10

15

20

25

30

Case P01-2079-PCT 1 Method for the optimization of chromatographic
Cﬁ?rﬁﬂ?a?ﬂfﬁ'ﬁ%TcesSes for biological molecules 5 The invention relates to
a method which allows the development and optimisation of
chromatographic purification processe$ for biomolecules which can be
carried out on a large scale. 10 Background to the Invention
Biomolecules such as proteins, polynucleotides, polysaccharides and the
like have increasingly been gaining commercial significance as
medicaments, as di- agnostic agents, as additives for foodstuffs,

ejergents and the.like research 15 reagents.and fog. many other .
e At T B o R SR E R Ry Bosses for
satisfied by isolating the molsicitegifaimodéwalemurces - e.g. in the case
of proteins - but require the use of biotechnological production methods.

The biotechnological production of proteins typically begins with isolating
Theei2:=DiNA vdiitbctidastiethibd désitedlloetethaddapngeittisodaoptimisation
ujitable expression vectar, After transfection.of th ression vector i ,
o b e ST e R e Srreeb i nie S TR B e Periea

osttectdargbteaaddected cells the latter are cultivated in fermenters and
the desired protein is expressed. Then the cells or the cultured
supernatant are harvested and the protein contained therein is 25 worked
Baplandynd ifeethdrirthend@se of eukaryotic expression systems, i.e. when
using mammalian cell cultures such as CHO or NSO cells, in the last 15
years a one hundred-fold in- crease has been achieved in the
Biomodertridio s it deshadpoodinuatechidas, 30peanchiendesasktibellike

I | cul . i ‘@SS .
SYSIRAL AT QUPTETER Qobf Sepifcaits SRt o o
agsedtituagentise asibddifivest fouritiodtbifes dedosgsinsndshoniikmas research
r?é%}%gse%/ng fgﬂ%ra%?btﬁ& HHEIf@%?@%'ﬁ@éﬁ%&?ﬁ%m&ecules can-

not generally be satisfied by isolating the molecules from natural sources - e.g. in

the case of proteins - but require the use of biotechnological production methods.

The biotechnological production of proteins typically begins with isolating the
DNA which codes for the desired protein and cloning it into a suitable expression
vector. After transfection of the expression vector info suitable prokaryotic or eu-
karyotic expression cells and subsequent selection of transfected cells the latter
are cultivated in fermenters and the desired protein is expressed. Then the cells
or the cultured supernatant are harvested and the protein contained therein is
worked up and purified.

In the case of eukaryotic expression systems, i.e. when using mammalian cell
cultures such as CHO or NSO cells, in the last 15 years a one hundred-fold in-
crease has been achieved in the concentration of the desired protein which can
be achieved in the cell cultures or cell cu!fure supernatants in the expression
step. Over the same period the binding capacity of chromatography materials
which are used during the subsequent purification of the proteins has only im-

proved by a factor of 3. For this reason there is an urgent need for improved,
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optimised purification processes for biomolecules, particularly proteins,
which can be carried out on a large industrial scale. In the case of
biopharmaceuticals, such as proteins used as medicaments, e.g. 5
therapeutic antibodies, in addition to the product yield the removal of
impurities is also of outstanding importance. A distinction can be drawn
between é)ro ess- dependent impurities and Eﬂfgduct -de endent impuritjes,

OR¥IIRPSRLL!GBHRR AP SRTGE RE O IBRRLRTY PAREHEL T HgIch can

bsugitrasiotensangBustRistdied ilsaRnNd come from the cell culture (such
as media ingredients) or from the work 10 ing up (such as salts or

detached chromatography ligands). Product-dependent impurities are

IMmblecatay yBbiapisapiiaccRtls! yibh diferoepropsdicas Thesr difeltte e.g.
shortened for%@such as precursors and hydrolyti breakdown%[t]oducts

MSIPRRY MHBRIRSY T niE B U?:’é&“fé’?‘ae)?é BttY)F Prirsmsaebinyrities is
a@d@ﬁ%tlﬁﬁﬂﬁmgFlwmhé@kedcﬂiﬁmw&ﬂﬂ@@@rﬁm between process-
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elongtot a | ocess. Exam S conta ants inc
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1r@3upa(ﬁmné% I@ﬁ@hwr@é@m@mwmatﬁgemi@ﬁepham muﬂ@@dﬁxdent
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actions o ath effects. In gddition, |m urities ma
D S TR S A S DR S A o ST cosy-
iah\@rysrmymogge,r lankedd:esumbiejemmlgm retpermed)}ctkmepahﬁmwmms also
eu ic agent 055| the {?f Ilfet reatenl{'g anaggy cg[ te all
e B AR A e et PRl o B S aei diypte o
ofheanm(ﬁwallsabf allctme@asmabj&)shbeﬁwams nanrbbsdm@efmmama@ which do not
|n5| mé nt Iet etlh 30 On etother hand omlc efcts cta lud
yored i the ase ?’ﬁc P”“%@eo?égfs u’é‘ptﬁés St ?ES‘F%“;E‘ SS include
vmusﬂsaﬂmnhmaﬂwd&dm@hfmsmor jearel cultures.

Impurities and contaminants lead to safety concerns in the case of biopharma-
ceuticals. These are intensified if, as is very often the case in biopharmaceuti-
cals, the therapeutic proteins are administered by injection or infusion directly into
the bloodstream. Thus, host cell components may lead to allergic reactions or
immunopathological effects. In addition, impurities may also lead to undesirable
immunogenicity of the protein administered, i.e. they may trigger an undesirable
immune response by the patient to the therapeutic agent, possibly to the point of
life-threatening anaphylactic shock. Therefore, there is a need for suitable purifi-
cation processes by means of which all undesirable substances can be depleted

{o an insignificant level.

On the other hand, economic aspects cannot be ignored in the case of biophar-
maceuticals. Thus, the production and purification methods used must not jeop-

ardise the economic viability of the biopharmaceutical product thus produced. In
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ardise the economic viability of the biopharmaceutical product thus
produced. In 3 addition, the timescale gvithin which a new purification
process can be established plays an important role: Besides its influence
on the costs, the process develop- ment must be in tune with the
preclinical and clinical development of the drug. Thus, for example, some

e R A R R L Eeres
pfallswininstandatdginhssdeniisimiuehtauohabkie stens thaypsereesdavelop-

startin int.for devel a purificatjon process fqr an antibo ic

e B ORd ot p B e Qes DR A

Tisusofetaskapnpke ndiaedfang pianliskai(soapaliihg'tlimdhetsekorahstepy begin
iruses_ are eliminated, in .t e'ﬂ;érd te urifi%ati n.is carried out in which .
SRS B HATHSS Rl R BTRRTALIGAN DL BRIy avail-

abhgotoxins are depleted. In the final step any remaining traces of
impurities and contaminants are eliminated ("polishing™). 15 In addition to
filtration and precipitation steps, (column) chromatographic methods are

Tokdettralhy paataiee. provesthecrapiting@ frieaudnibidntidesaystepwefl as a
urifi- cation by affinity chromatagraphy. Accordingly, there are numerous
STt BRI It O RRIRSh oW PR QLG R b L ey Whigh G be
catiet cahdrealzede2osith thehe Withséapiticecasieg protdirioisolated, concen-
alternatives, gyer greater numhers of, preliminary, trials, have to be catrie :
B  reR RB es h nRE P R iR atea.
thie tibvirdsst i pficidiiot dn edfeiets orield, voiokdgtbal neajtvity dirttes toptsities such
etc. 25 When, establishing and optimising. a purification process,it must
R B S T PR A R D R SR S (S step any
régnogtméng) ¢ed cezddbiombysiced govd mentiesTon dmdpant elili Tatddlmtsbag”).
purified (target molecule, target pro- tein) and to the conditions under

which the biological starting material was ob- tained. The biological -
Istaditiitipm tndiftad firomanthiphettipitatiget steperibéddiamty berataioiatephic methods

2FS 7 AN TS 5HBHR Y VRS S AMIHIR A RS0 GREBY LD of purifi-
cation by affinity chromatography. Accordingly, there are numerous known col-
umn chromatographic methods and chromatography materials which can be used
with them. With an increasing number of alternatives, ever greater numbers of
preliminary trials have to be carried out, however, in order to determine the opti-
mum materials and methods in terms of the purification effects, yield, biological
activity, time, costs, etc.

When establishing and optimising a purification process it must also be borne in
mind that it has to be tailored very individually to the biochemical and biophysical
properties of the particular molecule to be purified (iarget molecule, target pro-
tein) and to the conditions under which the biological starting material was ob-
tained. The biological starting material from which the target material has to be
isolated generally consists of a very complex mixture of substances. in order to
isolate and concentrate the target molecule, its spe'ciﬁc properties such as shape,

size, solubility, surface charge, surface hydrophobicity and biospecific affinity for

binding partners are exploited. For each new target molecule, and even for the
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isolate and concentrate the target molecule, its specific properties such as
shape, size, solubility, surface charge surface hydrophobicity and
biospecific affinity for binding partners are exploited. For each new target
molecule, and even for the 4 same target molecule with a variation in one
of the preceding steps (e.g. a change in the composition of the cultivation
medium tatl ),.the roc ess has jq,be newly.adju Sitis
SRR A DLE Blct DO AL PG A D e EeR T PR o
clongss betlae meved sitide rohit @ ewlideantibhoms: churt fbefearmmmmlenﬂﬁehe proc-
number, of theor ceivable alternative roce
DS BB L A OB At oA Bl resuts rom
trebhaboatogoapiyf, fevexainpidotigeaitya raygiesridoi tide cime netogoagitions.
step in the process as a whole, the column material, the pH, the salt
content and the nature 10 of the various eluant buffers used, the protein
At dheeanadidinne/hidre dnm@iengdwﬁmbﬁna!l&rmbnmiya@!bal%paﬁt&b dwdhe
be oggrinlse Th| es |t v rtmu gossm{e to.. d{a da an optimised
PR e ABA y DrobuaPgh 2%
cbosmwlgmahgafsmmhmmlmdiﬂmmea@eﬂnerdtbfetﬁmea:iﬁoﬂnategmuinylstep in the
V|ab|I|t and alsg e nt relate tr ctio uch 354 th ed
S G D RS PGl 056 T e DR e
ocbtheokanmmcélbaﬂbbmﬁfﬂzfs:lmmatbgramtglmammmilbee]dm cloduigieg the
Bl prRCck soniaiing actione as amal as Rossible an i eed rually im-
minimise e pr cessing” times an e'volumes of waste Wate \5
pdemhiedsmt&veipmmsamﬁmrﬁeeéa@iumdmrdmhstegref;)ﬂ)emc@essm:z(an indus-
tr%?.’%\ég'ig'g? M BNSEODISTL 3 AP %‘%%%@‘89?@!13 SN 4(5’ % 8ther hand
imited number of process parameters in more o ess Sys ema
theedoceaiprebilitpaydddss eytieniel radmtedrmstpnhomﬁdmawihg need

tcsr & é%ﬁlﬁ%@ﬂ?&ﬁf&‘és ‘%aﬂésgﬁm%tg’mlt %eoéﬂ%q?essf:ﬁgﬁ% glﬁ}qour}ts or

us there is v ally no or on very li systemati optlmlsatlon (0]
vaimweémrmm@@memm@smw krsm thevolbeness of product-

cBﬂ%ﬁiﬂE}\lfjr%\ﬁftigr% é(%@}ﬁgﬁ%%%&%g&ﬂé’ﬁﬂkﬁﬁ@ R&g@@“to minimise the processing

times and also the volumes of waste water) demand such optimisation for each

I
& reasona%(f Hmn

individual step of the process.

Conventionally, this problem is approached by successively varying a limited
number of process parameters in more or less systematically conducted prelimi-
nary trials on the "trial and error” principle and ending these trials as soon as a
basically "functioning” process can be found. Thus there is virtually no or only
very limited systematic optimisation of all the essential parameters of a process,
possibly from a number of points of view, e.g. with respect to the depletion of im-
purities, high product yields with simultaneously small losses of biological activity
and the like. Processes established in such a way are consequently generally

less than ideal.

Alternatively, attempts have been made to carry out the above optimisations us-
ing small columns on a laboratory scale (e.g. small columns containing about 1

ml of chromatography material). However, it was found that only a limited num-
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purities, high product yields with simultaneously small losses of biological
activity and the like. Processes establighed in such a way are
consequently generally less than ideal. 30 Alternatively, attempts have
been made to carry out the above optimisations us- ing small columns on
a laboratory scale (e.g. small columns containing about 1 ml of

chromatography material). Hawever, it was found that only g limited num 5
B LS U B Sl RO A REerad W A gl g
andstiutgprasicpiutiak stepsabokat of datelealof tmehievenadietiisatanaller
scale. Another approach to optimising processes on a miniaturised scale

can be found 5 in W02004/028658. The binding of a biological sample to
AciotivestgyraEoh itatptindking estedsseparallznbiaiohatsed sudiewel be found

R R AR i SRe52 Heial e Rl i mearaphy mae-
riedsiettattddly peialeMeatchissnat postiie lioplelesheth@atemamstiioal. Admit-
R T B SR B R LAy LSl By ceter
ncdestgaicidgaad onditiefifscisy, thiswptisrishtonafgbegivectssalblatesher,

t timising._ t t f.charqging the ch t ] terial, i.e..
e e e SR e R o
cavgemnt neexrfetogagdssesihoddichichlarenaduesearilp geghindetiabstfal-

ification.of bi lecul b ished and opti-, mised quickly .. . .
o S e S B P Latreosly e
tadéephef coadiiion shef trgenstade aptiystratapiald i etionlaradspusifipatioof dhe

e.hj I CM,? he aim of the invention is to provide such a process. 20
R u%?r%]%;%% g‘f eo %ﬂ/ention The problem stated above is solved by the

methods recited in the claims. 25 In particular, the invention provides a

TREIATOTHiding, %Hﬂaa%ll‘jﬂ%@%%sf&?rgg‘%Q%%@%WN&PE%‘?Sﬁﬁ?%ﬁ%ma~

separating or purifying olecul
tographic methods of purification of biomolecules can be established and opti-

mised quickly and cheaply, while these processes must also deliver satisfactory
results under the conditions of large scale industrial production and purification of

the biomolecule. The aim of the invention is {o provide such a process.

Summary of the Invention

The problem stated above is solved by the methods recited in the claims.

In particular, the invention provides a method of finding suitable parameters for
chromatographic processes for separating or purifying biological molecules, in
which a sequence of equilibration, charging, washing and elution steps is com-
pleted in a partial batch method (steps with and without suspension of the chro-
matography material), on a small scale, e.g. with a gel bed volume of chromatog-
raphy material of between 0.01 and 2 ml. In this way, one or more parameters
can be varied in a number of tests and from the results of these tests conclusions
can be drawn as to the optimum conditions under which the chromatographic

process can be carried out. The optimised conditions thus determined can then
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which a sequence of equilibration, charging, washing and elution steps is
com- pleted in a partial batch method (steps with and without suspension
of the chro- matography material), on a’small scale, e.g. with a gel bed
volume of chromatog 30 raphy material of between 0.01 and 2 ml. In this
way, one or more parameters can be varied in a number of tests and from
the results of these tests conclusions can be drawn as to the optimum

R&ARRISS QP DRIOITRRN FBRTARS oA CRIRIEE S8 T e FamrRig i
mMBmhes misrshaardiiensdiiig rtenargetssndhen 6 be applied to

chromatographic methods, particularly column chromatographic methods,
which are carried out on a larger scale. By the phrase "partial batch

Byetwdhia seepairtapbiitnmemhogresahinspesified e Sepmrdut i@ flecified
the ste&s - the chromatography material is suspended, i.e. processed. in a

PaRSobask 2 acsaleisin RRICARE QIRFGRIV TR HEL IR SHERAR dph§

pratessbipies piaen preceasiet ipybiapheramioRRf scepvertinnal teelchroma-
umn chromatography, by applyin%?tetrwe particular buffer soluti

ORIRATII T PHED LA 6 TR A D G AR S S nGRAY B tgal” col-

Lgﬁhbﬁﬁgo?ﬁ@td@@dﬂ?wki)ag Hphirtemie earﬁtmﬁwg{]um @?Iumm ﬂ@s’?@réﬁﬂ,elution
irected for example ravity, centrifugation, the application of a

HEE o GARRERLEH 1) Hed WERBHIFR U MeSHRRARUA T A0 e, and

aihm:rwgatyﬂuie gﬁﬁfﬁh tfw;]ﬁ%wing:%lealaég:mmgﬁa@%\p@b@matmew&mpm by

the "partial batch method" such that dyring the 15 charging step t

RO HGAReIRT APEIEHERDSY B BSAHE HECIaLA" By

steps, in thel ev.ent of‘several Qlution steps) suspensio_n of the chromatog-
T e Mo S R g e

wastireansdishlehmfionaondiisrts éotpindplestiteamelinodiasogrisaiyluring the
L R S S RS B ot

stepdialstapsonding ievte pasiaidral@utiethsia plessnidmehaloovef (e fonromatog-

i intensity of.the

example varying the parameters of and/ar |0 .
S A S A A R ol R R PR et
oRimenthesuts el epgaitbtbdbiebed.

If optimum charging, washing and/or elution conditions for the particular chroma-
tography material and the biomolecule to be purified are o be determined on a
small scale, e.g. using between about 50 ul and 2 ml of chromatography material,
according to the partial batch method described above (by for example varying
the parameters of the pH and/or ion intensity of the individual solutions, protein
concentration and the like and determining optimum results with regard to the
purification effect, yield and biological activity of the biomolecule), these condi-
tions can surprisingly be transferred highly reproducibly to column chroma-
tographic methods, even on a larger scale, even if the latter are carried out not by
the partial batch method but in the conventional way as pure column chroma-
tographic methods, i.e. in a manner that can be scaled up to industrial quantities.
In other words, the partial batch method carried out on a miniature scale can be
used as a "model" for column chromatographic methods. The miniaturisation

allows substantially cheaper and faster operation compared with conventional
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purification effect, yield and biological activity of the biomolecule), these
condi- tions can surprisingly be transfsrred highly reproducibly to column
chroma- tographic methods, even on a larger scale, even if the latter are
carried out not by the partial batch method but in the conventional way as
pure column chroma 30 tographic methods, i.e. in a manner that can be

oA sl e, St e el S REN

miERIRR g raphik RO Ehe:mhmatuusmlmarg@llnmsemnamayel by the
cheaper and faster operation co @:aged Wlth cony. %ona 'rp'esfath%n le)
55 S R BRI SO BRI (RS PTG BiH Bt RIAE g SXaip

rﬁﬂ'%@@%lﬁ%ﬁﬂ@ﬁmﬁ@ﬁ@@b@m rl@@@ttihlg n‘at:gﬂs)tanbaaummmadiéba-

by the use of suitable sa Eﬂe cont (suchga @UIEI -well f{lalter Iat $f data
rafare@@rﬁaré?%ar@ﬁ{m@ eﬁ%ﬁb’ e d Pige iy otsB‘
ard Wk OB WRBIEIERS mm\r@rw@rmmwnw gslyndin emsumgmmy

RO RGPS U BHUIR RSP A DIPTSR T By

rdpeiieds antindsesisinplirnacusty. lmmegaemsmglptbeemoaupamnmemus

An optimising process of this kind is thus enswe and t r
IngYPEARIES Lﬁa%é?(?ég%r%@rsgg PRSP oS e s of

thﬁ éwm@]mdmagtﬁiﬁ@ff@umws Empanamm:]tmgemmrssafha@tion
this method makes a contribution.to Im [ I
5URTRg ReIBEEE BRA FARE SUDAS A B S Proc

e@@dgy&fﬁbﬁfgr@@lwmwm amnwieemmoﬂmtbmaame@d a®BeRsic vi-
Descrl tion of the ure

Is sho S aflo sl ting a
aBilify 4 btgﬁﬁtm % Hi‘n%{?boglo 2 cuﬁ@’ﬁ@ﬂed embodiment of
the invention. 20 Fig. 2 schematically shows a test arrangement using a
robot It shows A Q h contalnlng ethanol solution (1), sample vessels

€ 2) sample vessels containing suspensions
of the chro- matography materials (3), microtitre plates with equilibration,

EVQ;?Z{;Q gsﬁg\gvs? Ialajﬁ‘llc)%/%jzafgerras 4%Husbc ?ﬁwt X f'BSHPAPB%@ andibaupRi¥eing to a

particularly preferred embodiment of the invention.

Fig.2 schematically shows a test arrangement using a robot. it shows: A
trough containing ethanol solution (1), sample vessels containing pro-
tein solutions (2), samplé vessels containing suspensions of the chro-
matography materials (3), microtitre plates with equilibration, washing

and eluting buffers (4), microtitre filter plate (5) and a supply of pipette
tips (6).

Fig.3 shows in graph form the resuits of experiments described in Example 3,
the 8 figures Fig. 3.1 to Fig. 3.8 showing the results of a "binding
screening” with 8 different chromatography materials while the 4 figures
Fig. 3.9 to Fig. 3.12 show the results of an "elution screening” with 4 dif-
ferent chromatography materials. The percentage proportions of the to-
tal amount of protein used per cavity in the run-throughs or eluates in

the charging step ("run-through"), the washing step ("Wash1"), the 3
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25 tips (6). Fig. 3 shows in graph form the results of experiments

described in Example 3, the 8 figuresgFig. 3.1 to Fig. 3.8 showing the

results of a "binding screening” with 8 different chromatography materials

while the 4 figures 30 Fig. 3.9 to Fig. 3.12 show the results of an "elution

screening” with 4 dif- ferent chromatography materials. The percentage

proportigns of the to-,tal amount of protein ys er cavity,in the.

i thr T b ER R IR B e R B g

step ("\itatdl potaim Bbealbtiom stafthitcbdtrodriugy afid tihéd totatiaonouint the

of protein recovered (fotal protein).are shown. Within e roup qf fou

pars of SR AT AR IR DA [t L s < sai

different pitemglesialh sconibentzdtinnkandiptitad in the caption. 5 Fig. 4

shows by comparison the elution profile, obtained in Example 4, for a

column-chromatographic purification of the protein mAbl (solid line: pro-

Figid corstentratigrudirpkeisdineh e aidiict\ptyfite difteinedbhdereentia4tifor a

in a screep in mylti-well filter plates under corresponding conditions.. N

(bare). B B AR e T o e A d8Buddpe: pro

Exampleih cbigénfratidrigbhieshinengaheLretiitty einthéhscredbingsrwithtra-

4 dif- ferent.chromatography materials. The.perce e proporii f :

o 15 ) A BB CBl DL e e B ST D A0, S Rfons

in the dharging step ("run-through™), the washing step ("Washl"), the 3

elution steps "Elul" to Elu3" and the total amount of protein recovered

(total protein) are shown. Within each group of 8 bars the individtéal l%ars i

Fighdv tharedlin b shu e sastds b ameiaeate f g esgn Bxample

caption 5Spegifls: PRSETRIion ehthwingverticisdies ording $ertheningentitm Aadif-

method of finding suitable parameters for chroma- .
ferent chromatography materials. The percentage proportions of the to-
tal amount of protein used per cavity in the run-throughs or eluates in
the charging step ("run-through"), the washing step ("Wash1"), the 3
elution steps "Elu1" to Elu3" and the total amount of protein recovered
(total protein) are shown. Within each group of 8 bars the individual
bars show the results at different salt concentrations indicated in the

caption.

Specific Description of the invention

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 more} equilibration steps, (one

or more) charging steps, (one or more) washing steps and (one or more) elution
steps, characterised in that the sequence of equilibration, 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 step (or equilibration steps). According to two other alter-
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25 tographic methods of separation (purification) of biological molecules is
provided, the chromatographic metho% comprising (one or more)
equilibration steps, (one or more) charging steps, (one or more) washing
steps and (one or more) elution steps, characterised in that the sequence
of equilibration, charging, washing and elution steps is carried out in a
rtial batch method, Preferabl 30 step at least comprises

pa /, the chargin
el B TR IS e G STBR A ARG R AL tAbS SLSbended
oelisreatp@iRiy imgieriabshpyisemp ioratishshgRecplition stepesscardiogi-
to one_ embodiment of the invention the chrgmatography material is ,
e R B e BT R te BN e SO A g e
pie deesothelealiet % aptvgisstedimenitssfsiberisiventbiméhenromatography ma-
chromatography material is suspended or not syspended.in the washin
(GHED P BRI SR BEoR ) HELE KhABBURrERe, Fld mab AR AU or of he
biBEibREIsUSEOHa eSS tollartingrtopesbbl/thhe iaeesatogtaphy ma-
least the charging step, - with suspensign of the chromatogra ab
LIS P LS A T AP ISt T RS SRR
sokHhduamelerdentn thenrtan skraté tohsroveedmatograpfugdtien, the appli-
chromatography ma- terial js nqt syspended, but instead the elution buffer
C’i@@ﬁp‘%ﬁ%&%@%ﬁ%ﬁf @d@ﬁéﬁ(ﬁgaeg&ﬁ%ed and then the eluate is recovered
by centrifugation, the appli- cation of a pressure gradient or the like. 10 By
‘chromatography materials" gre meant all materials conventignall
R B ETAH Sh ORISRl PrESL B e r Al ysec
fopfibnipnaemaiag@pphy-: idiheseandgecatirddeat dgtaphetepaitdolarly
anion-ion exchange and cation ex- 15 change chromatography, -
'I‘?%FB%%HWW?&@@P thromatography, "reversed phase” .
-dbrosxetegigphro mattmpEipatiiertbidanytagiapkiynaydnaplyebinditatien ex-
iRductio y chropatog@ohy and 20 - "mixed mode" chromatography,
change chromatography,
- hydrophobic interaction chromatography,
-"reversed phase” chromatography,
- hydroxy-apatite chromatography,
-"hydrophobic charge induction” chromatography and
- "mixed mode" chromatography,
although the invention is not restricted to these groups or to the materials ex-

pressly mentioned hereinafter.

Materials for affinity chromatography contain a ligand bound to a carrier material
which causes selective and specific binding of the biomolecule to be purified to

the chromatography material. Ligands frequently used for the purification of anti-
bodies are protein A, a cell wall protein from Staphylococcus aureus, and numer-

ous variants and derivatives thereof.

Examples of functional groups on chromatography materials suitable for anion
exchange chromatography include the quaternary hydroxypropyldiethylamino-
ethyl group, the quaternary trimethylaminoethyl group or the diethylaminoethyl

- group. Suitable groups for cation exchange chromatography include, for exam-
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although the invention is not restricted to these groups or to the materials
ex- pressly mentioned hereinafter. Mai rials for affinity chromatography
contain a ligand bound to a carrier material 25 which causes selective
and specific binding of the biomolecule to be purified to the
chromatography material. Ligands frequently used for the purification of
anti- bodies are protein A, a cell wall protein from Staphylococcus aur?u ,
plinchsisbomeiigreuardas oL BLRS EIRRaLymety
ghapetional groups on chromatography materials suitable for anion
exchange chromatography include the quaternary
hydroxypropyldiethylamino- ethyl group, the quaternary
|ATRgE D pIRsBI0 steM @ion RIRthe Eigtayramiopeiih Beo ulk f aitabiey ligpels
for cation exchange chromatography include, for exam 10 pie, the | .
RN HRIRy PR HESAORISHY! S0 SR SRECARBIRRIBRYIh proteins).
ogaup: IprRyiephpbisinigmadionselyaiiatessiany).for example, alkyl and
aryl ligands s may be used, such as ether and methyl ligands (weaker
interaction with proteins), or butyl, phenyl and octyl ligands (strong

IHfevacten hHadE @eriabgas ey emgiagrapYigalikerraryldigasdd, akhough
also used, although the ligand density is typically higher than in

R RO KBl Y ANBE B2 S TRBh s L gpromatoare:
p'my_drophobic charge induction” chromatography, in par- ticular, ligands

are used which depending on their pH enter into different interac- tions

with the biomolecule (such as MBI HyperCel(r) Sorbent and MEP

ey PRIREH thdk Sarentyey dpinGsiprehaideeinduitivalich ouffsogoapion, par-
test solutions, washing solutions and elution, solutians (herejn . )
R PRI A 3 T CBTIRES T B oG Bl g erac

ased on e.g.
tRfRsANBthThisnaslaie: ($usteay WIBtiHedaflaIEP8dthesuapaeMdih diyperCel®

the chromatography material is carried out for example by (high
%@8@85@%8%9%8%@& the sample vessels (e.g. using a mechanical
shaker)

The equilibrating buffer solutions, test solutions, washing solutions and elution
solutions (hereinafter generally referred fo 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 example by
(high frequency) shaking of the sample vessels (e.g. using a mechanical shaker)
or by pipetting the chromatography 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 biomolecuie to the chro-
matography material. If the chromatography material is incubated with the test
solution for too 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 extremes stated above.
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or by pipetting the chromatography material on and off. 25 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 material. If the chromatography material is incubated
with the test solution for too short a time the problem may arise that the

biomolecule has not fully bound to th_%éhromat%gr phﬁ material bef .
Fifg RaH ok O EVBIATRPRY 2 RRSGHARIRG SBRRAN IFheTKETaton ™
PGB IPMINGHINETS ibadtgenuiiBomany iontsieonestialudsiiatyitgn 30

of the biomolecule will set in. Depending on the type of biomolecule, the

Migs2 ISURRAISHIRPERITEYography material, there- fore, the incubation
period must be selected between the extremes stated above. 11

F tly, the optimum incubation period determined will pot exceed 120
T eGP ECEATURL LR TAR B0 MR TR BNl DBCOF e

iy tgemﬁ%rﬁa@gr@pw m@d@ﬁwmafemobh fiﬁrﬁb%cwas';] rr:m@m@r hfg ﬁn the par-
.accor INng to this Invention Is the step that follows t - Ing of,t ,

e RERBUR A A LT bR RN DB N AR gt 0
tHISWRIDrARIENs easeUneRrbHipgG isientonstiptdedn elutiethetdpoins|doaleash-

) durigge this step. In this c%j(s?(;:-] the washing step constitutes an elution step,
ingapshalian HePSPEIGHS steps coincide. 10 Depending on the

particular problem the test solution during the charging step may contain

a defined biomolecule or a mixture of biomolegules. Dependin

D ASR0IES GOBRoRAE QBB L DIBCAS b B0 SeT LR i stee
4YiebiRdm Rederitiechuhmlatysesoate inha@uidiemalsichlés tollrpending on
established 15 and optimised, or a.defined impurity, su a ;
SRR R BB Ao R AT o A A el

WhIstigRi et pusTaa\@biittanfe temth iproteipriteptionidl ielsaecaiahiished
A AR S B bl ek oo v
t&ilkraiioBrsiens uphrieiopmnipie A finareofelhestigalpphsierigovability of
,,f'e'ia%ﬁ)le)’éttgigVEJ-gg 1éﬁ§ﬁ$dréﬁer§3eé rf%%na V;‘)’P(B?&FA%BBH\?FQ\ a preceding puri-
fication step). The mixture may be, for example, a celi lysate, optionally after
previous centrifugation and/or 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 purification on a large scale at a later stage.

As expiainéd previously, the batch method described above and carried outona
small scale may be used to determine the chromatography conditions under
which the corresponding column chromatographic purification process which is to

be carried out on a large scale will yield optimum results. Whether the conditions

selected, such as the nature of the chromatography material, the type of buffer,

jon 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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as starting material for the purification on a large scale at a later stage. As

explained previously, the batch method,described above and carried out

on a small scale may be used to determine the chromatography

conditions under 25 which the corresponding column chromatographic

purification process which is to be carried out on a large scale will yield

optimum results. Whether the conditions i lected su%h as, the nature,of
u

thEREHRRR MDA I FRAAINANSSE'RHIE G BiNePatlie RtHEINE AR GO R alys-
in@"ﬂh%tﬁjr\/ﬂﬂlrﬁi.\@“@?@! @ruﬁ/me; ﬁm‘?& l@anmﬁ mltee mim@dgrﬂmmsgedphy
way by analysing the run-throughs of at least the elution ste or.step
a ﬂ%ﬁ%ﬂﬁﬁ@%ﬁﬂ%ﬁ&%%@%%&&% aem@%ﬁw%ﬁégﬁmﬁe&%ﬁs- I the
c@i@t@‘# M@(@@J%ﬁgnrl]?yeﬂw%m@maym@ﬁymm@ug mmﬂm d:b&xmndwith a
chargin step and the was Ing step or washing steps) IS ¢ C n
%5%@% HCRe ARV STRRT Eéf Vﬁmﬁ?ﬁﬂﬂﬁ%@%@?ﬁ%ﬂﬁeﬂﬁé gl be
irﬁé‘?@ﬁﬁl H §%?%M9ma{©wfzméﬂhﬁwg¢eﬁlea$wmﬁh itheafcrtlhéiﬁiQHwnogiobulin
selected. The nature of working, nd analys-.ing the run-throughs an
AL B8RS DTS St Ve oo AT e B ga e etfoma-
tdgABHY mdctng hiemeirsuteerfoundia tfdumaeteoulss flonthiaecalsarging step),

protein A affinity chromatograph d the chargi f th I '
R S R P TR A L L)

f:{dﬂ#h@ewwmf@l ] |'. g,gigbe%mp@!@tﬁd thecqu _anti\?vagdqan_th :Fa;tspmp:mmbetmu-
immungglobuljn ed. durin charging step, wi e fes }
BRI PRI Y YR e (L0S AATCR BRSSP thee Wt pro
paﬁﬂdh{gmghﬁmtbwngmmth i ],tﬁti’nia'iq#ifgﬂ?@efﬁnmm geogiobberobtained in
impurities which appears in the run-thro rQ r
R A TR o) o SR RSl BU e ethods
owfym gin@_ @l%mﬁfso (Tﬁﬁb&q?_bj_’awpﬁfém%q é;mcmnmmm@c@ep@ﬁdm@w-
has the desired biologi ctivjt ese findings . c t

B BeREI R TSl SRR R b oAl e R fietnods
methods of measuring proteins. The quantity of impurities can be

disclosed and quantj, 15 fied, for exampl i -gel electronhgresiSshro-
A&qeﬁal&éﬁc%%@a#&a ‘:[I?g‘c\lt%(.) A‘@gggd%éﬁ%qgr\é%%ﬁbmeiagembodirfrﬁge%t _
rahtbgrinventicmariginonaexchianige corulitioato graphiy|wiredifysepg@igienpen-
r%gggsltl(%ﬁ]ﬁd?rqg g tné' ﬁﬁgr%”sé%oé"ﬁ%&e&r%e Ueveral 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 paralie! experiments conclusions can be drawn as to the optimum chroma-
tography conditions for the particular biomolecule and/or chromatography mate-
rial. The running of parallel experiments can be achieved using a multi-well filter
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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ments (binding and elution screening) and several elution steps are
provided dur 20 ing the elution screen{gg 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- 25 timum chromatogra conditions, these condjtions
UM 06 R e R AT KR o NV R B e e chro-
m@%@ifé}iiﬁﬂmelﬁgmg?m@pﬁ.bmanﬁw&@ﬂmbamﬁimemm&mm;is kind
~conclusions can be drawn as to the optimum chroma- togr conditi
oo BARIE i HSOIECI Ao LAPAARISE: oy T s (08 el
poraRize of m[ale! EXMESitResiS AN elipohisdddisialsa potdtisizel fik2n 80,
plate on which a plurality of sample containeys ar ided into which th
0&?&%@9@%9@?&@@% %\%@rﬁﬁ@?%ﬁﬁgﬁ%ﬁ?@é %@Seaqnuqlf%lg ir‘mgg&‘i'e of
ouffersolThianfolestegiutpps optionslisred biafleingotutioreaeoule, pipetted

. washing solutions and elutiop solutions) are placed, these ¢ ' .
P SR RARET AL o o IR AT T ST paaage! pecte

ohhiisEtalg wsHibE b uffereetiginrEhut 1@ mabisbyittogr®hy material to

escape. Multi-well or microtitre filter plates of this kind are obtainable for
~example under the brand name CaptivaO by Varian(r) (96 wells, pore

THES QAP ET MuliSereendyropiMitizaeeia)y @ dklfepsmutizeOppatied into
5 0.45 pm and 0.65

d Silent S by N I :
R S R e AR e D SRRt e
efapPRiRsiRthdiothe sanpl2 comaeerssingthegbfithasigee mentioned fil-

conventional multi-channel pipette. or. pipetting.r . .
SO0 T (PTG VOl AP g SPUAE Moy PR itPchroma
ioRpipiaisrandriufienaohrived pietted guoushistadgineg harfigipkie with e.g.
preferably in the range from 0.01 - |
A RoRbe WAL ahe el R A Bl e 2
B0 RE WS URpEngitneinkaratGitigethanofiteluplites with chroma-
tography material it has proved advantageous first to rinse the filter plate

with e.g. 15 a 20% or 10% ethanol solution and then add the

Chigmateutaplypratesiahascadingotéthe (nveysesperealiel deskbstales allows

aetnhuarg le?%l ggl?imn chromatography parameters to be optimised simuitaneously

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.

According to a most particularly preferred embodiment the process is carried out
according to the following sequence of steps (see also Fig. 1)

(a) asuspension of a chromatography material is placed in a nlurality of wells
(sample containers) in a multi-well filter plate,

(b)  amoist gel bedis produced in the wells containing the suspension, by re-
moving the supernatant above the chromatography material by centrifugation or

by the application of a pressure differential,
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Carrying out the process according to the invention in parallel test batches
allows a number of column chromatogyaphy parameters to be optimised
simultaneously 20 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

(SRR s erlswnder e condiipns iy Aelarmined Il cis

evel- opment time and
arespRnBvatinmatasitds éohrtbma@gcﬁté@tmﬁtermbrbtcgabtmmmsj feage) bad is

be saved. Acco rtlc ferre b :
ST B LA B A TG Qe Vo S b R LA of e
e@iamtﬁ’@dr) Hi@pd, suspension of a chromatography material is placed in a
lurality of well sam contarner t | filter plate, (b) a
ois g}(é‘l%%cgé (]fc%(%ﬁlﬁ?g \%‘ﬁs aﬁnﬁ%%@iuspension, by re-
(dﬁOVI@@ﬁbﬁal&pﬁmqm abd\(d)tlaeecmpmmgwpbyaiﬁmawib)parﬁcuiar once,

centrrfugatron or by the application of a pressure differential, 14 (c) in
RGPt & EERilIBIGE the chromatography material contained in the wells an

(f?qUllIibf@ﬂﬂgrbuffﬁraﬁghrtlmohradmogmmmmgél béeshadiuien s beded to
is s ended nd nally, incubated with the f t
the s &dmﬁ%n% ﬁo@g Bt '05 tbé yath i aocﬁ) Eﬁb% § @prended

|on S e a m0|§t S pro uced

aaacmﬂmgatw S’ﬁept(bbecﬁeblrﬁpﬂwaﬂrﬁ?msmbmm (@hardglr‘@rﬁi@d several
mes in cu ce t ice or thr er to charge the
rorﬁa% &%ﬁ#&& | tes %&ﬁ %%jrs a de&t{o(gt ie gel bed,

(rcpntamrog:lat mehermmmmmgmmm@@n@é@ pg%sjgpgrﬁ;ggthr@ igrafided
tronal ated

QB e R G A I ShaT R el R By {al PiSbtes

In order to wash the
ag@iortwmagmtepatenal a washing solution is added to the gel bed, the

(o el SRUanal A AR ERE L S5 ARRp albpigpated again

(k)  optionally steps (h) and (i) are repeated several times, particularly once,
twice or three times, while the washing solutions used may contain the same or
different compositions and optionally the gel bed is suspended or is not sus-
pended,

h for eluting the biomolecule, an eluting solution is added to the gel bed
without causing suspension of the gel bed (elution step),

(m) according to step (b) a moist gel bed is produced and the eluate is col-
lected,

(n)  optionally steps (I} and (m) are repeated several times, particularly once,
twice or three times, while the eluant solutions used may have the same of differ-
ent compositions, and

(0)  the eluates collected are analysed.

After analysis of the eluates and the other run-throughs which may have been
collected, for their concentration and biological activity (such as specific binding
properties) using conventional methods, the skilled'man will be in a position to tell
which test batch has produced the best results and can thus conclude under
which conditions the individual steps have to carried out in order to obtain opti-

mum results.
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15 (i) a moist gel bed is produced according to step (b), (k) optionally
steps (h) and (i) are repeated several {imes, particularly once, twice or
three times, while the washing solutions used may contain the same or
different compositions and optionally the gel bed is suspended or is not
sus- pended, 20 (1) for eluting the biomolecule, an eluting solution is
added to the gel bed without causing suspension of the gel bed (elution
step), (m) according to step (b) a moist gel bed is produced and the eluate
Tiedpkdattedis(Apantiafialiyistenb4t) anddm)ligreitbpeétechsevierakamekss,

rticularly once, 25 twice,or.three times, while the eluant solutions used
R e e R e R Rt BN e
collected are analysed. After analysis of the eluates and the other

Erun-t roughs which may have been collected, for their concentration and
—éﬁﬂé@ﬁ%l activity (such as specific binding 30 properties) using
conventional methods, the skilled man will be in a position to tell which

test batch has produced the best results and can cone [
E AR T B RETAL RN S0 RV Gt B P Sha T ahring
ofRtembodieRiitsol thd heviewttotiqain devaiedimetiesdribeal munderligf paral-

ith reéere ce to examples, without restricting the subject of the invention
I%/E,) at % les. 5 Examples Example 1: General instructions for
carrying out the process according to one embodiment of the invention
(automated method in a number of paral- lel test batches) 10 A multi-well
Afittertiplatdliienqddtmia finsestép avitis DEBP atitingd Yo RIGRCT8ieR;s To do

S e e oo sol
tiondbrrsecehtsfisged off being caught in a microtitre plate placed underneath and
then discarded. The filter plate is then filled with the respective suspensions of
the chromatography materials. If 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, buffer corresponding to 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 then 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 to the chromatography material and incubated on the
microtitre plate shaker. The filtrate forms the run-through (FT). In the subse-
quent washing and elution steps, correspondingly adjusted buffers (see for ex-
ample Examples 3 and 5) are added to the chromatography materiais. Optionally

further shaking and incubation can also be carried out during the washing steps,
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then discarded. The filter plate is then filled with the respective
suspensions of 15 the chromatograp%materials. If 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

quilibration of the ch t h ial takes pl f. alsp Fig, 1
N P S R R R T AR
liqddemhindhe cbranmaied afly mairrialsd hdinghiitpiads soindhbatedteng steps

maximum speed an the microtitre plate shaker in order to mix the buffer
oE BRI d i B B el PFEgeH o 0L Sl rLaraeio ™ the
eilifisrstesnis sapeniad e arerkdin g sheBive el aghogressive number. At

di ically in. Fig. 1 b : le. 25 In the sub o
A o D R e Bl it
tragnated s ieRdp hriadhesrne piddevtisaindsalenbatet@s amin the

equilibration, are added to the chromatography material and incubated on
the microtitre plate shaker. The filtrate forms the run-through (FT). In the
PeuRsar1), dueinigerghingaainn athtiogistensd coadspontlinglyddiestade shaken
buffers (see for ex- ample Examples 3. and 5) are added to
o BRI F RAFRPLRIHG o 5 Eraples ¢
aflsG PRigaUEeR IR dating sheandkhisglstapseht thvitudionoulfer dyigontrast is
there is no such shaking ("partial batch methqd"). The. liqui iS;

d
cagFitiv GIT R A Kse p‘?ﬁ%ﬁ&f‘%aﬁﬁya e%tﬁ%??l% A c\j/vlff% %3%%%@5 ar'ljsfuge
fingicatesupyriMfipaid asfubatida progressive number, while those from

the elution steps are analogously marked "E" or "Elu" and a progressive

number. At 5 the end, 150 pi of all the undiscarded filtrates are transferred
Tttt sHaictiesplatesdergitivtoatietvie stepsurnshistitgtigigiprovided by

content at 280 nm, Preferably, duri \libration, chakgi WEASEEMbNds to
WaY ARG @ﬁ%&'&ﬁs Ny ?ﬁéﬁa%é?ﬁ%ﬁ%%i%%?%ﬁ ,k%%?ckﬂfi%typica%ﬂy .
tRareEgdimalrreticExaitspebad salinebBjanith VaaatdrrostngHemdiggation

salt content, the elution buffer b r I=addpd od€iier plate
SERHRR T LIRS ARG o S R A R e i pla
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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fully without mixing and incubation. Table 1 shows a typical sequence of
the above steps, including data prowdﬁd by 15 way of example on typical

incubation periods. The washing buffer corresponds to the equilibration
buffer in its pH and salt content. The volumes and centrifugation settings
are adjusted in this case to the Silent Screen(r) Multi-Well filter plate
TmEd%‘by Nunc(r). 2200 rpm (revolutions per minute) correspond to a
fve cen- trifugal acceleration of 1012 g, 1200 rpm correspond to 301
g.l ncubation is car 20 ried out on the microtitre plate shaker at maximum
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wekragIatographyo materialsiadtinuositipd i) tamicrqtit?eoptates/ D WP are
provided which contain {thefequilibration, washing and elutjon buffers.
Next to themiis pro-

Eluting 200 pL | Eiuting 1 minute 0-5x

buffer

1200 rpm

For automatically carrying out a number of parallel tests 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 to 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 to them is pro-

vided the multi-well filter plate (5).

Example 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 latter, shak-
ing and incubation are carried out in all the steps. In the partial batch method
according 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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vided the multi-well filter plate (5). Example 2: Comparison of two

embodiments of the "partial batch meflgod” 15 with a (total) batch method

The partial batch method was compared with a batch method. In the latter,

shak- ing and incubation are carried out in all the steps. In the partial

batch method according to the invention, by contrast, the mixtures are

shaken, incubated and, 20 centrifuge h At |
SRR e G R
clolangtogsieips nbateinallia stutierottepsvag). céveituging fe eariembodiment of

immediately (or th tant f ‘
A D S LTS FecncoCIe o 5 G "aehing sep
winlizeationsdihglting sechbind eratiodiavers e cuassinguiieing easefilshanglicd

ste hile according to a se . i giﬁ,gf flerds
dlﬂﬂ?@fﬁ? 3’63 iPs’ t ri%1 Hﬁ&v%%ﬁn%%%@gﬁﬁr%ately%ﬁin%nate% %?/me
ottentrifetiind.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 10 purification of an
IraotiEdy by mpdedpobaxzintbicttioetobopiesdhepbgs PReisAtDasHR{rediadle
P was used as he chromat figled ReRuihadysedeiBdN the
C&fﬁ@?ﬁ%@@& S &yi% E ﬁbgﬁ%@??éf@%ﬁ#?ﬁ (E)Ef%pli.?%.S is increased to
pliAfcaRmolanitmabodyrivmysiiptabicTinteststioreeinmatrgrapiy. Phenyl

A A BN g oy o

bardeahiemtiselphadectidtito tarifLnMTRIR S etensidh! £ Tz inEessteno°

PR nS FHURIAES BB RoRAEh casRph A Sbuing

n min uring washing, if applica- ble. The recovery rates :
tiofthes fanctitresprataihtqeatainton ghaig BEg IO R We g 2sHiRiesdpdhape condr

0ndY S RLLOR LR i | Jebip @ rastiauctivi
BRI LB BROhAIAUA SufhTatind asioncu,
was 50 mS-cm’'. The incubation period for the equilibration was 5 minutes in

each case, 21 minutes during charging 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 to E4) are shown in Table 2.

Table 2:

Fraction : FT W1 w2 W3 |E1 E2 E3 E4 1 Total |
Partial batch method/washing steps with suspension:

Average value 94 | 28% | 24% | 22% | 420% | 17.6% ; 87% | 52% | 832%
Standard deviation 07% | 04% | 04% 1 03% | 18% | 08% | 04% | 02%

Partial batch methodiwashing steps without suspension:

Average value 69% | 36% | 13% | 04% |333% | 191% | 856% | 52% 78.2 %
Standard deviation 40% | 15% | 04% | 01% | 31% | 15% | 1.0% | 0.7%

Batch method: 7

Average value ooo | 28% | 20% | 15% | 30.2% | 164% | 77% | 38% | 665%

Standard deviation 03% | 12% | 02% | 01% | 40% | 34% | 25% | 13%
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Partial batch method/washing steps with suspension: Average value 2.4

% 2.8% 2.4% 2.2% 42.0/ 17.6% 8.7%,§.2! 83.2% Standarddeviation

0.7% 0.4% 0.4% 0.3% 9% 0.8% 0.4% 0.2% Partial batch

method/washing steps without suspension: Average value 6.9% 3.6% 4%

33.3% 19.1% 8.5 5.2% 8.2% 03% Standard deviation 4.0% 1.5 % 0.4 %

L0.1% 3.1 9%.1.5% j.1.0 % Batch method: Aver %.2.8 9 0
AR5 199 T £ ey TR R QBRI BB AR df b or
79.2% @ U@ MiaBAighS ¥han inthis bideh fosthBdbrevehind fesaserplianessi-

for the partial patch method at.83.2% or .78.2% | ' '
A S A e AT A
tHatarthird b afcihenatatetigdaMiotsarhe J hisgetiestnton stenss titeatapraicibility is

batch thod ticularly duri ti ibilibv.is.5:
SO R WAL o A e e hE T S LR B ictions).
Irdgéatiansict théhis résifestcthenpévtidl detodingthnthecuokdingnenhwith sus-

embodiment with sus- pensjon durij i j patti Vepro-
PEBYH AU M SR VLS R Ty o oty e S esire ROt pro
dpoststigy isite forethaty s sfemtpbngaoft heereptiisienfen fombienstgsapility of the
canditions thus determined tq.col r SHatel h
OB S0t B e O W BT A Y et egranhy
ptoedagantips tarsedenution iasgiabl@leation exchanger materials and
suitable chromatography condi 15 tions in the purification of a monoclonal
antibody In the preparation of antibodies in eukaryotic cell cultures the
target protein typi- cally occurs as a protein secreted into the medium in a
omplex mixtire with, othel ol iR MRRRRRIRIGNERANing for
ﬂ%%iﬁg;%ﬁiﬁgtts% er%ﬁ% %%%?ﬂ%ﬁ;ﬁgggut in order to determine g
suitablercatioditeashandes omierialment siitahlBRirogiograply condi-

t%(rgg hiRe Ehnrﬁg}%ﬁgﬁ?%@ig%onoc!onal antibody

In the preparation of antibodies in eukaryotic cell culiures the target protein typi-
cally occurs 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 run: SP Sepharose®, Toyopearl® SP 650 M, Toyopear® SP 550 C,
EMD Fractogel® SO8;

Second run: CM Ceramic Hyper DLS®, S Ceramic Hyper DF®, Poros 50 HS®,
CM Sepharose FF.
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25 Two screening runs were used to determine the optimum

chromatography mate- rials and the |%al binding conditions (Binding

screening). The following chroma- tography materials were tested: First

run: SP Sepharose(r), Toyopearl(r) SP 650 M, Toyopearl(r) SP 550 C, 30

EMD Fractogel(r) S03; Second run: CM Ceramic Hyper DLS(r), S Ceramic

Hyper DE(r), Poros 50 H %), CM Sepharose FE. 20_ SP.and Sher

SBARd [ BB b AR BB R NGLOHRI A AU IRl
c@@@lﬁqrtébthﬂé:w&iqma@éx|@frﬂmmrm®metogmprmmgam@m|nmenar 803

represents the rou M denot the carboxymet
BRSBTS L TR ALEROD Bre SRS Lt agagp ond S

deiseds BkelcbbGidittrl sppepatants obtained after fer- menting the
expression cells by centrifugation and filtration, were adjusted to the
conditions given in Table 3.1: 10 Table 3.1: Conditions for the charging
TReYRfERstshiitiens semtaimitigenedh thiturthedietratdrdscutdines #bieolfer-
Poal 2 Pool 3 Pool 4 Poq| 5 Pool 6 Pool?. Pool {—I 4.0 4, 5
e 18

oby S g b3 M PEOp. TR to the

c@ridifidhe §ived mOrale2d12.0 10% suspensions of the chromatography
materials in 20% ethanol solution were used and 0.05 ml of gel bed were
produced. The screening was carried out in 15 the partial batch method
TeBRsGbed ebauridwiisuspehsaduioglthEeststihdionegpmaiminganAbl) in
equilibration steps, charging with the protein solutions took place (test
SRS SHRGTADL; see Table 3.1) and a washing step. Elution
was then carriediraiiin tieel Sepaol e Botbéps Wexa plaedifi tWeelekpPoo! 8

well nlzamc (mnl i-well B tes-with-a—capd

vvvvv WHE Cap r II IIUI . ﬁ.el d}bg) 50
FPE?erred to as D\Af]P(? in 2 cordg ce wg e tegt'%rrar qé@rent

(BRAHRgFIN Exampe 1, lasespedifiesl in 26 126 2.6 2.6
Content [mg/mi] | 2.0 2.0 2.0 2‘0. 2.0 2.0 2.0 2.0

10% suspensions of the chromatography materials in 20% ethanol solution were
used and 0.05 mi of gel bed were produced. The screening was carried out in
the partial batch method described above (with suspension during the washing
step). After two equilibration steps, charging with the protein solutions took place
(test solutions containing mAb1; see Table 3.1) and a washing step. Elution was
then carried out in three steps. The buffers were placed in two deep well plates
(multi-well plates with a capacity of 2 ml; hereinafter also referred to as DWP) in
accordance with the test arrangement described in Example 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 basic matrix).
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Tables 3.2 and 3.3. A triple measurement was made for each condition,
and these measurements were compjled during the subsequent
determination of the antibody concentrations by rProtA-HPLC (analytical
affinity chromatography us- ing recombinant protein A coupled to a basic
matrix). 25 21 Table 3 2: Buffer condrtrons and arrangement on Deep

e@leﬂamtatemH 4.5 50 m quuertamlpH . 0 50 mM p mﬁmt@pH 5 5 50
(DWIPhosiaterpt 4.0 50 MWL DHOBSNSGBM Trig (WVAD . Soehinn 9-12)

acetate pH 5.0 Table 3.3: Bufiermivhditinssap amangement on Deep

\Well Plate-2—Elution-1-Elution2-Elgytion-3 ID‘vAv’Pq 1-eotom-1= '—|—) \D‘\NPZ 2
column 5-8) (DWP2.3 colum#g na'lp_] ‘%"rﬁ)r %% M NaCl 50 mM Tris
0.6 MNaClI50 MM Tris1 M I\g@(}hm-b@éla&ﬁjﬂe sAB1 concentratlons

found.in.the run- fhmrmhc or eluates-in-the-individual—fra

chao
in Figures 3.1 to 3.8. On theo P48 GNERPRAIR Al 3 SDs- PAGE
analysis carried out with selggtmrpﬁggpﬁﬁ@obm@ lgnding characterrstrcs

(Screening for optimum elution %H&MJH@ p£l§‘r56§pharose(r) FF

Toyopeari(ry SP 10650 M, Porg@(ﬁlﬁpﬁg geMBboFractogel(r) SO3.
Elution screening: In the elution screening the cell-free culture

TUHto -G

supernatants containing the BREIM 8HEHe RIL38d to pH 5.0 and 6.5 as

shrowmnm i Table 34~

Table 3.3: Buffer conditions and arrangement on Deep Well Plate 2

Elution 1 Elution 2 ?5%%%% column 9” oH
(DWP2.1 column 1-4) | {DWP2.2 column 5-8) 12)

50 mM Tris 0.3 M NaCl |50 mM Tris 0.6 M NaCl | 50 mM Tris 1 M NaCl | pH 9.0

The mAB1 concentrations found in the run-throughs or eluates in the individual
fractions are shown in Figures 3.1 to 3.8. On the basis of the retrieval, the SDS-
PAGE analysis carried out with selected fractions and the binding characteristics,
the following chromatography matrixes were selected for elution screening
(Screening for optimum elution conditions): SP Sepharose® FF, Toyopeari® SP
650 M, Poros® 50 HS, EMD Fractogel® SO3.

Elution screening:

in the elution screening the cell-free culture supernatants containing the mAb1

were adjusted to pH 5.0 and 6.5 as shown in Table 3.4:



22 Table 3.4: Conditions for the charging pools (test solutions containing
mADb1) in the 1st and 2nd runs Pool 34P00l2 Pool3 Pool 4 Pool5 Pool6
Pool? Pool 8 pH5.05.05.05.06.56.56.56.5 volume [ml] 2.6 2.6 2.6
2.62.62.62.62.6 content2.02.02.02.02.02.02.02.0 [mg/ml] For the
equmbratlon washlng and elutlon steps, the buffers listed in Tables 3 5s

hwash@mmnﬂ?mmsnolumn 1- 4 DWPl 2 column 5-8 DWP1.3 column 9-12

[ AL W | v\l [T el o W ull WP Y, (D Ry AP B B 0V ~ W .~ ¥
SU-vi abCLaL

mM acetate p 8% 53'3 ORh 4 E???]ag’t@pq? i ) %

?fg% TR P TR0l 8
osph 5

ate pH b

pP0 MM phosphai@ pH|6.5 50 riN phao$phate pbli5H.5 2

conditions.and - arean A= D P et |

8.Fable®%: Blficd

BRRTEDH (BP2LBumpeies (D0b2.2 Fafmn

28 owpda |20

ceelémn 9-12) 50.nM phasphate,0r 1002M NaZD+ 20
mM NaCl 50 mM phosphate, + 100 mM NaCl {+ 200 m

NGB0 mMm Tris, + 100 mM NaCl + 200 mM NaCl 7.0

@mM Nad 6.0 3@
M NaCl;6.5 50/mM

For the equilibration, washing and elution steps, the buffers fisted in Tables 3.5

and 3.6 were added to the deep well plates:

Table 3.5: Buffer conditions and arrangement on Deep Well Plate 1

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

washing
(DWP1.3 column 9-12)

50 mM 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




50 mM NaCl 50 mM Tris, + 100 mM NaCl + 200 mM NaCl 7.5 50 mM
NaCl 50 mM phosphate, + 100 mM Na{l + 200 mM NaCl 6.0 50 mM
NaCl 50 mM phosphate, + 100 mM NaCl + 200 mM NaCl 6.5 50 mM
NaCl 50 mM Tris, + 100 mM NaCl + 200 mM NaCl 7.0 50 mM NacCl 50
mM Tris, + 100 mM NaCl + 200 mM NacCl 7.5 50 mM NaCl Figures 3.9 to

Tabi 2ROt RGERNIRENS iR PaERIanR oL e fpiatapantiy of

UI dppired per well i the avmdual STeEPS UNnder the condition o

specifiddtiaith respegt to the fewiévmlrate of the target oo and pH
(BWRRLE- ardonnsiy! e 'sdRveR2ehtalions Swihich ity \iRdidemum irihidise

véithraliphosphbgecosts of fr dustrial s
e Ksa0s s bho (000 BRI oo cap ol pfiamer) | 6.0

F3acidgeltysihiditeere identif le cdnditio 2,
B10sB1AM MeEXxample 4: Pofgjl%lﬂy o&%orrelatlng th(f 2}@5@@ tr%)]r 6.5

—

scregpirgvaibod ac ,ordln ventjion in micrq- i S wit
the mBis ofa0N- ventional ¢ t(? g#menls 15 %s\gr%s %ﬁoﬁ%ﬁéﬁ? m 7o

condgoms/deerymined in Exa chromatp
expeimeRtNyeEre cartied out%ﬂW%ﬁ lume. %%w%a%io 5 75

?ﬁwﬁw&ggeﬁ% %‘M}@aé b Osl:te\pwv%gs carne(? out 6.0
815(1_3 %ﬁb%ﬁmﬁ@%@ﬁiﬂj 4=||:'h ' ﬁ&ﬁé thgiceodnglrt?ons Q?Me screen ir 65
v et D 4 gl ;O%W

AN +100 mM NaCl + 200 mM NaCl 75

Figures 3.9 to 3.12 show, in graph form, the percehtage 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 to minimise with a view to
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 sait on EMD Fractogel® S03 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 plates with the resuits of con-

ventional column experiments

Using the optimum conditions determined in Example 3, column chromatography
experiments were carried out with 1 m! of bed volume. The flow was 0.5 mi/min,
The charging of the column was carried out with a salt concentration of ¢ M NaCl
at pH 5. The washing step was carried out under the same conditions. For elu-
tion, a stepped gradientof 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®



10

15

20

25

30

ried out. In Fig. 4 the elution profile of the column chromatography carried
out in the above 5 manner (solid linepprotein concentration; broken line:
conductivity) and the per- centage amounts of the total quantity of mAb1l
applied per well, as obtained in the screening according to the invention
in multi-well filter plates under the corre- sponding conditions in Example 3

[s),.ar IMPO : lysi 2 .

S alas B B B B o g A oy
ritgkieontAb1 product in the peaks coincides with that in the screening, i.e.

enriched mAbl was present in the corresponding eluates. This

demonstrates the transferability of the optimised chromatography
ircBiglitidhe dlstioneveafilsyahtheprobess steorargarpiyirRERBAWIN the above

BEYsdnEh sBramatacaRhy rAl MOR A RHSDR ENATPIN S he por-

creening for the 'behaviour of a monoclonal antibody on hy- drophobic

cantEge tionouatsiof shentoéelditierdity of rovatogrYey esiAMRIngsRPiadped in the

sfqlpeiase%%ma%go%@%%@i%ﬁ%ﬁ%%ﬁﬂi%éﬁm@’b‘!\a?égrﬂ%er the corre-

hromatograp Irst step was used. The purpose of the screenings

 spadiogletenitineshie Hxshopied (ramtarmseRpOMRY &5ty didphspRnalysis of

interaction r ranty [ IHUdRIdRtetidMat th
‘%%%%%bﬁ%@ﬁ%é@%%ﬁ? (?rsgt%rough?fllg% c%_lﬁ?gitior_]s with res ectato e'
dibeibntibooy thabR\sHopladusinndbegqRaals i ingdasemity BabHhie screening,

i.B.Ulgﬁﬁ%H%B Aifes canhs achieved Ry srutipe dhmariibars o hisdémbestrates

column and allow impurities to run thrcou h as far as possible, or to aIIovg) h
thiectramsberap iy of theceriimisereirammearmRiMt e IRRRIAG $RYRTEE DY the

) I gk R0 s iRliovinathrar atog rRah L raiestalgrastie columns
pl‘%%e%%%%%ﬁagé%aarose(r) HP, Phenyl Sepharose(r) FF, Toyopearl(r)
aphewsypldand Toyopearl(r) Butyl. The protein solutions used were adjusted

to the conditions specified in Table 5.1: 25 Table 5.1: Conditions for the

charging pools (test solutions containing mAb2) in the 1st and 2nd runs

Example 5: Screening for the behaviour of a monoclonal antibody on hy-

drophobic interaction matrices under different chromatography conditions

For this example, an antibody mAb2 enriched by rProteinA affinity chromatogra-

phy in a first step was used. The purpose of the screenings was to determine the

behaviour 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 mAb2 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 to run through as far as possible, or to
allow the antibody to run through and enrich the impurities by binding them to the

column material.

The following chromatography materials were used: Pheny! Sepharose® HP,
Phenyl Sepharose® FF, Toyopearl® Phenyl and Toyopearl® Butyl. The protein

solutions used were adjusted to the conditions specified in Table 5.1:
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PoollPoolPoolPoolPoolPoolpH6.56.56.56.56.56.56.5
6.5 ammonium OM 0.1 M 0.26 0.3M 04M 0.6M 0.8 M 1 M sulphate M
(AS) volume [ml] 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 content 1.64 1.64 1.64
1.641.641.64 1.64 1.64 [m /ml] 5 10% suspensions of the
chromatography materials in 20% ethanol solution were used and in this

pO0IS. capsrt'alI ?a%cshc&% ﬂr%%bZ i

trwdmlmmmGtanﬂstest solutlons was carrled out (see Table 5.1) followed

|r\\l a wachina.cton Oaath-crienencia

Ty VALC Tl Rl Ith St CTT -\ IUI
Elution was ﬁ?ﬂxgn E&Hl?& g EL“YH gt% FS [§ Juﬂers w%{r):ol‘;? cvé%qina
go deep wef platesgaccorgyg to the fest cuﬂsaﬂ’ﬂgemerﬁt des&ibed ij6.5

_Example 1,las.shown in-Tables-5-2-and-5-3_Atriple-measurementy
AMBRBEBAER Monditbd. Ms %Ngr% Wele M‘nl) g‘?‘ewiﬁp%jlw iek |o$(éﬁshen%1 Tr@

SH tEJ""F’H%’ein solution jused for the screening, the proguct concentratlan

cotid subs b@determ ped-by-absetption-at "Q“ Am-aia-a
Vol uuﬁnhnf&@ 6 18 2: ;m 7,

rovey

& mlent1o§|2De Sl Iﬂlﬁé 1 /\;'agﬁing BF@eq tﬁrzgtlo i 6:g'RV\/E)ISSIfi

[m 1 calumn 1-[(DW-8)I(DWP1.3-colhnn-9-4-12-50mMT+isOMA

OTTTTIVT T T TS OV

50m50mMTnsOMAS 50 mM Tris, 0.1 M AS 50 mS 50 mM Tris, 0.1 M AS
s, 0.2 M AS 50 mS 50 mM Tris, 0.2 M AS 50 mM Tri 50 mM Tris, 0.3 M

AS 50 mAS 50 mM Tris, 0.3 M AS pH
19 @J@;mr)@g)gg‘ (- mgrsﬁgr@rg%pg phs rsna?gr{g s t-rlm-rb QA) eMaAr‘w%iSS%fnt'}gn were

used and in this way a gel bed of 0.05 ml was produced. The partial batch

r

method was used. As in Example 3, after two equilibration steps, charging with
protein-containing test solutions was carried 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 arrangement 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 Tris, 0.6 M AS 50 mM Tris, 0.6 M AS 50 mM Tris, 0.6 M AS 50

mM Tris, 0.8 M AS 50 mM Tris, 0.8 MpAS 50 mM Tris, 0.8 M AS 50 mM
Tris, '1 M AS 50 mM Tris, 1 M AS 50 mM Tris, 1 M AS Table 5.3: Buffer
conglltions and arrangement on Deep Well Plate 2 Elution | Elution 2
Elution 3 pH (DWP2.1 column 1-4) (DWP2.2 column 5-8) (DWP2.3

e

Ao 2l

MMV TTiS, UM AS 50 mi

SAMALSH MR PIdd S O M AS

Tris,

Tris 0.1 M)AS 50 mM

0.leNuABration Trig, 0 Meag!iboatwm Eris, O
BV Pris] 0AUABIZ0 rnwwmo'zmm@wmﬁs%

Tris, 0 M AS 50 mM Tr:

50 PTG ooUmME 50
s, 0.4 M A¥E0 mM Tris,

M AS soaskirtris, 0.2 AR50

mM
0.2

¢ M TRgTAS, 0

M PrisMd Wiriss0.6 N

45®$rﬁ@TmaMGI'NBAS 3 M

JU IIIIVI lllb U IV| I'\D

RN Ning 5 MAS, fé‘éﬁéviiﬂéeﬁmdﬁg .3

\Y

IVI qj m("rmnq

SHRNNTAS i0\2res AGL

BO b Trleas. foMNAghat

50Ad? Brig) 1D AHAS

ﬂm IIUUI Il

b’ﬁl

SN AT

SRS, o Aehe

\/ri rop

fﬁhrﬁmat@gtﬁnm ARG

&5ra T s GL4HYbAGfId

S iR Shiae

ns (‘RI"

R

Iprl nllf using

m\mm eis, @B IGIABNSD. v Tidsl Gfﬁlhﬁﬁn‘é S

uﬁQBTéVbﬁf'@n%ﬁegé for

THRGAGATIY, gRchAla 1o

SRR IRE Y

|Q|nd a seguend

"36 ﬁ/!f.s ,qpﬁ@@g b'

04 ‘?Jrﬁ\ﬂ“i‘ﬁé 5?01*)%9'” ,,

steps are carrled outon a small scale, Wlth varlatlon of individual

AS

\ﬁO:mMﬁ"aist@glr&fbﬁﬁste p.

mM
re

50 mM Tris, 0 M AS

50 mM Tris, 0 MAS

50 mM Tris, 0 M AS

50 mM Tris, 0.1 MAS

50 mM Tris, O M AS

50 mM Tris, 0 MAS

50 mM Tris, 0.2 AS

50 mM Tris, 0.1 AS

50 mM Tris 0 MAS

50 mM Tris 0.2 MAS

50 mM Tris 0.1 M AS

50 mM Tris, 0 M AS

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 M AS

50 mM Tris, 0 M AS

Tedvlansele Buaddbartitibesredlaraintesterdsen deen Miel Liatedawn as
0 OpTE i parametérs, chanagigsised in that the segigtigref pH
AW AU umn 1-4) | (DWP2.2 column 5-8) | (DWP2.3 column 9-

12)
50 mM Tris 0 MAS {50 mM Tris 0 M AS 50 mM Tris 0 M AS

pH 6.5

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

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

concentrations. Thus in the case of mADbZ 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 ftjrther screens carried out using the method according to the inven-

tion.
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charging, washing and elution steps is carried out by the partial batch 10
method (steps with and without suspexysion of the chromatography mate-
rial). 2. Method according to claim 1, wherein at least the charging step
comprises suspending the chromatography material and at least during
an elution step 15 there is no suspension of the chromatography material.
3. Method according to claim 2, wheseip,additionally the equilibration step
comprises suspending the chromatography material. 20 4. Method
according to one of claims 1 to 3, wherein the equilibration, charg- ing,

1 Wa%h’@%@@6@%@%@%@%@%@@&%&ﬂr%ﬁwﬂ@%@a‘awelkald@@ss@s for

‘Wherein the chromatography conditions differ in at least two of the tests
ands@gacahisaRing@le @HBSmatography results of the respective

eXPRAMRIS LS SIBRSIRG BN e Asd L AevRNIBARRIS chapgiatograstiv

conditions. 25 5. Process according to claim 4, wherein the equilibratjon

chafgifcE WinthFigPaRIeARIBRGRIFCRE SarAl eRlRInHRy XATARRRCL g vidual
multiell Glerp ot #ShBinBrRER s FIAEYRAdEt RO MEIQKIENS drodrawn as to

wherein (a) a suspension of a chromatographtygmaterial Is placed in

pluraRyrosmdIR amelas IR FRESB/IE 115 hﬁ&%ﬂﬂ@ﬂﬁ%ﬁs&ﬂw&@gan'
in th&w@!ﬁ%%%’mﬁ@ ihR SRS SRDhY ERrrfidinpy RS pRetiakianth
e

above the chromatography material by centrifuga- tion or by the

PR Ids PN B I BAHAE P IBIRE O o G Reahy mate-
chrgmatography material contained in the wells an equilibrating buffer
solution is added to the moist gel bed and the gel bed is suspended
(equilibration step), 10 (d) a moist gel bed is produced according to step

2(b), (@entipnalyeippaéians {dhasrsepaniedsianerchtinges stqmotcufzises

?nﬁ%}ﬁél&%é@%?@%%%}sﬁg) g}%ﬁger%ta\%e%ﬁrgﬁc} ha% %ggtn&%%?% aapnhgtution step

there is no suspension of the chromatography material.

3. Method according to claim 2, wherein additionally the equilibration step

comprises suspending the chromatography material.

4. Method according to one of claims 110 3, wherein the equilibration, charg-
ing, washing and elution steps are carried out in a number of parallel tests,
wherein the chromatography conditions differ in at least two of the tests and
by comparing the chromatography results of the respective experiments

conclusions are drawn as to advantageous chromatography conditions.

5. Process according to claim 4, wherein the equilibration, charging, washing

and elution steps are carried out in paraliel tests on a multi-well filter plate.
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at least one biomolecule is added to the gel bed, and the gel bed is sus-
15 pended (charging step), (g) a moistggel bed is produced according to
step (b), (h) in order to wash the chromatography material a washing
solution is added to the gel bed, the gel bed optionally being suspended
(washing step), (i) a moist gel bed is produced according to step (b), 20

6. pRignaly.siens ity AhO e dRRedIed seyidimes. particularly
once, twice or three times, w ile the was INg SO utions used may have .
(ahe savspendiiffecs at compasidsasantaistiindtptaeageinbe dligrality of wells in

sus%_erﬂgﬁg\%éijgf%tﬁ?gﬁoended, () for eluting the biomolecule, an eluting

solution’is a e gel bed 25 without causing suspension of the gel
(Medyehaisingsiepid (in paoduedihintthetee s oo naisngeNsesHEPsFEdRR el e~
and the el i j I ' ; .
L o s b
soluimms ise the ap plinatidrecs anprass wigshigiereofiabositions, and 30 (o)

(Jfie Flustes Rleriabaie el Addebag Aereringdaane o eiREadis an

erein one or more steps are ¢ doutusing a ipettin(? robot. 29
8. Mathititratice dintiaosoheion dmaddeadtto themepish gehhad ddhe geoed is
change,.hydrophobig.i 'Q ffinity, hydroxy apatite, reversed phase,
hydrsogp (%ig%ﬁggra eﬁlr%%qc@grt# é;rb Eixed mode chromatography is used as

(&) the aimoisagrjraptysrpzostiar G ammstistiacaiesiamtPlo one of claims 1 to
(e} thg,‘l?i'gnté@%qa@g\xgﬁo%§ %E%t?éjp@)émmﬁiﬁ%gmﬁ@ﬁmhm once,
or multi-well filter p

ateri ate or by pipetting the chromatography
matetial@noortbfgel0mes Method according to one of claims 1 to 9,

( :;rjﬁ]ﬁ%m%ﬂ@gj@% BrRERARHRYr 8P IB SRR 4 @Rt SdNiKbH edritaining
proteins and an over- '
at least one biomolecule is added to the gel bed, and the gel bed is sus-
pended (charging step),

(g). a moist gel bed is produced according to step (b),

(h)y  inorder to wash the chromatography material a washing solution is added
to the gel bed, the gel bed optionally being suspended (washing step),

(i) a moist gel bed is produced according to step (b),

(k)  optionally steps (h) and (i) are repeated several times, particularly once,
twice or three times, while the washing solutions used may have the same
or different compositions and optionally the gel bed is suspended or is not
suspended,

(n for eluting the biomolecule, an eluting solution is added to the gel bed
without causing suspension of the gel bed (elution step),

(m) according to step (b) a moist gel bed is produced and the eluate is caught,

(n)  optionally steps (1) and (m) are repeated several times, particularly once,
twice or three times, while the eluant solutions used may have the same or
different compbsitions, and

(0) the eluates collected are analysed.

7.  Method according to one of claims 1 to 6, wherein one or more steps are

carried out using a pipetting robot.
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expressed target protein. 15 11. Method according to one of claims 1 to
10, wherein after the addition of the eguilibrating solution and/or the test
solution and/or the washing solution and/or the eluting solution the
chromatography material is incubated with the equilibration, testing,
washing or elution solution. 20 12. Method according to one of claims 1 to
11, wherein the eluates of the elu- tion step or steps and optionally also

the run-throughs frpm the charging and washing steps are recovered and
8 analjstithd cateding taccoedigleorond ¢ aam&eto amairdadifptien ex-

Chr%WéF’\Iig %%@F%EEJB?&%@% iSﬁcgfﬂH rH§§%Hbﬁféa|‘B\9é‘r@e ase,

thatthe us obtalne as avolu between 0.01 ml'and 2 ml.
30 hydrophobic charge induction or mixed mode chromatography is used as

the chromatography materiai.

9. Method according to one of claims 1 to 8, wherein the suspension is ef-

fected by shaking the chromatography material or the muiti-weli filter plate
or by pipetting the chromatography material on or off.

10. Method according to one of claims 1 to 9, wherein the biomolecule is & pro-
tein, a protein mixture or a mixture of host cell proteins and an over-

expressed target protein.

11. Method according to one of claims 1 to 10, wherein after the addition of the
equilibrating solution and/or the test soiution and/or the washing solution
and/or the eluting solution the chromatography material is incubated with

the equilibration, testing, washing or elution solution.

12. Method according to one of claims 1 to 11, wherein the eluates of the elu-
tion step or steps and optionally also the run-throughs from the charging

and washing steps are recovered and analysed.

13. Method according to one of claims 1 to 12, 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 miand 2 ml.



