhe i ihdur B Bl o Fered
this casgl bﬂ)téih?aﬁ $tetin. SWiteiRRE-Ngr by Yied barfslthé exdividuat
pl at e nade NurtS. 2200 rg (revol uti c% J

i nut e?a@oﬁh%ﬁ@rf83¥'§ af giffar ’E‘tls@ét BReHYAlipgg indicated in the
accel eEé;B;d?P of 10129, 1200 rpm correspond to 301 g.

I ncubation 1s car- 20ried out on the mcrotitre plate
shaker at naxi num speed, i.e. about 1400 rpm 17

ec,!nc,éescﬁbﬁgm_Afime Eh%htf&h Li quid I ncubation . Period

Cemt T Rat 1 orr_Frequency — vol ume Type

According to the invention, a method of finding suitable parameters for chroma-
tographic methods of separation (purification) of biological molecules is provided,
the chromatographic method comprising (one or mare) equilibration steps, (one
or more} charging steps, (one or more) washing steps and (one or more; elution
steps, characterised in that the sequence of equifibration, charging, washing and
elution steps is carried out in a partial batch method. Preferably, the charging
step at least comprises suspending the chromatography material and suspension
of the chromatography material is omitted in at least one elution step. According
to one embodiment of the invention the chromatography material is suspended

during the equilibration ste;ﬁ {or equilibration steps). According to two other alter-
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' Speed Duration -Rinsing 350 pL 20% et hanol sol ution
2200 rpm 1 mnute Ix Filling with Chromatography
media 100 tiL Suspension 12Q0 rpm 1 minute Ix 100
pL 20% et hanol sol ution Equi | i brati on 200 pL
Equilibration buffer 5 mnutes 1200 rpm 1 m nute

native embodiments of the invention the chromatography material is suspended
or not suspended in the washing step or washing steps. In all these embodi-
ments, the partial batch method is used, which consists in carrying out part of the
process - at least the charging step - with suspension of the chrornatography ma-
terial (i.e. by a batch process) while in another part - at least during elution of the -
biomolecuie - in the manner of column chromatography, the chromatography ma-
terial is not suspended, but instead the elution buffer is applied to the non-
suspended gel bed and then the eluate is recovered by centrifugation, the appli-

cation of a pressure gradient or the like.

By “Ch;'bmatography materials" are meant all the materials conventionally used
for column chromatography. These can be divided into materials for: '
- affinity chromatography, ,

- jon exchange chromatography, particularly anion-ion exchange and,catioﬁ eX-
change chromatography,

- hydrophobic interaction chfomatography, ‘

-‘reversed phase” chromatography,

- hydroxy-apatite c_hromatography,

hydrophobic ¢harge induction” chromatography and

- "mixed mode” chromatography,

although the ihnvention is not restricted to these groups or to the materials ex-

pressly mentioned hereinafter.

Materials for affinity chromatography contain a figand bound to a carrier material
which causes selective and specific binding of the biomolecule fo be puriﬁed to
the chromatography material, Ligands frequently used for the puriﬁcaﬁon of anti-
bodies are protein A, a cell wall protein from Staphylococcus aureus, and numer-

ous variants and derivatives thereof.

Examples of functicnai groups on chromrategraphy materials suitable for anion
axchange chromatography include the quaternary hydroxypropyldiethylamino-
ethyl group, the quaternary trimethylaminoethyl group or the diethylaminoethyl
group. Suitable groups for cation éxchange chromatography include, for exam-
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Chargi ng 200 pL Protein solution 21 m nutes 1200 rpm
1 mnute | x Washing 200 pL Washing buffer 9 m nutes
1200 rpm 1 minute 0-4x Elutipng 200 pL El uting buffer
- 1200 rpm 1 mnute 0-5x For automatically carrying
out a nunber of parallel tests a pipetting robot is
preferably used. Fig. 2 shows a typi-cal arrangenent
whi ch can be used in this type of method, The trou%?
ele theositllionectoYiaretivils pelpbopapd weknanl theglathaometnyl
§ test vessels (2) and (3) hold the test solutions
ontai ning the bionol ecul e and adjusted to suitable
pH val ues and salt concentrations and the suspensi ons

f.the 10chronatodgr aph terials. At posjtion (4 :
A R T S S B R e
Qe Hd el bQdh ad\emBE BE ARgh @ ligdidy\wRakéspRradiextwith@roteins),
themis provided the nmulti-well filter plate (5).

ek Briyl, ehery! eprpesi Seandst(story BiaeiMent s of the

"partial ‘batch nmethod" 15with a (total) batch nethod

The partial batch nmethod was conpared with a batch
iretdvethedinhash shiomategrapbhaion gr andligancglsag plsa used, although

T R M S R S

phitures are shaken, incubated and 20centrifuged (or

- the supernatant is removed fromthe chromatography

material in .

- For "mixed mode" and "hydrophobic charge induction” chromatography, in par-

ticular, tigands are used which depending on theilr pH enter into different interac-
tions with the biomolecule (such as MBI HyperCel® Sorbent and MEP HyperCel®
Sorbent by BioSepra).

The equilibrating buffer sciutions, test solutions, washing solutions and elution
solutions (hereinafter generally referred to as "buffer solutions”) may be solutions
based on e.g. phosphate, Tris, acetate, citrate or glycine buffer.

The suspension of the chromatography material is carried out for ekample by
{high frequency) shaking of the sample vessels (e.g. using a mechanical shaker)

. or by pipetting the chromafography material on and off.

In the charging step, in particular, it may be necessary to carry out an incubation
step after the addition of the test solution containing the biomolecule to the chro-
matography matetial. [f the chromatography material is incubated with the test
solution for foo short a time the problem may arise that the biomolecule has not
fully bound to the chromatography material before the test solution is replaced by
the washing solution. If the incubation time is too leng, there is a danger with
many biomolecules that denaturing of the biomolecule will set in. Depending on
the type of biomolecule, the test buffer and the chromatography material, there-

fore, the incubation period must be selected between the exiremes stated above.
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some other way) in the equilibration and charging
steps, but in the elution steps 18 centrifuging is
carded out imediately (or the supernatant is renoved
fromthe chromat ography material in sonme other way).
‘Accordi ng to one enbodi nent of the invention, shaking
and incubation are also carried out during the

washi ng step while according to a second enbodi nent
Fneeumtgh, ihegopsigture inqubaiierr kgrind detappned wilbul exprpd KO min.

| %?{Praﬁg R0RRaY %@%ﬁ%‘a‘h?ﬁ’éﬁl ik mhgl;gjfb%ﬁ%r?g?%pds qf Jess than 30

cen ugi ng , net h er t
i eretpearficudkgly pebieciadnet hod gi ves the best indications
of suitabl e chromatography conditions, the above
menti oned processes were tested on the topurification

Phe Biaghiig Qgﬁyaci@brd?ﬁ@fd)ﬂhmm/éhiibﬁti@Efﬁﬁté@f‘ﬁa{ follows the charg-
chromat ogr aphy. Phenyl Sepharose 6 FF was usea_ as t Be
BEob g JyPapigraRveRRigrial wiethaioheaGulss FPENHIS ARHER Par
i t A _ : s dur
RS20 ks ol Ry Ty DU Sl Bt s
thitestep o trethiseepsiel he washing stericansthiteryabaiufien stefnbe.tthe wash-

rotei n-.contal nji .char gi ng solution were adjusted to
?‘ﬁéaiﬁg e@%&?ﬁﬁ%@@%ﬁ‘g@ The el ution buffer contained
| ess ammoni um sul phate and its conductivity was 50
nS.cm 1. The incybati ri.od for.the . il '
35T o REUEEHoBRoBE o8 Ak D bR B o
§R§cBhih aaefifedbibHoRfuRsd Ne@shiimihmolécuen! Depdrtding on
Thé recovery rates in the fractions cau?ht tei
theurprigiasestion hradinag bigproleqs mayPes I Fampe. Gprotein
ichli 1 b@PuseRRsh a Brgd 9cdidIn feSorebanyiion Eablie éstallighed
Yo Yt b@Putteets &¥Ner & 'E2 E3I E4 Total Partial
bad ohtinviset ool avdeliniedgmpudlysuah e, BrisyansicorguTagaies gé the pro-
%/e?rlu \lfj\s?\ic%'isd' %}’ gé gg/ﬁﬁed, or protein A (in order te investigate the removability of
"leach protein A" optionally released from a protein A column in a preceding puri-
fication step). The mixture may be, for example, a cell lysate, optionaily after
previous centrifugation andfor filtration steps, such as for example a mixture of
host cell proteins (HCP) with over-expressed target protein, which is to be used

as starting material for the puriﬁoatioh on a large scale at a later stage.

As expiainéd previously, the batch method described above and carried outon a
small scale may be used fo determine the chromatography conditions L;nder
which the corresponding column chromatographic purification process which is to

be carried out on a large scale will yie!d optimum results. Whether the conditions

‘selected, such as the nature of the chromatography material, the type of huffer,

ion intensity/conductivity, pH, etc, will give better or worse results, can be deter-
mined in the usual way by analysing the run-throughs of at least the eiution step
or steps for their quantity and quality (e.g. biological activity still present) of the
eluted biomolecule. Preferably, moreover, the run-through from the charging step
and the washing step (or washing steps) is collected and analysed in the same
way in order to obtain a full picture of the binding properties of the biomolecule in
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2.4% 21% 42. 0% 17. 6% 8. 7% 52% 83. 2% St andar d
deviation 0.7%0.4%0.4%- 0.3%1.9%0.8% 0.4% 0. 2%
Partial batch nmethod/washing,,steps w thout

suspensi on: Average value 6.9% 3.6% 1. 3% 0. 4% 33. 3%
19.1% 8. 5% 52% 76. 2% St andard devi ation 4. 0%

these steps under the conditions selected. The nature of working up and analys-
ing the run-throughs and eluates depends on the nature of the chromatogréphy
and the sample material, i.e. the biomolecule or mixture of biomolecules. inthe
case of protein A_afﬁnity chromatography and the charging of the column with a
mixture of HCPs and aver-ekpressed target protein {immunoglobulin} it will be
interesting, for example, to discover how great a proportion of the immunoglobulin
added during the charging step with the test solution has bour;d'to the chroma-
tography material (i.e. cannot be found in the run-through from the charging step),
the quantity of immunoglobulin and impurities which appears. in the run-through
from the washing step or steps, and the quantity and purity in Whiéh the immu-
noglobulin can be found in the eluate from the elution step or steps and what pro-
portion still has fhe desired biclogical activity. These findings can be obtained in
the conventional manner, e.g. using spectroscopic methods and other methods
of measuring proteins. The quantity of impurities can be disclosed and quanti-
fied, for example, using SDS-gel electrophoresis or isbelectric focusing methods.

According to ene particular embodiment of the invention, in ion exchange chro-
matography, charging and elution conditions are optimised in separate experi-
ments (binding and eiution screening) and several elution steps are provided dur-
ing the elution screening in any event, the salt concentration, for example, being

changed stepwise in each step.

in a preferred embodiment the equilibration, charging, washing and elution steps
are carried out in a number of parallel test batches. In order to determine the op-
timum chromatography conditions, these conditions are expediently varied in the
individual test batches, so that from the purification results which can be achieved
in the parallel experiments conclusions can be drawn as 10 the optimum chroma-
tography conditions for the particular biomolecule and/or chromatography mate-
rial. The running of parallel experiments can be achieved using a mutti-well fitter
plate on which a plurality of sample containers are provided into which the chro-
matography material and the buffer solutions {such as equilibrating buffer solu-
tions, test solutions optionally containing a biomolecule, washing solutions and

elution solutions) are placed, these containers being closed off at the bottom by a
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1.5%0.4%0.1%3,1% 1.5% 1. 0% 0, 7% Batch net hod:
Average value 2.2% 2.8% 2. 0% 1. 5% 30. 2% 16.4% 7. 7%

3. 8% 663% St andar d devi ati on40, 3% 1. 2% 012% 0. 1% 4. 0%
3.4% 23% 1. 3%

material with filtering properties which allows the buffer sélution but not the chro-
matography material to escape. Multi-weil or microtitre filter plates of this kind
are obtainable for exémple under the brand name Captiva® by Varian® (96 wells,
pore size 0.45 um), MultiScreen® by Millipore® (96 wells, pore size 0.22 pm,
0.45 pm and 0.65 pm) and Silent Screen® by Nunc@ {96 wells and a pore size of
0.45 um). The chromatography solutions and buffer sclutions can be pipetted
into the sample containers on the plate using a conventional multi-channet pipette
or pipetting robot (e.g. Freedom Evo 150® made by Tecaﬁ@).

The volumes of the chromatography materials and buffer solutions pipetted info

the wells may vary and are preferably in the range from' 0.01 to 2 ml, more pref-

" erably in the range from 0.05 to 2 mi when using one of the above mentioned fit-

ter plates with 96 weils. During the initial charging of the filier plates with chroma-
tography material it has proved advantageous first to rinse the filter plate with e.g.
a 20% or 10% ethanol solution and then add the chromatography material as a 1

to 60% (w/v) suspension in 20% or 10% ethanol solution.

Carrying out the process according to the invention in parallel test batches allows
a number of column chromatography parameters to be optimised simuftaneously
and thus opens up the possibility of developing, in a very short time and with
smaller amounts of material, a column chromatography process which will also
yield excellent purification results even on an industrial scale under the conditions
thus determined. In this way better processes can be achieved and costly devel-
opment time and espensive materials (chromatography material, biomolecules,

etc) can be saved.

A-céording o a most'particu!érly preferred embodiment the process is carried out

according to the fof!owiﬂg: sequence of steps (see also Fig. 1)

(@)  asuspension of a chromatography material is placed in a plurality of wells
(sample containers) in a multi-wetiﬁ%ter plate,

(b)  a moist gel bed is produced in the wells containing the suspension, by re-
moving the supematant above the chromatography materia! by centrifugation or

by the application of a pressure differential,
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19 As is clear fromTable 2 the recovery rate for the

partial batch nethod at 83.2%or 78.2%is

substantially higher than insthe batch method in

which it was only possible to recover about two

thirds of the material. Mreover, this experinent

shows that in the batch nethod, partl cularly during

the elution ste t he. reproduc:|b|I|t is

B3i grin prasata ewiﬁlﬂi@éhe sarpatogrehy matdrial ConipioRd intRorels

A

SEPAAFEUH BT DG SRR g P B EERRA e dRbed i

mpa@ed and dptidnady trcebated withghs seftign (ees geatetn lengthrafjime

?egﬁ ?SU|£ Rel i abl e reproducibility of the results
ulhralipBSi9PAnt prerequisite for the transferability

f) themenrt g@ltﬁ@dqapmrc@@@ammmgqn@tap ohs t hus
déterm ned to col utm chromato g 1%|?rocess S
s

e
(ar 1 1aaioBaly SPPBC) ArgEA) 2B APRE S R fonce.
%&T‘: égl ng to the invention for screening for
2l & catl on exchanger materials and suitable
(hr onamgaraq» hiarge i chropEtegiaphmelfsiaba test selkiipiis gsded to

@W CI on taﬁr% éap %%%‘ ok Bgﬁoﬂf&cﬁr@uﬁé 'tt%!“%é!floed is suspended

Kan) o iC ce es t target
9ﬁ@b§ﬂldhdly mcﬂahﬂeyl vmhcthematgirm gt (ehaginoetten). i nt o

t he medi um i ex m xture - t.her

o BOGT B8 bas ﬁ@%@g&p@wg g ‘%b @’&’dy mAb1 t he

1! | OWioRgErRs WS Rt cROWREoFrapiy eﬁtemal awasbingeolution is added
deterni ne opti mum conditjons for the nr| ch liy(?rtlcubated

ichibe et bedd el@h?ﬂji%ot@a?hbhe'e&éHﬁRﬁg’QF S onRy
gé{“ﬁ?@bmr‘%%@@g screening runs were used to

m ne ti mum chr omat ogr aphy te- rials and
{ine iaewistigiehbénis m@ﬁmadumrdmmw creening). The

E | | thggsﬁ%gtggggrﬂ)%ﬂﬁgyop 3 @% §e\)‘é$z§t%n¥e%sbﬁllﬁculﬁﬁ\lj shce,

Mw be &fréé ti)neSPVHIEOLhE, wmmg:sqﬁatmso@eﬂ éneaozsm’tes@ Ehsnepme or

o ety o AN o PRSI G B ot e

Lbasgh for the sul phopropyl group as a functional
whi ch | ent | d.to th ' '
ISR IR BRI S et e
Sufth B{]Péai%h@t %JSR%QHR of P S8 ped esiutirestepy, boxy et hyl

group an otes the sul phonic acid
Bmdt eaccEoNgttd siep (Bl amoist, 9_95 bedhés B"QF’PCE‘é&FQ‘ﬂﬁ?‘S ehuald s ool-
i‘# ernatants obtained after fernenting the expression
by centrlfugatlon and filtration, were adjusted
&) tOI hepmmzt?tetaqu)@nde(m)lane TegishteBseveral §Mes) @a'@cti'aﬁy once.
nditions jor t

wicerih 5§ tmy\'hﬁﬁ harlg? tgscﬁ)lﬁg)rr]% U528 Slay B ith®88me olr differ-

'St second runs Pool
Re@kompbogbns aRgol 4 Pool 5
(o) the eluates coliected are analysed.
After analysis of the eluates and the other run-throughs which may have been

collected, for thezr concentration and biological actzwty (such as specific binding

' properiies) using conventional methods, the skilled man will be in a position to tell

which test batch has produced the best resulis and can thus conclude under

which conditions the individual steps have to carried out in order 0 obtain opti-

mum results.
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Pool 6 Pool 7 Pool 8 pH 4.0 4.5 5.0 5.5 6.0 7.0 7.5
5.0 Volune [m] 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
Content [ng/m] 2.0 2.0 2.042.0 2.0 2.0 2.0 2.0

The invention is hereinafter described more fully with reference to examples,

without restricting the subject of the invention to thése axamples.

Exampies

Example 1: General instructions for carrying out the process according to
one embodiment of the invention (automated method in a number of parai-
lel test batches)

A multi-well filter plate is rinsed in a first step with 20% ethanol solution. To do
this, the solution is poured into the plate and this is centrifuged, the ethanol solu-
tion thus centrifuged off being caught in a microtitre piate placed undemeath and
then discarded. The filter plate is then filled with the respective suspensions of .
the chromatography materials. I necessary, more 20% ethanol solution can be
added to the suspensions. Centrifugation causes the material to be deposited
and the liquid is eliminated to a point where‘the materials are not quite dry. The
run-through is also discarded. Then equilibration of the chromatography material
takes place (cf. also Fig. 1). For this purpose, buffeir corresponding 1o the equili-
bration conditions is added to the chromatography material. Then the plate is
incubated at maximum speed on the microtitre plate shaker in order to mix the
buffer and material and tﬁen the buffer is centrifuged off again and discarded. -
This step is repeated once according to the overview shown diagrammatically in

Fig. 1 by way of example.

In the subsequent charging step the prepared protein solutions, which have pre-

~ viously been adjusted to have the same pH levels and salt contents as in the

equilibration, are added fo the chromatography material and incubated on the
microtifre plate shaker. The filtrate forms the run-through (FT). Inthe subse-
quent washing and elution steps, correspondingly adjusted buffers {see for ex-
ample'ExampEes 3 and 5) are added to the chromatography materials. Optionally

further shaking and incubation can also be carried out during the washing steps,
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10% suspensi ons of the chromatography materials in
20% et hanol solution were used and 0.05 m of gel bed
were produced. The screeninggwas carried out in 15the
partial batch nethod descri bed above (w th suspension
during the washing step). After two equilibration
steps, charging with the protein sol utions took place
(test solutions containing mAbl ; see Tabl.e 3

whn}%@wn@gthgteéﬁfonéhmen ipAo wEeD shakinaapatiadhaieh mﬁFhOfiHr éré‘e
ﬁ(ﬁLﬁ(? éhas( CEHE‘VEE@%% é’iﬁ h%abh %’é&ﬂ TRe ifBiedaRsn ?ﬁzdv.ﬁhmg steps

ates Wth a capacity o
h@r adinatbt dry "W o V\@fsia? aedia poogissIEPIuhber2 date thoga o the

e test arra descri
tlihis peBs or endRp ST e 505 B i g PRy A
WRSerdRds0 [1psf Aapb LeaRdatibe filtratszdareheseiomeadutoemitaitls microti-
were conpi | ed during the subse uent deter natl on of
e platen ﬁ05669f08tﬂ%%feﬁiﬁa§frp6ﬁ§t ?f;ﬁ FIbLORRNHBIZS0 1
(anal ytical affinity chromatography using reconbi nant
protein A coupled to a basic matrix). 25 21 Table
Braeraslyt faringewmdliirption chA@ingranshyashing, tap MBERISS\AES phaken

@ q%u atg? ? ?ﬁJFE{QB F%%}%n\gﬂ;cﬁ Wméihg?ér\i;\igg Icq)léﬂ;] %Ee S\/%D Examp!es 3

e@di grwite véﬂét;dﬁﬂafnm pHetdtcr splticani@ent mmmwf@ bNHOHtFGSE s

LM LROR IS B ue APy %"%Y#@g‘g%ﬁﬁ%nﬁz&?ﬁi%ﬁy S

&y W¥haGehairgy A hcbatibabl e 3.3: Buffer conditiens

~and arrangenent on Deep Wl | PI ate 2 Elution 1

(DWP2.1 colum 1-4) Elution 2 (DWP2.2 col um 5-8)

ELbbi Pkhotvd PP a8 sEQldHEB oPtheldhove steps, including data provided by

way of example on typical incubation periods. The washing buffer corr_esponds to
the equilibration buffer in its pH and saft content. The volumes and centrifugation
settings are adjusted in this case to the Silent Screen® Mutti-Well filter plate
made by Nunc®. 2200 rpm (revolutions per minute} correspond to a relative cen-
trifugal acceleration of 1012 g, 1200 rpm correspond to 301 g. Incubation is car-
ried out on the microtitre plate shaker at maximum speed, i.e. about 1400 rpm:
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pH 50 MM Tris 0.3 M NaCl 50 mM Tris 0.6 M NaCl 50 nM
Tris 1 MNaCl pH 9.0 "5The mABl1 concentrations found
in the run-throughs or eluatgs in the individual

fractions are shown in Figures 3.1 to 3.8. On the

basis of the retrieval,

out with selected fractions and the binding

characteri

stics,

the foll owi ng chromat ography

lxes were selected for elution screening

(Screening for optinmumelution conditions):
Sephar oseQ_FF, Toyopearl (r) SP 106

SP

t he SDSPACGE anal ysis carri ed

. . 0 M Poros(r) 50
HS, SEMD Friact 6dio( ¢7}a80S. |Elngtpion scr eénitrfggation Frpauency
the el utian screening the jcel’F%ree cultur
super nat arit sYolEGAat ai niR§ t he mAbl 15\AéP?dad' u@{'aéi‘i‘ tlo
pH-5—0—ang-6:-5—asshown—RTabl-e-3-4—22 34
anol | - : 12200 )
P&Sﬁam ons P ¢ he ﬁégalonc:l pool s ?2( 257 sp u"t“feons *
Alal ) H ] 1 * Lo 1 1
[t_, 'W i 1/{—)1?)}!"_) | S#J%EHS}QRL anu—Zmatruns ool—1—Rool
a0 A __Dan ~
i ra;;%y.' OBl 20% 2hand |6 Pool | L,)Paq! B Rk O 1x
r5ed@ 5.1076. solution
Equilibration 200t Equilibration | 5 minutes 1200 rpm 1 minute 2x
buffer
Charging 200 uL Protein 21 minutes 1200 rpm 1 minute 1x
solution
.Washing 200 pL Washing 9 minutes 1200 rpm 1 minuts 0-dx
buifer -
Eiut?ng 200 uL | Eluting 1200 rpr 1 minute 0-5x
huffer

For automatically carrying out a number of parallel tésts a pipetting robot is pref-
eréb!y used. Fig. 2 shows a typical arrangement which can be used in this type
of method: The trough (1) contains the above mentioned ethanol solution. The
test vessels (2) and (3) hold the test solutions containing the biomolecule and

adjusted fo suitable pH values and salt concentrations and the suspensions of the

‘chromatography materials. At position {4), microtitre plates/DWPs are provided.

which contain the equilibration, washing and elution buffers. Next o them is pro-

vided the muiti-well fitter plate (5).

Exa'mpie 2: Comparison of two embodiments of the “partial batch method"

with a (total} batch method

The partial batch method was compared with a batch method. In the latier, shak-
ing and incubation are carried out in all the steps. In the partial batch method
aécording to the invention, by contrast, the mixtures are shaken, incubated and
centrifuged (or the supernatant is removed from the chromatography material in

some other way) in the equilibration and charging steps, but in the elution steps
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6.5 6.5 6.5 volune [mM] 2.6 2.6 2.6 2.6 2.6 2.6 2.6
2.6 content [ng/m] 2.0 2.0 2.0 2.0 2.02.02.02.0
For the equilibration, washiigg and el ution steps, the
buffers listed in Tables 3.5 5and 3.6 were added to

the deep well plates: Table 3. 5: Buffer conditions

and arrangenent on Deep Vel Pl at e 1 equilibration 1
colum 14) 1. an %h a(QV\P

gergyfugmg i$ carrie ut imme 1a€eiy (or the supema’t M is remove% oM the
chromatography material in some other way). According to one embodiment of
the invention, shaking and incubation are also carried out during the washing step
while according to a second embodiment the washing buffer is carefully applied
during the washing step and immediately efiminated by centrifuging or by some

other method.

In order to be able to judge which method gives the best indications of suitable
chromatography conditions, the above mentioned processes were tested on the
purification of an antibody by hydrophobic interaction chromatography. Phenyl,
Sepharose 6 FF was used as the chromatography material. The antibody used
binds when the conductivity of a 50 mM TRIS buffer of pH 6.5 is increased to
120 mS-cm’ with ammonium sulphate. Therefore, equilibration and washing

‘buﬁers and the protein-containing charging solution were adjusted © these condi-

tions. The elution buffer contained less ammonium sulphate and its conductivity
was 50 mS-cm!. The incubation period for the equiiibration was 5 minutes in
each case, 21 minutes during cha’rgirig and 9 minutes during washing, if applica-

- ble. The recovery rates in the fractions caught {run-through on charging: FT;

Washing steps: W1 to W3, Elution steps: E1 fo E4) are shown in Table 2.

Table 2 |
Fraction E T lwt w2 fws {E1 |E2 [E3 [E4 |Totl
Partial batch methodiwashing steps with suspension: |
Average value 24% | 28% | 2.4 22% | 420% | 176% ] 87% | 52% | 82%
Standard deviation 7% | 0.4% | 04% | 03% | 19% | 08% | 04% | 02%

Partial batch methodfwashing steps without suspension:

Average value 65% | 36% | 13% | 04% |333% |191% | 85% | 52% | 782%

Standard deviation 48% | 15% | 04% | 0.4% | 31% | 15% | 1.0% | O.7%
Batch method: 7
Average value 20% | 28% | 20% | 15% [302% | 164% | 7.7% | 38% | 865%

Standard deviation 05% | 12% | 02% | 01% | 40% | 34% | 25% | 13%
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50 mM acetate pH 5.0 washing (DWP1.3 colum 9-12)

50 mM acetate pH 5.0 50 mM acetate pH 5.0 50 nM
acetate pH 5.0 50 nM phosphate pH 6.5 50 nM ‘
phosphate pH 6.5 50 mM phosphate pH 6.5 50 nmM
phosphate pH 6.5 23 Table 3.6: Buffer conditions and
arrangenent on Deep Well Plate 2 El ution 1 (DwWP2.1

colum 1-4) Elution 2 (DWP2.2 _col um 8
Apisried fesn TﬁHeg_tj)g)re%ery rate for the partial be?tch metthoc;1 at?éS 2% or

78.2% is substantially higher than in the batch method in which it was only possi-
ble to recover about two thirds of the material. Mcreover, this exberiment shows
that in the batch method, particutarly during the elution steps, the reproducibility is
significantly worse than in the partial batch method (greater standard deviations).
In this respect the partial batch method according to the embodiment with sus-
pension during the washing step gives particularly good results. Reliabie repro-
ducibility of the results is an important prerequisite for the transferability of the
optimum chromatography conditions thus determined to column chromatography

process steps carried out on a larger scale.

Example 3: Use of the process according to the invention for screening for
suitable cation exchanger materials and suitable chromatography condi-

tions in the purification of a monocional anttbody

In the preparation of antibodies in eukaryotic cell cultures the target protein typi-
cally ocours as a protein secreted into the medium in a complex mixture with
other biomolecules. For the monoclonal antibody mAb1 the following screening

was carried out in order to determine optimum conditions for the enrichment of

the antibody using a cation exchanger:
Binding screening:

Two screening runs were used to determine the optimum chromatography mate-
rials and the ideal binding conditions (Binding screening). The following chroma-

tography materials were tested:

First rum: SP Sepharose®, Toyopearl® SP 650 M, Toyopeari® SP 550 C,

EMD Fractogel® SO3;
Second run: CM Ceramic Hyper DLS®, S Ceramic Hyper DF®, Poros 50 HS®,

CM Sepharose FF.
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50 mM phosphate, 50 M NaCl + 100 nM NaCl + 200 nM
NaCl 6.0 50 nM phosphate, 50 mM NaCl + 100 mM Naa +
200 MM Nadl 6.5 50 M Tris, ,60 mM NaCl + 100 nM Neel
+ 200 mM Nadi 7.0 50 MM Tris, 50 nM NaCl + 100 nM
Nadi + 200 nM NaCl 7.5 50 nM phosphate, 50 mM NaCl +
100 MM NaCl + 200 mM NaCl 6.0 50 mM phosphate, 50 mM

Naa + 100 mM Nod + 200 mM NaCl 6.5
SP and HS here stand for the sulphopropyl group as a functional group which is

covalently coupled to the basic matrix of the chromatography material, SO3

represents the suiphoisobutyl group,- CM denotes the carboxymethyl grbup and S

" denotes the sulphonic acid group.

The protein solutions used, i.e. the cell culture supernatants obtained after fer-

. menting the expression cells by centrifugation and filtration, were adjusted to the

conditions given in Table 3.1:

Table 3.1: Conditions for the charging pools (Test solutions containing MmAb1) in

the first and second runs
| Paol 1 |Pool 2 | Pool 3 | Pool 4 | Pool 5 { Pool 6 Pool 7 | Pool 8

pH 0 145 |50 |55 |60 |70 |75 |50
Voiume [mi} 58 126 126 26 |26 126 |26 |26
Content [mg/ml] 2.0 |20 120 |20 |20 [20 120 120

10% suspensions of the chromatography materials in 20% ethanol solutioh were
used and 0.05 mi of gel bed were produced. The screening was carried outin
the partial batch method described above (with suspension during the washing
step). After two equilibration steps, charging with the protein solutions tcok place
(test solutions containing mAD1; see Table 3.1) and a washing step. Elution was
then carried out in three s’:eps. The buffers were placed in two deep well plates
(multi-well plates with a capacity of 2 mk; hereinaﬁe} also referred to as DWP) in
accordance with the test arrangement described in Exampié 1, as specified in
Tables 3.2 and 3.3. A triple measurement was made for each condition, and
these measurements were compited during the subsequent determination of the
antibody concentrations by rProtA-HPLC (analytical affinity chromatography us-

ing recombinant protein A coupled to a hasic matrix).
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50 MM Tris, 50 mM NaCl + 100 mM NaCl + 200 nmM NaCl
7.0 50 MM Tris, 50 MM NaCl + 100 nmM NaCl + 200 niv
NaCl 7.5 Figures 3.9 to 3,32 show, in graph form
t he percentage anounts of the total quantity of mAbl
applied per well in the individual steps under the
condition 5specified. Wth respect to the retrieval

rate of the tar get protel n and advant a- geousI){ | ow
i@ 3 r ndifenRs andharangemend opdaep el Plat
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ohf T VI I EIVLJ Fract oycru
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Fig. 3.12, B10-B12). B0 rhiadtelste $H zPSSSI bility of
according to the i nver®OioM aogtaie oFoeQel I filter
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OW~—Wa

o /i n, The charg| ng of 24§ Yas carried out

WtTh a sal't concentratlmnm"rﬂsm-{l\ta@j at pH 5. The

'washing step was carried out under..the same

condi tions. For el uti g myl asetggad! @padl ent of 0 /

065+ 01++0-2-MNaCH—was used. " This T mTtat €S the
20conditions of the screen in the m'cro vveII filter
Phislt 8.3 1Buffet condifivis drdoat: Infan on

1
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MBGiecar ri ed out. |Butkingg 4 the eIL % il ﬁ oof pH
gbwe@wmnﬁhtmt QUEENY celanni 36) ot above

manner. (sol i I ___protein concent }ntl sr—breken

pH 9.0

S e g s

Lu.l ||Cu L B LIIC STt CC]II Ay acCor Ul n 10 [ne | nventi on
inmlti-well filter plates under the correspondin

a8 ¢hAR P BSndamtrarampioand |r( tarrsh-thmughsapelnitep s B¢ individual
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th
ol m%‘?ém&%eatograpr{y”ﬁ@ats%sf’ ekt b BBl oo
gﬁcﬁ%@ﬁ %h fin el ﬁfc%ﬁ@hbhé)t quiept\aﬁ)se@mmmdpean@ SP

|ons di scovered by the process
BEOO oH’asrgs@cﬁﬂtHh% EM@eﬁfﬁB‘@ﬁe%Sh’é’t hods in which

- chr omat ogr aphy col utms are used.

Elution screening:

in the elution screening the cell-free culture supemnatants containing the mAb1
were adjusted to pH 5.0 and 6.5 as shown in Tabie 3.4:



15 Exanple 5: Screening for the behaviour. of a
nmonocl onal anti body on hydrophobic interaction
matri ces under different chpgmatography conditions
20For this exanple, an anti body mAb2 enriched by
rProteinA affinity chromatogra- phy in a first step
was used. The purpose of the screenings was to

determ ne the behaV| our of mAb2 in response to
e 3dhdisinditions &rdpe charomg RGOS esi SO P

RN
tef il $ng # sorder to decide whether in a next step
%‘M{' ugh-flow conditions with respect tqg

the anti boc?oohﬁb&o@iﬁmﬂq@l BePDﬂ!\/esl?(chét Baol § | Rool 5 Pool 8

et hCI" o f ||C Sgurn | at 1 Cf t—qgat I LIS |
B’B causi ng igtpe ﬁpbodfq )m?d t:)&ltshe ?bﬁ 1g§nd il
LMW [IpuUr]iztg esi2 g rum & hropgh as2 Bar @ possebl e,2.6

Qr..to allovthp ant i bady totrun through-apd—epci-ch

o N A |

m@tenhpurutu’zé)s, by28i ndiZ t hém to|#Re dérdim]|2 2.0
éﬁ!% 30The fol | owi ng chromat pgraphy naterial's
sed: Phenyl Sephargse(r) HPi. . Phenyl SepharoseC)

FF, Toyopearl C) Phenyl and Toyopearl O Butyl. The

%ﬁé?%ﬁgﬁ@aﬁ%@%ef’qhﬁfgegqg“@gg?@%ﬁttﬁg E&rﬂe.\fshgtedgn Tables 3.5
sndetiapadhed «d the dkangiingatesnl s (test sol utions

contai ning mAb2) in the 1st and 2nd runs Pool 1
Pool 2 Pool 3 Pool 4 Pool 5 Pool 6 Pool 7 Pool 8 pH

a1 @ P BufkerCordifers Sndafafadmént on Deep Well Plate 1

equilibration 1 equilibration 2 washing -
(DWP1.1 column 1-4) {DWP1.2 column 5-8) (DWP1.3 column 8-12)

50 miM acetate pH 5.0

50 mM acetate pH 5.0

50 mM acetate pH 5.0

50 mM acetate pH 5.0

50 mM phosphate pH 6.5

50 mM phosphate pH 6.5

50 mM phosphate pH 6.5

50 mM phosphate pH 6.5
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ammonium OM 0.1 M0.26 0.3 M0.4 M0.6M0.8M 1 M
sul phate M (AS) volune [mM] 2.6 2.6
23
Tabile 3.68: Buffer conditions and arrangement on Deep Well Plate 2
Elution 1 Elution 2 Elution 3 pH
(DWP2.1 column 1-4) | (DWP2.2 column 5-8) | (DWP2.3 column 9-12)
50 mM phosphate, o
50 mM NaCl + 100 mi NaCi | + 200 mM NaCl 8.0
50 mM phosphate, ‘
50 mM NaCl _ + 100 mM NaCl + 200 mM NaCl 6.5
50 mbM Tris, _
50 M NaGl + 100 mM NaCl + 200 mM NaCl 7.0
50 mM Tris,
50 mM NaCl + 100 mi NaCl + 200 mM NaCl 7.5
50 mM phosphate, -
50 mM NaCl + 100 mM NaCl + 200 mM NaCI 8.0
50 mM phosphate, :
50 mM NaCl + 100 mM NaCl +200 mM NaCl | 65
~ 50 mM Tris,
50 mM NaCl + 100 mM NaCl + 200 mM NaCl 7.0
50 miM Tris, .
50 mM-NaCl + 190 mM NgCi + 200 mM NaCl 7.5

Figures 3.9 to 3.12 show, in graph form, the percentage amounts of the total
quantity of mAb1 applied per well in the individual steps under the condition
specified. With respect to the retrieval rate of the target protein and advanta-

~ geously low salt concentrations {which it is desirable fo minimise with a view 1o

the costs of transfer to an industrial scale, for example) charging at pH 5 and elu-
tion at pH 6.5 and 0.05 M salf on EMD Fractogel® S0O3 were identified as suit-
able conditions (see Fig. 3.12, B10-B12).

Example 4: Possibility of correlating the results of the screening method

according to the invention in micro-well filter piates with the resuits of con-

- ventional column experiments

'Using the optimum conditions determined in Example 3, column chromatography

experiments were carried out with 1 mi of bed volume. The flow was 0.5 mi/min,
The chargmg of the column was carried out with a salt concentration of 0 M NaCl
at pH 5. The washing step was carried out under the same conditions. for elu~
tion, a stepped gradient of 0 /0.05/0.1/0.2 M NaCl was used. This imitates the

conditions of the screen in the micro-well filter plate in which EMD Fractogel®
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- sponding conditions in Examp

2.6 2.6 2.6 2.6 2.6 2.6 content 1.64 1.64 1.64 1.64

1.64 1.64 1.64 1.64 | ng/ mL] 10% suspensi ons

of the chromatography materigals in 20% et hano
solution were used and in this way a gel bed of 0.05
m was produced. The partial batch nethod was used.
As in Exanple 3, after two equilibration steps,

char t -
%@?’r"%%gigsé\é\ﬁtanggg% Bhditesip %f pit o1 et St cgf,s%lggé\,'ggﬁﬁ i Were car-
sdeput( W th suspensi on of t he chromat ography

material). Elution was io then carried out in three
steps. The buffers were placed in two deep well

%xﬁé,pcfth%ce‘?&fo%' fi !'é%f'iﬁbeqé Er% cﬂS i aﬁ@’ﬂ(j cgﬁ'h%‘éirdz.@ﬁﬁthb%bove

own | n Atrip
measelr(eohinerasotendencéntedion; tarohenﬁm@rconAgcttVﬁé}@d/«é@@er-

o %ge? 6(518%%@5{ {Qﬁ'ﬁag”ﬁ}ﬁg’? mﬁ %:{E)‘ﬁ gé \ﬁr zfs%blt'élhé’cf‘m the
§@UbAng YbsREGNS ihe poetiRIngN mmmmwéuwtabmatqmmar the @86-

o g cendons o Exar E:l a%ba hg}eosnl.%e%{nposed. Further analysis of
the run-throughs and eluates by SDS-PAGE was able to demonstrate that the
distribution of the mAb1 product in the peaks coincides with that in the screening,
i.e. enriched mAb1 was present in the corresponding eluates. This demonstrates
the transferability of the optimised chromatography conditions discovered by the
process according to the invention to methods in which chromatography columns

are used.

Ex.amp!e 5: Screening for the behaviour of a monocional antibody on hy-

drophobic interaction matrices under different chromatography conditions

For this example, an antibody mAb2 enriched by r?roteinA affinity chromatogra-
phy in a first step was used. The purpose of the screenings was to determine the

behawour of mAb2 in response to hydrophobic interaction matrices as chroma- -

tography materials, in order to decide whether in a next step binding or through-
flow conditions with respect to the antibody mADb2 should be investigated, i.e.
whether a further purification effect can be achieved by causing the antibody to
bind to the column and allow impurities fo run through as far as possible, or o
aliow the antibody to run through and enrich the impurities by binding them to the

column material.

The following chromatography materials were used: Pheny! Sepharose® HF,
Phenyl Sepharose® FF, Toyopeari® Phenyl and Toycpear]@ Butyl. The protein

solutions used were adjusted to the conditions specified in Table 5.1
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16

26 Table 5.2: Buffer conditions and arrangenent on

Deep Wll Plate 1 equilibration 1 (DW1.1 colum 1-
4 equilibration 2 (DW1.2 cglsumm 5-8) washing (DWPL. 3
colum 9- 12) pH 50 MM Tris MAS 50 MM Tris 0 M AS
50 MM Tris O MAS pH 6.5 50 MM Tris, 0.1 MAS 50 n
Tris, 0.1 MAS 50MIris, 0.1 MAS 50 MM Tris, 0.2 M
ASSO ITMTrI,S 02 MASSO ITMTrIStO 2 MAS 50 nM

getainigemih2) in

&%15’%&%& r?s 0.4 MAS 50 M Tris 0.4 M AS

Pool 1 {Pool 2} Pool 3 Pool 4 [ Pool 5 |Pooi 6 | Pool 7 {Pool 8§

pH 6.5 6.5 65 |6.5 6.5 6.5 65 - [6.5
ammonium [OM |01 M {026 103M {04M |[0.6M |0.8M (1M
sulphate M

(AS)

volume [mi] 12.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
content 164 |1.64 1164 |164 (164 1164 |1.64 11.64

[mg/mil

10% suspensions of the chromatography materials in 20% ethanol solution were
used and in this way a gel béd of 0.05 m! was produced. The partial batch
method Was used. As in Example 3, after two equilibration steps, charging with |
protein-containing fest solutions was cartied out {see Table 5.1) followed by a
washing step (with suspension of the chromatography material). Elution was
then carried out in three steps. The buffers were placed in two deep well plates
according to the test arangement described in Example 1, as shown in Tables
5.2 and 5.3. A triple measurement was made of each condition. As there were

only a few impurities present in the protein solution used for the screening, the

-product concentration could subsequently be determined by absorption at 280 nm

in a microtitre plate photometer.
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50 MM Iris 0.4
Tris, 0.6 MAS

MAS 50 MM Iris,

m Tri s,

Buf fer conditions and arrangerrent on Deep Wl |
(DV\P2

2 Elution 1 (DWP2.1 col um

MAS 50 nM Tris,

50 MM Iris,
0.8 MAS 5@ m
1 MAS50 mMIris, 1 M

1-4)

0.6 MAS 50 rnM

0.6 MAS 50 nmM Tri s,

V1Tri s,
AS 50 mMMIris,

El uti on

0.8

0.8 MAS 50
1 MAS
Pl at e

2

o. beqtlh’htmi{*OH1 S, 0 Nb&émé@umﬂ '$, 0 Myhshing pH
(DWP1. 14c§piumn 1- | {(DWP1.2 column 5-8) (D\NPi.?; é}}olumn 9-
50mM Tris OMAS |50 mM Tris OMAS |50 mM Tris 0 MAS
50 mM Tris, 0.1 MAS |50 mM Tris, 0.1 MAS |50 mM Tris, 0.1 MAS
50 mM Tris, 0.2 M AS |50 mM Tris, 0.2 MAS |50 mM Tris, 0.2 M AS
50 mM Tris, 0.3 M AS |50 mM Tris, 0.3 MAS |50 mM Tris, 03MAS | o o
50 mM Tris 0.4 MAS |50 mM Tris 0.4 MAS |50 mil Tris 0.4 M AS
50 mM Tris, 0.6 M AS |50 mM Tris, 0.6 MAS |50 mM Tris, 0.6 MAS
50 mM Tris, 0.8 M AS |50 mM Tris, 0.8 MAS  |50,mM Tris, 0.8 MAS
50 mM Tris. 1 MAS |60 mM Tris, 1 MAS |50 mM Tris, 1 M AS B
Table 5.3: Buffer conditions and arrangement on Deep Well Plate 2
Elution 1 ~ Elution 2 Elution 3 pH
{BWP2.1 column 1-4) | (DWP2.2 column 5-8) (DWPZ?; g;)iumn 9-
50mMThs O MAS |50 mMMTrisOMAS |50 mM Tris O M AS
50 mM Tris, OMAS |50 mM Tris, 0 MAS |50 mM Tris, O M AS
50 mM Tris, 0.1 M AS |50 mM Tris, OMAS |50 mM Tris, O M AS
50 mM Tris, 02AS |50 mM Tris, 0.1AS  |SOMMTrisOMAS | o o
50 mM Tris 02 MAS |50 mM Tris 0.1 MAS {50 mM Tris, 0 MAS
50 mM Tris, 0.4 M AS | 50 mM Tris, 0.2 MAS |50 mM Tiis, 0 MAS
50 mM Tris, 0.6 M AS |50 mM Tris, 0.3 MAS |50 mM Tris, 0 MAS
50 mM Tris; 0.6 M AS | 50 mM Tris, 0.3 MAS |50 mM Tris, 0 MAS

The product concentrations in the individual fractions are shown in Figures 5.1 to

5.4. It was found that mAb2 binds fa the hydrophobic matrix only at very high salt

concentrations. Thus in the case of mAb2 it is more favourable to construct a

hydrophobic interaction chromatography process step as a throughflow chroma-

tography step The optimum conditions for this can be determined easily and at

low cost by further screens carried out using the method according o the inven-

tion.
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50 MM Tris, 0O MAS 50 MM Tris, 0.1 MAS 50 nM Tris,

O MAS 50 MM Tris, 0 MAS !ézm\/lTris, 02 AS 50 nM
Iris, 0.1 AS50 MM Tris 0 MAS 50 nMTris 0.2 MAS
50 MM Tris 0.1 MAS 50 M Tris, 0O MAS 50 mMIris,
0.4 MAS 50 mMIris, 0.2 MAS 50 MM Tris, 0 MAS 50
mM Tris, 0.6 MAS 50 MM Tris, 0.3 MAS 50 M Tris, O
MAS 50 M Ths; 0.6 M AS @8imd Tris, 0.3 MAS 50 nmM
Tris, 0 MAS 5The product concentrations in the

i ndi vidual fractions are shown in Figures 5.1 to 5. 4.

| tvdBiod SUiHing §Eit&ﬁﬁ %aﬁérﬂgf%ré %ﬁéﬁoﬁx‘éﬂf@ﬁﬁﬂ@iﬁ%cess,eﬁ for

" matrix only at  very high salt concentrations. Thus i

t heepaastingbiomiil2cilesj s nore favourable to construct a

hydr ophopi ¢ interaction chromatography,. bro tep ..

2 SVBSTEHY St PP ERGARe G ing) Sl 2l COpIdTginFeshing and
cofidiidr erpslate ddiied eabohe sabRktalel Wefl vepistiby ofdinadual pa-
10l ow cost by further screens carried out using the
neansierse fram the ressits mfdhese tests conclusions are drawn as to

optimum parameters, characterised in that the sequence of equilibration,
t_:hai:ging, washing and elution steps is carried out by the partial batch
method (steps with and without suspension of the chromatography mate-
rial), wherein at least the charging step comprises suspending the chroma-. -
tography material and at least during an elution step there is no suspension

of the chromatography material.

Method according to claim 1, wherein additionally the equilibration step

comprises suspending the chromatography material.

Method according to claim 1 or claim 2, wherein the equilibration, charging,
washing and elution 'srteps are carried out in a number of parallel tests,
wherein the chromatography conditions differ in at least two of the tests and
by comba'ring the chromatography resulis of the respective experiments

conclusions are drawn as fo advaniageous chromatography conditions.

Method according to claim 3, wherein the equilibration, charging, washing
and elution steps are carried out in parafle! tests on a multi-well filter plate.
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tion.- 27 Cainms 1. Method of finding suitable
paraneters for chronatograp%%c processes for
separating b ionolecu |es, erein tests conprising a
sequence .of equilibration, charging, washing and
elution steps are carried out on a small scale, with
variation of individual paraneters, and fromthe

5. I eMethsd aécdriingaotarfel 6f dlain® 1% Hneheéveén drawn as to
opti mum paraneters, characterised in that th

(@)s eq FEER@NTON @aauth@natq%aphscM@ia{gs Pagediimg F&W@lfty of wells in
arried out by the partial batch 10
#m@ﬁ(&tﬁg@ Rﬁtﬁ and wi thout suspension of the
(b)cha ansispgelaipdy isrpraducad) in mba.valmcca’itﬁinmgshthet bespension, by re-
t he chronmato

e Eﬁ%"p&‘?ﬁgﬁe@g%%éué|“ﬁé’eo?ta%r%%tmrwmswgewﬂ%@@?étﬂfuga
P nfiAt I
o RPBE iRt of o PR ARIEATR ™ L i onal 1y

(c)t hie erder fo dxjakibrate ﬂtee@wromaﬁography mmlpaalobmxjambd in the wells an
chromgt ogr a h mat er.i al ' t hod accgor
T nkrafing Buitangehinh is adietie i O gel BRIy Ihe 9ol bed is
g@gd?g e ,h{g,laggn%tt s are carried out in a number
of el

ests, erein the chromatography
(d)com:lmorsirwl bedﬁeprmdu@ld dcsasding iwstep (bhe tests and by

()7 ccpiorple sEseld it QAR FREREHSSp A diis, iagaytioular once,

advaiidcagePise filieamat ogr aphy condi tions. 4. Method
according to claim3, wherein the equi | i bration,

() changirder, tonalangegthesetemstography Salesiahpdestselution sontaining

Ll el lt
" 36345l P PrE0e s Mt 4o o HER, Pt g B s s
(a)p@d%quﬁé@.r@si@‘p)a chromat ography material is
placed in a plurality of wells in a nmulti-well filter

(9) pI # Boist@esj bed ippradiged assarding fr 8igdBY in the wells
() ¢ o rder e heich T BRI Bgrabhy RaterBP U \PALAHIAG spltion is added
certbithé ggbbed,ithe gl bby dplhenalhpbmnglsuspe:mdenﬁ(vmmmgj step),

di fferenti al in order t uilibrate the
i
(0) chramaigelped | f%ﬂ-!cﬁﬂ Fo6At nggasqeﬁ [3 e wells an
(K) e%dbi'ogay g@hg@eﬁi%z@'&é' @Beat%da@%#aft f?mb?ePHRicﬁfarly once,

I's sUspended (equilibration
st dpjce omthiea timaiss whijelthe edhshingrsaldtionsiused may hayve: the same

8 ok SES s 850 e bl S or s o

thrs%g bhags. (f) in order to charge the
chr omat ography material a test solution containi ng}
() | edent ebuiagbihenblasoleeulies andaling ssaliiony ég aﬂégd t@n e gel bed

mm"@ %%BS%%%IHS Si’%ﬁ?%fﬁﬁé’g%} 9%?@%%'@3%%@% (b) (h)

m)l na@bdﬁfn b bl Bemeikt gepbew Isatbuced and #he aluate is caught,
(m) washi ng s%l u%‘i%gg?s addeg to thsfam el bed, the gel bed 9

(n) optqp@naalllws@@m@ anddence r@mgtﬂdnw\@reb&me(s. pagicularly once,
o eRlosSF hf i e WAl e R0 SBlu0Gnd Bl Hnf Fdve the same or

y St ep are repea

se\d&f@*bntctdmposmanslmd arly once, twice or three
tinmes, while the washing solutions used may have the

(0) saitke sluatps eellagted @EﬁTﬁB@Wﬁ?%ns and optionally the gel

bed is suspended or is not suspended,

6. - Methed according to one of claims 1 to 5, wherein one or more steps are

carried out using a pipetting robot.



10

15

20

25 -

30

10.

1.

12

(I')for eluting the bionol ecule, an eluting solution
is added to the gel bed 25w.thout causi ng suspension
of the gel bed (elution step), (m according to step
(b) a noist gel bed is produced and the eluate is
caught, (n) optionally steps (I) and (n) are repeated
several times, particularly once, twice or three
times, while the eluant solutions used nmay have the
same or different conpositions, and 30(0)the el uates

coMethacgceprdingnte paedof clagnsek kb8, adeseidi agnaterightor ion ex---
: . _ . e !
iR RGP TG, kI e mpprnep phase

apydrophotsie vehiasgel indaction by cirgd abode chrsrgatographyt isoused as
or, m xed npbde chronmat leraphy is used as the
cHhsRreyRiggaPRamaiend. Met hod according to one of

claims 1 to 7, wherein the suspension is effected by

shaki ng the chromat ography material or the nulti-well

f i Methodohatarding toy opepeft thaimgs thé dhvdeseiogthepsyspension is ef-

et by, 3Ba8na "R SHPERPYERNE el s el fer plate
Drﬁ@nﬂig\g’gwg%s cﬂl‘oﬁaﬂidﬁéﬂﬁf nidfteMSn &, proteins

and r “expressed target protein. Method
according to one of clains 1 to 9, wherein after the

£ Mech tomting A6 40P orRARE RS WP IRE smbReuteds a pro-
eltdin, N8 sreltdit | MAktdree of i oABLAET 8P MbsiTRERI prateins and .an over-
i ncubated with the equilibration, testing, washing or

elexpressesbiargetgioteidt hod according to one of clains 1
to 10, wherein the eluates of the elution step or
steps and optionally also the run-throughs fromthe

C hMetioddecdtding2biare of eRdmarety ecatieret aftafl the addition of the
anal ysed. Method according to one of claims 1 to 11, .
wiesiudirating selitisheandfoa e teshapbitipg|andier the washing solution

A0 (P U Tl ol v e

megquilibration, testing, washing or elution soiution.

Method according to one of claims 1 to 10, wherein the eluates of the elution
step or steps and opﬁonal[y also the run-throughs from the charging and

washing steps are recovered and analysed.

Method according to one of claims 1 to 11, wherein the chromatography
material for each mixture is used in an amount such that the gel bed thus

obtained has a volume of between 0.01 ml and 2 ml.



