7 Novenber 2006 WD 03/097692 PCT/ SE03/00766 | Method for al bumn
purification Technical field The present invention rel qtmehg,e;%@éf ield of
protein purification, and especially to the pu- 5 rification of human serum
al bumin, The nethod utilises a series of chronat ograprg‘ steps, which

resul t sA34AR6¥% ti ci ent purification suitable for us@GIFEPWS- scal e
operations. Background Human serum,al bumin (HSA) is the nost abundant
protein present in blood plasnma, 10 where its role is to contribute to the
mai nt enance of osnoti S ; | nutri- ents and netabolites, to
t her eby enabl e transpgdra?c'ht%ﬁlesrgl'g’ej?(;fé.?ﬂL T E?LEBFI;Q%;L “"atr'lgf’é1 phar maceutical and
scientific interest in HSA, e.g. as a drug for treating hypoal bum nem a
causedldehnizal figlds of al bumin or a reduction in albumn synthesis, in

henmorr hagi ¢ shock etc. In the _earliest nethods avail able, the HSA was

pur i f i Bt Bressat Biveation walaies te the Eeld of peatein pyrifisatinne anghespagially tofheprens, for
ex | e. a..sporadi ¢ suppl y, of. blood, .econan cal di sadvan-,  tages and
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| east b bk, | 8 s Bl deV ased on
recorrbsit gﬁﬁhm@%gﬁ#égﬁggﬁ% ve ?fdglpgmrﬂga({:m;%{ ytsﬁeenées\?gﬂggjggﬁﬁta%g?produce
reconbi nant HSA (rHSA). Even though a nunber of reconbi nant net hods have

been suggested, it has been shown 20 that the purification of the rHSA from
t he f@ﬁ&ﬁ!@ﬂdon broth is a crucial step and there is an ongoi ng need of

[ ts t hi s. AEP.O 612 761 di t-h f duci
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i nteracti on chromat ography er specl conditions com bined with

ot her esitseadl ractabolitss, tothesby kastge trahypormhagsf Mhyre it b kagepirmabduichlor i ¢ aci d
or a salt thereof followed by ultrafiltration, and heat treatnent. However,
a ser iasd sefentifiainterasiny Htde gg. v b drugfor fregging lypoalbupinemiacaised bpadi ngl y t oo
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carliest methods availéble, the HSA was purified from blood. However, such methods-

‘15 brought about problems, for example a sporadic supply of blood, economical disadvan-
tages and contamination with undesirable substances such as hepatitis virus and not least
AIDS virus. To avoid these problems, alternative methods based on recombinant DNA
techﬁiqués have more recently been developed to produce recombinant HSA (rHSA).
Even though a number of recombinant methods have been suggested, it has been shown

20  that the purification of the rHSA from the fermentation broth is a crucial step and there

1s an ongoing need of improvements to this end.

EP 0 612 761 discloses a method of producing recombinant human serum albumin of
high purity, which does not contain free non-antigenic contaminants. The method util-
25  1ises hydrophobic interaction chromatography (HIC) under specified conditions com-
bined with other steps such as ion exchange chromatography, treatment with boric acid
- or a salt thereof followed by ulirafiltration, and heat treatment. However, a series of that
many steps will still be too complex and accordingly too expens‘ive for satisfactory use
in large-scale operation in industry.
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2 EP 0 570 916 al so discloses a process for produci ng reconbi nant human
serum al bum n by gene mani pul ati on techni ques, mherein7@&ﬁ%%&%@kb nis by
a conbination of steps in which a culture supernatant is subjected to
ultrafiltration, heat treatnent, acid treatnent and anot her
ultrafiltration, followed by subsequent treatnents with a cation
exchanger, a hydrophobi c chromat ography carrier and an ani on exchanger and
by salting out. However, simlar to the above-nentioned patent, this
purification scheme is too conplex, tinme-consum ng and accordingly too
expensi ve €8 bYW Pfealsndissleses pdrrcespios peetlncingfresompieant humangerust al e

tion. 87_di scl. t hod of i f.icat,i f.r HSA i
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subsequently be subject to ultrafiltration, H C and anion exchange
chr omat ogr Hp#f .enr-mdeamther ukrafifffations follosiied o sbbstquént kreatorpmiy with egatigent

di f f t th ti onal ked ‘bed chronat ogr.aphi ¢ st ep.
Accor di ngl SRPREeS MR chrBERE PR SEE AR &1 Ghich SHOMRESHBHOYal | y
attract i veslihPeRIH68SverOfimMef fofthe %6%@ﬁtﬂn|é§ﬁatfeﬁtﬁméé‘?%?ﬁéd%ﬁ PRt

Summary of the invention Disclosed herein is a netho purification of

r econbi nantookgmpléxatiniescopmghing and deqirdibghyotob axpmsive & provider at éffinienfThi s can

be achi eved by. a ?et hod, ., whi ch]ﬁ%on}t)r_i ses subjecting a cell culture

super nat an?m(:égé? VI H 8855 piSRe O he fol | owi ng steps: (a) cation

exchange chronmat ography on a bi nodal high salt tolerant matrix; (b)

hydr ophobi ¢ i nteracti on chromat ography (HIC); (c) anion exchange

chr omat ogr BP 1699480 aistiasel ymethod af pearificafont dfeHPAeskstéini coltary mediupriovi des a
reconbi nant human serum al bumin (rHSA) froma sol ution

met hod ofhg%lrifying_ C ] (r ]
whi ch et hotit Esaisd fsmactiaipgprateases gng thes gongagtedyyith & flpidised bgd of catos)
conpri si ng to 1 |.pwing 7 ve r. 2006 a.c to hic steps:
(a) cati o_n‘:'}'[ec?llzl| g‘%@en%éa %ﬁs‘ faIRE F%D\é%ta‘%nﬁflg%qggﬁfy BeuRte 'h‘t% %ﬁ]&%on’%@p&“d
hydr ophobi gnibhéihassd GRomoSABEP.HeREVer (e 6F a flufdiékd bed will require
equipment different to the conventional packed bed chromatographic step.

Accordingly, there is still a need of more efficient and economically attractive

procedures for purification of tHSA from a culture broth.

Summary of the invention

Disclosed herein is a method for purification of recombinant HSA that is easily
adapted to large-scale operation. This can be achieved by a method, which comprises
subjecting a cell culture supematant (CCS) comprising rHSA to the following steps:
(a) cation exchange chromatography on a bimodal high salt tolerant matrix;

(b) hydrophobic interaction chromatography (HIC);

(c) anion exchange chromatography.

Accordingly, an aspect of the present invention provides a method of purifying
- recombinant human serum albumin (rHSA) from a solution which method comprises -

subjecting a cell culture supernatant (CCS) comprising rHSA to the following




(c) anion exchange. Another aspect of the present invention provides a

nmet hod as defined above, which also conprises heat tre%%mgghﬁg; &ﬂp CCs
before step (a). A further aspect of the present invention prOV|%es a

nmet hod as defined above, which also conprises heat treatnent of the CCS
before step (b) in the presence of a reducing agent. The nethod discl osed
conpri ses fewer process steps than the above-di scussed nethods. In
addition, the binodal high salt tolera2a cation exchange matrix used in
step (a) can allow use of a cell culture supernatant w thout any further
dilution, which greatly reduces the total volune and hence the costs as
conpar ed t%ﬂ)@ﬁto@{d Afc &&ls: Methods. 7 Novenber 2006 3 Disclosed further is
an i nproved adsorption capacity of the chronmatographic steps wused in
purificati @) dafion Eehanddés a baflody® hhaR Y&erahymbiik; met hod descri bed above
wherein a cation exchanger, conprising |igands known as high salt |igands
(HSL), is (bhdedrdphobicdntetagiion Saiothatogyephy(HACY; dmidodal in the sense that

t hey conpr%ie at least two sites that interact with the substance to be

i sol ated, BASBYSFCEIS- a charged interaction and one providing an

i nteraction based on hydrogen bonds and/or a hydro-phobic interaction. The
col our content can be decreased, and nore specifically the purity, of the

final proAnchecapedoftcireame thveabortprdoides £ cheiRyiaisiic il shovanwhrhachi eved
by use of the nethod described above, wherein a weak anion exchanger is

used. Bri e¥lSQIRABRTSSE heat tisrirapmiaf thy<CES befiore stepx(@D i | | ustrat es possi bl e
matrix materials suitable for use in the different steps of cation
exchange, hydrophobic interaction and ani on exchange chronat ography

accor di Ng A GuikiRg abp¢et in@ @)resﬁhﬁﬁo&ti%@g@?ﬁtmeﬂhﬁa gb bfia d@%a%,%i?ﬁg hange

chr omat ogr aphy according to step (a) e nethod according ’to

i nvent i on a$o eomprise$ hert dxatnadnit of thetCC R befomesterafbiin the(pBSShce Hactincng 2B
contains the rHSA. Figure 3 shows the results of HC of fraction 2B from
Fig 2. The®®lsA is eluted in

The method disclosed comprises fewer process steps than the above-discussed
methods. In addition, the bimodal high salt tolerant cation exchange matrix used in
step (a) can allow use of a cell culture supernatant without any further dilution, which
greatly reduces the total volume and hence the costs as compared to the prior art

methods.




fraction 3A. Figure 4 shows the results of anion exchange chromat ography of
fraction 3 Afrom Fig 3. The purified rHSA is el uted iR 5REHPHFRHB:
Figure 5 shows el ectrophoresis anal yses of the main fractions obtal ned
using the three step purification protocol according to the present
invention. Detailed description of the invention One aspect of the present
invention is a nmethod of purifying reconbi nant human serum al bum n (rHSA)
froma solution, which nethod conprises subjecting a cell culture

Su- per nat amt; ) ISk e fol.]ow chr raphic steps
(a) cati onqselgtgﬁﬁgfgﬁg%mg a%lhﬁgrgsa{?&sﬁqséﬁj&sogﬁ Ctap?‘l’cl){yeo\r%ﬁ%dﬁ% rQ{qufa%gI renber 2006
WO 03/ 0976 WdePlalnisHit3{(i 00 ¢ HAIIA. THIY cdiybly abioed By ithd REM6E dedridbd ghmieogr aphy

(HG; and (c), aniaon exchange. In_a specific enbodi nent of the Er esent
met hod,  t heVhessindcetion exchengerneongisingsligasdy known apligh salbligmds ISEhdh as

above abou : 4N nor e
speci fi cal %&é‘gﬁ% %%%:an%g R %ﬁ%ﬁ%ﬁ"ggﬂ !f.{ gh%%)eélgg?%ﬁ t,h%?%ﬁgléesatg%gts%q e due
to the ki nitenthatimtdran vdtcthasgatangs edbe sblatdd, coapriovEleg: 4 tigagdls of the type
known as hi,gh salt ligands, (HSL). Accordingly, an inportant advantage wth
the presentMFECHOR aREoRGRIPViding %F%tpﬁé’aﬁﬁ%&l hgiregenpoads #l/@@s,  and

t her eby al OUR,- i Ofnt Rnr educed vol unes of 10 sanple during the cation
exchange stép as conpared to the previously described neth- ods for
purification of rHSA. The CCS can be any fermentation broth from which

cel | s pr ef ditelwioloun avetehtaran beeroeastd, sndgmoteyspediitaliyf thg ptiionof the dmatli ngl vy,
the origin of the rHSA i sol ate ccaording tqQ the pre- 15 sent j|nvention can
be any sui PEHFUSt FREGhe Ingpaspdgas ‘ﬂf&?%ih&rel’é-éfhl%?a“sltfcf’r??‘é?é’eééﬁH%f‘r? hea coli,
Bacillus s A : t 1S, : es cerevisiae,

Pi chi a pas?lg%dllésd gﬁsg%lﬁedo%b%g%%ﬁ?&%gw I né@feﬁggﬁﬁgg\%&ﬂ ageous enbodi nent,
the host cell is Pichia pastoris. Methods of producing a reconbi nant host
cell and cBndf déessngptidmwof drspimessi on of a protein such as rHSA therefromare
wel | known_, see_e.qg. the above discussed EP 0 612 761 for  a 20 reference to
various paF#mre hoyPiillustrabesontibleimatiinnaaterials gpitable for use in the different

steps of cation exchange, hydrophobic interaction and anion exchange

chromatography according to the invention.
Figure 2 shows the results of cation exchange chromatography according to step (a)
of the method according to the invention of an undiluted cell culture supernatant
{CCS). Fraction 2B contains the rHSA,
Figure 3 shows the results of HIC of fraction 2B from Fig 2. The rHSA is eluted in
fraction 3A. _

- Figure 4 shows the results of anion exchange chromatography of fraction 3 A from
Fig 3. The purified rHSA is eluted in fraction 4B,
Figure 5 shows electrophoresis analyses of the main fractions obtained using the

three step purification protocol according to the present invention.

Detailed description of the invention

One aspect of the present invention is a method of purifying recombinant human
serum albumin (ftHSA) from a solution, which method comprises subjecting a cell
culture su-pernatant (CCS) comprising rHSA to the following chromatographic steps

(a) cation exchange on a bimodal high salt tolerant matrix;.




The main purpose of step (a) is to elimnate | ow nol ecul ar wei ght col oured
substances such as pignents that are negatively Charge%ﬂﬂ%ﬂ%ﬁmrﬁb (a)
utilises a cation exchanger, which conprlses | i gands of t ypé nomm as
hi gh salt ands (HSL). In this context, 25 "high salt” refers to the
above- néﬂ@ﬁﬁﬁﬂﬂzproperty of high salt concentration tRSITATEAHBEGS t hat is
characteristic for this class of ion exchangers. This property is provided
by the nature of the |igands, whi cift i's binpdal in the sense that each
I|gandﬂﬁ&ﬂ@ppbﬁgcﬂﬂﬁﬁm@ﬂbﬂﬁﬁﬁﬂﬁﬁKWhﬁﬂaﬂﬁ Ab&racting with the substance to
be iso gted |@ e present case rHSA. The primary binding node is

provid ed bi ndi ng group, i.e. an ion exchang 30 ing group,
hence t he cIaSS|f|cation of the HSL-type of matrices as ion exchangers. A
second bi nding node is provided by a secondary bindi ng group, which

provi disa gpecidid embodiment-of the present method; the-conductivity of the-CCS is-above - 7
Novenmber 2006 WO 03/097692 PCT/ SE03/ 00766 5 ditional interaction with the
subbt apheat §@ midemswich pe abovesnbart 15 andpsefermblynehavg abpwidiOne . rwtidSprovi des a

Eédé‘é??@gé’féz??% Sieffonlty B8 S0PRRRR vef BI04} WHRGR POt RS . o ot -

it is rﬁ@ﬁ’% I ne that

t wo or&go@? ﬁﬂgﬁ%g&rh%e%ﬁg@l}]& Ehgb.ngls &?‘Yﬂ %%eﬁiﬁﬁ limted

to onl salﬁlvganﬂn @{HLr)gAﬁmieﬂ;gi)}, an timportane advintagewath matpr@em mehodis thichanger s

of HSL-type are utilised, and such cation exchangers have been d| scl osed
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Ho ver ner description thereof will follow Qelow.,1 e charged
e Be ot Bingh o compgraa e Peahely AL mbe ol cot ed

fromt of sul phonate (-S037-SC3H), sul phate °
(- 0s03 é}ﬁgﬁ)@@&@g}s% o%./tl ate (-0001-COOH), phosphate

(- OP032"/ - OPO3H7/ - OPO3H2 and phosphonate (- P032'/-P03-H -PGBH2). In one
advant ageous enbodi nent, the HSL-type of cation ex- changer is a weak
cat i onFlexC68cgebe any &nncmatlmnbmﬂmframg\&hlshtcclbaprhﬁw@lmhmeabmmo@d In 15 an

| t t od t, { t h h K
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hydr OQRAIMANGb A & OyBastvdRli§,Rubk as Saccharomyces cerevisiae, Pichia pastoris etc,

~ or animal cell lines. In an advantageous embodiment, the host cell is Pichia pastoris.

Methods of producing a recombinant host cell and conditions for expression of a protein
such as tHSA therefrom are well known, see e.g. the above discussed EP 0 612 761 fora

20 reference to various patent applications within this field.

The main purpose of step (a) is to eliminate low molecular weight coloured substances
such as pigments that are negatively charged. Thus, step (a) utilises a cation exchanger,
which comprises ligands of the type known as high salt ligands (HSL). In this context,
25  “high salt” refers to the above-mentioned property of high salt concentration tolerance
that is characteristic for this class of ion exchangers. This property is provided by the
nature of the ligands, which is bimodal in the sense that each ligand comprises two
groups capable of interacting with the substance to be isolated, in the present case rHSA.
The primary binding mode is provided by a charged binding group, i.e. an ion exchang-
30 ing group, hence the classification of the HSL-type of matrices as ion exchangers. A
e éecond binding mode is provided by a secondary bi;lding group, which provides an ad-




20 |l ocated at a distance of 1-7 atons fromthe cation-exchangi ng group. A

hydr ogen- bonding atomis an atomthat is capable of par,;NS{,e%{%érggo' n

hydr ogen bondi ng (except hydrogen), see Karger et al., An [ntroduction

into Seg‘?ration Sci ence, John Wley & Sons (1973) page 42. The

hydr ogeNYQB¥ETY at om can be sel ected fromthe group ROTAEIRGes| sts of

het er oat ons, such as oxygens (carborgyl oxygen, ether oxygen, ester oxygen,
sul phaone am de oxy syl f oxi de

25 hydr.oxy .oxygen, sul|phone oxygen, - en, .
oxygenf,ime&ﬂ} duRracfion yﬁ%ﬁﬂ% ﬁ@swpfs@@nt@ﬂ&glgteﬁi Yyplxthe (s%ﬁwaerf Bindigyen. nitrogen
In aro LG T r hi pat-her, L phur l. rell aromatic
rings %?{cql)) ﬁ""é’lﬁd&’gé&%ﬁ%ﬁi@’gh@% rﬁ’gBP t(l ngo ‘%31’%%#&‘,[‘)1’ %Saﬁﬁﬁdﬁtg&é"?%‘.ﬁfpsz such as
f1 uor ogan@elentRagdd, A8WilPbe tREDsePmEhSreaietall Held40 1R thit kEnEACR Mo Hei Ndi ng gr oup
typically contains no charged atomor atomthat is chargeable by a pH 30
changenotéd MHet/thritem AimedaliMs G40eRGDR dedfit HiZD Bw0 OF idrdbinding nsddabi | i ty of
the catigon g(ch%g%(ta | i gands used.in step (a). can in_general terns be de-

Jf

firfed 3¢ mvelvedqait 18 thersiore gptimijed topnly twe gimodest luthe present | east 40
hours._For .illus- trative e of itable chem.cal |Jigand structures
o "t neereliarion Edion EhERRR. Bhe At e anf) SR BB xeh¥BRS, P see
above-HR beadisclb¥ell/ i delaal0§2 Q. POT/BPERESI03 (AnfRanP PRiriaER Bibtet1e Pr esent
met hod, step (a) utilises the HSL cation exchange I1gand illus- trated in
Fi g1A AB).tHmvever aqenhermpdescfiption thereof Rél foilosv belowuncti onal terms, the
cation-exchanger used in step (a) of the present nethod is capable of 10
(a) binding rHSA by cation-exchange in an aqueous reference liquid at an

ioni c strength.cor.responding to 0.3 M | rmtti br eak

t b gie HAker RS ERRR Pt & Reatiobiciien sy Ktpolf CHSEECAbBAEY 2" 80006 or
> 10 9 | i/ h ne ef erence
cat i oﬂ%ﬁ%ﬁﬁ&@%ﬁ%ﬁnﬁgﬁﬁﬁﬁgg%zs"p@’oﬂg’ a%?%ﬁé%gg%) ’gztaft he ionic
15 st rengltes-SOOMCODI)E phdphatt POF O 20P GlEECOPOsH, sniphosplicngr(ence ion
exchangerz_ in nore detail. The level of cation-exchange |igands in the

cat i orFQsxERPFEPRO i) dnione edeantageers smbodimentotheiHESutypgiof yatianedxect ed in the
| nter Vc%lang%]} islzi \%gzg? ca Jn/-engchzri]r}ge;,iiéi ca%#;%bexc an%,rérSSOtﬁat rarl?ré /a%kargg;[)\rré £ .’Inw th
15 an altemative embodiment, they are strong cation exchangers that have a pKa below 3.
Typical examples of such weak cation exchangers are carboxylate (-COQ/-COOH),
phosphate (-OPO;*/-OPQ;H/-OPO;H, and phosphonate (-PO,>/-PO;H" /-PO;H,).

The secondary binding group comprises at least one hydrogen-bonding atom, which is
20 located at a distance of 1-7 atoms from the cation-exchanging group. A hydrogen-
bonding atom is an atom that is capable of participating in lydrogen bonding (except
hydrogen), see Karger et al., An Introduction into Separation Science, John Wiley &
Sons (1973} page 42. The hydrogen-bonding atom can be selected from the group that
consists of heteroatoms, such as oxygens (carbonyl oxygen, ether oxygen, ester oxygen,
25  hydroxy oxygen, sulphone oXygen, sulphone amide oxygen, sulfoxide oxygen, oxygen in
aromatic rings etc), nitrogens (amide nitrogen, nitrogen in aromatic rings etc), sulphurs
(thioether sulphur, sulphur in aromatic rings etc); and sp- and sp>-hybridised carbons;
and halo groups, such as fluoro, chioro, bromo or iodo, preferabiy fluoro. The second
binding group typically contains no charged atom or atom that is chargeable by a pH
30 change. ' '




20 preference for 5-300 nol/m matrix. Possible and preferred ranges are,
anong others, determned by the nature of the matrix, I 125 560 Thus,
the |l evel of cation-exchange |igands is usually wi t hin ‘the range of 10-300
for agarose-based matrices. For dextran- based matrices, the interval is
typi cal KO BB ol /n matrix. 25 The above nmenti on@§THER/EMS 1/ 08203 al so
conpri ses an extensive di scussion of ma- trix materials useful with cation

nor ganc i e ety 3&@@51%2@&3%%5?@@”@3?@ APl of o
pol Y”Eﬁned"!a'tﬁé‘ ﬂ?ﬂ (?}]avel\/gﬁfaéff’{n WEBSTo? chﬁ%%{xfé Pﬁt[ gﬁs-

Hydr ophobi c po ners een derivati ze becone rophilic are

i ncl udediverxamples defuitable chiemicGlligahi mwrmwcmmr@cmgyﬁmémm pol ymers,
e.g. based on polysaccharides, such as garose 7 Novenber 2006

03/ ogmabdﬂ@mﬁmm@@c’d, segjabavieamentiose BCIRE0108203 nIn gosperidicam- et c. and

i e, DTG S ESFF RS ep B Foliess (e BT yenparitpapiadiidt cs) and
pol yrre&gg nyfl~1 g%fﬁfeﬁ Seﬂpgﬁégg%g Ligy! methacryl ate), polyvinylal cohols and

polyners ased on styrenes an i vi'nyl benzenes, and co-polyners 5 in which
two or nore of the nononers corresponding to the above-nenti oned pol yners

are included. Polyners, which are soluble in water, may be derivatized to

" becomDefineddn funstienaldemps, thy cetion-exchiangerugediinosten,(ag ofiiieipresentomethod ns ol ubl e

body vi a a tion or co- valent binding. Hydrophilic groups can be

i nt r odtiCHE %H}hydrophoblc polymers (e.g. on co-polynmers of monovinyl and

1§ "(BP TSR HIA B HEBHLCS Al 0PI FRAGIEIRr B kg M9 07 0UPS whi o

can be tonvert to or by 1'on 0 fH5al polymer, e.g.

by adsor pt ﬁcﬁfbﬁf‘cngﬂié(ﬁrfﬂs PorAPRWBIM Nadfindds hydrophilic polymers. An
illustrative exanple of a suitable matrix is the commercially available

beadedbBeppamutting w%ne&lhﬂlrwgha@gamwd‘obﬂmesdbsimtea/ma %béuzhfas ard0ptEos ham
Bi osci ences, Upps Sweden. Suitable i nor?ani c_ materials to be used as

support Rell0e s> 30Q0 %, of the broakitheaveh sepacitie thersabsfanae, for 2 efergpecal um oxi de
I e e e St R
i xg:ogﬁeﬂwow@bgg%! | - gand&f orm ng conpounds to sur faces is given in
PCT/EP01/08203 describes such a reference ion exchanger in more detail. The level of
cation-exchange ligands in the cation-exchangers used in the inventive method is usually
selected in the interval of 1-4000 pmol/ml matrix, such as 2-500 pmol/ml matrix, with
20  preference for 5-300 umol/ml matrix. Possible and preferred ranges are, among others,
determined by the nature of the matrix, ligand etc. Thus, the level of cation-exchange
ligands is usually within the range of 10-300 for agarose-based matrices. For dextran-

based matrices, the interval is typically 10-600 pmol/ml matrix,

25  The above mentioned PCT/EP01/08203 also comprises an extensive discussion of ma-
trix materials useful with cation exchangers of HSL-type. In brief, such matrices can be
based on organic or inorganic material. It is preferably hydrophilic and in the form of a
polymer, which is insoluble and more or less swellable in water. Hydrophobic polymers
that have been derivatized to become hydrophilic are included in this definition. Suitable
30 | polymers are polyhydroxy polymers, e.g. based on polysaccharides, such as agarose,




20 Smth, P. K, (Eds.), Imobilisation Affinity Ligand Techni ques,
Academ c Press, INC, 1992. As nentioned above, one of gg[ﬂ | of the
HSL-type of ion exchangers is that it is possible to rﬁﬁ@% so?{)%(ls%n to the
colum, i.e. binding of rHSAto the ligand, at elevated 25 ionic strengths
conmpar eWQ G/ K& has normal |y been done for conventi ®GAISEEHNTGN exchangers,
for instance the reference sulphoprgpyl cati on-exchanger di scussed above.

The exact ionjc strength to be used ‘dur] neghbi ndi ng depends .on the nature of
the prdsxBem cedplgss, siarely pullelan, <o mad somplefbnsipthaticolymprmduehas MY mat r i x.
wat er BB il A et hnic T BB AR NE BRI EC e om G be

per f orgegth 1Al a4 hQdH Tates (£.8! nge of the
pH. Typilca?dlg%){% tdgﬁgel Esﬂez%):ég?e%lﬁ%%it néﬂggq?l il;%?léi]gﬁg{cpgﬁaﬁézér e selected
anong polNawdatbehol? aibpoliieB 288G odyenss iAgB6kzetes, and ubpelyarwmoni um or
net al salts of phosphates, sul phates, etc, in particular alkali netal

and/ orin 3hieh tWecoraneretol tha mpnemens somgspendingéo hg|abgve-mentonsd nolym@ed in t he
adsor pti on.s but _then oft Ln_|lower goncentratdons. 5 1n one
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C
Accordi ngly, one ad- vantage of the present invention |sr¢ he out st andi ng
bi ndi nalend badirtgy Hyfiroph#ichgrommsadan dba-inttodnoedoc hpdrgghobid polymehde.gadnd ows a
reduction _in volume and therefore operational costs _as conpared to
converorRigners of menowryhandgiviaylbepzang® bymebanerisatien of mpaemessexhiboncent ra 10
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| i ganexeidple)ofel saitably nsitrip is the esmmefkidllyvailsisic béwled $ephdrose; whichris pr ocess
significantly and reduces the cost of operation on |arge scale. 15 One
enbodiagaiese-based igad prailabln fromt wershunBiossiencese Bippsala Swadan. Sfitablée CCS bef ore

t . . .The heati b f d directly i..e. while t host |1
ar o sAPREaP SR WSer o SEBAB D THELt ce SHEPHIE B PR ugat i on,
ulter afdldindt &4 Q& @any other suitable

The above mentioned PCT/EP01/08203 comprises an extensive disclosure of the prepa-
ration of cation exchangers of HSL-type. Also, a review of methods of immobilising li-
gand-forming compounds to surfaces is given in Hermanson, G. T., Mallia, A.K. &

20.  Smith, P. K, (Eds.), Immobilisation Affinity Ligand Techniques, Academic Press, INC,
1992.

‘As mentioned above, one of the benefits of the HSL-type of ion exchangers is that it is
possible to run adsorption to the column, i.e. binding of rHSA to the ligand, at elevated
25  ionic strengths compared to What has normally been done for conventional cation-
exchangers, for instance the reference sulphopropyl cation-exchanger discussed above.
The exact ionic strength to be used during binding depends on the nature of the protein
and the type and concentration of the ligand on the matrix. Useﬁ:l ionic strengths often
correspond to NaCl concentrations (pﬁre water) =2 0.1 M, suchas > 0.3 M oreven = 0.5
30 M. Desorption can be performed e.g. by increasing the ionic strength and/or by change
6f the pH. Typical salts to be used for changing the ionic strength are selected among




met hod. The heating can be perforned at 50-100C during a period of tine of
froml 20 mnute up to several hours, preferably at 60-7 nut es
to 3 hours and nost preferably at about 68C for about S%Qﬁ%?%goéar
heating is conveniently performed in a water bath eq]tgé?%od W th

t her most¥4® 9399393 ne enbodi nent, a stabiliser is added #007%Ghe heati ng,
"such as sodium caprylate at a pH of bout 6.0. O her stabilisers can be
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heat-treated before step (b). 30 Preferably, a reducing agent, such as

cysteine, is added. Qther exanples of useful re ducing agents are
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-.. One embodiment of the present method comprises heat treatment of the CCS before step
(a). The heating can be performed directly i.e. while the host cells are still present or af-
“ter removal thereof, such as by centrifugation, ultrafiltration or any other suitable
method. The heating can be performed at 50-100°C during a period of time of from 1
20  minute up to several hours, preferably at 60-75°C for 20 minutes to 3 hours and most
- preferably at about 68°C for about 30 minutes. The heating is conveniently performed in
..a water bath equipped with thermostat. In one embodiment, a stabiliser is added before
the heating, such as sodium caprylate at a pH of about 6.0. Other stabilisers can be used,
- such as acetyltryptophan, organic carboxylic acids etc. After the heating, the pH of the
25  CCS is preferably adjusted to a lower value suitable for the subsequent adsorption on a

cation exchanger, such as pH 4.5.

In another embodiment of the present method the product from step (a), i.e. the fraction
‘bound to the column comprising the HSL-type matrix, is heat-treated before step (b).
30 - Preferably, a reducing agent, such as cysteine, is added. Other examples of useful re-

-ducing agents are mercaptoethanol, reduced glutathione etc. The purpose of this is to fa-




feature pronotes a higher degree of selectivity, while allowwng mld
elution conditions to help preserve the biological act i7vrh(§%nﬂjer§5®bprot ein
of interest. In the present context, the H C step is used to adsorb the
above-nentioned proteol ytic degradation products of rHSA, while the full
lengt h MYERPE9 uted in the unbound fraction. The hRETHEAYNIG 20

I nteraction between the rHSA and the, imopbilised ligand on the matrix is
enhanced by.a small .incregase, in theg ionic strength of the buffers used.
There 9 1@%@@6@@5@@5?&8ﬁfﬁ3&@$ﬂﬁ@$ i I

UG SRR IF yrogh PR At & @O H C t oday,

and t Shihled! | L SN |4, 101 1 1 o and/ or
| gangér a%us, | ﬁaggﬁéea?lgg&]?%@&?&e{l ﬁtégﬂr%ﬁﬂ itlll(eO%rsegegPé 9%91;%,[8 g‘&)ﬁe )?s?:lgﬁﬁy be based
on an lom@a RintpepdtuteMuth aniiours0 fola sliphty Ag&aReio@bl Br@anifasdoar i al s, it
can ehg. 25 be a native polyner, such as agarose, dextran, cellul ose,

— starcho@minutesisased/nt heti ¢ poly- mer, such as divinyl benzene, styrene etc.
Innsﬁnr;e case of inorganic matrix materials, silica is a well-known and
co nly used material. In an advantageous enbodi nent, the ma- trix is
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Swedenghromat h (HRD). Thel niibipurpbdecoftdtdp (BRIsIth ¥eri&RDproRoBAiE Megrada-exhi bi t s
one or nore hydrophobic |igands ca- pable of interaction with rHSA,

sel ectiiah produsts hbrify A pshich productssrsusially of eizg of atmut §0-50 kDdotidGtiea 2006 WD

03/ 0976 PCT/ SE03/ 00766 10 uch as n-butyl, octyl, suc¢ch as_n-octyl, etc,
pr ef er‘%{gl ooy prngple g dhe %Pﬁ?}i@mﬁoﬁ@?&% %@EPVSCWW%W&% gands such
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pr ef erdopgideredasbeRdropilie Mive béctidRen 2 stil E}f}ﬁb’%ékdfﬂkﬁﬁt flegidTat ri x are

used 5 for step (b). The matrix is preferably conprised of porous beads,

whi ch gravwpstawllow inetastion stht the hydrbpiadbdy Bgade attad@ddo theeheomad| y about 94%

The aver agg, part.icle size can e.g. be between 10 and 150 m as neasured on
passlres

a wet tgmphicatrg, HIG dy besn suggestedder thsueificationnhiriBide se¢ ¢8ind density

ool /4 060?537 Corbief F AP r BT RER ser b it SemER P8 har oseTw 6
10y sFasthad Eiofn aﬁﬂ?,fﬁi@mil@cﬁﬁ%&ﬁqeﬁeﬁé&gﬁﬁbﬂg%aﬁﬂ% malrk, isS Speci fic

case, 'the de- notation Fast Flow is used for" a nmatrix the cross-1|inking of
whi ch featerdymemotestaihigleedetiee ofsalectivitpcebide altiamhg thifd dwicihenditioas testics with
t- ypj ¢ éll'xlelg llnrg\é\ér{/g %h%sbié)li)gi%glof;c?igi?y glgtjhg protein of interest. In the present context, the
HIC step is used to adsorb the above-mentioned proteolytic degradation products of
rHSA, while the full length tHSA is eluted in the unbound fraction. The hydrophobic
20  interaction between the rHSA and the immobilised ligand on the matrix is enhanced by a
small increase in the jonic strength of the buffers used. There are many separation mate-
rials commercially available for HIC today, and the present invention is not limited to
. any specific matrix and/or ligand. Thus, in general terms, the matrix used in step (b} can
be based on an organic or inorganic material. In the case of organic materials, it can e.g.
25 - be a native polymer, such as agarose, dextran, cellulose, starch etc, or a synthetic poly-
mer, such as divinylbenzene, styrene etc. In the case of inorganic matrix materials, silica
is a well-known and commonly used material. In an advantageous embodiment, the ma-
trix is cross-linked agarose, which is commercially available frdm a number of compa-
nies, such as Sepharose™ from Amersham Biosciences (Uppsala, Sweden). In one em-

30 - bodiment, the HIC matrix used in step (b) exhibits one or more hydrophobic ligands ca-
. pable of interaction with tHSA, selected from the group that consists of phenyl, butyl,




through a 15 cm bed height at a pressure of 1 bar. However, the skilled

person in this field can easily adapt such process par di ng on
the scale of the operation. 15 This step can be perforneaﬁq%ferngoegz&ﬁ about

4-8, such as 6.5-7, and at a salt concentra- tion of about 0.01 to 0.5 M
such as P &¥?1820.2 M As is al so nentioned above, stRF/SESY0346 the present
nmet hod utilises an anion exchanger,1 preferably a weak ani on exchanger, for

renovi ng, m nqr i rities from,te ..and 20 especially,to renove
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of negbdnzere MbRixgsuchtal Foume®™ HodeAmershh® Bibsdidited (@salaHSAedunpdtict . The

ani on exchange chromatographic step can e.g. be performed at a pH of about
5. 0- 8. the amast preferrad esahrmdanentaphenpil igands on a crossiinked 2gamopomatrixrase usedof t he

I mpurities. eqgards. t he rix materi.al, i y be of any or- ganic or
ok gaor SeRb TS AL isrele oL P ivd of poroph heath oy Bch Bn B GHHERT | ¢ ho
mat ri Xa ok ' 0 0/.C A : h as
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at t achisiwbérel®iml B0qunasincanired of ¥-wet bedl) referatbilp delovn 100) Queh Subof Which is
for exanple a primary or secondary am ne. Such 30 a binding group can be

at t ac i¥bumeThe kgandidensityeorythe ymairin samfdrgkamplaiba beividen2f and 68y sughesip ¢l osest
to the,matrix. The literatur.e descr,ibes man s, of tachi bi ndi n
ot oup AutAA el seh 48 8 Do Y TGMBcEe PETPLES G AOBIUET SRS § » vin
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bead htitivgh FdsBFlodid ascicfoe k ghathx He dr&ﬁ-lﬁﬁdiﬂ@yﬂ witich RadHedt optimised to _
- 0- CH2CH2- N+( C2H5) 2H, e. g. DEAE Sepha- rose from Amer sham Bi osci ences, is

used. gig prosetsadapted flowi dhbractesistics with tipal flowFateooh38ke0bouafd and t he
unbound fraction eluted fromthe cal ym which, for sope appli- cations, is
satisf"g@t‘-‘ﬁ 9.15I%Q\E?ﬁgh?lg r?tQIPF@FWQP?Jz’aErﬁﬁ’EﬁV%mC ?@qu%‘mrfﬂrﬂﬁs advant ageous
as far | | ' ' | NG, agar ose
bead i sB s aiot sih probiR peRRidiF bene Bl G HAORe o BpaRiR )0 o

tvwe hyrhi@xteh caH Barpsiforhied abh Egﬁ STRbOHIOHR, duth hHEB-RaRA alHsfH @kantRL | mary
am ne. The advantage with this enbodinent is that the rHSA wll be pre-
. tion of about 0.01 to 0.5 M, such as 0.05 to 0.2 M.

As is also mentioned above, step (c) of the present method utilises an anion exchanger,
preferably a weak anion exchanger, for removing minor impurities from step (b), and

20  especially to remove undesired compounds, such as low molecular weight pigments. The
invention is not limited to use of any specific anion exchanger material, as long as it ex-
hibits a sufficient amount of ligands capable of binding compounds of negative charge
that are undesirable in the final tHSA product. The anion exchange chromatographic
step can e.g. be performed at a pH of about 5.0-8.0 and a salt concentration of 0.01 to

25 0.2 M for removal of the imﬁurities. As regards the matrix material, it may be of any or-
ganic or inorganic material, as discussed above. In one preferred embodiment, the matrix
is comprised of porous beads of cross-linked agarose, such as Sepharose™ from Amer-
sham Biosciences {Uppsala, Sweden). The ligands attached thereto are weak anion ex-
changers, the binding group of which is for example a primary or secondary amine. Such

30 abinding group can be attached to the matrix e.g. via an alkyl chain with an ether group

closest to the matrix. The literature describes many ways of attaching a binding group to




sent only in the fraction that is noderately bound to the matrix, resulting

in a much- inproved purity and operational conveni ence. ' Ive
general formula for this |last mentioned enbodi nent is pr@%‘}eeﬂbteég&?(?ié Fig 1,

however it is to be understood that the present invention also conprises a
met hod WREPH%inilar structures are used in step 1PCTEEWERever, it is
to be understood that the present irﬁ/ention enconpasses use al so of ma-
trices simlar to the above, which._.are, hased on the sane general |igand

St r ucrt PRl shicels Bk ohtynd 6 mentiahed sRvE e HEReRLPSeBIonEs BT <

under s{QP@ 29 shalgh cAR¥ rij s | fion to step
(b). One cgngias?ci éﬁ*@l avail a Ilé&&gﬁ%F@b%ﬁ%%ﬁgﬁ(}fg%ag%%ﬁgr@?gﬂﬂ’g%t he

abov e-ahels eeddrdiigltd grrfdllowingUostinfie pORCHSCHMN' (DRI 3R 81BDENE Septas,  Uppsal a,
Sweden). In the experinments presented below, a ligand density of 160

prol ePRs™ fsem fyeershase Bivsgienggsyis used. dhicembodimant willresiltinitiISAdinant ageous

resul t,s n.be .achi,eved b timsing.the |igand densi of the matrix. It
al 33 %@ﬁ}esbquﬁglanmﬁuﬁﬂgxég%t}o&eﬁm #PFUHEB%PWC&@@&%?W% angers are
used, datiens REMEstdcRgy.of matrices, a larger volune is required, such as
about tahlrgsé ti mgs %bﬂ}é vol une, as conpared to the |last nmen- tioned

But y| -Iepbatonralteetitiae cAbodinginb ghich it hrrdadiaatageshsenPadispatity sffthé he present
method_utilises a secondary ami ne as the ani on-exchangi ng group during step
(¢) arfinad pradughis goukenaad; is Usingaan dgarose beasbhavingligands tet edmprde tWoNovenber

2006 03/097692 PCT/ SEQ3/ 00766, 12 In a ci fic enbadinent,. the |igand

densi t%gasfq% i%ﬁgébfm%aﬁ%gvo PRy GHRDR TR ng gepupdd thea pesf- as 100- 200

angh pr . ' : rified

r E@A cegél]ﬂ? ﬂieﬂr?é e rgﬂc':b%@ér)ae o!r"llgg?/ r %@%@%ﬁ%@%ﬂc ?%ﬁng‘é r‘éol{rin%g tpgés (c), as

conparsest drly & e fREHEn HACR rhéder@dly DBud RSES natri, ResultifporAGmamd unbound
fractions. 5 Detailed description of drawi ngs Figure 'A-Dillustrates

- possi improved andtsandapemtionakeonyerience! An illusérative gérergd fosmila forghisod.  More

specifically, Fj .shows a cat|on_exchanger .of hjgh salt ]igand (HSL)
type, lﬁﬁt&’eﬂﬁen%%aéo mEDds BEseEd m Figds hewe s itdh fobaundersiond thatthe | x nanel y

Pheny lpr&%ﬂbﬁ@&ﬁft}n also comprises a method wherein similar structures are used in step
15  (c).

However, it is to be understood that the present invention encompasses use also of ma-
trices similar to the above, which are based on the same general ligand structure. Also,
the denotation “Gel” in the formula of Fig 1A is understood to include any matrix, as

20  discussed above in relation to step (b). One commercially available example of a matrix
comprising the above-described ligand is ButylSepharose™ (Amersham Biosciences,
Uppsala, Sweden). In the experiments presented below, a ligand density of 160
umoles/ml was used. Accordingly, it appears that especially advantageous resulté can be
achieved by optimising the ligand density of the matrix. It also appears that when the

25 first mentioned kind of anion exchangers are used, i.e. DEAE-kind of matrices, a larger

volume is required, such as about three times the volume, as compared to the last men-
tioned Butyl-Sepharose media. Accordingly, the preferred embodiment of the present
method utilises a secondary amine as the anion-exchanging groﬁp during step (c) and a
ligand density of at least about 100 pmoles/ml. |

30




10 and Fig IC and 1D show two alternative ani on exchangers nanely a

generalised formula including the structure of the commeggigliey 2854 | abl e
DEAE Sepharose (Fig 1 C when n=0) and the nodified butyl -Se%lrluar oseéi whi ¢
conpris Lncreased |igand density, as described below. Figure 2 shows
t he resﬁ?%&r’%?n step (a), i.e. cation exchange chr orf&iTO¥PHWASE of 147 ni

15 undiluted cell culture supernatagy (CCS) on a 20 mL colum conprising a

5
cation 5 [ X g WV : i d structure illustrated in Fig I A
Fr nos 1 o IR I el AP Bl i tpnget s s e Rheteon (e
I mpur i 50-860,'sapk &S BUU-260 Md frefedbl 166} ) 1 from step
(b), i.e. r(%glrophobi c int eﬁr acti o)(ra]ﬁlg:(ﬁ!fg?rg oggﬁgﬁyéﬁga@@%ﬁfﬁgﬁéon 2B from
Fi g 2 ewrifeedidiSA caothemrhe reonpered only fRime thel boded fiattwefroam stdp-(cR@s! ustrated in
fig 1B. Fraccﬁ' on Wgrﬁ%ents tge r HSA., F&gure 4 shows the results from
step (YMPACRIO &8y AYRSRat ey BpBreset i bathiound andurthound fiBttiore. on a 40
colgum conprising the nodified butyl-Sepharose as described in the
experinmental part below. The purified rHSAis in fraction 4B. Figure 5

shows Deﬂﬂla@d@é@@g?&%\gd SDS- PAGE (10-15% anal yses of the main 25

fractions obtained using the three step nethod according to the invention.

" For - nalfiguxs 1/PRGtustratesspassible ligand struetores suitablefpr (5o, thepryént Jncthadl. of prot ei n
per s was glhi %d Fﬁr SDS- PACGE visual i sed by silver staining (5B),
about O %PFG"&% Bipg bR sheyse caien exghanger af high salblimrd AHSL) itgeaFigsed by
Coonmasgy Rl . 0 g.of protei.n e ot applied. 1:
cCs: B ﬂ@%@‘%@’l{"?ﬁf&%ﬁgﬁ °§¥°“E‘?é‘?_gf?§ly. gtfix n@‘%‘&ﬁ’r@%}‘ﬂzg?@% ember 2006
WQ 003/ 9 169 2CRad/1 BEMON6olttetnhiti | elvx d); 6:

Hi Sub. Butgl; 7: Hi Sub. But 3</3Ii11§1(tI gggﬁi@i;ex&gs}:&h‘ﬁggi'ﬁ glﬁgégl%m%ﬁﬁg‘#@om show

the pdatludiogshosiruchsaof the ExRRRIOEINT AvailRWIRDEAB Sepharbse (Zh1 ORHagds The cel |

culture iuqﬁ)(frnata #_ t{:;C(%SprP containing rHSA was prepared by fernenting

genet it02& ‘}1-6%?141 igbutpl-Sepharase, whigh comprisss an ingsesised Hgandodensity,ab| owed by

separ gf.j cells by filtration. The CCS, which was green in colour,
was d?fﬁg"ggbgaifbﬁtog@al I quots of about 200 10 ml and stored at -200C until use.

The quRkirkR sAbwb B re¥udts vt Si8h BA)M. O RA6EY e QBbhnde dntdiRitb@Rphy of 147 mL

- 15 undiluted cell culture supematant (CCS) on a 20 mL column comprising a cation ex-

~change matrix with the ligand structure illustrated in Fig 1A. Fraction 1B contains the

tHSA, which is clearly separated from the impurities represented by fraction 2A.

Figure 3 shows the results from step (B), i.e. hydrophobic interaction chromatography

(HIC) of fraction 2B from Fig 2 on a 40 ml column comprising Phenyl Sepharose as il-
20  lustrated in fig 1B. Fraction A represents the rHSA. .

Figure 4 shows the results from step (c), i.e. anion chromatography of fraction 3 A from

Fig 3 on a 40 ml column comprising the modified butyl-Sepharose as described in the

experimental part below. The purified rHSA is in fraction 4B,

Figure 5 shows native PAGE (8-25%) and SDS-PAGE (10-15%) analyses of the main
25  fractions obtained using the three step method according to the inveﬁﬁdn. For native

PAGE visualised by silver staining (5A), about 3.3 pg of protein per spot was applied.

- For SDS-PAGE visualised by silver staining (5B), about 2 pg of protein per spot was
applied. For SDS-PAGE visualised by Coomassie staining (SC),. about 10 pg of protein
per spot was applied. 1: CCS; 2: HSL Cat.Ex. (unbound); 3: HSL Cat. Ex. (bound); 4:




on an anal ytical colum of SuperdexTM 200 HR 10/ 30 (Anersham Bi osci ences,
Uppsal a, Sweden). This analysis gave the relative amuny §u0fmhi9906

nol ecul ar vvel ght (HWN and | ow nol ecul ar weight (LMN inpurities in the
CCS as ng, he approxi mate content of the nononeric formof rHSA 15
Sodi um capry a8 (octanoic acid, Na salt) and L-cyst ePRESEEM¥SGought from
SIGVA Chem cal Co. Chronat ographl calsly purified HSA from human pl asma was

Bi osci onced CHERRaPY B3R Byl gtk L S

sanpl e%cdml)d%@ﬁﬁb\ﬂﬁﬂﬂidﬁtHéan%Ri%nEbPrP%Rad Protein Assay kit (known as the
Bradf ord nethod). Bovine serum al bumn (BSA) was used to construct the

standard curve. UV/Vis absorption neasurenents were made using a Shinadzu
UV- 160A recordi ng spectrophot ometer (Shi madzu Corporation, Ja- pan). Al
ot her chem cal s used were of_analytical or reagent grade. 25 Analyti cal
ele trophoreS| s was perfor medtERIMENTARRARE| el ect rophoresi s system and

approp dia and buffer Strips (all from Arersham

Bi os Ma%r?alf b !)dsmeSweden) The el ectrophoretic anal yses were perforned
usi ng RS cMEIRARE st pRraeafk (CCS accordi ng
to the Manuf acturer S reco ?1 Rﬁﬁgﬁp\?ﬂ grgn'gunt bX? sarrtr@% pgl I ed per
spot weallyamodified RupastatiovellsFoB2 gvefelas" omabrey BlIdWed dyREpGaiiofdbe £dls t he

SDS—trea}i_lﬁl:jp2 Pgﬁl’es bot h of which were stained wth Silver 7 Novenber 2006
VO 03/ by eF68/ wbrﬁb@vafzgre@tlaicnlongwm dividedantoraliqness of ebe11 268,

CoBims anEPTA 006 et B e apelly € CCs v termine el flgbvem ac
g §t er b Qnélﬁi%afr@(ﬂﬁmﬁfof@tlpérfdbf‘d‘ J00HRa0M0 éﬁgﬁggpﬂo%@{@e éﬁgé)agwer e done

J. Flensburg at Anmersham Bi osci ences ng a
MALDI -S@Edem).s’mmmmhysm fopttherldabrpndantiof high hekbilaf weight Wdt he native
and reconbi nant HSA was al so done using this instrunment. The results
obt ai nle¥ mpbﬁulﬂh'é'elght &Ié\‘mé)nmp}asmss inghe €CSas eesillds| the hpprhzinmbstonmbbabl e
pri mar%f uence . A wWth reference to the known sequences of the
trypt| ‘f}sgﬁna’é"s ‘0 frompurified HSA _

Sodium caprylate (octanoic acid, Na salt) and L-cysteine were bought from SIGMA
'Chemigal Co. Chromatographically purified HSA from human plasma was kindly pro-
vided by L. Andersson at the plasma processing unit of Amersham Biosciences, Uppsala,
Sweden. The concentration of protein in various samples was determined using the Bio-
20 Rad Protein Assay kit (known as the Bradford method). Bovine serum albumin (BSA)
was used to construct the standard curve. UV/Vis absorption measurements were made
using a Shimadzu UV-160A recording spectrophotometer (Shimadzu Corporation, Ja-

pan). All other chemicals used were of analytical or reagent grade.

25  Analytical electrophoresis was performed using a Phastgel electrophoresis system and
appropriate PhastGel media and buffer Strips (all from Amersham Biosciences, Uppsala,
Sweden). The electrophoretic analyses were performed using native-PAGE (8-25%) or
SDS-PAGE (non-reduced, 10-15%) gels according to the Manufacturer’s recommenda-
tions. The amount of sample applied per spot was as follows: about 3.3 pg for native

| 30 - samples and 2ug for the SDS-treated samples, both of which were stained with Silver
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Matri ces and chromat ogr aphy system The chr omat ogr aphi ¢ experiments were
performed at roomtenperature (about 23C) using an AKT 100
system control |l ed by UNI CORNTM (Version 3.1) soft- 15 wa AINOV&M?&%%

(Amer sh nces, Uppsal a, Sweden). The separation matrlx used for step
(b) is Sﬁgrq?/?ﬁ@gphar oseTM 6 Fast Flow (high sub), a rBgli$E#poduct of

Amer sham Bi o- sciences, Uppsala, Swggen. For step (c), elther commercially

avail a : S sh 0 ppsal a,
Sveden) o @ﬁﬁgﬁ%’ﬂﬁn&?@%@f’m@& SETEDR T8 rur BE SERT B R ow
( Amer s banples m¢wefws@ﬁned1ﬂﬂ§€io6ma§i\€§ﬁmanwﬁﬁle2(@]§§ oduced W'th an increased
| i gand density (batch U238025: 160 pnol/m ) as conpared to the commerci al

product (20-40 nol/m gel) This nodified matrix will herein be de- noted

"nmodi f| d But I-S har Furthernore, step (ngutlllsed a prototype
mat rix B’E’ iS&ﬁn“@fi@hdﬁgﬁmmrgefhe FlaQS*D urifiedsHyddindm was packed

t on|n 0% et hanol to obtain a
be vol ume gqu{’%f%SAsﬁle i nen%ﬁ:’y%r P1%W$’ P Sused. The packed

- col uMmUppsalaySsheden Wsidy AMAIDIPTOR §nstRinient! txﬂ’é m\%ﬁ;{ hg BEE‘%WE Q- to

el ute-nost of the ethanol and then equili b ted propriate
buf f er gesbolithe matipe angt recombiaagt! HS A wisiatsot dono usifip ¢hig iettinent The'tdsahts r equi r ed
h. of .t he chromat (igraphl C ste%s using the various nedia is shown in

for abc
Tabl e PiHBFGfTom the latier paalisisiprveto catablish fvmest prabeble primazy sqopences 7

Novenb PCT| SE03/ 00766 M sodi um

acet at@:r g%@gﬁé %pe?érggﬁ\ﬁqiilﬁ IMowi sequencgs dfﬁ'ﬁtt'é’%?)piptl_dﬂﬁﬁ?‘?f’rat% i oni sed
waf(er . frépirgie HSA,: about 2nS/cmat room tenperature (RT). Buffer B: 50 nM
sodi um phosphate, 0.1 M NaC, 10 mM sodi um caprylate, pH 7.0 5 Mx 155 nm,
0.2 M Na2HPO4 + 95 nL of 0.2 M NaH2PO4 + 5.8 g of NaCl + 1.66 g so- dium

capryl ate and dilute to | L vmth de-ioni sed water. Conductivity: about 16
S/ ¢ mGAICasrangenromatograpy system odi um phosphate, 0.1 M NaC, pH 6.0 10 M x

212 H2POA +. of 0, 2.M Ng2HP04 + 5. nd dilute to
m‘Pﬁ %%Mm%wﬁ%aﬁmp@m RotFR TP B ppofpiempeEpb TR fabout 23°C)
- using an AKTA™ Explorer 100 system controlled by UNICORN™ (Version 3.1) soft-

15 ware (Amersham Biosciences, Uppsala, Sweden). The separation matrix used for step
- (b) is Phenyl Sepharose™ 6 Fast Flow (high sub), a regular product of Amersham Bio-
sciences, Uppsala, Sweden. For step (c), either commercially available DEAE Sepha-
rose™ Fast Flow (Amersham Biosciences, Uppsala, Sweden) or a modified matrix was
used: Butyl Sepharose™ 6 Fast Flow (Amersham Biosciences, Uppsala, Sweden) was
20  produced with an increased ligand density (batch U238025:160 pumol/ml) as compared to
the commercial product (20-40 pmol/ml gel). This modified matrix will herein be de-
- noted “modified Butyl-Sepharose”. Furthermore, step (a) utilised a prototype matrix of
HSL-type, cation-exchanger, see Fig 1A. This medium was packed in a XX26/20 glass
“column as a thick suspension in 20% ethanol to obtain a bed volume of 40 ml. A linear
25 flow rate of 300 cm/h was used. The packed column was washed with about 2 bed vol-
umes of de-ionised water to elute.most of the ethanol and then equilibrated with the ap-
propriate buffer solution prior to sample application. The amount of buffer required for.

- each of the chromatographic steps using the various media is shown in Table 1 below.

30 Buffers
Buffer A: 25 mM sodium acetate, pH 4.5




Buffer D. 50 nM sodi um phosphate, 0.2 MNaC, pH6.0 Mx 212 m, 0.2 M
NaH2PO4 + 38 nL of 0.2 M Na2HPO4 + 11.7 g of Nad and d"J’NB@erﬁlerZé%l L
with de-ionised water. Conductivity: 22 nS/cmat RT. Buffer B

Cl eanin e (CIP) solution 30%isopropanol dissolve | n 1 M NaOH
sol uti oﬁvb%ﬁﬁgml e: Purification of rHSA Heat tredR¢HO66cel| cul ture

supernatant (CCS) Before cation exchange chromatography, the CCS was

heat - t b h odyced during
For mern o Pomiopt RV idhuh Al mﬁ%g?l\’f SR ot IERLL 3 1 ozen
sanpl edeionfed wiér. Cbﬂ@ﬁvﬁﬁ%&&%%&%@éﬁk@ﬁ&rm&ﬁﬁ%m ved. The pH was

adjusted to 6.0 and it was heated for 30 mnutes In a ter bath
(rmai ntained at 68C by thernostat). The sanple was cooled to room

&Eﬁﬁﬁﬁ%&@% Sodii hbsiaiss LM, bifrmi‘ééﬂ?%?c%éﬁéé'mi?to'h?t” woula
30
or g1 ro: doR B A FHNIHPOY kS ofE oF D2 M Npriah R ¢ BRRENACTS EBs £35: cacn o

conducdiui dapryite aﬂcb@mlte% 10, vwith aediéragar WatkrTBoRlvctVith: Mol § ﬁﬁ%ﬁpt ration).
7 Novenber 2006 WO 03/ 097692 PCT/ SE03/ 00766 16 However, type

mat ri XRlised according to the present invention is nuch nore tolerant to
i ncreased salt concentrations, and therefore the heat-treated CCS can nor-
mal |y be applied to step (a) without any further dilution, as long as the

condu t nS/cm 5 The partially purified
r HSA g%;r'lﬁ.%;mc?ﬂrﬂﬁf a!‘heﬁlé‘gsﬁ)ﬁﬁ Qi%ﬁ%’g go{'igtg)rdi ng to step (a) (i.e. the
frmct iMix DRl 0.2M ReHbigh; + 8BenlT8E 0 NI NBAPS), § r to step
(b) as fol- lows: The gﬁb‘t)f t he sanpl e was ad J(t?s?ggw qﬁ%fg‘l‘ﬁ di M NaOH
and cylstevithedenopised wates oCorethictibigy: ddm$/omat Rhcent rati on of 5MM to serve as
a reducing agent. This solution was 10 then heated for 60 mnutes in a

wat er bath nmai ntained at 60C. The main purpose of this operation is to,

Fact gy 1359 i R BhosiRhRU6 S NHRIIAESS by the H C matrix.
Mix 212 mL 0.2 M NaH,PO, + 38 mL of 0.2 M Na;HPO, + 11.7 g of NaCl and dilute to
15 = 1 L with de-ionised water. Conductivity: 22 mS/cm at RT.

Buffer E: Cleaning-in-place (CIP) solution
30% isopropanol dissolve in 1 M NaOH solution.

20 | - Example: Purification of rHSA
-Heat treatment of cell culture supernatant (CCS)

Before cation exchange chromatography, the CCS was heat-treated primarily to inacti-

vate proteolytic enzymes produced during fermentation of P, pastoris. This was per-
formed as follows:

25  The frozen sample of CCS was thawed and 10 mM Na-caprylate was dissolved. The pH
was adjusted to 6.0 and it was heated for 30 minutes in a water bath (maintained at 68°C
by thermostat). The sample was cooled to room temperature and its pH adjusted to 4.5.
If a conventional cation exchange medium, such as SP Sepharoée BB, was to be used for
step (a), it would have been required to dilute the CCS 2-8 times, depending on the

30  original conductivity of the solution, with de-ionised water to reach a conductivity of

_ about 5-10 mS/cm (apprommately 0.1 M salt concentratmn)




Step (a): Capture using cation exchange chromat ography The cati on-exchange
medi um was packed in an XK 16/20 col um (packed bed vol upRevab£80sd) and
washed with 2 colum volunmes (CV) of Buffer A for equilibration. The
heat-tr 0d was applied to the colum via a 150 nL Superl oopTM

( Amer sham Bi 0- §ci ences, Uppsal a, Sweden) at a flow rB¢ESEPOMEEOO mi/h (150
cm h). The anmpunt of rHSA applied wgs about 1 g (i.e. 50 ng rHSA/ml of

ked ' ' t bound .materi al | ut ed
e o ey eur S, PRRRRR kit 18 presPROM AR op A th 5 v of

Buf f er tdBerailite ifovaskd 38Tt EaHSnMRIRS RAA! B  RRD M He -ﬁ‘eﬁ&ﬁcélzﬁ%mﬁ’ 2f the bound
fracti on was ggljusted to 6.0 with a | M NaCH sol uti on. e solution was

then maly bd apglieftostapeliwithanteny futhee diltitior, as tonewiss ednduetivagyd f ur t her
purifiﬁ% og.a]GHl col ugn a§ descri bed below. An 1 niL aliquot from each
pool ed™eFeed 19 155 thaw akof 38 mYem. anal ytical purposes (i.e. to deternine

proiein content, the A350/A230 ratio and el ectropho- 25 relic analysis).
Regeneration: The col unm was washed with 2 CV of Buffer E to elute very

st r onglie pirtiulipified HER SbAMHEE B CatiSifclAl 2Boing! BTy i Ihe col umm

was al |l owed to stand overnight in the sane tion a shed with 4
CV of the-fragtivn boundatoghe HSLetype matiix) mas lsofhehtieediaibticing sicp gb)usqornol . The

regeney at ed col.u was re-equilibrated with 4 CV of Buffer A prior to the
next c &Se%&‘? Pg&gghep*im? Wasadipstedie P satskM Na@b aadisystczov6is dBO 03/ 097692

PCT/ S . : rhfication st .usin C The,

r HSA- E%ﬂegiﬂﬁ%%‘g raa%tg‘?%’#a@’% :%F sﬂ%}[ L“r%eﬁeo‘tfé ’&gﬁﬂnﬁﬁ%ﬂqﬂ-mﬁ%ﬂgﬁﬂi@d“’% a 150 ni
-Sutg pethbRReated AR G0aRIhLIeS th XEAR4iRR kg i d
Sephar oseTM Fast Fl owe( hi &gﬁ(ag]lg), péé@é@agggwgﬁﬁeﬁgﬂ#%PE e col um was
pr e- ecppickationas tdfavilitite theremMdvalfofBofouesd substafides by SRNHI@nAaRDL.i cation, the

colum was washed with 2 CV of Buffer C to elute the unbound material that
contains the rHSA. The bound material (containing mainly the 45 kDa

020" 2056 L4 g RSB a0 LN e

usi ng TIRAAatiBMeREhABE HMdffn was packed in an XK 16/20 column (packed bed volume

15 20 mL) and washed with 2 column volumes (CV) of Buffer A for equilibration. The
heat-treated CCS was applied to the column via a 150 mL Superloop™ (Amersham Bio-
sciences, Uppsala, Sweden) at a flow rate of 300 mL/h (150 cm/h). The amount of tHSA
-applied was about 1 g (i.e. 50 mg rHSA/ml of packed gel). After sample application, the

unbound material was eluted with 3 CV of Buffer A followed by elution of the bound
20 rHSA with 5 CV of Buffer B. The two fractions were pooled separately and the pH of
the bound fraction was adjusted to 6.0 with a 1 M NaOH solution. The solution was then
heated as described above, cooled to room temperature and further purified on a HIC
column as described below. An 1 mL aliquot from each pooled fraction was saved for

analytical purposes (i.e. to determine protein content, the Azse/Aggy ratio and electropho-

25  retic analysis).

Regeneration: The column was washed with 2 CV of Buffer E to elute very strongly

bound substances and restore the function of the gel. The column was allowed to stand

overnight in the same solution and then washed with 4 CV of de-ionised water to clute
30 most of the NaOH and iso-propanol. The regenerated column was re-equilibrated with 4

CV of Buffer A prior to the next cycle of adsorption/desorption process.




The two fractions obtained fromthe previous H C step were pooled and 1 ni
aliquots fromeach were saved for anal ytical determ nat7]lqg§en(l§€g9ggg)ove). A
col um (XK26/20) was packed with DEAE SepharoseTM Fast Flow or the above
descri bﬁg%&?dified Butyl 15 Sepharose to obtain a packed bed vol une of 40

m.. Eac Prra? packed media was washed with 2 CV of PlISE0YH&ed wat er and
then with about 5 CV of Buffer C tolffqui li- brate them Theounﬁﬁugd I
fracti ' fromthe C.step was transferred to a 15 uper | oop
and a : Bubl 19 fiop, st ! EQ of the above two colums. The unbound

f ti frhddi £ F S8 ose Fast
FIr g\(/:v l:'gllfﬂe @ﬁ%ﬂ%ﬁagﬁn%ﬁ%ﬁh@ @/fn?rrwo%é {;ﬁgé %t%ﬂa |g g.gﬁsgél}-%ﬁ-%éelpsﬁéﬁggé colum. The
bound perboprbandwasplied e te XKBGI20 bl gﬁcl@d&riﬂ'ﬂ Bihyilt SphaseiNagdst (for the
DEAE col Buf f er for the nodified Butyl-Sepharose

ump) ,or with 5 CV of e _
Col umFlovHBigh wh)ivackedeed vielime 40 i The cgbmndmsrpre-leqmlllbfmd\z\rltRlB .
R Ll iee ] me, procedure as, above. The el ution protocols optimse
nocor dr R AR ATPEReRR SpafcBateme polimi wawhaliwh A B e
Tabl e ¢ [ ' I S, i ' c up.t.ne above-
descri %é%l a—%&ot?g Ils1 gﬂxﬁgldgﬁt%?a ct)!rl A |§ Pgﬂg lrjng tﬂllgg)%n}?ss‘%a g Glgo%ég ﬁrta?%%i _f"cog%m}n&bv enber
2006 -m@inDBhe43 6N degradSEHhDOMER A)ByasTehited with 0¥ ordehsmis@f watel, umm vol unes
(CV) of equilibration elution an d regeneration solutions required for
each chromat ography step Matrix Equilibrate V\ash] El uE e] Rgg[eré]erit e V\f\_sh
Buf f ~lonksed water) HSL:type 4 [A] 3 [A] 5[B cation ex
f:hang dre b %@ax[n&]prg:eflﬁe ag[abgyeg [EJ 4 |

Step (c): Polishing step using weak anion exchange

The two fractions obtained from the previous HIC step were pooled and 1 mL aliquots
from each were saved for analytical determinations (see above). A column (XK26/20)
was packed with DEAE Sepharose™ Fast Flow or the above described modified Butyl-

15 - Sepharose to obtain a packed bed volume of 40 mL. Each of the .packed media was
-washed with 2 CV of de-ionised water and then with about 5 CV of Buffer C to equili-
‘brate them. The unbound fraction obtained from the HIC step was transferred to a 150
mL Superloop and applied to one or the other of the above two columns. The unbound
fraction was eluted with 6 CV of Buffer C (from the DEAE Sepharose Fast Flow col-

- 20 umn) or with 2 CV from the modified Butyl-Sepharose column. The bound fraction was
clutéd with 2 CV of a 2 M solution of NaCl (for the DEAE column) or with 5 CV of
‘Buffer D for the modified Butyl-Sepharose column. The flow rate was maintained at 90
cm/h throughout.

25 Regeneration: The same procedure as above,

The elution protocols optimised according to the invention for each of the media used
are summarised in Table 1. The skilled person in this field can casily scale up the above-
described process to pilot or production-scale operations.

30




DEAE- 5 [C] 6 [C] 2[**] 2 [E] 4 Seph Mddified 6 [C] 2 [C] 5[D] 4

butyl - Seph * De-ionised water 5 ** 2M NaCl Resul ts Sl NERoVARLd-R0O6E Step
purification process is based on step-w se el ution, is easily adapt-
able to al e operation. Use of a high Ilgand But | Sephar ose for step
(c) resu+§39@5&810 efficient renoval of LMNinpuriti egcif’%{’? Wt e as a
group in the unbound fraction. Use qf the high Iigand-Butyl Sepharose al so
results in a better A350/ A280 rati’lg]‘%t)gan use of the DEAE-type of matrix
for step (c). 7 Novermber 2006 7692 PCT/ SE03/ 00766 19 CLAIMS 1. A

met hod of pur iThé dightiet 60 BElumaRio} I eihifibRigoh NellfidiofNg from a sol ution,
whi ch net hod conpri ses Su jeCtI ng a ce curture superna ant (CCS)
conprising 5 rEgenenatiomsolfits ' hepmaqibgraplst stgs: (a) cation
excha of—a—H rr'a""! —h "h S+ n' ef-gt—mat+ix—(b) hydr ophobi c

i nter alm ch gﬂﬁﬂ%ﬁﬂ%p 3l g Elufgq f’(ﬂgfﬂ@.‘hﬁeonwéﬂthange. 2. A net hod
according to claim1, V\/n ﬁei‘he conductivity b %2: i s above about

10 10} such as|above abo “f hd preflerably abd @“185’5 20, e.g. about
25-50l m5/cm  phen applied to sgep (a). 3. A mgtpadyaccofding to claim1l or
2, wherein thelbinopdal chatjon exchange matrix ils capabl ¢ of interacting

wit h rHSB-thye chdf4¢ i nt j:ﬁ[:fk] on| B by 2¥EYr oger] pondi ng {and/ or hydrophobic

interjaction. 1p 4. A netjhod accprding{to any orle of the preceding cl ains,

whi chi @88 €¥vnpri ses he treatment ¢of the CC$ before sfep (a). 5. A

g;th dch%ﬁé:&rd' ng to any |one of [the préceding cllai s, whi ¢h al so conpri ses

Phe-Seph |3 [C] 2[C] 2[*1 |2[E] 4
DEAE- 5[C] 6 [C] 2% |2][E] 4
Seph
Modified |6[C] 2[C} 5{D] 4
butyl-Seph
* De-ionised water

5 **2M NaCl
Results

Since the three step purification process is based on step-wise elution, it is easily adapt-
able to large-scale operation. Use of a high ligand-ButylSepharose for step (c) results in
10 efficient removal of LMW impurities that elute as a group in the unbound fraction. Use

-of the high ligand-ButylSepharose also results in a better Assq/A,so ratio than use of the
DEAE-type of matrix for step (c).




treatment of the CCS before step (b) in the presence of a reducing agent.
6. A nethod according to any one of the preceding clai ms7 NiRemgEm@EEP (b)
utilises a 20 HC matrix conprising phenyl, aliphatic and/or heterocyclic

| i gands thod according to any one of the preceding clains, wherein
thg armun{) @%’2 tion exchange matrix used in step (BSTFEBAHGUt hal f the

amount of HIC matrix used in step Q@). 8. A nmethod according to any one of
the preceding clainms, wherein step (C) is a weak 25 anion exchange step.
9. A nethod according to any one of the preceding clains, wherein the

| igand density of the weak anion ger is >50 nol/m gel/matri x,
prgferably >100 nol / m gel/natrlxci.ré(in%:ost preferably about 160 nol/m

O e el g sl SNBSS i =0 1 1
which method comprises subjecting a cell culture supernatant (CCS) comprising
3 rHSA to the following chromatographic steps:
- (a) cation exchange on a bimodal high salt tolerant matrix;
(b) hydrophobic interaction chromatography (HIC); and
(c) anion exchange.
2. A method according to claim 1, wherein the conductivity of the CCS is above about

10 10, such as above about 15 and preferably above about 20, e.g. about 25-50 mS/cm,
when applied to step (a).

3. A method according to claim 1 or 2, wherein the bimodal cation exchange matrix is
capable of interacting with tHSA by charge interaction and by hydrogen bonding
and/or hydrophobic interaction.

15 4. Amethod according to any one of the preceding claims, which also comprises heat
treatment of the CCS before step (a).

5. A method according to any one of the preceding claims, which also comprises heat
treatment of the CCS before step (b} in the presence of a reducing agent.

6. A method according to any one of the preceding claims, wherein step (b) utilises a

20 HIC matrix comprising phenyl, aliphatic and/or heterocyclic ligands.

7. A method according to any one of the preceding claims, wherein the amount of ca-
tion exchange matrix used in step (a) is about half the amount of HIC matrix used in
step (b).

8. A method according to any one of the preceding claims, wherein step (c) is a weak

25 | anion exchange step.

| 9. A method according to any one of the preceding claims, wherein the ligand density
of the weak anion exchanger is >50 pmol/ml gel/matrix, preferably >100 pmol/ml
gel/matrix and most preferably about 160 pmol/ml gel/matrix.

10. A method according to claim 9, wherein the purified rHSA is recovered only from

30  thebound fraction from step (c).




