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I nvention relates to a process for purifying the prot eﬂuﬂw‘wﬁmmﬁﬂﬂlﬁm
al bumn (HSA) extracted fromsenior or plasma ) or rec human

al bumi n (rHA) produced by transformng or transfecting an 8¥g&hismwith a
nucl eoti de codi ng sequence encodi ng the am no acid sequence of human serum
al bum n, ™MW r HA produced using transgeni c ani mal s or PET&IR06/00257 t hi s
speci fication, the term"al bum n" referg generically to HSA and/or rHA. 10
BACKGROUND OF THE | NVENTION Al bumin is used to treat patients with severe
burns) shock or blood loss. It is a 4 to suppl enent nmedi a used for
grow ng Hi gher eukaryotic cells and exci pi ent for

phar macol ogi cal |y active conpounds) nany of which need to be stabilised. At
present, the demand for the product is satisfied by albumn extracted from
human bl ooghe Brasa GavaltictK reREds & aagﬂoé@eafo%t¢mfy' ghmqueéteimqimt hose
di scl osed I n: I P 031 258 728 on the use of a ration ;exchanger; EP 428 758 on
the use of serpmoaliuaia(ESA et tiatieth Irdm3 seruriher 2flasata,0for heedoniginantidi ng
salt and diafiltering. The production of rHA in mcro-organi sns has been

di scl osed huméa® alamubErHA)Y pErhged b ramkfoimhingaor eranséedting)ar orgamnisnHA
have been disclosed in: r WO 921 04367, rempval of matrix-derived dye; EP
464 590, rwithyval nugleotile cading) sequence sngpding theramino oaid sequeare nef

precipitatjon and sub uent . appl.i cation of the rHHA to a |ipophilic phase;
Bnd VD - 9Ghuman SeriR, albumi inohiding A p (USIR FARSEEDIG ADBAIS K oo
WO 00/ 44772, PGT/ / 00257. 2 ..The present .ipavent j,on J epresent s, t he ult of
i nt ensi ve 12}‘@9@' o] Wlﬁ@%é@&é&‘s’%&@’?‘?‘b‘@d &te 8F§9§i%qarﬁ§ at of
US 5 728 S%/o}pﬁ%porat ed herein by reference.

10
BACKGROUND OF THE INVENTION

Albumin is used to treat patients with severe burns, shock or blood loss. It is

also used to supplement media used for growing H{gher eukaryotic cells and
15 as an excipient for pharmacologically active compounds, many of which need

to be stabilised. At present, the demand for the product is satisfied by

albumin extracted from human blood. Examples of extraction and separation

techniques include those disclosed in: JP 03/258 725 on the use of a cation

exchanger; EP 428 758 on the use of anion exchange; and EP 452 753 on the
20 use of heating, adding salt and diafiltering.

The production of rHA in micro-organisms has been disclosed in EP 330 451
and EP 361 991. Purification techniques for rHA have been clisclosed in:
WO 92/04367, removal of matrix-derived dye; EP 464 590, removal of
25 yeast-derived colorants; EP 319 067, alkaline precipitation and subsequent
application of the rHA to a lipophilic phase; and WO -96/37515, which

contains several complete purification processes.
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5 SUMMARY OF THE I NVENTION A first aspect of the present invention provides
a process for purifying an al bum n solution) the process conprising the
step of subjecting a first albumn solution -of pH8.0-9.5, and havi n% a
conduct i vi WOP#4472 range of 1 to 10 75nS.cm ', to an affi ni ®FT/GB00/00257
chr omat ogr aphy step which is run in negative node with respect to the

al bunin and which utilises an affinity rdatrix conprising i mobilised =
di hydr oxyboryl groups) thereby obtaining a purified albumn solution. ,r
15 Prefer a@‘hﬁéprbbmmhhvehtibherépreséntalthe niesult cofuntensive devdldpriert) ofinkie nor e
preferably pH3.3-pH8.6. It is preferred that the first albumn solution is
buf f er.ed wptdceasdsudéseribed\inn®y/ @ Q6/3W6 1 Hiandtthat ef & 5e¥i28 663 dinderparajed .
Preferably, the buffer conprises an am no acid at a concentration of 10 20
500mM pr ehereimby r2ferz0ced] and nore preferably 50-1SOrM Preferably the
ampo acid is glycine. Preferably, the buffer conprises a nonoval ent ration
at a concentration of 0-SOOMM preferably ZS 200mM ‘and nore preferably

' S0- 15 25 Preferably, ty hssQdi um preferably in
the fo of NaCl. Accordi Wf,@mm Fent the buffer
conprises NaCl at a concentration of 0-SOOTM) preferably 25-200mM and nore
preferably 50 150mM WO 00/ 4477Z 3 PCT/ GB00/ 00257 Preferabl'y, the buffer
conpri ses ' iHan Eftid ' f p ﬁf,&; I
10-100nmM g‘rgifrgt?a Iy,tﬁgﬁdpgééﬁe?ﬁ?ﬁ?at ilo%%%rggguggc?ﬁjrﬁ% preoerrgb llﬁﬁ ﬁe
form of CaglbimifcoMitdomahe prodess @dilﬁ?ﬁk[t%dmﬂ lofsabjdciidga firduibemin
conprises CaCl 2 at a concentration of 5-250mM ‘preferably 10 100mM In a
par ti cul ar kglutiorf-ef r pH80¥B ) ramat hialving i a stormluctivity &l thei mgendfod baif f er
conpri ses about 100nM gl ycine, about 100m M NaCl and about 10 50vM Cad 2.
Pr ef erbl y75mSecmdn doani affinjtyochromatpgeaphy stepiwhichl istmarinanegative sueder i s

10 SOnt. cml ,and nore preferably 18-22nf5.cm. 1. . . ..
with respect (J the albumin and wHE:h utll]ises an affinity matrix comprising

immobilised dihydroxyboryl groups, thereby obtaining a purified albumin
solution.
J
15 Preferably, the pH of the first albumin solution is pH8.0-9.0, and more
preferably pH8.3-pH8.6. It is preferred that the first albumin solution is

buffered with a buffer having a pH within the aforementioned pH ranges.

Preferably, the buffer comprises an amino acid at a concentration of 10-
20 500mM, preferably 25-200mM, and more preferably 50-150mM. Preferably

the amino acid is glycine.

Preferably, the buffer comprises a monovalent cation at a concentration of
O-SOOIﬁM, preferably 25-200mM, and more preferably ~50-150mM.

25 Preferably, the monovalent cation is sodium, preferably in the form of NaCl.
Accordingly, in a preferred embodiment the buffer comprises NaCl at a
concentration of 0-500mM, preferably 25-200mM, and moée ‘preferably 50-
150mM.



I~ 15 Advant ageously) the concentration of the albumn in the first albumn
solution is in the range of 20-120g.L' ", preferably 70-120g.1: i, and nore
preferably 1001 Qg.L 1. Preferably, the albumn is |loaded in |less than 0.5
colum volunes, nore preferably in less than 0.35 col unmm vol unes. 20
Sui t abl y W@R¥44782 r i x conprises a boronic acid. The term "aBCHCBIOMSI
herein includes the salts thereof. Adyantageously, the boronic acid is
bonded via a triazine or a substituted triazine, for exanple to form ~
nonoborotriazine .*4 or diborotriazine, to a support such as agarose.
Preferably, the boronic acid is am nophenyl boronic acid. 25 Publications
that cover alternatives to phenyl boronate, such as, aliphatic and
subst i t uPEafemblymtthe bufferdeomprsesude divalantcationeat 4 copoentration @ om

R P.. et al

625) e [ VWO 001 44772 P 000257 4 91-99, ~Si.nghal,. ]

(1991) J9-250reMh m,e@b{k@ﬂa@ﬂﬁ, Prefegibly, (o diiaJens Ao isceplciumy { api y,
foklow n he,affinity chr tagr aph en..the purified albumn sol ution
o sub) eareseranly i orip A CE: Aoty 3E p Pl at rRbdBRER R phi o
puri fg cay, I h B HcRnirstidy " g ﬂﬁ]@h‘ki I camon
exchgngei’{(l:ﬁ?%rrég){ ﬁ%%ﬁyd%%/ g% a%aml oﬁgg@ é#gép(%‘rzgrm ogfé‘gﬁ‘?/#a%%ﬁemo'r der of
the . cajpgmpgnd ani on exchange steps can be inter-cha$ged-while still
performng their purification objectives. Froman 10 operational point of
view, a better integrated process is canon exchange chromat ography foll owed
by ani on exchange chronatography. Suitably, the purified al bum n sol ution
pr oducedimac gadiieijatly iprefepresk emsbastimient ther firstasibaminosolutionp andfort :
i nvention undergoes/one or nore of: buffer 15 exchange; concentration;

di | ut i onbulfer cpmprisesi about r A0raM glycing; uahowsind f BlagHl and oahoytH
greater a O or .pH4.0, and preferably to a pH | ess than pH10.0);
tregl%en%m%lneduci ng agent (eg as described in EP S70 916);

decol ouration treatnent (eg with charcoal); heating (including
sterilisation); cooling or conditioning; formulation for parenteral 20

admi ni stp %@M’s rgk?i{i@ir;b'tiﬁ{y 8t ﬁﬁé&ﬁgsti a{lbﬁnfi‘n sbittlo C&Eﬁ/ﬁh aft‘ert is=0-

par entera We I nc e I ntravenous adm nt s 1 on,

subcut ansowsS. @atandsthoeé ngfmyilrg_gmhgr adm ni stration. The al bum n
may function as an excipient fof a pharnmacol ogically active protein, which

25 may be administered parenterally. A "final cofitainer"” is one which
.l eaves the manufacturer and is distributed to custoners such as hospitals

and Ihar Advantageously) Ut edrcentdoncHElthe edEninis teofitst adpumin solution
i nvention prqvides a Pr ocess for puri fgi n9 an al bgm’ n
is in the range of 20-120g.L", preferably 70-120g.L", and more preferably
100£10g.L!. Preferably, the albumin is loaded in less than 0.5 column

volumes, more preferably in less than 0.35 column volnimes.

20  Suitably, the matrix comprises a boronic acid. The term “acid” as used
herein includes the salts thereof., Advantageously, th¢ boronic acid is bonded
via a triazine or a substituted triazine, fgr example to form monoborotriazine

Y diborqtriazine, to a support such as agarose. Preferably, the boronic acid
-is aminophenylboronic acid. i

25
Publications that cover alternatives to phenylboronate, such as aliphatic and
substituted aromatic ligands, include Adamek, V. ef al (1992) J. Chrom. 625,



sol ution, the process conprising canon exchange chromnatography and anion 1
exchange chronmat ography, wherein the thus purified al bumn solution 5 .
optionally undergoes one or nore of buffer exchange; concentration;

di lution; woabmMseirs; diafiltration; pH adjustnent (preferabl PCOTEGROOMNRST
greater than pH2.0 or pH4.0, and preferably to a pH | ess than pH10.0);

addi tion of reducing agent; decol ourat4on treatnent (eg with ~ charcoal) ;-
heating (including sterilisation); cooling; or conditioning, but not

further poLidy, asihpasy, RIP 1 BR(IOP 21 Cibni S4BNC17-98" SRRUCR ORNIdt gf -
purification, 'pridr to being pat into a final container. The canon exchange
chronatog(ﬁghyﬁsqgglqu foll ow t he ani on exchange chromat ography step, or
vice versa. Preferably, the cation exchange 15 chromatography step is

foll owed by the ani on exchange chromatography step. Preferably, between the
ani on and cation exchange stegsk there is no further purification step)

al though’ Suiablyb fellowisy the yc chromatographyt stefe Hhagpudfied albumined

above._ 20 By .conditioning, we nearn a non- puri .. Eying handling_step which
i nprovies soltignyi ionmkiectsd cdAadi dnehéns Pemlicaion; n pr&?e&agbnemgep of

t he proce =.~Y-or.for final us ndi tigning can i.nclkude the jtion
of an al bﬁﬁ@@?&ﬁﬂhﬂ%é’}mﬁ?@ﬁoﬁs ?JF%B&*% ﬁ)r?d/ag?%e‘ﬁ §F REIYICAs ych as
a C6 or atty..25 acj sodi try, an r fe.
Oonditio(r?‘}%ﬂgcarg\ég@o %ﬁgp‘ﬂ%’ th@rgﬁf’?ﬁ&géhgf sag(?&jet g.h,fmgnd y 1vol ve
adj usting | Vi Ristion HaTsl /72 6
PCT/ GB0OO/ nggﬂjgﬁgét ;I?Jlg %}ggﬁ%gtgbst ep o?ﬂ(!tl Lr?ém?t? resxtch?ahr%%e ssé%nggéié%ect s of
the presejiiter-BNAipedowhileYstie petforining) eheit i pirificatRas iobjeciveade Probh diespect
to the albumn. I'n a preferrle)g enbodi nent the ration éxchange step is run
in ° reegabperationdle poirthof edpecta thetteheintégratedn précssanisgadionl gxcharpge
conditions 5 are so chosen that glycosylated al bum n binds nore strongly to
t he rati ochromitagraphydolovad byranion@xc ehtomatogeaphyyi n. The ration

exchange chromat ography step of. the first and second aspects of the
present invention may utilise a comrercial ration exchange matri x such 10

22 ) SRR < BB spliopBARBRRS Aar e B e 9 s <o -
X oD SRR b BEHebdrtothvoHlibRRGRIh oSy bYibfe . RS
15 exchange; concentration; dilution; dialysis; diafiltration; pH-adjustment
(preferably to a pH greater than pH2.0 or pH4.0, and preferably to a pH less
than pH10.0); treatment with a reducing agent (eg as described in EP 570
916); decolouration treatment (eg with charcoal); heating (including
sterilisation); cooling or conditioning; formulation for parenteral
20 administration to a human; or placing into a final container.
By parenteral administration we include intravenous administration,
subcutaneous administration and intramuscular administration. The albumin
may function as an excipient for a pharmacologically active protein, which
25 may be administered parenterally.

A “final container” is one which leaves the manufacturer and is distributed to

customers such as hospitals and pharmacies.



15 Preferably, the al bum n solution which undergoes ration exchange -.- "
.chromat ography has a pH of 4.5-6.0, nore preferably a pH of 5.0-5.6, and
yet nore preferably a pH of 5.2-5.4. Preferably, the al bum n solution which
under goes ration exchange 20 chromat ography has an al bum n concentration of
10 250g. Woeorprreierably 20 70g.1;1, and nore preferably 50RGUEB00/A0257
Preferably, the album n solution which undergoes ration exchange

chromat ogr aphy has an octanoate ion cdncentration of 2-1SnM preferably-5
25 10nM and nore preferably 6-9mM Conveniently) prior to the ration
exchange step, the al bum n sol ution undergoes one or nore of the follow ng
processes: (i) pH adjustnent WO 00l 44772 7 PGTlI GB00/ 00257 (preferably to
a pH gred secdrthaspud? of the inventibn provigesed predesy fop parifyidgess althanipH
10.0); (ii) concentration; (iii) diafiltration; or (iv) conditioning by
addi t i onsolutions tthei priosess somprismgocation exehangd/ chromategraphyt andanton such as
a L6 or -Cl0 fatty acid, or sodiumacetyl tryptoptitanate or nmandel ate. 5

Al t er nat exehangesrchiomatographyy | wheeeln| then fivsopurifind (albumjBe SOBRIOMLr nore
of : buffer .exchange, dilution; dialysis. diafiltration; treatngent, with a
ecuct ng SRYEELY idsraRse e s admifer s Chanse: a%_eefamjl?nhlgﬁvmz
1% A, OO Lot P AT U

'S ConceSr RHAD AR RRAbLAEF ' RPfSS: Gah FERLORDY adiifor? of Wil t P0

of the figpsh anibcofsitdlonsRGher & | WRLPIBARTaL):MRakhg" (Ritudlig | Se a-

comer ci alF ani on exchange matrix su as Q Sepharose- FF, - Spher osi |,
DEAF- Sphsmﬂwaﬁoﬁb;Hymudg; BEAEoaditiohips, b@“\EnmdﬁMh@ﬁePuﬁﬁdiﬁﬁﬁ, fVAE, or
DEAF Fractogel . Preferably, the anion exchange step utilises a matrix which
conpl0 segpartwendar ot durtien ichyomatogoapliio Iputifivation appior toi beingl puti inetahy| )
substituents 20 as ani on exchangers. In one preferred enbodi nent the anion
exchange fingl eaBtadB@raphy step of the first and second aspects of the present
invention is run-in negative node wth respect to the al bumn. 25
Preferably, the album n solution which undergoes negative node ani on

i?( gzég?e gﬁlgr %ﬁétﬁo%ﬁgﬁg? %ﬁﬁ@ﬁgﬁm %‘te}: @aﬂéﬁo&'r el e%cﬁ)ﬂgoef

- chromatography step, or vice versa. Preferab}f, the cation exchange

15 chromatography step is followed by the anion exchange chromatography step.

Preferably, between the anion and cation exchange steps, there is no further
purification step, although the albumin may be subjected to buffer exchange
etc. as noted above.
20
By conditioning, we mean any non-purifying handling step which improves
the environment or condition of the alb@n for the next step of the process
<~or for final use. Conditioning can include the addition of an albumin
" stabiliser such as octanoate and/or other fatty acid, such as a C; or C,, fatty
25 acid, or sodium acetyl tryptophanate or mandelate. Conditioning can also
include the addition of salts etc., and may involve adjusting the conductivity

of the albumin solution.



WO 001 44772 8 PCT/ GB00/ 00257 Preferably, the al bum n sol ution which o
under goes ani on exchange chromat ography has a conductivity of |less than

4. OnS.cml 1, and nore preferably a conductivity of |I.COF0.5nS. cmi and yet
more pref bz 1.05 f 0. InS.cm 1 Conveniently) prior toptivepatross,
exchange step, the al bum n solution undergoes pH adjustnment and/or dilution
with water. Preferably) the pH of the @ bum n solution is adjusted wth _
acetic acid. 10 In another preferred enbodi ment the ani on exchange

“nvent i on I8 FHIOT %XS%%'?%F i S%fe B R AL APEGH ot BEPIE" Bhbsest oo
chr ot ogr st 12 B fn g0 %ﬁ%P‘Z‘?é’dSE‘?VM%@BWQ RPEB, o,

more pr ef atafhi. @ Waoﬁr&eﬁeﬁoe&badnﬁé_ﬁi e ation! RRCHHe sty & a0ty has
been pH adj usted using orthophosphate ions. 20 In one refe red enbodi nent
t he al burrhaga:rwa:mﬁdeawnhnrdspedtotolﬂﬁgalbunnn nAdvantsgcoushy, thacesifititibnd, and
nost preferably 30 Preferably, the conductivity of the al bumn

sol uti®dn ase Sooclmsatﬂgamglyqasylate@mlpumm -bindg Borenstrongly $oi thebtation he
albumin is eluted fromthe ani on excpan e[, wwih a buffer conprising
20-90mM  SReltanggyngtenial thamn %&m&%ﬁg 35- 65mM of -a phosphori c
acid salt) for exanpl e sodi um phosphate. Preferably) the WO 001 44772

PGTI GB00100257 9 H5 10 15 20 25 albumn is eluted fromthe ani on exchanger

or ef or r o0 WRaAHoECRIpde LhoBhR FraRhY 65 Oi the Jirs @aha'%%g%?r bt

present | BEBHAR: HvenoRORAF biliscP R RhnBRERI Sheibh & BhhplicBri

fermentationy primary separation centra e con on exaﬁénge
chrongg 09&§FSU—SC h#xoSe FR Yy S‘PGS rodill COMBEPh&HRE t FF U VR CeHulGdO 'SE-
exchangers; ani oh exchange chronatography referably Using

di et hyl amQetlalésey br SsBphéradexs s Paefambl?m thecoare rexchang@ fstepidtilises a
chromat ogr aphy, preferably using an affinity matrix mhlch conprises an

i mobi | i s@ahteixbwiliich spemprises dimmobilisesk apiliopropybasubstinBinte ay peatidn dye.
In a preferred enbodi nent of the present invention a process for purifying
al bumi n i §X@hangeBed whi ch conprises the fol |l owing sips: (a) subjecting an
al bumi n-solution to a ration exchange chronatogr%phy step run in positive
node with respect to the al bum n;

15 Preferably, the albumin solution which undergoes cation exchange

’

chromatography has a pH of 4.5-6.0, more preferably a pH of 5.0-5.6, and
yet more preferably a pH of 5.2-5.4.

Preferably, the albumin solution which undergoes cation exchange
20 chromatography has an albumin concentration of 10-250g.L", preferably 20-
70g.L"!, and more preferably 50+10g.L"%.

Preferably, the albumin solution which undergoes cation exchange
chromaiography has an octanoate ion concentration of 2-15mM, p'i'eferably 5-
25 10mM, and more preferably 6-9mM.

Conveniently, prior to the cation exchange step, the albumin solution

undergoes one or more of the following processes: (i) pH-adjustment



(b) collecting an al bum n-contai ning ration exchange eluate; (c) subjecting-
the ration exchange eluate to an ani on exchange chromatography step run in

positive node with respect to the albumn; (d) collecting an

al bum n-cont ai ni ng ani on exchange eluate; (e) subjecting the anion exchange
el uat e t wv@aoogfifa nity chromat ography step run in positive RET&GBWORSTespect
to the albumn; - , . _(fj collecting an album n-contai.ning affinity

chr omat ogr aphy el uat e; WO 00144772710 PCT/ GB00100257 (g) subjecting the

affinity chromatography eluate to an affinity chromatography step run in

negative ] o'y (X iy J respect
to gIycogg%?ﬁag?ig)%3?5gg%?%ﬁ?%ﬁﬁgﬁgﬁﬁghqgﬁgﬂgfﬂbIecg%ﬁﬁf%ﬁﬁgﬁ?ﬂ%&%%)

col l ecti fifhnt EHI@L@H n{if)- eonéctititivg; adifi) rdiafiltedtionabe oliey kpnditioriagrippgh; (i)
subjecting the affinity chromatography flow through to a ration exchange
chr onat ogddivion oft £ ptabiliser rsuck gatootanoate @ndiothother daty aicid, osudlicasad Ki6ri n; 10
(j¥ collecting the al bum n-containing ration exchange fIOM/throu?h; (k)

subj ecti ag tGH) r fattyn agikkhaore sodivm t tacetidh @yptophanaen ek cmaangelate.
chr omat oar aphy,step run_jn negative node or positive node; . (1) caqllecting
the & bu/sliereaisedy nohadditionallyy thephuminseletion, ugdergoeincsonMOEe ofhi on

atiyve nonde; el uti ani exchange

i 1 aHSHEF Gk UG Aisiyrie, dinblrio; GRaehel il & iy U0

positive e; [ el e p ' pugfhcati Sl eps,. are
opti onal flg&%r e%‘gég’g%“@§°§r &%ﬁ?ﬁg%afe gy ‘%ﬁ\@ gﬁ ‘Jujr%?@’ opg%ftg%f é:?)%«@éhaﬁﬁe;
concent r ahl i 'léﬁut lon; dialysis; diafiltration; pH adjustnent (preferably
to a pH greater an pH2.0 or pH4.0, and preferably to a pH I ess than
pH10.0); treatnent with a reducing agent; decolouration treatnment (eg with
charcoal ); heating (including sterilisation); cooling; or conditioning. 25
Accot®li n@enerdllye anyrinbdifidation invebesmdditionsymot remdvals e Preferablybyhene or
more of: buffer exchange; concentration; dilution; dialysis; diafiltration;
pH WO pH 4f7ire xibwom crivtion 257 adjijsted nent thet additiomtofniacetia aciduci ng

agent; decolouration treatnment; heating; cooling; or conditioning. s
Preferably, the albumin solution 1s concéntrated by ultrafiltration.

" The anion exchange chromatography step of the firét and second aspects of
15 the present invention may utilise a commercial anion exchange matrix such as
Q Sepharose-FF, QMA-Spherosil, DEAE-Spherodex, Q-Hyper D, DEAE-
cellulose, QAE-cellulose, or TMAE, DMAE, or DEAE Fractogel.
Preferably, the anmion exchange step utilises a matrix which comprises
immobilised dialkylaminoalkyl (for example diethylaminoethyl) substituents
20 as anion exchangers.
In one preferred embodiment the anion .exchange chromatography step of the
first and second aspects of the present invention is run in negative mode with
respect to the albumin. )
25
Preferably, the albumin solution which undergoes negative mode anion
exchange chromatography has a pH of 4.0-5.2, more preferably a pH of 4.2-
4.9, and yet more preferably a pH of 4.5-4.7.



r Wien any step is run in the negative node for al bum n, washings may bg 5
collected as well as flow through. In another . preferred enbodi nent of the,
present invention a process for purifying albumn is provided which

conpri ses W ng steps: 10 (a)subjecting an al bumn s i

ration exchﬂﬁ&&@h# mat ogr aphy step run in positive node mﬁthg$gggggph?ga

t heal bum n; (b) col | ecting an al bum n-contgi ning ration exchange el uate;
(c)subjecting the ration exchange eluate to an anion
exchangel5chr omat ography step run in positive node with respect to

t heal bum n; (d) col | ecti ng an al bum n-cont ai ni ng ani on exchange el uate;
(e)subjecti ani e e t at.tiini hr o] tep
run in pos ﬁ?@g%de t\%@t hﬁiﬁgisiggct g‘#lgﬁbﬁwgg?@u mh%h?#é&égl | ecti ng )gcgﬂiﬁgé

al bum n- Coﬁhﬁb:ﬂht?%r%lﬁ} s/ o WAIRHCAVIPBY Risy At 9).0MY. &6, "nd Nfhore
affini-ty chromatogdr y eluate to an affinitychromat ography step run In
nedative npgeferdbll resdductivicyhesE HUO0.5mS.onir! Paad t yee RBES Prdfkramgpect
to gl ycoconhjugates; 25 (h)collecting the al bumi n-containing affinity

chr omat ®gr 4pby+0L bmSoemdgh; - . . . WO 00l 44772 12 PCTI GBOO 00257
(i) subjecting the affinity matrix flow through to an ani on exchange
chromat ography step run in negative or positive node with respect to the

al bumin; (j) collecting the al bum n-containing ani on exchange, fl ow t hrough
5 wherei n vgRleatlYe x PRQEgd0 sthe amiony eXchangs)-Stepe thedalbumin| salutigns r om

t he ani on exghange matrj.x an ani o5 exchange eluate whgrein the ani

exchange sUBHCIED ﬁi#)%qqt\@d)rﬁﬂ@ﬁ’("ﬁ’% g’&bj ﬂ@%qrngsf#@m&ﬁlﬁumﬁpggpgti on
purified b tléﬁ) o) chan g;?[’. 0 R step to a ration exchange
chr omat ogrﬁb% S@B%ﬁ:ﬁ%lq %&Wé #@@?‘%&% *%Qh respect to the al bum n;
(1) cojdecting the al bum n-containing ration exchange flow through; and
wherein any of the respective purification steps are optionally preceded or

fol | owed bynangiti preféréd ebddinenx theaton edtaRie’ dirofiitogtaply istép ofd
di al ysis; diafil tral{fieon; pH adj ustment (preferably to a pH gg*raga%'es?él% han

pH2. 0 or piie firstomed geedei abpocts ofathetpiesent idventiohlie. ih; int pesitivenhodét h a
reduci ng agent; decolouration treatnent (eg with charcoal); heating

(i ncl udi ngvdtheréspeetata the)albenuhi ng; or” conditioning. 20 Accordingly) the
purification steps may or may not be separated by e or nore of: buffer
exchange; concentration; dilution; dialysis; diafi/ltration; pHadjustnent;

treat t owt eduyci ng_agent: deco] ouration treatnent: heating, cooling;

or cond ti g‘m‘%ﬁ@ % éﬁg?’g? égf'fpmb Mell'}gﬁ t‘@dgﬁ%oﬁd%‘?st‘?% mfle.amgp, %&F‘%&g"ﬁange

step of thEhfd]ﬁ%kk&th has a pH of 6.0-8.0, preferably a pH of 6.5-7.5, and yet
more preferably a pH of 6.8 to 7.2. Preferably, the albumin solution has

been pH-adjusted using orthophosphate ions.

20 In one preferred embodiment the albumin concentration is 10-100g.L", more
preferably 25-80g.L!, and most preferably 30-60g.L!. Preferably, the
conductivity of the albumin sohition is 1.0-2.0mS.cm?, preferably
1.2-1.6mS.cm.

25 Suitably, the albumin is eluted from the amion exchanger with a buffer
comprising 20-90mM, preferably 30-70mM and more preferably 35-65mM of
a phosphoric acid salt, for example sodium phosphate. Preferably, the



the al bumn solution is conditioned as above. Preferably, the octanoate s .-
added thereto to a final concentration of fromabout I-10 nMand the pHis
adj usted to about 4.0-5.0. WO 001 44772 PCT/ GB00/ 00257 13 Advant ageously,
the albumn retained in the positive canon exchange step is washed with a
high salt \3glgdtkfR (eg 0.5-3.0M NaCl buffered at pH3.5 to 4pprIdBOBI0BEITAr abl y
at about Z? 0, with 10-100™ preferably 20-40nM for 'S exanple 25-30nM
sodi um acetate) before being eluted. Pgeferably, the al bunin is eluted in
the ration exchange step using a buffer containing a conmpound having a

specific e oate or
anot her fiiwﬂfg toy Ryt B0 e 35168, Crcnnllh o e REDRGTRSIOT <

el ut ed fr riﬂ'?ﬂ ezghanger of the first anion exchange step, with a
buf fer co a| ni ng Igh Tevel (e. g. at |east 50mM preferably 50-200nV

., for exanple 80-150m Vn of a boric acid salt, fox exanple sodium or
potassiumtetraborate. 15 Preferably, the positive node affinity

chromat oglaishyar&t:ﬂmlys ferred ghat therprotesseg ofithe firstivind sevdnd dspeces-sheci fic
. dye, such as a bacron Bl ue type of dye, preferably imobilised on the
resin yi athe ;)pesem inventiorns are @rmmnbﬁmmweranomof he follovdngosteps: ~
preferably C . eg Cs_5 and nost, 20 preferably_ C~ | ength, preferably

havi ng a, m@@%@ﬂsm{@aﬂjtﬁe@ﬁmqﬂrﬂef EERIBALG C@H@tm&x cationhgxchangen Bul e

e T
i e i, AN P B
ni Cke' gfeﬂ%@@gﬁ%}’ %Hﬁstﬁﬁ&ktﬁ” ”a§°' YnidH ' Exciiibers:ed dr° affiityf 4 0

to

-

10 chromatography, preferably using an affinity matrix which comprises an
immobilised albumin-specific dye, preferably a Cibacron Blue type of dye.

In a preferred embodiment of the present invention a process for purifying

albumin is provided which comprises the following séps:

15
(@) subjecting an albumin solution to a cation exchange
chromatography step run in positive mode with respect to the
albumin;
()  collecting an albumin-containing cation exchange eluate;
20: (¢c)  subjecting the cation exchange eluate to an anion exchange
' chromatography step run m positive mode with respect to the
albumin;
(d) collecting an albumin-containing anion exchange eluate;
(e) . subjecting the anion exchange eluate to axI affinity
25 chromatography step run in positive mode with respect to the

albumin;

() collecting an albumin-containing affinity chromatography eluate;



PGT1GB00100257 7.5, preferably 4.0 to 6.0, nore preferably pH4.0 to 5.5/
yet nore preferably pH4.0 to pH5.0, and nost preferably to pH4.0 to 4.5. °
Preferably, the process of the third aspect of the invention conprises S
di afiltratiwe@@emst a buffer of pH2.5-6.0, or against a burCIvGBeogr a
pH wi thin one of the aforenentioned pH ranges. Alternatively, nickel

renmoval can be achi eved using gel perneal0on chromatography with a buffer -
having a pH within one of the above-listed pH ranges. Cel perneation

chromat ography ngy beﬁ%ﬁ{g&ﬁe ﬁgjﬂtﬁ%ﬂéﬁfa}%@%ﬁgt _Hf&;ﬁtg’r@; 2Rl ffinid® the

buffer conprises acet ate ions. ively, there Is
sufficient buffering ciajpagitographgnatep runi in hegaiie/niodd viltregsbepans gign
diafiltration/gel perneation chromatography with water. The nickel ions can
alternatively be chel albathinnahd émpositive mmodenavith wespect tdSglfcosonjugates

achi eved ysing a chel ating agent such as_ininodiacetic acid i mobilised on
Sephar ose (Chel ating G3peesylated afhminsand{pr glycopsoteans)pol ymer (such as

Chel ex, Bio Rad borat ori es)  at | qw pH, .preferably pH 4.0 to 6.0, nore
prefer ab{?’y pH4. 0Wo 4?@.%8%@WTCW&6@MGEFOWWFH YpHoWess
of the third aspect O{.bd‘th invention is subjected immediately to negative
canon exchange chroma 8? hy it is preferred that the "third aspect of the

i nvention conpriges subi: has.a ] | ufl f. 5, 0: .
Conver sely. —whenti ne. fEe fhe AR UR dindiekhot oy, Auitigh so%a e .
invention is not subj Schioisto t e I e J EXESRE O
chromat ography it is g%?gﬁgeﬁ t hat ?t@hphis?%#aggiec%ﬁ o@a gei nvent igglrl]th
conpri ses subjecting i‘é@e@dtbbtﬂbralaﬁhiﬂ'i on to a pH of 4.3-4.9. WO 00/ 44772
PCTI GB00O/ 00257 15 In a preferred enbodi ment of the fi rst) second and third
aspect sldf the ppsencollevtimgtthemlbumin-contamiing/datiohrexchhnge flow thrdaghyed
froma fungal culture nmedi umobtained by culturing a fungus transformnmed
with an al bum n- @dcodsulyjeeting ctheotcations eyclange i flow fthronglt atoi ;n nanionm
whereby said fungus 5 expresses al bum n and secretes it into the medjum
The fungus may be a f€¥ 8?&&0@6%@ SiePBILH RegAtivg made QhpesKiye
Preferably, the fungus i,s, a yeast. Mre preferably the fungus is of the
genus Saccharonyces (B’é’dgacchar onyces cerevisiae), the genus Kl uyveromnyces
(eg Kl uyveronycegy! acf.i e i.chia . P i i 0
Preferably, at Iggst é%l%@% @]%eﬂgﬁﬁéﬁcﬁohgd ™ gglq%ngg‘(c:%%rg%gﬁégjm e
first, gecond or thirghapifcthe Mioh exdhafige Ntep ¥ Sl AP ﬂe‘gaﬁvé%@)ﬁ@; it a
cell according to the fifth aspect of the -invention or a process accordi ng
to the sixth aspect oéluting fronentheoaniolb eAchangdé magpecin ainidh eexclemmpet
invention provides an al bum n sol ution obtainable by a process according to
any one of the precedélugteawpexein the anioa gxchange stepvisrmincin paidve meds)) t he
al bumi n sol ution conprises reconbi nant

(=

™

and wherein any of the respective purification steps are optionally preceded
20 or followed by one or more of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment (preferably to a pH greater than pH2.0
or pH4.0, and preferably to a .pH fess than pH10.0); treatment with a
reducing agent; decolouration treatment (eg with charcoal); heating (including

-

sterilisation); cooling; or conditioning.

Accordingly, the purification steps may or may not be separated by one or

more of: buffer exchange; concentration; dilution; dialysis; diafiltration; pH-



al bum n whi ch exhibits one or nore of .the follow ng properties: 20 (1)
I'ess than 0.5 ~ (wWw) binds to Concanavaiin A, preferably less than 0.2 %
or 0.15 ~; (2) a glycation level of less than 0.6 noles hexose / nole of
protein, and preferably less than 0.10, 0.07S or 0.05 25 ' ~ " nol es hexose
I nol e of woodedtm A purified al bumn solution prepared by RCPIGRO0S8253f t he
present invention may be further processed according to its intended
utility. For exanple) it WO 00/ 44772116 PCT/ GB0OO/ 00257 nmay be -
ultrafiltered through an ultrafiltration nmenbrane to obtain as )
ultrafil t hdfuis@ierite! freh@hent a¥ith9 adredh Nage@fiC edddoiburafion’ @éathfas about
10g, preferably at |east 40g or nore preferably about 80g, al bum n per
litre, w heating;r®olingf of iconditiondngr et ent at e being diafiltered against at

| east 5 retentate 5 equivalents of water. A fifth aspect of the present

i nvention provides a DNA sequence, plasmd or cell which conprises a
reconbi nant. al bum n cqdi ng ,seaggnce wherein the 3' ‘end of the reconbi nant

al bumi n c¥dRGTy aBE fiehde TEBNIN fhee Begatpreomadsy for albymin, fwashings imay de st op
. col 023 andu%é?eierable/ tﬂree in-frame translation stop codoas. The

r econb! nafi? as yell 3ptlop throughect of the present invention my be
eukaryotic or prokaryotic. The reconbi nant ce~l S~ may be bacteria (fox I5
exanple E. coli or Bacillus subtilis), yeasts (for exanple a yeast of the

genus Sac ai&ﬂﬁ'ﬁ S .S} 31) u A ver.0 ( K

| actic) ogﬁ]t e géei?ig)ze%lﬁ%ﬁll g ieg é,eﬁ%ogcgt gr“% g?rf,g&?i ?%Jrgenlrﬂllt(%lug %ﬁg?ss(?%r :
exanpl e ﬁﬁfﬁh |a‘1'§|)mixpisaf5ﬂoir' Whivh cos s pgral cells (which
may be tfgnsgenlgc) or insect l(E:Hedl ls. 20 Abis’i?ﬁtﬁwatggieo?{ﬁgfﬁ%gapresent
invention provides a process for producing reconbi nant al bumn, the process
conprising culturing a fungal cell expressing a reconbinant al bum n codi ng
sequelte and ol@)ai nsubjecting al aminiak r sbhutidie ¢el | a hamtiongercachange

modi fi cati on which causes the cell to 25 have_ at |east a reduced capacity
of mannosyl ation of CAFINAOLEIININ SEDI MK Bn Rosétiveameede Willh desprateionthene
culture nediumis ata | east 1,000L and is of pH6.0-6. 8. WO 001 44772 17

Ibumin |
(b)  collecting an albumin-containing cation exchange eluate;
(c) subjecting the cation exchange ecluate” to an anion exchange
15 chromatography step run in positive mode with respect to the
albumin;
(d) collecting an albumin-containing anion exchange eluate;
(¢) subjecting the anion exchange eluate to an affinity
chromatography step run in positive mode with respect to the
20 albumin,;
() collecting an albumin-containing affinity chromatography eluate;
(8) subjecting the affinity chromatography eluate to an affinity
chromatography step run in negative mode with respect to the
albumin and in positive mode with respect to glycoconjugates;
25 (h)  collecting the albumin-containing affinity chromatography flow
through;



PCTI GB00100257 In the neaning of the present invention, genetic .
nodi fication preferably neans any suppression, substitution, deletion o
addition of one or nore bases or of a fragment of the fungal cell DNA
sequences. h netic r . i nodifications may be obtai nedy o

(di rectly%ﬁuﬁ?’é‘”l ted DNA) or in situ) S for exanple by gengtb?{:(yde?@?znsgeri ng
techni ques or by exposing the fungal c %s to nmutageni c agents. Mitagenic
agents include for exanple physical agents such as energetic rays (X-rays,
y-rays, W etc.) or chem cal agepnts capable of reacfing with different -
functional gr o&és ofS“BQﬂFmgdgﬁg"SEmEV@ ax %SHHPS*‘(‘EI\?S} aRBEXcHARgg

bi sal kyl ati ng agents, intercalati agent.s, etc. Genetic.. 10 nodjfications
may al so be obtai ne&%?mﬁg?gé'ﬁpﬁyd?qg?ugm dh, D‘F%ﬁc‘“’&%l)es%’@ol’mdﬁg“f t he
met hod di scl osed by [ . .[Meth. Enzynol. 194 (1991), 281-301).
According to this me %?ttgtﬁ?gfobrlﬁ%ﬁnl? of a gene is replaced, through
hormol ogous r eceyybi nasiieing ke Aoy coniniig dhidd: RHHNSE- fI6H

nodi fications ggﬁ al so E%n%bt ai ned by any muta~ ona |n? rtfllon on % 15
sequerges, such as twierefip$he anigh agehangé Gtep fs irAnkiipWegativé medd;aor
nodi fications such as point nmutations can be reversed or attenuated by
cel lul ar mechani sns.eldimg frodi fthe aanions exelyanget matoix dm taméomceichasgé ul
forms of nodified fungal cells of this invention since their 20

phenot ypi cal pr oper teleate ywhergin thecanionexshange stepds sndiingiogitive mode;

preferred that fhe genpetic ~ nodificatiqgn(s) arg stably inherited and/or
are non-revert i aerB.lﬁcu&gemﬁoﬂbEEHRyS(ﬂ%@i] pysiied g&t n&IOB CXCHRRES ol | v

btained b del et i i tion. 25= B "| eak t" d

o et i cal vart ant SRo@AthrASRE s hoRecAtibn, Axchake fchroB PR Sem ar 1 a
th th I o i j . L - act i on. WO

(r)gl 42%2 ig g&?gogﬁgdb@%kﬁlggté%ne %MMHC t@%@%’r: Ce)g by the fungal

cells of the igyent icBiye b hithidhlcomtaifd Chtioh eREhALONob ErOlY;

sequences of thé ce)l a rin a region cting t pression
gene. Mire particularly, said " ~ nodifications) will generally affect the
coding : region or the region 5 responsible for or involved in the

expr essi oandfwhereimanyoof thye nespeative gueification stepprave wptiomily prezyded
i nvol ved- i n mannosyl ation. The reduced capacity of-the fungal cells of the
i nventi onOFOfQMW%gﬁYawepﬁbtmpf% afapuffies rexchanges soncentrationh dilptienuct i on

f Lo;;‘gi: ity AErfilmteny y&ﬁeﬁ%ﬁﬁ%{ Zn'»qe%é‘r%éﬁ% 1 ek E?éa}sé’%%épfﬁiff from
enzymos. Pt By g, DETeRiIROLT £t "Tebn Bl BRSO BicdBbiehe, Shfa
att achme ”}e(ﬂfnciﬁg fgﬁ}éﬁé d’o@o@?ﬁﬁéﬂ treafiblefit feg @ith"\hat¥GAI9 > hieatti BRcRIdie" V!

and/ or threony nd aci
sterilisation); cooling; or conditioning.

20  Accordingly, the purification steps may or may not be separated by one or
more of: buffer exchange; concentration; dilution; dialysis; diafiltration; pH-
adjustment; treatment with a reducing agent; decolouration treatment;

heating; cooling; or conditioning.

25  Preferably, prior to the positive mode cation exchange step of the invention,
the albumin solution is conditioned as above. Preferably, the octanoate is
added thereto to a final concentration of from about 1-10 mM and the pH is
adjusted to about 4.0-5.0.

¢ Tt



of proteins or peptides, and then the extension to O Ilinked di- and

ol i gosacchari des by subsequent addition of nmanaosyl residues. The first
mannosyl residue is transferred from dolichol nonophosphate nmannose

{Dol P-Man) to the protein in the endoplasmc reticulum and the additional
20 ~osyl WW&?’& are transferred from GPD-Man in the gol gi pctaBaopeierred
enbodi nent of the invention, the nodified fungal cells carry genetic

nmodi fications) in at |east one gene whogg expression product is involved-in
the attachnent of a mannosyl residue to the hydroxyl group of 25 seryl or
threonyl am no acids. rn a another preferred enbodi nent of the invention,
the nodified fungal cells carry genetic nodifications in at |east one gene

whose expr i i : : j in the -
transfer Mn% e%(%lg l,%gﬁ%gﬁfﬁr@%@ﬁ%@g@%ﬁ?@i@?éﬁ%ﬁdyg\éﬁéﬁﬁ%r oxyl
group of Rejshed With 'arlﬁgﬂkhnaémﬂﬁoaqegasfstoM Ni@’l%xfffé%fe&%@gm.S-tBrkﬁS?f
these genes I1s a PMI géne (eg PMIl, PMIZ, ~'MI3, PMI4, PMIS) . PMI6 or
PMTS. Prefppefepablyt be £VdhtgpHe 4.9, Pivith) 10MUDIAM,PYFéferfblyO20440ABE, for

i ncorporated herein by reference, describes the preparafion of S

cer ev-Si aexdmiple 25:80mM Shdimnn asgtatd)ibmforecbemptefuted. S. cerevi si ae cel |
deficient in O mannosylation activity was prepared by gene disruption, by '
insertion-of the URA3 gene into the HindlIl restriction site of the PMII

Ad'tF. 10_The resulting mutants _ were, gr,owm on YEP about pH6. 95 on
m ni mal n&P&fabIXdéjleﬁbmdéﬁF‘eﬂH&%@, cfion ieﬁpﬁeém mwgsaag %LB%H) .
Unexpect ed| .we have foun hat the of £ h owt.h nedia used in WO
041 oacey Sobtaibibecs comufotte hafing A pRET Aty Hof AR @riihlly &n, G
roduce s t ] ~U H6.0 15
g. 8 is be%éf‘ﬁc@gle%ra Pns ma Hﬁégﬁﬁ @@Pﬁfétﬁéﬁﬁ’%i)%%ﬂﬁged Férlgglice&'égal e
fermeggation. In addition to nodifications in a gene involved in the

attachment of nmannosyl residues to the hydroxyl group of Beryl or threonyl

am no aci GuitablyOile sbubfinGk élneed Gromtthemnidy exchfngel! lof tedfifstGaiibens in
t he genes invol'ved in 20 subsequent additions of mannosyl residues |eading
to di- or exchamgeasteparwithsa buffers contaimingt fdrgh lefel e gramnleagt SOpRVI¢~i es
donor (Dol -P-Man). Preferably, the fungal cell has a genetic nodification
within a pvrlegebly §0-2005alMs Wor @xagie c8Q-150aM) pok s i%@ntcOachr salictfobf a

PMI' gene. A genpe ich 25 ~ affects the expressiop' of a PMI gene may, for
exarrgl e gptp.g}p?e ﬁq‘»ﬂ%"qpor potassium tetraborate. P /n g y

15

Preferably, the positive mode affinity chromatography step uses a resin

comprising an immobilised albumin-specific dye, such as a Cibacron Blue

type of dye, preferably immobilised on the resin via: a spacer such as 1,4-

diaminobutane or another spacer of C,q, preferably C,,, eg C,s and most

20 preferably C, length, preferably having o,@-diamino substitution.

" Preferably, the matrix is the “Delta*Blue Matrix” (DBA), prepared as
described in WO 96/37515.

A third aspect of the present invention provides a process for reducing the

25 level of nickel ions in an albumin solution, the process comprising subjecting

the albumin solution to a pH of 2.5 to 7.5, preferably 2.5-6.0; and removing

nickel ions. Preferably, the albumin solution is subjected to a pH of 4.0 to



transcript levels or PMI product levels. - . . ., WD 00144772 20

PCT/ GB00/ 00257 The fungal cell of the sixth aspect of the present invention.
can be chosen fromfilanentous fungi and yeasts. Preferably, the cells are
yeasts, foxosgasphe a yeast of the genus Saccharomyces (eg BCTroeB@wIzsTAEe),
the genus ' Kluyverorrryces (eg K lactis) or the genus Pichia (eg ~'.
pastoris). 5 Preferably, the fungal cell4 expressing the reconbi nant al bum n
codi ng sequence is cultured in a culture nediumof at |east 5 000 L, nore

pr ef er abl vy &t preeiniy £%!l6 0Lt PreraRbY: plihd [9/395! yasbre prf@aRIPa. ¢ he

recombi nant™aFbum n todi'ng seduencé I's cu In i ch

i s i nt ai pigd.0 @ pHS,0,MuEnwst plefotibl 216 pH4.0ubes 81 ef er abl y pHé. 3-6. 5.
Preferably, the pH of the culture nmediumis naintained using- a pH

controller set at a pH between pH6.3 and pH6.5, preferably at a pH between
6.35 and 6.4~and nore preferably at 15 about pH6.4. Preferably, the pH
cont r ol | érPrefexablit,r dhe eprogessiof dheothird mspecprofutiic simfention somprises

wi thin _any, o of the aforngentioned ranges or within Q.20 or 0.1Q_pH
Uni s fBRation 3Raist ar BRAER, Of PHEbArGnior AELFLAJaTerchaving 3 ALY ed
in a culture, medi um lch is.mintg ned int r an of . .30 .90
br ef er abl YW 68¢ fHEsAtof e RSTE DB, Fifecrs AlGr SRty prabecl i VAl

| ower cont ' b ) . Or rab! en
o, 45 and b6 BbnfeReE usiil BGE HEEAaRiGH, ditoRioRBhy Wik FhiiFRF nevaRL AT
H5.50. 2 he. Rhﬁﬁe [ N{HON i H c for e?ﬂﬁ% pon of
Ei ghly pu?ﬁi e‘g a u%hﬁ. %emgfbﬁﬁnq% lilgstgéhmcter s%’d byéeegtﬁj;rre yaf)gw
level s of @baisiraphhaay enpetfotaedanising Seppacry1es200 IRANPrafitablypound
whi ch col ours al bum n. For exanple) a pignent is a colorant which arises
from lBe theObGffer AcompridesPacetar0 ahd s malagaddrsn  Altdrmativelyasthereisch i s
used to prepare reconbinant al bunmin, whereas a dye is a col orant which

ari ses fromfbgieatehufieringicapacisy from glhumin toecadjustuther. pH and perform
diafiltration/gel permeation chromatography with water.

The nickel ions can alternatively be chelated and rt;nibved from the albumin.

15 This can be achieved using a chelating agent such as iminodiacetic acid
immobilised on Sepharose (Chelating Sepharose, Pharmacia) or another
polymer (such as Chelex, Bio Rad Laboratories) at a low pH, preferably pH
4.0 to 6.0, more preferably pH4.0 to 4.5. |

20 Preferably, when the product from the process of the third aspect of the
invention is subjected immediately to negative cation exchange
chromatography it is preferred that the ‘third aspect of the invention comprises
subjecting the albumin solution to a pH of 5.0-5.6. Conversely, when the
product from the process of the third aspect of the invention is not subjected

25 immediately to negative anion exchange chromatography it is preferred that
the third aspect of the invention comprises subjecting the albumin solution to
a pH of 4.34.9. '



5 The albumn is also characterised by extrenely | ow | evels of, or by being
essentially free of, alumnium |lactate, citrate, netals, non al bum n human
proteins, such as immunogl obulins) pre-kallikrein activator, transferrin,

al aci d gl ycoprotein) haenogl obin and- blood clotting factors, prokaryotic
prot ei ns, WE44#ARnt s of al bunin, al bumin aggregates or pol frﬁa‘?’g?o%‘?"zgﬁ
endot oxin, bilirubin, haem yeast proteins, aninmal proteins and viruses. By
essentially free is nmeant bel ow det ecthbl e levels. The albumin of the -

i nvention may be-at |east 99.5 % nononeric and dineric, preferably

essent i al Iya prefevsedbembedimerdof thie first, secod pnd dhirdmaspectspofetherpriesentl5 0. 2
%trimer is tolerable but larger fornms of albumn are generally absent. It
may be fuinveationbe uitial albuminysobiionis denivedbfromma fumgabanktyre medinm

characteristics, .it hgas a nickel ion level of |less than _100pg, based on one
gram of aPYaed lalﬂ‘ﬁwmgoralﬁwsompégm%nwmﬁf ian lymingencodigdss t han
~ 0.10, 06.075 er D. 05 npnl es hexqse/ ml rotej.n_as {neasyred i he Amador i

pr oduct agg%lﬁ?gg% SAUREG D # ?rﬂg}ﬁﬁégﬁemm@-’t é;ynﬁqrﬁﬁg ; SPG HIENS of

conA- i ndj us ] Jn‘as 30 UL tﬂ\%g ef 0.2 %
or O. ?5 %:ﬂg'e%egeﬂpﬁpga con eeérl{ t%gfl?a tq c(!,*ﬁaé{s\ﬁt .l@'mﬁégﬁ%ﬁgfzﬁ#o elan; and
substant i fldnfeftBus flnbud suek Asiad Aype Hllﬂ'ssgeéﬁ:sl o 3‘50 ePfuf) y at

| east 99.9 %, by weight of the p ot’gi nis the :F]blf%&%l ’rglparaglﬁgﬁgla
purified peasthe Mooe epeferablyhehé nfomgus ofy iof &fe Pebus Sacdharbmiycah! (egpur e
al bumn is less Iikelq?%to cayhuse adverse side effects. . V\%bOOI 4%%72 22
PGT/ GBOO Saadfinrokipcesirderevisiaay,c theli genuso Klnpverowewes ofegni Kluyyerompddsy be
totally free of serumderived contam nants, since none are present in the
starting laetis} puithe genuscRishitaleg-Pighic papteris) esent i nvention, highly pure
albumin is obtained 5 froman inpure al bum n solution. The process

conpr Qes one or more of the fol |l ow ng steps: culturing in a fernentation

di i oI o, ' i+h a.pucl.eotid i h
:ﬁ“‘n”‘ E"ré*sﬁﬂpiigé‘éfkﬁ%ﬁﬂ%i%”ﬁﬁm&_ O i gfi"réﬁécﬁ@%%'smi : ?eﬁ‘égfrfﬁﬁeeefr‘éﬂ' “igft ’
necessarySotol pE it GspEsTeE The ProBA M efOF ' BRbdifbets ByCe ekl
through theRpdCEEUe \FRIC R§pRERicTahRPRivetioR Or 4! prodbsd h8Edragnsligf et eri ng

t he product; passing the

sixth aspect of the invention. /S
15
A fourth aspect of the present invention provides an albumin solution
obtainable by a process according to any one of the preceding aspects of the
present invention. Preferably, the albumin solution éomprises recombinant
albumin which exhibits one or more of the following properties:
20
(1) less than 0.5% (w/w) binds to Concanavalin A,
preferably less than 6.2% or 0.15%;
(2) a glycation level of less than 0.6 moles hexose / mole of
protein, and preferably less than 0.10, 0.073 or 0.05
25 * moles hexose / mole of protein. |

A purified albumin solution prepared by a process of the present invention

may be further processed according to its intended utility. For example, it



ultrafiltered product through a fiirther chromatography step; .
ultrafilteringldiafiltering again before purification through . two further
chromat ographi c steps; and final ultrafiltration/diaftltfation. 15

Al t er nat | VWDW0/44T2t ead of the fermentation nmedium the i npurBCHGBAMPRS?
solution may be a solution obtained fromserumby any of the plethora of
extraction and purification techniques level oped over the last 50 years, -
for exanple those disclosed in Stoltz et al (1991) Phannaceut. Tech. Int.
3une 20 198dy bO- GHrafilterbtir ehrdughr \amy (Ih9$ilfration " Blembrafiepaoaobtainand -

Pl asma Fractionation" Ed. Harris, W]ley-Liss, Q61-306. In a further

al t er nat i wtrafitmtiombetentateahapingoan albwvsain eongeatnationsefeat; keast aboutalOg,such
as goat, sheep or cattle, &m for instance, the mlk or the 25 bl opd of
the ani malPreferably athlea %g@rmp%eg%f%r@ﬂmmﬁpgf PERHhi WEL 1 n a
still furgher alternative, t al bunm n,. be obtai ned f.ro transgenic

pl aft, sudh® agﬁ{ztfﬁg‘egw 5@)‘1’33&36 obe%r #‘%ﬁﬁ?’fg) aga bbllﬁﬁsr};% 7% ehtate

PCTI GB (%%%i\zalé%i ances where the albumin is purified from non-plasna
sources, p puritTication processes lead to a relatively high | evel
o~ nickel ions. Albumn is known to have high affinity binding sites for
copper, nickel and zinc ions at 5 the N-termnmi nus of the nol ecul e.
Consequent A ¥ifth ASpedtvmie ;me_b@ﬁwin@eﬁﬁbﬂ;prbvmex_apmwﬁrﬁdqabﬁée,np;akﬁﬁd iggns
fromthe media used for cultivation and/or purification. Al bumn purified
accor di ng detl which compriseona retontbinatpalibiniigl godingvsequenceowhereikethei3ns. 10 -
Preceding or follow ng any of the procedures of the present invention the-
al bum n sandt 0b theregcambinant athumisar cedingasequencs comprrises itwo) odimoe im,
heating (including sterilisation), cooling or may have salts etc. added to
t he a|18umﬁﬁamg|tmnséammis&p sedons, AndoRegfsTably dbres in-tramee teamslation steppH of
the solution, Optionally, the albumn nay be treated with a reduci ng agent
or 15 may 8Fgo a decol ouration step. The final product may be fornul ated

to give it added stability and may be fornul ated according to its intended
utility, eg it may be fornul ated for parenteral adm nistration, preferably

g it my be | _ _
Sterti | sat T o ap b Rpus ol it ity Spec oF Al pres?, Tyl HAPHECTY o

contains adukhfpstic or prokaryotic. The recombinant cell§ may be bacteria (for

15 examplé E. coli or Bacillus subtilis), yeasts (for example a yeast of the genus
Saccharomyces (eg S. cerevisiae), the genus Kluyveromyces (eg K. lactis) or
the genus Pichia (eg P. pastoris)), filamentous fungi (for example
Aspergillus), plants or plant cells, animals or animal cells (which may be
transgenic) or insect cells.

20
A sixth aspect of the present invention provides a process for producing
recombinant albumin, the process comprising culturing a fungal cell
expressing a recombinant albumin coding sequence and obtaining the
albumin, wherein the cell has a genetic modification which causes the cell to

25 have at least a reduced capacity of mannosylation of the recombinantly-
expressed albumin and wherein the culture medium is at least 1,000L and is
of pH6.0-6.8. '



100g, nore preferably I kg or | kg of al bum n, which may be split between a -
‘plurality of vials. 25 The album n of the present invention nay be fulfil
various roles is addition to therapeutic use in the treatnent of burns,
shock or blood |oss. By way of exanple, it nmay be used as a final product
exci pi entwOa@og47mn |liquid WO 00/44772 24 PGTI GB00O/ 00257 fREITVGBORIO0ETS )
freeze-dried formulations or fornulations for inhalation), for

stabilisation of other proteins duringlpurification, in cell culture, vi+al
production, gene therapy, in vitro fertilisation nedia, and for coating

medi cal dg yEemestil 257 (RN pldient CRAVERNGH S ﬁgﬂéﬁdaﬁ%ﬂhﬁéatﬁfn%}é@gﬂgyn? 't

shoul d be appreciate at each aspect of t I nvention may =e cC ed

Wi th one r@eaidadyoklsressioac tsabstitution, i delerion oor addRREfDRKCRYrPidosdl OF THE
DRAW NGS 10 The irnvention is further illustrated in the appended draw ngs

i n whi ch:basegoresf a fraginemts pf ¢he vhingabroelt DI¥Ac seqiencesi oSucli genetioi ds
PAYE309,* pAYFA~40, pAYF-38, pDB2241, pDB2242, pDB22~~ and pDB2244; and 15
Figure 8 mpdificasionstmay beagbtained Epuitra (hisectly on isolated DNIA) @r rimaitis, act i on
fromrHA prepare %g(cordi,ng tQ the invention. Figure 9 shows th? effect of
pH and t i19E cxAmnle by SeneHUs CNSIRGEIINg f eSPIhY: exRasing ithe dyurgal collsng | |

Sacchar oitPrCLERRIS S4FER, . Mol EenischReni S iniRgs 15p Bxdnlg rYERel AeASDuA
sequencesy AL BOIREABYaLE (Kfayl] SLElYR, VHOUL or SHeBeSPESARS Rhpdniees
of reacting with different functional groups of DNA, such as alkylating agents
(EMS, NQO, etc.) bisalkylating agents, intercalating agents, etc. Genetic
10 modifications may also be obtained by genetic disruption, for example
according to the method disclosed by Rothstein et al. [Meth. Enzymol. 194
(1991), 281-301]. According to this method, part or all of a gene is replaced,
through homologous recombination, by an in vitro modified version. Genetic
modifications can also be obtained by any mutaﬁ’c;nal insertion on DNA

15 sequences, such as transposons, phages, etc.

It is known that certain modifications such as point mutations can be reversed

or attenuated by cellular mechanisms. Such modiﬁc;:ltions may not provide

the most useful forms of modified fungal cells of this invention since their

20 phenotypical properties may not be very stable. Accordingly, it is preferred

" that the genetig:'modiﬁcation(s) are stably inherited and/or are non-reverting

and/or are non-leaky. Such modification(s) are generally obtained by a

deletion or a gene disruption. .

25 By a “leaky muﬁnt” and grammatical variants thereof, we include mutants

that result from a partial rather than a complete inactivation of the wild-type
function.



WO 001 44772 PCTI GB00O/ 00257 25 -Figures 16 and 17 represent two DNA
sequences with honology to the protein encoding regi on Saccharomyces .
cerevisiae PMIS. M .5 DETAI LED DESCRI PTI ON OF PREFERRED EMBODnVI ENTS OF THE

| NVENTI ON Whereeasr7ahe processes of the present invention canPO®E/GRO00NESID tO
obtain highly purified-albumn froman inpure albumn solution froma
nunber of sources, 10 such as serum it {g particularly applicable to -
purifying reconbi nant human al bumn (rHA). The al bumin produced in

accordance i ' ' WA t,”
bovi ne or o%%&eépﬁﬁ&ﬁ@%ﬁg?@%ﬁle ee(?%l @r@@%ﬂﬁﬁ%mﬂl@%ﬁﬁoﬁ%‘é I ng
al bum n nma H ' I | And/Gru DNA
may be useg?@?%%ﬁ:???gﬁ%delﬂ%?ﬁe%iqﬂngamﬁ? g%ﬁ%l g&gn%g%%?o%rb%ﬁne?g m)d|ﬁ)f faed in
view of t herdpias haffestigpnibei naprosion nof t 8 geRs! r uiNfopd prRiceialpn yadt or,
which is then used to transform an appropriate host cell for the expression
and* pr oduct modifidationis)niwill 2genErallP\Affectc otien godirg ‘atdpion noraghderggioned t o
a wide variety of other DNA sequences for introduction into as appropriate
host. The cxespansible farroniinvolyed cindthepexpressiona0fiovacosr mperehgenes whosganner
of the introducti,on of .the DNA into the_ hosi, and et.her epi sonal

mai nt enancec@resﬂ%@ra@u%ar%emwebv%ww aleR. DNA i s inserted

into an expression vector, such as a plasmd, in proper orientation and
correct reading frame for expression. If necessary, WO 001 44772 26
PCT/ GBOOL00257 the DNA nmay be linked to the appropriate transcriptional and

Lo o el ey log el ol Skt syl
expressi on prsteins.may therefore result from the production of inactive enzymes due to
10 structural and/or conformational changes, from the production of enzymes
having altered biological properties, from the absence of production of said
enzymes, or from the production of-said enzymes at low levels.
//.
The fungal cell mannosylation pathway involves attachment of a first
15 mannosyl residue to the hydroxyl group of seryl and/or threonyl amino acids
of proteins or peptides, and then the extension to O-linked di- and
oligosaccharides by subsequent addition of mannosyl residues. The first
mannosyl residue is transferred from dolichol monophosphate mannose (Dol-
P-Man) to the protein in the endbplasmic reticulum, and the additional

20 mannosyl residues are transferred from GPD-Man in the golgi.

In a preferred embodiment of the invention, the modified fungal cells carry
genetic modification(s) in at least one gene whose expression product is
involved in the attachment of a mannosyl residue to the hydroxyl group of

25 seryl or threonyl amino acids.

In a another preferred embodiment of the invention, the modified fuﬁgal cells

carry genetic modifications in at least one gene whose expression product is



beneficial to incorporate nore than one DNA '~ sequence encoding a 5-- "
transl ati onal stop codon, such as UAA, UAG or UGA, in order to mnimse
transl ati onal read-through and thus avoid the production of el ongated,
nonnatural fusion proteins. A DNA sequence encoding the translgiion stop
codon UAAWQGOMMZRerred. The vector is then introduced into HHECRWL02¥%h ough
standard -techni ques, followed by selegtion for transforned host cells.
Host 10 cells so transformed are then ltured for a sufficient tune and™
under appropriate conditions known to those skilled in the art, and in_view

o o cne R R OF 2 and SRR RS (HE RS0 A Frshied’ U ™
i ncl udi ng,_bact.erd fo X I i . Baci.l.l u btilis asts (for
Ie)a(l gtrrlpls)e %c@%é’r’@ﬁé’ﬁ@sg@ﬁle%@e& @gﬁt&a@gx?&qlgs.a I 24 | ,ni _
cel’l s and&i‘én g?@ésgegqéegrghae%@Zéﬁ?e@kﬁmﬂézz?@@r ?ﬂff’r@?ﬂ@? §

e pagt i ol oF RN “Prefritty MOPWEP Rehafs PUPICPRIToFPMTRRS 0T S
protefn mannosyl transferases involved in O glycosylation of proteins, for

i nst ance y } - L ?E&u . 1.0 ein
seqguence oe?ﬁ%?ggc’,dﬁpg? #%ngdgﬁ}glsnc O:_I‘Q%}‘ In ?&%’%"%ﬁ‘eﬁ%@ gnd has
not been geperhfdab dddicieRdivh | OdnahibsyRIOIE abiPity O |A nge ybaf i on.
However, i1t has bgen éf%dﬁgpt hat rHA ps?_oduced Fm ntﬁnb'gr%g?%%/ig‘ggtéggeci es
can be nodéfidiest By G lagioncactivigt vty pespaeed ity gefi¥ dishijiownppse. The
mannosyl ated al bumin is able to bind to the l'ectin WO 001 44772

PCT/ GBOO limseRion20f thenb/Rezvgéneninto thehHireditilrestridtiom site of ithe PM AT IQRFD
produced by the yeast can be reduced b%si ng a yeast strain deficient in

one df nofbe gesuliing mvirtagen ere \goowniom 66ERD Gboné phie.05) ervemiminimady of

B Y i o e ST £t (A i Thor Soviing. ol s B ol o

or the r eyBPRRST et Bad &l 3o BFGERRE o) Pl sSL g AT on or
ft ; ' P i 5y d.

A ter nat | SEy O ey bof Wllitor e 1iigds e Qe ORE IS mia R “Coen:

such as aprodiibe sBSfet@D hithidghn. We KRvé frusd that(a gvsw%&ﬁﬁﬁsotzgﬁdﬂ.el a

reduced l'evel of Pnt protein is produced) site-directed nutagehesis or

ot her15l ~v6.8t BHenefiviad i wrnbeof bostelldnegrity duragy) krge sgile fermentatiopl e
mut ati ons, such as replacenents, insertions) deletions, and transpositions,
as described in Botstein and Shortle. "Strategies and Applications of In

Vit Mut is", Sci, , 229: 193-210 985), which is i ted
o MU RSSPENeS 1o Rl RS o A e e oK EBEREL S o
(e o e R0 B Gl ks i S e el © o

of the invention may also carry modifications in the genes involved in

20 subsequent additions of mannosyl residues leading to di- or oligosaccharides,

or in the synthesis of the mannosyl residgt_es donor (Dol-P-Man).

Preferably, the fungal cell has a genetic modification within a PMT gene or a
gene which affects the expression or product of a PMT gene. A gene which

25 " éffects the expression of a PMT gene may, for example, affect mRNA
transcript levels or PMT product levels.



skilled in the art will readily be able to create a nutation in, say, t'he

5" three quarters of the coding sequence) ) point nutations that alter the -
reading franme, small to. large deletions of coding sequence, nmutations in

t he pronoiverooms72er m nat or that affect gene expression and POT/GBIWeRST hat
de-stabilise the ZS nRNA. Specific nutations can be introduced by an

ext ensi on of the gene disruption techn2ue known as gene transpl acenent -
(Wnstod, F. et al (1983) Methods Enzynol. 10x, 211-228). WO 001 44772 28
PGT/ GBOO/ P2 flngat nllof the sikth t of 88 preloent RVERKibAcabeésseRtfrgmaene
sequence, but this need not be the case, particularly if one can detect the
di srupt i ofilagvemnbuy fiengit atpl geidtsf H‘mfmb}y | thetcellsesre! Yeasts)Sfor texampdé at he

i ntervening sequence wll be such that a stop colon is present in frame

wi th the yeast sefuethee gemirss Shecharounyicesi c(ogu n’oj, sequeisige), s thet genuss| at ed.
Alternatjively, the inserted sequence may gjfferent reading frane to
Pnt. The Khoweranyean(esdhelastisher éh%aﬁﬂ%ﬁéﬂi(l@;{@g haPASYoRifle| udi ng

regul gtory regions; -up to the whole gene) excised or inverted, or it may
have portion 10 inserted, in order to result in reduced production of

protein f{o of .t h WoTel h ' Qg4 0 from
bne. of |t HERRIRLTGc; ko e, opfl BB Ping. b Fedtibitabt “RpiR-ehding 't
Saccharo (

O mannosy AP ERes LeUAR B Feifuft 1R E‘Le.dﬁ*astéﬁ%?ﬁ @Pyﬂ%ﬁf%{*% s are
al so knowgy 1gastdpis000! phosphate-D mannose : protein transferases,

dol i chyl - phosphat e- D- mennose : protein O Dmannosyl transf erases or
phosphonmannose transferases (Gentzsch and Tanner, EMBO IS, 5752-57S7, 1996,
and references included therein). This famly 20 of integral nmenbrane
enzynils cBrefesably, tthe fungalf eell oExprassinge the nrecombinantn alburhihi coding
phosphat e mannose) onto the hydroxquq%roup of serine or threonine within

t he pol ypsgsueaee ¢$1§uwnede@ca|cs&t§r%§n Sngmrx@tm mfhmwggcnf P Man
evi dence QUBEETD-YnotE RseHAPIGRFLD. $16-Bol Prafstatiho diBbEof it Bl End ( ne
subseduent, i30Sk ShaftaBE 1Rk h P Morthdtier dbe ﬁ%ﬁ bkl BREOS'aBAM ©
pH6.5, preferably at a pH between 6.35 and 6.45"and more preferably at
15 about pﬁ6.4. Preferably, the pH controller is controlled within 0.20 or 0.10

pH units of any pH value within any one of the aformentioned pH ranges or
within 0.20 or 0.10 pH units of pH6.4.

In an alternative embodiment, the fungal cell is cultured in a culture medium

20 which is maintained in the range of pHS.30-pHS5.90, preferably pHS.50-
pH5.90, pH5.40-pH5.90 or pH5.40-5.60. Preferably, the lower control set
point is between pHS5.40 and pH5.60, preferably between pH5.45 and
pHS5.55, and preferably the lower control set point is about pHS.Sb.

25 The present invention provides processes for the preparation of highly
purified albumin. The albumin is characterised by extremely low levels of
colorants. The term “colorant” as used herein means any compound which

colours albumin. For example, a pigment is a colorant which arises from the



29 PCT/ GB00/ 00257 It is clear that the enzynes of this famly have

different substrate (protein) specificities (Gentzsch and Tanner (1997)

G ycobi ol ogy 7, 481-486). Five of seven test proteins were substrates for

Pmtlp and Pnt2p, the products of the PMI'1l and PMIZ genes respectively, as

shown by tveeioo/samzier gl ycosylation in 5 pntl or pnt2 nutant PEXHGCRRKERSTCeS

- cerevisiae strains. Another two test proteins were apparently unaffected by

either PMIl or PMI 2 nutations, but we2k under-glycosylated in a pnt4 -

mutant strain. The 92kD Pmt|lp protein O mannosyltransferase enzynme has been

purified ppabsolOBERNE ty¥adt] Gvhidhl itbked ad I f6B0IAbina At WIbENHE,

menbranes (Strahl Bol singer and Tanner (Z991 J. Biochem 196,

185- 190) . whbaezgearﬁyemcwdolmgaﬂtowhicheariswfpox(d%l’ﬁlon)atbgmlﬂﬂe steplsanephirdfyd

sequenced. The gene is located on chronosone IV and encodes a single

. poI ypept i the albumi, pri mary sequence of 817 amino acids (Strahl-Bolsinger et
~£1993)* P.N. A. S. USA 90) 15 8164-8168). The sequknce informati on of PMII

(and ot her PMI genes) nay be used for the identification of rel ated

ceauontes TERIRURRS a5 Gt chago Rl o) <TURanah ol doueisrst i 6 5, bEE 20

E?S‘J?'eé‘glé&?hﬁﬁ’%fé?%@%ﬁo i, qm@%@%&%@ﬁeﬁﬁ&iﬁ@mw

Saccharor%ﬁﬁémgersﬁgﬁt saﬁnBMBgl%Bﬂhh&‘e PEHHANGRM §acc or" (FAfdYéGn 16,10 17

are honol bgous Wi t e protern encod ng reglon arbmyces cerevisi ae -
PMIS. Per gefds g?‘dd]irétém N Hagoalébini landamiesd! lottihdafackbys Ogﬁ‘okﬁ diitse 25
sequences nay be used t'o identify (or disrupt) a Saccharomnyces cerev-~siae
nmannosyl t proteins)-afraggrenes of alblunibe albpnsini aigpdegdtes OF agobninersf éme
sequences represented in Figures 10 to 17 may simlarly be used, as may
sequelk esendotoxing rhilinthin| hgcms yeastnprateins e animak protefnsc andtvinises. FByur es
WO 001 44772 PCT, /00257 10 to 17 .and the fragnents thereof.

Techni quegSseBHa @de¥des are well known in the art.
It should be appreC|ated t hat by a honDIogous ~ sequence, we include 5
sequences having at least 70 %, 80 %, 90 %, 95 96 , or 98 % honol ogy

W' th a seqhenftumiesf tﬂe“m"i‘r@i{ué?ﬂ‘inﬂ bE 9 HEGT 99)5 b nlohtorfbril'ahll dirhédgment of
- preferably essentially 100% monomeric and dimeric /Up to 0.5%, preferably

15 0.2% trimer is tolerable but larger forms of albumin are generally absent. It
may be further characterised by one or more of the following characteristics.
It has a nickel ion level of less than 100ng, based on one gram of albumin; a
glycation level of less than 0.6, preferably less than 0.10, 0.075 or 0.05
moles hexose/mole protein as measured in the Amadori product assay; an

20 intact, i.e. homogeneous, C-terminus; a content of conA-binding albumin of
less than 0.5% (w/w), preferably less than 0.2% or 0.15%; a free thiol
content of at least 0.85 mole SH/mole protein; and substantially no C18 or
C20 fatty acids. At least 99%, preferably at least 99.9%, by weight of the
protein in the albumin preparations purified by the process of the invention is

25 albumin. Such highly pure albumin is less likely to cause adverse side
effects.



PR T

sequence shown in any one of Figures 10 to 17. Per cent honol ogy can be .
determ ned by, for exanple) by conparing | O sequence information using the
GAP conput er program version 6.0 described by Devereux et al. (Nucl. Acids
res. 12:38%o é58@)2 and avail able fromthe University of W sceasicBdeangyi Cs
Computer G oup (UWGCG . The GAP programutilises the alignnent- nethod of
Neddl eman and Winsch {J. Mol . Biol. 48:443, 1970), as revised by Smth -
and' Waterman (Adv. Appl. 15 Math 2. 482. 1981 j. The preferred default

par ot o R TRl T R Gt bR g e e
nuct ot | Sekerif 5 UohAR ARG R RO, B plskel uPSSARRAR M OocS,

Atlas of Protein Sequence and Structure, 20 National Bionedical Research
Foundation, pp 353-3S8, 1979; {2) a penalty of 3.0 fror each gap and an
addi*t i onal Ift atordana¢ twith otheepreseay irvéntion,chighlg apireamibundih Roobeiwdd y for
end gaps. If a yeast other than S. cerevisiae Is used, disruption of one or
nor e of5 t hfrofth agdnpaire gibummime solutiont h¥helprogesseomprisSes one @vimoreof theal so
beneficial, eg in Pichia pastorigs or Kl uyvergnyces |actis. The sequence of,
P. Ml (or follovsingestepwn galianing s o2 efermeiation medawns jag gniexg-osganised f or
the identification,or,disruptign of genes encqding similar enzynatic

activi t1 estRRStormest uith 27 nucleotidesspauieine pacoding e amumg.acid sedveice ofc

cl oni ng of

t he P henol og LOf Kl uyver cesdacti.s is _describgd in O
94/ 04687. P“W“a’\g'%‘é@?n'otﬂ%fgﬂé% SePupiting < e puicre-Opeaninm RO nthes
representeg, | i ifio TRy, o] sused. i j f i.Srupt)
a gene equwggﬂtﬁ%%gggﬁge&g{}#lé ae %ﬁ’h‘égg@lﬂ%ér lsft)ﬁgéés%’glﬁltjl’egmi( gﬁ‘fﬂéetsart
wil | r egd t ddssia q r Ntehifbe | 10
to 17airgy g‘:'lﬁ‘lhié%t?% ﬁg usggﬁhgs%nggﬁggggeﬁgggﬁ%i gﬁ'oggg honol o%élgsgéé\[/ﬁh t he
sequences gRIONERAS | RtdpsgUuitfafiering/diafilterinf e tHe JaBERES E)h@.\ﬁﬁ f thelO
Met hods for carrylgﬁlagﬂgut dé_’eﬁe di sr upr??gons are d%scri bed in the Ii?erature,
an exanpl eulifafiltered | prodectr i béaronghBoedm efurtlier ( Bclwbmatdgraphy  step;
Pirie-Shepherd, S,, Trinh, L., Shiloach, J. and Fol kman, J. 1999) Yeast 15
563- 572) walteflltesing/disfiltering Lagains boferesapunidicationy dheougdy ebwe farthesco
gene as a r%ker | S L&anked.%x R c M@?{ﬁw D%‘#ggecifi c to the target
gene. |n~ SHEOMAlQEEAPRIGSteps-RRd, grafifatione suc2 DNA sequence
could inserted at a position within any of the DNA sequences represented
in Figures 10 to |1 7. The yeast will advantageously have a deletion of the
HSPI SO and mafvelO i e t echiyie [ 3 ﬁﬁﬁnﬁ”d WO
95123857. 1n a prvgpg'r rlgs e@rbgg?ﬁrrlgnt t éem;h/gggt %@%nﬁ%m v?nt% an
expr essi ongglutien Ty IS @dsaliitibA cobiaiiedafroi CRIuAE byVarsy F denpltasai of At
the tine of transform ng the yeast, the plasm d cohtai'ns bacteri al
replicati oextaactione hrd tpurifidtione (pohniqes dévelbped @ver cheddst 56! years hfor
transformation, by an internal

example those disclosed in Stoltz er al (1991) Pharmaceut. Tech. Int. June

20 1991, 60-65 and More & Harvey (1991) in “Blood Separation and Plasma
Fractionation” Ed. Harris, Wiley-Liss, 261-306.

In a further alternative, the albumin may be obtained from a transgenic
animal, such as goat, sheep or cattle, from, for instance, the ;mlk or the
25 blood of the animal or, in the case of transgenic chicken, from the egg white.

In a still further alternative, the albumin may be obtained from a transgenic

plant, such as tobacco, potato or corn (maize).



reconbi nati on event in accordance with the teaching of EP Z86 424. The
pl asm d al so contains an expression cassette conprising: a yeast pronoter
(eg the Saccharonyces cerevisiae PRBI pronoter), as taught in EP) 431 880;
a WO 00/447T2 32 PGI/ GB00I 0025T sequence encodi ng a secretion | eader

whi ch, forwepedpte, conprises nost of the natural HSA secr epicOiGH0ANET,
plus a small portion of the S. cerevisiae amating factor secretion | eader
as taught in WD 90/01063; the HSA codi ngg sequence, obtai nable by known -
met hods for isolating cDNA corresponding to 5 human genes, and al so

di sclosed in, for exanple) EP 73 646 and EP 286 424; and a transcription
termnator, preferably the termnator from Saccharonyces ADH , as taught

in EP 60 %@sl%ﬁ%gwc /thel A1BuMff i pul r&eﬁf\hgﬁ.ptq%sdﬁ%aardegpggggraﬂbat ion

stop col ons oi ce of various el enents e plasm ed

. abgve is gﬁ}iﬂchﬁbﬁ lirotsses 16ld &5 hl neldtdlety High tével 6T miekel don8f Aftipainbumi n

product obtai ned, although the elenents may contribute to an inproved yield
of producis kdownabdravehightaffinity tindingt sitesffor eoppert, imiokelrahdpzine fiowsaad on

- process is described in Exanple 1. 15 Exanple 1 The cloning strategy for
const rauct e Niterminus fnithe pmeleatileg nConsequently sthewadbumindimeleo in EP
431 880 except, that the 3' end qf, the 20 al bum,n codi hg seguences .and its
junction ®ffestively mﬂg‘?@ﬁ%ﬁéﬂp% ﬂ@ﬁrﬁﬁﬁ@@@h used, fon sultivation andigrey

consecut | puriaoRATBRIRE I 8FctRing shbiikgenon it < cumtisibdloy o
third sto ‘gﬁlgg@t(gg&g?%%ﬁﬁ@ as foll ows: WO 001 44772 PGI/ GB00/ 00257 33
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10 Preceding or following any of the procedures of the present invention the
albumin solution may undergo buffer exchange, concentration, dilution,
heating (including sterilisation), cooling or may have salts etc. added to the
albumin solution which may, for example, condition or adjust the pH of the

" solution. Optionally, the albumin may be treated z@lth a reducing agent or

15 may undergo a decolouration step.

The final product may be formulated to give it added stability and may be

formulated according to its intended utility, eg it niay be formulated for

parenteral administration, preferably parenteral administration to a human.
20  Suitably, the albumin undergoes sterilisation.

Preferably, the highly pure albumin product of the invention contains at least
100g, more preferably 1kg or 10kg of albumin, which may be split between a
plurality of vials.

The albumin of the present invention may be fulfil various rolés in addition to
therapeutic use in the treatment of burns, shock or blood loss. By way of
example, it may be used as a final product excipient (e.g. in liquid



TTA TAA TAAf GCT TAA ...... This was achi eved by nodification of the ADHI
termnator fromplasmd 5 pAYE309, described in EP 431 880, by PCR

mut agenesi s using two single stranded ol i gonucl eoti des, JMADH and JMADH2
with the sequences: JMADH 10Hi ndl Il 5" -
GCATAAGCTTYEREFTRTTCGOCAGAGGTTTGGTCAAG - 3' 15 JMADH2 Nor | TEHEPOYY257
TGGACAACATTAGCAAGAAGG PGTGCCTAGCECCEEC?@CTAGGTACG—5 The PCR conditions
were 25 cycles of 94C for 60 seconds C for 120 25 seconds and 72C for
180 seconds. The, 0. 48kb .product was di g sted w oth Hindl Il and _
BanH and f P%@mntfée%eﬁﬁ&j tppnilatioge Q%“‘aﬁ‘% g’f tlﬂil) foKi | arly

o
s SR o AR R ot

-E%Eﬁ‘-ﬁ%ﬂ%ﬁiﬁg‘&me%rfs afd v%@cﬁla? ros CTGACCCTTTTG - &'

The PCR condi tions: were es o for 30 seconds, 50C for 40 seconds
and 72§ for 50 seconds and then one cycl e of 72C for IO m nut es, using the
ADHI terminator in pAYE440 as a tenplate (Fig. 2). The machine 15 used was
a Perkin Htshouldebe Apprétisetytiae eack @Spect ofr tituinventionhmayobe eombined,
approxi matel y 0.33kb, was obtained and digested with both Hndlll and
BamHl . Pl ai wnpmaaoegodmaspmqfrthgmvwmoaso was digested with Notl and
Hindl Il and the 0.84kb DNA fragnent containing the PRBI pronoter fragnment
and part of the HSA MFa-1 | eader sequence (WD 20 90/ 01 063) enpl oyed to

direct secretion of 1rLe 1 : Hiondi Il digested
pBST+, described in SF DESCREPTIONTORTHE DRRWIRRSS

10

The invention is further illustrated in the appended drawings in which:

Figures 1 to 7 respectively show the construction of plasmids pAYE309,
PAYEA40, pAYEA38, pDB2241, pDB2242, pDB2243 and pDB2244; and

15 o
Figure 8 shows electrospray mass spectrometry of conA-binding rHA fraction

from tHA prepared according to the invention.

Figure 9 shows the effect of pH and time on nickel removal from rHA by
20 Chelex™

Figures 10 and 11 represent two DNA sequences with homology to the

protein encoding region Saccharomyces cerevisiae PMT]I.

-

25  Figures 12 to 15 represent four DNA sequences with homology to the protein

encoding region Saccharomyces cerevisiae PMT7.



pl asm d pAYE438 (Fig. 3). The recipient plasm d pAYF438 was digested w th....
H ndl 1l and BanmH and the nodified ADH term nator was successfully cl oned
into this vector to generate plasm d pDB2241 (Fig. 4). This plasmd 25
contains the pBST+ (WD 971 24445) backbone, the PRBI pronoter and the

modi fi ed @ m nator. To facilitate the introduction ofpcpiEgdofedssy ation
st op codo e end of the HSA coding region and create the required
Hindl Il si te, the 3' end of the 30 HSAygoding region was_ altered. WO
001 44772 35 PCTI GB00100257 The doubl e stranded ol i gonucl eoti de |inker,
AT2I | AT22 was ligated into AfIBIH ndl Il cut pDB2241 and conprised an Afl 1|

site at i fFiotes e amd flvuféﬁ'bsentr@@t% %W%ehﬁ@it?%é dl§§t it f(%gy""t &hk!

sequence of- the ~1 SA codin an extra TAA

transl at'pfbtéhﬂéhc@d'xﬂg"reﬁbﬁm&cﬂmb Bg cbréeWsihe PAITSL ed were checked by DNA
sequenci ng and the correct plasmd designated pDB2242 (Fig. S). Linker

AT211 22 10 AT21 A, fTIl Bsu36l Hindlll 15 TTA AGA GTC CAA GCC TTA GGC TTA
TAA TA CT CAG GIT CGG AAT CCG AAT ATT ATTCGA AL GL Stop 'Stop 20 To
create the final rHA expression cassette the A ~'11/Bsu36l fragment of ,;.

PAYE3® (FiDETAILEP DESCRIPTION OF PREFERREDIEMBODIMEENTS OFKi ng
plasmid pDB2ZZ3 (Frg. 6). Finally, the.r~i A expression disintegration

vector was made by |igating t heTHE INSENTIONN cassette from pDB2243 into
Not|l cut pSAC35 (Sleep et al, 1991, Bi o/ Technol ogy 9, 183-187 aad EF 431
880) 25 to generate the pl asm'd pDB2244 (Fig . '"7) in which the direction

The pl. a%:; MMK@%%E;‘%P‘E? BrTORT YRiEnHpg Rt oo &y pémh'liglﬁg? or
SAC3 H 1989} Cu 16, 2

ol aa77s é@%ﬁ@b‘&i‘g ?}H{I‘H‘ et SflbrigRaF ‘%‘ﬁé%l%ﬁ#‘ﬁa%he LEW2
O ort O B8 SRt RO parncatiany pBlibANIe o BN RRHbinAR fhinin "

bact eri al apjynsit! GHRYCOThE oliRid froduted ifi a20rdaneE W itE the FverftioRmaye S.

cerevi siae 2Ecm FLP reconbi nase
be any mammalian albumin, such as rat, bovine or ovine albumin, but is

preferably human albumin.
/’

15 DNA encoding albumin may be expressed in a suitable host to produce
albumin. Thus, DNA may be used-in accordance with known techniques,
appropriately modified in view of the teachings contained herein, to construct
an expression vector, which is then used to transform an appropriate host cell

for the expression and production of albumin.

20
The DNA encoding the albumin may be joined to a wide variety of other
DNA sequences for introduction into an appropriate host. The companion
DNA will depend upon the nature of the host, the manner of the iptroduction
of the DNA into the host, and whether episomal maintenance or integration is
25  desired.

Generally, the DNA is inserted into an expression vector, such as a plasmid,

in proper orientation and correct reading frame for expression. If necessary,



5 system such that no bacterial DNA is present in the organi smused for’
production of rHA (Chinery and Hinchliffe, op cit.). The expression vector
utilises the S. cerevisiae PRBI pronpoter and ADHI transcription term nator
to controt expression and the HSA/ MFa-1 | eader 10 sequence ( 101063) to
direct secW&YYA73f mature HSA. The plasnmid pDB2244 was i nt r%&fggag’%‘ﬁg% a
Saccharorrryces cerevisiae strain which gvas | eu2, yap3, hspl50, ptntl [cir]
by the nethod described by H nnen et afy“( 1978) P. N A S. 75, 1929. The~™
pml ~m-, utation may be achieved 15 by the nethod, of WO 94104687.,

Tr ansf or methesDibh angy | e tisdied Hoathsupppiopgiate frangcriptivnahand. rangational)

DECH ) ankRaRIAIRG (RopeRal o RGlEOHAE  SOUERSES CHoRQBPIRGd. bY+sbe SIS BOR( i v)
Soc “Sobr B lEus RSB AE TABI G et el U )
but o1 g yelffisiti g, dncorpbite aGHE NN IS BN Sclinkhed (EhdRfiNe 2.

free cu t UpenQuRSEAI G ol¥n SRRIPhY AN, A0dS dﬁ(}@)\??ﬂ&@ﬁfi&ﬁhﬁiﬁﬁ@ or by

rocket gel 1 mmunoel ectrophoresis. 25 A stock naster ture In
buf f er ed nirmhsadions diedththfougtednd ahns eveid the ProdactbACHS elolaldd mee! |
bank) of process yeast suitable for the WO 001 44772 37 9' CI/ GBO0/ 00257
pr epar at i omatafaldhsion groteils.c A DN Assequence encoding| theurdmslation Stepaddoar e i n
the presence of 20 % (W v) trehal ose, The fernentation was essentially the
same as i sUdgkcisi peefertedwo Bisr st & dhen ustmodneedsago thet host theeugh ar e
i ncor porated herein, b ref?rﬁghclze exc? t.for. the faollow ng differences:
Seed Fer nestaBdardnter eor fallpwerd by selection for gransformesh hests celin Hested t o

t he se ferpenter vessel ,, the eratin er at .0f 30C is set,. as well
as t helUri nfeHSmS9t 15 n TNeH. AT ¢ %POCH@%M/ 0 oﬁnéﬁ 1et éHHels%“ viRder

i i amorrobHale BRBLER AT Mo JEBHIIE, wie e, Yot Bk IaE L7 o

b. 40; Contfeggﬁi?gs ?x@%@se\% tﬁ%’rﬁ;e %&? &)eﬂrlﬁ? R lexpPéssioR df the Ribintih"S¢hich t he

range of 5 we
can then be recovered.

//’

15 Many expression systems are known, including bacteria (for example E. coli
and Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae, Pichia
pastoris and Kluyveromyces lactis), filamentous fungi (for example
Aspergillus), plant cells, animal cells and insect cells. The preferred micro-
organisms are the yeasts Saccharomyces cerevisiae, Kluyveromyces lactis and

20  Pichia pastoris. 1t is particularly advantageous to use a yeast deficient in one
or more protein mannosyl transferases involved in O-glycosylation of

proteins, for instance by disruption of the gene coding sequence.

The albumin protein sequence does not contain any sites for N-linked
25 glycosylation and has not been reported to be modified, in nature, by O-
linked glycosylation. However, it has been found that rHA produced in a
number of yeast species can be modified by O-linked glycosylation, generally

involving mannose. The mannosylated albumin is able to bind to the lectin



control set point being 5.50. The initial pH nmay be adjusted with amonia -- -
(eg aqueous anmoni a specific gravity 0.880). This |lower fernmentation pH 20
results is as enhanced mass spectronetry profile of the rHA It is
preferable for the initial pHto be near the top of the aforenentioned
ranges to {aghdidssff € observation of early netabolism since acersdobdesyn pPH
Is the first sign of growh detectable by on-line instrunents. 25
Particularly for strains with a deficie in one or nore of the PMI genes,
it has been found to be beneficial for the fernentation to be conducted at

a higher pH than is., nornma require Thus, rather than control .th H -at
WO 00/ 447 7S OPERIRI doos pﬁP@)&PH&dfeW%yfqt?&] albyai mrodured Pyhie
control set [ t DHG. f Q.. bly betwe 3. and
65 At sudtid FRoRE R Y i AP fitin HebleRR ' R L TROLAR IR
_inproved d gg@ sis. Cell * lysis results in cell debris
remai ni ng st‘gse%g% I on 91(‘2‘?‘%()3\/’\%9%19 a centrifugation 5 step of the
fermentation which is sufficient only to renove all whole cells fromthe
.supernatant. This is denonstrated in Table 1, where,a significant reduction
in the 5et Theimbst convatientovay ofihthieeimy deisniattonéreate a t whdioch thas ayeast
is cultured in the pHrange 6.3 to 6.5 conpared to pH5.5. Fernmentation
pHWet Wi gdefeCbiim dtst gericine esuchtthat a(rgduced Jevel of pnd)of6the. Bmt profednstisl. 0,
13) 10 Table 1: Relationship between centrate quality and ferme, ~ftation pH
in seed feprashiced. vEer exampig, fhere mayheadeletion, dnsertioaremiransposition tih and
cunber of ganples. 2M H2SO~ is al so, used as, a pH corrective agent. Sucrose
Lo 20g. L' 1/Hekadit.3ede0oq QF (iR doBulAOD; BeRIoRATSH 1R AIOMEL gens TEAE { ar o
vessel

205 vl B GRrEESRR af Ghe bE e PREGHeT ool Tnd R 6 RE Bk frdiefp

et
Chi nute | . cT | . :
aTeRiucﬂ)s hatg&ﬁéggwcmlﬁ%érﬁevﬁgﬂﬁ%@%&gu%éﬂ @i%%@n@ﬁﬂe&eg@%ﬂr‘%la s'rf/ﬁs)[?nem S
i nitiated. pﬂ}%ﬁﬁg{gg%dalfbﬁd aftiAe 8nfiBody. t 10 h froman inocul um

concentration MMO feed mist

‘D

To modify one of the PMT genes so that a reduced level of Pmt protein is
produced, site-directed mutagenesis or other kt(o;vn techniques can be

15 employed to create single or multiple mutations, such as replacements,
insertions, deletions, and transpositions, as described in Botstein and Shortle.
“Strategies and Applications of In Vitro Mutagenesis”, Science, 229: 193-210
(1985), which is incorporated herein by reference. Sulltable mutations include
chain termination mutations (clearly stop codons introduced near the 3' end

20 might have insufficient effect on the gene product to be of benefit; the person
skilled in the art will readily be able to create a mutation in, say, the 5' three
quarters of the coding sequence), point mutations that alter the reading frame,
small to.large deletions of coding sequence, mutations in the promoter or
terminator that affect genme expression and mutations that de-stabilise the

25 mRNA. Specific mutations can be introduced by an extension of the gene
disruption technique known as gene transplacement (Winston, F. er al (1983)
Methods Enzymol. 101, 211-228).



be connected before the end of the batch phase (volume equal to batch '
vol une) . WO 00144772 39 - PCT/ GB00/ 00257 Features of the fernentation
control algorithminclude: the end of batch phase being signalled by

di ssol ved_oxygen tension (DOT) increase of > 15 in 30 mn; f bei ng
initiat ed“QX‘g‘.“@'éz mL per litre batch medium the r substrat gf’ggggﬁj‘lﬁé
bei ng determ ned according to the formﬁha, SF =SFe''"" ., 5 wherein SF is
substrate feed rate (nL.mn"); SFo is fHitial substrate feed rate (nL. m ti
1), pis gpecific growmh rate {for exanple Q.06h'1), and k is a counter_
vari abl e Gereray, sneouses isalectable mankep to HsTuph @egen sgquencen but this|

conditions gre t.;. and the suybstrate_.feed rate (via mapi pulation of k)
being re npg%f‘estb‘%r@éet &Wl@rﬁ%@g NG| 630 rqedenty %r‘ﬁswgppeﬁYel(tRQ) z

21 Bl = B0 o 4 B s © ©
21 997 0T B2 <Sn dhal SUGF Loltbn 1851 AP IR IO N] e PP Leciheflle AT 00, O

if there 1S éevidence o anol or *acetate accunmu ion is

i ncreagse OindB#184 & ,-BEI Y0i1 fiotS 'on.A%}@ﬁ- f o arted,
t he cgncgrtlltbr atioga?%daBr o&@%ﬁ%%l?sﬁ?tng?ﬂgfgg'to ) gg&?@,(gxgﬂ%ﬁ%ﬁd on
final volsegaence itayehd aie halifferad rehding flamattb®mi.s 65 t 17-h) dependent
upon transfer limtations of the vessel. 20 The air flowis increased
through the fernentation to maintain the values of oacygen uptake rate
(QUR) and carbon dioxide evolution rate (CER), at levels ~ sufficient to
provi de abhergene muy have yoiies or TReraporeiorsy(eptdenaly includingrregulatosy i s
nomnally 1,v/vim i %Qecks are .pee:‘sfor,mad to determine 25 purity of
cul ture ¢GNP %Dﬁmﬁm ¢ gcighpreised ofinverted, abdt may have aRELHon: he

f eed, h | [ f d ' . .- . f
oot ST bead el 50 LR A AMERLPRNSE o e SO
s inocul AR RY aBdfot i heprdteiort of PR6teid ok onB'df the PMT loci having

a reduced level of activity.

The PMT genes of Saccharomyces cerevisiae ene&ie a family of seven
15 (PMTI-PMT7) protein O-mannosyltransferases which vary in their
specificity.  These proteins are also known as dolichol phosphate-D-
mannose : protein transferases, dolichyl-phosphate-D-mannose : protein O-D-
mannosyltransferases or phosphomannose transferases tGentzsch and Tanner,
EMBO 15, 5752-5757, 1996, and references included therein). This family
20 of integral membrane enzymes catalyses the transfer of mannose, in the form
of dolichyl phosphate mannose, onto. the hydroxyl group of serine or

threonine within the polypeptide chain, described by the following reaction:

Mg+ -
Dol-P-Man + Protein (Ser/Thr) =  Protein (Ser/Thr)-Man + Dol-P
25 The available evidence suggests that the synthesis of dolichyl phosphate

mannose and the subsequent transfer of mannose to the protein occurs in the

endoplasmic reticulum.



Is adjusted with amoni a solution (SG 0.901) using! a pH controller set
at 5 pH6.40; controlled at 6.40 i.10. Alternatively, pHis maintained in
the range of 5.50 to 5.90) with the | ower control set point being 5.50. The
initial pH may be adjusted with anmmonia (eg aqueous anmoni a specific
gravity 0.880). This lower fernenation pH 10 results in an enhanced nass
spect ronet r WP of the rHA It is preferable for the i niRGHFBMAPRS pe
near the top of the aforenentioned ranges to facilitate observation of
early metabolism since a decline in pH28 the first sign of growth -
detectable by on line instrung,~nts. 15 Particularly for strains with a
deficiency Iniprieaorthapde ehzymes Bfthise fanily i havieadiffirent fsabsteate o(peetein)
beneficial for the fernentation to be conducted at a higher pH than is
normal | y regpecifiditieI((kentaseh ad Tanner (48970 Glydodiglgst7,a48l-d86)mtEive af 5,
It is beneficial to have a control set paqint between pH6.20 20 and pH6. 70 ,
preferably Bevelktest peptemsawaressubstiatessior Pmtlp and Prptdp,tthe Rf@dﬂﬁﬁswfgth he

oL 1 U ol Sl b 5 6 e gl
7L, o1 3 RS ol g A et

significant ty ' | t = t is
hown vhey PROCHELER: Al PRI BnalELER by SHEE PIITI 0L PAIFD SuStiRGH] bt

001 44772 41%/@@%@@3@a@arm\pﬁg4mm MetinVei ght Content of Su
ernatant ( .L'i) ' ~5.536.3 6.5 4.7 - Table 2: Relationship between
centrate quality and fernmentation pli in production vessel. 5 2M H2S04 is
al so used as a pH corrective agent. Sucrose to 20g.L'', MMO batch

vitam ns) adtheE®2d} Bavilpoprodeinf Qemanuosyltoasferase enzyntdbas been purifiedtel .
The initial substrate feed rate is determ ned according to the fornula: 10
SF=1000k83-. x hopwgeusity. from solubilised Saccharontyces cerevisiae membranes (Strahl- ’

Bolsinger and Tanner (1991) Eur. J. Biochem. 196, 185-190). The gene
encoding for the Pmtlp (PMTI) has been cloned and sequenced. The gene is
located on chromosome IV and encodes a single polypeptide with a primary
sequence of 8§17 amino acids (Strahl-Bolsinger et al/(i993) P.N.A.S. USA 90,
15 8164-8168). The sequence information of PMT1 (and other PMT genes) may
be used for the identification of related mannosyltransferases encoding genes

in Saccharomyces cerevisiae.

The sequencés shown in Figures 10 and 11 are homologous with the protein
_20 encoding region Saccharomyces cerevisiae PMTI, the sequences shown in
Figures 12 to 15 are homologous with the protein encoding region
Saccharomyces cerevisiae PMT7 and the sequences shown in Figures 16 to 17
are homologous with the protein encoding region Saccharomyces cerevisiae
PMT5. Persons skilled in the art will appreciate that any one of these
25 sequences may be used to identify (or disrupt) a Saccharomyces cerevisiae
mannosyltransferase gene. It will be appreciated that fragments of the
sequences represented in Figures 10 to 17 may similarly be used, as may

sequences which are homologous with the sequences represented in Figures



60 X Y~,s x [sucrose] wherein SFo is initial substrate feed rate, p, I8 -
specific gromh rate (for 15 exanple 0.06b'"), Vis batch volunme (L), Y~ r is,
cell yield (g.L 1), [sucrose) is sucrose concentration (g.L'") and [CDW is
cell dry weight concentration (g.L'"). The substrate feed rate is

det er mi neda@®¥M7M ng to the fornula, SF = SFe' " , wherei n $ET{&B00/00257
,,Substrate feed rate (nL.mri'); SFo is initial substrate feed rate
(mL.mia'), p, is specific growth rate @ ') (for ., 20 ~~ ~ e~canple -

0.061i'), and k is a counter variable started at 0 and increased by 0.0167
once ever QLD did did fragnsénts treof. e Tehniquetufiepenératiapthomoligonse
constantly reviewed during the fernentation, and used to adjust SF via

mani pul at isequercek arSwelkknawindpdhe artc esponse to DOT * < 15 % and/ or
respiratory quotient (R~ ~ 1.2. The feed is stopped if the pH< 6.2 or if
the 25 tenperature < 29.0C or > 31.0C. This may al so be done automatically
WO. 001 44772 PGT/ 0/ 00257, 42 5 .10 15 20,25 through the control ,algorithm
The SF is eﬂ%@? 8@ aprresiatedigthaiby 2 homplagous Jseqrancsed) wer ingludecre s

i nt ay Deoenidy avife ST J0%6, 0% SN, 0% o B RolBFAE whln

(tained i > L Che f p th
cul ture 1 SPRGEE' lpb 6 iy P18, B Fihos 10301 F7, o CHALT aphlpbtdy el °

i ncreased steﬂugnc:%'&ggggid-éﬁr?{ ofaclbfHighRd Wtd ipal volune). The expected feed

phase durati‘on iIs enda upon transfer limtations of the vessel,
typically 90-120 h at the 8,000 L scale. The air flowis increased
increnentally through the fernentation to naintain the val ues of oxygen

upt ake ratRer( Ceiity hamblogy bean die determinetiubypnforatexa@ijiie) , byt compating
sufficient to provide accurate gas analysis. The vessel is overpressured as
necesdfry scquengéarinforomtion Tusing; the | AR acompnterh eprogramnt aersioni 6.0

Cul t ure Artesernd brcDapbieusrsiatle Qb dads 25 ot aRda 1980 Bl vRilatle *hel o
for downstyeam Brogeastit Avibdisil Bedbubl e disiter Gl tufiales! ' e
GAP program utilises the alignment-method of Neddleman and Wunsch (J.
Mol. Biol. 48:443, 1970), as revised by Smith and”Waterman (4dv. Appl.
15 Marh 2.482. 1981). The preferred default parameters for the GAP program
include: (1) a unary comparison matrix (containing a value of 1 for identities
and O for non-identities) for nucleotides, and the weighted comparison matrix
of Bribskov and Burgess, Nucl. Acids Res. 14:6745, 1986 as described by
Schwarts and Dayhoff, eds, Arlas of Protein Sequence and Structure,
20 National Biomedical Research Foundation, pp 353-358, 1979; (2) a penalty
of 3.0 for each gap and an additional 0.10 penalty for each symbol in each
gap; and (3) no penalty for end gaps.

If a yeast other than S. cerevisiae is used, disruption of one or ;nore of the
25 genes equivalent to the PMT genes of S. cerevisiae is also beneficial, eg in
Pichia pastoris or Kluyveromyces lactis. The sequence of, PMTI (or any
other PMT gene) isolated from S. cerevisiae may be used for the

identification or disruption of genes encoding similar enzymatic activities in



“

The production culture may be held under appropriate conditions te enable -
batch processing of the culture. The hold tinme should be kept to a m ni num
but can be extended up to 48 hours and beyond if necessary (eg to 5 days).
It will be appreciated that, under conditions of batch processing, the
constraintg of d tinme as expressed herein apply to the fi /GBOS/bd8n Of
the cul tur ‘}08"E@2processed. WD 00l 44772 PGT/ GB00100257 43';%13 BodSt
fromthe fernentation, or an inpure albﬁn'n sol ution fromany other source
(such as plasma), is prepared, or conditlioned, for chromatography on a

rati on exchange matrix whilg protecting the rHA from pol yngrisati on and-
prot ease ﬁhﬂvﬁ!@ga& I3P§$16$~abﬁ1§ @Wg@%ﬁ)ﬂﬁl hemglpg: @f CIONBIGESr aphy
Solution 14 (CS 14) .. Tab final concentration of 11 OvM for
exanpl e aéﬁ?’&ﬁé’t‘%ﬂpe‘};wwgzé#&g@g'adj usted with acetic acid to

pH4. 3-4.8, preferably 4.50 t 0.1 (nost preferably f 0.0S) and the
conductivity is checked to be <S.Snscm ' 1. 10 Chronmat ography Al operations

can be cargi aghi 0 5 ' S
(g/L) for I?hﬁwﬁggegggﬂgﬁ& c{’){;?rrﬁ?%:ig% et ér%eng%iq?e;ﬂggsﬁe??@s?ﬂg%gﬁbum n

“(g/L) by @iﬁgﬁs Bl PAEmy alsotthclisdd o idetE xopai@pﬂ%geﬂéegﬁ%{?%ﬂo ot her

colums). T progress of” each step is nonitored by neasurin

absor bancea 80 derevisicdeoPMR gepee Rerddds skilk@Oimthenara will tappueciatey that
preferred enbodi ment of the present invention the purification process
conpri ses fragments|afvibagequences memt&a:mﬁager@ol& [0 diamayr mmﬁ:tysbe FF) ;
ani on exchange chromat ography (DE-FF~; affinity chromat ography (DBA);
ultrafiktr onas-aFYdi SANERees | Whichy %@’co‘i‘fﬂn&ilqgwst yWHhr diet 5duanegs st ep

{PBA); wultrafiltrat.i and diafiltration; a second ration ~ exchange

chr omat ogrfﬁﬁweg'i"ap}naﬁg‘-‘ﬁsz ,t%ul* @%sé‘ﬁgﬁ%gléﬁpﬁn&@ﬁ[ange chr omat ogr aphy
step (lﬁE- FF2). Preferably, these purification processes are 25 foll owed by
final "Ultrafiltrationldiafiitration followed by a formul ati on step, andlor

P cado) PSHDGHILY aying Gt ek WonAe RE!dooorBaCl (4 Aeruee, 2

romat'ogr aphi ¢ steps as described here is

novel and dxamipé iof avhich ds HesbAbed byeBoekinSer dNQBthn? TANPirie-Shepherd,
am nophenyl boronate (PBA) matrix wth an inproved buffer, as described

herei n, arfl, &rimig| L., Shiloach, uheartthFolleman s fiodA99) Xease 16n$63-532) whdel t
antigen cl earance, as neasured by g
describes the use of the Saccharomyces cerevisiae/SUC2 gene as a marker
15 flanked by Pichia pastoris DNA specific to the target gene. In the example
of Pichia pastoris disruption, the SUC2 DNA sequence could be inserted at a

position within any of the DNA sequences represented in Figures 10 to 17.

The yeast will advantageously have a deletion of the HSP150 and/or YAP3
20- genes as taught respectively in WO 95/33833 and WO 95/23857.

In a preferred embodiment the yeast is transformed with an expression
plasmid based on the Saccharontyces cerevisiae 2um plasmid. At the time of
transforming the yeast, the plasmid contains bacterial replication and selection
25 sequences, which are excised, following transformation, by an internal
recombination event in accordance with the teaching of EP 286 424. The
plasmid also contains an expression cassette comprising: a yeast promoter (eg

the Saccharomyces cerevisiae PRBI promoter), as taught in EP 431 880; a



5 ELI SA (about 4-20 fold). The buffer used with the am nophenyl bor onate 7
matri x was unexpectedly found to be particularly beneficial, and-it .
represents the result of intensive trials of a plethora of buffers of

wi del y ragpgl stituents and properties. The buffer provj

signifi ca%@g‘f“gzypeased cl earance of yeast antigens, when cggr'gg;r'% ’°8%5t7h t he
buffer used in the PBA 10 chromat ograp? step of WO 96/37515. Loading the
am nophenyl boronate matrix with a high ? concentrated al bumi n solution, for
exanpl e 100t 10g.L' ", .-nmeans that inproved resolution of the rHA and yeast
ant i gens SCHHCREE BRINAINEA SECEHOR leangtfl] whi SX2Ple) COMPREES TOTof

96/ 37515 | ncl ude 200 gel perpeation step after firgt affi,nity

chr onat odh8 AIEE EESAsreraion fEader apha Sinall Bostiom ShitheS: sPkayistae e
respect to nt i.gen i i Ir SE, I 10 aye.f ound

t hat thi smgﬁﬁg-séflg%ﬁosq%gﬁégﬁlHﬁ%@é%%c@ﬁg{aéogo@ﬁ@g? w@%ﬁﬁ&@%& have
20" made t ' ' : € ol ShGinl of
addi ti onaﬁ%quﬁ?egrrpﬂalﬁ : g%ll))ﬁ exc aﬁ%@hgé#eg(gr &émgmf ﬁte)ﬁlegﬁ h% _
am nogheryihei %eﬁése, atid ARbdis@bS& i, for eRhfIpIE, BP 73646 bhig EP 286 42471 n i s
concentrated and diafiltered fbr a- negative node ration exchange 25 ‘step.
Ve have fagidng ttamatriptionaendainzdr,opreférably thedienfindton fioim Seiceharoryeast i on
exchange step substantially reduces the relative concentration, of nickel
i ons. | n ABHIAcs angheindEP G0 O5A. t Breferably pkhé veetbf dnconperates ratdieastng

ni ckel ion WO 0Q/ 44772 45 PCT/ GB00100257 | evel s. Consequently, al bumn
purifi ed GirBrasladon stemeodeBSent i nvention has a surprisingly | ow nickel

ion content (less than 100ng/g of al bum n). The negative node ration
exchange step, as described herein, is used to 5 renove Concanavalin A

pe oiPeoshparbe i Arigl Elhabei ot e pIASRI e iineRabnvEds o dhobeling 1o °

reduce t i : - rcyces
corevi si 0 i BB SBIoADP S HRE piicy 8F A6 altiin WibiindR b Bing SIBRARH 77T
derived fugereiepRnRTilay ubafitutd Qo 2 Imppbebd yiad BFCFlodubh CANPASTeReA W th
ot her commerci al yeasfs, Saccharortrycées cerévisiae , produceS a relatively
| ow | evelembodintinti of theAferitaadomgind purificationt precespdizy desdribediahange
step and the use of cells with a deficiency in one or 15 nore of the PMI
genes mayExample bves greater inportance if the rk-i A is produced by a
recorI%i nant host other than Saccharomyces cerevisiae.

Example 1

The cloning strategy for construction of the albu;nin-producing micro-
organism was as disclosed in EP 431 880 except that the 3’ end of the
20 albumin coding sequences and its junction with the ADHI transcription
termination sequence were altered such-that the ADH coding sequence was
eliminated and such that two consecuzive in-frame translation stop codons

were present, followed by a third stop codon downstream, as follows:



The chromat ography sol utions used during the purification of albumn are...
detailed in Table 3. Because of the very |arge scal e manufacture of

al bumin, 20 and the relatively low cost of the product) these buffer salts
are the nost suitable for the process as they are . available in a highly
pure for . strial scale and are | ow cost conpared to gqthe nly
used buff sm%ﬁgﬁ as Tris, HEPES or MOPS. Alternative buffers cgﬂ?d e used
in place of r the ones used in Table 333for exanple buffers of a simlar_
pKa (eg nalate for 25 acetate), but in"Tmost instances cost and availability
at large scale rule out their use. Alternative salt forns can be used -
provi ded they are soluble, available at industrial scale and | ow cost. WO
001 44772 PCT/ GB00100257,4s _.~The qgffer solutjons ca.n b repared at the
concentrations describe& belé@, or Tonc8HPr at #8Pst o soIﬁPﬁons can be
prepared and m xed or diluted on-line for imedi ate use. Cation Exchange
Chriomat ogr aphy Al Bumin is concentrated and purified with respect to at

| east yeast proteins (pfAt hgg@Cbupa | STAWA frQR ayepst TieAMent ati on) and
ot her antigens, Tow nol'ecul ar wei ght contani nants and pi gment ed ‘conpounds
by ration exchange chromatography. The nethod uses a comercial, ration
exchange matri x such SP- Sepharose FF, SP Spherosil, CM-Sepharose FF,

CM Cel | ul ose, SE-Cellul ose or S-Spherodex. Preferably) the matrix is

SP- Sepharose FF (Pharmacia) which, if used in an axial flow colum, may be
at a bed height of 5 to 25cm preferably 10 to | 5cm for exanple 12.5 cm

'1|f1.bS {alf". i WAS b p%w‘&"'@%p@?@&%@ o6 ey el .%&n{é{qﬁ %?ctg?xa'an%g%i bi;_mQ
Fo 1 ooy @4 REAR ool dnPefi AR, B BER, ihe§ebticsisn g, tlh 5 e
Cso bs ORpl SR ool e EIMADRAMRI PSR it e sBadCS hctar “any

buffer with a pH < 6.0 could be used. Equilibration is judged to be
conpl ete when the pH of the columm effluent is approxinmately pH6.O0. WO
001 44772 47 :

JMADH1
a HindIll /‘
5' - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3/
15
JMADH?

Notl BamHI1

20
' 3'-TGGACAACATTAGCAAGAAGGTGTGCCTAGCGCCGGCGCCTAGGTACG-S'

=~ The PCR conditions were 25 cycles of 94°C for 60 seconds, 37°C for 120
25 seconds and 72°C for 180 seconds. The 0.48kb PCR product was digested
with both HindIIl and BamHI and ligated into plasmid pBST +, described in
WO 97/24445, similarly digested with HindIIl and BamHI, to create plasmid
PAYE440 (Fig. 2). The ADHI terminator was further modified by PCR
mutagenesis using two single stranded oligonucleotides, ATI19R and the

‘30 universal —40 primer with the sequences:



Tabl e 3: Chromat ography solutions for the purificatioa of al buma PGI/ G/
BOO/ 00257 Sol uti onConsti t uent Concent rati onpHConducti vityNo. ~Nanme(g.l:")

' (8. cni' ) CSOLSP- FF * CH~COOHI , gs5.45 -1.9 - 2.25 65Equil | brant/V\ashS /NaOH
(27. 64. 00DE- FF ui | i brant (w w)) CS02SP- FF Wash 1CH, COOH3, Op3. 9 - 4.

0. 8NaOH (2WO-90/48%72 - - (w/ w) ) CSO3SP- FF Wash 2CH~COOHL. 623. 9 P‘ZWPPQQWS"
165NaOH (27 9. 19(w w) ) NaCl 117CSQ4SP- FF_El uent / Cg3COOHS. 135.4 - 5.65.0 -
6. 0DE FF P- re-, Equilibrant NaOH (27011.3%w w)) Qct anoi ¢ Aci d0. 721CSCSSal t -
a eanNaCl 58. 45 - 975 - 95Pol ysorbate 805. 00CS060. 5M NaOHNaOH (27 9674. 1>
1280 - 120(w w)) CS072( nnM NaCHNaCH (27 X2.96> 123.5 - 5.5(w w)) CSO8DE- FF
WAshKZB, O?. 4H204.809.0 - 9.42.5 - 3.5CS09DE- FF

El uent K=B, 0, . 4H2033. 69. 2- 9. 515. 0- 18. &BIBRBACH3COONH, 1 9. 38.7 - 9.118 -
22Equi | i brant/WashNaOH (27~5.93(w w)) (_ WD 001 44772 48 PCTI GBOO 00257
CS11DBA El uent NaCl 1176.7 - 7.1 12Fym,ddfiSNaOH (27 b {w w)) 14. 1" H3P04

(8596(wl w))S. 79 . CS 142M Sodi um Cct anoat eNaOH (27 ~ (w w))2817.8 -

8. 4- Cct-hnoi ¢ Aci d288CS1SAcet i ¢ AcidCH3COOH104S- - CS17DE- FF2

Equi | i bration/WashCH COgHI.
w w) 1. 66CS18Posi ti ve- node @@@&%@W%@émﬁ S 6. SNaCH
(27~ ow w) 4. 07CS19SP- FF2 Equi ii brati onl WashCH3COOH1. 80S. 2-S.41.8 2. | NaOH
(2796w w) 3. S2CS20PBA Equi | i brati onl WVashd yci ne7. S18. 3-8. 618 22NaClS. 84NaCH
(27&wW w) 0. 9SCaCl=. 2Hs07. 3SCS2120 .6 (W49 Acetic
Aci dCHj COOH20S1. 9- 2. 21. 8- 2. 0H=CB20CS2Z2Fi nal pHNa~HPO, ? 1.011.2 1 |

. 4- 43- 49Ad] ust ment NaCH (27~wlw) 37. OEXO4Fi nal pH adj ust ment NaCH
(479bw/vv)42 6QL280- 120al kal i H O970EXCSFi nal pH adj ust nent HCl
(37&ni 10 19, 72 1°S ~60- 908c+ GHACEHRCAGAGSGRITEG a3t 2%, for this
particul ar exarrpl e. W 00/ 44772 PCT/ GBO0O/ 00257 49 The centrate froma
fermentation is prepared, or conditioned, for chromatography on a cation

exchange nThei RCRhconditions avaren2p tdyeIGSHAff%S@ ot 30e sécoatdson5QAEH for 40
seconds and 72°C for 50 seconds and then one cycle of 72°C for 10 minutes,
using the ADHI terminator in pAYEA440 as a template (Fig. 2). The machine

15 used was a Perkin Elmer GenecAmp PCR System }600 A product of the
correct size, approximately 0.33kb, was obtained and digested with both
Hindlll and BamHI. Plasmid pAYE309, described in EP 431 880, was
digested with Notl and HindIH and the 0.84kb DNA fragment containing the
PRBI promoter fragment and part of the HSA/MFoa.-1 leader sequence (WO

20  90/01063) employed to direct secretion of mature HSA, was ligated into Noil
and HindlIl digested pBST+, described in WO 97/24445, to generate
plasmid pAYE438 (Fig. 3). The recipient plasmid pAYE438 was digested
with HindIll and BamHI and the modiﬁéd ADH] terminator was successfully
cloned into this vector to generate plasmid pDB2241 (Fig. 4). This plasmid

25 contains the pBST+ (WO 97/24445) backbone, the PRBI promioter and the
modified ADHI terminator.

To facilitate the introduction of two translation stop codons at the end of the
HSA coding region and create the required HindIll site, the 3’ end of the
30 HSA coding region was altered.



protease activity. However if the yeast strain is not deficient in the
proteases that 1 degrade rHA at the pHrequired to purify the rHA then the
cul ture supernatant should be pasteurised, for exanple by a heat treatnent
of 50-70C for 30 minutes to S hours, as detailed in WO 94| 03636. Typically
1-1 O™ sogjq g,g tanoate is sufficient to protect the rHA fr@mg86d00257
denaturatl on and 30 seconds up to 10 m nutes at tenperatures of 60-80C
adequate to inactivate the proteases i:? a batch or fl owt hrough-procedure.
Pasteurisation may al so be desirable iT " HSA is used. The conditioned
centrate is then | oaded onto the colum at a flow rate of, for exanple;
0.07-0.75 bed vol unesl mn, referabl 0.3-0.6 bed wval urresl mn, inthis

exanpl e OThe t;t;mbwwded] tﬂﬂ(f%‘ol@m {AT2aswas ligatedoimoor nor e
I o AT Nl SRR oAb e A
R Mk A i S
Dot ato, Wi b Adainof of, SACEAN Srapitlaiin stof o654 lif‘%és‘?@ﬂo@?d;ﬂ?

then ten Nkt Retéd el chaliedb DN Seclticift h%, prahfd L0 an
acet at el octanoate buffer (for exanple 40 ef erably 60-10 eg 85m\/l
acet at e, ,desigha&(ﬁgjﬂzzme(ﬁ ap)y, 2-20nmM eg Sn1\/| octanoate, as in CS04).

The collection of albumn starts when the UV signal rises above .0.6
Au,/cm and collection continues until the Wsignal falls bel ow 0. 36 A~/cm
The colum is then cleaned usin 0.2S-3. 0M NaCl and 0. 0S-2~ detergent

(CSCS) and then 0.1-i . OM NaCH Mtored in diluted (1 0SOM) NaOH
(CS07). In this exanple, the flowrate for the equilibration, |oading and
wash eps is 0.5 bed volunes per mnute. For elution of the albumn, a
flow WO 00144772 50 PCTI GB00/ 00257 ;l%,t]g of 0.04-0.6 bed vol/mn)
preferably 0.15-0.35) in this exarrplé 5 bed vollmn is used. At<ion
Exchange chromat ography The eluate fromthe ration exchanger is then
diluted to below | Onb~ctn'1l, preferably less than SnS.ciri', especially

bel ow 2. SHS,?m 1 and then | oadegs@ygo an ani on exchapggdesi N such as

QVA- Spher osi DEAF- Spher odex, Q Hypér D, DEAEcel | ul ose, QAE-cel |l ul ose, or
TMAE, DMAE, or DEAF Fractogel. Preferably, the ma rix is the commerci al

ani on exchaﬁge—ﬁaa-t—r-l x DEAF Sep Phar macf'a), bed— ow path | ength
of 115 1. Ocrﬁ'Tzfnrbee’qG'ﬂGlﬁAAeGGﬁﬂFl‘ArG TTA TAAt TAn buffer (CS04) and
then equilibrated with three lumes, of CSOL. The al bum n is | oaded
onto he matr ix G GAG GIBEGE AT GOl Bbf AT ATTEGA( mat rix and ¢ hen
the noatrix is washed wth dilute tetraborate buffer, for feacanple 15-25mM
potassiumtetraborate or sodi umtetraborate (Cs08), which has the effect of
rai sing the pH to approxi rrateAy 9. d tﬁen {6 aga%gin is eluted with a
nore concentrated tetraborate buf TLer or exarrp OnmM pot assi um
tetraborate, preferably 110mM pot assi umtetraborate (CS09)). The matrix is

i 1 ey nat e, AL SRR cholels B TR IaBE Bofulhf i e
onto an ahAVRI0H (Fp’ '1¥-was ligated into AMI/Bsu36] digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the-rHA expression disintegration vector

was made by ligating the Nofl expression cassette from pDB2243 into Norl
cut pSAC35 (Sleep et al, 1991, Bio/Technology 9, 183-187 and EP 431 880)

25 to generate the plasmid pDB2244 (Fig. 7) in which the direction of rHA
transcription is in the same orientation as that of the LEU2 gene.

The plasmid pDB2244 is therefore derived from the disintegration vector
pSAC3 (Chinery and Hinchliffe (1989) Current Genetics 16, 21-25) and



WO 001 44772 51 -Affinit~Chromat o~raphy PCC/ GB0O0/ 00257 This step further
purifies the rHA with respect to a 45 kl7a Ntermnal al bumn .. '
fragnent) yeast antigens and pignent. The affinity matrix nmay conprise any

Ci bacron B| §%pféw;}§ of dye which binds al bumn) for exanple %&Q{&m@ye 2,
, Bl

Proci on BI'Y ue Sepharose, Blue Trisacryl and other

ant hr aqui none-type conpounds. Preferabl the matrix is the "Delta Blue" _
Matri x (DBA), prepared as described in 96l 37515. The net hod uses DBA at
a bed flaw path length of 11.0 f 1.0cm The DBA.is equilibrated in amoni um

acet at e busqmprigesoticsabielg of the hiun plasmil, he A URogensxonpompieroem e i n CS
L0 5ol A B o Tl SR YR PR b
o 32 "ot SN i el St BV, D,
D 2s el 5 . i Ve
vor ume. ofteBkE: EkGised Sfori by Flahid'By 168 & b 20 FEPAOBOMARE P,
for ex3mpl gsfein LhclPBACHA bic@erine!| DA VR préint Tic R Uighiisi® uled" fit W L N

a strong sélt and phosphate solution (1.0-3.0M NaCl, for~exanple -2. SM

NaCl or Z-ﬂlkﬂdﬂaﬁbno@fiﬁ&(mm@ﬂyzﬁmﬁ(ﬁi@ﬁlm@ eir9d. as in CS-11. The colum
is then cl'eaned using CS06 and stored in CSO7. .gThe eluate fromthe DBA

columm is then concentrated and diafiltered in preparation . for
purification using phenyl boronate agarose (PBA) chronatography. DBA

ul trafi| t rEhe @xpeessiae veetoroutitisesithen Sargerevisiagt PRBIapromatervanchedDEdd i n
protein concentyation with a nom nal nol ecul.ar wejght cut off of 30,000 -or

| ess, prefGRBISIPUON, LIPADALIS LY HanEoL: expression ak the GHSA/MBa- hisader
i f 10, 000 ] 00/ 44772 52 PGI/ GB00O/ 57 | | i ght
oot oib °sshuenen ) SR aaal o diet G iRu O meR RS A ar 1o0g O

The plasmid pDB2244 was introduced into a Saccharomyces cerevisiae strain
which was leu2, yap3, hspl50, pmtl [cir°’] by the method described by

" Hinnen et al, (1978) P.N.A.S. 75, 1929. The pmtIfautation may be achieved

15 by the method of WO 94/04687. Transformants were selected on a buffered
minimal medium (0.15% (w/v) yeast nitrogen base without amino acids and

ammonium sulphate (Difco), 0.5% (w/v) ammonium sulphate, 0.1M citric
acid/Na,HPO,.12H,0 pH6.5, 2% (w/v) sucrose)) lacking leucine. When
transformants were grown for 72 hours at 30°C, 200rpm in 50ml flasks
20 containing either 10ml! of complex (YEP, 1% (w/v) yeast extract, 2% (w/V)
bactopeptone and 2% (w/v) sucrose), -or buffered minimal medium liquid
medium, rHA could be detected in th; cell free culture supernatant by SDS-
polyacrylamide  gel  electrophoresis  and/or by  rocket  gel

immunoelectrophoresis.

A stock master cell culture in buffered minimal medium is used to prepare
running stocks (working cell bank) of process yeast suitable for the



rHA. L~' against at |east 5 volunmes of water followed by at |east 5 vol unes -
of CS20. At the end of diafiltration, the retentate may be further
concentrated if required and the equi pnent washed out with CS20 to increase
step recovery. The concentration of the final retentate should be is the
range 20-@@gq447td. | ;' , preferably 70-124g.1:', or as in thiCreBomo2s7100t
10g rl1-1Alr'. After use, the nenbranes are treated by flushing out

residual protein with water, cleaning3fith CS06 and storage in CS07. PBA is
an- affinity step to renove gl ycoconjugates, such as gl ycoproteins,

gl ycol i pj b Ve | .00 gqu ' [ WY -
i mobi | ig{}}aam ntg% es%rgof#%% %‘ﬁg%ic s%t%%gnfg ghgﬁg%m%‘%gmbﬁé%ﬁe%l%%roni c
acid is P@é@h@lbfgoqpmy-@pughﬂoge.spacer to an insoluble matrix such as
pol yacryl am de, agarose, cellulosic or organic polyners.- US Patent No 4

562 251 (incorporated herein by reference) describes suitable nethods for
maki ng di borQi iazine or nonoborotriazine agarose. (1) triazine is

O | i nkedThe fegacotasioni was essentiallsh the sime 2% 14 deseribed ph N 9/ITHIS aci d
(APBA) in a second reaction. (2) Triazine is reacted with APBA first to

produwte aRdHdP AofdB 0P Betoofi whiche arqHaserpgrated, derein bykeefesenge: he free
chlorine on t riazine to,the -ONa activated agarose to produce either
nono or 84‘%‘??5?8’5 @%&%&%@%A?P%‘éh ier patent, US 4,269, 605, contenplates
a variety of activation nmethods, including epichlorohydrin activation of
agarose, preferred herein. Commercially available matrices include Am con's
PBA30 an i ' s vl i c beaded am nophenyl boronate. It has been found to
be partigg%-g&m ot cial to use a buffer containing glycine (10500mM for
exanpl e 25-200mM preferably 50-i50mMM in this exanple 100rnll~, WO

00/ 44772 PGI/ GB00/ 00257 53 NaCl (0-SOOMM for exanple 25-200mM preferably
50- 1@mVAfier thei medinamfoe rHZOproduetich GaSitzenSadifedne\Mthed s&ide fertantd0- 100V
in this exanple SO Vn, pH8.0-9.5) preferably, pH 8.0-9.0, in this exanple
pH3. 5~ (03®e),. thehepemtingotemperasye of B05E patset, esgvell ofs e Minimumm and

is pre-equilibrated with the buffer as described above, eg CS20. The col um
i s | oadeSHEET |speed sehip achisvenkomegenaity prdrser avoid geaskients of outsiests um

volumes) in this exanple <0.3%.colunn vol unes. The PBA is ryn as a negative
step antSidheps O3VESE RE CarbRin nikS bRl BEL RSt WO RORIIR SRR viach
fromthe i .aphj, c_&t he Aer f g t.l ow yates of
0. 005- 0. GOBRHIE grafief 0 SBRANKIERS Y BORNPRPE BT, ST dollrelie] "5 L e
col upa agg(;c;reorli@d out at a higher flowrate, eg D. 19 bed vol.lma, than
the T oad and collection of the al bumn solution, which is preferably
carried out at a flowrate of 0.01-0.0S, preferably 0.025 bed vol./mn. The
colum is then cleaned with salt (CS03), borate buffer (CS09), NaOH ( CSO-
and t henAdteonatively, pH ist maitainedopCthe. rangel of 5030 RBAS.20; witht dag kpver t he
albumn solutjon is concentrated and diafiltered to _prepare for a pegative
node cat FTelsatpaint being Sk cheomitial pH s1ay be adjsted |with amamobiaep and

t he negative node ration exchﬁfqge chro rapiy. substaptially, reduces the

rel ati vel%oRGUEAUSAMPIOIR SPEENLT SFHHYY ul t K8 owes: fesmeptationePHer f or ned

Wi t ny ilLtration, nenhran S i otein c entration with a
nomk%g:l he lie'-{gﬁ{lgp "(Hgﬁaﬂg?d m@?gpg@%&n@&yﬁ@%? q?égg,r?‘#'ef erably a

pol yet her sul phone type nenbrane (eg Filtron Orega series) of 10,000 nom nal
nol ecul ar wei ght cut off. The coll ected PBA Fl ow Through is adjusted to
pHS. 3 QOISisvpiefefabid fof W6 GRitiAIH @NBeti@r Gcaid bgrtﬁg_ #ordiilationedTA L ~
agai nst at least 7 volunmes of 19. At the end of diafiltration) the
equi prentangeswesfaeilitatet obseYatid 64 €4elySrheBBolish,04in0e a7 detline EBpHPiand
further CS19 added as required to give a retentate concentfation of 50~
10g r HA. thet firstisigi of growthi deteotablmbyton-line imktarmemtsgi ve a fi nal
concentration of approximately 2-15 preferably 5-10, nore preferably 6-9,
and 2 this exanple 6mMM eg CS 14 is added to 3nL.L'~. After use) the
menbr ane protein with water

‘,.are treated, by f]ushi out .resi dual ,
I eani ngPAticRIAE) 605&3@@0%\5@ AefiieBoy mnepbmATe ShecPMT g8nsndh
subj ecte second ration chapge st usi n or i nstance P- FF
Sephar osga% gﬁgﬁl rﬁ@pg)to sﬁi @e%?f?éa ﬁ&t Hbe ﬁgﬁﬁﬁ“@‘goﬁt){ﬁ’e?’ei téoq(ﬁ{g%g.} ﬁf it n
passes t rtﬁa{ﬁ%r. n Wals) i ) candidd gps are
such tha?{gﬁgg ﬁ)(gy ate %mérrl?)?\ ri‘E{El‘rll%s t oqphg’ %@%?x‘ﬂgﬂhceo u lfgiré *)g at
preferably a sodium acetate buffer (5-110rM acetate, preferably 10-SOrM in
this exanple 30nmll, pH 5.2-5.4, CS 19). Oher buffers which can buffer in
t he appropriate range may be used, such as a citrate phosphate buffer.

Suitably, the buffer has a conductivity of about 2ntS.cm. The columm his' a
flow path length of 11.0t 1.Gcm with the albumn loaded to 10-250g . L'1
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WO 001 44772 PCT/ GB00/ 00257 55 and wash. The pH of the Fl ow Through and MWash
Is then adjusted to 7.0 t0.1 with CS22. Alternatively, as described in ’
Exanpl e 9, pH adjustnent may occur in the Final OF feed vessel instead of
bei ng perfg&m“@%the DEAF fl ow t hrough and wash. Wil e Exapptepbobessibeen
illustrated with reference to a pntl nmutant, it shoul d be appreciated that
the purification process of the present 3gwention is equally applicable -to
host cells which are not nmutant at this |locus) or indeed which are not

nvesti gar SDVETRiRERTE, 5 I EbondHeRBodde L BoBRBPAR BEREPHRIRHEA . e

"robust ness, yfﬁ I a;ﬁ%p wex e 1AL | of
t he absor b%ﬁgg&gﬁh@é ra%rea‘ﬁg b%%é%}l%p&ﬁz? : 6%Se't eé%sﬁé? iagﬁi%{e?mg, V\tg%]
wei ght of Qﬁhﬁt}ﬂbﬁﬂlé Behthfte s RigrfieantWimptovddodiie td fedifcedycell lysise élpher
the val ue the poorer the centrate quality. The centrate quality of three
di f§ erent” Yysis tresultsaim sellinddbrist semaininpeire suspehsioaniiomdng cemmifugation
fed-batch fernmentati on were conpared. WO 001 44772 PGTI GB00/ 00257 56
Speci fi% getep ofitheifermantation yhich ig sufficicny onlymto xremuvesall whole cells

(0762 ||9|)h Eﬁgﬁé{%??‘%elrhgaagﬁééi% demonsibied in {1ab T‘i&?&é{;ﬁ%ﬁm iiga8t 4 o
6.5 - 50; -0.41(0.17,6)2.6(0.8,6 150- 3-0.47 (0.19) 8)4.6
(i " 7 %/?]SSE&WQPIT/ i tg i) ettt ety ofra SRS Spetiltant Iy peked by

two di 11 er ShE Teadt ib Softbéd i Bt F1C:ahBE 6.8 10 85 BAARe BRI "d) ot T ons

are indicated. Values in parentheses are standard deviation and nu~l ber of
sanpl es. Fromthe Tabl e above it can be concluded that at pH 5.5, the

mul ti pl y-*ene del FHepthaita@ibASpM €l d an |i nf er ypgt MeishACOntYRELLaS atl pHb. 4

or 6.5, the deleterious effect of thesdqg furth iﬁiﬂ tLORS i s avoi ded.
Exanpl e 3 {Hhi-s—exarple—was—per-orred—H—the—sare—HaitRes M—b@d—-l—r
Exanpl e 1] but utilisedd® strain whichlis not pntl ndhnt. This strdin was
al so growp at two 2.4, 6)
6.3-6.5 A 34
(1.0, 13)

10  Table 1: Relationship between centrate quality and fermexftation pH in seed fermenter

vessel. Values in parentheses are standard deviation and number of samples.

2M H,SO; is also used as a pH corrective agent. Sucrose to 20g.L?, MW10
batch vitamins, and Breox FMT30 antifoam to 0.04g.L!' are added to the

15 wvessel.

Sterile filtered air is introduced into the vessel at 0.5 v/v/m (je 0.5 litre non-
compressed air per litre of medium per ':minute), the medium is inoculated to
>10 mg cell dry weight L' from axenic shake flask culture and a
20 supervisory computer control system is initiated. The expected bdtch phase is
62 + 10 h from an inoculum concentration of 12 mg. L. MW10 feed must
be connected before the end of the batch phase (volume equal to batch

volume).



different pH control values, and the wet weight content of the centrate'
determ ned as described in Exanple 1. The benefit of growh at the el evated
pH control point is also seen for this strain of yeast; denbnstrated in
Table 5, where a significant reduction in the wet weight content of a

cul ture sulOrM4EERt i s shown when the yeast is cultured in PZ/GR02RTe 6. 3
to 6.5 conpared to pH5.5. WO 001 44772_PCTI GBOO/ 00257 57 Fernentation
pHWet Wi ght Content of Su ernat ant (g.i? 1)5.510. 2.3, 4)6.3 - 6.54.6(1.4,
"7~ Table 5: Relationship between centrate quality and fermentation pli for
non prrtt | Featurdsnof \th¢ fesnentapiane eantsadsalgonthmaindiude: detheatrid of abatclhounber
of sanples. Thus,) rather than, ~ control the pH at approximately S .5, it

i s benef i cphasetheing signalled hy 61ssglé'@dws)faenb@m@@r(m§§ dncrgase pfic>16%

. Gont ?%?2' lia 50 g :ﬁfq?égal?%sga?w‘%@}‘if%?eh; Bﬁx‘éﬁ%j by ey e o ?ﬁih :
Ehe For | oatheals R peink Al BhafBlRGlor e dETRR, £Fhunf. S &bkt b““dt
tbove, orvieis S B PR ARG L, SRR RINRDS (garnsh

specific s {-at f : ot -0 bat ch
phase durg{%% ’§8Bhs?ggﬁ% gﬁ)ﬁeﬁe&é‘ggﬁgﬁ ggr%tef(g%{ ;ﬁnigé’"{]scz?&gl%%tﬁgl nant
human al bugdriable sstafted dao T anidh endreastdo as .08 GHBeE Ve Priu dfngdl a
final concentration of 3.8 g rHA. l; t culture at the end of the

f er ment at i condifibls attAmes § cardotirepsubstriabe féddohute (vial man?madb:beérk)me’mgi ed
but not in accordance with the purification process of the invention. The
rHA from tiedubed-in zesponst t0 DOTuKilN% anddonrespiratoryeuoient (RE) 3 b.2.
accor%l%ce with the purification process described in Exanple 1. WO

00l 44 58

The feed is stopped if the pH <6.2 or if the temperature <29.0°C or
>31.0°C. This may also be done automatically through the control
algorithm. The SF is reduced if the average RQ >1.13 over a 2h period, or

" if there is evidence of ethanol or acetate accumulatior.

15
Agitation is increased to maintain DOT >20% air saturation. Once the feed
is started, the concentration of Breox FMT30 is increased to 0.3g.L’*
(calculated on final volume). The expected feed phase duration is 65 4+ 17 b,
dependent upon transfer limitations of the vessel.

20

The air flow is increased through the fermentation to maintain the values of
oxygen uptake rate (OUR) and carbon dioxide evolution rate (CER), at levels
sufficient to provide accurate gas amalysis. The air flow rate of the
fermentation is nominally 1 v/v/m. Daily checks are performed to determine

25 purity of culture and CDW. Appropriate samples are retained. At the end of
the feed, the culture is transferred to a production vessel.



Exanpl e 5 PCT/ GB00/ 00257 ' Thi s Exanpl e describes the analysis of rliA -
purified fromPichia culture nedia as described in Exanple 4. | munoassay
data | mmunoassays were perfornmed on: (i) the rHA purified fromthe Pichia -
culture | @aabdsl ) the rHA used to spike the culture medi apcp®obdibdasy ON
al bum n %d%@é‘?zby Saccharonyces cerevi siae which had purﬁ‘,i ed ion/bdzk)
accordance with the present invention.4d¥stern Blot Summary Antibody Batch
Nunber Gel Type M Ik Type Exposure Tine [g9b01 4-12% SDSNR NOVEX CELS 20
seconds | 'Wgai nst a non-al bum n produci ng Saccharonyces
cerevisia ; an be used to detect yeast antigens. The
western bl ot showed that the yeast antigen profile of the al bum n derived
ftomthe Pichia culture nediumcontained fewer and | ess intense bands than
the nat er Tak pro@actich fephdentdrie ilballated’ &7 05 R00RedwW Te! PiTHY Anielal gﬂed _

al bum n yeast antigen profile was very simlar t0 the Saccharonyces-derived
profile.” is YuSR4withZarendzia Selition (SGre991)PaSingRd PH stntroldastetant i gen
inmpurities in the-albumn puiified fromthe Pichia culture nmediumand for

t he al$HunpH6ud@ccantraliediat .40 4#0.40i a medi um were quantified by ELI SA using
| g9601. The yeast antigen content of the albumin purified fromthe Pichia
culture nmedium was bel our the detectable limt of the assay (approxinmately

% 00 A S of ko B G i AR
e o ehilaly ST inf bEE 530 oIl PLR B¢ Risfh MR Gl .
Cont o0t ¢ ofes Alludouty A Rhif RBLIRY phAViy DBEY. it Fobr Forthdniith BRY' 1"

the latte
10 results in an enhanced mass spectrometry profile of the rHA.

It is preferable for the initial pH to be near the top of the aforementioned
ranges to facilitate observation of early metabolism, since a decline in pH is
the first sign of growth detectable by on-line instruments.

15
Particularly for strains with a deficiency in one or more of the PMT genes, it
has been found to be beneficial for the fermentation to be conducted at a
higher pH than is normally required. Thus, rather ﬁm control the pH at
approximately 5.5, it is beneficial to have a control set point between pH6.20

20 and pH6.70 , preferably between pH6.3 and 6.5. At such a higher pH, the
quality of the centrate is significantly improved due to reduced cell lysis.
Cell lysis results in cell debris réiﬂaining in suspension following a
centrifugation step of the fermentation which is sufficient only to remove all
whole cells from the supernatant. This is demonstrated in Table 2, where a

25 significant reduction in the wet weight content of a culture supernatant is

shown when the yeast is cultured at pH 6.5 compared to pH 5.5.



The | evel of Con A binding material in the albumn purified fromthe Pichia .

culture nediumis simlar to that of albumn purified firom Saccharonyces
cerevisiae in accordance with the invention (see Table 6), when the latter
i's not produced froma pntl mutant. The purity anal yses confirmthat the
process of wigWikfgenti on can be successfully used to purify mihepeemeesom
yeast other than Saccharomnyces cerevisiae (eg Pichia) and that al bum n of
simlar purity to that purified from Sagtharonyces cerevisiae can be -
obt ai ned. WO 00/ 44772 60 Exanple 6 PCfl GB0O0I 00237 Iri Exanple 1 a
negati ve node ani on exchange chromat ography step (DE-FF2) foll owed the -
second ration exchange chromatography step (SP-FF2). In an alternative

purificatfon pro%@ﬁn&ﬁ&tﬁﬁf 0 ratlonlaexﬂlwg@w' taR'bf Step| may be
e ep.

foll owed py a positive no ni on exchange ch l(Rrr't I a From t he

. SP-FF2 el ual-e—a-t—-phﬁ-&-sﬁgpx-a*—t-he—p-ld— LINA There
are*two neans detailed3@l ow_pH adjusinment and di ad6i3ration. The |atter

appeared fo give a bettge§ quality product. DE-FF2 (47SP-FF2 flow through
- and washi g5, L CRRRARRILEE beChebd) cbhatd QUaliy Fhad rofiih B P TH pradadt

ort hophosphate. This material was Ioadedg otr%'to a DEAF undg‘?ﬁstandar on
positive ceeseltions to give a matrix |oading of 40g rHA. L-' matrix) the pH
and conductivity of the load were 7.0 and 1.29n5.cm ' respectively.

DE- FF2(B) SP-FF2 flow through and washings were diafiltered vs. 10 vol.

| OrM sadi u : di | ff

SQg. L; Sdangwgggaqgmwmﬁmgp%et%ggggggﬂ%oss :u# ?@% @oggg’mfdngwi@me pH
and conducthtéht idsh&rdo FMIB02R8¢ : b 7A€ HAEHY - thahe

al buni n frg%E%EYit:é%lA{{s/ DE- %(i-_l%%ﬁl S suiO?abI y.aﬁglqﬁt(ye'?ugyl'a i%eg%%ﬁst%dﬁh-ém
phosphat e begseer (pH7.0). WO 001 44772 s~ Exanmel e 7 PCCl GB00/ 00257 The

ki netics of nickel renoval fromrHA by treatnent with |ow pH were r

»D

The initial substrate feed rate is determined according to the formula:
10

SF, =1000 x u x [CDW] x Vyes

60 x Y, x [sucrose]

wherein SF, is initial substrate feed rate, p is specific growth rate (for
15 example 0.06h), V,, is batch volume (L), Y,, is cell yield (g.L'"),
[sucrose] is sucrose concentration (g.L!') and [CDW] is cell dry weight
concentration (g.L). The substrate feed rate is determined according to the
formula, SF = SF,e'*, wherein SF is substrate feed rate (mL.min™); SF, is
initial substrate feed rate (mL.min'), p is specific growth rate (b?) (for
20 ' example 0.0611"“), and k is a counter variable started at O and increased by
0.0167 once every 1 min if all conditions are met. A number of conditions
are constantly reviewed during the fermentation, and used to adjust SF via
manipulation of k; SF is reduced in response to DOT '<15% and/or
respiratory quotient (RQ) = 1.2. The feed is stopped if the pH <6.2 or if the
25 temperature <29.0°C or >31.0°C. This may also be done automatically



investigated (see Figure 9). The results showed that between pH 4 and 4.5 -
both the rate and extent of~nickel renoval were independent of pH, but that.
at pH5 the rate of renoval slowed slightly. Both the rate and extent of

ni ckel renoval decreased with increasing pH across the range 5-%.35 wi_t h
little or WOUWEATRal above pH 6.5. Exanple 8 Purification oft HUGEAYERSTm

al bumn froma sanple of cryo-poor plas paste (Centeon Pharnma GrbH) was
achi eved using the purification process™4detailed in Exanple 1. Recoveries™
of HSA at each chromatography step were predom nantly conparable to the_
ant i ci pat ¢birqugh ﬁnc@xﬁrca algoridams ahbes$SEde redicad ifhthecaverage RQ o 1.h3 PBA
colum. Here, the recoveries were nuch | ower than expected which may have
been due tQYeF erdivperiod, ot chese inevidense ofcthanod oy arptate aeanplationt ust r at es
the concentration, diafiltration and formulation of the highly purified rHA
into a suitable product, in this instance 20 % (w v) al bum n. This

?LS"ES‘#L& d o ieferedse 5?@%&@@?%@@ S R T %&8&%'3%%%@%8#%
o b b oo ISR, Grict 4y finBa (1 bRES RELFARTAERBETS Dncd Th Sl 467, O}
transfer Qiark¥dNmd R¥chithl ¥ ualsr ¥atont Rufifd€ion Ré c@Eﬁzﬁﬁ&iMﬁéf Hreos

descri bed below, the albumn is then concentrated, diafiltered pH adjusted

to pH7. 0 FMIHBOr ihdncrasaknbr 8:240.32¢. IPE(Ed2ulated Wn i fina)ovdluinye). moThe t he
DE- FF2 eluate may be used- instead of)-or in addition to, the DEAF flow

t hr ough aretpeeted. feedl phasenduraticmis efependaiteuppn RFnsfen limikationshofirtiewash
(or eluate I f DE-FF2 is run in positive node) ) the rHA-coatainiug process
stream i s vesspletymically 98120k tag dbe 8,000 hesoplesoncentration, diafiltration
and secondary concentration phases in an ultrafiltration systemfitted with
cel l ul@si c menbranes with a noninal nol ecul ar wei ght cut off limt of

10, 000. The initial concentrat.ion st ingreases the rHA concentr.ati.on to
appr ox a1, A obgv SIRGERSEE hfbooRiL YRR R R TR AIBhR

diafiltratg am&s %6, tlﬁﬁf‘k b (BTRY) r@aq.Pa g

pr ef er abl ythg'?l eas§f g?%n at e vgrurge ec}u:a%/]gl en sﬂg(?lg\%ifad[e:r&\-’+@?i-%lhn}%&:ti on,
pr ef er abl YCREOHtMevald sifficiéntom geomevy&l@ﬂ@g&@ {sOWiITHE Gesdel lisr ati on
the pHis adjusted to 7.0 and, the secondary concentration phase further

i ncr eases dveeprekirednaeniecessary to Qiande50TR.1. TAfe taie flow nite Gf tthe
retentate is transferred to the bul k product fornul ation vessel. |nstead of

pH adlfist fermentation fsemoorinedyod vhe/nDEAMDilyvehecksucgin ded peaformedHto

adj ust ment_ may .occur_in the Final OF feed vessel, preferably between the
di af i | t r atdetarmpne pazity of gulthse a8d SrBYY y a8d Appropriate samplessaie m@p@&am Y,
the diafiltration retentate is adjusted to pH 7i-0.1 with EX04. If the pH
exceeds 7.1 but remains 5 pH3.5 then the pH can be decreased with EXCS. -

The culture is held for downstream processing at the end of the feed.

20 Hold of Production Culture

The production culture may be held Gnder appropriate conditions to enable
batch processing of the culture. The hold time should be kept to a minimum,
but can be extended up to 48 hours and beyond if necessary (eg to 5 days). It
25  will be appreciated that, under conditions of batch processing, the constraints
of hold time as expressed herein apply to the final portion of the culture to be

processed.



WD 001 44772 63 PCT' / GBOO/ 00257 The fornul ation step produces rHA in an.
appropriate chem cal environnment and at an appropriate concentration
suitable for bulk product sterile filtration and filling. The transferred
Final OF retentate is analysed to determ ne concentrations of H w al bum n,
sodi um a ate. These quantities are ta~Cen into acc

4 . . . 0
necessarwpg’?%g‘g’? anounts of stock sodium chloride and sodi um oct anoat e
exci pi ent solutions and appropriate grgge water added to achieve the bulk
formul ati on specification. The final album n concentrati on may be
1S0-2508.4, 1 or,k 23S:.2658 L'.1, with a sodi um concentration of 130-160mM- Any
other f eaChecBbiAt FORE du Ermbitbliof AR AR Ao selutdn fiom aay

Corvy - FSet o SRR | 86, WaRhaly o 2Rbsetrdd,' bt ) soPiBicily Veor > ™

convent i oiigh i I "\ﬁi'iﬁ:” S bate 80
or "t hose® spe@%@?gﬁﬁgﬁéﬁgﬁgﬁg@%o@?ﬁor ﬁ’rgeta ﬁrﬂ%} I'luting
wat er . fjpol&nidrtsaﬁoﬁqmiegwteaémcwnﬁ- PreferabBs sodilir "dc8hGHIOFE added 9r am
of al bum'™n may be desirable. The product is sterile and non-pyrogenic.

Ther e Smay(Qhroumatographyi Selutional o (GS M)+ Table Bputae fimadlconreestratiomofrlegat es
are detectable. Exanple 10 This Exanple illustrates the analysis that i5

carried olimMb, éor gxample tapproximatolyodmiMburfhe plk is adjiisted avithratatice wi t h
the present  inv i.on._ Unl ess_stat ot herwi se) all of the assays are

per f or mecAdd tﬁl&%ﬁ%‘i‘?vﬁvi Ew?ﬁ'ﬁ’ﬁlb«?eggﬁbr&ﬁi gﬂ"%ﬁd@@f‘ﬁ?ﬁb’ to 008k apdithe1 and
formul at ed cardin 0 EX e 0/ 44772 64 dycation of r)3A

PCTI GBOOl‘fﬂ?%‘?axﬂxilngﬁggggwb? %ﬁy@gg& protei n has shown that rHA

| 5urified in accordance with the invention is not substantially nodified by
non-enzym ¢ gl ycosyl ation (glycation). The m croassay neasures the stable

Anadqp W%ﬁ&tog%;f ormof glycated protein) by oxidation of the CG1

hydr oxyl wi th periodate. The formal dehyde rel eased by

peri odate oxidation is quantitated by conversion to a chronophore,

di acetyl di hydrol utidine (DDL), by reaction with acetyl acetone in amoni a.
DDL is th&H operatiors! canl be icartied calt|at. anibient dempemtwrer @0 sk a85¥0).aTher
desal ting using a Pharmacia PD-10 (&S Sephadex) columm and then the

al buni n ialbumdn Jeads g/Indor dhechrematagraphy columBs aae odeterminedd feoms | Oy

Sbsor banduies.of alnuain WL bR aE SOSVAGH et tbe tisp sispn an op-BELG o
ity ol othen 8RR TSP RRs RERSH e a8 Mipujlgied By easotli’ ! °°

0. 22Q0. 41K HdcRbehlor BB, FOLExGAPR A2546r 9863n, VIO 001 44772

In a particularly preferred embodiment of the present invention the

purification process comprises the following steps: cation exchange

20 chromatography (SP-FF); anion exchange chromatography (DE-FF); affinity

chromatography (DBA); ultrafiltration “and diafiltration; a second affinity

chromatography step (PBA); ultrafiltration and diaﬁltratioh; a second cation

“exchange chromatography step (SP-FF2); and a second anion exchange

chromatography step (DE-FF2). Preferably, these purification processes are

25 followed by final ultrafiltration/diafiltration followed by a formulation step,
and/or placing of the solution into a final container.



65 PGTI GB00/ 00257 Sanpl e Ml es Amadori Product/Mles Albunin O 0.41 P 0:18 - -
Q- 0.24" RO0.04 Sanples A-Q are commercially avail able HSA products from .,
US, Europe and Japan (nean = 0.49t0.20). Sanple Ris rHA purified accordl ng

to the invention. Analysis of ~C-termnus An inportant aspect of th

qual ity coMAW44ER reconbi nant proteins is the conformation ngé‘;g‘foéﬂ??ﬂty
of the pre-determned prinmary structurf;lﬁ Anal ysis of the Gtermnal tryptic
peptide in commercially available HSA and rHA purified according to the

i nvention by N-t erm nal. sequenci ng’ ~and FAB mass spectonetry |nd| cated the

pLesence of ¢y SeAUGRGS: i@(ﬁ glypmad@grapa&ustw t@8e esqrélqu rhgre| .diovel i andisa

T Des- L C

apﬁrofxfnﬁﬁﬁmt%verm 3 Soiet O SpEGtR o, T 1SE b ncanionteny o m}'ér@?f'g?@e@ffn the.
HA

hot be dedBRits] ﬁth%@@&e@@ggkggﬁ?%@@ httn., ARF a i fond EBfupe

I th C t

S:%| es, 3| c&?ll ng t lﬁ??&%@ﬁ@ﬁggaﬁﬁger%uﬂ er Iﬁ%‘é&r@gnr%l

degr adat | (ELISA (Ibmtem@s 1y, | THeCBiffer RRbd tWRK! i aﬁﬁhbéhﬁ%lgﬂrsoiﬁ%r dance
u

with the invention, has a stable and full |ength carboxy- er eas
HSA pr evi qustrix mamﬂnehpa:tédlp rfoondmebel particalarby beaehicial sard itorepresents

het er ogeneous by conparison. WO 001 44772 66 PCT/ GB0O0O/ 0025? Ni ckel ion
cont ent ofthe I—WS]@kepﬁrmtﬂmaUcotrmlagOf @ tﬂi@(hom/emﬁ buffes aofirwidgly nengimgnt :
STMAA 6000, Perkin El nmer Furpace: %f nstant Tenperature Tube) using
det ect i on CONSHWLAE and AFOpertiss; bﬂém S err@rqm!%a signbeatlyo inereased

three-point calibration (.,181301 | L st ons fyom Pgrkin
) FRERRG of YT e, Sndmmpaed juith the Sosberorsedcinothie BBAY The
contr ar r ch,gf bl ank and at the end of each test
seri e (N| ’Qﬂ%&f%’hy&géq? ?6}3{#25 standard from Perkin Elner). Sanple
preparation: Each assay is the result of a determ nation in duplicate which
also valid for the calibration and the control standard. Depending on the

expect ed NioJdilE oY AriincPhenyivorendte! atrx With'addghly SonciF8d albini@ti o to

work with a Ni-toncentration that is within the chllyl bration range. Sanpl es

with a prgbhitibng oforxexanaple o100 10R0E prmeanise ity Enproved dédoda@en aof Heast 1:5
in any case. Dilutionis with purified water. Rinsi.ng solution for the

sanpl e cagtiA ang yeast antigens ezin betachiavieddrecaitst oD i staller 1oad voldne.Each
t est igrl es includes a systemsuitability test.

WO 96/37515 includes a S200 gel permeation step after a first affinity
chromatography step. The gel filtration step purified the albumin with
respect to yeast antigens, pigment and dimerised albumin. We have found
that this step is no longer necessary because of the improvements we have
20 made to the aminophenylboronate affinity step and the introduction of

additional cation and.anion exchange steps.

Following the aminophenylboronate affinity step it is preferred that the
albumin is concentrated and diafiltered for a negative mode cation exchange
25 step. We have found that the combination of this diafiltration step and cation
exchange step substantially reduces the relative concentration of nickel ions.

In particular, exposing rHA to a low pH is effective in reducing nickel ion



Requirenments: |. Correlation coefficient of the calibration at |east
0.99000. If not, the calibration has to be repeated one tine. |If the
calibration does not conply with the requirement a second tine, an error
anal ysis has to be carried out. WO 00/ 44772 s7 PCT/ GB00O/ 00257 2.

Char act erysftdofagf@ss neasured with the 30 pglL-Standard may sevGeomsesy t he
t heoretical value of 20pg/0.0044A-s by nore than 20 per- cent. r
Characteristic mass mfl: That amount 4§ the anal yte in picogram (pg) that
contributes an absorption of 1 per cent An absor ption of 1 per cent

concent r alave: (Goffeddety’ ARG BufEaisxbralil & U HikGent VAR R, 5

The measu %gglﬁqg]ﬁ { | vvi thin the
confldenc{é range @s&%@?ﬁ?@ﬂé(%téﬂgﬂaésc%umg??@%@%y%gsur| ng i nstrunent
calculates the result according to the followng team Result (pg NIL) =S
ot slo) v 2*V Pe Pe A absorption slope: s|lope:of the calibration curve
(i near r¥beenegative Moddi tatiomexéhangt fstegy, 2% described chereiyOioarséd 762

PGT/ GBOO 00z57 68 [Nickel ]/[rHA] (~g/g)Sanpl eBatch 1Batch 2P$A | oad0. 73v

0. 74PER f remove Ganganayadin,ds hin Wk@maﬂmm acnsil proumtoef

t hr ough and 03< 0. 3DE- F2 ow t hr and washO. 140,28 Apal ysi s
of medi unfuodk P‘g hatheught (19 beis Gf’ﬁﬂt h@&d@m 118Qd%;f CagIaR i n

accordi ng i nve n_an yali able i sed by
aci di c so?mggxftpﬂcﬁ?%ﬁ’egﬂdgﬁ'ﬁgdnﬁr %@%‘l’oeygr[ﬁ éo‘ﬁ'é‘?e?f/l ci ds
usi ng a X r ”;J% h ) ,
det ect ed %Fu m%bln%ﬁﬁﬂﬂﬁéﬁf:nven | on9 | Z&éné) %BBEP o,g& ?rg
profiles fold. A greater effect is achieved with rHA denved from non-pmtI mutants

10 (2-3 fold clearance).

In comparison with other commercial yeasts, Saccharomyces cerevisiae
produces a relatively low level of modified tHA. Accordingly, the negative
mode cation exchange step and the use of cells with a deficiency in one or
15 more of the PMT genes may be of even greater importance if the rHA is

produced by a recombinant host other than Saccharomyces cerevisiae.

The chromatography solutions used during the purification of albumin are
detailed in Table 3. Because of the very large scale manufacture of albumin,
20 and the relatively low cost of the product, these buffer salts are the most
suitable for the process as they are available in a highly pure form at
industrial scale and are low cost compared to other commonly used buffers
such as Tris, HEPES or MOPS. Alternative buffers could be used in place of
the ones used in Table 3, for example buffers of a similar pK, (eg malate for
25 acetate), but in most instances cost and availability at large scale rule out their
use. Alternative salt forms can be used provided they are soluble, available

at industrial scale and low cost.



for the rHA aad HSA showed sigairficant differences. As expected, both

showed | arge anobunts of the added stabiliser, octanoate (C8:0). Apart from
this, conmmercial HS A was characterised by predomnantly C1 GO C1I G: |~
, C 18:0, Q,vé%w;‘é.”gnd C 18:2 whilst the al bum n of the inventicgigedrhadned
mainly C 10:0 an 12: 0 and occasionally Cl14:0. Further experinments showed
that the levels of Cl10:0 and C12:0 in ri44 final product correlated with the
| evel s of these contami nants in the octanoate used for the |atter stages of

e ThEThRE: "RE, B che b, B bF. nsiBliohl iRk oo 5
oes 1ot BUSRER S04 sghfind 4B bg BFAAKEL e il SO Gbn R, for
undet ect ghhfedidtd ygenmer ci al HSA, there nmay typically be about WO 00/ 44777
PGTI GB0OI 00257 69 0.4 noles C 18 fatty acids per nole of albumn. In the

product of the invention, there are typically no detlectable C20 fatty acids
and only about 0.02 noles C| 8 fatty acids per nole of albumn. .. SDS

r educi ngQCatibpdéxchaage dchromategrphyophoresi s This assay was perforned as
described in WO 96137515. The assay showed that rHA of the invention
consists of a single polypeptide chain which when treated with a reducing

50 AR A e o SRl e
B
of 2 DU ihHRg 41 FRERGAASOmBAIL S NGRS ANAME BArORAcRER D, Thes,,

LC6A HPLE, flﬁ@@%t&n%?ﬁiap dafiph EReRaripel niAER! ¥REH iSP.sﬁeBﬁ%&ige% OﬁPi, SSP-

result indicates that t ornmul ati on as < descri bed herein

detri _fTEnS?_heﬁi‘s_ﬂ?CCMnSéﬁlﬁ.r@@é y R, J aOM-CpflutogNISECelfuléde B StSpttbrodex.
al bumi n. Two Di nensional Gel Electrophoresis 2~g rHA of al bumin prepared by

t he procPsefendbly h¢hé matnixi isn SReSephabpse FR (Phammacia) wirich oifalised in an axial
el ectrophoresis using a MIlipore Investi %ator system The separation in
r

the firsflow sehune, mays be atazberdb heighti of Or ta: 26681 spreferpdily kit tavdScmy fored
by a 10 % pol yacryl anmi deJJSDS gel Jn the second .di neqsi oa., t qi gi ng of
Che ge! SRARDIE 245 883095 2 radiEh@amsinep SERTMM 3 oreds o seitahle s fobipatn o
was visi pligm §094 G4 Yoll® N 3RS 185488 of %o 50 albumin/L, preferably 40

+ 10g albumin/L, of matrix is suitable. The matrix is equilibrated with a buffer to

remove the alkali storage solution; preferably the buffer should be strong enough to
reduce the pH to approximately pH6.0. A buffer such z{s CSO01 is used to remove
storage solution CS07 from the column; however, any buffer with a pH <6.0 could
be used. Equilibration is judged to be complete when the pH of the column effluent
is approximately pH6.0.



protein species.

‘A) bi nds nol ecul es which contain a-D mannopyranosyl ,

sterically related residues.
No. 17-0440-01) affinity chromatography of

(Phar maci a

, Cat.

In the Con

A assay,

r econbi nant -

Mannos |y ated al bumin / Con A Assay Concanavalin A (Con-
a- Dgl ucopyr anosyl
Con A Sepharose

and

Human Al by doderr¥™) and/ or Human Serum Al bum n (HSA) is useBCT/GBYDESH ne

the content of mannosylated al bum n.

diluted to

di lution buffer (200mMM sodi um acet at e,

5 % (wWv)

Reconbi nant human al bum n (r HA)
rHA wi th 145nmM4di um chloride then 1:1 with Con A -
85nmM sodi um chl ori de,

S

2mM magnesi um
chl o 3t CiYJRARapRySHlafibHS for The pRrificHTicn bfalB@miphS- 5) - 100ng rHA
S t‘r?grgﬁ?oaded onto anﬁeaui i brated 2m."Con A Sepharose columm which is
t hen washed (5 x 4nL) with Con A equilibration buffer (I1OOYM sodi um

acet pt®, —IO0NM Soar am cnt pr1.ag, LV magness um cim.orT pe, - IV npnganese .
chl o} i de) 1nfpluiogi um chlpri deogstiiesy ~ ThEoresnirations| el mtbd w ﬂé‘#ﬁé“’@b’nl A
el ut -bufter (100mMM sodfum acet ate, 1qurrM@C};ii um'cpl ori de, P. ﬁ‘% 1
net hyN%a. - D manndfPfanosi e pH5. 5) . Mondner ‘e I)bum' nin the ICo '%Qd
(dil tbeghgut 0. Ing. fd; uae (a ed ngpaty.4sre gudn®i2i2d py
GP. ?gghs Sﬁﬁwﬁgm' enRgon -d—aml-d_ hes@n A bi ndi ng
al bupi n noh 1 (0) di i nNaOH @Rt e |i s eqpaessed| as a pergent age of t he
| oa Wg 001 44772 PGT/ dBOOI 0%@5@)71 CopnA-binding r}ji A (% of} | oad) Bat c
1Batkh 2Ba} DE-EBXquilibraat £h SPRA F-r Qw0 ! 14PBA F~r &wOl 16PBA > r &0, 15PBA
FT& BASP-HREMWash3SP- FFZ g P-fF2 F ﬂ) 12SP-¥92 4ET &8N0 014 SB-§F2
FT&%‘%@SP— FF2 FT&W. 32F CHCooH ~10Fi 3 s1bt 0. 11Fi ﬁlal :
NaOH (27% 1.19
- (wiw))
CS03 | SP-FF Wash 2 CH,COOH 1.62 3.9-41 1 125-165
NaOH (27% 1.19
(w/w))
NaCl 117
CSQ4 SP-FF Eluent/ CH_-,COOH 5.13 - 54-5.6 5.0-6.0
DE-FF Pre- -
Equilibrant NaOH (27% 11.5
(w/w))
Octanoic Acid 0.721
CS05 | Salt Clean NaCl S8.4 5-9 75-95
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH 27% 74.1 > 12 80 - 120
(w/w))
CS07 | 20mM NaOH NaOH (27% 2.96 > 12 35 -_5.5
(wiw))
CS08 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-94 2.5-35
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 9.2-9.5 J 15.0-18.0
Cs10 | DBA CH,COONH, 19.3 87-9.1 | 18-22
Equilibrant/Wash " \ooH 27% 5.93
(wiw))




,

Product 0. 12Fi nal Product 0. O7Fi nal ProductO. 28 Table 6: C earance of

r nnA- bi ndi ng rHA through the process. Batches 1-4 are derived froma pntl
mut ant, whereas batch 5 is derived froma non-nutant strain. (FT & W= Fl ow’
Through & Washi ngs) ConA-bi nding rHA was further anal ysed by ay
mass spect r%%?/f&% Fig. 8). This indicated that, in additi onpﬁtﬁ&yﬁ&%
reduction in the anount of conA- bi ndl‘{g the extent of nodification of
the conA-binding rl-~:. was reduced al yS| s of Col our The absorbance of a
5 ~ (wv) solution of the final product in a 1 cmcuvette was nmeasured at
350nm 403nm and SOOnm and cal cul ated in terns of absorbances per gram of

?Leg?i[é# nd PBRET oL nd el Mt O P P b Do bane (noa

hat chqs) (nrr) (L.g'Il.cni ~) 35@‘@ (Pr%10'13 403413 7 x 10" 3 500 p. 4 x 10'3

WO 00444772 |72 PCT/ GB0010035 zgﬁgﬁl I y, the album n ¢f the inyention doej

not *ejceed nespective abson %—10-3--3.0 % 103 anfl 0.75 x 10%3

at th¢ saidfthree wavel engtlh A%, PO S ofﬁa nursbpg of ¢ommerciajly avail abﬂe

HSA pfepar at]i ons reveal ed Hi bajces at these|wavel engjhs (see

Tabl & |2l sapLE e dtbre) vel enapme

. AgoA} G141 12M Sedfiing4. 10x 10’ moixw;eszg 25x1@g5. 36x.07-81 84 1b' 337740 x

10' 33§26 x 1%&&&@ 10' 347. x )33 40 x 10~ ~O0. 6| x
. 68x1Q' 34. 08x10 30. 8> 19%\,“ 4 o——10-36—26—346{ 31. 2 X 15' 377.20 x

10' 35
10- 33370 x JO 3 '0.8 x 10' 3860&3noic AkiB4.|78 x 288 31.8| x 10'3 Table 7:
Absor lyarce g—=.CIi— ) Off prior_art Sﬂ\"gT‘E‘p'a'rﬂ'ﬁ‘D'rTF_EndULux m—A—SotutTpn
of dr §&Ho cu‘sﬁeutié%sayed usi GH:CPM us |anpeBBEYte | jsate by kinetic
turbi urenent at tenpergiure pf 36,
an au oagljcﬁé:]. oxi n_det %cti ]?(g@gﬁem eg LitﬁgOOOE .4)§6‘§3an 5ﬁ hh?e Ts
const Juct ed |EawilibratonWashqent r ati ons of Ja standard ephdot oxin preparation
WO 00444772 |PCT/ GBOOI 00257 ntrols.and test materj al sol utiop
spi kel withla knows quant tﬁ@ﬁgﬁa";ﬁﬁ‘b’ﬁ endod®n ark also | | ne
assay q"s'méiﬁam@e-medeurb'# NHOPO Ai0CRCLi 0B.9F XL ur ssa'mas " e8] 50y 8
tinme gnd a | ﬁz?E!lﬁ.ﬁ essio ny endot §xin in the dﬁ oduct Ts
quant ffi ed §gains e sta\d:mﬂ curve anfl recavery af! t he endof oxi n spi ke
is copfi rrre$ No endot oxi n| WuOM €3 7% wiw) 4.07
L
CS19 |SP-FF2 CH,COOH 1.80 5.2-5.4 1.8-2.1
Equilibration/Wash
NaOH (27 %w/w) 3.52
CS20 |PBA Glycine 7.51 { 8.3-8.6 18-22
Equilibration/Wash
NaCl 5.84
NaOH (27 %w/w) 0.95
CaCl,.2H,0 7.35
CS21 |20%(w/w) Acetic CH,COOH ' 205 1.9-2.2 1.8-2.0
Acid
H,0 820
CS22 |Final pH Na,HPO, 71.0 11.2-11.4 43-49
Adjustment NaOH (27 %w/w) 37.0
EXO4 | Final pH adjustment| NaOH (47 % w/w) 42.6 212 80-120
alkali H,O 970
EXOS5 |Final pH adjustment| HCl 37%w/w) 19.7 <1.5 60-90
acid H,0 982

All weighings are + 2%, for this particular example.



Free Thiol Ellman's Reagent, 5,5 - Dithiobis - (2-Ntrobenzoate) (DINB) is-
a specific neans of detecting free sulfydryl groups such as cys-SH
(Cys-residue 34 in the case of rHA). The reaction rel eases the 5

t hi 0- 2-ni trobenzoate ion TNB2' which has an absorption maxi numat 412nm By

measur i Nngwbhauker ease in absorbance at 412nm and di vi di ngplydie/copd7ar

extinction coe~cient of the TNB2~ ion at 412nm the free sul fydryl

cont ent

of rHA can be cal cul ated. Sanplenol. ™9 1A0.82B0.77C0.77D0.85E, ~ 0.90 . WO
001 44772 74 CLALMS PGI/ GB00/ 00257 | .~ A process for producing reconbi nant
al bum '
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A process according to Caim1 wherein said nodification{s) conprises any
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edegirade HiAsAl the ipEh reqeired itorpurifidithe oA dihenugre cultared dapematant onal

i nsertion. 3. A process accordi n%l;]o Claim 2 wherein said nodification{s)

are st stiould ibetpasteusisedn domexample
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flowthrough-procedure. Pasteurisation may also be desirable if HSA is used.

The conditioned centrate is then loaded onto the column at a flow rate of, for
example, 0.07-0.75 bed volumes/min, preferably 0.3-0.6 bed volumes/min, in this
example 0.5 bed volumes/min, and then the column is washed with one or more
solutions to remove residual contaminants. The columfi is washed first with, for
instance, eight volumes of 10-100mM, preferably 30-70mM, for example 50mM
acetate, pH3.9-4.1, 0.6-0.8mS.cm™ (CS02). The column is then washed with four
volumes of a high salt buffer containing 1-3M NaCl, preferably 2M NaCl, in
sodium acetate buffer (for example 10-50mM sodium écetate, preferably about
27mM, pH3.54.5, preferably pH4.0 (CS03) and then ten volumes of CSO1. The
albumin is eluted with, and collected in an acetate/octanoate buffer (for example 40-
120, preferably 60-100, eg 85mM acetate, and 2-50mM, preferably, 2-20mM, eg
5SmM octanoate, as in CS04). The collection of albumin starts when the UV signal
rises above 0.6 Ajs/cm, and collection continues until the UV signal falls below -
0.36 A,s/cm. The column is then cleaned using 0.25-3.0M NaCl and 0.05-2%
detergent (CS05) and then 0.1-1.0M NaOH (CS06), then stored in diluted (10-
50mM) NaOH (CS07). In this example, the flow rate for the equilibration, loading

and wash steps is 0.5 bed volumes per minute. For elution of the albumin, a flow



WO 00144772 75 PCT/ GB00/ 00257 7. A process according to any one of the-
precedi ng clainms wherein the fungal cell is cultured at pH6.2-6.7,
preferably pH6.3-6.5. N. 8. A process for purifying an al bum n sol ution,

t he proceswyo@eARi7hsi ng the step of subjecting a first al bumprCGhosidorsy of
pH8. 0-9.5, and having a conductivity is the range of 1 to 75nS.ciri', to an
affinity chromatography step which is ©0n in negative node with respect to
the al bumin and which utilises an affinity matrix conprising i mobilised

di hydr oxyfeoby | 0. 940018S bedl hesBRYN O PrafetabEy a).msro.fss,e%akmnbﬂaﬁggém.??-q&- A
process according to Caim8 wherein thé pH of the first albumn sol ution
i s pH3. Qo¥niin ipnsédr ably pH3. 3-pHB. 6. 10. A process according to Caim8 or
9 wherein~t~he first albumn solution is buffered with a buffer which
conprises glycine at a concentration of 10 SOOM) preferably 25-200nV and
nore preferably 50-150mM NaC at a concentration of 0-500mM preferably
25 200 g S XeHARES ERFAMHBLETAPIY1 50m\M and CaCl 2 at' a concentrati on of
5-250nmM preferably 10-100vM 11. A process according to Caim 10 wherein
the first albumn solution is buffered with a buffer which conpr~scs about
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process according to any one of ains 8 to' 13 whereln bufin 1s

| oaded cellhless, QudB-cellblose] omMTMAEBNBMAR, or DEAE BRictogél. | Peefetdbly, Me35

colum vol umes. 15. A process according to any one of Clains 8 to 14
wher ei nmatexriatthe commercialeaniomexichange matoixoDBA B Sephaposet EFaPharmacia),
am nophg%l boroni c acid. 16. A process according to any one of Clains 8 to

15 wher bed flave psth lengdly of| 1d.@itd . Geme. Prerequilibratgd widutheocation alation buffer

ExchangLoS ) A allen SaWTIPraiH e Iihies SR votbes ot 45081 i Rae albumin fsne

o 1 W MRS of Y B i e S Lok
the matrix is washed with dilute tetraborate buffer, for gxample 15-25mM potassium
tetraborate or sodium tetraborate (CS08), which bas the effect of raising the pH to

approximately 9.2, and then the albumin is eluted with a more concentrated
tetraborate buffer (for example 80-150mM potassium tetraborate, preferably 110mM
potassium tetraborate (CS09)). The matrix is cleaned with salt/detergent (CS05) and
then NaOH (CS06) before storage in dilute NaOH (CS07). The eluate from the
anion exchange matrix is then loaded onto an affinity matrix.



chromat ography, to yield an ani on exchange-purified al bumn solution. 18. A-..
process according to Caimi7 when dependent on any one of Clains 8 to 15
and wherein the anion exchange-purified albumn solution is subjected to
further purification using ration exchange chromat ography, to yield a

rati on exchangrsspuri fied al bumn solution. r 19. A process aRCUGHBIIY28D any
one of Clains 8 to 18 wherein the purified al bum n sol ution undergoes one
or nore of: buffer exchange; concentrat®bn; dilution; dialysis; -
diafiltration; pHadjustment; treatnment .with a reducing agent;

decol our W&U ng; cooling; or conditioning.
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It has been found to be particularly beneficial to use a buffer containing glycine (10-
500mM, for example 25-200mM, preferably 50-150mM, in this example 100mM),
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The PBA column uses a flow path length of 11.0+1.0cm and is pre-equilibrated
with the buffer as described above, eg CS20. The column is loaded at less than 1
column volume, preferably less than 0.5 column volumes, in this example <0.35
column volumes. The PBA is run as a negative step and therefore the albumin is
collected in-the flow through and wash from the column. All chromatographic steps
can be performed at flow rates of 0.005-0.3 bed vol./min. Preferably the
equilibration and cleaning of the column are carried out at a higher flow rate, eg
0.19 bed vol./min, than the load and collection of the albumin solution, which is
preferably carried out at a flow rate of 0.01-0.05, preferably 0.025 bed vol./min.
The column is then cleaned with salt (CS03), borate b!fi;fer (CS09), NaOH (CS06)
and then stored in dilute NaOH (CS07).

Following PBA chromatography the albumin solution is concentrated and diafiltered
to prepare for a negative mode cation exchange step. The combination of this
diafiltration step and the negative mode cation exchange chromatography
substantially reduces the relative concentration of nickel ions.

PBA ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with‘z’{rhominal molecular weight cut off of 30,000 or less, preferably a
polyethersulphone type membrane (eg Filtron Omega series) of 10,000 nominal
molecular weight cut off. The collected PBA Flow Through is adjusted to
pHS5.34:0.5 with CS21, concentrated and then diafiltered at ~100g rHHA.L™ against at
least 7 volumes of CS19. At the end of diafiltration, the equipment is washed out
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()-+ 10 3fumin passes through the matrix, rather than being retained. The conditions are

P

such that mannosylated albumin binds to the matrix. The buffer is preferably a
sodium acetate buffer (5-110mM acetate, preferably 10-50mM, in this example
30mM), pH 5.2-5.4, CS19). Other buffers which can buffer in the appropriate
range may be used, such as a citrate phosphate buffer. Suitably, the buffer has a
conductivity of about 2mS.cm’. The column has” a flow path length of
11.0+1.0cm, with the albumin loaded to 10-250g.L" preferably 20-70g.L* and in
this example 50+15g or 50+10g.L! matrix. Since this is a negative step, the

albumin is collected in the flow through and wash.

Following this cation exchange step, the albumin is subject to negative mode anion
exchange chromatography. This step removes yeast antigens as measured by ELISA
and Western blot. The collected flow through and wash from the second cation
exchange step is adjusted to pH4.60+0.10 with CS21, diluted to 1.05+0.1mS.cm™
with water and the rHA purified using the following conditions. The step uses an
anion exchange matrix such as DE-FF Sepharose (Pharmacia) at a flow path length
of 11.0+1.0cm and the albumin is loaded to 50-250g.L", preferably 150+ 50g.L™
matrix. Since this is a negative step, the albumin is collected i.nsthc flow through



10! $109& () -M $10%s& ()-M $109%&' ()-M77 88: 999} \: oP1! Xy#10%&' () -:
| y#10%&' ()-:!'y@d0%& ()-y! O0@A0WNW () - y#3MLOYT& ()-L10%T& ()-9:;
; <<H=K=~_@P1! yF4 10%0& ()-,s! 1090& ()-+#10%& ()- ,)s!10%& ()-4
Dy#1098T& ()-: ! Dy#10%& () - : K=======>0>bCl " 109%&’ () -, #, ' 10%& () -f 1090 () -
S10%0&" () wd 9drasho PCT/GB00/00257
10T6I 1090&' () - o>g>>k?r ????al / CY$10%0& ()- gPY$10%& () -- Y$109% ()- @ 10%&
"()-1$10%00& () -s
: 10908 () - I\/I???????. @"?CY$10%r$ 1090 () TY$10%08 () - q$Y$10%0& () - 0Y$10%3&

%%-(?M o (ﬁep%@ DR :I'.’: @%@MQQ%@M@D%%@,Q@ Y510

()-" q%& %o& ()-") Y$S1090% () - @ALA2A0APASA| AXxN?CY$10%$10%0% () - Y$10%:)&
"()-"q% I0% () - Y$SL09%0& () - g$Y$L10%0& () - | A AAAAABB} AFCY$10%$Y$10%0L (

. )= YS10%0& () - g$Y$10%0& () - Y$10%0& () - * q$BBCBDBEBBBBU] CCY$10%/$10%0& () -

q$&Y$10%08 () - ) Y$L0%0&' () -~ q$&Y$10%08 () - ) Y$S10%0% () - BBBBBBBBBBX_TI >Y$10
% 100 10Mernatively, as described i in Example 9, H—adjustment may occur in the Final UF

. 100Y$10%& () - gq$Y$L09%K () - Y$10%)& - &Y$10%1& ()-"BBBBCMCC| [ : _TI >Y$10
109x&& fged vasebansteai-of beungpefery glyand wa

) 109X&&' () -t CCCDXDDD| [ : Tl >Y$10 10%(&& ()- 10%(&& ()- 109%X&&' ()

#109&& () - LsQA0WX&Y&' ()- LsAOUWXF& ()-DENEE' FxFF|[: TI>Y$10 9%

oo ile Eaisbiate s oert ARSEE b rencs fo'd prek “BRan. it Shoplide (-
éﬁig% Supreciated TG uie) purffication Botess 'de iyl hreleht ' vy b i)
Rl 4 A RO i

&! 10%&( &fathnt at SivIOHEE Bt (ocus GFHL0YE( && () - s! 10%&(&& ()- 3" ! 10%&( && () -
3s! 109%8( &&' () - GINN NNCKG O [:-410&( & 399! 109&( && ()- 31 7! 109%&( && () -
2$1098( &&' ()- O010%R(&& ()- Xx@$10% & ()- s*! 109%&(&& ()-

| OMONCz G} OOPXPbA410&( & b 940%&b& ()-  S'109BY& ()- #F: 109&R& () -

810988 M&& () - 10&( &10&( &XPP<QQQRRR| [ : A410&(& 9! 109%&& () - Y

109R& ()- Tr&HLO% & & ()- MEHLO%TE&ME ()- vy ! 109&R& () - g#lO%&& () -
RSUITLUULY [ : - 410& 7109%&& ()-  }0$10%& ()- | 0$10% & & ()- | 1098& () -

0% AV () IMVNIBAINE - Q006 (et UNOWE () o 10
" 810%) Q 255N TE: ‘FFajl@&i'&mi %ﬁ4ﬂ8@9§u 5 P ¢ cdnffhté -

)l o8 AR 0

0YF1#10°/<S)S& ()- 55-10%4)4& ()- Y+ 10%) & ()- )&10%)" & ()-3

@ '10%) & ()-[OP\QRMa\lp\\vU410 3@1090+$9& ()- #109090& () -

109090 &Thp-twi4RaPeMerd:) - 10°) 10°)10°)" 8s!10% ) & ()-\]AVAAA_| [ vUALO

ZO#1000& ()- F:10909%9& ()- a#10%%& ()- FYd0%0! 9&.()- F !109@%& ()-

$10%&' ()-__' " ab|[:vU410 m4$10°/8/& ()-9 F, 1 109990& ()- *10999%¢& ()-

31 % 1099908 () - Fi#l 109999& ()- 9#10%9%9& () - bbbbbbbbcyU410 "10% & () - |
10%))& tetemuipption pf tig abaoy %Qb@m{@g%ﬁ@@mwﬁm)ew& () - ccci ef

L0 LA i of kb (97

34#100/D)&()- 110‘%D)&() /t'lOOAD)&() 3@#10%D)'&() TF109D) & () -
10aaeA 6 SSRGS e alitgi -

The centrate quality of three different yeast strains under two dlfferent pH

conditions grown in fed-batch fermentation were compared.
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these further gene deletions is avoided.

Example 3

This example was performed in the sami; manner described in Example 1, but
utilised a strain which is not pmt!/ mutant. This strain was also grown at two
different pH control values, and the wet weight content of the centrate determined as
described in Example 1. The benefit of growth at the elevated pH control point is
also seen for this strain of yeast; demonstrated in Table 5, where a significant
reduction in the wet weight content of a culture supernatant is shown when the yeast

is cultured in the pH range 6.3 to 6.5 compared to pHS5.5.
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Table 5: Relationship between centrate quality and fermentation pH for non-pmtl strain.

Values in parentheses are standard deviation and number of samples.

Thus, rather than control the pH at approximately 5.5, it is beneficial to have a
control set point between pH6.20 and pH6.70, preferably between pH6.3 and 6.5.
At such a higher pH, the quality of the centrate is significantly improved due to
reduced cell lysis

Example 4 e

This Example was performed in a similar manner as described in Example 1, with
the following differences. The yeast Pichia pastoris, strain GS115 (Invitrogen) was
grown using the same conditions and medium as described above, but using a pH
controller set at 5.90; controlled at 5.90+0.20, a specific growth rate of 0.10 h™
with glucose as a carbon source. The batch phase duration was 28 h, and the feed
phase duration was 42 h. Recombinant human albumin was added once the feed
phaée had commenced, providing a final concentration of 3.8 g rHA.L! culture at
the end of the fermentation. The rHA used to spike the Pichia culture had been

purified but not in accordance with the purification process of the invention.

The rHA from the Pichia fed-batch culture medium was then purified in accordance

with the purification process described in Example 1.
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: This Example describes the analysis of rHA purified from Pichia culture media as
described in Example 4.

Immunoassay data

Immunoassays were performed on: (i) the rHA purified from the Pichia culture
media; (ii) the rHA used to spike the culture media; and (iii) on albumin produced

by Saccharomyces cerevisiae which had purified in accordance with the present

invention.

Western Blot Summary vd
Antibody Batch Number 1g9601

Gel Type 4-12% SDSNR NOVEX GELS
Milk Type UHT

Exposure Time 20 seconds

Ig9601 was raised against a non-albumin producing Saccharomyces cerevisiae strain

and thus can be used to detect yeast antigéhs.

The western blot showed that the yeast antigen profile of the albumin derived from
the Pichia culture medium contained fewer and less intense bands than the material
used to spike the Pichia fermentation. The Pichia-derived albumin yeast antigen
profile was very similar to the Saccharomyces-derived profile.
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Yeast antigen impurities in the albumin purified from the Pichia culture medium and
for the albumin used to spike the Pichia medium were quantified by ELISA using

1g9601. -

The yeast antigen content of the albumin purified from the Pichia culture medium
was below the detectable limit of the assay (approximately 0.004pg.g™), and the

antigen content for the albumin used to spike the Pichia medium was 0.62ug.g™.
Con A binding material

The Con A assay described in Example 9 was perfonnc’& on albumin purified from
the Pichia culture medium and for the albumin used to spike the Pichia medium.
The content of Con A binding material for the former was 0.22% (w/w) and for the

latter it was 0.57% (w/w).

The level of Con A binding material in the albumin purified from the Pichia culture
medium is similar to that of albumin purified from Saccharomyces cerevisiae in
accordance with th; invention (see Table 6), when the latter is not produced from a
pmt] mutant,

The purity analyses confirm that the process of the invention can be successfully
used to purify albumin from yeast other than Saccharomyces cerevisiae (eg Pichia)
and that albumin of similar purity to that purified from Saccharomyces cerevisiae

can be obtained.
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DE-¥TF2(B)

SP-FF2 flow through and washings were diafiltered vs. 10 vol. 10mM sodium
phosphate pH 7.0, concentrated and diluted with buffer to 50g.L! and loaded onto a
DEAE under standard positive conditions. “The pH and conductivity of the load was
7.0 and 1.43mS.cm™ respectively.

The albumin from DE-FF2A / DE-FF2B is suitably eluted by a 45-55mM sodium
phosphate buffer (pH7.0).
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Example 8 _

Purification of human serum albumin from a sample of cryo-poor plasma paste
(Centeon Pharma GmbH) was achieved using the purification process detailed in
Example 1.

: Vs
Recoveries of HSA at each chromatography step were predominantly comparable to
the anticipated rHA recovery at the same stage, with the exception of the PBA
column. Here, the recoveries were much lower than expected which may have been

due to removal of glycated albumin.

Example 9

This Example illustrates the concentration, diafiltration and formulation of the
highly purified rHA _into a suitable product, in this instance 20%(w/v) albumin.
This procedure is carried out in two stages, namely final ultrafiliration (UF) and

Formulation.

Final UF reduces nickel concentration by diafiltration at low pH .and presents rHA

in a defined aqueous environment, using water of an appropriate grade.

T
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A final concentration of 0.08 mmoles sodium octanoate per gram of albumin may be

desirable. The product is sterile and non-pyrogenic. There may be up to 1%

dimeric albumin but no larger polymers or aggregates are detectable.

Example 10

This Example illustrates the analysis that is carried out to establish the purity of
albumin purified in accordance with the present invention. Unless stated otherwise,
all of the assays are performed on albumin which has been purified according to

Example 1 and formulated according to Example 9.
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. A-microassay for glycated protein has shown that rHA purified in accordance with

the invention is not substantially modified by non-enzymic glycosylation (glycation).
The microassay measures the stable Amadori product (AP) form of glycated protein,
by oxidation of the C-1 hydroxyl groups of AP with periodate. The formaldehyde
released by periodate oxidation is quantitated by conversion to a chromophore,
diacetyldihydrolutidine (DDL), by reaction with acetylacetone in ammonia. DDL is
then detected colorimetrically. The samples were assayed after desalting using a
Pharmacia PD-10 (G25 Sephadex) column and then the albumin in the samples was
re-quantitated by the Bradford method and 10mg albumin was assayed. A fructose
positive control was included, and the absorbances were read on 2 Shimadzu UV
2101 spectrophotometer at 412nm. For every mole of h‘éﬁ(ose one mole of Amadori

product is formed.

Sample Moles Amadori
Product/Moles Albumin
0.79
0.76
0.41
0.48
~ 0.46
N 0.22
0.41
0.37
0.54
0.76
0.84
0.50
0.43
0.59
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Sample Moles Amadori
Product/Moles Albumin
8] 0.41
. P 0.18
Q 0.24
R 0.04

Samples A-Q are commercially available HSA products from US, Eﬁrope and Japan
(mean = 0.494:0.20). Sample R is rHA purified according to the invention.

Analysis of C-terminus

An important aspect of the quality control of recombinant proteins is the
conformation and stability of the pre-determined primary structure. Analysis of the
C-terminal tryptic peptide in commercially available HSA and rHA purified
aécording to the invention by N-terminal sequencing /z/;nd FAB mass spectometry
indicated the presence of a truncated peptide, lacking the C-terminal leucine in
HSA. The Des-Leu C-terminal tryptic peptide was detected in commercial HSA at
approximately 5-10% (not quantitative), but could not be detected in the THA of the
invention, even after 6 months at 30°C. The Des-Leu peptide could not be detected
in the HSA 12 weeks at 30°C, and the peak for the full length C-terminal peptide
was very diminished compared to the other samples, indicating that perhaps this had

undergone further C-terminal degradation. ..

These results indicate that the rHA, purified in accordance with the invention, has a
stable and full length carboxy-terminus, whereas HSA previously available from

commercial sources appears to be heterogeneous by comparison.
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Nickel ion content of rHA prepared according to the invention

Measuring instrument:
* SIMAA 6000, Perkin Elmer Furnace: CTT (Constant Temperature Tube) using
detection at 232nm, 2470°C.

Calibration:

The method is based on a three-point calibration (18/30/60 pg/L standard solutions
from Perkin Elmer). After the calibration, a blank of purified water is measured.
The control standard is measured after the blank and at the end of each test series
(Ni-Standard 20 pg/L, certified standard from Perkin Elmer).

Sample preparation: 7

Each assay is the result of a determination in duplicate which also valid for the
calibration and the control standard. Depending on the expected Ni concentration,
the sample is diluted in an appropriate ratio to work with a Ni-concentration that is
within the calibration range. Samples with a protein conéentration of 10% or more

have to be diluted at least 1:5 in any case. Dilution is with purified water.

Rinsing solution for the sample capillary: 2L purified water mixed with 0.5 mL

Triton X100. Each test series includes a system suitability test.

Requirements: "

1. Correlation coefficient of the calibration at least 0.99000. If not, the calibration
has to be repeated one time. If the calibration does not comply with the

requirement a second time, an error analysis has to be carried out.
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2. Characteristic mass measured with the 30 pg/L-Standard may not exceed the
theoretical value of 20pg/0.0044A-s by more than 20 per cent.
!

Characteristic mass my:
That amount of the analyte in picogram (pg) that contributes an absorption of 1 per

cent. An absorption of 1 per cent corresponds to 0.0044 A-s (ampere seconds).

my, = volume Standard (mL) * concentration (mg/L) * 0.0044A-s
absorption sample * absorption blank

3. The measured concentration of the control standard bas to be within the
confidence range (2s/3s criterion).
/
Calculation:

The measuring instrument calculates the result according to the following term:

(AL A2Y
Result (ug Ni/L) = (slopcislope) 1 2%V
A:  absorption
slope: slope of the calibration curve (linear regression)
V: dilution

A modifier is not used.
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The fatty acids profiles of albumin according to the invention and commercially
available HSA were analysed by acidic solvent extraction and gas chromatography
of the free fatty acids using a C17:0 internal standard. {\,{0 abnormal fatty acids have
been detected in the albumin of the invention by this method although the profiles
for the THA and HSA showed significant differences. As expected, both showed
large amounts of the added stabiliser, octanoate (C8:0). Apart from this,
commercial HSA was characterised by predominantly C16:0, Ci6:1, C18:0, Ci8:1
and C18:2 whilst the albumin of the invention contained mainly C10:0 and C12:0
and occasionally C14:0. Further experiments showed that the levels of C10:0 and
C12:0 in rHA final product correlated wigl the levels of these contaminants in the

octanoate used for the latter stages of the purification process.

Preferably, the total level of C18 fatty acids does not exceed 1.0% (mole/mole) of
the level of octanoate, and preferably does not exceed 0.5% of that level.
Moreover, in the albumin of the invention, the level of C18:2, C18:3 and C20 fatty

acids is generally undetectable. In commercial HSA, there may typically be about
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25ul of a 10mg/ml solution of albumin purified in accordance with the invention

which had been formulated to 25% w/v was injected onto a TSK3000SWXL column
on a Shimadzu LC6A HPLC and found to contain less than 0.1% polymeric

albumin. This result indicates that the formulation as described herein has no

detrimental effect on-the polymer/aggregate content of the purified albumin.

Two Dimensional Gel Electrophoresis

2pg rHA of albumin prepared by the process of the invention was subject to two-
dimensional electrophoresis using a Millipore Investigator system. The separation
in the first dimension was a pH 3-10 isoelectric focusing gel and was followed by a

10% polyacrylamide/SDS gel in the second dimension. On staining of the gel with
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Coomassie Blue, only one spot was visible, indicating the presence of only one

protein species.

Mannosylated albumin / Con A Assay

Concanavalin A (Con A) binds molecules which contain a-D-mannepyranosyl, a-D-
glucopyranosyl and sterically related residues. In the Con A assay, Con A
Sepharose (Pharmacia, Cat. No. 17-0440-01) affinity chromatography of
recombinant Human Albumin (fHA) and/or Human Serum Albumin (HSA) is used

to determine the content of mannosylated albumin.

Recombinant human albumin (rHA) is diluted to 5% (w/v) rHA with 145mM
sodium chloride then 1:1 with Con A dilution buffer (200mM sodium acetate,
85SmM sodium chloride, 2mM magnesium chloride,f’imM manganese chloride,
2mM calcium chloride pHS.5). 100mg rHA is then loaded onto an equilibrated
2ml. Con A Sepharose column which is then washed (5 x 4mL) with Con A
equilibration buffer (100mM sodium acetate, 100mM sodium chloride, 1mM
magnesium chloride, lmM manganese chloride, ImM calcium chloride pHS5.5).
The column is eluted with 6ml. Con A elution buffer (100mM sodium acetate,
100mM sodium chloride, 0.5M methyl-a-D-mannopyranoside pHS.5).

Monomeric albumin in the Con A load idiluted to about 0.1mg.mL") and eluate
(assayed neat) are quantified by GP.HPLC using a 0-0.2mg.mL" rHA standard
curve and the Con A binding albumin monomer recovered in the eluate is expressed

as a percentage of the load.



10% E)' & () -
10% E)' & () -
y$: $1098& () -
" 10%@@& () - 10&10&10& y8' $109R& () -
y- Mb10%&8yO)ooadiirg : bU4
L $10%@AE () -
01: SLOUBG' () -
1"/ 2AvU4

9" $10%PER' () -

'9 SZ[x}eG 4 10%E)' & ()-
‘9 10%E)'&()- I[[:,4
yM10%&S&! () -

‘9

10% E)' & () -

10% E)' & () -

10% f)  $109R& ()- f @ $109R& () -

y6MB109&& () -
@ $10%@@& () -y 10%@@& () -
, 10%@@& ()-0(z| [
+1: $109%9& () - - 10%@ @ ()-Z pY&S10%@@& () -
S$10%BY8E ()-F #F 1098988 ()- 9 10%8Y8& () -

bU4

|100/<50/<s& () 10@/@0@/@0@/@ 7 $100/@/@ ()- 3f|[ vU4

@ $109R& ()- y109&& ()-3"kl m|obU4 Y
Y2 $1098& () -

J 10PGEGB)0/00257

f5: $10%@@& () -
Y&$10%@ @& { ) -

LF" $100/<50/<s& ()

() -
Batch 1 Batch 2 Batch 3 Batch 4 Batch 5

PBA |0.14| PBA [0.16| PBA |0.15| PBA [0.13| PBA [0.55
FT&W FT&W FT&W FT&W FT&W
SP-FF2 | 0.10 { SP-FF2 | 0.12 | SP-FF2 | 0.14 | SP-FF2 | 0.09 |-SP-FF2 | 0.32
FT&W FT&W FT&W FT&W FT&W

Final |0.10| Final ]0.11] Final }0.12| Final }0.07| Final |0.28
Product | _ | Product Product Product Product

Table 6: Clearance of conA-binding rHA through the process. Batches 1-4 are derived from a
pmtI mutant, whereas batch 5 is derived from a non-mutant strain. (FT & W = Flow Through
& Washings)

ConA-binding rHA was further analysed by electrospray mass spectrometry (Fig.
8) This indicated that, in addition to a reduction in the amount of conA-binding
rHA, the extent of modification of the conA-binding rH’A was reduced.

Analysis of Colour

The absorbance of a 5% (w/v) solution of the final product in a 1 cm cuvette was
measured at 350nm, 403nm and 500nm and calculated in terms of absorbances per
gram of albumin/litre per cm pathlength (le ABS.L.g'.cm™). The albumin of the

invention has the following values:

Wavelength Mean absorbance (n=4 batches)
(am) @.g'cm)

350 5.75x 103

403 1.7x10° ‘
500 0.4x10°
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Generally, the albumin of the invention does not exceed respective absorbances of 8.0
x 103, 3.0 x 102 and 0.75 x 107 at the said three wavelengths.
Assays of a number of commercially available HSA preparations revealed higher

absorbances at these wavelengths (see Table 7). -

SAMPLE Asso Ay Asoo
1 9.95 x 10° 4.10 x 10° 0.8 x 10°
2 9.25 x 10° 5.36 x 10° 1.1 x 10°
3 7.40 x 10° 3.26 x 10° 0.6 x 10°
4 7.20 x 103 3.60 x 10/‘3/-- 0.6 x 103
5 8.68 x 107 4.08 x 10° 0.8 x 10°
6 11.45 x 107 6.26 x 10° 1.2 x 10°
7 7.20 x 10° 3.70 x 10° - 0.8 x 10°
8 6.82 x 10° 4.78 x 10° 1.8 x 10°

Table 7: Absorbance (L.g*.cm™) of prior art HSA preparations

Endotoxin

A solution of drug product is assayed using Limulus amoebocyte lygate by kinetic
turbidimetric measurement at 340nm, at a temperature of 36.5 - 37.5°C using an
automatic endotoxin detection system (eg LAL 5000E). A standard curve is

constructed from kmown concentrations of a standard endotoxin preparation,
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negative controls and test material solution spiked with a known quantity of standard
endotoxin are also included in the assay. The change in turbidity of the reaction
mixture is measured over time and a log-log regression. Any endotoxin in the drug
prc;duct is quantified _:Zlgainst the standard curve and recovery of the endotoxin spike

is confirmed. No endotoxin was detected.

Free Thiol

Ellman’s Reagent, 5,5' - Dithiobis - (2-Nitrobenzoate) (DTNB) is a specific means

of detecting free sulfydryl groups such as cys-SH (Cys-residue 34 in the case of

rHA). The reaction releases the 5 thio-2-nitrobenzoate ion TNB?* which has an
absorption maximum at 412nm. By measuring the increase in absorbance at 412nm

and dividing by the molar extinction coefficient of the TNB* ijon at 412nm, the free

.
s

-h $
-h $
“RW fk_?)h $10% $109&& ()-h $10%&& ()-h $109&& ()-h $10%&& ()-h
-h $10%&& ()-klsx}|\<?)h $10% $10%&& ()-h $109&& ()-h $10%&& ()

sulfydryl content of rHA can be calculated. /
Sample mol.mol!
A 0.82
B 0.77
C 0.77
D 0.85
E 0.90

-h
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CLAIMS

A process for producing recombinant albumin, the process comprising
culturing a fungal cell expressing a recombinant alﬁumin coding sequence and
obtaining the albumin, wherein the cell has a genetic modification which
causes the cell to have at least a reduced capacity of mamiosylation of the
recombinantly-expressed albumin and wherein the culture medium is at least

1,000L and is of pHS5. 3-6.8.

A process according to Claim 1 wherein said modification(s) comprises any
suppression, substitution, deletion, addition, disruption and/or mutational
insertion.

/s
A process according to Claim 2 wherein said modification(s) are stably-

inherited and/or are non-reverting and/or are non-leaky.

A process according to any one of Claims 1 to 3 wherein said modification(s)
are located in a coding region of a gene or in a region involved in the

expression of a gene.

A process according to claim 4 wherein the gene is a PMT gene, preferably
PMTI.
A process according to any one of the preceding claims wherein the fungal cell

is cultured in a culture medium of at least 5,000L, preferably at least 7,500L.
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12. A process according to Claim 10 or 11 wherein the conductivity of the buffer
is 10-50mS.cm™, preferably 18-22mS.cm.
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14. A process according to any one of Claims 8 to!‘ 13 wherein the albumin is
loaded in less than 0.5 column volumes, more preferably in less than 0.35

column volumes. ~

15. A process according to any one of Claims 8 to 14 wherein the matrix

comprises immobilised boronic acid, preferably aminophenylboronic acid.

16. A process according to any one of Claims 8 to 15 wherein the purified
albumin solution is subjected to further purification using cation exchange
chromatography, to yield a cation exchange-purified albumin solution.

/

17. A process according to any one of Claims 8 to 16 wherein the purified

albumin solution is subjected to further purification using anion exchange

chromatography, to yield an anion exchange-purified albumin solution.

18. A process according to Claim 17 when dependent on any one of Claims 8 to
15 and wherein the anion exchange-purified albumin solution is subjected to
further purification using cation exchange chromatography, to yield a cation
exchange-purified albumin solution‘.

19. A process according to any one of Claims 8 to 18 wher;in the purified
albumin solution undergoes one or more of: buffer exchange; concentration;
dilution; dialysis; diafiltration; pH-adjustment; treatment .with a reducing

agent; decolouration treatment; heating; cooling; or conditioning.



