1 PROCESS The present invention relates to a process for purifying the
protein human serum al bum n (HSA) extracted from serum or plasm, or
reconbi nant 5 human al bumin (rHA) produced by transform ng or transfecting
an organi smw th a nucl eotj de codi ng sequence encoding the amno acid
sequente of human serum al bumin, including rHA produced using transgenic
animals or plants. In this specification, the term"albumn" refers
generically to HSA and/or rHA.. 10 BACKGROUND COF THE | NVENTI ON Al bumin is
used to treat patients with severe bulns, shock or blood loss. It is also
used to suppl enent nedia used for grow ng higher eukaryotic cells and 15 as
an excipient for pharmacol ogi cal | PRIGOESS conpounds, many of which need to
be stabilised. At present, the demand for the product is satisfied by

al bum n extracted from human bI ood. Exanples of extraction and separation

exchanger THeisHat JhiaRHERee36 % bhacel @i@ﬁxﬁﬁaﬁgﬁﬁ% Ayt Bl 5 2L
20 use of sheat i MemAddiBA) Séikﬁac%éﬂi Rbif 'sbﬁﬁﬁ'@@ aP'Rdy&ddntingfe THA in

m cro- organi sns has been d| sclosed In EP 330 45 and P 361 991.

Puri fi at ihromanedbhnhigu@ER A)grroditéedh by drdedorming drosenksfecing/\én B2¢04867,

renmoval of matrix-derjved_dye, EP 464 590 ‘removal. of 25 yeast - deri ved

col or ant s:Withp agmucl 9‘3’]55 sPHBE musn@%lqm)étngoﬁﬁhear@mgetbg@duweawu cation of

the rl1A li.D I|c ph an /375 |ch contai ns several
conpl ete i 3 é@@ggmg Wéﬁ' S‘g SUSFHNG A8 ‘“‘H $ % highly
pure al bu Ht &gﬁ aEin? %éﬁ@ 7, which
rel ate to oés [?%r iproﬁum ng reconbi nant al %ﬁ%‘}% sg@iﬁ on froma

yeast cel Iandfozrl}}]@a present invention represents the result of intensive
devel ogrrent of the processes described in WO 96/ 37515 and that of US 5 728
553. .
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BACKGROUND OF THE INVENTION

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

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

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

albumin extracted from human blood. Examples of extraction and separation

techniques include those disclosed in: JP 03/258 72‘8 on the use of a cation

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

The production of tHA. 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
25 yeast-derived colorants; EP 319 067, alkaline precipitation and subsequent
application of the rHA to a lipophilic phase; and WO -96/37515, which

contains several complete purification processes.



SUMVARY OF THE | NVENTI ON A first aspect of the present invention provides a
eukaryoti c expression vector which conprises a reconbi nant al bum n codi ng
sequence wherein the 3 end of the reconbi nant al bum n codi ng sequence
conprises two or nore in-frame translation stop codons, and preferably
three in-frame translation stop codons. Al so provided is a eukaryotic cel
conprising the vector. The reconbi nant ﬁ¥karyotic cells of the first aspect
of the present invention nay be yeasts (for exanple a yeast of the genus
Saccharonyces (eg S. cerevisiae), the genus Kluyveronyces (eg K. lactis) or
the genus Pichia (eg P. pastoris)), filanmentous fun (for exanple

Asper gi | | us$thes| appraaches pipawm@rm bighiyn PHegl §lb@mlrarﬁ0ﬁ4apn9c@m giw(cme@ Hhmay be
transgeni ¢) wan 9bRISH akVOSg7/ 3171 Whigh (S8R IncBlodsier PERRRRLrebdMGNHton al so
provi des a process for purifying an al bum n solution obtained fromthe

r econbi nant a'@HR‘ﬁfWﬁ"@"@@ﬁP@ 2yt pflocess conprising the step of subjecting
a first albumn solution of pH3.0-9.5, and having a conductivity in the
range of 1 to 75nS.cnd, to an affinity chromatography step which is run in
negative node with respect to the albumn and which utilises an affinity
matri x conprising i mobilised di hydroxyboryl groups, thereby obtaining a
purified al bum n solution. Preferably, the pH of the first al bum n solution
is pH8.0-9.0, and nore preferably pH8.3- pH8.6. It is preferred that the
first albumn solution is buffered with a buffer having a pH within the

af orenenti oned pl-1 ranges. Preferably, the buffer conprises an am no acid
at a concentration of 10-500mM preferably 25-200mM and nore preferably
50- 150mM Preferably the amino acid is glycine. Preferably, the buffer
conpri ses a nonoval ent cation at a concentration of 0-500mM preferably
25-200mM and nore preferably 50-150mM Preferably, the nonoval ent cation
is sodium preferably in the formof NaCl. Accordingly, in a preferred
enbodi ment the buffer conprises NaCl at a concentration of 0-500nV
preferably 25-200mM and nore preferably 50-150nM 3 Preferably, the
buffer conprises a divalent cation at a concentration of 5-250nV
preferably 10-100mM Preferably, the divalent cation is calcium Preferably
in the formof Cad 2. Accordingly, in a preferred enbodi nent the 5 buffer
conprises CaCl2 at a concentration of 5-250nmM preferably 10- 100nM In a
particularly preferred enbodi nent the first al bum n solution and/or buffer
conpri ses about 100raM gl yci ne, about 100nmM NaCE and about 10 50mM CaCl2.
Preferably, the conductivity of the first album n solution and/or buffer is
10- 50nS.cm 1 and nore preferably 18-22nt.cnd. 15 Advant ageously, the
concentration of the albumin in the first albumn solution is in the range
of 20-12004-1, preferably 70-120g.LI, and nore preferably 100108. L4.
Preferably, the albumn is loaded in | ess than 0.5 col unm vol unes, nore
preferably in less than 0.35 colum volunes. 20 Suitably, the matrix
conprises a boronic acid. The term "acid" as used herein includes the salts
t hereof. Advant ageously, the boronic acid is bonded via a triazine or a
substituted triazine, for exanple to form nonoborotria7i ne ,or

di borotriazine, to a support such as agarose. Preferably, the boronic acid
i s am nophenyl boronic acid. 25 4 91-99, Singhal, RP. et al (1991) J.
Chrom 543, 17-38 and Liu, X et al (1994) 687, 61-69.



Suitably, followng the affinity chromatography step the purified al bumn
5 solution is subjected to further purification, preferably further
chromat ographic purification. Preferadly, the albumin is further purified
usi ng cation exchange chromat ography and/ or ani on exchange chronat ogr aphy.
The order of the cation and ani on_exchange steps can be inter-changed while
sti || Hermesen myentivaireppianisthe saspl 9T gBpusets deeeloppeyATARe AICHHT at i onal
poi nt i J r S is cation exchange
chr om@ggwgg%“?%:éﬁ{ﬁggs [&tlglgll @1@%3%3%2 chromat ography. Suitably, the
purified al bum n solution produced according to the process of the first
aspect of the present inw NPRRMNEEF IR nore of: buffer 15
exchange; concentration; i s, iltration; pH adjustnent
(preferably to a pH greater than pl112.0 or pf14.0, and preferably to a pH
| ess t , ' - M i G . ribed in HP
570 o1t aurel e Pl a ER M b B B R B2 FRSS el uct ng
st er i | doggtrisen) recombinamigpliumincmdity soqiange whereiuthat3i @nl diche papmhinental 20
admnistration . to a humn;, or placing into a final. container. By parenteral
adni ni ST GANRSCHUFEPULRIMRTHCE BV AOBE S ARG ?ré?? *@H,Stoffﬁgﬁ?saﬁ% us
adm ni St A Ph@NH-fdMd ABEBH MopRBabIY. AldoAlrbled EeeuhBBAE By function
as an exclpi'ent for a pharmacol ogically active prcitein, which 25 may be
adnmi nietersthgghe vei@ral ly. S A further enbodi ment of the first aspect of

fr om ¢ 1B PUBNBR T SHETSp ST Il asP o e et BBt dPhS YR Vent on.
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chronatog;ap y, Wwherein the thus purifi al bum n sol ution optionally
under degX. fraisher thogenus fidhid fagrP.axvsteaia) efilapsnonp fyngd (lonexammlet i on;

di al ysis; dj,afil.tratian: adj ust nment. f _ -84t an

ot 2. b e, PO PSS TP PinePhals bR e RGO sk
reducidgegsagent; decolouration treatnment (eg with charcoal); heating
(including sterilisation); cooling; or conditioning, but not further
purification, in particular not further chromatographic purification, prior

to beimg \wt abpicoofahé presdnt GoRhAbNEkKo pldvedatpresesefe parifengehn sibahogr aphy
step may follow the ani on exchange chromat ography step, or vice versa.
Pr ef ersdbitipn abtrineddrom theaermabigantavkaatio g¢ ipthy Psessps sanmrsissheateByt t he

ani on %ﬁegﬁg%g g&Q %f%gﬂﬁ@ ?{ﬂﬁﬁ?&y 0{2[51%). 0-9%, %hg Eﬁ%hg a BEINESHY (e %Hg%@{%ﬁ@n d

cation e st eps, ere 1s no furt I fication step, ough t he
al bumi o 75ms.de"' subj effindly choonbatbfraphestep ahih ie o inasgaitteadodewile resBsct

condi tioning, we mean any, non-purifying handl.ing.step.whigh inproves the
envi rotﬁr?’(ré3 %}%B‘F“I’CW IFI%)H%‘(]&BSFH@%[’ ‘B?ldﬁi‘t%xfCBFlppﬁ‘égﬁ’@ﬂoggisg%ﬁwd’t%gg‘ﬂyﬁcess or
for fi Hydiitihgn LhS 4he addition of an al bumn
stabil@?g$ggﬁg% asq%%?gﬁggggggﬁgygﬁhg?ﬁ%r fatty acid, such as a C6 or C10
fatty acid, or sodium acetyl tryptophanate or mandel ate. Conditioning can

al so | ﬂféfdﬂﬁﬁy}t?@Fﬁ%@“ﬁé B9 AbusR! dofuRhGs gH@%.Uﬁiﬁdi hyelpy&eadiysid ng the
ty o e alb I T

conductivity um n sol ution. he cati on exchangeé step of these
enmbodi pléfio st of prefeered ihvas thedgpiedburoin sohsiopriebefficred mitbratiudier hawinge pHun i n

negati ve .or. positive node with respect to the albumn. In a preferred
enbodiWgwt}i"g%éﬁeé’?qnﬁﬂméﬁ@ﬁém&step is run in negative node with respect to
t he al bum n. Advant ageously, the conditions are so chosen that glycosyl ated

al bum gr&%%é}ﬁg,ttggggqf%&h{%%%lsgs a;[noar}ligg agi%tait g%ogge%{}gt?&eof[%-g(gdmaﬂ/l, i[ntge%rx]'ably

non- gl
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.



The cation exchange chromatography step of these enbodi nents of the first
aspect of the present invention may utilise a commercial cation exchange
matri x such as SP-Sepharose FF, SP-Spherosil, CM Sepharose FF,

CM Cel | ul ose, SE-Cellul ose or S-Spheradex. Preferably, the cation exchange
step utilises a matrix which conprises i mobilised sul fopropyl substituents
as cation exchangers. Preferably, the al bum n sol ution which undergoes

cati on exchange chromat ography has 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
sol uti on whi ch undergoes cation exchange chromat ography has an al bum n
concentration of 10-250g.U, preferably 20-70g.L1, and nore preferably
5010g. lpyefd zﬁ{fiﬂéybuftf&eca WA 25 Hieiba cXC e U ARI@eREa g6k i exchange

chr omat ogragﬁ{/ as an octanoate i1on concentration of 2-15nM preferably

5-10nM sapsmkt, refeahsiyal-yOGmRMPréieratdy] dnrtdiyalept cationt is ¢dleinagt i on
exchange step, the al bum n sol ution undergoes one or nore of the follow ng
pr ocess @sefetably pirtlaaiform pffCly Apcomiingiyl in & prefeped grdwdimenhde pH2. 0 or
pl-14.0 nd pr ef er abl 0 a pH | ess than 0)w, (L), concentration;
(iii¥ 'dﬁ’&?‘{@ t YOIPEFES (‘J)fjﬂc(tlb VAt goﬁ’fmctef‘@?ﬁ‘% %1;5- nP#e?%&_aﬁ"l i ser such
as octangg and/or other fatty acid, such as a C6 or C10 fatty acid, or
sodi um acetyl " trypt ophanate or mandel ate. Alternatively, or additionally,

t he al bumi n sol uti on undergoes one or nore of: buffer exchange; dilution;

dialysis; diafiltration; treatnent with a reducing agent; decol ouration
t reat medtr 4 quarticulariyh prefored ; embedimegs o ofirsh galbwmin sotitiomeindlpr General |y,

any nodification invol ves additions,, not reno s,, Pceferahly, the pl-1 of
the al bWEer seAmPpYisHs i@o'é‘djlagmé@ Bﬁfct% %metfm iaélt‘)laébﬁf.‘t

Prefera e~al bum n solution is concentrated by ultrafiltration. The
ani Bﬁ eEgMQaGQT omat ogr aphy step of these enbodi nents of the first aspect
of the present invention nay utilise a comrercial anion exchange matri X
such as Q Sepharose- FF, QVA- Spherosi |, DEAE- Spherodex, Q Hyper D,

DEAF- celPrufepsisly, @Feomiuctivitg of the fiFadbubisEoludon REdforrbeifenisel Q-

Preferabl y, the anion exchange step utilises a matrix which conprises

i mobi | i 815 304 @@F%B&?fk?\%l)( 18228t e di et hyl ani noet hyl) substituents
as ani on exchangers. In one preferred enbodi nent the ani on exchange

chromat ogr aphy step of these enbodiments of the first aspect of the present

CinveRti Qﬂfti\iaﬁtzfcﬁégttx%lgh ﬂ&eﬂgﬁ%\éﬁuﬁmfommlbmﬁ theGirsP fibahiuFoltionr ef er abl y,

the albumn s under goes negative node ani on exchange

chr omat dgrinphy risge 0672041209512, prafembly §0el28gl i aamil moref peeferallyd, and yet
nor e preferabl 2 Hof 4.5-4.7. 8 Preferably, the al bumn sol ution which
undergodgoihgﬁi'ex refarpbly.h trmaltanis iy Iaadeda it dessudhan, 05 eplvMBss t han

4. 0nB. cm and nore preferahl C cli Vi f 1.00.5n5.cm 1 and yet
nore pr JPZMB%'W%%%@?%E&%%XS@W%?%ﬁ?i“y??{%‘? to the ani on exchange
step, the al bum n solution undergoes pH adjustnent and/or dirlution with
water. Preferably, the pH of the albumn solution is adjusted with acetic

aci ¢0 | reuinbly)ethepiabet rainmigesdi Bordnit hecidni The epsahatgddt hasomsedogr aphy
step of these enmbodi nents of the first aspect of the present invention is
run in pgeseiniincdudesithaalts therepbic Advantageouslputherhoronic acid is bonded

via g triazine or a substituted triazine, for example to form monoborotriazine

. +or diborotriazine, to a support such as agarose. Preferably, the boronic acid
-is aminophenylboronic acid. |
25"
Publications that cover alternatives to phenylboronate, such as aliphatic and
substituted aromatic ligands, include Adawek, V. ef al (1992) J. Chrom. 625,



Sui tably the al bum n sol uti on which undergoes positive node ani on exchange
chr omat ogr aphy has a pH of 6.0-8.0, preferably a pH of 6.5-7.5, and yet
nore preferably a pH of 6.8 to 7.2. Preferably, the album n solution has
been pH adj usted using orthophosphate ions. In one preferred enbodi nent the
al bum n concentration is 10-100g. L1, nore preferably 25- 80g.L1, and nost
preferably 30-60g.L-1. Preferably, tQe conductivity of the albumn solution
is 1.0-2.0n5.cnd, preferably 1.2-1.6nb.cnl. Suitably, the albumn is

eluted fr he: aRi o pt f o i S . 20~90

prefer ablél)ﬁg%’- $H%a§2§ﬁ¥m?€3%?fe%9§? ei;l:‘])l ?h?f%;'(%%m g@%g %gﬁ%b?ﬁcmxgd salt,
for exarrqihlggapgg'p,rﬁpb@.sphat e. Preferably, the 9 albumn is eluted fromthe
ani on exchanger with a buffer of pH6.0-8.0, preferably pl-16.5-7.5. It is

particularly preferred that the processes of these enbodi nents of the first
aspect of the present inventjon are preceded by one or nore of the

f ol | owi ngSwitabls: f‘;}m&t@?iQfﬁem%rqﬁh?ﬁwt%ﬂﬁhiétﬁt%;m@d’ﬂlﬁﬁ% albwain i oni ng;

cation. exchange chromatography, f erabl v.usj.ng sul fopr I stituents
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chr omat oo LoRaORAIITTNARNE. O ARy SN BRES, IS iel Bddted

i mobi | i segingl beation spxehinge dyhromaepedplly v andfbbacasionBl usxchipge of dye.

In a preferred enbodi nent of thesgéesent invention a process for purifying

al bunmi n i chrpmatagaaphyahilde erdenof shae cation faptl| anipm gxshange: steps)cansdg ecti ng an
al bum n sol ution opt ai.ned. fromthe reconbi nant,eukaryotic cglls of the
first asp’@&r"g‘ﬁﬂgﬂg"‘i%ﬁk?esrﬂl{ B?FrPP'amé‘gc HEoRWUEHEMION, QLIS ARt MR step run
in iti i I t .t : 1L; (0] i

al bg(r:ﬁjn- c‘\c‘ﬁ"trﬁari?‘ﬂﬁl\éiﬁ ca ?’gﬁa@t ﬁag%%é}gﬁggéw(pg?é%bﬁeéﬁ% e{*%le]%c%?i on
exchange @rdalafgraplafollbinea b?wgﬁh@bg@@ﬁi@ﬁét%@@hﬁ ep run in positive

node with respect to the albimn; (d) collecting an”al bum n-cont ai ni ng
ani on exchange eluate; (e) subjecting the anion exchange eluate to an

affinity chronmatography step run . in positive node with respect to_ the
al bumi n; Smfablboqﬁpmﬁ%g %h%ﬁﬁ*ﬂ@@@ﬁ?‘iﬂ@n@cﬁﬁmﬁi@y‘h@mfm@f aphy
el uate; - [ &Clal f.£1 01 t ography el uat g affinity
chr omat og‘i‘gpiﬁi'%2 _égé%ﬁrog‘ntﬂ? ﬁi%’gt’fﬂ&@"ﬁ?éd@é&o@w&se g %’uﬁ é‘?fg%[r]n n and in
posi tisve mtlend; t Rop@mR@Gbnd Cditdtion?C AMIyE! ediafiiniifas Y | adjBent n and/ or
gl ycoproteins); 5(h)collecting the album n-containing affinity
chr omat ogfpagfesably tona pH greater than pH2.0 or pH4.0, and preferably to a pH less
than pH10.0); treatment with a reducing agent (eg as described in EP 570
916); decolouration treatment (eg with charcoal); heating (including
sterilisation); cooling or conditioning; formulation for parenteral

20  administration to a human; or placing into 2 final container,

By parenteral administration we include intravenous administration,

subcutaneous administration and intramuscular administration. The albumin

may function as an excipient for a pharmacologically active protein, which
25 may be administered parenterally.

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

customers such as hospitals and pharmacies.



t hrough; (i)subjecting the affinity chromatography flow through to a cation
exchange chronmat ography step run in negative node with respect to the

al bum n; 10(j)collecting the al bum n-contai ning cation exchange fl ow

t hrough; (k) subjecting the cation exXchange flow through to an anion
exchange chromat ography step run in negative node or positive node;
(1)collecting the al bum n-containing ani od exchange fIOM/through 15

wherei n_t on, exch e.step is r negat i v m)de from
the. art Biithex ERRGEREOT T T Sttt ETERi s TR et Rt

exchange iR dofutfodbbtdin®PEbE ﬁﬁ@ rBRASInAN Gukhi9b@d BelRNL thé ffrshelspétﬁ pEcti ve
purification steps are optionally preceded 20 or foll owed by one or nore

of : bulid mrveiamh theguocesoouaprising ¢ation cathanes shromgicerapdivend gnigh exekangsen;

H adj ref er abl aat er ,
e L M TR N RN G N O R
decol Qh’dl@téioﬂuﬁféie@ﬁcﬁ@r@e (c@ﬁcéffﬂtﬁaﬁo@ h@itwioal )d;alﬁ@@tdm@lh(duml pidmﬂg;stmcnt
sterilisation); cooling; or conditioning. deSSéE@ PI% rrent

with dpicédeidl e s agesreatcten bl hen -y @,rwtmﬁm ablzﬁ@a«z pH

condi t i a t

a1 b HO B A s B B e elolf (EORh cHReRRE el i %“%}H%l{lﬁer

pr ef ersteeidisendadicobing; @f conbigiopins Bt ndt Mivielnd |ponﬁaatmnocre1$?stuﬂdar i finftydrng
albumn is provided which conprises the follow ng.steps (a) subjecting an
aIbunﬁﬁ“@@ﬁﬁ@ﬁ@ﬁcéﬁﬂgfﬁﬁﬂaWWBHP@ﬁﬁ%ﬂ@EHW%?ﬁ&ﬂﬁ”g%%g?yot|c cell's of the
first aspect of the invention to a cation exchange chromatography step run
in positive node with respect to the albumn; (b) collecting an

al bu m”ﬁmnbmemhagg,@dtromlatogmphars@p redyubllew thé edios gbjluope p}gomh@gémhb/on

exchange eluate to i,on exchan e chro ra te Si t| ve
Tode. VPN OF BSpaEIsaLAT qr%%%%ﬁﬁfwn ng&&ﬁraé%%?‘?%gpqﬁ ey B driieiv ey iR,
ani on gxchange Ll Maifaography step.

Preferably, between the anion and cation exchange steps, there is no further purification

step, although the albumin may be subjected to buffer exchange etc. as noted above.

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 Cs or C) 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.



(e) subjecting the anion exchange eluate to an affinity chromatography step
run in positive node with respect to the albumn; (t) collecting an

al bum n-containing affinity chromatoggaphy eluate; (g) subjecting the
affinity chromatography eluate to an affinity chromatography step run in
negative node with respect to the albumn and in positive node with respect
to gl ycoconjugates; (h) collecting the al bum n-containing affinity

chr onmaflagcaihyefdhenget dteppofythese d@bddithessbf dertfirsigaspbe odfifid mictent imention f | ow

t hrough to, an ani on exchange .chromat ography step run. in negative or

posi t | PEYRGE iR PRRLSeEt POYiYh @RI Hh HESPEs) o bie SEVRify 1 He preforred

al bum Br®eMhRhP LA @Jaehaﬁgét&ea%luhligwegmemewmfe% &t Wﬁea&m&ﬁn?xchange

step is run in negative node; or eluting fromthe anioh exchange matrix an
ani on éxyhatagrouslyudhe canditienh atdheo adliosmn ¢hat helyapsylstedpalbsmirubinds posi ti ve

node; (K ubjecting the al bumn.solutio urifi.ed by the ani on exchange
chrona%%%ﬂgi)b%{/tﬁgtc%t&%[%m ar@?t@@ﬁ%i%%?&@%%?%&?@&“&éﬂy step 10run in
negative node with respect to the albumn; (1)collecting the

al bum n-cont ai ni ng cati on exchange fl ow through; and wherein any of the
r espect g satiiy proharge drowpiepephy éteﬁmfitmglemognwwh@rﬁrﬁcﬂspm@ﬂ thyy one or

nore o f.er I e L.on,.. di 1.on; i ShLS;

G a1 | Pah gior A WGP BELP Tl PN s B Y REiSeptirssy o
pll4. OFFarSP-fpledresinbCivi-Seplarged [FEs SCMA@e lydik). OF-CelluRad n@ntS-SpHebadak.
reduci ng agent; decglouration treatment (eg with charcoal); heating

(i ncl udlfsigraiyerthy jcgtien giphanggoftem gitilisss @ omai SHigy comprisscuraehlips t he

purifi %?dpg%bﬁgg%ﬁtd&& agrcgqir(?a‘yeﬂggné%&_separ ated by one or nore of: buffer

exchange; entration, ut1on; alysis; diafiltration; pH ..
adjustnment; treatnment wth a reduci ng agent; decol ouration treatnent;

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

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

Preferably, the albumin solution which undergoes cation exchange chromatography has an
albumin concentration of 10-250g. L, preferably 20-70g.L"), and more preferably
50+10g.L7".

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



heating; cooling; or conditioning. 25 Preferably, prior to the positive
node cation exchange step of the invention, the albumn solution is
conditioned as above. Preferably, the octanoate is added thereto to a final
concentration of fromabout 1-10 mM ahd the pH is adjusted to about
4.0-5.0. 13 Advantageously, the albumn retained in the positive cation
exchar(gefetiy tb 8 phhgieatdr thian pHR . g4 a) andgutistabbnto(aegH dess LR @i 1IN (1)
buffered at pH3. 5.t 5. preferably.at about,.pH 4.0 .t h 10-100mV

pr ef erCQBF%P“?BQ‘HﬁSHMd?fffﬁpaté‘%gﬁf)pé %déwgi%?ct%ﬁj%{’c@aasfae%\hsﬁé%c € bei ng

el ut ed,ctRoskanalt Bihet ReyaALRUSIIR ds% @ StEF) fahy bR, 68dddann exgylange step using
a buffer containing a conpound having a specific affinity for al bumn,
especitaiptgphanataor thanddate edlerphiévedy s pdditienaly. hesihraspinpaluiign gedeygoesor
example C6 O CLO Suitably, .the album n i e i.0
exchargse 1gre o et AR B R OO LR B,

hi gh | gugl dé@lura@dn h@asEnTOFMithphelsiigieytisg c3iipyor tarditownpl e 80- 150mV)
of a boric acid salt, for exanple sodium or potassiumtetraborate.
Preferably, the positive node affinity chromatography step uses a resin

conprisj I id : L Cl, L s } on Bl ue
Cype. oroigul sh LRSS LA RREE h: i, (2UEDORR I BLDPRESY 2

1, 4- di amamebuhane ioadjanet bethesidditien odhedfit-a8id. Preféreblybihy allinGn selgti@liss and
nost preferably C4 | ength, preferably having aa-di am no substitution.

Pr ef er@BrsntrafedebyetpiiNrafian: he "Delta Bl ue Matrix" (DBA), prepared as
described in WO 96/ 37515. The first aspect of the present invention nmay

al so nake use of a process for reducing the |l evel of nickel ions in an

al bumi Fhesaliart exahangevhrgmatogsshy srp of tiesersdjiments n§theHestakipaetiol theol ution to

a pHof 2.5to0 7.5 preferably 2. 5:6.0 and renmving nic jons. -

B B e BB AR PR Gy aaerb auah B Rab PR el b O eghfie 1, £
pref er g AL sph@odif 19 Or-SPRER B, &5- ygbﬂ ¥, PEAR:dl@1dae, QA Rl 0IREE oPTeIRE DI Y
pH4.0 to pl-15.0, and nost preferably to pH4.0 to 4.5. Preferably, the

pr oc esEMyoipn iRNeAE drastdget. Pacferhlade ansan exchaigestepoftilisepa magixgvhigh agai nst a

buf f havi ng. W { hi f f LA §
Al or st ysry R ey Gl B o R ETE SR hoBl D M R

chr omad 96t @fiiingdrd.h a buffer having a pH within one of the above-listed pH
ranges. Cel perneation chromatography may be perforned using Sephacryl S200
HR. Preferably, the buffer conprises acetate and/or mal ate ions.

Al ternativel i i, G i i : i

2 ust T nE Beieirk BB et b Af kot PRl GRRAT s AT SBUTRIAS i e
wat er . ofthe fifit clspéctiob i presenginvattivatis mel iyt egatdlehateaditiarmpect rothed from t he

al bum n, This can be achi eved using a chel ating agent such as i m nodi acetic
aci d i #HRWBI i sed on Sepharose (Chel ating Sepharose, Pharmacia) or anot her
pol ynmer (such as Chelex, Bio Rad Laboratories) at a |l ow pH, preferably pH
4.0 to 6.0, nore preferably pH4.0 to 4.5. Preferably, when the product from
t he prBeéssbipfthe elbumimgplittien Whichlundérgniscieghtiveomeds snienpiabenged | medi at el y
to negative cation exchange romat ogr.aphy it. i referred that the al bumn
sol uti O’i’lé‘toé?’ff’t?jlh@@?%@p &qg.%&30@05q @%%?%?1¥€8M4sg“ﬁ?,’ a%ﬁ%ﬂ“ﬁ% product from
t he prﬁgg&@ol?f&p@pmg_qg;_the | evel of nickel ions is not subjected
imediately to negative ani on exchange chronmatography it is preferred that
the al bumin solution is subjected to a pl1-1 of 4.3- 4.9. 15 1In a preferred
enbodi mrent of the first aspect of the present invention the initial albumn
solution is derived froma fungal culture medi um obtained by culturing a
fungus transformed wth a eukaryotie expression vector of the first aspect
of the invention in a fernentation nmedi um whereby said fungus expresses

al bumin and secretes it into the medium The fungus may be a fil anent ous
fungus such as an Aspergithes species. Preferably, the fungus is a yeast.
More preferably the fungus is of the genus Saccharonyces (eg Saccharonyces
cerevisiae), the genus Kluyveromyces (eg Kl uyveronyces 'twits) or the genus
Pichia (eg Pichia pastoris). A further enbodi ment of the first aspect of

t he present invention provides an al bum n solution 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 which exhibits one or nore
of the follow ng properties:



(I') less than 0.5% (W w) binds to Concanavalin A, preferably less than 0.2%
or 0.15% (2) a glycation level of less than 0.6 noles hexose / nole of
protein, and preferably less than 0.19, 0.075 or 0.05 noles hexose / nole
of protein. A purified albumn solution prepared by a process of the
presen t ded
hee f)w&fa&%@?eﬂ)}gg @1b'i£ﬁ>(n 9&1;{1%%% u@ﬁ&@,ﬁt ; aﬂ)rft%g e%ﬂz':oglgatéér apﬂyfl{a%

ul traf cdrtdrsamV1merimxbhmrfeom6 cabit, anahnmne pitefarafly b comductnity ef eft@fmsShavl ng an
al bum n concentratro of ast; about 10g, preferably at |east 40g or
nor e pW%*%?QBF?pﬁﬁ%ﬁ? d&iodr n per litre, with the ultrafiltration
retentate being diafiltered against at least 5 retentate equival ents of
water. A further enbodi mnent of the first aspect of the present invention
provi d@en‘eﬁnrﬁnd&ewsarft@thqmﬂmmglgeempnﬁiemmnialsmwrmpnder@)ee pbicess

conprisi.ng cult re eykaryoti ¢. expressi on

vect or Sitdm i and arapfiet VA G eI R PR PRI s AL ARIE e

al bum @ithwb@rc&iciy.t he ceII has a genetic nodification which causes the cel
to have at |east a reduced capacity of mannosyl ati on of the

reconbi nant | y- expressed al bum n and wherein the culture nediumis at | east
1, 000L i nventi on,
genet i 5 ST pRle P entbdtions i LR AR A QLB SEEMe | o

del et i ernb@chmad@rolf ttenfiref aspage of thepeenbiasasioarns o ia pbsidgaente wﬁthtréﬁpeétu ngal
cel | DNA sequences. Such genetic nodifications may be obtained in vitro
(di r ecta the guminy at ed DNA) or in situ, 5 for exanple by genetic engineering
t echni ques or by exposing the fungal cells to mut agerti c agents. Mitagenic
agents include for exanple physical agents such as energetic rays (X-rays,
y- r aysSuiti]ly ge@lbunon sclngon salchagdmtgsecapibleenafe anemotxichapgei t h di f f er ent

functi qnal rou s, of as .al,i en M5, MO etc.)

bi 551 KGTAPRIg ARG DI S LS RGBT SO L Bshtiond BT TsE ¥ ot  ons
may al 59 Jp@ s0bt7al, Pesteld¥ly) aRelbinidissRutiBh hebech YH- Sy ANRI @sn@% c%ﬂhﬂﬁyhfafé the
nmet hod di scl osed by Rothstein et al. [Meth. Enzynol. 199 281-301] .
Accordiomg to this nmethod, part or all of a gene is replaced, through
honol ogous reconbination:by an in vitro nodified version. Genetic

nodi fications can al so be obtai ned by any nutadonal insertion on DNA 15
sequengfsne ftfefte@EmbsEARAOGE Abunh 3geSnirgldh. is 1 0-108g K ombrel fréferabey 221 n

nodi fications such as point mutafions can be reversed or attenuated by

cel | ul &@g hecwén%srmrefeaelﬁ Shodierli ¢ Aretemblyntly caaduchvdy phidertmip selutigef ul
forns qh{ &9*&9&%@% FbH%nﬁ%rﬁh's i nvention since their 20

phenotyprcal propert es not be very stable. Accordingly, it is
preferred that the genetic nodification(s) are stallly inherited and/or are

01 i nSHANY PP ITOR 6HE G oL aEe 25 pate PSR R Mg

gr ammali.eahy ¥ @DJ’/@H{I@ ahd ﬁfo‘?@{meféf‘@oiy @916‘59@\/[ 42 ﬁH(Ss%h&h@ﬁcuﬁ eaulid: &aRmea partial

rather than a conplete inactivation of the wild-type f uncti on.
sodium phosphate Preferably, the



18 The genetic nodification(s) carried by the fungal cells of the invention
may be located in a coding region of the DNA sequences of the cell and/or
in aregion affecting the expression of a gene. Mdrre particularly, said
modi fi cation(s) will generally affect9the coding region or the region 5
responsi ble for or involved in the expression of one or nore genes whose
expression products are enzynes involved in mannosyl adon. The reduced

o ot hat B TR et b R V3 TR Ghb wPBE'E "= ™
structural and/or conformational changes, fromthe production of enzynes

having altered biological properties, fromthe absence of production of
sai d dhizysgulaly frelemed Het pregaoctssasm diess andodinmeyise ta filsbaspesialitbe The

fungal cel]. mat nosyl atio at hway i nvolyes attachment. of a first 15

oSy FPEEV BT Py B tyiet giodt Bt F TR BB e Pyt a0 aci ds
of prakgirASoriceReRE tORTomNE chii®@eidign@xihenaieofrapRy, dréfeabBhstliy and

ol i gosacchari des by subsequent addition of mannosyl residues. The first
nmannosyfopregyldwbstityents ahefion caehahgem dovn eivdrngeohspnyepnake Piefpriblye

(Dol P-Man) ;-t.0 t he 200 h opl L.C. I etd e additional
T e

pr ef ergref@radibadhd@nifofty iherit Mhamt doadpristddn inntobilied dbungalspealit dygarry
genetic nodification(s) in at |east one gene whose expressicm product is

i nvol waeferaly HEibecrondEiye Hpesd dye.mannosyi residue to the hydroxyl group of
25 seryl or threonyl amno acids. 19 involved in the transfer of a
rnannosyl residue fromthe Dol -P-Man precursor to the hydroxyl group of

anyl dn atgrefeony bmbodinenact tils pRisettl invantien prpedessafol pyuriymez dburthimase genes is a
PMI gene‘égg 5%3?" PMr7, ? , .PMI4, PMIS, PMI6 or PM/7). Preferably the
PMT geevifled pReh compriseshe INGSiPF 94/ 04687, descri bes the preparation of

(a) subjecting an albumin solution obtained from the recombinant eukaryotic cells of the first
aspect of the invention to a cation exchange chromatography step run in positive mode with
respect to the albumin;

{(b) collecting an albumin-containing cation exchange eluate;

(¢) subjecting the cation exchange eluate to an anion exchange chromatography step run in
positive mode with respect to the albumin;

(d) collecting an albumin-containing anion exchange cluate;

(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,



S. cerevisiae deficient in O nmannosylation activity. A S. cerevisiae cell
deficient in O-rnannosyl ation activity was prepared by gene disruption, by
i nsertion-of the UREL3 gene into the Madill restricti.on site of the PM"'!
ORB. 10 The resulting nmutants were grown on YE?]) (about.016.95) or on
mnimal nedia + Me, + Len (about 014.75, declining wth yeast growth).
Unexpectedly, we have found that the pHs of the growh nedia used in WO
94104687 are not optimal for the |argel&cale culture of PMI nutants to
produce secreted al bum n. W have found that a flowh medi um of pl16.0- 15
6.8 is beneficig) i nsibjectimgothehashinice! dhromhegraphy dinataged amgaffoitie
fernmentation. In addition to nodifications in a gene involved in the
attachment of nmannos$IOEAEARIY SEPtMa Wy Epgsiye Yedavish reaset Wrthenr eonyl
am no aci ds, fungal gl%I | s of .the inventi ry. modifications in

|
t he genes invol ved h 5’6’-‘%&B‘gé&ﬁ?ﬁ“‘%&?ﬂ%@o&sﬁ%ﬁ@§%’°P82WH§§%%| eadi ng

to di- or oligosacchaii @mglp | .he mannosyl residdes
donor @1-P-Man). Pr @%&gﬁa’t‘g%l’he uﬁ%@?pggﬁzﬁbﬁgﬁg}’genet ic nmodification
within g PMI ge(i$ orcelleging théialunsibf@etdningeafioiiesisionmieraphpdiey of a

PMI' gene. A gene which 25 affects the expression of a PMI gene may, for
exanpl e, affect nRNAwewghscript | evels or PMIproduct |evels. 20 The fungal

cell according to this.enbodine an, be chosep from fil agent ous .fungi and
yeasts. Preferal¥y, F‘ﬂ’éecé’é‘gl ¢ @@%&Q@?ﬁ@&!@@yaﬁwé@ & 2 5AUPHe genus
Saccharonyces (eg S | s/ yyer . ctis) .or
the genus Pichia (ege@mp%%té(ﬁﬁé??&g%ﬂﬁ%% % 1 ngm ﬁ&ié( Witﬁ

respect to the albumin;

10 ()  collecting the albumin-containing cation exchange ftow through;
(k)  subjecting the cation exchange flow through to an anion
exchange chromatography step run in negative mode or positive

mode;
()  collecting the albumin-containing aniofi exchange flow through
15 wherein the asion exchange step is run in negative mode; or
cluting from the 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
20 or followed by one or more of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment (preferably to a pH greater than pH2.0
or pH4.0, and preferably fo a pH less than pHI0.0); treament with a
reducing agent; decolouration treatment (eg with charcoal); heating (including

sterilisation); cooling; or conditioning.

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

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



Preferably, the fungal cell expressing the reconbinant al bum n coding
sequence is cultured in a culture nediumof at |least 5,000 L, nore
preferably at |least 7,500 L. Preferably, the fungal cell expressing the
reconbi nant al bum n codi ng sequence il$ cultured in a culture nedi um which
is maintained in the range of pH6.2-6.7, nore preferably pll6. 3-6.5.

Pr ef er-adjliytmenh erepirhent withe: redibding spene diccotoingtiomirodtaiene Heatmignepodingi-br
controllgr,set at a pH between pH6.3 and pH6.5, preferably at a pH between
6. 35 &RHUBORREaNd nore preferably at about pH6.4. Preferably, the pH
controller is controlled within 0.20 or 0.10 pH units of any pH val ue
within any one of the afornentioned pH ranges or within 0.20 or 0.10 pH
units WflelpHQ/ gep Ismuam thk negativeinweledrbdbimmen wvashihgs mayn gakoletied as svelulst ur ed
in a {EBY rgngdlun1mhich is maintained in the range of pH5. 30-pH5. 90,
prefer 31 50- pH5. 90, pH5. 40-pH5. 90 or pHS.40-5.60. Preferably, the

| ower control set point is between pH5.40 and pH5.60, preferably between
pH5. 45 and 015.55, and preferably the | ower control set point is about The
pr esert ahpihenpictnred cowodisreny pbthesesentinvention apregsas friporilore Hbghinispuri fi ed
al bum n ﬂaqﬂ1?kﬁunln g qg ﬁgp ) conblnant eukaryotlc cells of the first
aspectp1 O hE I HVERT SR, " Th (¥ﬁé% purlfled al bumn is characterised by
extrenely low | evel s of col orants. The term' coIorant as used herein nmeans
any conpound whi ch_col ours al bum n. For_ exanp gnent is a cql orant

whi ch (@t subissting gpplbymin soluieyelhipiasd fromdhe 5’3“»%@&@?1 eLWﬁi NOHIC Cgﬂ%%féhe it pr epar e
reco

chr o B ab e Brllen (PELARR, Acte oD A e R B AR, i 1
also Qbﬁkmﬁbeh¢skdmby extrenely |l ow | evel s of, or by being essentially free

a | ac ate citrate, netals, ngn al buni n human proteins, such
as i mfg}ﬁfg'eﬁﬁ% ?‘h%i RS CQUEIpINg <aipn ng?atevt ransferrin, cti- acid
gl yco pr ot ei ns,
P namacy o i AT B e e B R a ek %’E@‘a*‘?ﬁ;%@?@am%{@*éﬁg%?ﬁw
bi I'i r ylwistive hasin wittemspecproaheatbsymizni nmal protei ns and vi ruses.
essent| II f.ree i s neant hel ow detectable |evels. The al bumn of t he
invenﬂhg 9“%@n5@“@@5??“@3“%@?”@%3ﬁé?¥% Qﬁg’dlneric pref erably
essentpduny ecﬁﬁg%mmnﬁch&g%@ha% fBBafrﬂ &ﬁnwcﬁl@m&o@%phprs%%@m Yosive% tri mer
is tol erable but r forns of albumn are generally absent. It may be
furthen0®MWﬁhbﬁeﬁH§ESWBMnmme,or nmore of the followi ng characteristics. It
has a i on vel of one gram of al bumn; a
o o a DR ey By Glos g B0 P e BREaB 210 %10 6. 075 or 0 05
mol es (Bpxasetinplie ATigketioaRioRany cfthd 1 dnhEiARRAGOMaRRaPUo kicpItRly an
intact, i.e. honogeneous, C-term nus; a content of conA-binding al bum n of
| ess tIW&htl‘(ﬁ 1B89gq Withyesppitde Sreappymingsd in pamtie Rodowith 1aBest 1 free t hi ol
conte h @h_&g@st 0.85 nole SH nol e protein; and substantially no Cl8 or
C20 f S AL | east 99% preferably at |east 99.9% by weight of the
pr ot el(h) b(lilldci‘iﬁg dichilbuntingioepariag bitimsypurdnidtegaghy fidve tippogess of the
invention is albumn. Such highly pure albumn is less likely to cause
adverse side effects. 22 rHA purified according to the invention wll
generally be totally free of serumderived contam nants, since none are
present in the starting material. In accordance with the present invention,
hi ghly pure albumn is obtained froman inpure al bum n solution. The
process conprises one or nore of the followng steps: culturing in a
fermentati on nmedi um a reconbi nant eukaryotic m cro-organi smtransfornmed
with a eukaryotic expression vector encoding the am no acid sequence of
human al bum n in accordance with the first aspect of the present invention;
preferably separating the mcroorganismfromthe fernentati on nedi um
conditioning the nmedium if necessary, for further purification; passing
the conditioned nmedi umthrough three successive chromat ography 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 al bumn
encoded by a eukaryotic expression vector of the first aspect of the
i nventi on may be obtained froma transgenic ani mal, such as goat, sheep or
cattle, from for instance, the mlk or the blood of the animal or, in the
case of transgenic chicken, fromthe egg white. In a still further
alternative, the al bumi n encoded by a eukaryotic expression vector of the
first aspect of the invention nay be obtained froma transgenic plant, such
as tobacco, potato or corn (maize). 23 In instances where the albumn is



5 the N-term nus of the nolecule. Consequently, the al bum n nol ecul e
effectively concentrates nickel ions fromthe nmedia used for cultivation
and/or purification. Albumn purified according to this invention has a
surprisingly low | evel of nickel ions. 10 Preceding or follow ng any of the
procedures of the present invention the album n solution may undergo buffer
exchange, concentration, dilution, heating (including sterilisation),
cooling or may have salts etc. added g the al bumi n solution which may, for
exanple, condition or adjust the pH of the solution. Optionally, the

al bumin may bentre mﬁgl Ef%% r

decol ot urati ogl)ste%&ﬁgﬁ%ﬁ#]pﬁea{ pr &%g?ﬁgng%btgf?‘gﬁnu a g%?o%@@%t added
stability and may h@irditptahedsiepcandiinondgative Soi Paeibled mide! With, eg it
may be formulated for parenteral admnistration, preferably parenteral
admi ni stration to aespeoske. he@liguiitmbl y, the al bumi n under goes

sterilisation.,.Preferably, .t he. highl ur,e al bum n producgt of the invention
contains at | &Bst . Fe8gctinghe ﬁPEF’g?“ P%‘mﬂ% @Foqgﬁﬁh%eaﬁ%%ﬁ#’m“%i ch may

be spkit between a%e'f ! fhtaYaxﬁBnV.@kxgn$@§tc & ﬁl@%@”&&gﬁé}/%ﬁ% [ ggent

invention may be fulTiT various role h addition fcuse in the

treatment of bums, ehit@pk fRfm Piheodnic®s excidhgveinafix CXRBlc: éxbhi@e be used
as a final product excipient (e.g. inliqurd 24 formulations, freeze-dried

formul ati ons or foraldtawheraa v aniohadxehinge)sterf tv rust mbpdsitivet icode;of ot her
proteins during purifjcation, in cell cuylture, viral production, gene
t herapy, in vi(g}o f%LleFW&&@q albumig; selutionpreitied byt fhiegamieni xshangsyi ces such

as eannul ae, cat het C r_pr e It shoul.d he reci at ed

t hat each enbodi W#Mg’éa\bﬁ? rslsi%ﬁg%ge%}s[ito feﬁﬁ@g%m’%ﬂ?{?@%&omi ned
w thygne or nore ot{3ghin @ é%ﬂ&e@fiﬂifé%ﬁédtrtﬂh@ﬂl& inof the invention.
BRI EF DESCRI PTI ON OF THE W NGS The ihvention is further illustrated in

the appended dfawi rgHedtingvwihe alburfritgoomainitgocafionesehange dow thhmht he
construction of plasm ds pAYE309, pAYE440, pAYE438, pDB2241, pDB2242,
pDB2243 and pDB2244; and Figure 8 shows el ectrospray nmass spectronetry of

i oure o HowhEkeh B e gp et R MARAER Fibcer Pietul Febfieiin by
Chel ex: r ig¢ followed by one or more of buffer exchanges concentration; dilution;
15  dialysis; diafiltration; pH-adjustment (preferably to a pH greater than pH2.0
or pH4.0, and preferably to a pH less than pH10.0); treatment with a~
reducing agent; decolouration treatment (eg with charcoal); heating (including

sterilisation); cooling; or conditioning.

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

heating; cooling; or conditioning.

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



Figures 10 and Il represent two DNA sequences with honology to the protein
encodi ng regi on Sacchctronyces cerevisicte PMIl. Figures 12 to 15 represent
four DNA sequences with honol ogy to tiBe protein encodi ng region
Sacchctronyces cerevisicte PMI7. 25 Figures 16 and 17 represent two DNA
sequences with honology to the protein encodi ng regi on Saccharonyces

cerevi siae PMIS. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE

| NVENTAGRntagvevsinshe pbupioictairadsn dite pasdiveicpaen ergpage e i fashsdoridht

i nventj.o an . be util i ' urkflegl. ] an inpure
ol b HES SRt (bt 55 RePPoRrae Il REES MR O MIRD,! fiP o

par ti cultan byl cappl gralel®1yt Z0-poknM, g af@ooH 3 0ralt sodium acadtblirifore beidd) . The

al bum n produced in accordance with the invention may be any mamral i an

al bumi #luteduch as rat, bovine or ovine albumin, but is preferably human

al bum n. DNA encoding albumn in the formof a eukaryotic expression vector
according to the first aspect of the present invention may be expressed in
a sui t pdefealdiykiae wibiinin kasdted o the ogshirpecxahdngristep UFimgss, buliA comtyinbe aused i n

d ith K techpi , i at el ified i ' f th
Fcach HISMIOH e e B ALY SO Ue rECRUK R GOt Bxpvas S aH Tt or
whi ch &ﬁﬂ&ﬁ?ﬁgP&ﬁﬂ bPolhSE 06 rgn appropriate eukaryotic host cell for the

expressi on and production of al bum n. The DNA encodi ng the al bum n nay be
joined to a wide variety of other DNA sequences for introduction into an

appropLi.a ost., The cpn ion DNA w || depe upon. t.he nature t he
oot PwBtie MRi et SR RUR das Mo BrrefiSPbing BRDbRE RAGHESSEh Lot her
epi SoNRkth ABuHcE BRILRING a Hi%ﬁ REEIALI2OB! Tefst J8HIM, @feferabies NS, foreeahsld i nto
an expression vector, such as a plasmd in proper orientation and correct
r eadi n§0-fi PR fod1a bexipreidsribror expenpie sodbma oF pakRedum detiaRerd®pr opri at e
transcriptional and translational regulatory control nucl eotide sequences
recogni sed by the desired host, or such controls may be made available in
t he expre&sablontheé®etifive mblle hinkgRefdntdtadraplyy stepCwep atadiecompisitdian one DNA
sequence enqoding a_transl ational stap codoq, such 35 UAﬁaag G or UGA in
order emabibisedalbepimseaticshal suph aye CRastngrBlun yremi §YeBs8™@he product i on

of el ongabhitsed GMAALH Bl o $Q W QI ChREmifobhihSFAEMEE RAGAFG, L he

transl ation stop co s preterréd. The vector 1s then introduced into
t he eujsaferatlyC hpgt Cthamiugbst prededblyd.tlectth) mefesbl ¥ od iaye.d-dymewl ecti on for
transforned host cells. Host cells, ansf or ne e then cultured for a
Suf 11 cRERBRE P SRRt ai5pr S R e IR DB PO A L& LR 1 ed fn
the art, wangghnspg ew of the teachings disclosed herein, to pernmt the
expressi on o? t%e al bum n, which can then be recovered. Many eukaryotic
expression systens are known, including, yeasts (for exanple Saccharontyces

cerevigjcte, Pichia pastoris apd Kl uyveronyces Lactis).,efll fung
(For ehhnbrt sty gnEpEey iyt Mol oSG EBfcEbtie 0 BLBEIRE 1 e
pref er peghcrdG6H:R0h Ga Rl REn 361atibNehy pRSES coRpLRaL emjeameaRs sbusie@lution
Kittyveronyces |actis and Piehict pastor/s. It is particularly advantageous

to usetwa pEadR. Mef siraeferably Bird. &b endrnmeo pingriskel iorsn Rsdgmbly, hasburzes

i nvol ved. j.n_ 0O- | at.iy0 proteins, for instance by disruption of the
gene cggP%81§§%b%%%§¥)%hg(gﬁghﬁin protei n sequence does not contain any
sites for N-linked glycosylation and has not been reported to be nodified,
in nature, by O-linked glycosylation. However, it has been found that rHA
produced in a nunber of yeast species can be nodified by O-1inked

gl ycosyl ation, generally invol ving mannose. The mannosyl ated al bumn is
able to bind to the lectin 27 Concanavalin A The anount of nannosyl ated
al bum n produced by the yeast can be reduced by using a yeast strain
deficient in one or nore of the _PMI genes (WD 94/04687).



5 The nost convenient way of achieving this is to create a yeast which has
a defect in its genone such that a reduced | evel of one of the Pait
proteins is produced. For exanple, thgre nay be a deletion, insertion or
transposition in the coding sequence or the regulatory regions (or in

anot her gene regul ating the expression of one of the PM/' genes) such that
little or no Pint protein is 10 produced. Alternatively, the yeast could be
t r ansf D6 Rdferab pr Odu 6, atrapicferibippHademots. 5, secihoasprafer gy pHPOito aHbi0body. To
nodi fy one of the PMI genes so that a reduced |level of Prat protein is
produC@angﬂﬁ@ﬁ@@PQHPégFH%Fﬁbﬁnesis or other kr42wit techni ques can be 15
enpl oyed to create single or nultiple nutations, such as repl acenents,

i nsertions, deletions, and transpositions, as described in Botstein and
Shor t i Brefdr8tly ategicesssancdpippd dielitiatms agfinst n buiter o R &gdhesistinst Sci ence,
229: 193-210 (1985). . Suitabl. tatiopns include chain term nation nmutations
(ol ear vy & Hop Y it Duct Sl BRas i ifes § NP DRt neur 11 of ent
ef f ect . B vhN@nIRNRHRLQANE £9 phan@ioReRehidegris wiel s enrsKiavled jin the art
will readily be able to .C%eate a nutation in, say, the 5 three quarters
of t hewdhidiang of drpadore)istep of nengast Gel pascativarchaimapsiahly Pexdr neriomere,

|1 I d ' f di =to]l 3 t.atl '
Cor m nit SERapSEPFR ARG LR 05, QLR B SN se PR B BT Rin T S The

25 r aRNAernSRes i fhereivfidtitionsuCRAin B €apanity ducaburhin randpxt @epiiomdof the gene
di sruption techni que known as gene transpl acenment (Wnston, : et at (1983)
Met hodeerErgydintilrpoan/sd perposgipn chognategiaply Wigh Waié uses a sel ect abl e nar ker
to di srupt a gene sequence, but this need not be the case, particularly if
one can detect the disruption event phenotypically. In many instances the

i nser t Thoniokeltibies dantagcrnanivaig bs elgtignd endvdniovbeé fisucthe altania Btiogandwl on i s
present in frame with the Pint sequence and 5. the ﬁgse tﬁg ?oding sequence
i s not *diered Mg . chialpting pgant fealyps TpHOdiaqel 4 BRRIEATE TSP BRS Y n a

differ i : r i.Qns
Copt 1 o P b P B e e M e or
i nver t &d lowrpH tprofeyebhame 44 fodr.@,inome pe:femblemtted) tdhSorder to result in
reduced production of protein fromone of the PMI | oci and/or in the
production of protein fromone of the PMI | oci having a reduced | evel of
acti Vi pyferdhl 1 B8 PEjIue] rSAGRNAHHOH GE Sedabing hSlcad Enafkdrioas fsam |y of
seven 15 (PMIl-PM/7) protein O-mannosyltransferases which vary in their
speci f subjeojed iTheghatplyde apgnsivarcetiall sshinswhraridgtplonsls phssshdiaetdrannose :

protein,transferases,,.dolichyln- te-D-r , ot el R

b DranfiaupRT AR Suubtd €t m B S Ron e R B PP s B8t Bowhe ang
Tanner proEbBOf t&lucmgtlle R8T nldRbionaithat elilgé@at@smedisielidedepdtbie@ntdh. Thi s
famly 20 of integral nmenmbrane enzynes catal yses the transfer of pannose,
in t hecxhppgothrgmpioarphy prvRiskated thalthbalbrmphioditione syRjigsieskip 2 jft elip3of
serine,@r threonine within the pol ypeptide chain, described by the

foll owing reaction: My2" Dol -P-Man -1- Protein
(Ser/ Thr)Protein (Ser/ Thr)-Man Dol - P



25 The avail abl e evi dence suggests that the synthesis of dolichyl phosphate
mannose and t he subsequent transfer of nannose to the protein occurs in the
endopl asmic reticulum 29 It is clegg that the enzynmes of this fanmily have
different substrate (protein) specificities (Geruzsch and Tanner (1997)

G ycobi ol ogy 7, 481-486). Five of seven test proteins were substrates for
Pmlp and Pi 1t 2p, the products of the PMIl and PMI2 genes respectively, as
shown By profirfed eRtedmdny 6%y fadil apedtdf hdittdenoivpiod theitndid] abaadhar onyces
cerevisiae strains. Another two test proteins were apparently unpaffected by
ei t her sobNAN 18 deiprapZion adargebad urp ediysr ebtamad by grij: B’é%yﬁl T ti%m@“ﬁﬁ@i 4

mut ant rai, Eqﬂq r me has
been pu??fgegk?ﬁngﬁﬂﬁgé%oggg# fﬂﬁﬁéﬁkggﬁ) gi%hégc %égggégggpégreV|S|ae
menbr aune&uﬁﬁwmhtlbﬁ@éuélfmg&us camdsstaniamif 319:9§k,)neEa$m inf thBhoelureritheB6zus
185-190) . gene encodlng for the P en. cl oned and
sequen@éﬂ ¢ ?ﬁ’éﬂlﬁ‘é}‘l‘é‘lﬂ UngussHeled Brienrg t?grél \V) %\%’d‘ﬁb’nﬁﬁ’ofé%%? S KAk

pol ypepgb& gm A ﬁlel%h Y o BRGUSREESRELALA: &m(sgs@&m%n(éw&hép.m%)sl nger et
al 1 6993 A'S USA 90, 15 8164-8168). The sequence information of PMII
(and offih gm@l\mugme&ycemmg Keyusedyfao riactt&abou e gt:mtfsﬂizdua oee Bhicgleatogd).
mannosyl transf erases encodi ng genes in Saccharomnyces cerevisiae. The
sequences shown in Figures 10 ind 11 are honol ogous with the protein 20
encodi ng regi on Saccharonyces cerevislae PMIl, the sequences shown in
Figures 12 to 15 are honol ogous with the proteln encodi ng region
Sacchaft\o?w&bélsef@b@cbw@ dehPiaFyaspaet aflike Blé@‘méhb’é@tl@mﬁhldpﬁaiﬁiéﬁm@s 16 to 17
are homml.ogo t he protein C I cerevisi ae
s, BB o PR R R st S R PR T 255
sequenrzl@sexmmy, the albaeeh §uti dedinhfrises wco@hlbﬁfauﬂodlburauﬁalﬁaeihammymﬁz wefeyi si ae
nannosyltransferase gene. It will be appreciated that fragthents of the
sequen@ﬁéef bﬁ@é&ﬁﬁ@@”ﬁﬁ Figures 10 to 17 may simlarly be used, as may
sequences whi ch are honol ogous with the sequences represented in Figures

(1) less than 0.5% (w/w) binds to Concanavalint A,

preferably less than 0.2% or 0.15%;

(2) a glycation level of less than 0.6 moles hexose / mole of
protein, and preferably less than 0.10, 0.075 or 0.05

moles hexose / mole of protein,

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

processed according to its intended utility. For example, it



30 10 to 17 and the fragnents thereof. Techni ques for generating honol ogous

sequences are well known in the art. It should be appreciated that by a

honol ogous sequence, we include 5 seqéences having at |east 70% 80% 90%

95% or 98% honol ogy with a sequence shown in any one of Figures 10 to 17,

or with a fragnent of a sequence shown in any one of Figures 10 to 17. Per

cent- honol 08 can be determ ned by, for exanple, aring 10 sequence
Bi

i nf or magy bau fﬁfgrqdﬁ@omlpa@ wligsdiiteatiopracyrbyage %@@fbﬁn‘oﬁn eltr@nlgt&@ﬂ r g erfatsy
De . et Nu th
Un;/\e/ :are %(Vlﬂ?/g Gl alwlé%:nong PR @gﬁgto P le%g ag(ﬁg( 12 %‘Qfeﬁ%&ﬁ%k %)ér(ﬁ J“éﬁg pr ggr am

utili spefdritdy abogsognilbumeinhedliat, Mlddie&mmﬁlaﬂcbn\ﬁﬂmmlte kelng dMatilterBit ol .
48: 443, 1970$ as revised by Smith an/Waterman (Achi. Appl. 15 Math 2.482.
1981) . AcpRst B lspstPrgignigisreativel Pt ®r s for the GAP programinclude: (1) a
unary conparison matrix (containing a value of 1 for identities and O for
non-identities) for nucleotides, and the wei ghted conparison matri x of
Bri bskov and Burgess, Nucl. Acids Res, 14:6745, 1986 as descri bed by
Schwarts and Dayhoff, eds, Atlas of Protein Sequence and Structure, 20
Nati onal Bi onedi cal Research Foundation, pp 353-358, 1979; (2) a penalty of
3.0 fop dﬁﬁﬁé} &%dﬁﬂ&t%@th%qﬁisttasemlofaf’e%l&%ﬁﬁhbéhtifoarpr@@&& Syebab rdn each . -
gap; and (3) no penalty fo d gaps.

producing recombinant albumm the process comprising culturing a fungal cell expressing a

cukaryotic expression vector according to the first aspect of the invention and obtaining the
albumin, wherein the cell has a genetic modification which causes the cell to have at least a
reduced capacity of mannosylation of the recombinantly-expressed albumin and wherein the

culture medium is at least 1,000L and is of pH6.0-6.8.



O- If a yeast other than S. cerevisiae is used, disruption of one or nore
of the 25 genes equivalent to the PMI genes of S. cerevisiae is also
beneficial, eg in Pichia pastoris or Kl uyverotnyces l-ocus. The sequence of,
PAI T1 (or any other PMI gene) isolated fromS. cerevisiae may be used for
the identification or disruption of genes encoding simlar enzymatic
activities in 31 other fungal species. The cloning of the PMI1l honol og of
Kl uyveromyces lactis is described in WO 94/04687. |If a yeast other than S.
cerevisiae is used, the sequences repfesented in 5 Figures 10 to 17 may

al so be used to identify (or disrupt) a gene equivalent to a S. cerevisiae
PMI geneln Fie smesingiof ek ipredemé mvention,| geympice nicatificatiomt pfofergbbnt s of t he
sequences represented ip Figures 10 to 17 may sjm.larly be used, as my
sequenceBCH GHY aFUPPRSTHATL tfgtion, ¢ frdetiquy 9 addition Hea@h CE P Fi gures 10

to 17 and the fr nts thereof. for rryin t e
di srupti Wa@eoﬁgs%%&piqﬁ %?eﬁh%(agr%gpﬁﬁgm iﬁgﬁ%ﬁﬁ?é eggﬁy\%ﬁg%gb S
describ hely 6 obBREATY Tirry RURRUSNEP NN DNAT oF Wsick,
Shi | oacﬁlﬂlo?.ilﬁan Fol rrg%,oi)l ) 1999)E<?éa?st 1?@%3-57%1 whi Zﬁ deg!crl bes the
use ¢ tiw Saagliabypeaetc esgiavering egrhnigfiey ondyasxpasingrike fuddal tellnked by
Pichia pastoris DNA specific to,the target gene. In the exanple of Cchia
past or i staipExagsmicagenihe Mutpepicaagens dicdede: fan exaseple mhwsicaljagants position
wi thin any.of the DNA sequences repre tedJn Fqures 10 to 1 The
yeast wi Pt SHTEEHORS CRats. 4-Hie ] Yn o) o eastiisal agcmit Fiblenps 20
genes as I N i) preferred
enbodi maﬁf @%@%ggg{)&ﬁg&rgﬁaﬁég}fﬁ?%&% %ﬁﬁ@%@gﬁu@sﬁon %ﬁéaﬂsg'r? %éﬁbtﬁs ed on the
Sacchar Og.‘lm NO®V el )2 bisdyidtims apents Aintefealatingeagdntd, ' @851 Gefidig t he
yeast, the plasmd contains bacteriral replication and selection 25
sequHhcemodificationsr magx alsoetic oblainedi by gevetkl dismption, foy exampis er nal

according to the method disclosed by Rothstein et al. [Meth. Enzymol. 194

(1991), 281-301]. According to this method, part or all of a gene is replaced,

through homologous recombination, by an in vitro modified version. Genetic

modifications can also be obtained by any mutaffonal insertion on DNA

15 sequences, such as transposons, phages, etc.

It is known that certain modifications such as point mutations can be reversed
or attenuated by cellular mechanisms. Such modiﬁc;:ttions may not provide
the most useful forms of modified fungal cells of this invention since their
20 phenotypical properties may not be very stable. Accordingly, it is preferred
that the genetig:‘ modification(s) are stably inherited and/or are non-reverting
and/or are non-leaky. Such modification(s) are generally obtained by a

deletion or a gene disruption.

25 By a “leaky mutant” and gramumnatical variants thereof, we include mutants
that result from a partial rather than 2 complete inactivation of the wild-type
function.



reconbi nati on event in accordance with the teaching of BP- 286 424. The

pl asm d al so contains an expression cassette conprising: a yeast pronoter
(eg the Saccharonyces cerevisiae P1281 pronoter), as taught in EP.431 880;
a 32 sequence encoding a secretion | eader which, for exanple, conprises
nost of the natural HSA secretion |eader, plus a small portion of the S
cerevisiae a-mating factor secretion Igﬁder as taught in WD 90/01063; the
HSA codi ng sequence, obtainable by kno met hods for isolating cDNA

correspondi t o human,.genes,, and al.so di sgl osed in, for,exanple, EP. 73 646
ond| £p 236 L5 bhel O BERSCG s S fhen gl Colt pg e iSVRRBR BRY na o
from Sacchgpo : %&qd ' 6 T Lygsl porates at
| east two #a%?%?i'@n S (@goggggf d?ﬁeﬁ@ o?%@é?csvgfid%&;gaglaghn@?ﬁsl %f t he
plasm d deggpicpcdrfRbane he Raprdskiongdf wo gefie.di r Mdrdey pastfiiardy, tfidhe
purity of the album n product obtained, although the elenments may

cont ri but e modifination{slowell \geaerallyf affeotiudhe. codimgéfregiond arnttbeli megion of t he

fermentation and,_ purificatiqQn process is descrjbed in Exanple |, Exanple 1
The ol ohi ndgesaanaiolefor oF invlied iR e CXBFESHIRE Off 9RO PR Beney Whose

a1 bun n_colrus eon TR aRPyil: Bydlydt B i ade’  ONC Drion

term nati on sequence were altered such that the ADH codi ng sequence was
el imnated and such that two consecutive in-franme translation stop codons

0600. 0" - oL Kt ePs#d egpat” of o eielcestral fH FAGRUSHY 19 AR Bl
Gescri beo. BRORbs S dhBStol risth AU A8 JRoBE g of MRAE B e Bl

I R e e S o s L

having altered biological properties, from the absence of production of said

enzymes, or from the production of said enzymes at low levels.

The fungal cell mannosylation pathway involves attachment of a first
15 mannosyl residue to the hydroxyl group of seryl and/or threonyl amino acids
of proteins or peptides, and then the extension to O-linked di- and
oligosaccharides by subsequent addition of mannosyl residues. The first
mannosyl residue is transferred from dolichol monophosphate mannose (Dol-
P-Man) to the protein in the endoplasmic reticulum, and the additional

20 manunosyl 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 2 mannosyl residue to the hydroxyl group of

25  seryl or threonyl amino acids.

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

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



31- TGOACAACATTAGCAAGAAGE UMGCTAGCGCCGECECCTAGGTACG 51 -- The PCR conditions
were 25 cycles of 94C for 60 seconds, 37C for 120 25 seconds and 72C for
180 seconds. The 0.48kb PCR product was digested with both Hndill and

Bam || and figated into plasm d pBST , described in WO 97/ 24445, simlarly
digested with H ndM and BanHl, to create plasm d pAYE440 (Fig. 2). The ADHL
termnator was further nodified by PCR nmut ngenesis usiing two single
stranded ol i gonucl eoti des, AT19R and the 10 universal -40 prinmer with the
sequences: 34 AT19R Hi ndLTI 5" - AGICCAAGCTTAATTCTTATGATTTATGAT -3 -40
3" - CAGCACTGACCCTT' TTG - 5'. The PER conditions were 25 cycles of 94C for
30 seconds, 50C for 40 seconds and 72C for 50 seconds and then one cycl e of

72C for 10:m lé&é %g ' ey 0 a tenplate
(Fig. 2). ‘P%Oeomrrgc fhﬁe ué@mﬁ%ﬁé‘%@@%&é&%ﬁép lAsystem 9600. A
product of tb e hgdorpaon aseybanbesihyiatho/acds3 il mosa prefizhliyned and
digested with F th H ndlll Bandlaﬁg. Plng%gl?rgH%AYBOQ, described in EP 431
880, was di%§e&& GRS Kot P44 Bong (ST G P18 AMIBNBME Pagent

cont ai ni ng zAypes &7 I Rk Ably AR REnAR BUPRY, oA o PReHBAIMFa- 1 | eader
sequenceg; (WO 20 90/01063) enpl oyed to direct secretion of mature HSA, was

| igated into Nod and Hi nmall digested pBST-F, described in WD 97/24445, to
gener at e plWORMPPINVFA38 (Fig. 3). The recidesceies bt peprmdtionyF438 was

di gested wi WYl hl. iaﬁg ifie LI nat or was
successf ul I%%gﬂﬁgﬁ ﬁeﬁ?%m?ﬁ‘?%ec ; g%gﬁg{m‘g 'SQIQ%A’S"#?S ep 241 (Fig. 4).
Thi s pbsni deB&ent dmtGrinandshiai@BSTivity WA Rejaretl ¥P pedvadikinptian, Byhe PRBI
pronfoter and the Wd ADM 1 ermi or., . To facilitate the introduction
of two traﬁ%gFg’toFSFn@t_ %@@?%@éﬁﬁ%ﬁsﬁﬁoﬁ&P iRy egi on and
creat e fohe TheGesulting orlitidlt wereSirbwn of NI (bod: 6.D5)0rSsh HfmgEdi Ng regi on

was altered. . 35 The douhl e stranded ol ﬁngc eotide |inker, AT21/AT22 was
li gated i nd®pdiy i1 1hfien g |Leay (RbpbepIaYS o (Clining ite yeash BAPWIY- site at its 5

end. a st Uf@kpectolly] 08 1! chiiPihal BE pR 1o bdvki bk GsarlRFe Of the 11SA
codin ., bu
J 94/04687 are not optimal for the large scale culture of PMT mutants o
produce secreted albumin, We have found that a gﬁ';wﬂx medinm of pH6.0-

15 6.8 is beneficial in terms of host cell integrity during large scale fermentation,

In addition to modifications in a gene involved in the attachment of mannosyl
residues fo the hydroxyl group of seryl or threomyl amino acids, fungal cells
of the invention may also carty modifications in the genes involved in

20  subsequent additions of mannosyl residues leading to di- or ofigosaccharides,
or in the synthesis of the mannosyl residgps donor (Dol-P-Mau),

Preferably, the fungal cell has 2 genetic modification within a PMT gene ot a

_ gene which affects the expression or product of a PMT gene. A gene which

25 éffects the expression of a PMI' geme may, for example, affect mRNA
transcript levels or PMT product levels.



S with the addition of an extra TAA translation stop codon. Clones with the
linker inserted were checked by DNA sequencing and the correct plasmd

desi gnat ed pDB2242 (Fig. 5). Linker AT21122 10 AT21 Estt36.1H nd111 / 15TTA
AGA GIC CAA GCC TM GEC TM TAA TA CT @AG G'I COG AAT CCG AAT ATE ATTCGA A L

GL Stop 'Stop 20 To create the final rHA expression Cassette the

Afil UBsu36l fragment of pAYE309 (Fig. 1) was ligated into Aflll1Bsu361

di gest e 1: 0132242, making plasm d pDB2243 (Fi_g. Finally, eal A
expr esBleofgnghi siheegrding mwthwecﬁmmdlm@ﬁ cHage chrpen iﬁ@at ﬁﬁﬁ@le{ltﬁ’és @Jﬁr essi on

cassette fr I
o1 of TEIHIG S0 O T By N el oI vhh BERC B SacHidmces (o8
PDB2244,&\igh), the gbﬁhsmuﬁﬂf’&nbrhjﬂsed (deekt oawy) of thetganty Binbior(epli prtars)i n t he same

orientation as that of the LEU2 gene. 36 conprises the whole of the 2gm
pl asm d, the LEU2 gene to conplenent the host |eu2 nutations, the

expr essi py gﬁ%ﬁ(ﬂ%gzﬂ' &11"851*)1%%1ahﬁeg%ﬁ?ﬁzﬁ{@f-b%ﬁmq E&MESs c%&&ﬁc%sf@blﬁﬂjr&f int he HSA

sequence an cteria he latter 1Ts excised fromthe

pl asm gdebyird mediSm ot éaskst, a@) Bumﬁuﬁeﬁemqullms%ﬁgo §ystem such that no
bacterial DNA is present in the organismused for production of rHA
(Chinery and Hinchliffe, op cit.). The expression vector utilises the S.

cerevigi.ae, ﬁ@he RIn@ADLeB exBRsiAPHE rbéddisifdiit Riudin b&lifg Rajusiicclio calaméd ol
expression a HSA/ MFa- 1 | eader 10 sequence ;V\D 90/ 01063) _to direct

secr et arituoé mwdmm whidisAs mﬂfh@imdemr’fh@apmgﬁm% RebsT.imare gERierallyipktoo}- 9
Sacch / i ae,strai Wmch D [Grl
oyt e rg GERBA DR Fral s ol e R Rne SRl g3 e
pnuhi ctdtvady 6. A BMd bﬂé@c bBicgMaBly at a pH between 6.35 and 6.45 and more preferably at

about pH6.4. Preferably, the pH controller is controlled within 0.20 or 0.10 pH units of any

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

pli6.4.

In an alternative embodiment, the fungal cell is cultured in a culture medium which is
maintained in the range of pH5.30-pH5.90, preferably pHS.50-pH5.90, pHS5.40-pH5.90 or
pH5.40-5.60. Preferably, the lower control set point is between pH5.40 and pHS5.60,
preferably between pH3.45 and pH5.55, and preferably the lower control set point is about
pHS5.50.

The present invention provides processes for the preparation of highly purified albumin from
albumin produced by recombinant eukaryotic cells of the first aspect of the invention. The
highly purified 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



15 by the nmethod of WD 94/04687. Transformants were selected on a buffered
m ni mal medi um (0. 15% (w v) yeast nitrogen base w thout am no acids and
anmoni um sul phate (Difco), 0.5% (w vé anmoni um sul phate, 0.1Mcitric

aci d/ Na2HPO4. 12H20 016.5, 2% (w v) sdérose)) |acking |eucine. Wen
transforraants were grown for 72 hours at 30C, 200rpmin 50nil flasks 20
containing either 10nl of conpl ex (YEP, 1% (W v) yeast extract, 2%(vv/v)
bactope tone and 2% (W suc tor buffered qU|d
o T ETRTCORR A B S R e Qneptnb BRRE PRt g B 8

SDSpol ypashvt! v 8 rogd a&bm@gwpﬁﬁﬂ stepdMelp@rifyltlie BIDGIER. gel

i munoel ectrophoresis. 25 A stock nmaster cell culture in buffered m ninal
mediumis used to prepare runni ng stocks (working cell bank) of process
yeast | e I o I tg% $ g_ free2|ng
aquuaﬁ lggﬁgﬁ)uﬁe?%%ﬁgm? E@%éﬁg%ggéﬁg%g%?a§%§§¥ﬁ%@?k?ggkfht gl

f er mendsadutialy e o€ afdmiuah, | Iyctitbecisasemasls ﬁozﬂﬁﬁcm;bﬁdnampﬁﬁ@@ﬁﬁ@ﬁﬁ&ﬁ 5 and
US 5 728 553, except for the follow ng, di ffer%g(ﬁg]dc?Seed errrent ation 10

Aft er HIHRUIASHINGHNT, Fc-FHAKISHOMEV RO T RASTTHb 61 ROt NaERRE PR nent er
vessel andtm&)cpagitlﬁb e0Gork 1‘?2{1 %ﬂrt n}g oféﬁns?’ﬁ gi;fn $6F alb@Ru\BlunAg ag @ga’i‘ésml mm

stirrer set-to ac geneity an so avoi d gradients of
nutri Qﬁﬂﬁm&updﬁ @somxygbmmimn,clmebmyeasﬂ'p@tmm nhimhal pkoteins anlj vistses By t h ammoni a

sol ution ecific grayit sing a pH controller se( at 6.40;
cont ro‘?SF‘“é’g‘ ﬁy%f«glfam Gl ]@x" ‘%t j%%tj @&y, pHis 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 anmoni a specific gravity 0.880).
Thi s | BiweslbfeimafiibatnivertiquHngpbe atdedst §9 B mn@nﬁawehdimsnﬁ, meletbhonet ry

Dol LRl St v B R oA Bl PR sa il 1 oP
|S|n 2 tcreulraégr%t@glmﬁ%ﬂamum e deReraflll aBient i1GRaPbe Qe bhﬁ@étaﬁ;geatbl_y@nbyr mord i ne

of the following characteristics. It has a nickel ion level of less than 100ng, based on one

gram of albumin; a glycation level of less than 0.6, preferably less than 0.10, 0.075 or 0.05

moles hexose/mole protein as measured in the Amadori product assay; an 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,



Particularly for strains with a deficiency in one or nore of the PM genes,
it has been found to be beneficial for the fernentation to be conducted at
a higher pH than is nornally required, Thus, rather than control the pH at
38 approximately 5.5, it is beneficial to have a control set point between
pH6. 20 and pl116. 70, preferably between pH6.3 and 6.5. At such a higher pH,
the quality of the centrate is significantly inproved due to reduced cell
lysi s. ri€&Iplrikiys bscotdsyid the inveagdt wilbfencsallyermonllnget of suspehsiveh fdl | ow ng
a centrifugation 5 step of the fernentation which is sufficient only to
I enpv eCHIEMIGABIS 51061 1080 ARGHPICRBIS DD BRTREaMIedhi s | s denonstrated 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 pHrange 6.3 to 6.5
conpar adadcordaiddwbh thepeesmaninatiiton, jpikhMWaturddbghin Cobtagrt] fofm Supepurat ant
(g.144) 5.5 9.9, (fF4 62 6.3 - 6.5. 3.4 : .

albumin solution. The proceds comprises one or more of the following steps: culturing in a

fermentation medium a recombinant eukaryotic micro-organism transformed with a

eukaryotic expression vector encoding the amino acid sequence of human albumin in

accordance with the first aspect of the present invention; preferably separating the micro-

organism from the fermentation medium; conditioning the medium, if necessary, for further

purification; passing the conditioned medium through three successive chromatography 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 cukaryotic 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).



(1,0, 13) 10 Table 1: Rel ationship between castrate quality and fern tation
pH in seed fernenter vessel. Values in parentheses are standard devi ation
and nunber of sanpl es. 2M H2504 is al so used as a pH corrective agent.
Sucrose to 20g.1i1, MMO batch vitam ns, and Breox FMI30-antifoamto
0.041.r are added to the 15 vessel. Sterile filtered air is introduced into
the vessel at 0.5 v/ivim(ie 0.5 litre non-conpressed air per litre of
medi um pet minute), the mediumis inoculated to >10 ng cell dry weight 1.4
from axeni ¢ shake flask culture and &30 supervisory conputer control
systemis initiated. The expected bitch phase is 62 10 It from an inocul um
concentration of 12 ngr. MMO feed nust be connected before the end of the
batch phase (volunme equal to batch volunme). 39 Features of the

f er nent atlindnstaneasrwhera|the altumpin; is pughied Fo@ RIHPSIBROBFCESNBEE $éi ng

signal | ed by, di.ssol ved o n.tensi.on I Nncreas f >15%in.30 nmn; the
f eed bei ﬁﬁaflpgtigeceéfe‘%ﬁég@ e E?i?“—‘fﬁlf @%ﬁvﬁﬁoﬁg{ﬁﬁ?ﬂfo‘{she rate feed
rate bei rai [Fale RiocH : ; erein SF
o cubst rKABPEEASE LARERERA b rd ek I per ricke P ihe io AP L T

(L. nise) ,¢he MNotesidfisl o€ Geowidiecite (Conseguendy.e the OB miandolecules a

counter variable started at () and increased by 0.0167 once every 1 mn if
al | condieaffestivelyrcongentratennickehions fberuthe medieusadafas quitivationapdierat i on of

k) being reduced-in_response_to DOT £15% l.or respirator uot.i ent (RQ
1.2. 10 W#"@@Gni s"déw&ﬁbeaﬂﬁpgﬁsowzté? r‘nuv?ﬂ??@h?%ﬁp%&@%ﬂ%hzg:oc or
>31. 0C. Thi : one automatically through the control algorithm
The SF isloi’vzggggﬁéﬁ?lﬁgn%verage RQ >1. 13 over a 2h period, or if there is
evi dence of ethanol or acetate accunutatici 15 Agitation is increased to
mai ntain DOT >20% air saturation. Once the feed is started, the

concet r aPjecedinf @ fllbovwANMEIMy of ithe rpresahires of dhe quiestnt dnventivintie vol une) .

The expected feed_ phase duration is 65 17 h, dependent L upon,ttansfer
i mitati oxbusin (gedutioss a3y undengn Qﬂf?eff eEGhange; feqnesalation, gl he

fernmentatj on to.nai nt ai . ues.¢Qf t t nd carbon
di oxi de e%I“Hgl %&Fq‘r‘(ﬁ% s?"éfégg“@» fogé@lgsgéﬁgg{kz}l{%n@@o&g‘r gﬁ#e?j@atggur ate gas
anal ysi s. ik : i RXAHPIE, SR b ARG e bM Jf thev/ m Dai ly
checks araeﬂper gélr]r%gﬁ\&ﬁl e?ééyrﬁfﬁg 25 purity o@h}}l tuguegtandbCD\N Appropri ate
sanpl es agotutiei.aiQystibnally, e athuiniof miafiebe Geatedrfithcaireducing sgent disferred to

a production vessel. )
15 may undergo a decoiouration step.

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

formulated according to its intended utility, eg it n.lay be formulated for

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

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

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



40 Production Fernentation The production fernmenter is inocul ated at
0.25-1.00g.cdw. L-1. The initial pH' is adjusted with anunonia solution (SG
0.901) using, a pH controller set at,b pH6.40;, controlled at 6.40 0. 10.
Alternatively, pHis maintained in the range of 5.50 to 5.90, with the

| ower control set point being 5.50. The initial pH nmay be adjusted with
ammoni a (eg aqueous ammoni a specific gravity 0.880). This | ower fernenation
pH 10 foasulatisnd, fread-didinbaedatimsor $peat atome foryinjeldfdn) gooftalbiheatioblal 1t is
preferable for the initjial pH to be near, he top of the aforenmentioned

r angesCther raleisidEn e DB gHt %ﬁ”&?iﬂéaﬂlgﬂ BT gAY UPRRE B V8ECl ine in pH
ISt hefc{ hfa?ttlm hqgﬂ'iaoffnd@%P%ahn%%&?@aﬁ@év@cc@%u&ﬂasl dalfulh O ShHRRMYN-vaddular

Particu strains wit deficiency in one of nore of the PMI genes,
it hasmbﬁéﬂmkound to be beneficial for the fernentation to be conducted at
a higher pHthan is normally required. Thus, rather than control the pH at
approximately 5.5, it is beneficial to have a control set point between
pH6. 20y 20808 Qﬂﬁe& Ded 1Rk ef@rabloihatwear iH@tla@F&i@Dﬂanﬁnuéﬁ nfydte a hi gher
pH, the quality of the centrate is significant nproved due to reduced
cel l Iysm@nmtﬁﬁhOhysH@mﬁE@hWﬁﬁﬂwﬁﬂé@ﬁpiﬁéBﬂF@ﬁP@%ﬁfﬂwnﬁwmho%uspen5|on
followng a centriffigation step of the fernentation which is sufficient
only to renove all whole cells fromthe supernatant. This is denonstrated
in. Table-2, where a ZIRiSFIESCRETIONCIAHDDRAWINESWet wei ght content of
a culture supernatant is shown when the yeast is cultured at pH 6.5
conpared to pH. 5.5. 41 Fernentation pH Wt Wi ght Content of Supernatant

(g.1n "11311(,5 invention is further illustrated in the appended drawings in which:

Figures I 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 rtHA fraction from rHA

prepared according to the imnvention.

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 PMTT.



36.3 6.5 4.7 Table 2: Relationship between centrate quality and
fermentation pfl in production vessel. 5 2M 112504 is al so used as a pH
corrective agent. Sucrose to 20ga, 1, o810 batch vitam ns, and Breox FMI30
antifoam to 0.04g.l.:1 are added to the vessel. The initial substrate feed
rate is determ ned according to the fornula: 10 SF = 1000 x n. x [CDW X
Vi k 60 xx [sucrose] wherein SFO is initial substrate feed rate, 11, is
speci f Figugs ddtand  dtepréseor twhbD Basrph@ncts @68h homvhatydh tieprbtatrodmeodhame (L),

Yzis is cel|l yield (g.1:1), | ose] is sucrose concentration (g.11,4) and
[ CDW & ‘*f%yﬁmﬁggéﬁfvéﬁﬁéiﬁfﬁation (g.1:1). The substrate feed rate is

determ ned according to the formula, SF = .SFeetn” , wherein SF is
substrate feed rate (ro.L.mn-1); SFis initial substrate feed rate
(nmL. nmin4), it DETAPSRD DESGRIBIMBNQF BREFERRED BMBODEMENIISLD. 06114), and k

is a counter variable started 3ﬁﬂglﬁ%ﬂﬂ&ﬁﬁﬁ§a56d by 0.0167 once every 1 mn

if all conditions are net. A n tions are constantly revi ewed
during the fernentation, and used to adjust SF via

Whereas the processes of the first aspect of the present invention can be utilised to obtain
highly purified albumin from an impure albumin solution from a number of sources, such as
serum, it is particularly applicable to purifying recombinant human albumin (tHA). The
albumin produced in accordance with the invention may be any mammalian albumin, such as

rat, bovine or ovine albumin, but is preferably human albumin.

DNA encoding albumin in the form of a eukaryotic expression vector according to the first
aspect of the present invention may be expressed in a suitable eukaryotic host to produce
albumin. Thus, DNA. may be used in accordance with known techniques, appropriately
modified in view of the teachings contained herein, to construct 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.



mani pul ation of k; SF is reduced in response to DOT *<15% and/or
respiratory quotient (RQ 1.2. The feed is stopped if the pH <6.2 or |ithe
7-5 tenperature <29.0C or >31.0C. Thiyg may al so be done automatically 42
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

accunul ation. Agitation increased to nmaintain DOT 20% air saturation, and
naintaTheﬂ%Ht1&kaﬂn&hbﬂpmbphmetmnﬂabﬁeﬂﬂhmiUmﬁénkm@htgwhknxamaohixing Once
the feed is started and the uIt e. i s, under ca rbon. limtatio t he
ConcentTataTsR SBIUBr s aetbg0 o7 4hd drsrebadh o 50*6%@%’. 4CIPE% cul at ed on
final yaldpR)in tﬂél%%p%ﬁsﬁtv@amf eqd bRl dHinddipefied Sofapangdanbnupon transfer
limtations of the vessel pically 90-120 at the 8,000 L scale. 10 The
air fl mw&mmcwhagedanﬁ@mcewéﬁmam@nt ﬁmb@gwﬁtmel}zr\@rtﬁéﬁ@ét lﬂdndftidO mai nt ai n

t he val ues 0 rate
(Cer iR Do B o B o BB PR el RSP i

OVer pr assiarBecas. mmﬁ%awentc@emhmnqse EhR1atibhd@paotioh Lown (sairefe@td tihe 15
fermentation is nomnally 1 v/v/im Dallélchecks can be perforned to

det er nvérorge ienyn@rdused inle Greanlueaiy heshthrasbrdpidaest techyadrssellaved pet ai ned.
The Cu%él%ﬁ% ﬁ§1 @aﬁwﬂ)&%{i hQ&"é@ﬁé I%r%m Q& ﬁ%ﬁéi&]gnc%t dl& nﬁm%gﬁ!m% | ﬂg he feed. 20

Hold o duct GCtT on culture fel'd ‘under
appropmﬁﬁtﬁnuﬂﬂdaﬁdOmﬁnhpmepQMEEOMhM@hL@m@mesﬁkmgsbﬂcdhﬂheuﬂLuﬁenthe hol d
time should be kept to m ni nrum but can he extended t.o 48 hours and
beyond©f tﬁi@h@@é@@%‘#vclewah%el& tgRyayit t theexprsssipy pi {J‘ﬂ@ g&a}i@c‘wl&f‘éaﬁw Hlfa%{’ € under
condi t fQps.@f batch processing, the constraints of hold time as expressed
herein ap ?y to the final portion of the culture to be processed. 43 The
centrate fromthe fernmentation, or an inpure al bumn solution from any

Many cukaryotic expression systems are known, including , yeasts (for example
Saccharomyces cerevisiae, Pichia pastoris and Kluyveromyces lactis), filamentous fungi (for
example Aspergillus), plant cells, animal cells and insect cells. The preferred microorganisms
are the yeasts Saccharomyces cerevisiae, Kluyveromyces lactis and Pichia pastoris. 1t is
particularly advantageous to use a yeast deficient in one or more protein mannosyl
transferases involved in O-glycosylation of proteins, for instance by disruption of the gene

coding sequence.

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

lectin



ot her source (such as plasm), is prepared, or conditioned, for

chromat ography on a cation exchange matrix while protecting the rHA from 1,
pol ynmeri sati on and protease activity. Preferably, sodium octanoate is added
5 (Chromat ography Solution 14 (C314) - Table 3) to a final concentration of
1- 10nmM for exanple approximately 5mM The pHis adjusted with acetic acid
to pH4.3-4.8, preferably 4.50 0.1 (nost preferably 0.05) and the
conductivity is checked to be <5.5nS5cmt. 10 Chromatography Al operations
can be carried out at anbient tenperature (20 5C). The album n | oads (g/L)
for the chromatography columms are determned fromtitres of albumn (g/L)
by either SDS-PAGE (at thjfirst step) or 2@P-HPLC 15 (for all other
colums). The progress of each step is nonitored by neasuring UV absorbance
on line, for exgi@hsvafih A54 THe ABOED of Madn@Hldted ulbamliy ppsdriced rigdthe

enbodi ment of the present invention the purification process conprises the
fol | owi ng st epygeasicet lohresieerh Y asmg %W%Erﬁ rdpdeieny isponeryr Mgk htexchange
chr omat ogr aphy - FE) ; i Rl chromat ography (DBA); ultrafiltration: and
diafiltrati on;«‘%’l‘%@%@%lﬁﬁ@‘chr omat ogr aphy step (PM; ultrafiltration
and diafiltration; a second cation exchange chronmatography step (SP-FF2);
and a second ani on exchange chromatography step (DE-FF2). Preferably, these
purificatioh pFaeewsesonmcaicns way| of AgBigving this bl to create a yeast which has a

ltrafiltration/diafil]tration fol f Lat |
et Rl SR R ey B b ek p A
chromat ogr aphi groh@as Bér Satpld, 1Bske ieiyebd & dBleMen, BftidnveRinspesition i nuber

of aspects. The use of an am nophenyl boronate (PBA) matrix wth an inproved
buffer, as destheidodingtesauense arrite FePRHPTY FegiensV(or dvanether grueeaHaliig to gi ve

i ncreased yeasf antigen cl.eArai.ace Vis | . 4-20
fold) . The buf S erBEesoncs §ae 06 i PAACseliesy %cgl?tg%taltl@c ok b e piin 1
unexpect edhy fpoadedd0 ABeRRVEISU R VetsDERAd ibel insformed td prtesenhs- t he
result of intensive trials of a plethora of buffers of wdely ranging
constituents aRuotpgamsesuchas anppa-Bumif#adibody.ovi des a significantly increased
cl earance of yeast antigens, when conpared with the buffer used in the PBA
10 chromat ography step of WD 96137515.

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

P

15 employed to create single or multiple mutations, such as replacements,
insertions, deletions, and transpositions, as described in Botstein and Shortle,
“Strategies and Applications of In Virro Mutagenesis™, Science, 229: 193-210
(1985} Suitable mutations include
chain termination mutations (clearly stop codons introduced near the 3' end

20 mright have insufficient effect on the gene product o 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

25 mRNA, Specific mutations can be introduced by an extension of the gene
distuption technique known as gene transplacement (Winston, F. et al (1983)
Methods Enzymol. 101, 211.228).



Loadi ng the am nophenyl boronate matrix with a highly concentrated al bum n
solution, for exanple 100-110qg. 144, -neans that inproved resolution of the
rHA and yeast antigens can be achi eved because of the. smaller |oad vol une.
15 WD 96/ 37515 includes a S200 gel perneation step after-a first affinity
chromat ography step. The gel filtration step purified the albumn with
respect to yeast antigens, pignent and dinerised al bumn. W have found
that this step is no | onger necessar? because of the-inprovenents we have
20 made to the am nophenyl boronate a ?inity step and the introduction of

addi tiongl cat.d.on and.ani 9 han 0l 1 owing the .

e nop{]e%}l%&hgg)gflg “éif'i Pnﬁe?v‘?jsc‘ﬁw%?@ 16 Bhapal’s 3t Sateis. éa%&!wg; 3
concen r?éﬁd ad | r [ [ a st ep.
W have oung‘%?h;{j ﬂt?e{]g %ﬂgngiﬁ?ﬁatﬁlragﬁ' gf@%lgﬁd:ag%ﬁ tqfﬁgt(;ﬁ(@)ﬁﬁjsf@epegﬁﬁ cation
exchangephdroigypivsiby. arlhirahiy inseshues she esertibtof e dongeatingtsequencef ni ckel
ions. In particular, exposing rHAto a low pHis effective in reducing

ni ckel t i will M?ﬂcbvtﬁ*@ SIOprEEign. eﬁﬁtﬂrl?s,ellflllibtﬁfﬁnﬁ_ kwluﬁh! iﬁlﬁeﬁ‘na?@@mt c?gndot Lhe
present invention S a surprisin ow ni,c i on,content (Il es an
100ngY g H¥¢ sEHRs 0 mﬂwé@%%ﬁ?i‘@ﬁ?%ﬁ@“@%on%%‘ifgysﬁ%@g escri bed

herein,- | . | ding material (cb which is
a snall %%%ﬁ?gﬁ@h%d@%@l F%%?ﬁ%%%ﬁ?gb e ¢l ygosyl ated. gl'hemnegat ive

-node cation exchange step has been found to reduce the cbm content
produced by reconbi nant pint/-nmutant Saccharonyces cerevisiae by

appr oxi nfhel gent. fayfirvd. one eat moreffortions §optivmally ethchidibg meguldoryved from
non-pntl mytants 10 (2-3 fold clearance),. In conparison wth other

commer ci W9 IS0 becwhaleozsned sxeised ir dnyertasd, Rfukd8ay baye APOXEPY | ow | evel

P e BROuE i AR B tn SR AR SaP 98 pRe b B R R 0 ey
be of eveRr|&aLal/dr R @ﬂfcﬁlctﬂmtd?‘i‘)r&féﬁl ionPoREUE Btk PXrPIdcERAMRENant host

ot her than Saccharonyces terevi si ae.
a reduced level of activity.

The PMT genes of Saccharomyces cerevisiae encbde a family of seven
15 (PMTI-PMT7) protein O-manuposyltransferases which vary in their
specificity.  These proteins are also known as dolichol phosphate-D-
mannose : protein transferases, dolichyl-phosphate-l)—mannose : protein O-D-
mannosyltransferases or phosphomannose transferases (Gentzsch and Tanner,
EMBO 15, 5752-5757, 1996, and references inciuded therein), This family
20  of integral membrane enzymes catalyses the transfer of mannose, in the form
of dolichyl phosphate mannose, onto.the hydroxyl group of serine or
threonine within the polypeptide chain, described by the following reaction:

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

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

endoplasmic reticutum.



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

albumn, 20 and the relatively |ow cost of the product, these buffer salts
are the nost suitable for the process as they are .Available in a highly
pure format industrial scale and are | ow cost conpared to other comonly
used buffers such as Tris, HePES or MOPS. Alternative buffers could be used
in place of the ones used in Table 3, for exanple buffers of a simlar pK
(eg notate for 25 acetate), but in nost2% nstances cost and availability at

| arge scale rule out their use. Alternative salt fornms can be used provi ded

they are sojtul clearattiat iabkazyniesi of ttis rhmlly Srweedigfeserdtonbeest. (préd@inhhe
buffer solutions can be prepared at the concentrations described bel ow, of

concent r at espesifisiticsflentaseingnd dnnper GH8Ph xrodindogy LedB8bri8d). Jivd ofn-| i ne
and pur {1 VGRS RSB VTS SO Besfor, BRLD BIOLEAR. (e DrodicRIBBen | o r
and purifi t t y 1159 : nis rHA
front a yea i ' ' j.ght

cont am nanté@%ﬁ%t%%%@g’bﬁr%gﬁo@ t&%&%ﬂ% apggggphy. The
net hod $sespmeic oMPrDl el t SRBhEoMyadd eerdwisidex stealfif) SBRmotipafas eedtE

SPSpherosi |, Cwm Sepharose FE, CM Cel | ul ose, SE-Cellul ose or S-Spherodex.
Pr ef er abl y, proteinsyweré sppasersly- @ayffeatedshy RithePPA b or JIMUER| ontations, tagd i n an

axi al flow col um, be at .a bed height- of 5 to 25cm preferably 10 to
15cm for e‘k’ﬁ??p‘lr‘%ei”g?%oﬂﬁ?‘ fi H”étdi%\“gﬁqmut‘ype colum is used, a suitable
bed flow path length is 11.0 1.0cm A colum |oading of 10 to 50g

al bum n/L, preferably 40 | Og albumin/L, of matrix is suitable. The matrix

i's equili brpae92ubtPnelphptoteds O-hanaoHLaishaasd kdyms has 866n PRYHAED W
preferably the buffer Should be strong enough to’reduce the"pH to

appr oxiktat ehompgdeneitg. fremnoldbilisesluSicchgrapBoes iceraviside moembranee (Strahilage -

sol ution CSQ7, fromthe col unn; gogﬁver, any buffer with a pH <6.0 could be

used. Equi | POWHEFHRD sTme 499 r.comprRAnEma 0.« BS54 80ht Thee 868F um
the puri f1 HEPARESEPIE RS T bR e PodL bt SEHERRRY SRS ey 1751
pH located on chromosome IV and encodes a single polypeptide with a primary
sequence of 817 amino acids (Strahl-Bolsinger ef al(1993) P.N.A.S. USA 90,
15 8164-8168). The sequence information of PMTI (and other PMT genes) may
be used for the identification of related mannosyltransferases encoding genes

in Saccharomyces cerevisiae.

The sequcncés shown in Figures 10 and 11 are homologous with the protein
20 emcoding 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
25 sequences may be used to identify (or disrupt) a Saccharomyces cerevisiae
mannosyltransferase gene. It will be appreciated that fragments of the
sequences represented in Figures 10 to 17 may similarly be used, as may

sequences which are homologous with the sequences represented in Figures
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10 to 17 and the fragments thereof. Techniques for generating homologous

sequences are well known in the axt.

"t should be appreciated that by a homologouns {sequence, we include

sequences having at least 70%, 80%, 90%, 95%, or 98% homology with a
sequence shown in any one of Figures 10 to 17, or with a fragment of a

sequence shown in any one of Figures 10 to 17.

Per cent- homology can be determined by, for example, by comparing
sequence information using the GAP computer program, version 6.0
described by Devereux et al. (Nucl. Acids res. 12:387, 1984) aud available
from the University of Wisconsin Genetics Computer Group (UWGCG). The
GAP program utilises the alignment-method of Neddleman and Wunsch (/.
Mol. Biol. 48:443, 1970), as revised by Smith and’ Waterman (Adv. Appl.
Math 2.482. 1981). The preferred default parameters for the GAP program
include: (1) a unary comparison matrix (containing a value of 1 for identities
and 0 for noun-identities) for nucleotides, and the weighted comparison matrix
of Bribskov and Burgess, Nucl. Acids Res. 14:6745, 1986 as described by
Schwarts and Dayhoff, eds, Arlas of Proiein Sequence and Structure,
National Biomedical Research Foundation, pp 353-358, 1979; (2) a penally
of 3.0 for each gap and an additional 0.10 penalty for each symbol in each
gap; and (3) no penalty for end gaps.

If a yeast other than S. cerevisiae is used, disruption of one or ‘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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other fungal species. The cloning of the PMTI homolog of Kluyveromyces
lactis is described in WO 94/04687.

If a yeast other than S. cerevisiae is used, the sequences représented in
Figures 10 to 17 may also be used to identify (or disrupt) a gene equivalent to
a S. cerevisiae PMT gene. Persons skilled in the art will appreciate that
fragments of the sequences represented in Figures 10 to 17 may similarly be
used, as may sequences which are homologous with the sequences

represented in Figures 10 ¢to 17 and the fragments thereof,

Methods for carrying out gene disruptions are described in the literature, an
example of which is described by Boehm et al. (Boehm, T., Pirie-Shepherd,
S., Trinh, L., Shiloach, J. and Folkman, §. 1999) Yeast 15 563-572) which

" describes the use of the Saccharomyces cerevisiaeSUC2 gene as a marker

15

20-

tlanked by Pichia pastoris DNA. specific to the target gene. In the example
of Pichia pastoris disruption, the SUCZ2 DNA sequence could be inserted at a
position within any of the DNA sequences represented in Figures 10 to 17.

The yeast will advantageously have a deletion of the HSPISQ 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 2pm 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-siae PRBI promoter), as taught in EP 431 880; a

Na OH
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sequence encoding a secretion leader which, for example, comprises most of the natural HSA
secretion leader, plus a small portion of the S. cerevisiae u-mating factor secretion leader as
taught in WO 90/01063; the HSA coding sequence, obtainable by known methods for
isolating cDNA corresponding to human genes, and also disclosed in, for example, EP 73 646
and EP 286 424; and a transcription terminator, preferably the terminator from
Saccharomyces ADI, as taught in EP 60 057. The vector incorporates at least two

translation stop codons.

The choice of various elements of the plasmid described above is not thought to be directly
relevant to the purity of the albumin product obtained, although the elemenis may contribute
to an improved yield of product. A preferred embodiment of the fermentation and purification

process is described in Example 1.

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 ADH! transcription termination sequence were altered such that the ADH
coding sequence was eliminated and such that two consecutive in-frame franslation stop

codons were present, followed by a third stop codon downsiream, as follows:
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....... L G . 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, IMADHI and IMADH?2 with the sequences:

| JMADH1 '
o Hindllk 4
5" - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3
15
JMADIZ

Nork BamHl

20
' I~TGGACAACATTAGCAAGAAGGTGTGCCTAGCGCCGGCGCCTAGGTACG-Y

- 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 HindIll and BamHI and ligated into plasmid pBST+, described in
WO 97/24445, similarly digested with Hindlll and BamHI, to create plasmid
PAYFA40 (Fig. 2). The ADH! 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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ATI9R

HindlI¥

5' ~ AGTCCAAGCTTAATTCTTATGATTTATGAT - 3

-40

10 3' - CAGCACTGACCCTITTITG - 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 termipator in pAYE440 as a template (Fig. 2). The machine

15 used was a Perkin Elmer GeneAmp PCR System /9600 A product of the
correct size, approximately 0.33kb, was obtained and digested with both
Hindlll and BamHI. Plasmid pAYE309, described in EP 431 880, was
digested with Notl and Hindlll and the 0.84kb DNA fragment containing the
PRBI promoter fragment and part of the HSA/MFa-1 leader sequence (WO

20 90/01063) employed to direct secretion of mature HSA, was ligated into Nod
and HindllI digested pBST-+-, described in WO 97/24445, to generate
plasmid pAYEA438 (Fig. 3). The recipient plasmid pAYE438 was digested
with Hindill and BamHI and the modified ADE] terminator was successfully
cloned into this vector to generate plasmid pDB2241 (Fig. 4). This plasmid

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

To facilitate the introduction of two translation stop codons at the end of the
HSA coding region and create the required HindlII site, the 3’ end of the
30 HSA coding region was altered.
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The double stranded oligomucleotide linker, AT21/ATI2 was ligated into
Af/HindlMI cut pDB2241 and comprised an AL site at its 53' end, a stuffer
“yegion and then the Bsu36l to Hindlll sequence of the HSA coding DNA, but

5  with the addition of an exira 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
10
AT21
AfiTL Bsu36l HindIIl
e - S
15 TTA AGA GTC CAA GCC TTA GGC TTA TAA TA

CT CAG GTT CGG AAT CCG AAT ATT ATTCGA

A L G L Stop ‘Stop

20 To create the final fHA expression cassette the AfII/Bsu36l fragment of
pAYE309 (Fig. 1) was ligated into Af7II/Bsu361 digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the THA expression disintegration vector
was made by ligating the Nod expression cassette from pDB2243 into Notl
cut pSAG35 (Sleep ef al, 1991, Bio/Technology 9, 183-187 aud EP 431 880)
25 to geperate the plasmid pDB2244 (Fig. 7) in which the direction of rHA

transcription is in the same orientation as that of the LEU2 gene.

The plasmid pDB2244 is therefore derived from the disintegration vector

pSAC3 (Chinery and Hinchliffe (1989) Current Genetics 16, 21-25) and
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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. cerevisiaé 2pum FLP recombinase

5 system such that no bacterial DNA is present in the organism used for
production of rHA (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
10 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. 75, 1929. The pmzl fﬁ;utation may be achieved

15 by the method of WO 94/04687. Transformants were selected onr a buffered

minimal medium (0.15% (w/v) yeast nitrogen base without amino acids and

ammonium sulphate (Difco), 0.5% (w/v) ammonium sulphate, 0.1M citric

acid/Na,HPO,.12H,0 pH6.5, 2% (w/v) sucrose)) lacking leucine. When

transformants were grown for 72 hours at 30°C, 200rpm in 50ml flasks

20  containing cither 10m! of complex (YEP, 1% (w/v) yeast extract, 2% (W/v)

bactopeptone and 2% (w/v) sucrose), -or buffered minimal medium liquid

medium, rHA could be detected in th{; cell free culture supernatant by SDS-

polyacrylamide  gel  electrophoresis  and/or by  rocket  gel
immuncelectrophoresis. )

A stock master cell culture in buffered minimal medium is used to prepare
nunning 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 controlier sef “at 6.40; controlled at

6.404:0.10.

Alternatively, pH is maintained in the range of 5.50 to 5.90, with the lower
conirol 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 ephanced 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 moare 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



6.7 - 7.1125- 165

10

15

20

38

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

* lysis results in cell debris rernaining 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 supematant is shown when
the yeast is cultured in the pH range 6.3 to 6.5 compared fo pH5.3.

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 fermextation pH in seed fermenter
vessel. Values in parentheses are standard deviation and number of samplés.

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.

Sterile filtered air is introduced into the vessel at 0.5 v/v/m (ie 0.5 litre non-
compressed air per litte of medium peffminute), 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 bdtch phase is
62 + 10 h from an inoculum concentration of 12 mg.L*. MWI0 feed must
be connected before the end of the batch phase (volume equal to batch

vohime).
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Features of the fermentation conirol 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
‘substraw feed rate being determined according to the t!'ormula, SF = SFe'%,
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 dome 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 accumulatiorf,

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

The air flow is increased through the fermentation o maintain the values of
oxygen uptake rate (OUR) and carbon dioxide evolution rate (CER), at levels

' sufficient to provide accurate gas amalysis. The air flow rate of the

fermentation is nominally 1 v/v/m. Daily checks are performed to determine
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 conirolier set at

pH6.40; controlled at 6.40 10.10.

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 t'han control the pH at
approximately 5.5, it is beneficial fo have a control set point between pt6.20
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 réix: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 2
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.LF)
5.5 36.3
6.5 4,7

Table 2: Relationship between centrate quality and fermentation pH in production
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 formufa:

SF, = 1000 x 1 x [CDW] x Vs

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'",
[sucrose] is sucrose concentration (g.L*) and {CDW] is cell dry weight
concentration (g.1."). The substrate feed rate is determined according to the
formula, SF = SFe'*, wherein SF is substrate feed rate (mL.min); SF, is
initial substrate feed rate (mL.min), p is specific growth rate (') (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) = 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 = 20% air saturation, and maintained at

a maximum once attained in order to facilitaie mixing. Once the feed is
started and the colfure 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:enda.nt 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 analysis. The vessel is
overpressured as mecessary to enhaice OTR. ‘The air flow rate of the
fermentation is nominally 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 downsiream processing at the end of the feed.

Hold of Production Culture

The production culture may be held ;nder appropriate conditions to enable
batch processing of the culture. The hold time should be kept to a minimum,
but can be extended up to 48 hours and beyond if necessary (eg to5 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 protecting 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 preferably + 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 (g/L) for the chromatography columps 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)rescnt 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 diaﬁltratioﬁ; a second cation

“exchange chromatography step (SP-FF2); and a second anion 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 a4 number of aspects. The use of an aminophenylboronate (PBA)

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

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

BLISA (about 4-20 fold). The buffer used with the aminophenylboronate
matrix was unexpectedly found to be particularly beneficial, and-it represents
the result of iniensive trials of a plethora of buffers of widely ranging
constituents and properties. The buffer provides a significantly increased
clearance of yeast antigens, when coropared 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 rHA 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%:ed 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 bhas been found to reduce the cbm content produced by
recombinant pmtl-mutant Saccharomyces cerevisiae by approximately 1.3-
fold. A greater effect is achieved with tHA derived from non-pmf] 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 vailable 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 scale 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

imipediate use,

Cation Exchange Chromatopraphy

Albummin 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 suitable bed flow path
length is 11.0 4 1.0cm. A column loading of 10 o 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
redunce the pH to approximaicly pH6.0. A buffer such as CSO1 is used to remove
storage solution CSO7 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 Counstituent Concentration pH Conductivity
No. Name L (mS.co?)
CSO0l | SP-FF CH,COOH 1.85 55-4655* 19-2.2
;quhbrant!W ash3 NaOH (7% .00 03
DE-FF Equilibrant (wiw))
CSso2 SP-FF Wash 1 CH,COOH 3.00 39-4.1 0.6-0.8
NaOH 27% 1.19
- (w/w)) .
CS03 | SP-FF Wash 2 CH,COOH 1.62 3.9-41 | 125-165
NaOH (27% 1.19
(wiw))
NaCt 117
CS SP-FF Eluent/ CH.COOH 5.1 - 54-5.6 5.0-6.0
®  DEFEPre- > > .
Equilibrant NaOH (27% 11.5
(wiw))
Octanoic Acid 0.721
CS05 | Salt Clean NaCl1 584 5-9 75-95
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH 27% 74.1 > 12 80 -~ 120
(wiw))
CS07 | 20mM NaOH NaOH (27% 2.96 > 12 3.5 -'5.5
(wiw))
CS08 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-9.4 | 2.5-3.5
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 9.29.5 | 15.0-18.0
CS10 | PBA CH,COONH, 19.3 87-9.1 | 18-22
Equilibrant/Wash | on 279 5.93
(wiw))
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CS1i | DBA Elnent NaCl 117 6.7-7.1 | 125- 165
NaOH (27% 14.1
{w/iw))
H,PO, 5,79
(85 % (wiw)) :
Cs14 | 2M Sedium NaOH (27% 281 7.8-84 -
Octanoate {wiw))
Octanoic Acid 288
CS15 | Acetic Acid CH,COCH 1045 - -
CS17 |DE-FF2 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-FEF2 Elution N
NaOH (27%w/w) 4,07
CS19 |SP-FF2 CH,COOH 1.80 5.2-5.4 1.8-2.1
Fquilibration/Wash
NaOH (27%wiw) 3.52
€S20 |PBA Glycine 7.51 8.3-8.6 1822
Equilibration/Wash
NaCt 5.84
NaOH (27%w/w) 0.95
i CaC1,.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 N20OH (27 %wiw) 37.0
EXO4 | Final pH adjustment | NaOH (47 %w/w) 42.6 =12 80-120
alkali H,0 970
EXOS5 {Final pH adjustment| HCI 37%w/w) 19.7 <15 60-90
acid H,0 982

All weighings are 4 2%, for this particular example.




1045 DE- FF2 Equi | i brati on/Wash CH3COCH 0.85-1.05 NaOH (27%W w)
Positive-nmode DE-FF2 Elution NaH2PO4. 2H20 _
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The centrate from a fermentation is prepared, or conditioned, for chromatography
on a cation exchange matrix while protecting the rHA from polymerisation and
protease activity, However if the yeast strain is not deﬁcr:ient in the proteases that
deérade rHA at the pH required to purify the rHA then the culture .supcrnatant
should be pasteurised, for example by a beat treatment of 50-70°C for 30 minutes to
5 hours, as detailed in WO 94/03636. Typically 1-10mM sodivin octanoate is
sufficient to protect the rHA from heat denaturation and 30 seconds up to 10 minutes
at temperatures of 60-80°C adequate to inactivate the proteases in a batch or
flowthrough-procedure, Pasteurisation may also be desirable if HSA is used.

The conditioned centrate is then loaded onto the column at a flow rate of, for
example, 0.07-0.75 bed volumes/min, preferably 0.3-0.6 bed volumes/min, in this
example 0.5 bed volumes/min, and then the column is washed with one or more
solutions to remove fesidual contaminants. The colupnfi is washed first with, for
instance, eight volumes of 10-100mM, preferably 30-70mM, for example S0mM
acetate, pH3.9-4.1, 0.6-0.8mS.cm™ (CS02). The column is then washed with four
volumes of a high salt buffer containing 1-3M NaCl, preferably 2M NaCl, in
sodium acetate buffer (for example 10-50mM sodium élcetate, preferably about
27TmM, pH3.5-4.5, preferably pH4.0 (CS03) and then ten volumes of CS01. The
albumin is eluted with, and collected in an acetate/octanoate buffer (for example 40-
120, preferably 60-100, eg 85mM acetate, and 2-50mM, preferably, 2-20mM, eg
5mM octanoate, as in CS04). The collection of albumin starts when the UV signal
rises above 0.6 A,q/cm, and collection continues until the UV signal falls below -
0.36 Ay Jem. The column is ther cleaned using 0.25-3.0M NaCl and 0.05-2%
detergent (CS05) and then 0.1-1.0M NaOH (CS06), then stored in diluted (10-
50mM) NaOH (CS07). In this example, the flow rate for the equilibration, loading

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



CS19 SP-FF2 Equilibration/Wash NaO1l (27%w w) CH3COOH 4.07 1.80 NaCH
(27%W w) CS20 PBA Equilibration/Wash d ycine :
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rate of 0.04-0.6 bed vol/min, preferably 0.15-0.35, in this example 0.25 bed

vol/min is used.

‘Anjon Exchange chromatography

The eluate from the cation exchanger is then diluted to below 10mS.cm?, preferably
less than 5mS.cm?, especially below 2.5mS.cm™ and then loaded onto an anion
exchange resin such as QMA-Spherosil, DEAE-Spherodex, Q-Hyper D, DEAB-
cellulose, QAE-cellulose, or TMAE, DMAE, or DEAE Fractogel. Preferably, the
matrix is the commercial artion exchange matrix DEAE Sepharose-FF (Pharmacia),
bed flow path length of 11.041.0cm, pre-equitibrated with the cation elution buffer
(CS04) and then equilibrated with three column volumes of CSOL. The albumin is
loaded onto the matrix at 30+ 10g monomeric albumin per litre of matrix and then
the matrix is washed with dilute tetraborate buffer, for 9x’=llmple 15-25mM potassium
tetraborate or sodium tetraborate (CS08), which has the effect of raising the pH to
approximately 9.2, and then the albumin is eluted with a more concentrated
tetraborate buffer (for example 80-150mM potassium tetraborate, preferably 110mM
potassium tetraborate (CS09)). The matrix is cleaned with salt/detergent (CS05) and
then NaOH (CS06) before storage in dilute NaOH (CS07). The eluate from the
anion exchange matrix is then loaded onto an affinity matrix,



NaOH (27%Wv w) CaCl2.2H20 CS21 20%w w) Acetic Acid Cl113C0011 1.9-2.2
1.8-2.0 CS22 Final pH Adjustnment EX04 Final pH adjustnent
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Affinity Chromatography

This step further purifies the rHA with respect to a 45 kDa N-terminal albumin
'fra;gment, yeast antigens and pigﬁlent. The affinity I;Jamx may comprise any
Cibacron Blue type of dye which binds albumin, for example Reactive Blue 2,
Procion Blue HB, Blue Sepharose, Blue Trisacryl and other anthraquinone-type
compounds. Preferably, the matrix is the “Delta Blue” Matrix (DBA), prepared as
described in WO 96/375135.

The method uses DBA at a bed flow path length of 11.041.0cm. The DBA is
equilibrated in ammonium acetate buffer (100-300mM, preferably 200-275mM, for
example 250mM as in CS10) and the albumin applied at 7.0-14.0g/L, preferably
8.0-12.0g/L, in this example 10.04:1.0g/L.. Equilibration, load and wash steps are
performed at flow rates of 0.05-0.30 bed vol/min, pfeferably 0.15-0.27, in this
example 0.25 bed vol/min. All other steps are performed at 0.20 bed vol/min.
When loading is complete, the column is washed to remove contaminants with 1-5
volumes of ammonium acetate buffer 10-30mS cm™, preferably 15-25 mS cm?, for
exampie CS10, preferably 5 column volumes. The albumin is eluted with a strong
salt and phosphate solution (1.0-3.0M NaCl, for example 1.5-2.5M NaCl or 2.0M
NaCl, and 5-100mM, eg 50mM phosphate, as in CS11. The column is then cleaned
using CS06 and stored in CS07.

The eluate from the DBA column is then concentrated and diafiltered in preparation
for purification using phenyl boronate agarose (PBA) chromatography. DBA
ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with a nominal molecular weight cut off of 30,000 -or less, preferably a
polyethersulphone type membrane (eg Filtron Omega series) of 10,000 nominal



al kali EXO5 Final pH adjustnent acid 11.241. 4" 12 4349 80-120 60-90

49 The centrate froma fernentation is prepared, or conditioned, for
chromat ographY on a cation exchange nmatri x while protecting the rHA from
pol ynmeri sati on and protease activity. However if the yeast strain is not
deficient in the proteases that degrade rilA at the pHrequired to purify
the rHA then the culture supernatant shoul d be pasteurised, for exanple by
a heat treatnent of 50-70C for 30 minutes to 5 hours, as detailed in WD
94103636. Typically 1-10mM sodi uin oct%%gate is sufficient to protect the
rHA from heat denaturation and 30 secon up to 10 mnutes at tenperatures
of 60-80C adequate to inactivate the proteases in bat ch
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Ani on Exchange chromat ography The eluate fromthe cation exchanger is then
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nono or di borotriazine. These are then O-linked via the free chlorine on
the triazine to the -ONa activated agarose to produce either nono or

di subsitnted agarose. An earlier patent, US 4,269,605, contenplates a

vari ety of activation nethods, including epichlorohydrin activation of
arose, preferred herein. Commercially available matrices include Am con's
PBA30 and Sigma's acrylic beaded am nophenyl boronate. It has been found to
be particularly beneficial to use a buffer containing glycine (10- 500mV
for exanple 25-200mM preferably 50-150naM in this exanple 100nmV), 53
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the purification process of the present |nvent|on is equally applicable -to
host cells which are not nutant at this |ocus, or indeed which are not

mut ant at any other pmt |ocus, Exanple 2 Two assays were used to
investigate centrate quality: The poorer the centrate quality the worse the
"robustness" of-the yeast cells. The two assays were: 1. Determ nation of

t he absorbance of centrate at 600 nu (A600. 2. Determ nation of the wet

wei ght of particles in the centrate (VWN.




In both the assays, the higher the value the poorer the centrate quality.
The centrate quality of three different yeast strains under two different
pH conditions grown in fed-batch fernentati on were conpared. 56 Specific
gene del etions A600 WV (g.1.41 centrate) r Gown at pH 5:5
pntl-/hspl50-/yap3- 1.39 (0.52, 24) 12.4 (4.9, 23) hspl50-/yap3- 1.11
(0.62, 9) 9.1 (2.9, 7)- yap3- 0.58 (0.34, 10) 3.9 (2.0, 10)
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and wash. The pH of the Flow Through and Wash is then adjusted to 7.0-+0.1 with
CS22.

Altematively, as described in Bxample 9, pH-adjustment may occur jn the Final UF
feed vessel instead of being performed on the DBAE flow through and wash.,

While Example 1 has been illustrated with reference to a pnz/ mutant, it should be
appreciated that the purification process of the present invention is equally
applicable to host cells which are not mufant at this locus, or indeed which are not
mutant at any other pmt locus . ‘

Example 2

Two assays were used to investigate centrate quality. The poorer the centrate
quality the worse the “robustness” of the yeast cells.

The two assays were:

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

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

-

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



Gown at pH 6.4 or 6.5 pntl-/hspl50-/yap3- 0.41(0.17,6) 2.6(0.8,6)
hspl150-/yap3- 0.47 (0.19, 8) 4.6 (1.4, 7) yap3- 0.41 (0.08, 6) 2.1 (0.8, 6)
Tabl e 4: A600 and WWN val ues for three different rHA producing strains in
fed-batch fernmentation grown at two different pll values. In the first
columm the specific gene deletions are indicated. Values in parentheses are
standard devi ati on and "Aber of sanplsgs. Fromthe Table above it can be
concluded that at pH 5.5, the nultiply-gene deleted strains yield an
inferior centrate, whereas at pl1l6.4 or 6.5, the deleterious effect of
these further gene deletions is avoided. Exanple 3 This exanple was
perforqg@c samnme rdescri PGy (212 but utifised a strain
whi ch i gg? %ﬁﬁ mutant. This strai p was alsgagﬁgﬁﬁ)at two ¢li fferent pH
contr ¢ldeltiomss, and the wet weight cpntent of the centrate determ ned as

descr ilheg ;L;gs-mmh_aL_f_L.he_eLena.t.aj pH contr ol
point {is al so seen for thi sGeawnphpPHf Sydeast ;. denmonstrated i nfTable 5, where

s P APBP I e ] 190 turdl | REH@ PP ange 6.3 Lo 6|5 compared to
p115. EEWTW%E@’/%gn 9P 5, of —Supernatant| (g. 144)
yap3- 0.58 (0.34, 10) | 3.92.0, 10)
Grown at pH 6.4 or 6.5
pmtl-/hsp156-/yap3- | 0.41(0.17,6) 2.6(0.8,6)
hsp150-/yap3- 047 (0.19,8) (4.6(14,7)
yap3- 0.41 (0.08,6) |2.1(0.8,6)

Table 4: A600 and WW values for three different rHA producing strains in fed-batch
fermentation grown at two different pH values. In the first column the specific gene deletions
are indicated. Values in parentheses are standard deviation and ng,ni'bcr of samples.

From the Table above it can be concluded that at pH 5.5, the multiply-gene deleted
strains yield an inferior centrate, whereas at pH6.4 or 6.5, the deleterious effect of
these forther gene deletions is avoided.

Example 3

This example was performed in the sams manner described in Example I, but
utilised a strain which is not pm#/ mutant. This strain was also grown at two
different pH control values, and the wet weight content of the centrate determined as
described in Example 1. The benefit of growth at the elevated pH control point is
also seen for this strain of yeast; demonstrated in‘ Table 5, where a significant
reduction in the wet weight content of a culture superhatant is shown when the yeast
is cultured in the pH range 6.3 to 6.5 compared to pHS.5.



5.510.0 (2.3, 4) 6.3 -6.54.6 (1.4, 7) Table 5: Relationship between
centrate quality and fernentation pH for nott-pnr/ strain. Values in

par ent heses are standard devi ati on and nunber of sanples. Thus, rather

than' control the pH at approximately 5.5, it is beneficial to have a
control set point between pH6.20 and pl116. 70, preferably between pl16.3 and
6.5. At such a higher pH, the quality of the centrate is significantly

i nproved due to reduced cell lysis Exanple 4 This Exanple was perforned in
a simlar manner as described in Exaggple 1, with the follow ng differences.
The yeast Pichia pastoris, strain GS115 (Invitrogen) was grown using the
sane conditions and nedi um as descri bed above, but using a pH controller
set at 5.90; controlled at 5.90+0.20, a specific growh rate of 0.10 Ii
wi t h ygiucose ource The n way 28 h, and the
feed phase dﬁ?a O%ﬁ&%gﬂ . Re conblggmﬁqg%” rk;ﬁgﬂggﬁﬁmas ddded once the
feed iphai.e.. Ag e dth-onof-]3.8 g rHA L*1
cuItLre at the en&iéf the fernentatlon The rﬂﬁ‘hsed to SpIkE the Pichia
cultyre had been purified but not} in accordafi&d,dpth the purilfication
procgss of the igwengkon. 58 Exanple 5 This Exgnpl e describgs the anal ysis
of rk purified frCntPichia cultqre nedla as(ggsq I bed in Excnple 4,

FaVaV oWl

LY SSAYSY Y t ed from
the PW%gt;ﬁ?lﬁif ‘#ﬁch ?“Ffﬁe?ﬁ%ﬁeq Eﬁ%hsde E‘Pgﬂhm\’téﬁ %g miI(':’u F&Jéﬂﬁ%dl a; and
(iii) mgallmpmmewsachmdarﬂﬁeﬁammﬁmtweémtmw siae which had purified

I n accordance with the present invention. Western Blot Sunmary Anti body
Bat ch Number | g9601 Gel Typed-12% SDSNR NOVEX CGELS M | k TypeUHT Exposure

i WEZOI'E\?S? Or%fer than control the pH at approximately 5.5, it is beneficial to have a
control set point between pH6.20 and pH6.70, preferably between pH6.3 and 6.5.
At such a higher pH, the quality of the centrate is significantly improved due to
reduced cell lysis

24...C.OMMBAC t‘l hr n\ll rlJ s L= f I

Example 4

This Example was performed in a similar manner as described in Example 1, with
the following differences. The yeast Pichia pastoris, sitain GS115 ([avitrogen) was
grown using the same conditions and medium as described above, but using a pH
controller set at 5.90; controlled at 5.90+0.20, a specific growth rate of 0.10 't
with glucose as a carbon source. The batch phase duration was 28 h, and the feed
phase duration was 42 h. Recombinant human albumin was added once the feed
phase had commenced, providing 2 final concentration of 3.8 g rHA.L" culture at
the end of the fermentation, The rHA used to spike the Pichia culture had been

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

The tHA from the Pichia fed-batch culture medium was then purified in accordance
with the purification process described in Example 1.



| g9601 was rai sed agai nst a non-al bum n produci ng Saccharomyces cerevisi ae
strain .. and thus can be used to detect yeast antigens. The western bl ot
showed that the yeast antigen profile of the al bum n derived fromthe
Pichia culture nmedium contained fewer and | ess intense bands than the
material used to spike the Pichia fernentation. The Pichi a-derived al bum n
yeast antigen profile was very simlarggo the Saccharonyces-derived
profile. 59 ELISA Blot Summary Yeast antigen inpurities in the albumn
purified fromthe Pichia culture nmediumand for the al bum n used to spike
the Pichia nmediumwere quantified by ELI SA using 1g9601. The yeast antigen
content @xdigledd bum n purified fromthe Pickla culture nmedi um was bel ow
the detectablre ITnmit of the assay (approxi mately 0.004pg.e), and the
antigen content for the al bumin used to spi ke the Pichia nediumwas

0.62ng. e., Con A binding, material, The n A agssay _described in Exanple 9 was
per f or med 6% Bragple desruives jthg mﬂaﬁsmgmmrﬁ%ﬁﬁpm Ficlai oyl madia ashe

al bum n uysed. i Picnic: medium The content of Con A binding

mat eri al ﬁF%&’é%eﬁfwlg\%as 0.22% (ww) and for the latter it was 0.57%
(ww. The level of Con A binding material in the albumn purified fromthe
Pichia culture mediumis sinmilar to that of albumin purified from

Sacchar olmymanoasagdata ae i n accordance with the invention (see Table 6);

when the latter is not produced froma pint! nmutant. The purity anal yses
confirmthat the process of the invention can be successfully used to

| L RAST PR el b0 B CHACREE R L8 P St
Co e BREEDL U5, IR SR 0 of SRR WRHREE

exchangebzhmwmyca&ﬁﬁae (WhickFad phfified B heEdidhncee vl e Hrédeald
process the second cation exchange chronatography step may be followed by a
posi ti ve IxMI0OBNI on exchange chronat ography step. Fromthe SP-FF2 el uate at
p115. 3 approx. the pH needs to be increased to pH/7. There are two neans
det ai |l ed bel ow, pH adjustnent and diafiltration. The |atter appeared to

give a bW&&Erﬂ%ﬂéﬂmﬁiﬁ?”Ct' DE- FF2, (A

Antibody Batch Number 129601

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

Expomre Time 20 seconds

[g9601 was raised against a non-albumin producing Saccharomyces cerevisiae strain

and thus can be used to detect yeast antigens.

The western blot showed that the yeast antigen profile of the albumin derived from
the Pichia culture medium contained fewer and less intense bands than the material
used to spike the Pichia fermentation. The Pichia-derived albumin yeast antigen
profile was very similar to the Saccharomyces-derived profile.



SP-FF2 fl ow t hrough and washi ngs were pH adjusted totil 7.0 with 0.5 M
di sodi tun hydrogen orthophosphate. This material was | oaded onto a DEAB
under standard positive conditions to give a matri x l-oading of 40g rHA 14-1
matrix, the pH and conductivity of the |oad were 7.0 and-1.29n6. ne
respectively. DE-F132(B) SP-FF2 flow through and washings were diafiltered
vs. 10 vol. 10t oM sodi um phosphate pH 7.0, concentrated and diluted with
buffer to 50g.1, and | oaded onto a DEAE under standard positive conditions.
The pH and conductivity of the load %hs 7.0 and 1.43n8.cnil respectively.
The al bum n from DE-FF2A / DE-FF2B is suitably eluted by a 45-55nmM sodi um
phosphate buffer (pl117.0). 61 Exanple 7 The kinetics of nickel renoval
fromrHA by treatment with | ow pH were investigated (see Figure 9). The
[sisnBdot Sainkmeyween pH 4 and 4.5 both the rate and extent of nickel
r emoval were i ndependent of pH, but that at pH 5 the rate of renoval sl owed
“slightly. Both the rate and extent of nickel remval decreased with

5. e SRS il RSt th#?ﬁﬂ%@f?%ﬁ?ﬂ%i%ﬁlb&%f i

aye: PO%%e R SMPRnA 8 (P8P8 He PIBTbANIR! hyVe Quistiiey o) BEINY st

purification process detafled in Exanple 1. Reco erles of HSA at each

chr onatig@(iphy step were predom nantly conparable to the anticipated rHA
recovery at the sane stage, with the exception of the PBA colum. Here, the
recoveries were nuch | ower than expected which may have been due to renoval

of gly edabumn 9 |s Exa tr S can 11'atiqn,
di af || it Yoat AHGEReARPH Y AR RgReS W”@Ffﬂﬁwﬂme bl o
pr oduc i @t?ﬁl% \%9{ @’H[ i d out
in t\/\oagatsagpéﬁs)w ﬁlgng‘l% na tﬁi(\tﬁ;}a@ ?%sggt g}aro}%:g?teg%gf or rifga?tél on. 2 Fi nal
upP beglaﬁggen E@nt&ﬁ%?fﬂ% aleﬁnﬁaﬁe&dfwlﬁéﬁmeqmwmemﬁhmw@% % UP feed
vessel described below, the albumn is then concentrat iafiltered
pH adj usted to pl17.0 and further concentrated. If DE-FF2 is run in
positive node, the DE-FF2 eluate may be used- instead of, or in addition
to, t h&oEAebinding mat mateidagh and wash. Fol lowing transfer of the DE-FF2 flow
t hrough and wash (or eluate if DE-1+2 is rimin positive nbde), the

r HA- cont ai ni ng process streamis sequentially supjected to prinmary

concentyat R A bl ddsédbéPh B Ee@wh@r perforftednéd mmﬂm from an

ultrafiltration syStemfitted with cellulosic nenbranes wi'th nom nal
mol eculthe Righightultnoe nweiiurhi andt foofthe Gl000in Used toispikel the oRichin mdilun step

increases the rl 1 A concentration to, ap I‘OXI mat el 00 nltlal
edi at elWrereantentaf G ArRicdingrpsaoakiod; de femmer W 0&?&841%& gtfﬂetﬂ’

diafil ion:?; ast 5, preferably at least 7 retentate vol ume
equi vaﬁ%‘ﬁ%s g%’glwé a(%r_l njection, preferably a.50naM salt solution to
remove ammoni a. Fol | owi ng di aflltration the pHis adjusted to 7.0 and, the
secondary concentration phase further increases the LEA concentration to
275- 32%thelletel of Come\ binding mditepial e theealbumin purified fromfibe Fidtie SUlEE bul k

product fQrmnulatjan vessel tead of, 1- adj stment bein erfornged on
t he DEAREAMBS: RinlagHoatha sqq UE 24 %ﬁg;cfe@ewmn%ff%@wené'ﬁ uP

iﬁﬁ&%?ﬁ%ﬁ%ﬂ@%ﬁé@tﬁ@ #@Sﬁﬁ?& T %Wbttﬁééﬁﬂ% e L pra

pH 710. Wafe<04. 1f the pH exceeds 7.1 but remains pl18.5 then the pH
can be reased wi th EX05.

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,



63 The formul ati on step produces rHA in an appropriate chem cal environnent
and at an appropriate concentration suitable for bul k product sterile
filtration and filling. The transferred Final UF retentate is analysed to
determ ne concentrations of al bum n, sodium and octanoate. These quantities
are taken into account and any necessary further anmpbunts of stock sodi um
chl ori de and sodi um oct anoat e exci pi e sol utions and appropri ate grade

wat er added to achieve the bul k fornutiati on specification. The final

al bum n concentration may be 150-250g.L4 or 235-265g.1:1, with a sodium
concentration of 130-160mM Any other feasible albumn concentration may be
made, however, with, for exanple, a mninmmconcentration of at |east 4%
(W v), Eﬁéﬂﬂ%ﬁly 4-25 % (wWv). Fornulation is conplete follow ng addition
of appropriate conventional pharmaceutically acceptabl e excipients, such as
pol ysorbate 80 or those specified in the US Pharnmacopoei a for human

al buni nyy Fneneiibul i Daep@iver modeAafiionabxeimnge nthratiasographp 6 HEHEB2)s0di um
oct anoat e per gram of al bum n may be desirable. The product is sterile and
non- pyr égltowel tﬁhesmnﬁycai@nu@xc @m@gwmmsﬁﬁpods iFDar gby *]@ol YNEer s

or aggregates are ect abl e. le 10 This Ex | e

anal ysi QR nRative: Bﬂncﬂff’c?%Eé‘&ng “ilh {% ﬁ%%ﬁ#tﬁpﬁ i ed in
accordance t e, all of the
assays Q’raé'%giqﬁlorrre onﬁgﬁgﬁ%ﬂynﬁ\%h%lg nﬁ%@ Erﬁ:ﬁ%ﬁé}?%ig%ﬁ rding to .
Exanple 1 and formul ated according to Exanple 9. 64 dycation of rHA

km croassay for glycated protein has shown that r1-1A Purified in
accor dam@nthIﬁPm eluatet atopHSs3 appreyubiiie il agady tﬁobh‘v GFEas8y tﬁdﬂfénzym c

gl ycosyl ation ( cation Croass st abl e

pr oduct Therg arg dpeﬁlsy%féél@ B&IH{'VEI ?fi}( gﬁ}e&ﬁﬁ@ q'zﬁg)nc 'llﬁn?g ?fxyl
groups of AP | dehyde rel eased by periodate

oxi dat i BHP?@"#E%EM ta e@%@ %m’%ﬁﬁobg{:{dﬁ to a chronophore,

di acet yl di hydrol uti di ne (DDL) by reaction with acetyl acetone in amoni a.
DDL is then detected calorinetrically. The sanples were assayed after

desal ti E&EM(@,)a Pharmaci a PD-10 (@25 Sephadex) colum and then the

| b th I tit 10

a1 burm nSPAEFA o, Baoueh L LEGUEBETe POt BFORRCO ek Qoet Shndifh, o™
absor bagges, MR GulpRduitic? FhlBEHAY PAA0ad0E Ghid ROEATELRler Yasddgnm  For

every nadori product ornmed. Sanple Ml es
Amador i pRead Clonliions ol Pivei & miadix7 Poalify 66 40g rHA.L" matrix, the pH and

conductivity of the load were 7.0 and 1.29mS.cm™ respectively.

DE-FF2(B)
SP-FE2 flow through and washings were diafiltered vs. 10 vol. 10mM sodium

phosphate pH 7.0, concentrated and diluted with buffer to 50g.L'" and loaded onto 2
DEAE under standard positive conditions. “The pH and conductivity of the load was
7.0 and 1.43mS.cm? respectively.

The albumin from DE-FE2A / DE-FF2B is suitably eluted by a 45-55mM sodium
phosphate buffer (pH7.0).
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Example 7

The kinetics of nickel removal from r¥A by (treatment with low pH were
im;estigated (see Figure 9). The results showed that between pH 4 and 4.5 both the
rate and extent of nickel removal were independent of pH, but that at pH 5 the rate
of removal slowed slightly. Both the rate and extent of nickel removal decreased

with increasing pH across the range 5-6.5 with little or no removal above pH 6.5.

Example 8 _

Purification of human serum albumin from a sample of cryo-poor plasma paste
(Centeon Pharma GmbH) was achieved wusing 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 concentration, diafiltration and formmlation of the
highly purified rHA into a suitable pmdi.lct, 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.



MO0.43 N 0.59 65 Sanpl eMol es Anaadori Product/ Ml es A bumn 0.41 0.18 ,
0.24 ' 0.04 Sanples A-Q are comrercially avail able HSA products from US,
Eur ope and Japan (nean = 0.49 0.20). Sanple Rig rHA purified according to
the invention. Analysis of C-term nus An inportant aspect of the quality
control of reconbinant proteins is the conformation and stability of the
pre-determ ned primary structure. Analysis of the CGtermnal tryptic
peptide in commercially available . HS Zand rHA purified according to the
i nvention by N-term nal sequencing "and FAB nass spectonetry indicated the
presence of a truncated peptide, lacking the C-termnal |eucine in FISA

appr Df ?ag%eiﬁnﬁﬁ%?éq%‘? ot i D00 DO IS et e BFCUT feeine
HA ; . ’ _ csaL. .

(o o gkl AL s FNSF A, OO 3 AR cobfEnPBaL ARSRL L8
I ength C-;;dﬁﬁ ' ﬂi%ﬂ?%&ﬂ?ﬂi%ﬁ&r%ﬁdénﬁ‘ami shed conpared to the ot her

sanpl es, 1 nhdicati t hat perhaps this had undergone further C-term nal

degradation. ..," These results indicate that the rHA purified in

accordance with the invention, has stable and full |ength .
c, ar boxy I DRiHsis wacnqesitivempde the mw*&%ypﬁd@mfam%urces

appears to, be het ' 66 Ni ckel ion content of rHA

pr epar ed a%%&’é@ﬁ%@ﬁ%@ﬁ?%ﬁ%%. ng instrument: SIMAA 6000,
Perkin El mer Furnace: CIT (Constant Tenperature Tube) using detection at
232nm 2470C. Calibration: The nethod is based on a three-point calibration
(18/ 30/ 6QRglbywingt tanthded of dieu DIESRE2 filown thmmighrand wash (olkhate thBE-FF2 is
calibration, a blank of purified water, is nmeasured. The control standard is
measur ed Tt sy pasidve I@Qﬂ@?’aﬂi@ BHACHBIAEHEE BT0eass Htreant isssgqueBtigily suhjaetedrd 20

PalL, CertE)' {aﬁgn%rftc%rﬁ%gﬁtga&({n? n?iigﬁftrlgﬁ%n%nr&e rsz:mndary concentration phases in an

D

ultrafiltration system fitted with cellulosic membranes with a nominal molecular
weight cut off limit of 10,000. The initial concentration step increases the rHA
concentration to- approximately 100g.L7 and is ixnfﬁediately followed by the
continuous diafiltration phase where the rHA is diafiltered against at least 3,
preferably at least 7 retentate volume equivalents of water-for-injection, preferably a
50mM sait 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 perfomxed on the DEAE flow through and wash, pH
adjustment may occur in the Final UF feed vessel, preferably between the
diafiltration process and the secondary concentration phase. rPreferably, the
diafiltration retentate is adjusted to pH 7+0.1 with EX04. If the pH exceeds 7.1 but
remains < pH8.5 then the pH can be decreased with EX0S.



Sanpl e preparation: Each assay is the result of a determnation in
duplicate which also valid for the calibration and the control standard.
Dependi ng on the expected NI concentration, the sanple is diluted in an
appropriate ratio to work with a Ni-concentration that is within the
calibration range. Sanples with a protein coneentration. of 10% or nore
have to be diluted at least 1:5 in any case. Dilutionis with purified
water. Rinsing solution for the sanple capillary: 2L purified water m xed
with 0 5 nL Triton X100. Each test s&3ies includes a i Ystemsuitability
test. Requirenments: 1. Correlation coefficient of the calibration at |east
0. 990007 h¢ ffortnflatibh Stepapiodneds (A Hasint sppreprierecicnsicanentiroenentf atdhat
calibration does not conply with the requirenent a second tine, an error
anal ysian hpprapisde coasoniiation ywitable #op .bU%h Praducsrsietilecfikeationnand flliagwi t h

by mor oL bcigeiel R UlCHaie: s AU C0 ACETRE RRrapt il
or e e stFEV i G o
abor piHbhinif SOBLATRAE Blubbl, TRR dutERicE REP i udouds BN 667 | A

vol une @&Q@g%ﬁh@—im’éuﬁ@ yredibdkadddim (clidride in® s0§idf ostaabser pidislensanpl e

* absorption blank 3. The neasured concentration of the control standard
has to ssduiidnhiandt hpproprikicd erede rwatere afded 3toc mchimvieoble bolk cigramiiation The

measuring |nstrument_cal culates the result according to folljowng term
Al A2 Rpsgification. N /The .2\??@%% COpgration  may Ye 155?2650&{1‘ or

235-265g.L", with a sodium concentration of 130-160mM. Any other feasible

atbumin 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 sodinm octanoate per gram of albumin may be
desirable. The product is sterile and non-pyrogenic. There may be up to 1%

dimeric albumin but no larger polymers or aggregates are detectable.

Example 10

This Example illustrates the analysis that is carried out to establish the purity of
albumin purified in accordance with the present invention, Unless stated otherwise,
all of the assays are performed on albumin which bas been purified according to
Example 1 and formulated according to Example 9.



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

V:dilution A nodifier is not used. 68 [Nickel]/[rHAl (rig/g) Sanple

Batch 1 Batch 2 143A load 0.73 0.74 PBA flow t hrough and wash 0.41 0. 43
SP-FF2 | oad 0. 06

64

Glycation of rHA

A-microassay for glycated protein has shown that rHA purified in accordance with
the invention is not substantially modified by non-enzymic glycosylation (glycation),
The microassay measures the stable Amadori product (AP) form of glycated protein,
by oxidation of the C-1 hydroxyl groups of AP with periodate. The formaldehyde
released by periodate oxidation is quantitated by conversion to a chromophore,
diacetyldihydrolutidine (DDL), by reaction with acetylacetone in ammonia. DDL is
then detected colorimetrically. The samples were assayed after desalting using a
Pharmacia PD-10 (G25 Sephadex) column and then the albumin in the samples was
re-quantitated by the Bradford method and 10mg albumin was assayed. A fructose
positive control was included, and the absorbances were read on a Shimadzu UV
2101 spectrophotometer at 412am. For every mole of h’éicose 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
0.76
0.84
0.50
0.43
0.59
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0.06- SP-FF2 flow t hrough and wash <0.03 <0.03 DE-FF2 flow t hrough and wash
0.14 0.28 Analysis of nediumand |ong chain fatty acids The fatty acids
profiles of album n according to the invention and conmercially avail abl e
HSA were anal ysed by acidic- solvent extraction and gas chromat ography of
the free fatty acids using a Cl7:0 internal standard. 1(lo abnormal fatty
aci ds have been detected in the albumn of the invention by this nethod

al though the profiles for the rHA and | BA showed significant differences.
As expected, both showed | arge amouB®s of the added stabiliser, octanoate
(C8:0). Apart fromthis, commercial 1RSA was characterised by predom nantly
C16: 0, C16: {l, Cl18: Ogavapls 1 and C18: 2 vikidlet Atdeeiomi bumi m of the invention
contained minly C10: 0 and Cl12: 0 andQ@ereesiel Albldda 0| Further

exper i nent s ;showed-thatt-he-tevet-g—-of~Cro0 ha}j d—Crz20"tnm rHA final product
correl ated \LtﬂthhewLe;QeJ. $-of—t-hede-cont-am-pant-s—i-p—t-heqjoct anoat e used for
the latter dtages of t#e purificatlion proce '3138 Prefedably, the total

| evel of C1§ fatty aci b does not fexceed 1. 024 nol e/ mol @) of the |evel .of
octanoate, dnd preferagly does not} exceed Oqgg¥ of that ljevel . Moreover, in
t he al bum n “ef-tte—rnventitom—the~tevetr—of 872, CI8 3 and C20 fatty acids
is generally undetectable. In commercial USA there may typically be about
69 0. S j legs A preliferifrom WS | Herdpeogidclapah t he
inven#aﬁgegAggrife%%egﬁgg? aj?ﬁirll%mgefﬁlgt argl e C20 fatt accl‘g{is and onIy about
0.02 (mbAas=C0A9420.20).aShmplepRris ifflepwified hoookding$DEhe mvontiony pol yacryl ani de
gel electrophoresis - This assay was performed as described in WO 96/ 37515.
The assay showed that rHA of the invention consists of a single polypeptide
chain wh ch V\P treated with a reducing agent ((1-nercaptoethanol)

mi gr afdiiEES @l SR and (monomer) on SDS reduci ng pol yacryl arni de

el ectrophoresis (PACGE) which indicated that the proportion of albumn
present as a nononer is at |east 99.9% Gel perneation high pressure |iquid

chr ompf,Oghiidiant aspect of the quality control of recombinant proteins is the
conformation and stability of the pre-determined primary structure. Analysis of the

C-terminal tryptic peptide in commeicially available HSA and rHA purified
aécbrding to the invention by N-terminal sequencing "érnd FAB mass spectometry
indicated the presence of a truncated peptide, lacking the C-terminal leucine in
HSA. The Des-Leu C-terminal tryptic peptide was detected in commercial HSA at
approximately 5-10% (unot quantitative), but could not be detected in the tHA of the
invention, even after 6 months at 30°C. The Des-Leu peptide could not be detected
in the HSA 12 weeks at 30°C, and the péak for the full length C-terminal peptide
was very diminished compared to the other samples, indicating that perhaps this had
undergone further C-terminal degtadation, ..

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

conumercial sources appears to be heterogeneous by comparison.



251a of a 10nmg/nml solution of albumn purified in accordance with the
i nventi on which had been fornulated to 25% w v was injected onto a
TS1C3000SWKL col um on a Shi madzu LC6A HPLC and found to contain | ess than
0.1% polynmeric albumn. This result indicates that the fornul ati on as
described herein has no detrinmental effect nmare pol yner/aggregate content
of the purified albumn. Two D nensiogal Gel Electrophoresis 2pg rHA of
al bumi n prepared by the process of the invention was subject to
t wo- di ngnsi gnal el ectragpboresis using a MIlipore |Inyestigator system The
separ at - prtent of ri{Anrepared accord X: tric focusing gel
and was followed by a 10% pol yacryl am de/ SDS gel in the second di nension.
On staining of the gel with TO Coonassie Blue, only one spot was visible,
i ndi cat Méhsuliglineaentantdf! only one protein species. Mannosylated al bumn /
Con A Assay Concanavalin A (Con A) binds nol ecul es which contain
a- D- manSBAR 69| , Perkin BloepyFumass: CARI (€onstantaMempeettatee Tubeyimdiles. | n
the Con A assay,_ Con A Sepharose (Pharmacia, Cat. No. 17-0440-01) affinity
chr onat geaiit at320motbi®iE&nt - Human Al bunin (rHA) and/or Human Serum
Album n (USA) is used to determ ne the content of mannosyl ated al bum n.
Reconbi nant human al bumn (rHA) is diluted to 5 % (wv) rHA with 145nM
sodi um Oride then 1:1 with Con A dilution buffer. (200mM sodi um acet at e,
AR addhs

85mMM so ir i de, 2nmM magnesi um chl ori de/ 2mM manganese chl ori de, 2nM

calciu hloride. ) HA n ont.0 _an_.equil.ibrated 2L
Con' A SRBRapehGF i biike i a b dRE rifhraiiEh (830 B/ sRaRH bolhb
equilib ' 100p&MER0e t : i“m% I Ehﬁg i mM
magnesi g%iﬂc I%@#Lﬂg,&{e{jrﬁvl manganese! [ %i%g%mﬁ@%m C lIci(%rll9 e % 5).
The col The costrel staadard ishméaswredCafteAtisd blankrndudtithe «ndOoMdMchordistilerd@et at e,
100mM sodi um chl ori de, 0.5M net hyl -a- D- mai nopyr anosi de pl-15.5). Mononeric
al buni n(WixStandard3¢ pellexertified sinadandoremdarkm Blmerdd 4) and el uate (assayed
neat) are quantified by GP. HPLC using a 0--0.2ng.nL4 rl 1A standard curve
and the Con A binding al bum n nononer recovered in the dilate is expressed
as a percentage of the load. 71 ConA-binding rHA was further anal ysed by
el ect r oSampje peegmratient ronetry (Pig. 8). This indicated that, in addition
to -a reduction in the anount of conk-binding rHA the extent of
nodi f i cBa¢lomssay s hdrecrasizlt bifhali degermifationviis duplicate dwhishailgs i wlidf fogotheur The
the final product in a 1 cmcuvette

absor ban of a 5% (wv) solution o ]
vas. meaclitsation a%ﬁ@&ﬁwom&oéﬁmm o8/ the expeded N egnggngaaion,

bsorb : f. al bum n/ .1 . I th (] : : 2) .
e al e et (AR in B ablc B R D SO T REOnt B8 et
absor baqidin fie4alBlaRAStange; Janples witfd pASRirdec¥ndAifon 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. Bach test series includes a §ystem suitability test.

Requirements:
1. Correlation coefficient of the calibration at least 0.99000. If not, the calibration
bas to be repeated ome time. If the calibration does mot comply with the

requirement a second time, an error analysis has to be carried out.



403 1.7 x 103 500 0.4 x 103 72 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 able
HSA preparations reveal ed hi gher absorbances at these wavel engths (see
Table 7). SAMPLE A3.50 Ad4a3 ASO0 IT 9.95 x 104 4.10 x 104 0.8 x 104 2
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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.
1

Characteristic mass mg3
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 (mL) ¥ concentration (mg/L) * 0.0044A-s
absorption sample #* absorption blank

3. The measured copcentration 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:

2%V

. Al AZ
Result (ng NifL) = (slopeim) :
A: absorption Y
slope: slope of the calibration curve (linear regression)
V: di[u_tion

A modifier is not used.



9.25 x104 5.36 x 104 1.1 x 10" 3 7.40 x 104 3.26 x 104 0.6 x 10" 4 7.20 x
104 3.60 x 104, / 0.6 x 104 5 8.68 x 10-3 4.08 x 10-3 0.8 x 10" 6:11.45 x
104 6.26 x 104 ;
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[Nickel}/[rHA] (u1g/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 extractlon and gas chromatography
of the free fatty acids using a C17:0 internal standard, No 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 predominantly 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 tHA 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% v(molelmo]e) of
the level of octaoate, 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 fafty
acids is generally undetectable. In commercial HSA, there may typically be about



1.2 x 10" 7 7.20 x 10 3.70 x 104 ' 0.8 x 10" 8 6.82 x 104 4.78 x 104 1.8 x
10 Table 7: Absorbance (L.e.cte) of prior art fLSA preparations End otoxin
A sol ution of drug product is assayed using Linmlus anoebocyte |ysate by
kinetic turbidinetric neasurenent at 340nm at a tenperature of 36.5 -
37.5C using an autonati c endotoxin detection system (eg LAL 5000E). A
standard curve is constructed from known concentrations of a standard

endot oxi n preparation, 73 negative ntrols and test:- material solution

spi ked with a known quantity of standard endotoxin are also included in the
assay. The change in turbidity of the reaction mxture is neasured oyver
tinme arw4anbln§-<8b8; faieg neids ipen . melgyofeativmaki nln fhe: pendyet gf phe doventian,
guantifjed agai nst_the standar rve and recovery of e end XL n spi ke
o onttheisee tcuhnbe deiennpiesC a0 it wdas Rt 0 B il ™ 575
- Dithi bdss %‘2-@'{;({ ate) (DTNI3) is a specific neans of detecting free
- sul fyd E &F JB such as €¢ys-SR (Cys-residue 34 in the case of rHA). The
reaction rel eases the 5 thio-2-nitrobenzoate i on TNB2- which has an

. absorption maxi mumat 412nm By neasuring the increase in absorbance at
412nm 8IS dicdidingpdiyadehbimigle arel electnopbonesiscoef fi ci ent of the TNB2- ion at
412m, the free sulfydryl content of rHA can be calculated. 74

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 (8-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
251l of a 10mg/ml solution of albumin purified in accordance with the invention
which bad been formulated to 25% w/v was injected onto a TSK3000SWXI. column
on a Shimadzu LC6A HPLC and found to contain less than 0.1% polymeric
albumin. This result indicates that the formulation as described herein has no

detrimental effect omthe polymer/aggregate content of the purified atbumin.

Two Dimensional Gel Electrophoresis i

2pg rHA. of albumin prepared by the process of the invention was sllbject to two-
dimensional electrophoresis using a Millipore Investigator system. The scparation
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



CLAIMS 1. A eukaryotic expression vector conprising a reconbinant al bumn
codi ng sequence wherein the 3' end of the reconbi nant al bum n codi ng
sequence 5conprises two or nore in-frame translation stop codons, and
preferably three in- frame translation stop codons. 2. The eukaryotic
vector of Cdaiml in which tw of the in-franme translation stop codons are
consecutive codons. 3. The eukaryotic sgxpression vector of daim1l or 2 in
which at | east one of the in- frane translation stop codons is encoded by
UAA. 4. The eukaryotic expression vector of im 2 or 3 ich is a

ol s . Caomasnie Bl pry BhF 500 R Geiie.r idiealied Jig pelenth S8l G o
of any OB&IF%B Ls 1 to 4. 6. The eukaryotic cell of Caim5 whichis a
yeast. 7% e eukaryotic cell of daim6 which is a yeast of the genus
Saccharonyces, preferably Saccharonyces cerevisiae, or is a yeast of the
genus Kl uyveronyces or Pichia. 258. A nethod of preparing reconbi nant

al bumi n Mmg}osg%tﬂ!i albumyingrGon di Agsay t r ansf or med eukaryotic cell conprising
t he eukaryotic expression vector of any one of Clains 1 to 4, (i)
culturing the transfornmed eukaryotic cell as a cell culture for a

The ai bulreRCARILE (CHIA) BRRNGIRCIBNES SAEK oSy boDBFahdpyRRISHE M1 ©
9. The mg@;@g%ﬁ%n vl 40d8 siRARY Nrdlited t Fe3RAles! NERY fhKaCHRt AC asRly| Cénaacel |

as defin Caim6 or 7.
Sepharose (Pharmacia, Cat. No. 17-0440-01) affinity chromatography of

recombinant Human Albumin (tHA) and/or Human Serum Albumin (HSA) is used

to determine the content of mannosylated albumin.

Recombinant human albumin (HA) is diluted t0 5% (w/v) tHA with 145mM
sodium chioride then 1:1 with Con A dilution buffer (200mM sodium acetate,
85mM sodium chioride, 2mM magaesinm chloride,f’ﬁmM manganese chloride,
2mM calcium chloride pHS5.5). 100mg rHA is then loaded onto an equilibrated
2ml Con A Sepharose column which is then washed (5 x 4mlL) with Con A
equilibration buffer (100mM sodium acetate, 100mM sodium chloride, ImM
magnesium chioride, 1mM manganese chloride, ImM calcium chloride pH3.3).
The column is eluted with 6mL Con A elution buffer (100mM sodium acetate,
100mM sodium chioride, 0.5M methyl-o-D-mannopyranoside pHS.5).

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

as a percentage of the load.,



75 11. The nmethod of Claim 10 conprising the additional
the al bum n

product for parenteral

step of fornul ating

adm nistration to a human, or

sterilizing the al bum n 5product or placing the al bum n product into a
gi tnal container. 1117 Not, Figure 1. 2/17 Figure 2 3/17 Notl Figure
71
ConA-binding rHA (% of load)
Baich 1 Baich 2 Batch 3 Batch 4 Baich 5

PRA |0.14] eRA l0.16{ PBA [0.15 PBA |0.13| PBA ]0.55

Fr&w FIr&W FT&W Fr&w FT&W

SP-FF2 10.10 | 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 toa reduction in the amount of conA-binding

tHA, the extent of modification of the conA-binding rI{’A was reduced.

Analysis of Colour

The absorbance of 2 5% (w/v) solution of the final product in a 1 cm cuvette was
measured at 350nm, 403um and 500nm and calculated in terms of absorbauces per
gram of albumin/litre per cm pathlength (1e ABS.L.g'.cm?). The albumin of the

invention has the following values:

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

350 5.75% 103

403 1.7x 10?

500 0.4 x 107



4117 Nod Figure 4 Noa ; Figure 5 Not! Figure 6 7/17
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Generally, the albumin of the invention does not exceed respective absorbances of 8.0
x 102, 3.0 x 10 and 0.75 x 103 at the said three wavelengths.

Assays of a number of commercially available HSA preparations revealed higher

absorbances at these wavelengths (see Table 7). ‘ .

SAMPLE . Asso Ads As
1 9.95 x 10° 4,10 x 10° 0.8 x 10°
2 9.25 x 10° 5.36 x 10° 1.1x 10
3 7.40 x 10° 3.26 x 10° 0.6 x 10°
4 7.20 x 10? 3.60x 10/3, 0.6 x 103
5 8.68 x 10° 4.08 x 10° 0.8 x 10°
6 11.45 x 10° 6.26 x 107 1.2x10°
7 7.20 x 10 3.70 x 10° - 0.8 x 107
8 6.82 x 103 4.78 x 10° 1.8 x 10°

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

Endotoxin

A solution of drug product is assayed using Limulus amoebocyte ly's;ate by kinetic
turbidimetric measurement at 340nm, at a temperature of 36.5 - 37.5°C using an
automatic endotoxin detection system (eg LAL S5S000E). A standard curve is

constructed from known concentrations of a standard endotoxin preparation,



Ffind
5.5 a

Figure 7 8/17 9/17 200 150 SO 0 020 pH 4.0 V pl14.5 pl15.0
pl16.0 o. pH 6.5 pll7.0
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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
préduct 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 412num, the free

sulfydryl content of rHA can be calculated.

Sample mol.anolt
A 0.82
B 0.77
C 0.77
D 0.85
E 0.90




10/ 17 5 LGATTGGCAGAAGAGGTATCTGet ATGGACNEGAGGGGet GGCGGT
GATGCCAATGATGACT TTOTTGTOGAGATTOCCAAGGATcer r TCAACTAC
ToAAGAAGCTAAGGAAAACG TAGGGCCATTCAAACTGHL. n f AGATTGA
GACATGCGATGACTGGTTA TAer r GTTCTCCCACGAAGTCAACCI TCCC

AAGT GGGCATATGAGCAACAAGAGA TACI TGTOCTRAGTIRISAGOTATCAA

ACCCTATC: r r ACTGGTACGT TGAGACCAACGAAAACCCATTCTTGGATAA

AGAGE TGATGAAATAGI TAGCTATCCTGETCCGACTTTCMCAAAGGTF

oc¢ ¢ OACT CACGCCAGARATRaYGBAAGATGARCAXSET TAOEBATGATATEGombinant  albumin  coding
G T AT, S 8018 b ALt i o s
CCTLI GGT CCAT CEbp ek ATMGA TIeAR T BaANAI ATGMOSAN G Bons, and preferably three in-
AGAAAGCGCAAW%?GAWTATGGAGT AAGACACAACC

TGTTTG TLTI GAAGREA Bt SRR RATET CAAACACATOTCOGAG
AGCCAATATACCAAAGTACAATGATGGTAGATAGT GGTGCAAAAATAGCT

CHOCCTAMEEANGAIN STMIEATACEAICIER. 1 e o s

AACCCAAAACCT Ce &t A€ oASHATAGCAIMACCAAAAAGACAGAG

AACA%GCATACT TGCGGTGACTGICACCAAGTGACAGCATTCCTATGAA ATAA ATM 3™ Figure 11
12/ 17°51- TACGTTATGOATGTGCATCCACI TCCTGAAGCI TCTCATCGOCAACC T

TTGAATCTGCAAT TTRATELAR GO TCATr ACAGK iZTicADich at least one of the in-

d GTAGAAAGACGAG GAf«TT CAGAA Gﬁ%éCA

CAATGGGTGATGT é?&%%ﬁ R E’i&%ﬁ”ﬁ‘fﬁiﬁ‘g% Arc

Cr GCCCTTGCTGAGGAAGGACTTTCCATACTTTAATGOT TEGGT MGCCCA

T T L AN . i

AAACGECT ATOTCTGACAAT GATGCTTCAGATAGTACAGATCGAGGTCCT GGATTGG-3' Fi gure 12
13/17 51- GG@CTTCTT 1 COAMAATGT GCTACAAGGAGOTAAAGACE f
GTOTCATTGA RETPPHRGACAU A CREPERLTE vector of any one o

TGr i TTCCATTGGEHGHsQOAGT GTGAT GACCGAAT GGGATATTGCTACCG

GT1- 1GCOCTTAAACAACT ACGATTGTAACT COGGTATCACCTGGAGTATC
AGCATCAACACAACT CAGGATAAGAT ATGOGT AGGCT GT GACAAT GGAA

CEGTAGTC. TAT TBAGAK AYGTEETIGEARIGEATICT GTAGTATAAGAA

AATTC%'IO'ATCC%ATGT TCl VATGGCCGATAAGGATATGGAATACGAGGAA G- 3' Figure 13 14117

7. 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.

25 8. 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;
(ii} culturing the transformed eukaryotic cell as a cell culture for a sufficient time
and under appropriate conditions to permit expression of the albumin; and

30 (iii} recovering the albumin from the cell culture.

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

defined in Claim 6 or 7.

35 10. 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.



5 .1. - GTATTGCAGITGTAGTCCCAGAATGAATTGat | TTTAATTGTTCL11i

GGCTGGAGAAGT GCTCGTATGT CTTGATCGATGAGATACAGCTGAGATTT

AAGTTGTTCTAGGT TGATAGT TGAATGT TCAGAGT TGABGGGTTCCATGG
TCAAGTATAGGAGGAT CCAGCT CATCTAGOGAGT GGAATTGAGTACTGAC

ACr CATTACMGAAGAAGTAGAAAGAGTACTGAE Tl TGTGGTAAG TCCA

TATTTCAGATCM GTAGATGGTCGAGCGAGG VAACATTTCATAGGAGA

| TTCAGAGGAGT! VGACTI TGAAAAT GGTGACAAAAGGTAGACAGAAGA

AAGGE TAGAGAGT GhaGT@GATT CARBET CEGEIBRASAAGECEIdTtioRRIge e oflfdrmUislirkirthe albumin

GOCAT GAGOGCAT G AT OB A AR PARIOSCT ACCRGh o steiiz |
CGCATGAGOGCAT Iﬂl‘é@ X g ¢ or sterilizing the albumin

Tr i TGAACGAGCCPBTAACATASDREIATAITOTE pTe dLRGBOMOAGT Gontainer.

ACTTGI TGCATCGCAATOGGTAGATATGETCACCAGT GGCAAAAGCTCTG
GATGCTATGAAACT GACCAAAT GTGGATTAGAACEUGGAGT CTAACTATT.  TGACT.

Cl AAGAATT | CCAArn-ri GCCTri t TACTAGCCATTTECTACcr i t

ATGGGACATCATCACT TATMCFCCCCAACCTGT CAAATACCCACCAAT GTTCAAGGTCG 3' Figure 15
16/ 17 5' - AGATTGAGACATGCI ATGACGGGT TGTTACTTOT TCMCCGCGAAGT CA
AGMCCCAAGT GGGCATATGAGCAACAAGAGGT TALT | GTGCTACTCAA
GGGTATCAAACCACTATCTr ACr GGTACGT TGAGACCAACGAAAACCCAT
TCTTGGATAAAGAGGT TGATGAAATAGT TAGCTATCCr GTIt CeGAcai

| TCAAAAGGT TGCCGAGCTACACGCCAGAAT GTGGAAGATCAACAAGSG
CTTAACTGATCATCATGTCTATGAATCCAGT CCAGAI TCTTGGECCUTCCT
GICAGAGGTATAAGCTACI ' GGTCAAAAAATCACTCCAAATTATTTCATAG
GTAATCCTGCACTTGGTGGACAGTCACCGAAGITTG 3" Figure 16 17/17 5-GIGl1
GCAM GTAGTCCCACTTGAGTATCTTGGAL1 GGITGCATTGOT

CCTTGGICCATCGI CCTGCATAGATCAATGCGAGAATATCY1TGGAAGAA
GAAAGCGCAACGGCAAAAAAGANAACGAATATGGAGT AAGACACAACCT

G Tral | TI TGAAGACATAAGAGT GAATAATCVAAACACATGT CCGAGA
GCCAATATACCAAAGT ACAATGATGGTAGATAGT GGGT GCAAAAATAGCT
GACGGGCCATAAGGAAAGAT GGCAAGT AATGCAGT ACCCATCCTAGGAT
GTAATGAAGCATTTGAACATTGAAGT TGAACACAGT TGGEGTCAACGCTGA
ACCCAAAACCTCMGCCATCr CAGAATAGAGAAAACCAAAAAGACAGA GAACAAAGCCA-3 ' Figure 17




