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1 PROCESS The present invention relates to a process
for purifying the protein human serum al’bum n (USA)
extracted fromserumor plasma, or reconbinant 5 hunan
al bumin (rHA) produced by transforming or transfecting
an organismw th a nucl eoti de codi ng sequence encodi ng
the am no acid sequence of human serum al bum n,

i ncl udi ng rHA produced usi transgeni c ani mal c or
plants. In this specificatiion, the term"al bum n"
refers generically to Qr t HA. 10 BACKGROUND OF
THE | NVENTI ON Al bum n i 2¥0 treat patients with

severe bums, shock or blood loss. It is also used to
suppl enent nedi a used for grow ng |igher eukaryodc

TRE IprésedN ihveRticts rélated @ Ri rdicessOfordpariffifig! @e! prutéiv human

active conmpounds, many of which need tio be stabilised.
sefumpelbumin ,(HSA) ¢xtraciéds from hserpmo oo cplasma; aor siecentbinant
al bum n extracted from human bl opd. Exanpl es of .
gt aloumim, (eHAD ngsﬂ\ncaa}hyn FREE-Qr tHalsTrReting (Ajicerganism
i scl e 0 2 . Sg 0 tion
wihcF aREEPbE coing’ Je@ieiel? Fattihs 3pé o Aekf gnce of
iifith SétufPabémen, Civchiting FELS ?r&ﬁuébﬁaﬁéiﬁl_g’trﬁﬂgém difttnhls or
and diafiltering. The production of r I'n
planss; clothisspecification, (e teri Sllnmmin”i refefs géseritallyaodHSA
EP 361 991. Purification techniques for rHA have been
anWertfAded in: WO 92/ 04367, renmoval of matrix-derived

dye; EP 464 590, renoval of 25 yeast-derived
col orants; EP 319 067, al kaline precipitation and

subsequent @R OQTNBfO INVENTIORPPI i C
phase; and WO—=96137515, 3 ever al
conpl ete purification processes. |a Oher approaches

to preparing highly pure albumn solutions are

Alhusiin ésusedita tieat paiicrts withhseveyebumss shack ontbleod lass.adkis
T O SO 58 B Bl Sl cels anc
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 72(8 on the use of a cation
exchanger; EP 428 758 on the use of anion exchange; and EP 452 753 on the

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 disclosed in:
WO 92/04367, removal of matrix-derived dye; EP 464 590, removal of
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. |



2 The present invention represents the result of

i ntensi ve devel opnent of the processes described in WO
96/ 37515 and that of US 5 728 553. SUMVARY OF THE

I NVENTI ON A first aspect of the present invention

provi des a eukaryotic expression vector which
conprises a reconbi nant al butan codi ng sequence
wherein the 3' end of the reconbinant al bum n codi ng
sequence conprises two or nore in-frame transl ation

d thr I n-fr . transl

D88 EBRSHGes; gp%%&ﬁé Juatty S8 bl ens e EbbioERa in
NORS/2380¢ anth VQ 82430947, Whichrretatentoi methodsefok progdading recombinant
%%dnﬁn%{/sé ?tldtn Q&%" of the present invention nmay

eas or ex e a yeast of the genus
Saccharonyces (eg S cerevisiae), the genus
Kl uyveromyces (eg K lactis) or the genus Pichia (eg P
pastoris)), filanmentous fungi (for exanple
Aspergillus), plants or plant cells, animls or aninmal
cells (which nmay be transgenic) or insect cells. The
first aspect of the present invention also provides a
process for purifying an al bum n sol ution obtai ned
fromthe reconbi nant eukaryotic cells, the process
conprising the step of subjecting a first al bumn
solution of pH8.0-9.5, and having a conductivity in
the range of 1 to 75nS.cm |, to an affinity
chr omat ogr aphy step which is run in negative node wth
respect to the albumn and which utilises an affinity
matri x conprising i mobilised di hydroxyboryl groups,
thereby obtaining a purified al bum n sol ution.
Preferably, the pl-1 of the first albumn solution is
pH8.0-9.0, and nore preferably pH3.3- pl-18.6. It is
preferred that the first albumn solution is buffered
with a buffer having a pHw thin the aforenenti oned pH
ranges. Preferably, the buffer conprises an am no acid
at a concentration of 10-500nmV preferably 25-200nV
and nore preferably 50-150mM Preferably the am no
acid is glycine. Preferably, the buffer conprises a
nonoval ent cation at a concentration of 0-500nV
preferably 25-200mM and nore preferably 50-150mM
Preferably, the nonoval ent cation is sodi um
preferably in the formof NaC . Accordingly, in a
preferred enbodi nent the buffer conprises NaCl at a
concentration of 0-500nmV] preferably 25-200mV and
nore preferably 50-150nM 3 Preferably, the buffer
conprises a divalent cation at a concentration of
5-250mV] preferably 10-100mM Preferably, the divalent
cation is calcium Preferably in the formof Cad 2.
Accordingly, in a preferred enbodinment the 5 . buffer
conprises Ca02 at a concentration of 5-250nV
preferably 10- 100nM In a particularly preferred
enbodi nent the first album n solution and/or buffer
conpri ses about 100mM gl yci ne, about 100nM NaCl and
about 10 50nmM CaCl2. Preferably, the conductivity of
the first al bumn solution and/or buffer is 10-
50nS.cmt and nore preferably 18-22n5.cmt. 15
Advant ageously, the concentration of the albumn in
the first albumn solution is in the range of
20-120qg. L4, preferably 70-120g. LI, and nore preferably
10010g. L4. Preferably, the albumin is |loaded in | ess
than 0.5 colum vol unmes, nore preferably in |ess than
0.35 colum vol unes. 20 Suitably, the matrix conprises
a boronic acid. The term"acid" as used herein
i ncludes the salts thereof. Advantageously, the
boronic acid is bonded via a ttiazine or a substituted
triazine, for exanple to form nonoborotriazine or
di borotriazine, to a support such as agarose.



25" 4 91-99, Singhal, RP. et al (1991) J. Chrom 543,
17-38 and Liu, X et al (1894) 687, 61-69. Suitably,
following the affinity chrOmatography step the
purified albumin 5 solution is subjected to farther

|. .
The preftishl b AbresfiiE HEL RNV of ichIS} LEvHRR BE 4R B Socsscs
describediim WiOe@b/855 15 gind aldt ofif USXT T2 §¥8. chr omat ogr aphy and/ or
ani on exchange chromat ography. The order of the cation
and ani on exchange steps can be inter-changed while
still perform SUMNMARY @OF THEJAIMENTION ect i ves. From
an 10 operational point of view, a better integrated
process i s cation exchange chronmat ography foll owed by
A first aspecinf ¢heqhresegeinbitivmgirogdegdyukaBticapressidieeqoerrwiiicle d
comprigts  THaETAARE BLEBII PO NESRINBRE LTl 35110 oF ihé recombinant
. . r . 0 .
o S e Bl (ot B gAY codons, and
preferalittland isframa tragpatefnestebéodons Alse proyidedtiea etlaayotjgtd2ll0
.Qr 114 0, and preferably to a pH |l ess than pH10.0);
Compn??%g@ﬁ[gﬁtpr'with a reduci ng agent (eg as described in EP
The recorBirdtoukariRfie oy HthOfrst hGREMGIthe pREenMitVenGNRMAP B Yeasts
heating (including sterilisation); cooling or
(for examplelp yeashphide gtausnidcahdromydasi(eplrenevétiad), the genus Kluyveromyces

dmnistrati op. 1o a hnnsa; . | acing int.o.a fin
(e K. 381 Bt ReBinis Prgh Ry BIARh], eRaeBS i e axpe
Aspergilinky, BMER Y plant B81RI Stifalsi 0? Aningdl REIK @ Say be transgenic) or insect
adm ni stration and i ntranuscul ar adm ni stration. The
cells. al bumin may function as an excipient for a
phar macol ogi cal ly active priitein, which 25 may be

adm ni stered parenterally. 5 o ]
The first aspect of the present invention also provides a process for purifying an albumin

solution obtained from the recombinant eukaryotic cells, the process comprising the step of
subjecting a first albumin solution of pH8.0-9.5, and having a conductivity in the range of 1
to 75mS.cm’, to an affinity chromato graphy step which is run in negative mode with respect
to the albumin and which utilises an affinity matrix comprising immobilised dihydroxyboryl

groups, thereby obtaining a purified albumin solution.

Preferably, the pH of the first albumin solution is pH8.0-9.0, and more preferably pH8.3-
pHS.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 10-500mM, 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 0-500mM,
preferably 25-200mM, and more preferably 50-150mM. 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 more preferably
50-150mM.
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bet wee he ani on, an ati on _exchan steps,, there i s
- In 4PN PRI, Sbod AbE, the: R AlhwIRiNG Salubom Andfay

A further enbodi nent of the first aspect of the
i nvention provides a process for purifying an al bum n
sol ution obtained fromthe reconbi nant eukaryotic
cells of the first aspect of the invention, the
process conprising cation exchange chromatography and
ani on exchange chronmat ography, wherein the thus
purified al bum n solution3optionally undergoes one or
nore of buffer exchange; concentration; dilution;
dialysis; diafiltration; pH adjustnent (preferably to
a pH greater than pH2.0 or pH4.0, and preferably to a
Preferdblygs the lmfferHeompiisesadddivatent ofatioad ut iangoagenttation of
decol ouration treatnent (eg with charcoal);_ heating
tragion

5-250pM, peefetably 4.0-1G0mM. oRyeferably,i thg divale isrmalgjum,
< b t furth i ficat] i ticul t.
bbbt B D A A, SRt B e

) buffgﬁco' & geréagfﬁ@i‘,g a?%‘%hﬁ?dtﬁtiﬂﬁe oﬁ%—b@ﬁnﬂé@é@é‘mﬂy 10-

y Step may tollow the anion nange ~ .
100mM.omat ogr aphy step, or vice versa. Preferably, the
cati on exchange chronmat ography step is foll owed by the
ani on exchange chromat ography step. Preferably,

bﬁi <SHeFE? i, FOUEE S0 8Bl 0B BoFd RF ot
5 Ca

1ich inproves the environnment or condition of
the album n for the next step of the process or for
final use. Conditioning can include the addition of an
al bumi n stabhiliser such_as gctanoate, and/ or other
I&e&@i#

¥, theiconducidvityel thedfirsg alburpin: splytjorsandfor Sufttesds dfr

- SouiEh pad e TRRRRRNE, RS ERE UL U0 o may

i nvol ve adj.usting the conductivity of the al bumn
solution. 6 The cation exchange step of these
Advanthgebushy tthe ebntdisration of the plbuminfin e fipst altannin solution

.invention ma n neqative or Hositive node. Wi th

is ity Bprmngoaf Zd20gdcmotersbls 19-L208.1 00 Samerepriery
100£Rlg £7, BEERERET,. b6 Pathmli Js 1RafiEE T s HReS 81 Rohapm,

volulid, ARré DRSRFAHLY B4 168 MEA. 38 cothuith W e Nds nore

strongly*to the’ cation exchange material than
non- gl ycosyl ated al bumi n. The cati on exchange
. chromat ography step of these enbodi nents of the first
Suitablpe the anatrixecompsisest 2 boronici acidnaThet teirins &acid™ as used

v RGeSt e KA, B rod it
via ST A4 38R ABRE s R b o

.. Or dim&h%?%%uﬁfpg%t%h a3Ulyathdel eﬁe?cﬁ%%?g% %r?gxﬁ acid

exchangers. Preférably, the albumn so

-is amindphemydboroaic acidexchange chromat ogr aphy 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 bumn

Pub{iibs Han iy HEESARE i ey ROt Sichom alipbatio and
subskbndd icepar i sy ithade, AHahll; y''er gL CRBYI Chrgm, 625,

whi ch under goes cation exchange chromat ography has an
octanoate ion concentration of 2-15nmM preferably
5-10mM and nore preferably 6-9nM Conveniently, prior
to the cation exchange step, the al bum n sol ution
under goes one or nore of the follow ng processes: (i)
pH adjustnent 7 (preferably to a pH greater than
pH2. 0 or pH4.0, and preferably to a pH |l ess than
pH10.0); (ii) concentration; (iii) diafiltration; or
(iv) conditioning by addition of a stabiliser such as

L~~~ A P~
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General ly, any nodification involves additions, not
renovals. Preferably, the pH of the al bum-n solution
is adjusted by the addition of acetic acid.
Preferably, the albumn solution is concentrated by
ultrafiltration. The ani on exchange chromat ography
step of these enbodi nentsdof the first aspect of the
present invention may utilise a comrercial anion

91-8% cSinghs, RPt it d U1B9Hs JQFrphaiSd3¢-17F38 @ud- BieKoseét al
DEAE- Spher odex, Q Hyper D, DEAE-cel | ul ose,

(19M)687c61i%se, or TMAE, DMAE, or DEAE Fract ogel .
Preferably, the anion exchange step utilises a matrix
whi ch conprises i nmobilised dial kyl am noal kyl (for

~Sui:g§@rmfoﬁo@hﬁ Ity a?ﬁﬁgffgpg@rx%@ggﬁuggl ‘%}L tihﬁmﬂﬁaﬁ albumin

hangers.® I'n” one e ani on

solutivhhaige sabjeo@dt ogy apfarthe epp@fifitiRAe ©PRERTdBIPt S figther

the first aspect of the present invention is run in

chromafogiaphiopurifivation. r cByeferably, thceaivmini iz f@rthér papified

t he album n sol ution which ungergoes negati,ve node

using,; SRUORchSRERANEE | o FRFOSAQENIIPIY o s AR/ ofanjom. 5 exchange
curfRAPePiRRly Bhe irdirb Bl Suston’ g, AR KEsATee sons pamibe

. , . . g g
mte ggﬁfeggﬁ%t%ﬁe%ﬁg} | %ss t ﬁan 4. O%. §b ,Q%Ed nor ela‘1
operutivhal point of eiewjuatbetier yintégrated] Préoess s dativid exchange
nore preferably 1.050.1nS.cml Conveniently, prior to
chramatograpby fellewiechby apioprexchargachromatograpbyi on
under goes pH adjustnment and/or dilution with water.
Preferably, the pH of the al bumin solution is adjusted

Suichl B Baified Vet bR BodicPl BEEGERE 8 the Bibedsd ot

' the FiFRoapEenbs (R prdtenf invelatiah Nelergdes)Bie WreapdRE of: buffer

invention is run in positive node with respect t.o-the

exchdngeni conc8ofratidn;y dilation bdialysis; oldisfiltration; c pHadjusgoesnt
0sjlive de aniqgn e nge r omat ogr gphy. has a
(prelisrablytora pf &P@F@ﬁ@mﬁ%&%ﬁéﬁw gr,e?‘ﬁwﬁbyga a i dess
reabl . : refe I s al o

tharf BEIBIGYY balindll ity Eoching fectf (°4f Belerildl il o 570

}-0 Jarfih de%ﬂbﬂv'nagguédyn-al ' includi
9162:’0%%% rati onptit;ﬁtiﬁteg?lg g. L?ql, nor e pr’efleg&lshglé)l y %c_lu ne
sterilidation); acoblimgst opr edorditiuning}0- dogmulationPr ¢6er gdrenteral

the conductivity of the albumn solutjon is
adminigtration; o & human;pi-placiag|ipto a final cemtainer.l. Suitably,

the albumin is eluted fromthe ani on exchanger with a
buffer conprising 20-90mM preferably 30-70nmlvl and

fe - 065 ofy; 0 ] ci Y
By cpaépdl Chfntnterition "W “indufis> RGeSl faafiranch,
subdiitarfions QdnfifistFaiote add imParAi SARI fdministaforl U I THRE affumin
016.0-8.0, preferably pH6.5-7.5. It is particularly
mayp fufctionex$ arh axcipieat o a eplmrmacoblogicatly actived prateirs which
the fipst aspect of the present invention are preceded
may,e adrainistered parenteralg. £ ol | owi ng steps: fernentation;
primary separation; centrate conditioning; cation
exchange chromat ogr aphy, preferably using sul fopropyl

A “BUaECauiBe: o o SR TeaSKs U BATAGcRilel Anfl S MifiEted to
custoniesd suchodtifospiiald ah@ pheptedviegers; or affinity _
chr omat ogr aphy, preferably using an affinity matrix
whi ch conprises an i nmmobilised al bum n-specific dye,
preferably a C bacron Blue type of dye. In a preferred
enbodi nent of the present invention a process for
purifying albumn is provided which conprises the
foll ow ng steps:

OR




(a) subjecting an al bum n solution obtained fromthe
reconbi nant eukaryotic cells of the first aspect of
the invention to a cation sxchange chr omat ogr aphy step
run in positive node with respect to the albumn; (b)
col l ecting an al bum n-contai ning cation exchange
eluate; (c) subjecting the cation exchange eluate to

A furth& 'erﬁ%&xﬁeﬁmﬁ@ %%st%@ﬁ&%? ﬁﬁrlﬁ%ﬂﬁoﬁtpﬁ@wﬂéﬁna bec@é%%% bﬁﬁfymg
node with respect to the al bum n; ectin

an albuglit setution obtaiedi frgn dhg mombmaahg.é(aemnmc@ﬂs of el)e ﬁrst aspect of

t he amonechaneel ateto
the invegiph, 1Bt BRPatsA R ROT Reousa e nodebly fid plbp frghaee
chroma ath9 whérer the this pa@fiddsibluneh §d‘luﬁd>rb5 idirafl9 Rindérizb&done or
finity chromat ogr aphy el uat e; subj ecti n t he
more 0§fbﬂ1ffﬁr eychangeneensentsasion; alilutions’ dlelyaﬁ, f&ﬁlmﬁtw, pH- adJustment

et QTIRSAER 3] 502 08510 SR st B LR i Dot BR3P0
addltlolgbﬁlﬁﬁﬁaﬁg lagaiteﬁecﬁ)gzlm‘aﬁﬁly&@hﬁéhté(b@ withnchafsdab| heating (including
ycoproteins); 5(h) collecting the al bum n-contai ni ng

sterilisa fm) GPelings BF sPRAIERHAD Hyt ﬂpfomrtbﬁrrmgiwﬁ%)lg peiticelar pgt further
t
chromel e PP AR o Bl e Se""m‘ié‘e' Wi th
respect to the al bumi n; 10(j)collecting the

albumn co alnlng cation e aneflowt
The catignsxepang LOETPHEABAY K ARy 3Gt taidgraphy

X C
step, or%egﬂ:gsr% gmgo& tﬁl ye mﬁggﬁérp%?%gé cé%@?%tggﬁﬁw stef %fom‘%ed by the
anion exthogd chromatographpgtept d4 exchange fl ow t hrough 15
wherei n the ani on exchange step is run in negative
nmode; or eluting fromthe anion exchange matrix an
Preferall})] BEAwREE BRNAR0L laH&tcﬁtldW%E&lhﬁ’get §6ps2 MR i X6 TS puti®Ration

i§ run in positive node;
step, although the albumin may be subJected to buffer exchange etc. as noted above.

By conditioning, we mean any non-purifying handling step which improves the
environment or condition of the albumin 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 Cy fatty 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.




and wherein any of the respective purification steps
are optionally preceded 20 or foll owed by one or nore
of : buffer exchange; conceéntration; dilution;

di al ysis; diafdtration; pH adjustnment (preferably to a
pH greater than 012.0 or pFM 0, and preferably to a pH

he o B B Sh O e B0 385 i
may be(ﬂuﬂcﬂnuﬁiégaﬁvéto? r}idsitﬁ/@trh&!&) withORkpeY ito Ahe GRFMHih] ﬁﬂ'an&eferred

1 -adjustment; treatnent with a reducing agent,
embodlrderaidh@ gatmnu exahange stepes run inceegpiivs meé@WnthgeSp@iat to the albumin.

cond n| n ‘g\f} quvﬁlcsen anﬁv? ﬁ%%sgﬂatéa ﬂ,ggﬁlgetgf Eb m\/\gllnfls Jgore

Advantalgs
stronglyftb @ivé éaﬁbﬁ? @ﬂéhangélnﬁ&ﬁhhﬂﬂﬁn a6 %@bé@%t&ﬂﬁ@dﬂnﬁﬁ nt of the
present invention a process purifying albumn is

provi ded V\,hl ch conprises the follow ng steps: (a)
. L0
he oS4 KOS AL LSRR AR TN g of
present tdwenﬂum/may quhsé 8 cameidr¢igdincatisg RACGAgE hradmm s a‘trﬂB’-SsﬂIﬁmse
un in_positive node_wth %;eeilieect to the al bum n;

(b)
FF, SP&ﬂhF@Etl feMaPePRRIoSE FE-c 6 €.c At G?lﬁész%&ﬁgé Spheradex.
ugt.e Cc n 2055
Preferab?% 'Ea}%l gar%m(%lxc han g%@%ﬁe?o?r%%%gré;p %/tﬂgt‘ggﬁgun [ nr%rlg%glhl?ﬁ/bghsed
sulfopropgbsubstitiibnts eseationh ekchangersal bunin;  (d) coll ecting an
al bum n-cont ai g ani on exchange eluate; (e)
subj ecting the ani on exchange eluate to an affinity

Preferatﬁ? rtﬁ@%Ib%ﬁﬁﬁ‘@BMn@ﬁ %\Fluéﬁiﬁndei’go‘ég%hﬁéry @xdl'iﬁﬁ’g*e WrbfAatoBMPRE thas a
he al bum n; (f) collecting an al bum n-cont ai ni ng

pH of 4éf6 O JTO1Y pc&fcnahhftmiﬁ ap hy-%b,eat et more) prefetybly e pHep kS 4.
affinity chromatography eluate to an affinity
chromat ography step run in negative node with respect

Preferatl® thé &lbamdd1GtiANWhidh uddeigbés/Eatidh @RchnE® chids@spragh§ has an
g ycoconjugates h) collecting the

albuming [copesntradent ofi dpr?gi(ogflf i npreferaly oA%f/BgLaphands Iegwe  preferably
50+10g AT OUgh:

Preferably, the albumin solution which undergoes cation exchange chromatography has an

octanoate ion concentration of 2-15mM, preferably 5-10mM, and more preferably 6-9mM.

Conveniently, prior to the cation exchange step, the alburnin solution undergoes one or

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




12 (i) subjecting the affinity matrix flow through to
an ani on exchange chronmat ography step run in negative
or positive node with resp?ct to the al bumn; (j)
col l ecting the al bum n-contai ning ani ont' exchange

(preferaiy fhaopl Sl prce O of FATE R0 BiFIEREY Ik BH BsechahB10.0) G
concent?@ont (i PliaRMa88n L NARBRAIGLMAL By WHETiBh Bf h S@bAREQMCh as

exchange step is run’in positrve node;, (k) subjecting
octanoatdhandadrmniingr fattodaid,isuch pua Coioe €10 fattyharid or spdiemcicatyy e

hr omat ogr tep..ta a cat.ion exchange . .
tryptopfiatafi iR Ba AR AUeERY Sy oy aihthaal e inin sehytion undergoes
one or MERRTFCuF® ekERndd; IIRRiBH; diAly6S) disMiirk#ieh; tR8tment with a reducing

al bum n-contai ning cati on exchange flom1thro%%g; and
8

agent; dghelpuiation frgatatent (¢g witsghareoal)ehgstingf Goohing;on condipgniage
optionally preceded or foll owed by one or nore of
buf f er exchange(' concentration; dilution; 15 dialysis;

Generally, ahly Iniddafida€ibn imidlved]adgitioBs) hof Rhivels abreferitdy ah@pH of the

_greater_ than p%lZ.O or pH4.0, and preferably to a pH . .
albumin galutioris adjysted byyhe additignrfiaceti agid. £'referabliu dherplbupigrselution is
concenffREPPURARIAMLr et Tent (eg wi th charcoal); heating

I'nc Ing sterilisation); cooling; or conditioning.

20 Accordingly, the purification steps may or nay not

Jbe separated by one or re of: buffer change;

The anigp fr g liramatograply istsh.of drege grabedimgrizraf t4q 4T Gipoct of the

present gxg:egﬁgﬁ‘uﬁfra h Afise 4 EGAMERTH aﬂ%ﬁ@x&&ggﬁﬁﬁ@sxﬁﬁ%g? Sepharose-FF,

Ion treatment; eat1 ng, cool i ng;

QMA-Sphauisilj DRAReSphefodex s dyplet I, DA celtuboseh@ABesiliulose, or TMAE,

no tion e a St of the inventign, the . .
DMAE IR FeTod8] JHEIHL o o et gy uiles & M ppich
compri$el SmRobAKERERIKyParRdIARy I (A& e%ﬁﬁ;ife‘liiélh laRfdoethyl) substituents as

concentration 6f fromabout 1-10 ni Mand thé pHis

anion exeljangered t o about 4.0-5.0. 13 Advantageously, the
al bumn retained in the positive cation exchange step
is washed with a high salt solution (eg 0.5-3.0M NaCl
In one prefet@d efhbadintiiBile ahforfexehanipe @hRn#RdHapy sidpOss thédd ebddiments
I%r/tvl!gjt h 10-100mM pr ef er abl yax%g 40nmMV %‘ol?{yex_anpl e 25-30mV
of the fisgidaspactad Shepregenbisventionyis rpyindiegetae medeyish saspect tq te
albumhglbumn is eluted in the cation exchange step using a
juf f er containing a conmpound having a specific
affinity for albumn, especially an acid, for exanple
oct anoate .or another fatty acid, -for exanple or
Preferally) the glpumin sqlutiomwhighyipdeigogssnegpiiyegofs aioR REChangoNn

£ : ¢ .
cvomsFFRRISE s pBlof 65 ks AL KRR, HEg Vil
preferalyefpdt afn.§-450- 200mM  f or exanpl e 80-150mM\V) of a boric

acid salt, for exanple sodium or potassium
tetraborate




Preferably, the positive node affinity chromatography

step uses a resin conprising an i mobilised

al bumi n-speci fic dye, suchH as a Ci bacron Blue type of

dye, preferably imobilised on the resin via a spacer
Preferabdy; ¢he aburhindsodiitzomi wiublu tiadeegaes aniootekelrangp elrematfgraphy$as a

conduc 5 2 b TS5 ol PR OGRS P s
mdyetfgifég&?éﬁﬂbﬁlymbﬁo.ﬁﬁs&{rﬁl is the "Delta Blue Matrix"

prepared as described in W 96/ 37515. The first
aspect of the present invention may al so nmake use of a

Convenpr@f]e%srtoo oh elolu%iX thet I etéela11 of .nioi e(; ions in ﬁn
SPOVBEST SoE AIGH SxPFra s pisk-dhe 2B Ty wilkiaest PHg
adjustméhi@ndlobdilitionseithiivan Rréfetabbf1tief pI2 oBthe@lblndin seluebe iseddjvsted
] 2.5-6.0, and renoving nickel ions. Preferably, the
with aceficlagii n sol ution is subjected to a pH of 4.0 to 14
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
In anothpr grefer@ileynbodinpdnd tHe dnfordextharige @hhadod gt aptysteppsfitiesss
.conprjses diafiltration against a buffer of pH2.5-6.0,
embOdHB?m%\@g&‘ﬁ st 3sneGt ‘Pé‘ﬁe RERSPIHAENHPR {§ TR ihPRHEVegRo¢e,with respect
to the alBhRisemeNt i oned pH ranges. Alternatively, nickel
renoval can be achi eved using gel perneation
chromat ography with a buffer having a pH within one of

. t he above-listed pH ranges. Gel per.neation
suitablysh ARG L Wagh BeOBEeT apvade TOORGUSaNTERSs 5200
chromatbBapity Bis8f sHPb¥ 6.0L8)6, petetadly &?H'Wf 637 5 flyRE Mo GreRiably a
nmal at'e ions. Alternatively, there is sufficient
pH of 6.86 7 @ Prederatlpatbe elpumin solutidrubdsibeempHehidinstedtusimngithaplbosphate
performdiafiltration/gel permeation chromatography
with water. The nickel ions can alternatively be

chel ated and renoved fromthe al bumn. This can be
achi eved using a chelating agent such as i m nodiacetic

In one pegferaed emisimen dbe dhusiperacenseationisel (i @Q@L'gépm peeferably 25-
1 P i 1 . i .
sos ", ERELTRGhBlrtly 39S0DE PRRKING, UGS 15 B gy Fihon
5

is 1.0-2.0m8enpt, pfferablyyl . pHImS oo’ 4. Preferably, when the
product fromthe process of reducing the |evel of
nickel ions is subjected imMmediately to negative
. | 0 r .
Suitably? i s ARG SR MEALRY AOhebr i 0 BUB LGB0 o0mb
preferabGo30+20rab! gnd mverpréfembhy 3 aShM otmphdsphqricacabsmltofor example
. reducing the. | evel of nickel ions is not subjected
“ﬁnﬂanﬁﬁﬂﬁﬁgg? “@g“ﬂgbative ani on exchange chronat ogr aphy
it is preferred that the al bumn solution is subjected
to a pHof 4.3- 4.9. 15 In a preferred enbodi nent of
the first aspect of the present invention the initial
al bumin solution is derived froma fungal culture
medi um obt ai ned by culturing a fungus transfornmed with
a eukaryotic expression vector of the first aspect of
the invention in a fernentati on nedium whereby said
fungus expresses al bum n and secretes it into the
medi um The fungus may be a filanmentous fungus such as
an Aspergillus species. Preferably, the fungus is a
yeast. More preferably the fungus is of the genus
Saccharonyces (eg Saccharomyces cerevisiae), the genus
Kl uyver omyces (eg Kl uyveronyces |lactis) or the genus
Pichia (eg Pichia pastoris). A further enbodi nent of
the first aspect of the present invention provides an
al bum n sol uti on obtainable by a process according to
the first aspect of the present invention. Preferably,
the al bumi n sol ution conprises reconbi nant al bum n
whi ch exhibits one or nore of the follow ng
properties: (1) less than 0.5% (ww binds to
Concanavalin A, preferably | ess than 0.2%or 0.15%
(2) a glycation |level of less than 0.6 noles hexose /

~ A o~ P —

ions.




may be ultrafiltered through an ultrafiltration

menbrane to obtain an ultrafiltration retentate having

an al bum n concentration oB at | east about 10g,

preferably at |east 40g or”“nore preferably about 80g,

albumn per litre, with the ultrafiltration retentate

being diafiltered against at least 5 retentate
albumireBhiéd £8MShOhni¥RELEhanger Wik DBRFETIIQHIETRB 0, ettty pH6.5-7.5.

first aspect of the present 1nvention provides a

process for produci ng reconbi nant al bum n, the process

i R L PSR CEUREEERET, e o
present #BRAGIN & priRdEdHEHId SHmSRGIAR BLBWIHE stdpR: Rbhbithiion; primary

Wherein the cell 'has a genetic nodification which
separatigh) geatateifendiipningcatian exeltange gyomatogeaphiy cpretenghdy: hsipg of

i.on t ecombi.nant l,y- d_al buri
sutfopr JRESREEhls %7 slonl A B R A IRk B PR B g Moy
using diethytimipddiRylGubstiuentslds dniort &chAmRA; 0faffinitl RErdifSEAdhy,
invention, genetic nodification preferably neans a%%
preferably yping a8 pEintysnasiivriieh epmprises an ipmobilisedi@lbemshsnseitisriye,
preferaﬁgaraﬁ&r&?ﬁ t e@ifd . fragm_sn_t Of. the fungal cell . DINA
sequences. Such genetic nodifications may be obtai ned
invitro (directly on isolated DNA) or in situ, 5 for
xanpl geneti c engi neerjng techniques_ar b .
na Pregsrﬁ%%@t PE g Ao Bl Fuention A RIaGsEh [ PHEEHRG albumin i

ProvideW%&ﬁ@@%?ﬁfeg‘oﬁWﬂng@Fe;é or exanpl e physical agents

suc nergetic ray rays, y-rays, W, etc.) or
chem cal agents capable of reacting with different

o 5 e S 0 e o
aspect FIRMnFentRinGo a@BAGH &xchdfsd EbihAteglabRy §e15fﬁih| alpoeitive (rjnode with

obt ai ned by genetic disruption, for  exanpl e according
respect taothe abbuminchod di scl osed by Rothstein a al. [Meth

Enzynol ., 194 991 81-3011. According to this
(b) Con‘?ﬁ?t‘légﬁ ,albblg}’?'céﬁ]ﬂalél!‘ g ‘Zf%o eé%ﬁ‘gg? 'gol.uptg pl aced, through
(c) subjbaiiR|tRgedton R EITRE BRheQD an AMioAlkxtihnge bmnmwgéép}@d;teg run in
__version. Cenetic nodifications can al so be obtained by
positivegagdawiith resperiito thesdhumish on DNA | S sequences, such as

; , | S wn that certain
(d) couérrctrt)@ggﬁ %got%‘ﬂ-grﬁ_sc gé}g'lgﬁéga%n?%g?%#l%n eteall "’?‘g’ns can be reversed
(e) subjedtingtthemian etchaigecetliatt k@sin afEi@ia ch®RitoghesHy step run in positive

ggdifications may not provide the nost useful forns of
mode withdespeeldo thgalbymizg| | s of this invention since their 20

' . (A st abl e.

() cont g R g% Bl Bl ol AR o o Alon BB Y BRlcE T
nodi fication(s) are stably inherited and/or are
non-reverting and/ or are non-leaky. Such
nodi fication(s) are generally obtained by a del etionor
a gene disruption. 25 By a "leaky nutant" and
grammati cal variants thereof, we include nutants that
result froma partial rather than a conplete
inactivatim of the wild-type function. 18 The
genetic nodification(s) carried by the fungal cells of
the invention nmay be located in a coding region of the
DNA sequences of the cell and/or in a region affecting
the expression of a gene. Mre particularly, said
nodi fication(s) will generally affect the coding
region or the region 5 responsible for or involved in
t he expression of one or nore genes whose expression
products are enzynes involved in nannosyl ati on.
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The reduced capacity of the fungal cells of the

i nvention to mannosyl ate proteins may therefore result
fromthe production of inactive enzynmes due to 10
structural and/or conformational changes, fromthe
production of enzynes having altered biologica
properties, fromthe absence of production of said
enzymes, or fromthe producﬂﬂbn of said enzynes at | ow
| evel s, The_ fun cel | _mannosyl ati on pat hway i nvol ves

gal
ﬁt Ej ac(ﬂDantS“bJe‘{En?i thet a?@‘ﬁgﬁﬁh@?ﬁ%@ﬁiu@“_ﬂktﬂ@e_ag aﬂfinity
ydroxyl grou ser and/ ar reonyl amng acids, o
pr ot ei ns gﬁh‘%‘g‘ﬁ{‘)’ﬁ?@g‘yy%{ﬁ% TER SR ‘t%%&t%ﬂ@? BW& gespect o the
O-li nked djipmmARd iz Anod e :
addi tion %‘bmnngglﬂﬁ%es. ﬁvé@i r na‘\ﬁﬂ%]&(ﬁconjugates
resi due i Yglycosylired ashmiincandder glybopromiigphosphat e

mannose (Dol P-Man) to the protein in the endl oplasmc

ret kulim coligcting thedatbumingpnaining affinity chremdtopsapine flow
transferreg frggfn GPD-Man in the golgi. In a preferred
enbodi nent he invention, the nodified fungal cells

C hos L85 D SubRelBE the Gt tbmlodanh! ity HiBpBE I8 2 gption
of a mMannQ¥hariges icAHSNABgFaPpRY hytég)owh f \C/iggalﬁge tzﬁxgde with

seryl or threonyl am no aci ds. 9 1nv
transf er aespecthtonthesatbumingi due fromt he Dol - P- Man

precugsor to the hydroxyl group, of sexy! or threonyl
ani no{l)aci c@?le@ma the albumin-containing cation axchange dow tXl\rough;

e R e e
PA i s i PYe)
R e

ref erence, cerevis
defi ci ent mode)- marmsyl ation activity. A S. cerevisiae

cell Cﬁfi cient in O-mannosylatjon actiyvity was
prepaddked Ispligeting ﬁxesﬂbﬁmyﬁ?mam@m@ exchange ftowrtheough

Scre e et B e S3bEHEB B B i B o

P116.95) Qiudlfy Fdth "B anion exchange matrix an anion exchange

eluate wherein the anion exchange step is run in positive mode;

and wherein any of the respective purification steps are optionally preceded
or followed by one or more of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustmpnt (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; decolouration treatment (eg with charcoal); heating (including
steriliséﬁon); 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-



medi a + Ade, + Len (about pH4.75, declining with yeast
growm h). Unexpectedly, we have found that the pHs of
the growh nedia used in 94104687 are not opti mal
for the large scale culture of P347" nutants to
) roduce secreted al bum n. !% ave. found t hat a anﬁp )
-adjustijent; WeatgentyYiilsa sedugineagent; decglopetion;tepatmenty hsafigesspoting or
&ﬁﬁé cell integrity during |arge scale fermentation.
conditi addition to nodifications in a gene involved in the
attachnent of nannosyl resi dues to the hydroxyl group
of ser. ar .dueon am,no acids, fu cel,l's t he
When afysieRc o e Seave. 005 Forfumit.at #HES S0t s well s
flow thiodgRl ved in 20 subsequent additions of mainosyl
residues |leading to di- or oligosaccharides, or in the
syntheS|s of the mannosyl residues donor (DoI-P Nhn)
has,.a gener gbnndl |on

f f
tn anotige SteikA8 dpnddiieh FRe ESook i RRidh SFRERS ol R E UM s

provide@ i &ts sdr@tises tHe following@teps: RC gene. A gene which 25
af fects the expression o a PAST gene may, for

exanpl e, affect nRNA transcript |evels or PMI' pr oduct

(a) subJe&Yng Al alblﬁ'gln-g%ﬁmoﬂ %g?all e(aqi' m ﬁfe ik Gr‘nﬁih ctce?l on H’l% first

ent 1 nvention can osen 1rom ous Tun

aspect (ﬁhﬂe ineamich to Rreatied a;bdhymgd dflﬁomedog&ph_f/ ﬁey &&SinSpOSftﬂ'E: mode w1th
exanpl e a yeast of the genus Saccharomyces (eg S.
“ﬁP““8%W@@ﬂ§WH€) the mitts Miyveronyces (eg K. lactis) or

(b) COll%(Rﬁ‘iégiﬁ%ﬁJIth%hﬁuﬁ ceﬁ’ron%ﬁt?ﬁa‘ﬁ én]})xates Preferably, the

expressing the re I nant al bumi n codi ng

(c) subjsetingethe eatiom exchange ethatentoan i oniexehangd ichronaito grapHyesteqt run in

" 5,080 L, nore gref? ably at least 7,500 L
positive mode with respect t bumin;
(d) collecting an albumin-contaimng anion exchange eluate;
(e) subjecting the anion exchange eluate to an affinity chromatography step run in positive
mode with respect to the albumin;
(f) collecting an albumin-containing affinity chromatography eluate;
(g) 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;

(h) collecting the albumin-containing affinity chromatography flow through;
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10 Preferably, the fungal cell expressing the

reconbi nant al bum n codi ng sequence is cultured in a
culture nmediumwhich is maintained in the range of of
pl16.2-6.7, nore preferably pll6.3-6.5. Preferably,

the pH of the culture nediumis maintained using a pH
controller set at a pH between pl16.3 and pH6. 5,
preferably at a pH betweenl®.35 and 6. 454nd nore
preferably at 15 about pH6.4. Preferably, the pH

con(i) ol | subjecsingathe adfinieyl nvittikiffovd dOugh t6 ahtanibh uxéliaﬂ|g_le
of any pH value wi thin any one of the afornmentioned pl
ranges oehramarographyGtep oniin megative oropositive. mode rwith
an alter nativg@ﬁmg&%i ment, the fungal cell is cultured
in a cul [EPEFLIRRUROYBMhi ch is maintained in the

5000 A By PO i ot G
control gAbrePithé anforbexviempe i$Quang Rédftie. mode; or
preferably between p05.45 and pl115.55, and preferably

t he | oweelutingt from Jmiomt exchangeo onateixs afi0anidh Exchange
pr esent i@ent' on, provi ges pr.ocesses .for the

pr epar at £ tedvﬂmwbe amion exchange sieR;is ran iR pasitivemedes
chapact e | L Dy I |.ok
Theter PG TR e AERE Yot SRk B R A bicmnee
whi ch cog M ra @RGP | hPSRhtd
col orant l\%héiﬁ%ﬁfgarl segw rF%n?t he g‘f’hgrﬁégm sm tsdggarpﬁgsstep_
yeast, whirin fiegativehade with respect wcthelalinanin;al buni n,
whereas a dye is a colgrant which arises from
chr Ghat otpligeting the albymin-containing catiom pxchange fiove through;
highly purified albumn is also characterised by
extrenely low |l evels of, or by being essentially free
¢ ) holl € :
and whedbit Ay BfMthd gﬁ%ﬁétgge Phﬁﬁé&dano uf’? hg‘? opfiBnAty phéceded

uman protel ns, nmmuno

or HoHewetll| by conei or anorev af cbufférr axchirnges’ conedntrationg dilution;

.glycopratein, haenpgl obin and blood clotting factors,
diafiysts: ligBltrasion; BELAAIYSIMO (BERTembly touRimH groaiar 0gR BH2.0
a 0 Lyners, endgt oxi Wirubin, . ha. -
or HHEHVHET aberebt LR pf 18l Ry o); clraligpne W' 2
ediSh Uget hon Feamt : é@m. I
T al bum%ﬂé’fdﬁcﬁre&iﬁ%%%}]ti on er#rg leg\eahgf‘aﬁgast ’&&gp/og (ﬁ:ckf&lil%
sterifisation); cocling; dr wenditionjugef er abl y essentially 100%
nmononeric and dineric. Up to 0.5% preferably 0.2%
trimer is tolerable but larger forns of albumn are

energl |y absept..|t be further aracterised b
Ay, S DiABRstion FBS P of s ool DR fepaied B 0 or
h Q¥Chuffe Xo) san e d r
mdgéf.%g *Bum n?*%&g#g’cgﬁcﬁ&?g%dé | gsfléﬁ ?ﬁ%h 8 g?ﬁﬁo& pitl
adjnstefentnbirgatineis Wwithn 20 reQuci@gOdpert! Qedtlowiion treatment;
hexose/nol e protein as nmeasured in the Amadori product
heatings gooling; ontcondjtioning. honbgeneous, G terminus; a

content of conA-binding al bumn of less than 0.5%
(Ww), preferably less than 0.2%or 0.15% a free

j C t . Of .| east, O ml £. SH ol e ot.ei n:.
Prefialy, BOC T 0 iy Risas coiy Refiatd e Y8 Fichuipn.
theOBthunith Sofitiol i SindifaAdd 98- Sbve DY PHETEABLy.Ofhd Botanoate is

protein in the albumn preparations purified by the
addedothesstodb 4 firali coneentration ©f Frdmimbout SlChmNghidythepld is
albumn is |less likely to cause adverse side effects.
admmabgﬁ‘f-pé:#oaccor ding to the invention wll
generally be totally free of serumderived
contami nants, since none are present in the starting
material. In accordance with the present invention,
hi ghly pure albumn is obtained froman inpure al bumn
sol ution. The process conprises one or nore of the
following steps: culturing in a fernentation nmedi um a
reconbi nant eukaryotic mcro-organismtransforned wth
a eukaryotic expression vector encoding the amno acid

O




23 In Stances where the albumn is purified from
non-pl asma sources, prior art _purification processes
lead to a relatively high l®vel of nickel ions.

Al bumin is known to have high affinity binding sites
for copper, nickel and zinc ions at 5 the N-term nus

a6, Bl 50 o ROPEFEUERb e PBn PP B Al witn o
high salt$@HitioA (e£0513.OMIN AT baffdfcarat PHB isftb A, Emferamlyw Bbdut pH 4.0,
as a

. (gurifie according to this invention ] )
with 1G5{,90spMs pw&ryblb/@ﬁr‘&)@d\éx fop examplR 2F-30814 sodipmmcstatalibatprobeing
dfollomﬁng any of the procedures of the present

‘invention the al bumin solution nmay undergo buffer

exchange, concentration, dilution, heating (including

terilisatiagn), cqoling .or nmay have salts_etc. added
Preferag

b, theealbmpings Fluted|in thegation PEHiangs ster eyings hnierecontaining a
compo BT PR R AR TR RiseP PR iy cxealpeiopgete o

anotheafyeipiacidy fot Bxample (hdeCyp a decol ourati on step. The
final product may be fornulated to give it added
stability and may be formulated according to its
Suitably¥he Afbethit s dlbtbd frofGthe Bnﬂﬁ)éx&%.fng&,r Sttha 8 ahfoh exchange step,

) parenteral adninistration, preferably parentera
with a bufiir vostaining ohigh devel (eugrmhleastGOSINI L prbfeyably h@-280mivhifor example

undergoes. sterilisation.. Preferably, .the highly pure
s0-1 oM EHESaFie AL et o e et Rebise et al,

100g, nore preferably I kg or 10kg of al bum n, which

may be split between a plurality of vials. 25 The
Preferahlyp theinesiive mude gffenorehromategrapanstemysas @ resin £pinprising e s
. j 1. | tdon t r e Y t r eat ment
oo ALt ! IS RIBUI NS 8 RRTF,
immobiti¥d be thesesin ata Aspat@aucip a0t Ydiani6bytaey ¢t dnbth@r spaber of C .,

liquid 24 formulations, freeze-dried formnulations or
preferablyilong, 6% Conand Bpstipaefstakhi Gniensthopreforably hagng p.endigmino
substieioRCPreRANIE! BE nfltE BIPUHIHAL Mot DILR], brepile 4 Bescribed

viral ‘production, gene therapy, In vitro rtrlrsation
in WO ®88i7al5.and for coating nedi cal devices such as

cannul ae, catheters and vascul ar prostheses. It should

be appreciated that each enbodi nent of the first
e e B o B A M TR LD Bt tof iuSihg the lovel
of nickélnioesini apralbudih EluDES TR FIDCEN cOmplikikeg BEVWtNEShe dlbemin solution

toa p}foq?gfé‘%g%‘,i BrStefablot £15%6.0, and S Vi micker idhts. BRASGHEIS “the atbumin

solution is subjected to a pH 0of 4.0 to

clute




Figures 1 to 7 respectively show the construction of

pl asm ds pAYE309, pAYE440, pAYE438, pDB2241, pDB2242,
pDB2243 and pDB2244; and Figure 8 shows el ectrospray
mass spectronetry of conA-binding rHA fraction from
rHA prepared according to the invention. Figure 9
shows the effect of pH and tinme on nickel renoval from

7.5, prefeabiyA. @t 8xmmge HIPf@{ﬁbbspIﬁ)O dn8-51 3¢t meqye psaderebbnpdloNm pHS.0,
| ogy to the protein encoding region
andnx%ﬁ@%ﬁ 2§¥%%282$g§|3|ae PMIl. Figures 12 to 15
represent four DNA sequences with homol ogy to the
rotein encodi ng reglon Saccharonyces cerevi si ae PMI7.

Preferaglv theqripesss qempriygs diafiltggtionagainst aw sl BHEdeh B ey agpingt a

e L 0 5 5 Y RO AL R e

removeEVBORE h&ﬁﬂi@d @EnEIgEl pvENIdnGilrondéte grapky tvith apmﬁiee hsdsg opH

... the rs e f the esent i nventi on e
within 6 pf 5 309§ }g“}‘ﬁgﬁ% |‘§DF aﬂmqarlglaclgpmmgrﬁp%wmyab? performed
using JepRAE s%blHR preRlanty, G defmanaﬁm@ %Eet% 2AQMF ﬁﬁfate Al
as serum it is particularly applicabie to purifying
Altemnativelyntiiereais suffigranhbuetifdring capgaitsiAyom Tibeman yuarjest pregeill ed

pertorey B Rlcn R Retichon KO RELY SaBHeR) B n- bt |

preferably human al bumi n. DNA encoding al bumin in the
formof a eukaryotic expression vector according to

The nigkigbionp ean altpspsivelydre ohplatedraad semovedvieam ﬂmalbmymb@hls can be
achlevedﬁgsln PP S%L %g%g%&é? lis 1611%[{&? 5%91 a&drﬂr?l?nto 111s %FP] arose

In accor

(Chelaﬂﬁ@ﬂ@hﬁﬁﬁ&m}ﬂﬂﬁ&la)aﬂ RAGHRE il Bhyr (S8 dsi Cﬂféldxn BYd R¥d Dhboratories)
t he teachi ngs contained herein, to construct a
at a love pRapipirrally gkt @ &6 QNHQ@dftféﬁerab\\&ml‘é‘ﬁ it845hen used to
transform an appropriate eukaryotic host cell for the
expression and production of albumn. The DNA encodi ng
Preferabhye waikiy thH' produy fiom theipruedsstof redusirbethy Baveledfihicifel ainkéy
ces for introduct |on into an ﬁppropr iate

SubJect%@ﬁme ycferPﬁgﬁiV@rFamew pEBURRogIBhY HigPicirisddhathe

albumih Q@luﬂ@ﬂs’ subja@temyﬁn dtfs, 4 5%. ceﬁ\re?s@gﬁ SRR o pﬂba@c’t% the
into the host, and whether episonmal” mai ntenance or

process cvftre@ucaug thm lévs] offxsickedthns idTie sﬁbjécteé immsdiateddtoi megatiamnion

es ector such.as. a asni ...l n_proper

exchangy P RoA<RO Y fo CLAEF e thr R PR Y S g SURBEL g i of 43

49 26 The DNA linked to the appropriate transcri ptiona
and transl ational regulatory control nucl eotide
sequences recogni sed by the desired host, or such
controls may be made available in the expression
vector. It is beneficial to incorporate nore than one
DNA sequence encodi ng a translational stop codon, such
as UAA, UAG or UGA, in order to m nm se translationa
read-t hrough and thus avoid the production of
el ongated, non-natural fusion proteins. A DNA sequence
encoding the translation stop codon UAA is preferred.
The vector is then introduced into the eukaryotie host
t hrough standard techni ques, followed by selection for
transformed host cells. Host cells so transforned are
then cultured for a sufficient tinme and under
appropriate conditions known to those skilled in the
art, and in view of the teachings disclosed herein, to
permt the expression of the al bumin, which can then
be recovered.

D—+



Many eukaryotic expression systens are known,

i ncl udi ng, yeasts (for exanple Saccharomyces

cerevi siae, Pichia pastori$5and Kl uyveromyces |actis),
filamentous fungi (for exanple Aspergillus), plant
cells, animal cells and insect cells. The preferred

m croorgani sns are_the yeasts Saccharomyces

In a prefgrred srRadimeny afheetissmpsrsest phibe Peeseidnyentipn thegaiiebslpamin
solutioxlclj is derivBd %bcyhﬁgglycuﬁg%%é(ﬁgﬁ%%%iﬁ& I#S&lltﬁfi}{g g?‘ﬁrﬁus transformed
eficient I'n ong& or nore protein marnnosyl transterases

with d eukatyoad expre$iayl weetos pif diel fast BpeqpoOtteiinsentiboin 4 figinamaton

. by disruptjon of the gene codi ng sequence.. The_ al bum n
mediurg, whespy i AL ESCS AUburg e RCrAy taRtp dae Mggdium. The fungus

i ti oD :

bk SR ORGS0 SR 7L SO
More pricfemabbyrthe fitngnas dfdlengdnos NdcdhhedmyckiN egrSodeioedmiaes aerevisiae),

e s B P e RSP S o R el RS st
mannosyl ated albumn is able to bind to the lectin 27

Concanaval in A The anount of marnosyl ated al bunin
produced by the yeast can be reduced by using a yeast

train,deficjent. i.n on nore .of the PMI.genes, (VWD
A fortBiBafaSent B SRnris B ROF o Plhe B S ShdoltEe RN O Sl
solutioh Sbfathable@At £pracese asdordifg €th FestassiRt 6Cthe bfeséritSn@RAGHE

such that a reduced | evel of one of the Pnit grotelns

Preferaply, iecdforaaig solmyipn exmppises reqoeriganialpupén whigh expibigp one or more
ofﬂwf%ﬂ&@ﬁ%ig o kmtransposition in the codi ng sequence or

the réegulatory regions (or in another gene regulating

the expression of one of the PMI genes) such that

little or no Pint protein_is 10 produced.
(1) lessgha e (%/@) inds %89%?"3&16u‘}’d be transforned to
PLAAYES B @B 5l agent, such as an anti-Pint
pﬁ:aﬁtﬁ%&%y. f% %ﬁﬁﬁ%gﬁghe of the PMI genes so that a
reduced |l evel of Pnt protein is produced,

site-directed tagenesi s or other kninarn techniques
(2)a elsaiondeveBob iy Syl ater Bese SR o or "multi ple
protBit Ad RBRrabdbs @an 09B! @OEIBHE.H5 | Nsertions,
del etions, and transpositions, as described in

mol@ohexpss imela@df Btadeini e. " Strategi es and Applications of

In Vitro Miutagenesis", Science, 229: 193-210 (19851.
Sui tabl e nutations include chain term nation nutations

A puriftéd #Rirhin sS1u@iBn @@%@fhﬂ Uy pro6kss o8 thiReéseht 1By etdiof MehyA6d further
m ght have insufficient effect on the gene product to

processgd agfordiaaés its intended pakiyoRomsiamplaitin the art wil |
readily be able to .ireate a nutation in, say, the 5
three quarters of the codi ng sequence), point
mut ati ons that alter the reading frane, small to | arge
del eti ons of codi ng sequence, nmutations in the nonoter
or term nator that affect gene expression and
nmut ati ons that de-stabilise the 25 nRNA. Specific
mut ati ons can be i ntroduced by an extension of the
gene di sruption techni que known as gene transpl acenment
(Wnston, F.: et at (1983) Methods Enzynot 101,
211-228). 28 CGenerally, one uses a sel ectable marker
to disrupt a gene sequence, but this need not be the
case, particularly if one can detect the disruption
event phenotypically. In many instances the insertion
of the intervening sequence will be such that a stop
codon is present in frame with the Pau sequence and 5
the inserted codi ng sequence is not transl at ed.
Al ternatively, the inserted sequence nay be in a
different reading franme to Pint. The gene may have one
or nore portions (optionally including regul atory




regionsrup to the whol e gene) excised or inverted, or
it may have a portion 10 inserted, in order to result
in reduced production of ptdtein fromone of the PMI
| oci and/or in the production of protein front one of
the PMI [ oci having a reduced |evel of activity. 15

(PMIL- P ot eil.n Q- mannosylk transferases whi.ch.var
may bq i FEficred (oS o MR BRI PR e i eleptae
having@@laittitih cORRERM Lol BABCHOUL 10, PleBiriblly haRadte0a 9L hore

dol i chyl - phosphat e- D- mar nose : protein o
preferablymbézﬁ%&g/ plbrBws perrliEse ylfbrth%mgh@ﬁﬁﬁ Friedate baingidiafiicead

I { 15, 5752-5757, 1996, and
agains{aLFALEPEllrtie A0 ﬂ%ﬂgﬁ) 'This famly 20 of

i ntegral nenbrane enzynes catal yses the transfer of

mannose, in the formof dolichyl phosphate mannose,

onto. the hydroxyl group of mine or threonitte within

t he pol ypeptide chain, '"described by the follow ng

reaction: My2+ Dol - P- Man +
A furthier enbodimeSoetithe Rrsoaspient (fFe prebent ifviention Rovides 2 prothss for

avai | abl.e evj dence, suggests that the synthesis qf .
produci Tecaiglinas Sl bR BRRES COmPE PR Ul (st il rareting a
eukary&fic SBREsRA veQof ARoRTRS B the BEE Uspict &F thOfiveREiRP Iaﬁ'ct?ﬁi:)tgining the

reticulum 29 It is clear that the enzynes of
albumih awhérgintihe eclidhas facgenetic madigicatamewliioh oausesithe cell to have at least a

ecificjties ntzsch and.Tanner (1997) .4 y.cobi, ol o
reduced B kil Y BT B rB eGP epbEied it 3R St e
cultureShdirh 3 £3edsO1,000L hid R pPBIG-88, the products of the
PMIl1 and PM72 genes respectively, as shown by their

under-glycosylation in 5 pal or pnt2 nutant
Saccharonyces cerevisiae strains. Another two test
proteins were apparently unaffected by either PMI1 or
PMI2 Mutations, but were under-glycosylated in a pnt4
mutant strain. The 9210 Pntlp protein

0- mannosyl transferase enzynme has been purified to 10
honogeneity from sol ubili sed Sacchammyces cerevi si ae
menbranes (Strahl Bol si nger and Tanner (1991) Eur. J.

Bl oc/tern. 196, 185-190). The gene encoding for the
Pntlp (PMrl) has been cloned and sequenced. The gene
is located on chronpsone |V and encodes a single

pol ypeptide with a prinmary sequence of 817 ami no acids
(Strahl -Bol singer et al4993) P.N. A S. USA 90, 15
8164-8168). The sequence information of PMI1 (and

ot her PMI genes) may be used for the identification of
rel ated mmosyl transferases encodi ng genes in
Saccharonyces cerevi si ae.
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The sequences shown in Figures 10 and 11 are

honol ogous with the protein 20 encodi ng region
Saccharonyces cerevi siae PML7, the sequences shown in
Figures 12 to 15 are honol ogous the protein encodi ng
regi on Saccharomyces cerevisiae PMI7 and the sequences
shown in Figures 16 to 17 are honol ogous with the
protei n encodi ng regi on Sggcharomyces. cerevisiae
PMTS. Persons skilled in the art will appreciate that

i oo f 52 o G FGER Fobok Btk iy
mwaﬁ?gzgﬁﬁ% é"ni%é‘@%?&?% 2865tH6f6n, bblettbh' o sggagahe&@hs%ﬁ H%e

€ Ssequences represen N Flgures

basdsood bfn®\ragmientosf Yhd ubged deelR DNAY seqjueREeC e Subhii gdhetic

are honol ogous with the se&uences represented in

modifigations may bemhtained iavitre Kdirestlyyor risolated DNA). or in situ,
Techni ques for geperating hqQnol ogQus sequencges._ ar
for GEATIDle, by, genetic qlgieering Holtigias ALY & fynga] cells

o e TR Sy BE 35 B 5P SRR g

suchViab té_nt@r 84a g%x%?&‘ﬁyjr@y@ YVORE:.Pbr cheiict aggnt% Rapgble

or w a fragment “of "a sequence shown I n any one

of réaagingewitii differea funetonalegrouph of DINAY suctnadaikglatieg apeass
f or exanpl.e, by_conparing 10 seguence information

(ENEéi NQ@h @t@ﬁl@éﬁﬂm ageBGy andqema&at'mgo AZeNts, q@scﬁm&é
. ! ' R 7, 984
modflief ! BHaY, dlsol e OhteL 1, Bptey scmp?xﬁele_eﬁbm%g‘p'ie
sccRTIC e IR b oiBuregl Ty | i o4
(1991)p 281881114 &ccbﬁdiﬁ% 1o sis mesthod; Chaet oiSAll OF 208khie\if replaced,

(Adv. App!. 15 Math 2.482. 1981). The preferred .
throygh hemolegousniecombinagion; by agAp viiro gnedified version. Gepetic

ary conpariso rix (containingsa value of 1 f
modifisriont; der Bhtaifid. Bilort tragoral; inserfom o JBNA

qtgﬂl@ g,% Qﬂ%gl%" gg&ﬂ n trix of Bribskov and
se ur%ess?%c . |§gs s.g%g’f 745, 1986 as descri bed by
&Narts and Dayhoff, eds, Atlas of Protein Sequence and
.Structure, 20 National Bionedical Research Foundation,

It isgenowgsthes gertainnpodifizations) suchl as,paint stations candie gugrsed
d an.gddi tjgnal 0, 10, penalty for.,.gdch synbol in each

or aifaguatea By estuler” mestipmistaso, Sualy M Hons g ot Betide

S [

the BHRP 2oy SEA TrFod it itept b BE 18 el St

Pheor I ul;/g?rpg nmyces z;g)tQ :Us%f %’Zdt%bégﬁ eﬁﬁ?:bg?of ’é %&1&4? f&fdgz?/d

thatathe qgenetier mpedifiyationé$)aaredsthblyninheritedr and/ef ace mop-rbwerting

and.&sqed for the identification, or disruption of genes

c¥® REndeaky. ar Sushy ynedification(s), are generally obfained by a

deletion or a gene disruption.

By a “leaky mutant” and grammatical variants thereof, we include mutants
that result from a partial rather than a complete inactivation of the wild-type
function.



10

15

20

31 other fungal species. The cloning of the PMI1

honol og of Kl uyveronyces lactis is described in WO

94/ 04687. |If a yeast other than S. cerevisiae-is used,

the sequences represented in 5 Figures 10 to 17 nay

al so be used to identify (or disrupt) a gene

equi valent to a S. cerevisil PMI gene. Persons

skilled in the art will apPreciate that fragments of
Thiegenetie ansitfication(s) cantied! bynthEi futipalscelld 6P the/inVeltion may

simlarly be used, as may sequences which are
badoedted) g aoding region of) rseguencest eftithencall god/es in a

1Q to 17 and 3 he fragnents,.thereof. 10 Methods fo .
Te8IPR y AHECtS: ‘é%néxl&ffgi‘%t%n% g78e- desMars o particularly, said

olddifiopl i GERNRIY SRS OUAE® Sl of o Heion
r&3pohsiBleNforlor Bivelved! 1782 expredsiGiPlof \Gies br dRorebgeeéZWhose

i ch describes the use of the Saccharonyces
exprestion prasiticiSarg enzymes mvolveddn ménmosplakied. by - Pi chi a
pastotis DNA specific to the target gene. It the
exanpl e of Pichia pastoris disruption, the SUC2 DNA
sequence could be inserted at a position within any of
Theerddbied eapiRNy eof e fafgal t@ils 6f the thedtibh i Manosylate
The yeast wi ||~ advant ageously have |del etion of the
priieinsmayn thersforérrsult Graye ks paodictioguf inactives enzyahes due to
WO 95/ 33833 and WD 95/23857. In a preferred enbodi nent
struetugald ;and/ors conformationsd changes, Hnomx thee productioh safhenzymes

R PR RS 155 B it ) B of i
L

transformation, by an internal reconbination event in

accordance with the teaching of BP 286 424. The
Theaswngedl acedlo mamiosylatiomnpatkwayp s ivolvesasttatiivgent of a first

conprising. a yeast pronoter (eg the Saccharonyces .
mannesyl sesiduea thepysiroxydrgroup oftsatyjandior dreargd B8ino asids

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

oligosaccharides by subsequent additior 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

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

seryl or threonyl amino acids.

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

carry genetic modifications in at least one gene whose expression product is
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—-32-sequence-encodi-ng-a-seeret-i-on--eader-whi-eh; o cse

exanpl e, conprises nost of the natural HSA secretion
| eader, plus a small portion of the S. cerevisiae
a-mating factor secretion |eader as taught in WO
90/ 01063; the HSA codi ng sequence, obtainable by known
nmet hods for isolating cDNA corresponding to human
genes,” and al so disclosed in, for exanple, EP 73 646
and EP 286 424; and a traggcription teaninator,
preferably the term nator tTrom Saccharonyces ADH1, as
taught in EP 60 057. The vector incorporates at |east
involved imthe! tednisfer of apannosid residuehfromithe Dol-F-Maa pramssor
el ements of the_plasm d described gbove is not {hought

to; the Bydrgxylgronp of saryd of threpnylaeing aeids., SHHl more pasferablsh

off oB 5L B T T, A o i

PMYEH FMTY). OPrefdifbly e PMT ZehoR Mz.ppmtwm
process is described in Exanple |I. Exanple 1 The
cI oning strategy for construction of the
S‘hrmmmoragedrhm byga&rmm&sahs prapamtionrofEP
31 830 eegﬁge the3 end the al mn COdlnﬁ
on

Sy eeUNees ABHE- 158
défRieht riﬁt(b%xﬁS@lﬁ{bﬁeach w”dst ire éﬁy‘ﬁW Dﬁy

codi ng sequence was el im nated
insention-ofi thie ZRA 3 geneimto the HindIH iestriction pitecafithe PMEF ORF.

,].B?r)ese&.ti foll O\;\Ie% b &tﬂﬁ{%ﬁ?ﬁ E gfé;q&omstream as

média +T)§l&é VA sy ae Nabote dplay 75D
term nat or from Ihcgsm dp AVE309 escr| g&‘&‘hl n EP 431

UsexpectedlyPerR have mde&atsﬂmgHSgoftthc ‘growthl media nsediBd WO

W“"' S5 aGRat sl Bt A coanes o

- piddide’ kel s¥btiainl CWelEve Aot -hT wmw

NodHand| !
6.\8_]5 O 3 rye 3ea BT S
-' The PCR conditions were 25 cycles of 94C for 60
seconds, 37C for 120

In addition to modifications in a gene involved in the attachment of mannosyl

residues to the hydroxyl group of seryl or threonyl amino acids, fungal cells
of the invention may also carry modifications in the gemes involved in
subsequent additions of maunosyl residues leading to di- or oligosaccharides,
or in the synthesis of the mannosyl residues 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
' affects the expression of a PMT gene may, for example, affect mRNA

transcript levels or PMT product levels.
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25 seconds and 72C for 180 seconds. The 0.48kb PCR

product was digested with both H ndi:l and BanH and
ligated into plasm d pBST , described in WO 97/ 24445,
simlarly digested with Hindi! and BanHl,” to create
pl asm d pAYE440 (Fig. 2). The ADM term nator was
further nodified by PCR nutagenesis using two single
stranded ol i gonuel eoti despg AT19R and the 10 uni ver sal
-40 primer with the sequences: 34 AT19R Hi ndl111
! ¢l AN

T P QS Ml algiehd 6f i pheiefif imventio Churbe chosen from

ﬁlagaentess Gingbai feasts30Preferablyts thes@llsfare yéasts; oo extanplad
72C f r 50 secon nd then ycle of, 72 or 10

yegstn RS 1 e (oS péreisiods o chs eamus

‘K&é?mbrﬁ}&s 4 Pcpz&ftsegmialpméi% ealipga Perkin

mer Gene Syst &ém y600 uct of the
correct sjize, approximtely 0.33kb, was obt a| ned and

Pr%%@@i}tuﬁglaewﬁh Bot I—ggg{g}‘!sgi&&g d BanHl... Pl aﬁm PAY 9,
sefiid s cild i Sl e 52?‘?‘*#“%@%"“&5%2!%&5"‘?
atllenst’2 508 &quence (WO 20 90101063) enpl oyed to direct

secretion of mature HSA, was ligated into Noll and
H ndl1ll di gested pBST 1-, described in WO 97/ 24415 to

PARSMF 8| 36 oA fpAifnt Tog, ekl 264

seqmixce Iinacuimied iea cﬂmﬂb mﬂmm wehiich is/maintaicsicinsthe dinge of
b b s ] B i i
mﬁg{é‘lﬁf [ M gﬁﬁ!i%nai’ig%mﬁ %Cl I |oé ate tlﬁ% 3 and

pHGxﬁr prifetablynatod pHvbetween .25 and 6;4mndmﬂomspmfembiy and

st A6 4" ey ol L e Biter S SERotled i 096 S 90
H\?ﬁllg}fﬁ ﬁgﬂ /‘,’Aa'lﬁgaz%v\h/éﬁgd##g at e(gtl nt %@BWL‘S%&%

wmﬂmlowa()pﬂmtsgﬁq»wAlflll site at its 5 end, a
stuffer *region and then the Bsu36l to Hi ndlll
sequence of the RSA codi ng DNA, but

In an alternative embodiment, the fungal cell is cultured in a culture medium
which is maintained in the range of pHS5.30-pHS5.90, preferably pHS.50-
pH5.90, pHS5.40-pH5.90 or pH5.40-5.60. Preferably, the lower control set
point is between pHS5.40 and pHS5.60, preferably between pHS5.45 and
pH5.55, and preferably the lower control set point is about pHS 50.

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




Swth the addition of an extra TAA transl ation stop
codon. Clones with the linker inserted were checked by
DNA sequenci ng and the corl\fllgct pl asm d desi gnat ed
pDB2242 (Fig. 5). Linker 1/22 10 AT21 Bsu351Hi ndM
15TTA AGA GIC CAA GCC TM G&C TM TAA TA CT CAG GIT CGG
AAT CCG AAT Arr ATTCGA A L GL Stop Stop 20 To create

orgamshh SuéH f3Jeadt! WHICEILERE 36 PRp&RTEDniBind ﬁlbﬁJﬁELﬁ%ﬂ@a@,% dyeisa
fragment” of pAY13309 (Fig. 1) was |igated i nt o

coloralmwtllmhsgxg%&omucgmmgrpms stepeto pricify thegalpraioni d

pl) 112243 (Fig. 6). Finally, the 41A expression

di sintegration vector was made by ligating the Nod
The high\Pp@sEddilb GRS €alke charademski b;«?e%&&nelytlewm@&us:w 0

&(18I eep et al, 1991, Bio/ Technology 9, 183-187 and EP
essenti lylfr%(f) alggnrp@mg@ﬁ@feap@ratqq aeply gﬁp@llpxp}lgjlgmn (pmtgms spgh as

1mmung§8§dﬁ n%h%n?‘:g lﬁ%éﬁﬁ giét!l &%4 [f%ﬂhrcfE%%ﬁ &éoﬁﬂ)tég ﬂa@ Qﬁbm
and blood kittirgefactons pwikatydtio \i)rdthﬁs Apignienofiatbuniincalburhia aggrgates or

to corrcfoéoemsnt the host |eu2 nutations, the expression
polymegs, 9 gqotoxin, biiubin, hagam,piast PEoteiRs: a@amalmrg@glwé VEYSISORY

essenu%}’eﬁ%ﬁt %@&%@ﬁg@ctggg 14 bacterial plasmid puce.

atter 1s exclse romthe plasmid by the S.
cerewstae 2pm FLP reconbi nase 5 system such that no

bacterjal. DNA is rese he organis sed, for
The altg iR GEE dvention el BoRt Hesty o7 maPHERTHF AP drgsgice refeably
essentidl}E1 D¥PHBASH & ¥REdiferibl U k5659 ?F‘eféab ?%'tﬁfn@tels%f able but

pronoter and ADHl transcription ermn tor to contro
larger forms dyébmmnamjgmmlbm?mc& n1hy be daither Phammetgrisaddey (idOr more

01063 t f. ot _ Th
of the 3t & eSS v bas SR ISLI e ot Ti0ke s ken one
gram o£8bEMinS b 3ycatibileReVdT1653 0.6 q#gfera‘bﬁp}%ss ar 30, 0.07964 0.05

[ chi by the net hod descri bed dy
moles hexose/mole protein as measured in the Amadori product assay; an 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

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



Hinnen a at (1978) P.N.A' S. '75, 1929. The
pnr 14ut ati on may be achieved 15 by the nethod of WD
94/ 04687. Transformants we22 sel ected on a buffered
m ni mal medi um (0. 15% (W v) yeast nitrogen base
vvi t hout arri no aci ds and amoni um sul phate (D fco),

5% ( anmmoni um sul phate, 0.1Mcitric

rHA plalf@ridipmémg@ thedppantign avﬂé gemléwwtaélycfr%oé)symnaémwé
for 72 h t
contan%lga%fs' 5%86 Mg}ni%lrhﬁ<15 g%n%{t?rf as ks %lg%ggf\mqngo:al t her o%?ma

of conpl ex (YEP, 1%(vv/v) yeast extract 2%(vv/v)

ctop eﬁt one and. 2% ( \ﬂ) ucr ose), uffe
In acc "WFW“ RePTERRn irﬁ’ﬁp%om H‘r‘rﬁ “PPE\ISC fvae‘{a om an impure
albumlg @51%851? ‘#He@r&&@s &h nste§ bidroF (R RALR sP¥ulturing in a
DSpol yacryl am de e ctrop oresi s an by F OCKEL

fermengaellon inmadiumo @ Iremtrrbmﬂmo em@rmtlczmoﬁ(osxrmksmmm%ommdhﬁqth a

kLSS BULT Sl B TS B3 350, L S

accordiiék bathl tBe it adgeet of3e PreSRR IBRichASh; %eﬁﬁ@ﬁ%e{aéﬁﬁx‘fg the m1cro-
cul tures by free2|n3 aliquots of the culture in

organigyr Ggmribe femmem@%r( wediunt; cerditiosiog the matiemf & mn@qssaew,l fon further
punﬁc%%)%gg%%%gt Og’%ﬁtgl?lgd 3 agel.%%éuough Se%rs{lgceegswe ch\pg)matography steps;
ultrafiltering/diafiltering the product; passing the ultrafiltered product through a further
chromatography step; ultrafiltering/diafiltering again before purification through two further
chromatographic steps; and final ultrafiltration/diafiltration.

In a further alternative, the albumin encoded by a eukaryotic expression vector of the first
aspect of the invention may be obtained from a transgenic animal, such as goat, sheep or
cattle, from, for instance, the milk or the blood of the animal or, in the case of transgenic

chicken, from the egg white.

In a still further alternative, the albumin encoded by a eukaryotic expression vector of the
first aspect of the invention may be obtained from a transgenic plant, such as tobacco, potato

or corn (maize).
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except for the follow ng differences: Seed
Fernmentation 10 After the nmedium for rHA production
has been added to the seed fernenter vessel, the
operating tenperature of 30Cis set, as well as the
m nimum stirrer speed set to achi eve honogeneity and
so avoid gradients of nutrients such as oxygen or
carbon. The initial pHis justed with amoni a
solution (specific gravity<9.901) using a pH
controller sef. at 6.40; controlled at 15 6.400. 10.
Alternatively, pHis maintained in the range of 5.50

to,n. ith t t | nt_bhei ) .
In hgtics vyt fhe g B B4 Srog? Bin h e 35pggs, briok ar
‘pu'ﬁgrmentgtl on pl?if= 20 riéfsrﬁllﬁ{:1 géf&\r?ugg l&}(ﬁﬁg&ﬁ%@g&é‘@b
is ki tohzte highraffinity biriding sites#or coppét, nickeirant edmoions at

for the initial pHto be near the top of the

thexfN-texmainus oofe dhe amglesules f Lnsequentlyobther wlhumin giolecule
oSy SRR i oy b el o
puffBEiGH AftuhitpedfiAtntig 1o U0 PRI by BBrSngty

lowe&w@d o€ nidkel fonst he fernmentation to be conducted at a
hi gher pH than is normally required. Thus, rather than

control the pH at 38 approximately 5.5, it is

benefi ci to, have a control set pojnt betweep pHG. 20
Presedig 0% :Z}J?B?WB?‘u’eFEY &) ebame‘iweﬁ othe Bregew gv@mon the

uGh .ghe q y e [ S o1 e
s, SrDbA pad i el Yol CRMERRG0h cio.
hdf\ Figél_%ﬁﬁigt StetilisdtRin), 668t of Y} RAVE shifs S16SRAAS & the

Cl W ng a centrifugation
albumin solution which may, for example, condition or adjust the pH of the

" solution. Optionally, the albumin may be treated Avith a reducing agent or

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 r;lay be formulated for
parenteral administration, preferably parenteral administration to a human.
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



5 step of the fernmentation which is sufficient only to

renove all whole cells fromthe supernatant. This is

denonstrated in Table 1, were-a significant reduction

in the wet weight content of a culture supernatant is

shomn mhen the yeast is cultured in the pH range 6. 3

. corrpared to 015.5, Fernentation pH Wt Wig
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prostheses.

It should be appreciated that each embodiment of the first aspect of the invention may be

combined with one or more other embodiment of the first aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figures 1 to 7 respectively show the construction of plasmids pAYE309, pAYE440,
pAYE438, pDB2241, pDB2242, pDB2243 and pDB2244; and

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

prepared according to the invention.

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

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

region Saccharomyces cerevisiae PMTL

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

region Saccharomyces cerevisiae PMT7.




2M 112504 is al so used as a pH corrective agent.
Sucrose to 20g.1:1, MANO batch vitam ns, and Breox
FMI30 antifoamto 0.041. L42are added to the 15 vessel.
Sterile filtered air is introduced into the vessel at
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modified in view of the teachings contained herein, to construct a eukaryotic expression

vector, which is then used to transform an appropriate eukaryotic host cell for the expression

and production of albumin.

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 introduction of the DNA into the host, and whether episomal

maintenance or integration is desired.

The DNA is inserted into an expression vector, such as a plasmid, in proper orientation and

correct reading frame for expression.




Agitation is increased to maintain DOT >20% air
saturation. Once the feed is started, the
concentration of Breox FMI3® is increased to 0.3g.L4
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Fernmentati on pH Wet Wei ght Content of Supernatant

(g.L4) 5.5 $6.3 6.5 4.7 Table 2: Relationship between
centrate quality and fernmentation pll in production
vessel . 5 2M 112504 is also used as a pH corrective
agent. Sucrose to 20g.L4, MMO batch vitam n% and
Breox FMI30 antifoamto 0.048.1;1 are added to the
vessel. The initial substrate feed rate is detern ned
according to the fornmula: 10 SF* = 1000 x a x 1CDW X
60 x Y,, X [sucrose] wherein SE is initial substrate
feed rate, p is specific grovvt??rate (for
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Concanavalin A. The amount of mannosylated albumin produced by the

yeast can be reduced by using a yeast strain deficient in one or more of the

PMT genes (WO 94/04687).

The most convenient way of achieving this is to create a yeast which has a
defect in its genome such that a reduced level of one of the Pmt proteins is
produced. For exarnple, there may be a deletion, insertion or transposition in
the coding sequence or the regulatory regions (or in another gene regulating
the expression of one of the PMT genes) such that little or no Pmt protein is
produced. Alternatively, the yeast could be transformed to produce an anti-
Pmt agent, such as an anti-Pmt antibody.

To modify one of the PMT genes so that a reduced level of Pmt protein is
produced, site-directed mutagenesis or other kn/o;vn techniques can be
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). Suitable mutations include
chain termination mutations (clearly stop codons introduced near the 3' end
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 geme expression and mutations that de-stabilise the
mRNA. Specific mutations can be introduced by an extension of the gene
disruption technique known as gene transplacement (Winston, F. et al (1983)
Methods Enzymol. 101, 211-228).
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15 exanple 0.06114), Ift, is batch volune (L), ts is
cell yield (gin, [sucrose] is sucrose concentration
(g.1:1) and [CDW is cell dry weight concentration
(g.1.,4). The substrate feed rate is determ ned
according to the formula, SF = .SFeePt , wherein SF is
substrate feed rate (nm..mn-1); SFO is initia
substrate feed rate (nL.m28 1), p. is specific growh
rate (114) (for 20 exanple 0.06h4), and k is a counter
Genéepillypbofe Gicd 4 eeledlable Aakér®y ERARA Dienk SddieneBCBut this
every | mnif all conditions are net. A nuitber of
needomoti beothe case, quanticwlarly yifr end eanddetecti e idisruption event
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phepeotypically. | In manycingtangey the, gisedioncobthe interyening, sequence
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" seqidiceanigy bedn BAifféreh reading fratde oPmed, or if there is

evi dence of ethanol or acetate acctinmml ati on.
Agitation increased to nmaintain DOT 20% air
saturation, and nai ntai ned at

5, a_.maxj mm_once
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a reduced Ievel of activity.

The PMT genes -of Saccharomyces cerevisiae encbde a family of seven
(PMT1-PMT7) protein O-manmosyltransferases which vary in their
specificity. = These proteins are also kmown as dolichol phosphate-D-
mannose : protein transferases, dolichyl-phosphate-D-mannose : protein O-D-
mannosyltransferases or phosphomannose transferases iGentzsch and Tanner,
BEMBO 15, 5752-5757, 1996, and references included therein). This family
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
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.
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The air flowis increased increnmentally through the
fermentation to maintain the val ues of oxygen uptake
rate (OUR) and carbon dioxide evolution rate (CUR), at
| evel s sufficient to provide accurate gas anal ysis.
The vessel is overpressured as necessary to enhn re
OTh. Tie. air flowrate of the 15 fernentation is
nomnnlly 1 W/ m Daily che fé? can be performed to
determine purity of culture®and CINV and appropriate
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The sequeucés shown in Figures 10 and 11 are homologous with the protein
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
PMI5. Persons skilled in the art will appreciate that any one of these
sequences may be used to identify (or disrupt) a Saccharomyces cerevisiae
mannosyltransferase gene. It will be appreciated that fragrents 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
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purification process conprises the follow ng steps:
cati on exchange 20 chromat ography (SP-FF); anion
exchange chromat ography (De-EP); affinity -

chromat ography (DBA); ultrafiltration:Ind
diafiltration; a second affinity chromatography step
(PEA); ultrafiltration and diafiltration; a second
cati on exchange chronatogrgyhy step (SP-FF2); and a
second ani on exchange chromat ography step (DE-FF2).

Pr ef-er these purifi.catign.processes are 2
1073 H7- 8 i, empiRsiierrary s Ty i Efndiafiag homologous
ifn step, and/or placing of the
se@%nt%’%gﬁlt%li@éﬁa 2%:tg'nt ainer. 44 The sequence of

chr omat ogr aphi ¢ steps as descri bed here is novel and
inventive in a nunber of aspects. The ,use of an

" 1t showldpbengpprecistest dhariby) ahomelogous ‘sequempepvwe include

it e T 50, s d S i o
[ S - 420 .
s 85un .05t 00RO A e o

sl BNPES 8 Yo BEPA 0 g 121 el a1,

pl et hora of buffers of w dely ranging constituents and
properties. The buffer provides a significantly

Per resnt-hosaology aeamde deteymared diti fomsxample, dymromparing
seqienty, EamRos. WSO 0 (GHAP o P HENE POBFSa; JoRH | G0
! : ! . . : _
delirited oy PSR AT WBEE UG 0L L 2384 | B 3, aymilgble
frdh the’ UiivepsityVeFeWisconbindSasetied Chifipaek | 6) OThe

the small er "l oad vol une. 15 WD 96137515 i ncl udes a
GAP poogram ptlisesathe alignment ahethod off Neddlemidn andyWunsch (/.

h t aphy step. Th | filtrati t ified
Matn Bigh (A 45.,d 700y as revised by, St e eatermen dddh; Appl.
. o . bt ! .
MRS Bl A BOPfhad (eBRIF poithiicds Bir ) (o, Bopcim
A (e i s LATRC VARG VAL pE ] 1ot Meiies
and Ocfon mor-identities) forl auvléotisies hand thenweiglited colngyarisah enatrix
affinity step it is preferred that the albumn is

of drihskay rard Burgess, diVueh |4cide Revo 4618y al 986 asuipscribed by
SRR il JOROES 5. AR, OF aP NS Srguefige c@ud oftructure,
NI B ER RQRICH Fofiafor YE 33338, 197844 g pemally
of 30\ fooesch gip Ahd ian Aldisendl\® 10 penaltyCordedthCishbolom each
gap; and (3) no penalty for end gaps.

If a yeast other than S. cerevisiae is used, disruption of one or ‘more of the
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
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45 | evel s. Consequently, albumn purified according to
the present invention has a surprisingly l-ow nickel
ion content (less than 100ng/ g of al bum n). The
negati ve node cati on exchange step, as descri bed
herein, is used to 5 renove Concanavalin A binding
material (cbnm) which is a small anpbunt of nodified
rHA, thought to be glycosyipted. The negative -node
cati on exchange step has been found to reduce the cbm

c [ t
£ TR spedcy” Ta MoRBi0 B B¢ Py TTHURABE of Kluyperomoss
lacts ¢odexcribéd ReWO 9426468\ ed with rHA derived from
non-pntl nutants 10 (2-3 fold clearance). In
conparison with other commercial yeasts, Saccharonyces
cerevi siae prodyces a.relatively |ow |level of nodified
If 3, yeasiaDUiE SRAR | 3., Cervisiae 6 Wiedndlie SempRies represegied

. . o | 0
Fig S ATR L} b 180 B w18 idbabefy Fo ST R ok dapivieRt o
a S.NB@eiisiae SPMIT pbge." Hiersond sRileacH e art’ 849 WipPéiite that

host ot her than Saccharonyces cerevisiae. Th
fragieentsenfdhe apquenses nepresenterd énl Rigures d 0t toel D umayf sindlkailgrbe

of albumn are detailed in Table 3. Because of the
usagls 95 | H1aYe sequances MGl : avee hamelogawns nwitho thed sequences

r isvwel ty40f e product.. these buffer salts

repifoe iR Pl PR 7cand 48, FRsSRARE erBBE° ey o e
available in a highly pure format industrial scale
and are | ow cost conpared to other commonly used

Meéthddsefos cangingasutTgem, dishiffions av®idescribédin tid H@rature, an
buffers could be used in place of the ones used in

example of whiehy is described hyuBpehm eftala (Boehma. pPiig-Shepherd,

5. T ST B B, D5, PR 15595 wiid

" desBHib&y B 136E0F %éb rsﬁeewas%gep ertd, };‘grcg; g.g?é 1§V Rfafker

sol ubl e, avail able at I ndustrial sca OW CcOSt .

flaekted Thye Pivkid pastoris DNON spevific ke the engecdend. Thdhe example
concentrations descri bed bel ow, or concentrated stoc

of Righia paverisdisruntion; i SEIC2PNAvisequense aiuld bednsentediag @
posrit?c;n {vfﬁlﬁdﬁn%'toef 2 DNA sequences represented in Figures 10 to 17.

The yeast will advantageously have a deletion of the HSPIS0 and/or YAP3
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 Saccharomyces cerevisiae 2um plasmid. At the time of
transforming the yeast, the plasmid contains bacterial replication and selection
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 cerevi.;:iae PRBI promoter), as taught in EP 431 880; a



Cati on Exchange Chromat ography Al bumn is concentrated
and purified with respect to at |east yeast proteins
(if the albumin is rHA frod2 a yeast fernentation) and
ot her antigens, |ow nol ecul ar wei ght contam nants and
pi gnent ed conpounds by cati on exchange chromat ography
The t hod uses g ommer ci al catl on exchange mat

sequenge eFOSiBE SSEFTATOR Eagsr Wingidorex3giple, ceawsaeﬁﬁla%g%thpmwml HSA
secretlcg%’f'eg@rl HLos ?malggorgg% loelase cQ}revl?zg%ar rrggg% Ct\}\)E E%&{oi%é’der as
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to 50g al bum n/L, preferably 4
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tr ltqrblllbrdated with a buffer to renove the alkali
anslallQn R EOAOBF it i on: preferably the buffer should be
strong enough to reduce the pH to approxi mately

pl116.0. A buffer such as CSO is used to renove
The chaicp phgriozs elemests afduerplasaich deprribed labive is notwoesht tapgdirectly
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Chromat o hy solutlonsfor the purification of

process3is g Frige 6115’6 ngle Iconsti tuent Concentration r (g.1.4)'
pH Conductivity (nS.cnmd) .. No. Nane

Example 1

The cloning strategy for construction of the albumin-producing microorganism was as
disclosed in EP 431 880 except that the 3' end of the 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 consecutive in-frame translation stop

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




CSA SP-FF Equi li brant/Wash3 / DE-PP Equi li brant
Cl13CO0OH 1.85 5.45- 1.9 - 2.2 NaCOH (27% (w w)) 4.00
5. 65 ‘

33

....... L G L stop stop A stop

' TTA GGC TTA TAA TAA GCT TAA ...

This was achieved by modification of the ADHI terminator from plasmid
5 pAYE309, described in EP 431 880, by PCR mutagenesis using two single
stranded oligonucleotides, IMADH1 and JMADH?2 with the sequences:

JMADH1
a Hindlll /
5 - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3’
15
JMADH?

Norl BamHI

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 Hindlll and BamHI, to create plasmid
PAYE440 (Fig. 2). The ADHI terminator was further modified by PCR
mutagenesis using two single stranded oligonucleotides, AT19R and the

30 universal -40 primer with the sequences:
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SP-FP Wash 1 . - CH3COOH 3.00 3.9 - 4.1 0.6 - 0.8
NaOH (27% (W w)) 1.19  CSO3 SP-FF Wash 2-

34

ATI9R

HindIIX

5' - AGTCCAAGCTTAATTCTTATGATTTATGAT - 3'

-40

3' -~ CAGCACTGACCCTTTITG - 5'.

The PCR conditions were 25 cycles of 94°C for 30 seconds, 50°C 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
used was a Perkin Elmer GeneAmp 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 Norl and HindIll and the 0.84kb DNA fragment containing the
PRBI promoter fragment and part of the HSA/MFa-1 leader sequence (WO
90/01063) employed to direct secretion of mature HSA, was ligated into Nod
and HindlIl digested pBST+, described in WO 97/24445, to generate
plasmid pAYE438 (Fig. 3). The recipient plasmid pAYB438 was digested
with HindIll and BamHI and the modiﬁéd ADH]I terminator was successfully
cloned into this vector to generate plasmid pDB2241 (Fig. 4). This plasmid
contains the pBST+ (WO 97/24445) backbone, the PRBI pronioter 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 HindI site, the 3’ end of the
HSA coding region was altered.




10

15

-y,
&

CH3COOH 1.62 3.9 - 4.1 125 - 165 NaOH (27% (W w))
1.19 NaCl 117

35

The double stranded oligonucleotide linker, AT21/AT22 was ligated into
AfMU/HindII cut pDB2241 and comprised an AffII site at its 5’ end, a stuffer

*region and then the Bsu36] to HindIII sequence of the HSA coding DNA, but

with the addition of an extra TAA translation stop codon. Clones with the
linker inserted were checked by DNA sequencing and the correct plasmid
designated pDB2242 (Fig. 5).

Linker AT21/22

AT21

Al Bsu361 HindIIL
- I S
TTA AGA GTC CAA GCCTTA GGC TTA TAATA
CT CAG GTT CGG AAT CCG AAT ATT ATTCGA

A L G L Stop ‘Stop

To create the final rHA expression cassette the AfM/Bsu36l fragment of
pAYE309 (Fig. 1) was ligated into A/T1/Bsu36] digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the THA expression disintegration vector
was made by ligating the Nofl expression cassette from pDB2243 into Norl
cut pSAC35 (Sleep er al, 1991, Bio/Technology 9, 183-187 and EP 431 830)
to generate the plasmid pDB2244 (Fig. 7) in which the direction of tHA
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
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comprises the whole of the 2um plasmid, the LEU2 gene to complement the
host leu2 mutations, the expression cassette in which the PRBI promoter

drives expression of the HSA sequence and the bacterial plasmid pUC9. The

" latter is excised from the plasmid by the S. cerevisiae 2um FLP recombinase

system such that no bacterial DNA is present in the organism used for
production of tHA (Chinery and Hinchliffe, op cit.). - -

The expression vector utilises the S. cerevisiae PRBI promoter and ADHI
transcription terminator to control expression and the HSA/MFa-1 leader
sequence (WO 90/01063) to direct secretion of mature HSA.

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. 5, 1929. The pmsI4autation may be achieved

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
containing either 10mlI of complex (YEP, 1% (w/v) yeast extract, 2% (w/v)
bactopeptone and 2% (W/v) sucrose), -or buffered minimal medium liquid
medium, tHA could be detected in thc: cell free culture supernatant by SDS-
polyacrylamide gel  electrophoresis and/or by  rocket gel
immunoelectrophoresis. i

A stock master cell culture in buffered minimal medium is used to prepare
running stocks (working cell bank) of process yeast suitable for the
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preparation of shake flask cultures by freezing aliquots of the culture in the
presence of 20% (w/v) trehalose.

The fermentation was essentially the same as is described in WO 96/37515
and US 5 728 553,

except for the following differences:

Seed Fermentation

After the medium for rHA production has been added to the seed fermenter
vessel, the operating temperature of 30°C is set, as well as the minimum
stirrer speed set to achieve homogeneity and so avoid gradients of nutrients

such as oxygen or carbon. The initial pH is adjusted with ammonia solution

" (specific gravity 0.901) using a pH controller sef “at 6.40; controlled at

6.40+0.10.

Alternatively, pH is maintained in the range of 5.50 to 5.90, with the lower
control set point being 5.50. The initial pH may be adjusted with ammonia
(eg aqueous ammonia specific gravity 0.880). This lower fermentation pH
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.

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 than control the pH at
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approximately 3.5, 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. Cell

* lysis results in cell debris remaining 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 1, 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 pH5.5.

Fermentation pH Wet Weight Content of
Supernatant (g.L"7)
5.5 9.9
(2.4, 6)
6.3-6.5 . 34
(1.0, 13)

Table 1: Relationship between centrate quality and fermerftation pH in seed fermenter
vessel. Values in parentheses are standard deviation and number of samples.

2M H,SOy 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
vessel.

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
supervisory computer control system is initiated. The expected batch 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). o
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Features of the fermentation control algorithm include: the end of batch
phase being signalled by dissolved oxygen tension (DOT) increase of >15%
in 30 min; the feed being initiated at 0.05 ml per litre batch medium; the

" substrate feed rate being determined according to the formula, SF = SEe**,

wherein SF is substrate feed rate (mL.min"); SF, is initial substrate feed rate
(mL.min), p is specific growth rate (for example 0.06h™), and k is a counter
variable started at 0 and increased by 0.0167 once every 1 min if all
conditions are met.; and the substrate feed rate (via manipulation of k) being
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 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 accumulatiorl.

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 + 17h,
dependent upon transfer limitations of the vessel.

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 analysis. The air flow rate of the

fermentation is nominally 1 v/v/m. Daily checks are performed to determine
purity of culture and CDW. Appropriate samples are retained. At the end of
the feed, the culture is transferred to a production vessel.
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Production Fermentation

The production fermenter is inoculated at 0.25-1.00g.cdw.L?. The initial pH

* is adjusted with ammonia solution (SG 0.901) using a pH controller set at

pH6.40; controlled at 6.40 +0.10.

Alternatively, pH is maintained in the range of 5.50 to 5.90, with the lower
control set point being 5.50. The initial pH may be adjusted with ammonia
(eg aqueous ammonia specific gravity 0.880). This lower fermenation pH
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.

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 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 jmproved due to reduced cell lysis.
Cell lysis results in cell debris réi;zaining 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
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.
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Fermentation pH Wet Weight Content of
Supernatant (g.L)
5.5 36.3
6.5 4.7

Table 2: Relationship between centrate quality and fermentation pH in preduction
vessel.

2M H,S0, 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

vessel.

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

SF, = 1000 x 1t x [CDW] x Vye

60 x Y, x [sucrose]

wherein SF, is initial substrate feed rate, p is specific growth rate (for
example 0.06h™), V., is batch volume (L), Y,, is cell yield (g.L'Y),
[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
example 0.0611':‘), and k is a counter variable started at 0 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) 2 1.2. 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
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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 accumulation.

' Agitation increased to maintain DOT 2 20% air saturation, and maintained at

a maximum once attained in order to facilitate mixing. Once the feed is
started and the culture is under carbon limitation, the concentration of Breox
FMT30 is increased to 0.2-0.32g.L" (calculated on final volume). The
expected feed phase duration is dep;andant upon transfer limitations of the
vessel, typically 90-120 h at the 8,000 L scale.

The air flow is increased incrementally 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 anpalysis. The vessel is
overpressured as mecessary to emhanice OTR. ‘THe air flow rate of the
fermentation is nomipally 1 v/v/m. Daily checks can be performed to

determine purity of culture and CDW, and appropriate samples are retained.
The culture is held for downstream processing at the end of the feed.

Hold of Production Culture

The production culture may be held ;x'nder appropriate conditions to enable
batch processing of the culture. The hold time should be kept to a2 minimum,
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 constraints
of hold time as expressed herein apply to the final portion of the culture to be
processed.
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The centrate from the fermentation, or an impure albumin solution from any

other source (such as plasma), is prepared, or conditioned, for

_chromatogréphy on a cation exchange matrix while pr{otecting the rHA from

polymerisation and protease activity. Preferably, sodium octanoate is added
(Chromatography Solution 14 (CS14) - Table 3) to a final concentration of 1-
10mM, for example approximately SmM. The pH is édjusted‘ with acetic
acid to pH4.3-4.8, preferably 4.50 + 0.1 (most prefetably + 0.05) and the
conductivity is checked to be <5.5mScm™.

Chromatography

All operations can be carried out at ambient temperature (20 4 5°C). The
albumin loads (glL) for the chromatography columns are determined from

' titres of albumin (g/L) by either SDS-PAGE (at the first step) or GP-HPLC

(for all other columns). The progress of each step is monitored by measuring
UV absorbance on line, for example at 254 or 280nm.

In a particularly preferred embodiment of the i:resent invention the
purification process comprises the following steps: cation exchange
chromatography (SP-FF); anion exchange chromatography (DE-FF); affinity
chromatography (DBA); ultrafiltration ‘and diafiltration; a second affinity
chromatography step (PBA); ultrafiltration and diaﬁltratio.n; a second cation

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

chromatography step (DE-FF2). Preferably, these purification processes are
followed by final ultrafiltration/diafiltration followed by a formulation step,
and/or placing of the solution into a final container.
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The sequence of chromatographic steps as described here is novel and
inventive in a number of aspects. The use of an aminophenylboronate (PBA)

matrix with an improved buffer, as described herein, and a small load volume

" has been shown to give increased yeast antigen cledrance, as measured by

ELISA (about 4-20 fold). The buffer used with the aminophenylboronate
matrix was unexpectedly found to be particularly beneficial, and-it represents
the result of intensive trials of a plethora of buffers of widely ranging
constituents and properties. The buffer provides a significantly increased
clearance of yeast antigens, when compared with the buffer used in the PBA
chromatography step of WO 96/37515.

Loading the aminophenylboronate matrix with a highly concentrated albumin
solution, for example 100+10g.L",-means that improved resolution of the
rHA and yeast antigens can be achieved because of thé smaller load volume.

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
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
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 tHA to a low pH is effective in reducing nickel ion
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levels. Consequently, albumin purified according to the present invention has
a surprisingly low nickel ion content (less than 100ng/g of albumin).

The negative mode cation exchange step, as descri%aed herein, is used to
remove Concanavalin A binding material (cbm) which is a small amount of
modified rHA, thought to be glycosylated. The négative "mode cation
exchange step has been found to reduce the cbm content produced by
recombinant pm¢l-mutant Saccharomyces cerevisiae by approximately 1.3-
fold. A greater effect is achieved with rHA derived from non-pmfI mutants
(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
more of the PMT genes may be of even greater importance if the tHA 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,
and the relatively low cost of the product, these buffer salts are the most
suitable for the process as they are gvailable 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
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 scate and low cost. |
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The buffer solutions can be prepared at the concentrations described below, of
concentrated stock solutions can be prepared and mixed or diluted on-line for

immediate use.

Cation Exchange Chromatography

Albumin is concentrated and purified with respect to at least yeast proteins (if the
albumin is rHA from a yeast fermentation) and other antigens, low molecular weight
contaminants and pigmented compounds by cation exchange chromatography. The
method uses a commercial cation exchange matrix such SP-Sepharose FF, SP-
Spherosil, CM-Sepharose FF, CM-Cellulose, SE-Cellulose or S-Spherodex.
Preferably, the matrix is SP-Sepharose FF (Pharmacia) which, if used in an axial
flow column, may be at a bed height of 5 to 25cm, preferably 10 to 15cm, for
example 12.5 cm. If a radial flow-type column is uséd, a sunitable bed flow path
length is 11.0 + 1.0cm. A column loading of 10 to 50g 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 as CSO1 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.
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Table 3: Chromatography solutions for the purification of albumin

_ Solution Constituent Concentration pH Conductivity
INo. Name LY (mS.cm™)
CS01 | SP-FF CH,COOH 1.85 55-4655- 19-2.2
fq“mbm“washz NaOH (27% 4.00 =
DE-FF Equilibrant (wiw)
CSo2 SP-FF Wash 1 CH,COOH 3.00 3.9-4.1 0.6-0.8
NaOH (27% 1.19
- (wiw)) _
CS03 | SP-FF Wash 2 CH,COOH 1.62 3.9-4.1 | 125-165
NaOH (27% 1.19
(wiw))
NaCl 117
SP-FF Eluent/ 54-56 | 5.0-6.0
CS CH,COOH 5.13 -
* | DEFFPre- > 3 L
Equilibrant NaOH (27% 11.5
(wiw))
Octanoic Acid 0.721
§ cso5 | salt Clean NaCl 58.4 5-9 75-95
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH (7% 74.1 > 12 80 - 120
(wiw))
CS07 | 20mM NaOH NaOH (27% 2.96 > 12 3.5-55
(wiw))
CS08 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-94 | 2.5-3.5
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 9295 | 15.0-18.0
CS10 | DBA CH,COONH, 19.3 87-9.1 | 18-22
Equilibrant/Wash |\ o0 7% 5.93
(wiw))
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CS11 | DBA Eluent - NaCl 117 6.7-7.1 | 125- 165
NaOH (27% 14.1
(wiw)) ,
H,PO, 5.79
(85% (w/w)) )
CS14 | 2M Sodium NaOH (27% 281 7.8-84 -
Octanoate (wiw))
Octanoic Acid 288
CS15 | Acetic Acid CH,COOH 1045 - -
CS17 |DE-FR2 CH,COOH 1.50 4.54.7 | 0.85-1.05
Equilibration/Wash
NaOH (27 %w/w) 1.66
CS18 {Positive-mode NaH,P0,.2H20 8.58 6.8-7.0 5.5-6.5
DE-FF2 Elution .
NaOH (27 %wiw) 4.07
CS19 |SP-FR2 CH,COOH 1.80 5.2-5.4 1.82.1
Equilibration/Wash 1
NaOH (27 %w/w) 3.52
CS20 |PBA Glycine 7.51 8.3-8.6 1822
Equilibration/Wash
NaClt 35.84
NaOH (27%w/w) 0.95
| CaCl,.2H,0 7.35
CS21 {20%(w/w) Acetic CH,COOH 205 1.92.2 1.8-2.0
Acid
H,0 820
CS22 {Final pH Na,HPO, 71.0 11.2-11.4| 4349
Adjustment NaOH (27 % wiw) 37.0
§ EXO4 | Final pH adjustment | NaOH (47 % w/w) 42.6 =12 80-120
alkali H.0 970
EXO5 |Final pH adjustment| HCI (37%wi/w) 19.7 <15 60-90
acid H,0 082

All weighings are £ 2%, for this particular example.
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and wasff s JEUES Tl VoS pe SR o HbEofchS i Albyatd d Aow

matrix is washed with dilute tetraborate buffer, for
lanpl e 15-25nM potassium tetraborate or sodi um -
tetraborate (CS08), which has the effect of raising
the pH to approximately 9.2, and then the albumn is
eluted with a nore concentrated tetraborate buffer
(for exanpl e 80-150nmM pot assi um t etrabor at e,
preferably 110mM potassiumtetraborate -(CS09)). The
matrix is cleaned with salt/detergent (C305) and then
NaOH (CS06) before storage in dilute NaOH (C807). The




The nmet hod uses DBA at a bed flow path [ ength of
11.01.0cm The DBA is equilibrated in ammoni um acet ate
buffer (100-300m\M preferably 200-275mM for exanple
250nM as in CSIO and the al bumin applied at
7.0-14.09/L, preferably 8.0-12.0g/L, in this exanple
10.01.0g/L. Equilibration,ghoad and wash steps are
performed at flow rates of 0.05-0.30 bed vol/mn

f .15-,0.27, in i S e 0. 25, bed
rate G D FBrb o YSmal prisfuttll SO Hsf MisoShampleq0.25 bed
lali. When loading is conplete, the colum is '
vollm%gitgﬂghfo renove contamn' ants with 1-5 vol unes of
amoni um acetate buffer 10-30nS curt, preferably 15-25
... 5 cm, for exanple CS 10, preferably 5 colum
Anion/Exchange chromaioptaphyyl i s el uted with a strong salt and

phosphat e solution (1.0-3.0M NaCl, for exanple
1.5-2.5M NaCl or 2.0M NaCl, and 5-100nmM eg 50nM

The ef}if% B33 fhe Qo idnper ¥ EniPutila' d el 1003 05", pegfarably

less dﬁ&FﬁﬁSkﬁrﬁh?gaﬁﬂgfﬁﬁkﬁﬁﬁagnﬁﬂ@nﬁﬁQﬁ%“ﬁﬁ? a&&io?n>an:mﬁon
preparatioh for purification usihg phenyl ‘boronate

exchangarresia ficBAds QNMAFSpheosid) \DERBASphdrodéx, Q-Hypef DADEAE-

be perforned with any ultrafiltration nenbrane used in

cellulpsey tQAE-celinlosa: onTMAE PMAE, onPDEAE Foictegelar Preférgbly, the
T MY T T W —
bed A3 b Iah 5110 W0ekSnre SuBIEREY Wil U on Yhion butfer
O e R S0 B s
loadedioato ther mdtvix at B@+16genonomerizyalbemini pel itre of matrix and then

. concentrated ,if required and thd equi pment washed out |
the myprix.is washed with-dilutg setrahasate, ufders for exampleolr-35mM potassium

] Jekentat . ia,th 2Q-1
tetrabfiags, OF spUilf e EBRNE CSDRP O ickl e e Ged O raising 1 pH 0
approfiiBly° 9 IN0M0 ek dhe Mindhin s \ited! WOIEI HHBRS LoBbitrated
treated by ushing out residual protein wth water,
tetrabalacsbiffer (ot bxGHPIE SOLSOMM pomskianCEaboRRe, preferably 110mM
affinity step to renove, glycoconjugates, such as
potassgim c,t@pahmﬁer(gi,sogb)y cThe¢ matex 4s ¢leankd wittosalt/detezgent (CS05) and
n

then RORCHESG) beibes sorhe i AR NOBAG80Rne The eluate from the
1 bidpnstorags &0 ?Geif?0/ne The o
anion ESLAARE BRAR L Aal1oRfet ohed AGHIY bl VoCr o de

agarose, cellulosic or organic polyners. US Patent No
4 562 251 descri bes suitable nethods for
meki ng di borodl azi ne or nonoborotri azi ne agarose: (1)
triazine is O-linked to agarose first and then |inked
with 3- am noplienyl boronic acid (APBA) in a second
reaction. (2) Triaztu. e is reacted with APBA first to
produce either nono or diborotaiazine. These are then
O-linked via the free chlorine on the triazine to the
-ONa activated agarose to produce either nono or

di subsituted agarose. An earlier patent, US 4,269, 605,
contenplates a variety of activation nethods,

i ncl udi ng epi chl orohydrin activation of agarose,
preferred herein. Commercially available matrices

i nclude Ami con's PBA30 and Sigma's acrylic headed

am nophenyl boronate. It has been found to be
particularly beneficial to use a buffer containing

gl ycine (10- 500mM for exanple 25-200mM preferably
50-150mM in this exanple 100mV), 53 NaCl (0-500nM
for exanple 25-200nm\V preferably 50-150nM in this
exanpl e 100mV) and Cad 2 (5-250mM preferably
10-100mM in this exanple 50mV), pll.8.0-9.5,
preferably, pH 8.0-9.0, in this exanple pH8.5, (CS20).

‘A Y~




54 with CS19 and further CS19 added as required to
give a retentate concentration of 5010g rHA V.
Finally, sodiumoctanoate is added to give a final
concentration of approximately 2-15 preferably 5-10,

. nore preferably 6-9, and in this exanple 6nM eg CS14
is added to 3nL.L4. After ﬁe, t he nenbranes are
treated by flushing out reSidual protein with water,
cleaning with CS06 and storage in CSO7. The al bum n

Affinity|GChromato n subjected to a second cati on exchange
step using, for instance, SP-FF Sepharose (Pharnacia),
this time in the negative node, ie the al bum n passes

This §pcHEbor St i AL hetBEn B A0S R RECmiY oo

fragnich, JoA% Jigfy, . PO, D OFAC SEralty Cuages Wy eBpiRo any

Cibacranrlue 3pef dpél whigh Sbifds Gienin, Foreexdmyfle cReactive Blue 2,
.can buffer in the appropriate range may be used, such

Procign Rlugi HBat Blysh sepiazese, pBluce Trisagayi sandy other cangumguinone-type
compB EFAEGH e gpakia s A5G M Wit 3R brcared o

g.L4 preferably 20-70g.11 and in this
d&scrleﬁ)%g;i%ﬁgbé%%agg? 5010g. L-1 matrix. Since this is a

negative step, the albumn is collected in the flow

t hrough and wash. Follow ng this cation exchnnge step,
The mathod| usesi BBiAs at abhest flowo pady dengie of oldeO04rli.emexThaddBA is

cqut80% 3B e ORGP e85 B,
el S0 34 H°CS10) B RGRALARAIER, TELEDR keay

8.0-12.070; airthis extamblie10W4EY. 03/ ifibrafioRIdatli £ Wash §teps are
the followi ng conditions. The step uses an ani on

perfomnted a fowreratésk of 005-8s3Dbed Fvalémin pieferablya0:i5:0.27, dn this
exsmfishE B34 ol ot s Besoimed 28, vottn.
Whertldiifhg & Gorlicfs, 18 8btabiin 34 Ssiéd'To Bl Bolydminants with 1-5
volunidtcofAfitiohiiA UeBtate Buffés §030mS em-a g éféil'ari]ﬂ%;lg-ﬂi 2% ém, for

W th cs22. Alternatively, as described. anple 9,
exampld GA]Qspreferablya§ cobmmn volumes MhealbwiRin iscelutedswith a strong

o 5 BB SNIND Uil 24 20
Nt SO o R Bl b 7 ER11 e A 2 o

usingiGSGméiﬁH%rﬁPﬂi{Jg%' e -to host cells which are not

mutant at this s, or indeed which are not nutant
at any other pnt |ocus. Exanple 2 Two assays were used
to investigate =trate qualitf.: The poorer the

The aluate feara the DBA coluran iothnn conceniraiod smdedisfiltertd tin greparation
e EBRMISE, Vi Dt RSO e e ebihasadly DA
rae T cd U Befonblf i Al @BanBaddfl cfufine figdd o protein

concenifthtién With » a6hfnal itdleGtay wdight e biflof 301060 ’gr Pé&?,;\gieﬁembly a

gquality of three different yeast strains-under .
polyethietsulpleme fypec meditrawen {eg r Filtron nOfega hserizs) of 10,000 nominal
fermentati on were conpared.




56 Specific gene deletions A600 WV (g.1,4 centrate)
Gown at pH 5.5 pntl-/hspl50-/yap3- 1.39 (0.52, 24)
12.4 (4.9, 23) bspl50-/yap3- 1.11 (0.62, 9) 9.1 (2.9,
7)- YaP3- 0.58 (0.34, 10) 3.9(2.0, 10) Gown at pH 6.4
or 6.5 pntl-/hspl50/yap3-

52

molecular weight cut off. DBA eluate is concentrated and then diafiltered at ~100g
rHA.L"! against at least 5 volumes of water followed by at least 5 volumes of CS20.
At the end of diafiltration, the retentate may be further concentrated if required and
the equipment washed out with CS20 to increase step recovery. The concentration of
the final retentate should be in the range 20-120g rHA.L", preferably 70-120g.L", or
as in this example 100+10g rHA,L?. After use, the membranes. are treated by
flushing out residual protein with water, cleaning with CS06 and storage in CS07.

PBA is an affinity step to remove glycoconjugates, such as glycoproteins,
glycolipids and poly-, oligo- and n;onosaccharidw, and utilises immobilised
aminophenylboronic acid as the ligand. The aminophenylboronic acid is covalently
coupled via a spacer to an insoluble matrix such as polyacrylamide, agarose,
cellulosic or organic polymers. US Patent No 4 562 251 ) )

describes suitable methods for making diborqtfiazine or monoborotriazine
agarose: (1) triazine is O-linked to agarose first and then linked with 3-
aminophenylboronic acid (APBA) in a second reaction. (2) Triazine is reacted with
APBA first to produce either mono or diborotriazine. These are then O-linked via
the free chlorine on the triazine to the -ONa activated agarose to produce either

mono or disubsituted agarose.

An earlier patent, US 4,269,605, contemglates a variety of activation 1_nethods,-

including epichlorohydrin activation of agarose, preferred herein. Commercially
available matrices ‘include Amicon’s PBA30 and Sigma’s acrylic beaded

aminophenylboronate.

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),



0.41(0.17,6) 2.6(0.8,6) hspl50-/yap3- 0.47 (0.19, 8)
4.6 (1.4, 7) yap3- 0.41 (0.08, 6) 2.1 (0.8, 6) Table
. AOUU and WV val ues or three different rfl A producing
strains in fed-batch fernentati on grown at two
different pH values. In the first colum the specific
gene del etions are indicated. Values in parentheses
are standard deviation and triber of sanples. Fromthe
Tabl e above it can be concPdded that at pH 5.5, the
mul ti ply-gene del eted strains yield an inferior

NaCl 00miML, fob 1€125:200m¥4, opreferablyt 58-180inM cint €@iis example

fect of these further ene deletions is av0|ded

IOOmM)aapdeCa{ZIMSSZiGmW preferablye ri0s108M ,nin ithis sexample S0mM),
n rib [ but il a strain
pHSﬁg g“‘#ﬁ ﬁdg @%@%%WM%&%@%)SO gr own
at two dlfferent pH control values, and the wet-wei ght
content of the centtate determ ned as described in

The FER%lﬁmh usk§ & Wfpaih %¥ngih OF 1.4 1.08mChRY ¥ 996 &iik_ilibrated

control point is also seen for this strain of

with dendfer ot detcribed above Seg @820 Thei (g:lmhnaaMaded at less than 1
reduction in the wet weight content of a culture

columan, yelwm apreferablynless thaw V.5 reolymensvolpmes, in this £xampler£0.35

colun?nH nie Tﬁe tﬁ};ﬁ ig o0 35 g%%g&t?v 's_gp5zind 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 buffer (CS09), NaOH (CS06)
and then stored in dilute NaOH (CS07).

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

hi

w

PBA ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with'z: "nominal 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
pH5.3+0.5 with CS21, concentrated and then diafiltered at ~100g rHA.L™ against at
least 7 volumes of CS19. At the end of diafiltration, the equipment is washed out



57 Fernmentation pH Wt Wi ght Content of Supernatant
(g.L4) 5.5 10.0 (2.3, 4 6.3 - 6.54.6 - (1.4, 7)
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with CS19 and further CS19 added as required to give a retentate concentration of
50+10g rtHA.L*. Finally, sodium octanoate is added to give a final concentration of
approximately 2-15 preferably 5-10, more preferably 6-9, and in this example 6mM,
eg CS14 is added to 3mL.L". After use, the membranes' are treated by flushing out
residual protein with water, cleaning with CS06 and storage in CS07.

The albumin solution is then subjected to a second cation exchange step using, for
instance, SP-FF Sepharose (Pharmacia), this time in the negative mode, ie the
albumin passes through the matrix, rather than being retained. The conditions are
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
11.041.0cm, with the albumin loaded to 10-250g.L" preferably 20-70g.L*! and in
this example 50+15g or 504:10g.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 pH4.604:0.10 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 11.0:41.0cm 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.nﬁthe flow through



Tabl e 5: Rel ationship between centrate quality and

fernmentation pH for norkpatt/ strain. Values in

par ent heses are standard devi ati on and nunber of

sanpl es. Thus, rather than control the pH at

approximately 5.5, it is beneficial to have a contro

set point between pH6.20 and pH6. 70, preferably

bet ween pH6. 3 and 6. 5. Atéﬁych a higher pH, the

quality of the centrate is significantly inproved due

to reduced cell_lysis Exanple 4 This Exanple was .
and wash.f Thewpd phthe How Throughnangd Washds then aditisted toxhAiG1 with

1, with the follow ng differences. The yeast Pichia
CSZZpastoris, strain GS115 (Il nvitrogen) was grown using

t he same conditions and nedi um as descri bed above, but

using a pH controller set at 5.90; controlled at

Auemaltﬁe:y@ a8 QesctibeAGs Eriztnyle OVpH-adjustraéntOmAP cebhr 4 e Final UF

gl ucose as a carbon source. The batch phase duration
feed veasel histdad ofiteting perfarmedoon the DBAE iflow through and wash.

Reconbi nant human al bum n was added once the feed

phase had comenced, providing a final concentration

While Bafifle hi beem fibioie Sufth chREeickta’d il mptant, it showd e
spproaD B B hiikalth Picebs GEORE IGMGERt ey is, caually

purification®process the inven
applicablestothostetlts Whichr areatot!atane ak Yhis Joeis, rdr! iddeed vhiehl are not
frOm Pichia culture. nedia as described in Exanple 4.
mutant atanp ethenpmi locis |. munoassays were performed on: (i)
the rHA purified fromthe Pichia culture nedia; (ii)
the rHA used to spike the culture nedia; and (iii) on

m n produced by Saccharomyces cerevisiae which had
fied in accordance with the present invention.

Western Bl ot Summary Anti body Bat ch Numberl g9601 Ge
. Typed- 12% SDSNR NOVEX OPT -S M| k TypeUHT Exposure
Two Tssape Gvere aused stol vestigate scentiate dualigl:nsThe puoren| thendentrate
. produci ng, Saccharomyces cerevisiae stain and thus can

quality, ghe wetseithe Jrabustnegeaf thereagiealls.

The two assays were:

1.  Determination of the absorbance of centrate at 600 nm (Agy)-
2. Determination of the wet weight of particles in the centrate (WW).

In both the assays, the higher the value the poorer the centrate quality.

o

The centrate quality of three different yeast strains under two different pH
conditions grown in fed-batch fermentation were compared.




The western blot showed that the yeast antigen profile
of the al buran. derived fromthe Pichia culture nmedium
contai ned fewer and | ess intense bands than the
mat eri al used to spi ke the Pichia fernentation. The
Pi chi a-derived al bum n yeast antigen profile was very
simlar to the Saccharorry'é@s-deri ved profile. 59
ELI SA Bl ot Sunmary Yeast antigen inpurities in the
al bumn purified fromthe Pichia culture nmedi um and
Specifi¢ gemei fi ed HyAa¥ SA usi ng | ¥OBO(e.Liteentrate) anti ge
de]etiocom ent of tlhe albumn purified fromthe Pichia
B3l t ure medijum was bel ow fhe detectable linit of.|
< assay (approxi = —O,ana e art T geT
content for thgﬁéa' gyunmytnﬁurslsel’g to spi ke the Pichia

—nm——

pmtl-/igA507yep3- (.0399052, 24y 1R 903t er1ar The Tphn A
assay descritbed in Exanplle 9 was perform on al bufin

hsplSQalyapi-i ed frqrb.1b¢0BRcH) a k9l (2.9, Medi um and for the

al-bui-A—dsed-to—spikethel Richia nedium The contént
¥ap3- of Con A bi |@-38 @3telOhi| 38 20e100r ner was 0. 22p6
Wy —for fre—atte +— - - evel
of Con A bi ndpﬁa“'ﬁeﬁieﬁféf PhOthe al bunin purified|from
— oA SH 1 ' Oy 4 QA ar —to—ttat—of
pmtl /%T 53%&%%ri H'Ee%tbfelridm Sagz%%@'ﬁy es cerevisiae in

hsplsolagte@dance wta.lmmewl gyfﬂgtrhmlweg rapre o), when| t he

er is ndt produce a_ml ‘mutant. The pur]ty
yap3- anal yses conf0.41(0.08; 6) hqg u1q@eB,s6)0f the 1 nventioph can

TTable 45, A0 2k V¥ Ealnehy (e GFecont FThe. Erodnolig: Wraiss fn ded-batch

fermenthfichi growh WtitRo @iffebéutipHOvalies! | t)thd Brst W%is&%ﬁﬁgg% P&éetions

. ..Sacc onyces cerevislae can_he obtal ned.
mmd‘%‘eﬁ'i t s ihpruenteses He sandarddeiiztion andingaiber,of pampigs.
chr oi nat ography step (DE-FF2) foll owed the second
cati on exchange chromat ography step. (SP-FF2). In an .
From th¢ Tableazbave ip can becancinded tharestspH RS s deomdltiiygeie deleted
. eg‘;ange chr omat ogr aphy st eg g;a/ be foll owed by a
strains yisdd appferiorceptRis, ViERm abPHIS-4 rtt3y thendeleteripus effect of

t - te at pll5.3 approx. the pH needs
mweﬁﬁo%ggePE?Fgggggﬁ%W There are two neans detail ed
bel ow, pH adjustnent and diafiltration. The latter
appeared to give a better quality product. DE-EF2 (A
ExampfP3FEt a fl ow t hrough and washi ngs were pH adj usted
toS.H 7.0 with 0.5 M disodi um hydrogen orthophosphat e.
This material was | oaded onto a DEAR under standard

e o SRR TS B it Bl 1,
utilised"%'skrain WIBEH it 1fot Binf7 Bt ° TRk Cnain 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.




DE- FF2(B) SP-FF2 flow through and washi ngs were

& ethered vs. 10 vol. 10mM sodi um phosphate pH 7.0,
concentrated and diluted with buffer to 50g.14-1 and
| oaded onto a DEAE under standnrd positive conditions.
"' The pH and conductivity of the |oad was 7.0 and
1.43n5. cmt respectively. The al bum n from DE- FF2A /
DE-FF2B is suitably. eluted by a 45-55raM sodi um
phosphate buffer (pl17.0)587 61 Exanple 7 The kinetics
of nickel renoval fromrHA by treatnment with | ow pH
were investigated (see Figure 9). The results showed
t hat bet Ween pH 4 and 45 both the rate and extent of

ni PeaghentationapHer e i nflependdiet Wieightl Cdutent 6fit at | pH
5 the rate of renoval $lovwed gupefitdtunt @eX)the raje

altlud €Al U

pH acro8§s"the range 5-¢6.5 with |it &r no renova
above pH 6 5 FExanple R Purificar human serfim

al bumiéa3 £60%n a sanmpl e §f cryo- poor @h@sma paste
(Centeon Pharma GrbH) Yas achi evediy$j Tig the

U el ATP Bef¥edlf Eitrale adlitf d i Terntéittion pH (07 AONMAI Strain,
Tab‘eggf HSA at eggh chr omat ogr ap énstep vverg predom nantly

Values ingaseathesss aresondanddeyjstion rofisaplessvery at the sane
stage, with the exception of the PEA colum. Here, the
recoveries were nuch | ower than expected which may

Thus, ga;ri%r BT cdﬂiﬁoi _ﬂlm{ pHDyE hppioxithyel &5 2lib iTbénefickl a6Phsre a

Is Exanple illusirates the concentration,
controbisetf paint hetweenpilio 20rand pHO6GT0,girefeérably betiween pHE.Bamd 6.5.

i tabl.e pr.oduct,

rHA_ .into S in this jpstance
At suchoalifgher aHy dhe auality Of the cebtmee Isssigaificzatly dmproved; dee to

t ..hanely final ultrafiltration (1TF) and
fed“"ea(ﬁ%ﬁﬁrﬁi‘?i on. 62 Final UP begins with transfer of DEAR
fl ow through and wash to the Final UP feed vessel. As
descri bed below, the albumin is then concentrated,
Exampleaf i | tered pH djusted to pll7.0 and further
concentrated. If DE-FF2 is run in positive node, the
DE- FF2 Sate may be used- instead of, or in addition

et Yl B b R €
the folgcﬁli'h "ifférdiees.! THE g?%@ ?xchﬁam, CitRdiR ' GS1S (Anvitdpen) was

edm IS sequentl y subj O prinmary

grownasshee die sithe conditiohi landamedianpag describethuove, but using a pH
concentration phases in an ultrafiltration system 1
controller sefcatn$.90; controlled iat 5:80#0:2(hs2 wpecific growith ante of 0.10 h

i S35 kel e 3.k s
phase B, 5 3 B g B it e

phase Hadcbirintéred ag?&ﬂaigﬁ% qnﬁpabn&f;mﬁeﬁew@lw FHA $8éulitire at

retentate vol tine e alents of water-for-Tnjection,

the endref dreafénmnentation) Bl tHA0used oo spiker e Péckieroultnre had been
._Following diafiltration the pHis adjusted to 7.0 and,
purifiedrbut net imacocopdancecwith the purifieationprogesshof the dinyeuions
the MA concentration to 275-325g.1:1. At the end of UP
the retentate is transferred to the bul k product

The rHA#in’thk Piciia 8 batch culture medium was then purified in accordance
with the purification process described in Example 1.




I nstead of pH adjustnent being perforned on the DEAE
fl ow t hrough and wash, pH adjustnent may occur in the
Final UP feed vessel, preferably between the
di afi kration process and the secondary concentration
phase. Preferably, the diafiltration retentate is
adjusted to pH 71: 0.1 with 804. 1f the pH exceeds 7.1
but remains pl38.5 then the pH can be decreased with
EX05. 63 The fornulation step produces rHA in an
appropriate chem cal environment and at an appropriate
EZEEH@&éﬁtration sui table for bulk product sterile
filtration and filling. The transferred Final UF
retentate is anal ysed to determ ne concentrations of

i BRI, AL U Cudfpic O 210, pETRd (R PioHq Rl media as

describedtinExagipde 4 chl ori de and sodi um oct anoate
exci pi ent solutions and appropriate grade water added
to achieve the bulk fornul ation specifi.cation. The
final al ng n concentration may be 150-250g.L4 or
Immunoassaydatd i 11 a sodi um concentration of 130-160mM
Any ot her feasible al bumn concentration may be nade,
however, with, for exanple, a m ninmum concentration of
Innﬁmmiﬁﬁﬁﬁ.w%%bﬁ&&ﬁhnmﬁr&&ﬁpyhhé1§LK5%° Y \rom, the Pichia culture
Forqylat|on i's conplete tollowng It1on of
medimp(iid phe aHA usedvenspike dle eilturoanedia; aad ! (ji)es altudiingproduced
exci pi ents, such as pol ysorbate 80 or those specified
by $eccharomysepregravétias o&hxag thed puxified sinbaegordancedwith the present
.veglluting water. - A final concentration of 0.08 nmoies
8Fum oct anoat e per gram of al bum n nay be desirable.
The product is sterile and non-pyrogenic. There may be
up to 1% dineric albumn but no | arger polyners or
Westegr BipttStananaeydet ect abl e.  Exanpl e 10 This Exanpl e
illustrates the analysis that 34 carried out to
establish the purity of albumn purified in accordance

M L hot resent inventian. Unl ess stated otherw se,
'AnuﬁbayE?ESQQ ys areﬂggﬁaorned on al bum n whi ch has
purified accordi Wﬁl qpenul at ed
Gelg?ggr ding to Exanpl e 8&12‘92 yealgon 0 ctr}]lfg\S
MillkAType oassay for gl ycaUHTprotein has shown that rHA
Purified in accordance with the invention is not
efldmei al |y nodi fi ed0seconds- enzyni ¢ gl ycosyl ati on

(glycatbn). The m croassay neasures the stable Amadori
product (AP) formof glycated protein, by oxidation of

19D Sl ] BBy ARl Sy st s
and @48'%hh bR4BEd wde@&/fé&@mgg%.a chromophore,
di acetyl di'hydrol utidine ( , by reaction with

acetyl acetone in anmonia. DDL is then detected
caloripetrically. The sanples were assayed after

The i trtheryeast antigen purofite f tap Altmenin derived from
the F2ig BRiRE meifit, ctivings Fyfesand s datchse;bansiothan she praterial
v 57 il 53T PN Bl 4 e
profile eak veghsinfil® t6 fth@Saékh&fbﬁydéﬁﬂe?N@ﬂ?raﬁiee of It'xose

one nol € of Ammdori product” is forned. Sanple Mles
Amadori Product/ Ml es Al bumn A 0.79
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ELISA Blot Summary

!

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
Ig9601. | -

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

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

The Con A assay described in Example 9 was perfonneﬁ; on albumin purified from
the Pichia culture medium and for the albumin used to spike the Pichiz 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:i'nvention (see Table 6), when the latter is not produced from a
pmtI 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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Example 6

In Example 1 a negative mode anion exchange chromatography step (DE-FF2)
followed the second cation exchange chromatography step (SP-FF2). In an
alternative purification process the second cation exchange chromatography step

may be followed by a positive mode anion exchange chromatography step.

From the SP-FF2 eluate at pH5.3 approx. the pH needs to be increased to pH7.
There are two means detailed below, pH adjustment and diafiltration. The latter
appeared to give a better quality product.

DE-FF2 (A)

SP-FF2 flow through and washings were pH adjusted to/pH 7.0 with 0.5 M disodium
hydrogen orthophosphate. This material was loaded onto a DEAE under standard
positive conditions to give a matrix loading of 40g rHA.L'! matrix, the pH and
conductivity of the load were 7.0 and 1.29mS.cm™ respectively.

DE-FF2(B)

SP-FF2 flow through and washings were diafiltered vs. 10 vol. 10mM sodium
phosphate pH 7.0, concentrated and diluted with buffer to SOg.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 (pH?7.0).




P0.18, Q0.24" R0.04 Sanples A-Qare comercially

avai | abl e HSA products fromUS, Europe and Japan (nean

= 0.490.20). Sanmple R is rHA purified according to

the invention. Analysis of C-termnus An inportant

aspect of the quality control of reconbi nant proteins

is the conformation and stability of the

pre-determ ned primary strggture. Analysis of the

C-tenminal tryptic peptide in comeicially avail able
Ex H?{Zand rHA purified according to the invention by

rm nal sequencing /and FAB nass spectonetry

i ndi cated the presence of a truncated peptide, |acking

the Ctermnal leucine in HSA. The Des-Len C-term nal
The kinptits ofpaivkel erenmwaliefrent adiAnbgomeanosm| witBA lew pH were

approxi mately 5-10% (not quantitative), but_ coul d not

investigates(soe (Rigure:9); 1iEherresulis shawed hat hetween pHoh andided beth the

rate a0 Ge{ent F AAFHEh TRl Toec ARG HdoREf BH, ol ot i g 5 e rate
of reshfa! dtbhed Sty TR MO FareP A o 88 iEE Siya HBSase

conmpared t er sanples, indicating that perhaps
with ihédeasiig il aciosotieaahges 5465 With ditle onho demobesaitiove pH 6.5.

These results indicate that the rHA, purified in

accordance with the invention, has a stable and firl

| engt h car boxy-term nus, whereas HSA previously
Eéﬂgﬂﬁigkable from comercial sources appears to be

het er ogeneous by conparison. 66 Nickel ion content of

rHA prepared according to the invention Measuring
Purifib&tidy WFHimanSkéfh GMRAminPerdth M ShillBle ©8Id1965500E plasma paste

(Constani Tenperature Tube) using detection at 2nm
(Centéotiy Pbarnza | GinbH) i was achieved using the purification process detailed in

Example 1.

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 concentratiop, diafiltration and formulation of the
highly purified fHA into a suitable product, in this instance 20%(w/v) albumin,
This procedure is carried out in two stages, namely final ultrafiltration (UF) and
Formulation. i

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

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



The nethod is based on a three-point calibration

(18/ 30160 pg/L standard sol utions from Perkin El ner).

After the calibration, a blank of purified water is

measured. The control standard is neasured after the

bl ank and at the end of each test series (N -Standard

20 pg/L, certified standardgprom Perkin Elmer). Sanple

preparation: Each assay is the result of a

determination in duplicate which also valid for the

calibration and the control standard. Depending on the
FinfUP YepthsNvith a8 GRDEAE Ad@ hodwali f & FilaPOR feed

appropriate ratio to work wth a N™-concentration tha
vessel. WiAsideserileedc dklow,atlicoalbumigeis Sgeiceacatitidtedy diafiltered pH
. _protein_conee-ntration of 10% or nore have to be
adjusted tocpFl 210 andfurther eonecentgasgdcase. Dilution is with

purified water. Rinsing solution for the sanple

capillary: 2L purified water mxed with 05 nil. Triton

1¢ DE FF2 15368 ib PObiOE shdpe, Y DIECRRo Suait B8 R4 letoid o, or
additivh te did DEAR flodegicodgho8d®as.f not, the calibration
has to be repeated one tine. If the calibration does

not conply with the requirenment a second time, an
Follgnifk ATy 9 R S5 fols bR Abd s (oF cluate if DEFF? is
rua 38 posiRoRNE, B Fl-cSitafite bR SEkE' £ eqifutily tubjected
to @mgp eBhéittatiofP Hafiliatidd adndamaggo chiertfifion ﬁ%ﬂgrgs in an

i cogram (pg) that contributes an a rptron of 1
ultrafiiteationnsyesbenn rfittédo withf cdliylesic cmembeaiesesithnd snéminal molecular

w5 Bk 700 H s e e
condbiRh 90 BBlstue SO, SRR oy e

con(i&idu%%idﬂl&ﬁﬁ&i‘ﬁha@'%&r&t N rH A §s "®afEleAd against at least S,

i nstrunent cal c i

ates the result according tothe
prefenitilyat legst 2 reten@tévolume equivalents of water-for-injection, preferably a

50mM salt solution to remove ammonia. Following diafiltration the pH is adjusted
to 7.0 and, the secondary concentration phase further increases the rHA
concentration to 275-325g.L. At the end of UF the retentate is transferred to the
bulk product formulation vessel.

Instead of pH-adjustment being performed on the DEAE flow through and wash, pH
adjustment may occur in the Final UF feed vessel, preferably between the
diaﬁllratic::n process and the secondary concentration phase. 'Preferably, the
diafiltration retentate is adjusted to pH 740.1 with EX04. If the pH exceeds 7.1 but
remains < pH8.5 then the pH can be decreased with EX05.



A2 ) Result (pg Ni/L) = (Alloped. slope A absorption
sl ope: slope of the calibration curve (linear
regression) V:dilution A nodifier is not used. 68
(blickel]/[rHAJ (pg/g) Sanple Batch 1 Batch 2 'PA | oad
0.73 0.74
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The formulation step produces rHA in an appropriate chemical environment and at
an appropriate concentration suitable for bulk product sterile filtration and filling.
Thp transferred Final UF retentate is analysed to determine concentrations of
albumin, sodium and octanoate. These quantities are tai:en into account and any
necessary further amounts of stock sodium chloride and sodium octanoate excipient
solutions and appropriate grade water added to achieve the bulk formulation
specificaion.  The final albumin concentration may be 150-250g.L! or
235-265g.L", with a sodium concentration of 130-160mM. Any other feasible
albumin concentration may be made, however, with, for example, a minimum
concentration of at least 4% (w/v), preferably 4-25 % (w/v). Formulation is
complete following addition of appropriate conventional pharmaceutically acceptable
excipients, such as polysorbate 80 or those specified in the US Pharmacopoeia for

human albumin, and diluting water.

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 i§ 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.



PBA fl ow t hrough and wash 0.41 0.43 SP-FF2 | oad 0. 06
0.06- SP-FF2 flow t hrough and wash <0.03 <0.03 DE- FF2
fl ow through and wash 0.14 0.28 Analysis of nmedi um
and long chain fatty acids The fatty acids profiles of
al bum n according to theé%gvention and comercially
avai |l abl e I BA were analy by aci di c- sol vent
extraction and gas chromatography of the free fatty
acids using a C17:0 internal standard. 1(i TO abnorma
fatt i ds have been detected in the al bum n of the
Glycation n by this nethod although the profiles for the
rHA and NSA showed significant differences. As
expected both showed | arge anmobunts of the added

A tmc10%2;5"&.'19%Ir CI &@tm%aﬁ%oﬂh thAPFHIA. B eHrhsaccordance with

haracteri sed by on1nan

the inveitfondis lﬁtﬁuﬁsmﬁﬁzﬁlyanodlf&ﬂ]b)andn-@tﬂyﬂlwlycskylm (glycauon)
al bum n of the _invention contained nmainly Cl0:0 a
The micioasgry-mepsyEesathestable pmadorppraduct (AP) é‘me of rgbma@d protein,

by °x’%{l{98d’§t‘3‘83§ 1A pions r?f@%v‘zﬁ@ Oﬁqges e TormatiBhyde
releaseﬁogk‘ Zﬁl’ gkxﬁaﬁ&? tﬁ‘.iiﬁ&tté‘d er a(gazf tcﬁfcﬁnophore,

nuritication proc

dlacetylldih ohmdﬁie DL%,Sbf' aedctionovills ad&?&c&tﬁnﬁﬁ%ﬁﬁoﬁmo"/DDL is

e/ nol e) evel of octanoate, and preferably

then dctg@sd molomne;walm sThefsamples were Iassawdeafv&rr desaltinghusing a

Pharmig 9B, {25 Senbrdeed coliom apd et Belwictinishe sraples was

re-quaitftied by dib BYeatorh MhbModBhat S At walYlayed. A fructose
positive control was included, and the absorbances were read on a Shimadzu UV

2101 spectrophotometer at 412nm. For every mole of hékose one mole of Amadori
product is formed.

Sample Moles Amadori
Product/Moles Albumin
0.79
0.76
0.41
0.48

~ 0.46

- 0.22
0.41
0.37
0.54 i
0.76
0.84
0.50
0.43
0.59
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69 0.4 noles C18 fatty acids per nole of albumn. In
.the product of the invention: there are typically no
detectable C20 fatty acids and only about 0.02 nol es
Cl18 fatty acids per nole of al bum n. SDS reducing

pol yacryl am de gel el ectrophoresis - This assay was
perfornmed as described in WO 96/ 37515. The assay
showed that rHA of the i&ﬁfntion consists of a single
pol ypepti de chai n which en treated wth a reducing

gent (p-nercaptoethang e band
(frononer ) Samm@es r educi hg poﬁd@ﬁﬁ@ﬁd@ﬁ

e] ectrophoresi s (PAGE) WwhPrcéductiiMiobdscAllbhimain tihe

pyoportion @ album n pfesent as gg4fononmer isjat |east
OB—9%—Ce vic SCimme 0 T e i Tt

chronnt ogramy L 2501 of 3 10nLd al buni n
purified i nQccordance hith the_jf h had

TSK3000SWKC col'umm on a Shi madzu LCoA HPLC and found
to contain less than 0.1% polyneric album n. This
Samples AsQ| dre icodimercidlyt daflablecHSAr prddatisofroasUS, Envope mmdl Japan
herein has no detrinmental effect oifrthe ] ]
(mean =p6.49-0/20) g Semple Reisatish pusfied gecqrding todhe inventon. Two
Di mensi onal Gel El ectrophoresis 2pg rHA of al bum n
prepared by the process of the invention was subject
Mﬁsg‘ﬁé_géﬁ&si onal el ectrophoresis using a MIIlipore
system The separation in the first
di mensi on was a pH 3-10 isoelectric focusing gel and
was followed by a 10% pol yacryl am de/ SDS gel in the
An impertantd aspevenef othe @ualityai contrplofoft hecagebingtt tproeins is the
Coonmassi e Blue, only one sppt was visible, indicatin
conformationAndsstability, pf ghe Presdeien i PFIRBEE SEUCtuRh %é?ﬁfséﬁt nge
.al i D, / S C val. ( bids .
Cremmifi” Hiobc eGAfio @Zn%émﬂ%?%ﬂﬁa%l%efan@& 8ha°HHIA® purified
i | RS e | i e \445 Spectbihe
RO G A Ry pecioferry
indicated 7 th@4pfeséide of fd niuncatedr peptideyr lapkingothe € teriminalnleucine in
Human Al bumin (rHA) and/or Human Serum Al bum n

HSA. The Resclew Cierminal feyRUspeRskiccivas Gﬁtm%%ég%SA at
approxifiplif 510 % (18, ApARvauvil, 2 Rk oo el il thd A pf e
inventioglg %.v@n Qgthi["ﬁ' Iﬁglé(’hg ‘%.ft 8peC( 2Phé ?fésslgﬁ.} g??tgcge?@rmnog badetected

um ori raM magnesi um .
in the HISAUED weeks at 30PCS andrdvk ki fomthé Ifolli Iength1Cefhinal peptide
100nmg rHA is then | oaded onto an equilibrated 2nL Con
was very diopnisheds compaxedriovthe otherssamples,indicating that prshaps,shishad
Con,  A.equyj | i bration buffer (-100mM sodi um acet at e,
memmbgi—m@&%gﬁﬂ;ﬂﬁw ‘ragnesi um chl ori de, 1nmM
manganese chl oride, 1mM cal cium chloride pH5.5). The
colum is eluted with 6nL Con A elution buffer (100nM
reqdl LEPB&S {»ﬁ[&!\/gﬁ CdtcBEdAiRe i i as a
These metﬁy -a-g%t?t@n&feéyr an s?gieddpm'fw. 5’):-. Nbrﬂémn%%%m;eg%%l'nh
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bi ndi ng al bum n nononer recovered in the ciliate is
expressed as a percentage of the | oad.
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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:

Each assay is the result of a determination in dupliéate 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.




0.15 PBX. FT&W 0. 13 PBA FT&W 0. 55 SP-FF2 FT&W 0. 10
SP-FF2 FT&W 0. 12 SP-FF2 FT&W 0. 14 SP- FF2
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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 m,:
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).

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

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

Calculation:

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

slope * slope/ °

Result(ugNiIL)=( Al “) . 2%V

A:  absorption x
slope: slope of the calibration curve (linear regression)
V: dilution

A modifier is not used.
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[Nickell/[rHA] (ug/g)

Sample Batch 1 Batch 2
PBA load 0.73 " 0.74
PBA flow through and wash 0.41 0.43
SP-FF2 load 0.06 - 0.06-
SP-FF2 flow through and wash <0.03 <0.03
DE-FF2 flow through and wash 0.14 0.28

- -

Analysis of medium and long chain fatty acids

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. i<fo abnormal fatty acids have
been detected in the albumin of the invention by this method although the profiles
for the rHA 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 predominantlty C16:0, C16:1, C18:0, C18:1
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% Emole/mole) of
the level of octancate, 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




Fi nal Product 0.28 Table 6: C earance of cons-binding
ri TA throught he process. Batches 1-4 are derived from
a pntl nmutant, whereas batch 5 is derived froma
non-mutant strain. (FT & W= Fl ow Through & Washi ngs)
ConA- bi nding rHA was further anal ysed by el ectrospray
mass spectronetry (Fig. 8). This indicated that, in
addition to -a reduction ija the anmount of conA-bi nding
rHA, the extent of nodificdtion of the conA-binding
was reduced. Analysis_ of Colour The absorbance of a 5%

0.4 rqolps/ Cl18ofattyi mﬂsOpext mole phalbuspige dn the, product e theeinvention,

b

thore A7 YRTGALY P A kA0S RE PO it N BBNkD PR bled ¢

ie ABS.L.g4.cuil). The al bumi n of the
acids B Bfhe bF Mg,

‘he follow ng val ues: Wavel engt hMean
absorbance (n=4 batches) (nn)(1,41.cniel) 350 5.75x
104 403 1.7 x 104 500 0.4 x 104 72
SDS reducing polyacrylamide gel electrophoresis

g fatty

-

This assay was performed as described in WO 96/37515. The assay showed that
rHA of the invention consists of a single polypeptide chain which when treated with
a reducing -agent (f-mercaptoethanol) migrates as a single band (monomer) on SDS
reducing polyacrylamide electrophoresis (PAGE) which indicated that the proportion

of albumin present as a monomer is at least 99.9%.

Gel permeation high pressure liguid chromatography
; ‘ P
25ul of a 10mg/ml solution of albumin purified in accordance with the invention
which bad been formulated to 25% wi/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 mo
detrimental effect onthe polymer/aggregate content of the purified albumin.

Two Dimensional Gel Electrophoresis

2pg rHA of albumin prepared by the process of the invention was sgbject 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



Generally, the albumn of the invention does not
exceed respective absorbances of 8.0 x 10,. 3.0 x 10
and 0.75 x 10 at the said three wavel engths. Assays of
a nunber of commercially avail abl e NSA preparations
reveal ed hi gher absorbances at these wavel engths (see
Table 7). SAWPLE A356 A403QA500 i - 9.95 x 10-3 4.10
x 10-3 0.8 x 10-3 2 9.25 x 104 5.36 x 104 1.1 x 10 3

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 o-D-mannepyranosyl, o-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 (fHA) is diluted to 5% (w/v) rHA with 145mM
sodium chloride then 1:1 with Con A dilution buffer (200mM sodium acetate,
85mM sodium chloride, 2mM magnesium chloride,/’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, ImM manganese chloride, ImM calcium chioride pHS5.5).
The column is eluted with 6ml Con A elution buffer (100mM sodium acetate,
100mM sodium chloride, 0.5M methyl-o-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.




7.40 x 10 3.26 x 104 0.6 x 104 4 7.20 x 104 3.60 x 104
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ConA-binding rHA (% of load)

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
pmt] 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 rHﬁ 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 (ie ABS.L.g*.cm™). The albumin of the

invention has the following values:

Wavelength Mean absorbance (n=4 batches)
(m) (L.g*.cm)

350 5.75x 103

403 1.7x 10? i

500 0.4x 107




7.20 x 104 3.70 x 104 ' 0.8 x 104 8 6.82 x 104 4.78 X
10-3 1.8 x 10 Table 7: Absorbance (L.e.cm. of prior
art BSA preparations Endotoxin A solution of dng
product is assayed using Linulus anpebocyte |yrsate by
ki netic turbidinmetric nmeasurenent at 340nm at a
tenperature of 36.5 - 37.72C using an autonmatic
endot oxi n detection system (eg LAL 5000E). A .standard
curve is constructed from known concentrations of a
standard endotoxin preparation, 73 negative controls
Generaly)dhé aluniiicf the inveation 16es Aot dxebed\tdshectiveibsbrbances of 8.0
quantity of standard endotoxin are also included in
x 10?, 3.0« HsSanyd 0:M5ex 802 atytheisaidt thres wavelengths. he reacti on
m xture i s nmeasured over tine and a | og-Iog
regression. Any endotoxin in the drug product is

Assays Bt ohiet, SO Bulilertinly SARAHE HSK BenRfitons fVeiit Bigher
absorba&@%sﬁ;?%lg%g \fﬂzﬁﬁngms%eéiﬂmé Z}l‘ s Reagent, 5,5 -

robenz. oat (DTNB) is a specCific
nmeans of detecting free sulfydryl groups such as

cys- SR lﬁgl{q- residue 34 in.the case of rHA) _The
tgeOn el easeg the 5 thio-2-pitrobengoate ipn TNB2-
S‘%/'ﬁ‘[i?hﬂhais an abs%fs?)ti on ’mxi nmum 412ntn By uring
=1 Se I abbur?‘ban [e—at 414nmsdnd grviaiTo b
the nol ar Jext OF@S KdR coe] f i cAtX AP t he] TNBL. 8ok ht
___AJ.an_-Lh.e_i-Le.e_sJJLLyd.L*_;anLeaL_oi_LHLcan he
cgiculated. $appkq03 5.36 x 103 1.1 x 103
3 7.40x 10 3.26 x 103 0.6 x 103
4 - 720x 103 3.60x 1(3:, 0.6x 103
5 8.68 x 107 4.08 x 107 0.8 x 103
6 11.45 x 10? 6.26 x 107 1.2 x 103
7 7.20x 103 3.70x 103 - 0.8x10%
8 6.82x10° 4.78 x 10 1.8 x 107

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 known concentrations of a standard endotoxin preparation,




nmotnmorl A 0.82 B 0.77 C0.77 D0.85 .E 0.90 74 CLAIMS
1. A eukaryotic expression vector conprising a

reconbi nant al bum n codi ng sequence wherein the 3' end
of the reconbi nant al bum n codi ng sequence 5conpri ses
two or nore in-frame translation stop codons, and
preferably three in- franme translation stop codons.

73

pegative 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 -;gainst 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 jon 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* ion at 412nm, the free
sulfydryl content of rHA can be calculated.

Sample mol.mol!

A 0.82

0.77

0.77

B
C
D 0.85
E : 0.90
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10.

2. The eukaryotic vector of CAaim2l1 in which tw of
the in-frame transl ation stop codons are consecutive
codons. 3. The eukaryotic exXfression vector of Claim1l
or 2 in which at |east one of the in- frane

transl ati on stop codons i £L&Wd8ded by UAA. 4. The
eukaryotic expression vector of Cdaiml, 2 or 3 which
is a plasmd. 5. A eukaryotic cell conprising the

. eukAr pokargotiex pxpressiom veetdrocomprisiny @ecahbiGhmati mbufni ocoding

4, .yotic,cel f, daim ich is a yeast.

7 SobEe R Chec e ofytag BrSRnd St Badfd eauence
t hecaeprises $ac oh arcveirsckame raaglatiabstgp Sa@@‘llsaéﬁmpwérably three in-
cergyi si.ae r i,s a yeast of the genus Kl uyveronyces

or Tﬁfrg.nslig‘g'. %o%? 08" of prepari ng reconbi nant

al bum n conprising: (i) providing a transforned

. Sgg?@% %mggrgﬁ@;l %%ngrg&ré%wasfngﬁ?ighjz\?g yo?ttrl1ec in(?{;gr{réstrsainggtion stop

cul tatons@rd benseeativefcodoredd eukaryotic cell as a cell
culture for a sufficient tinme and under appropriate
conditions to permt expression of the al bum n; and

30( The pukeeygaticasxpragsioheeaiobofiCrirhriosn 2 rewkieh lat Akt HeLof the in-
9. Tpe thqd.of tCI aiJn 8.vvher%i n the transfornmed
euké?ryg‘t?ﬁaes aliqn stpR codopg is encodad py A i n claim 6 or 7.

75 11. The nmethod of Caim 10 conprising the additional

St e‘li)heo gulga%oqyle%lleggort\ Oeectgrl &%irnn 1, 2 or 3 which is a plasmid.

A eukaryotic cell comprising the eukaryotic expression vector of any one of
Claims 1 to 4.

The eukaryotic cell of Claim 5 which is a yeast.

The eukaryotic cell of Claim 6 which is a yeast of the genus Saccharomyces,
preferably Saccharomyces cerevisiae, or is a yeast of the genus Kluyveromyces

or Pichia.

A method of preparing recombinant albumin comprising:

(i) providing a transformed eukaryotic cell comprising the eukaryotic expression
vector of any one of Claims 1 to 4;

(i) culturing the transformed eukaryotic cell as a cell culture for a sufficient time
and under appropriate conditions to permit expression of the albumin; and

(iii) recovering the albumin from the cell culture.

The method of Claim 8 wherein the transformed eukaryotic cell is a cell as

defined in Claim 6 or 7.

The method of Claim 8 or 9 comprising the additional step of purifying the

albumin recovered from the cell culture to form an albumin product.



product for parenteral adm nistration to a human, or
sterilizing the al bum n 5product or placing the
al bunin product into a fina/Scontainer.

11. The method of Claim 10 comprising the additional step of formulating the albumin
product for parenteral administration to a human, or sterilizing the albumin

product or placing the albumin product into a final container.



