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 #39&R' () *e3e- &D- 223d8xt : ( C6CT&DU> PROCESS The present invention rel ates
to a process fox purifying the pgm ‘MMWWHM< < serum al bum n ( HSA)
extracted from serum or plasnma, t 5 human al bum n (rHA)
produced by transform ng or transfectsg@@z2an organismw th a nucl eotide

codi ng sequrgamgrgncodi ng the am no acid sequence of human sgct/aBedduds n)

I ncl udi ng rHA produced using transgenl c,animals or plants. In this
specification, the term"al bum n" refer]s generically to HSA and/or rHA 10
BACKGROUND OF THE I NVENTION Albumin is used to treat patients with severe
burns, shock or blood loss. It is PBOGESS to suppl enent nedia used for

grow ng hi gher eukaryotic cells and 15 as an excipient for
phar macol ogi cal |y active corrpounds many of which need to be stabilised. At

uman bl oothe de”a”f’éev%am B rfe B e @ 3ok dfsiids e Dhsdhr AR foce

discl osed 5 t an ¢/58 on
t he use ofd ani on gliﬂlﬁ ﬁHé;ﬁ SHEQSQSW Sg?lﬁ? bP ﬁfsﬂe& o} hreegFElr?gl?ﬁladdl ng
sal t agd diyhd dhl%!nﬂﬂ(l dpf u%sfdf'ﬁnhg dﬁ&hﬁsf& gﬂﬁszﬁeen

di scl osed in EP 330 45 EP 361 91. PurificCation tec1n| ques or

have been witicd aartedtide w&lﬁgl Qé@eeticer envodingo theraiming deid wedueyee ofP 464
S90, renoval of 25 yeast-derived colorants; EP 319 067, alkaline

precipit athmmaﬁumbﬂnmmgtmab@ngaﬁbrpmﬁucab ushiry unmgénmo:phmals: ophase;
and WO -961 37515, which contains several conplete purification processes.

2 The preﬁl&ﬂiﬁ |In/éln3|89ncnﬁ@pﬂ@§er&h% teria ralbumin’birefersegenaricaliyvtn &vknt of
t he processe7 ribed in WD 96/ 37515 and that of US 5 728 553,

i ncor por atand/orkéng by reference. 5 SUMVARY OF THE | NVENTI ON A first

aspec& of the present invention provides a process for purlfyl n
sol uti n the process conprising the step of subjecting a fas E\mmm ‘m“
sol ution -of pH8.0-9.5 5 ARk AROUND G INVENTIORE fang o160

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

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

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

albumin extracted from human blood. Examples of extraction and separation

techniques include those disclosed in: JP 03/258 728 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 beating, adding salt and diafiltering.

The production of rHA in micro-organisms has been disclosed in EP 330 451
and EP 361 991. Purification techniques for rHA have been gisclosed 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.



10 75nS5.cm 1, to an affinity chromatography step which is run in n@g%tj%ema

node with respect to the albumn and which utilises an affinity matrix

conpri si ngv,idmg' i sed di hydroxyboryl groups, thereby obtai pRgcRodbss ed
al bum n so utlonH2 15 Preferably, the pH of the first al bu%n sol Uﬁg?’l S

pH8.0-9.0, and nore preferably pH3.3-pH§.6. It is preferred that the first
al bumn solution is buffered with a buffer having a pH wthin the

2 Concent riS BRAGAT FBVSRIOIbBRRIESRRISY 1o, Brapll oF SBISHRYVEL e Yob Rl Gl okanl y

corpr 1 es R0 AeLHOELADIYE, S8/ 1513 Md i e Up 7283 hRambiai

25-200mvi lﬁt‘i'gmr%f fefr&icgr ably ~ 50-150nM 25 Preferably, the nonoval ent
)

cation is so preferably in the formof NaCl. Accordingl

y, in a

preferred enbodi nent the buffer conprises NaCl at a concentration of

0- SOO™) preferably 25-20()mM and nore preferably 50 150nM

3

Prefer8bly) the buffer c@SUMMARY OFIHE INMENTI®Na concentrati on of
5-250m\M preferably 10-100mM Preterably, the divalent ration is cal cium

preferably in the formof Cad 2. Accordingly, in a preferred enbodi nent the

5 . buffer conprises CaCl2 at a concentration_of 5-250nmM_preferably

10100mv 14 Brshaspeelphithe present HWELHABOPIOWIdES anpracess for puHymg8nut i on
andl or buff

bout 100mM gl yci b oM Na hout 10
S0mia Cact ZI0TE SPHRP; Ui BressAR SOMITINE She 60 Oloiblenting ASORPLRR

Advant age sty o BRHOSho oAb e hh “Lohkia/, if B e 98 0o

sol ut 'wn [

pr ef er abl yﬁfié%fgi{oi&g Eﬁ@%‘g gg%éﬂgﬁ%ﬁglﬂ% Ef'nt;'fpﬁﬁvlﬁg! wggﬁlgé&?ﬁeéa gi;vs? aﬁm(;.r g

col um vol
Sui t abl y,

WIE SeseRk QoRthefAbaRIiN dnd Which ufdRed aﬁ%ﬁﬁﬁ%p&‘é’# mﬁﬁgg |

t I X conprises a boronic acid. The te

her ei n i ndhiifletilise didydfoxytborebigroagyathaebyusbainingeabpidficd Abuthihs
bonded via a triazine or a substituted triazine, for exanple to form
nmonobor ot rsohtione .

15

20

25

S
s

Preferably, the pH of the first albumin solution is pH8.0-9.0, and more

preferably pH8.3-pH8.6. It is preferred that the first albumin solution is

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

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

the amino acid is glycine.

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

[
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or diborotriazine, to a support such as agarose. Preferably, thezlir)oroni C

acid i s am nophenyl boronic acid. 25 Publications that cover alternatives to
phenyl boronate, such as. aliphatic and substituted aromatic |i gands,

i ncl ude AdemeMs77y . et al ( 1992) J. Chrom 625, 4 91 PEY/GESONNISA| |
RP. et al {1991) J. Chrom 543, 17-38 and Liu, X et al (1994) 687, 6l-69.
Suitably, followng the affinity chiomatography stel5 the purified -~
albumin S solution,is subjected to further purification, preferably farther
chromat ographic purification. Preferably, the albumn is further purified
usi ng ration exchange chromat ography and/ or ani on exchange chronat ogr aphy.

The or dePr@fErdBT?, .thé abuffer a0snprisen xivalage catiopsacan doacemtration hehged

while still performing their purification objectives. Froman 10

oper at i ofi250miVitpreferabiyl Oal 09mmber Prefeegblyt ¢be divadesstscation it ¢adeivexchange

chr,omat ogr aphy fol | owed by ani on exchange chromat ography. Suitably, the

puri f i edpegforably ig dhefoon qer@@bedAé@@l@‘r%@ﬂng ing pm:gemgmd@nenhﬂler irst

aspect o e present inQvenption undergoes/one_o re of: huffer

exch ge{?‘lg]ﬁh PQF‘FSonéaé 2 @t i dreongentrpdon . Oﬁié‘?g&ﬂiﬂt i Bh¥ e’i?bf)édfést ment

(preferagbégég a pH greater than pH2.0 or pH4.0, and preferably to a pH

| ess tha 0); treatnment with a reducing agent (eg as descn'bed in EP

570 91~; decolouration treatnment {eg with charcoal); heating (including

sterilisation); cooling or conditioning; formulation for parenteral 20

adm ni St 1214 GartiGuldr i PR eFerféd RASddifhend! God fk aibusay 3bfition BdRsr ent er al

adm ni strati dn we I nclade 1 ntravenous adm ni strati on, subcutaneous

adni ni st paffeprecinpribel rabous c LOGHRM Oglydine, r sbdutn 100 aNACH and Maodtunct i on

as an excipient foor a pharmacol ogically active protein, which 25 may be

adm Y0 st 80mMGa@ht eral ly. A "final container” is one which | eaves the

manuf acturer and is distributed to custoners such as hospitals and

phar maci es. 5 A second aspect of the invention provides a process for
burpin sol ut|qn, S conprising ration _exchange

purifying an al he proc

chr omat ogr%tréra%lxnalf‘aﬁv%u‘éw%ﬁéébec ﬂnﬁﬁmﬁﬁwx%@@m buftertisukO-puri f i ed
al bum n lyiog optional | s gne or nore of buffer exchange;
concent r§6 cmdquglﬁng ?%Ffﬂ‘?r‘i‘?’ﬁgig?ﬂﬁ?% ation; pH adjustnment (preferably
to a pH greater than pH2.0 or pH4.0, and preferaply to a pH Il ess than

pHI 0. 0); addition of reducing agent; decol ourat i”on_ treatment (eg with
charppal Kdvagiabeagsly! Bsd BOhckheitin of HeldlBihin &P ld fidst Abumed dokitionl ng, but

not further purification, in 10 particular not further chronatographic
purifi cais imtherame b 2120z Avt, preferably 70-120g.L", and more preferably

100£10g.L'. Preferably, the albumin is loaded in less than 0.5 column

C

volumes, more preferably in less than 0.35 column volumes.

20  Suitably, the matrix comprises a boronic acid. The term “acid” as used
herein includes the salts thereof. Advantageously, the boronic acid is bonded
via a triazine or a substituted triazine, fSr example to form monoborotriazine
-or diborqtriazine, to a support such as agarose. Preferably, the boronic acid

-

is aminophenylboronic acid.

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



final container. . The ration exchange chromatography step may fol lpagvstiheqgs,
ani on exchange chromat ography step, or vice versa. Preferably the ration

exchange C tography step is followed by the ani on exghai88o0/00257
chr omat ogrlgl&@’r"g{%p. Preferably, between the anion and ration exchangsé

steps, there is no further purificatio&n step, although the al bum n may be
subjected to buffer exchange etc. as noted above. 20 By conditioning, we

condi 1 o955 reinghalieRror 6 af REAERy. g Bnel ho5c8ed it Br ¢ 4Bl use.
Condi ti Onk@éﬁzﬁﬁ Qﬁl' e the addition of an albumn - r stabiliser such as
oct anoat e otner“fatty acid, such as a C6 or C,o fatty 25 acid, or

sodi um acetyl tryptophanate or mandel ate. Conditioning can al so include the
addition of salts etc., and may involve adjusting the conductivity of the

al bum n sghithbly"- following thENgffimaty Qﬂr(ﬁiﬁﬁﬂ)@'?ﬂﬁx?tﬁgg Ofhet pPArificds hlRidipecond

aspects of the“present Tnvention™may be run in negative or positive node
with respeefution the ahibjested 1to a frthéer r parifichtiohrenpreferablint | Garthechange
step is run in ' negative node with respect to the album n. Advantageously,
t he condi thromatSgeaphic purificationt hdreferpblysy Hat edbusnim nisn fusithets prwk

strongly to the ration exchange material than non-glycosylated al bumn. _
The rat i oWSi@gcha8ienc hrexehangs apthromatpgaphyne and/er ammiencossdchapgets of

the presenj inventiqgn utilis commerci gl r.ation,exchange matr,j x such
10 ab Sp. ShpmOgEhy.  Sheconier 5, fie " Calion. and anian fXChanEe P Gam be T
SECel | ul ose or, S- Spheradex.,, Pre h Lation exchange st utilises a
matri xwh RERCEhARER, SERE i proEREs, thelk piRbaith BHORRMS. 2 25Patas,
exchajper §nerational point of view, a better integrated process is cation exchange

chromatography followed by anion exchange chromatography.

Suitably, the purified albumin solution produced according to the process of
the first aspect of the present invention undergoes/fine or more of: buffer
15 exchange; concentration; dilution; dialysis; diafiltration; pH—adjusunent
(preferably to a pH greater than pH2.0 or pH4.0, and preferably to a pH less
than pH10.0); treatment with a reducing agent (eg as described in EP 570
916); decolouration treatment (eg with charcoal); heating (including
sterilisation); cooling or conditioning; formulation for parenteral

20 administration to a human; or placing into a final container.

By parenteral administration we include intravenous administration,
subcutaneous administration and intramuscular administration. The albumin
may function as an excipient for a pharmacologically active protein, which

25 may be administered parenterally.

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

customers such as hospitals and pharmacies.



1S Preferably, the al bum n sol ution which undergoes ration exchanges JuL 2003
chromat ography has a pH of 4.5-6.0, nore preferably a pH of S. 0-5.6, and
yet nore preferably a pH of 5.2-5.4. Preferably, the al bum n solution which
under goesyp bz exchange 20 chromat ography has an al bunm npcom@Bean0ozszi on of
10-2SQg. L'"1, preferably 20 70g.L 1, and nore preferably SOl Qg. L' 1.
Preferably) the al bum n sol ution whichsundergoes ration exchange -
chromat ogr aphy has an octanoate ion concentration of 2-1SmM preferably 5
2S 10mM and nore preferably 6-9mM Conveniently, prior to the ration-
exchange step ) the al bum n sol uti on undergoes one or nore of the foll ow ng

processe ' | i g qr t pH2. 0
or pH4. 0%&%8&%?3}5 gtga att)tﬁ/m?gh ge%tﬁmlfgggﬁ? hiaﬁ I%Ebé’lsg%))r%)d(%l ) %gﬁg‘gﬂl@%?i on;

(ii1) di abhitiomt i@ provess compriving ication rxchanged chiomatogtaphys hadidnieer such
as,octanoate and/or other fatty acid, such as a C6 W. ; or Cl0 fatty acid,
or sodi urexashange¢ chsqmatppeapitys ovheraindethat ¢huss puriBedaalbnmin solution

addi tionally, the al bum n solution undergoes_one or nore of: buffer

exchafge optionally dmdeggaes/one or aere; of bulifererchange;: cannenghations dilution; ng

condi {1 ofikystsy tieffieadar Pz e (Gateahiy i o) DBoBieatny, HERIIR

ls. P bl y, t f th | bupi L utdon js..adj ust by th
i 1 on o1 PEE0; dufpietéisblt & 4 Bt Te R Han BT OF iR o Efhedle 1 o oo
b | trafy .at kon. [ hyg St€ . flrst d
stcond adhehe dRbletRficR EuERIGr, SC BLEAR hekil MintiRie (T 1"
exchange sigfisationyc Neadtig; Sorh ¥oRaRiding, Mt SROE" fitttler PRI OHeX,

r
Q Hyper D, DEAEcel'l ul ose,”’QAE-cel I ul ose;’ or Tl\/gﬁE DVAE, “or DEAE FEract ogel .
Pr ef g0ablpartitilar atgtofureéiee vhrgmassgraphici 1bdﬁﬁcati®n0qiﬁdp<td\/bbﬁi% ?ﬁﬁﬁitbsai‘s

I mobi | 1 sed di al kyl am noal kyl (for exanpl e diethyl am noet hy substituents
20 as anifumleontdngers. I n one preferred enbodi nent the ani on exchange
chromat ography step of the first and second aspects of the present
invention is run in negative node with respect to the al bumn. 25
Preferably, the al bumin sol ution Wnipﬁh under goes_ negati ve node ani on

exchange B 6AHOBE g6 ehrgmatogiaphy ostep may,dplop; e ey eXcBRngs
4.24.9,- %rﬁcriox)ﬁ%&ogq"g{)ﬁyprs e];),er 8? Vi R 4'P?'éé'rgb}57; the cation exchange

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

Preferably, between the anion and cation exchange steps, there is no further
purification step, although the albumin may be subjected to buffer exchange
etc. as noted above.
20
By conditioning, we mean any non-purifying handling step which improves
the environment or condition of the alb;lmin for the next step of the process
ror for final use. Conditioning can include the addition of an albumin
stabiliser such as octanoate and/or other fatty acid, such as a Cq4 or C,, fatty
25 acid, or sodium acetyl tryptophanate or mandelate. Conditioning can also
include the addition of salts etc., and may involve adjusting the conductivity

of the albumin solution.
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8 Preferably, the al bum n sol ution which undergoes ani on exchange
chromat ography has a conductivity of less than 4.0nS.cm 1, and nore
pr ef er abl ?('0800%9 uctivity of |.O0.5n6.cni 1 anc~ yet nore gFEEBIGLYr 5
1.05 t0. Inmb.cm1 Conveniently, prior to the anion exchange step, the
al bumi n sol ution undergoes pH adj ustnegt andlor dilution with water. _
Preferably, the pH of the albumn solution is adjusted with acetic acid. 10

h f d enbodi i h h h -of
TR IR o [ RO BT ST IR
rode |l RRRSE uh, bECufl H"htive oS 0 TR ' B,

pr ef er abl Y@kl Oflgg?n %réféﬁred‘%%&' ety %Eﬁgﬁbéicl%ng@_ Sepbid rhA ih 2.

Preferably, the al sol uti on has been pH adj uste si ng”ort hophosphat e
i ons. 20" hegaive miodt avitke despéredontiet albhmial bAdvancipecesty, ahe aonditions
10-10Qg.L"'1, nore preferably 25-80g.L' ", and nost preferably 30-60g.L'I.

Pr ef erfabl gre sbechosemiubat glyopsplated alburminibinds imoieostrosgly. ®e 2hén@ition i ',
preferably 1.2-1.6n65.cm'. 25 Suitably, the albumn is eluted fromthe

ani on excpafhpagevpaterial thanrnon-ghicesylatedyatbongiony) pref erably 30- 70mM and
nore preferably 35-65nM of a phosphoric acid salt, for exanple sodium
phosphat e. Preferably) the 9 albuminis eluted fromthe anion

exchanger W th .a buffer of,pH6. 0-8. prefe I 6. 5-7.5. N1 |1 |

parti cul aﬂ? RO hﬁng%ﬁpﬁftﬂég’&rﬁ@@@ Bf%ﬁ%ﬁrﬁﬁ-se&ﬂaﬂsﬂé&’%% ﬁpect s’
of 5 the e i . C : I I Ng
teps: T ePSCRiaFTL MVEREbRId lECF ot e eRo SiEhitiag RBdR SR T
exchaqge sﬂrsprs&@wrawﬁp,psﬂgm&bmmms roBe gy (ﬁﬁbgfellhw%& SRS

rati on exchanger’s; ani on exchange chromat ography, preferably using

di et hyl anCetlaldsg! ors 8Sjilidradat.s Bsefamm?, alie hemipay exclingd kiop uyilités a
chromat ography, preferably using an affinity matrix which conprises an

i mobi | i semhtrk bwhich spempfises dymmopilisedr sulfppaoiylbsabstituBnts: as/peation dye.
In a preferred enbodi mnent of the present invention a process for purifying
al bum n igth@gﬁtﬁed whi ch conprises the follow ng sips: 15 (a) subjecting
an al bum n solution to a ration exchange chronat 9/graphy step run in
positive node with respect to the

¢

15 Preferably, the albumin solution which undergoes cation exchange
chromatography has a pH of 4.5-6.0, more preferably a pH of 5.0-5.6, and
yet more preferably a pH of 5.2-5.4.

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

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

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

undergoes one or more of the following processes: (i) pH-adjustment
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al bum n; (b) collecting an al bum n-containing rati on exchange eluate; 20
(c) subjecting the ration exchange eluate to an ani on exchange
chromat ography step run in positive node with respect to the al bum n; (d)
col | ecti ngygagdraatBUM n- cont ai ni ng ani on exchange el uate; (e)PGUGBeXIRST t he
ani on exchange eluate to an affinity 25 chromatography step run in positive
node with respect to the albumn; - . 7 (f) collecting an -
al bum n-containing affinity chronmatography el uate; 10 (g) subjecting

o o | | u
e oL NP9 B BRI SR AP Pl BHA O o RERIRBSAR RN HRP o
respect t@afl 319969 lt(ﬁylt&%c(eﬂhx&eﬁyI(ﬁi)ea];aah!&taﬁbﬂ- I, @dﬁﬁigeglﬁxggvb ) 5

(h) collecting the alblum n-containing affinity chromatdgraph hr ough;

(i) subj enidirien bfia sibilisert yucthas setanoatpiyd/or @théhfartyohcidy sackk asanCéxchange
chromat ography step run in negative node with - respect to the albumn; 10

(j) coll et i €30t Mattyl bacidn- ernt sodinmg  acttybn teyptophamté | ow tmandelate. (k)
subj ect i Sﬁ the rafion exchange flow through to an ani on exchange

chr om@t oghlipmativelyy aradditio tthe albwadn selutioniundesgaedene ormorecof:| ecti ng
th | burg n- t gi ni ' J A I .h h 15 wh in the ani
exchange W5 PRchanger s SRRt casHiation; AEFACRAf B hrBAIGRBNange
matri x an |.0 xchange el uat ei p.the. ani on .exchange st IS run in
posi ¢ ve Hat: AerOfiRRRGh trtBbient” ThE' RaD Rl HeARBET  S0eiBie:perar e
opti onal I(%bn%@&gﬂgd 20 or followed by one or nore of: buffer exchange;
concentration; diPution; dialysis; diafiltration; pH adjustnent (preferably

to a pH greater_than pH2.0 or pH4.0, and preferably to a pH Il ess than
pH10.0); treatnent with a reducing agent; decolouration treatnment (eg with

char g@al )Geherally pgny miwlifidation divolvés additions, neommovals orPrederdbly,aheng. 25

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

nmore of : pldf bfrthexalbumyjn; sobtioantis aadjusteddbyutheradditiah yef saceticaficid.r at i on;
H 11

P Preferably, the albumin solution is concentrated by ultrafiltration.

The anion exchange chromatography step of the firét and second aspects of
15 the present invention may utilise a commercial anion exchange matrix such as
Q Sepharose-FF, QMA-Spherosil, DEAE-Spherodex, Q-Hyper D, DEAE-
cellulose, QAE-cellulose, or TMAE, DMAE, or DEAE Fractogel.
Preferably, the anion exchange step utilises a matrix which comprises
immobilised dialkylaminoalkyl (for example diethylaminoethyl) substituents

20  as anion exchangers.

In one preferred embodiment the anion .exchange chromatography step of the
first and second aspects of the present invention is run in negative mode with
respect to the albumin. )

25
Preferably, the albumin solution which undergoes negative mode anion
exchange chromatography has a pH of 4.0-5.2, more preferably a pH of 4.2-
4.9, and yet more preferably a pH of 4.5-4.7.



adjustnent; treatnment with a reduci ng agent; decol ouration treat n@r@t:’”'—'m“" )
heating; cooling; or conditioning. Swv t Wwen any step is run in the
negati ve node for al bum n, washings may be 5 collected as V\B% flow
through. | WaAKMIE preferred enbodi nent of the present inve W&ip(’g’oﬁ?sgcess
for purifying albumn is provided which gorrprl ses the follow ng steps: 10
(a)subjecting an al bum n solution to a canon exchangechronatography step -
run in positive node with respect to theal bumin;(b)collecting an

al bum n-contai ning cation exchange ei uate;(c) subj ecting the catioa exchange

eluate~ to ani.on exchangelichro step,run in pasitive node with
respect to @agfbldm rfﬁed)élgmtlﬁéiaialﬁg %E‘i/ﬁ ?%anf AR o £XShaRgRge

el uat e; (e) ni_o a fyyc aogr aphy
Step run | SURABRERE Y Al oﬁiﬁs%ﬁ?ﬁto Ee‘sgoéq%gumﬁﬁr%on%ﬁ?ﬁg ol
album'n-co f f 0 g teahd) Sep n

affiaity c %gfﬁg%mgr g‘ph‘%/dﬂe égtgn&t ora‘:ftanl |n| ro% gr ap 9}% ﬁir?ly
negati v@ nqd@s WMol fmSesmdct to theal bumin and |n positive node vvlth respect
to gl ycoconjugates; 25 (h)collecting the al bum n-containing affinity

chr omat ogr aphy flowthrough - .- 12 (i) subjecting the affinity
matrix flow through to an ani on exchange chromatography step run in
negative oCquehianidy, mptiervito h thesarion tealcmmgealstelm rthe( jajbumid esoifution t he
al bum n- cont ai ni ng ani on exchange fl ow t hrough 5 wherein the anion exchange
step is runnﬂﬁrgv@gatH\péiJmntcacndéomdnlngonrmﬂltwetean.Brﬁfes@bﬂwge pH of x an
ani on exch e el uate wherein the anion ex.chan e step is run in positive
nmode; (k) '@é@‘ﬁgqothllféo%%ﬁﬁwﬁt WU 466U5RCG - ed by the anion exchange

chro graphy step to a cation exchange chromatography step 10 run in
negat i node with respect to the albumn; (1) collecting the

I b I
oL burt - coph 3nBiRg AR ERNGeL AUabGP EhanB et BERRaBRY ofp 050 o
mor e of buie FirsixshRRECond ASHENRS ot ﬂl@gﬁtregéﬁtuﬁiv@ﬂnoﬁﬁs Gud! MSpdsitive mode

diafiltration; pH adjustnent” (preferably to a pl-~ greater an pH2 or
pH4. 0, andm@f&p&bﬂmﬂ;&;ﬂb%ess than pH10.0); treatnent with a °

yd

15  Suitably the albumin solution which undergoes positive mode anion exchange
chromatography has a pH of 6.0-8.0, preferably a pH of 6.5-7.5, and yet
more preferably a pH of 6.8 to 7.2. Preferably, the albumin solution has
been pH-adjusted using orthophosphate ions.

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

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



reduci ng agent; decolouration treatnent (eg with charcoal); heatirgg j, 003
(including sterilisation); cooling; or conditioning. 20 Accordingly, hez
purification steps may or may not be separated by one or nore of: buffer
exchange; ation; dilution; dialysis; diafiltration; ppRGodobiggnt

t r eat ment &\;\ﬁgﬁﬁ%éedum ng agent; decol ouration treatnent; heat| ng(;), c%ggl I ng;
or conditioning. 25 Preferably, prior g0 the positive node cation exchange
step of the invention, the albumn soldtion is conditioned as above.

Pr ef er abl the oct t dded thereto to a fin onc ntratjgn of from
about . 1- 18X0HRREn P @ﬁgegrfrp ¢ \aiie SisiaReek vl o duster of n-0-87,
Advant ageoustl #bg ?gq‘lg m n retained in the positive cation exchange step
i s washedPW't1#%Y B t solution (eg 0.5-3.0M NaCl buffered at pH3.5 to
. 4.5, preferably at about pH 4.0, with 10-100mM preferably 20-40nM for 5
exahpl e 25-30nM sodi um acetate) before being eluted, Preferably, the

al bumn i g B'pﬂrﬁéul'aﬁlytﬂ%féﬁéd%t%@ﬁﬁa%séﬁ OP S fibgt aaldbsécfoﬂa £pBEAIGF Ng a

. conpound having a spécific affinity for albumn, especially an aC| d for
exanplse odieapoeseat dnvertismate precededchyl)odeoor aquerebé (66 folioGHa

Suitably, the albumn is eluted fromthe anion exchanger, of the flrst

ani on excfeampntaticn;, primarya Scpﬁl‘&ﬁlont;ommratcngomilhnging,eaatloileczgchmgel east
SOnM  preferably 50-200mV) for exanple 80-150m vn of a boric acid salt, for
exanpl e s@hﬁqm‘itﬁgfﬁiﬁb’asspml’@bbf absmg: eSUllf@mPéﬂerSabWtﬂeﬂﬁe %sﬂaﬂ@@ mode

affinity chroomat ography. step uses a re ng an bilised
al buni n- sPEHANLETSy o ARIOAY, agxcjmégﬁa r@?ﬁ& of PH9 Tablyef cHSIHGy

space o AL, b Su%ﬂﬁ’q’mi‘?’@aﬂ&mg%ri i
P;ezh(ﬁm Zﬁlﬁﬂé@%ﬁﬁﬁfy’mﬁéﬁfﬁb %BL%?& prepare Ulriafllx edrﬁ%@wsé%ﬁgggtlgx

immobilised albumin-specific dye, preferably a Cﬂ)acron Blue type of dye.

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

albumin is provided which comprises the following séi)s:

15
(@) subjecting an albumin solution to a cation exchange
, chromatography step run in positive mode with respect to the
albumin;
(b)  collecting an albumin-containing cation exchange eluate;

20 (c) subjecting the cation exchange eluate to an anion exchange
chromatography step run m positive mode with respect to the
albumin;

(d) collecting an albumin-containing anion exchange eluate;
(© subjecting the anion exchange eluate to al; affinity

25 chromatography step run in positive mode with respect to the

albumin,;

(f)  collecting an albumin-containing affinity chromatography eluate;

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

25 level of nickel ions in an al bum n solution, the process conprising
subjecting the albumn solution to a pHof 2.5 to 7.5) pref 5. 0;
and removi NP WH¥EE ions. Preferably, the al bunin sol ution ?é@@g)&oﬁlg 32 to
a pHof 4.0 to 14 - 7.5, preferablé 4.0 to 6.0, nore preferably pH4.0
to S.S, yet nore preferably pH4.0 to pHS'O and nost preferably to pH4.0 to

4.5. ° Preferably, th f the third t of the i tipa.
conpri ses S i af#) t r BPISRUAG afhes ATy FRiOTRAIOFFAPLY. (elyate, o 4 Alnity
B Cenat el . P exeks il 9 BLTETRILERSHoRE VIR erretp e
Al ternatively, nickel can ' I r 0
chr omat ogr aphy with e [ : iy L Q. f&% <l d pH
ranges. %el IOpgr rreati%;lmg{%’ffnoarr% gérggﬂévﬁa%&%ée%@rl?%%% Egi%lg g’g‘&'%%“?% sgoo
HR« Preferably, 10 t'(glg%%}h@fed%ﬂﬁﬁﬁﬁﬁﬁdﬁfreél? FEingy; mel ate ions.

S

Alternatively, there fficient buffering E::a acity fromalbumn to

adj ust §he pH ag) percbllectinl dié hlbvahincodwaining raffiaityochiniaoptapdiya flow Wi t h
wat er. The nickel ions can alternatively be chelated and renoved fromthe
al bumin. 1S This cantlmeugbhi eved using a chel ati ng agent such as

I m nodi acetic acjd i mppi l.i sed on_Sepharose (Chel ati ng Sepharose, .

Phar maci a) or afBt heSubjsciing the aflinity chepmptggraphy flow theeughio @ eatjomt a
| ow pH, preferably pH 4 0 to 6.0, nore preferabl H4.0 tp 4.5. .20
Preferably, when the E5FRANES: CgF%W?f%a HcHER t Hb Degative dpede S¢ith o

i nvention is subjected i dj,at t.0. negati ve ration exchange

chromat ography it ist ?pgggforg]&flhwhe third aspect of the invention
conpri $8S subj eghi ng ) - Lt 0 - 5. CRRY ely,
when tgg producg})fror%hpﬁ%ﬂgg@e@?@#ﬂ%ﬁg&[@g}%pﬁé&#g?hfgo‘?(nven %n S

not_subj ected 2%j mraghptahy iR NeARN \XcARIEE GOWN2EBuER RTPAROLARSY | !

is preferred that” the t spect of the invVention conprises subjecting
the al bum n sol uti onekchangertlrbntht@grapBy step run in negative mode or positive

mode;

()  collecting the albumin-containing aniof, exchange flow through
15 wherein the anion exchange step is run in negative mode; or
eluting 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 to a -pH less than pH10.0); treatment with a
reducing agent; decolouration treatment (eg with charcoal); heating (including
sterilisétion); cooling; or conditioning. )l
25
Accordingly, the purification steps may or may not be separated by one or

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



15 In a preferred enbodinent of the first, second and third as@@ct’%‘—@ﬁm
the present invention the initial albumn solution is derived froma fungal
cul ture nedi um obtained by culturing a fungus transforned with an
al bum n'%S%&hf‘ﬁz— r nucl eotide sequence in a fernmentationp@iigedlooyher eby
sai d fungus expresses al bumn and secretes it into the nedium The fungus
may be a filanmentous fungus such as afjAspergillus species. Preferably, _the
fungus is a yeast. Mre preferably the fungus is of the genus Saccharonyces
(eg Sacchar S cerevisjae t he.genus Kl uyyer es (e | uyver gnyces
| actis) Baﬁﬁﬁgﬁ‘engfswﬁflﬁﬁ# awitgg i ?ﬁpﬁmﬁasqg?ﬁys)&g%goﬁa&f)& gﬁ?%lf,meﬁ?’ | east

some of h?&&h?%;béﬁm{hgﬁl&!éanﬁ édﬂng.ccordance wth the first, second or third

aspects 0 present invention®is produced by a cell according to the
fifth aspect of the -invention or a process according to the sixth aspect
of wthe invention. 15 A fourth aspect of the present invention provides an
al bum n §%hest iang step a5 nall in dye aecpadee stode for dibugning washings iy the
precedi ng aspects of the present Invention. Preferably, the al bumn

sol uty oncobegted ssswelbas flovn throughbuni n whi ch exhibits one or nore of the
foll owi ng properties: 20 (1) less than 0.5 % (ww binds to Concanavalin A,
preferably less than 0.2 %or 0. 15 %; (2) a glycation level of |ess than

. I h / I f .Ei f blLy | h : .
0. 05 25 bl GRONES RUBIeRTarbIcabbAdiBient ctin (oot SR IO BoF
Becor of ngut iRl Butiapd RSt comFiths Al Ritowie sgpd T PlLo"ee

ultrafiitered through an ultrafiltrati on menbrane to obtain an
ultrafiltration retentate having an al bumi n concentration of at |east about
10g, pr ef er ablgy) at shsﬁéﬁngOga&r ATBNRID" SORIRR Y (8boyt BPtbn aleRbRArnpeer
litre, with " tthe ultrafiTtration retentate being diafiltered against at

| east 5 retentate Shesmatgraptiy st nai dn.pokidvd ihods pedi refpédiaoptrs ent
invention provides a DNA sequence, plasmd or cell which conprises a
reconbi nant al bum allmiimg sequence wherein the 3

(b) collecting an albumin-containing cation exchange eluate;
()  subjecting the cation exchange eluate” ;to an anion exchange
15 chromatography step run in positive mode with respect to the
albumin;
(d) collecting an albumin-containing anion exchange eluate;
(e) subjecting the anion exchange eluate to an affinity
chromatography step run in positive mode with respect to the
20 albumin;
(f)  collecting an albumin-contali_ning affinity chromatography eluate;
(g) subjecting the affinity chromatography eluate to an affinity
chromatography step run in negative mode with respect to the
albumin and in positive mode with respect to glycoconjugates;
25 (h)  collecting the albumin-containing affinity chromatography flow
through;
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end of the reconbi nant al bum n codi ng sequence conprises two or nore in 10

frame translation stop codons, and preferably three in-frame translation

stop codons. The reconbinant cells of the fifth aspect of th Present

i nventi on YRY47kukaryotic or prokaryotic. The reconbi nant PEEQBQGIP{W’I be
bacteria (for 15 exanple E. coli or BacjJlus subtilis), yeasts (for exanple
a yeast of the genus Saccharonyces (eg 12 cerevisi ae), the genus -
Kl uyverottryces _(eg K.  lactis) or the genus Pichia (eg P. pastoris)), .
filamentous fukidi (fsubjessingphe af@piy ghatrirsflpwpthaoughdo an amion@xichangeani nal s
or animal cells (which may be transgenic), or ingsect cells, 20 A sixth
aspect of the prese ¢m@é&ra%v pHeR | BHs 18 BegAtlEs of opofitiyguBiodg with

reconbi nant al bum n, the prqgce canprising culturing a fungal cell
expressing a reconbirﬁ%tgqmu% ng sequence and obtai ni ng the al bunin,

wherein the ce ha ' 1§l ' ' C I 25
have at | east red%g Qa%%?t%mﬁgﬁﬁ%%%@ﬁ%&ﬁégé hf?o‘ﬁ ethm&g%

recontg nant | yexpres L Qs ' ; e ' | t.d east
170000 and 2 of prerSIgrE e Buftty SACRRGC s 16 b B PRI of

i nvention, genetic mhstifd fpdmonher Atiohabkyhdtpansnstix KW RALRSES iekBhange
substitution, deletion or addition of one or nore bases or of a fragnent of
the fungal cell DNAehenesvimrein thecinigrreachangemstepiis atih dnpositivehrmodét ai ned
invitro (directly on isolated DNA) or in situ, 5 for exanple by genetic
engi neeri ng teflnhi qsubjestingythealbemip soletion pysifiedeby she anion #yehingeagent s.
Mut ageni ¢ agents include for exa% physi cal agents such as energetic rays

(X-rays, y-rays, UvChEematogsaphy, 0 agadiensexchgnge chsomagograply Stap h
di fferent functional_gro of h a | kyl at i ng agent EMS, ~1 QO
etc. )fcﬁi sal lIiyl at ng fﬁﬁéﬂ?’%ﬁaﬁ‘m g?‘%ﬂ %ﬁ%sﬁﬁ‘gﬁpébeé‘k@h@'net ?c{ 10

modi fi cations pmy al | ay. ' ' 1.9 r £xanpl e
nccor ding to t R mocRBe e BE By CHTE cRIGH ERtAke A0V FEB 104
1991 ), 281-301 ] . According to this nmethod, part or au of a gene is

repl aced, through honol ogous reconbination, by an in vitro nodified

Yﬁ; Z Ir ?an&éﬂaigmeim dhy i sfatheorspective ipagifivatioht stepe gr@bp@i&hﬂw tpkbaded
or followed by one or more of buffer exchangc»;/ 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; treatment with a reducing agent; decolouration treatment;

heating; cooling; or conditioning.

25  Preferably, prior to the positive mode cation exchange step of the invention,
the albumin solution is conditioned as above. Preferably, the octanoate is
added thereto to a final concentration of from about 1-10 mM and the pH is
adjusted to about 4.0-5.0.
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15 sequences, such as transposons, phages, etc. it is known that certain
nodi fi cati ons such as point nutations can be reversed or attenuated by

cel lul ar mechani snms. Such nodifications may not provide the nost useful
forms of nodified fungal cells of this invention since their $

phenot ypi WAI00#AHBerti es may not be very stable. Accordingl )FC‘I% BQof0257
preferred that the genetic nodifications) are stably inherited and/or are
non-reverting and/ or are non-|eaky. Su nodi fication{s) are generally
obtained by a deletion or a gene disruption. 25 By a "l eaky nutant” and
granmmati cal variants thereof) we include nutants that result froma partia

rather than a conplete inactivation, of {he wild-type function. 18 The .
geneti c mAGVRREAZEPHSY) the albwaipyetated: Uhiig pesifive cationXchADEs SfePhlStay be

| ocated in a codi.ng regi on of 'the e cell,.and/or in a
regi on af Wé‘éa]ﬂ‘?cﬁﬁ“aﬂé tﬁglblsggﬁo&?p?ﬂ E‘?ﬁ Bﬁgm&@@%&ﬁw@-fa‘? 65'
nodi ficatio 1] aldyy f t ' el eglon 5
responsi bp’éer}‘f%%ﬂb\f%raﬁ %@ﬁgﬁl n- hg‘g@pigé%p%f PB%%@?yﬂé‘bmswose
expr essi op, [t S O%Fﬁ | | b | ation. The reduced
capacisstsy erot %u?%sr?ga cwﬁécétﬁ%?kﬁﬁgt&éﬁg?gﬁ%hnosyl ate proteins may
therefore result fromthe production of inactive enzynes doe to 10
structural and/or conformational changes, fromthe production of enzynes
havi ng al Peefetatiy plthgiattaimin épeluteésn theorationeexdizmpeestey usimpdadiifer of
said enzynes, or fromthe production of said enzymes at |ow |levels. The
fungal cetontainingsy icatippundahaving 3 spetifiesaffinityc fore atbunfing especially an

-

acid, for example octanoate or another fatty acid, for example C¢ or Cy,.
10
Suitably, the albumin is eluted from the anion exchanger, of the first anion
exchange step, with a buffer containing a high level (e.g. at least S0mM,
preferably 50-200mM, for example 80-150mM) of a boric acid salt, for
example sodium or potassium tetraborate. e ;
15
Preferably, the positive mode affinity chromatography step uses a resin
comprising an immobilised albumin-specific dye, such as a Cibacron Blue
type of dye, preferably immobilised on the resin via a spacer such as 1,4-
diaminobutane or another spacer of C,g, preferably C,,, eg C,s and most
20 preferably C, length, preferably having o,w-diamino substitution.
Preferably, the matrix is the “Delta "Blue Matrix” (DBA), prepared as
described in WO 96/37515.
A third aspect of the present invention provides a process for reducing the
25  level of nickel ions in an albumin solution, the process comprising subjecting
the albumin solution to a pH of 2.5 to 7.5, preferably 2.5-6.0; and removing

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



15 mannosyl residue to the hydroxyl group of seryl and/or threonylzgr‘rjiur‘Toma,

acids of proteins or peptides, and then the extension to Olinked di- and

ol i gosacc [ y subsequent addition of mannosyl residuegcrifohbisit

mannosy| Bgéi()%@’?s transferred from dolichol nonophosphate mannose

(Dol P-Man) to the protein in the endoplgsmc reticulum and the additional
26 ]

20 mannosyl residues are transferred fromGPD-Man in the golgi. In a

f d di f.the j ' ifi I N :
enct1 ¢ ot PEIETONY & 01t 60! 1Eae proat)E ARRLIES 2P dupBrpISTe R <
I nvol ved gﬂ_lhltpmzé]ﬁ %%m%fst m@gzy(gﬁgﬁsb%g.go t he hydroxyl group of

2S seryl drthreonyl dmno acits her preferred enbodi nent of the
i nvention, the nodified fungal cells carry genetic nodifications in at

| east one gene whose expression product is 19 involved in the transfer
of »a mannd@peferabBbi,ddte fprodesshefDdie Rhian aspecturafottid oinveatiby deomylrisgs oup of
seryl or threonyl amno acids. Still nore preferably, .one of these genes

is a PMr gliaflttasipoPhainsttraitayffer ofpBI2. 50010, ophagainst\a bufferPhadngm @fdr abl y
the PMI gene is PMIl, PMIS or PMI7. 5 WD 94104687, incorporated herein by
r ef er ence, Wwitbicpne &f thaafprespentioned pBs rangeger Alternativelyi nigkshrempval

O e e
' Hipdl | Cti ' P ORE. 10 T '

ver e orowPn VBB ( BB oot Kbl ahees-o + Gob. Peopeilolooy
H4. 75 el |

oo of tnegpBialErARhY METT PRANEIS RE SRR SAR HKT PRIRAIVE ) o

scal ejpul tiype t PhrdidteniadakCics. 2l AYERad h nd
t hat éegrot%hb@ngﬁft% %I%G.ﬁ?)ét%g 6.8 is bengf %cf:ﬂiial qun tert#r‘)éa}c,ﬁ Q%igrsé; q%Iell

integrity sifficiea bufsrimc dapadiey frohahlbuminl fo adjusti @i tpH rel fpegfdroons in
a gene involved in the attachnment of mannosyl reSidues to the hydroxyl
group of gHafiltration/pelgqmmication vhramatigraphy gdth watdrs

The nickel ions can alternatively be chelated and rc;nﬁ'bved from the albumin.

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

20  Preferably, when the product from the process of the third aspect of the
invention is subjected immediately to negative cation exchange
chromatography it is preferred that the third aspect of the invention comprises
subjecting the albumin solution to a pH of 5.0-5.6. Conversely, when the
product from the process of the third aspect of the invention is ot subjected

25 immediately to negative anion exchange chromatography it is preferred that
the third aspect of the invention comprises subjecting the al_bgn_;in solution to
a pH of 4.34.9.
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of the invention may also carry nodifications in the genes involved in 20

subsequent additions of mannosyl residues leading to di- or

ol i gosaccharides, or in the synthesis of the nmannosyl residues donor

( Dol - P- Mayo oor¥sgizer abl y, the fungal cell has a genetic nodigcoaBowen2sd t hi n
a PMI gene or a gene which affects the expression or product of a PMI gene.
A gene which 25 affects the expressioni®f a PMI gene nay, for exanple, -
affect MRNA transcript |evels or PMI product |evels. 20 The fungal

cel | of thes YrefebraPaRbbdRiert T tRE %@ﬂtsebaitiﬁ %HQPF?%;IPQ%C&PQ&%&%@@ "

filanmentous fungi and yeasts. Preferably) e ce e yeasts, for exanple
a yeast ofnvehtiofelie $nifial aibandmsobstidiets Ferived €torhisafiingal baltaffedium

Kl uyvero~rzyces (eg K lactis) or the genus Pichia (eg P, pastoris). 5

Pr ef er abl gbtafrted fbyngalltrig ®xfimgusi tansformeel owithnant Abbmin-encodingg
seguence.is cultured in a culture nmediumof at least S 000 L, nore -
pr ef er abl pucleotidessequence in a0 fermaentatony mediunt,unybereby| [sagk pfumgisng t he
reconbj nant al bum n cqdi ng sequence .is cultured in a cutlélg‘ure medi um whi ch

i s maiht BfFRIESIGS 21BRmMIR K sacrefespignto ¢he ,m?Fg‘P@-pr'ghér Bys grey e a5

a1 el Sl S AR i AR e
6. 35 T P H
6,25, 20 ey MERE PRIBSEIANY peh RO o ey SO o

wi t hin a”Xa&‘)@rBfln%'E&e RreVisiape}), hedodtitst %V%?,ﬁerﬂ] "khg‘% Olgéﬁlvgforﬁyéé} pH

units of pH6. 4. an al ternative ehbodi fun I's cultured
in a cult lyegisheg fusWhichin ( Mgumﬁa‘g t he range of pH5. 30- pH5. 90,
preferably pH5.50pH5. 90, pHS5. 40- pHS. 90 or pH5. 40-5.60. Preferably, the

| owerl@ontrol set point is between pH5.40 and pH5. 60, preferably between
pH5. 45 and pH5.55, and preferably the |ower control set point is about
pH5. 50. Preferably, at least some of the albumin purified in accordance with the first,

second or third aspects of the present invention is produced by a cell

according to the fifth aspect of the-invention or a process according to the

sixth aspect of the invention. S/
15
A fourth aspect of the present invention provides an albumin solution
obtainable by a process according to any one of the preceding aspects of the
present invention. Preferably, the albumin solution comprises recombinant
albumin which exhibits one or more of the following properties:
20
(1) less than 0.5% (w/w) binds to Concanavalin A,
preferably less than 6.2% or 0.15%;
(2) a glycation level of less than 0.6 moles hexose / mole of
protein, and preferably less than 0.10, 0.075 or 0.05
25 moles hexose / mole of protein.

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

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



25 The present invention provides processes for the preparation of %?d#l"ymaf
purified al bumn. The albumn is characterised by extrenely | ow | evel s of

col orant sy, fhe tHrm “colorant” as used herein means any Conpegggodyidsy
colours album n. "For exanple, a pignent is a colorant which arises fromthe
21 organism such as yeast, which is yged to prepare reconbi nant al bum n,
whereas a dye is a colorant which arises from chromatographic steps to

ify the. al bum The al.bupi n. | h i by..ext .
Pow | ovelBafy BEoiirattitked "BEelir Ml 'yicfa Bleabot" Bidiibing 16, Bhudifl 2™
Ctrate - by . ! Tt o

ore- bl | i DaftadR e EhbHE A MRS db o Boncaflticitot TIAROROOM 10K,
bl ood cl oprcerablyrat Wast 405 Uit iprefeTabl Mout Sﬁgé,lgﬂsﬁﬁﬁn r 3ithe|Mvith

al bum n aggregat'es or polyners, or 10 endotoxin, Dilirubifi, haem yeast
pr et ei ns;thennieafiloraion netamnaltevibeige sdiafiftepst eaplaimst | ut fleast iS5 rétematebel ow
detectabl e | evel s. The albumn of the invention may be-at least 99.5 %
monondr i cequivialdntseof watepr ef erabl y essentially 100 % nonomneri ¢ and
dinmeric.,~tJp to 0. 5 %, preferably 15 0.2 % triner is tol erable but
| arger forns of albumn are generally absent. It may be further

rr nore of .the foll ow, teristics has a

ﬁ:hirkgft f%ﬁﬁ&b%p;é&f@ﬁgbse ﬁﬁﬁ“&%’ﬁ&,ﬂofﬁa&fé’ébf;‘g%% réﬁ S6aERCes Blastid o
i . 0. . 0.10,. 0,07

! b2t ceetf ¥hiclD ot tset i BecprihinRh€ affh BRI cOdiRE skfithce WorRtincne s%; ari

0. 0 | Hugh etk FHict .

o0 | asaCiend of the JECBABHEN SbtmIE EOAMES sehieRBE b BBinples WY oF ot -2 DU "

t hi oljcongépie i \-Pra lﬂ‘f"i'rzﬁié hal |y no
C 18 lc())? C20 fafe%gﬁgg?%??dp&g oﬂggi’%(gp‘%fe?ﬁlgf@?ﬁ)ﬂ/ at [ east ggfgﬁ;&@ by

wei ght ofcdgdomsprotein in the al bumn preparations purified by the process
of the invention is 25 album n. Such highly pure albumn is less likely to
cause adverse side effects.

The recombinant cells of the fifth aspect of the present invention may be
eukaryotic or prokaryotic. The recombinant cell§ may be bacteria (for

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

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

25 have at least a reduced capacity of mannosylation of the recombinantly-
expressed albumin and wherein the culture medium is at least 1,000L and is
of pH6.0-6.8. | |
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25 ,Iti~ -2a~ ~. WO 00/44772 22 PCT/ GB00/ 00257 rHA purified according to
the invention will generally be totally free of serumderived contam nants,
since none are present in the starting material. In accordance with the

pr esent iaxﬁ&w%, hi ghly pure albumn is obtained 5 from ag~}8Rg2& bum n
sol ution. e process conprises one or nore of the foll ow ng steps:

culturing in a fernentati on nmedi um a m'lgro-organi smtransforned with a
nucl eoti de sequence encodi ng the am noacid sequence of human al bum n;
preferably separatin Ht]e m cro-organismfromthe ferpentation pediuny-
condi t i onﬁhdﬁgh@ ulf the pEesensinyentigp, tgencHer magificatian Prefesablypassi ng

h diti d di h h ' h :
e o SR P U1l LA USERES 5 SRS BB B: o
th h t X st €Ll i,afi ' [
e ough L4 Seorel RAROR 8P Ve il YAl BN SEialel el g baggonl

ultrafil tﬁ@ﬁiﬁ&twn@fm%% frrat 66’tﬁineh51|'n°*'vlt?6 R@frkotsy Yn isaﬁtﬁtggnggtd%em situ

fermentation nmedi um e i npure al bum n “sol utl on may |'uti on Obt ai aed

f rom ger uforsxaniple By gdreetiv) eidineering tectiniquds onbyreskppuin§ the fungdl defighni ques
devel oped over the last 50 years, for exanple those disclosed in Stoltz et
al (1991) toPmraganac tagefitsc h Mutagenituagets inclade f00-O@ampiei plysical agehtsvey
(1991) in "Blood Separation_and Plasma Fractionation"” Ed. Harris,

W | ey- Li ssuchpgy egemgeticrays f(X-tays, yarayss AdVi e&c.) tarechamical agenty capablpt ai ned

froma trapsgeni c ani mal, such as ggat, she r cattle, from for
i nst ance, O FACHPE With ditferept FumcHinAl roHBS QEMA,&J,CIIN alkylaging agents

2l bt e S A kAo ag s TRl Iug AECR einc CPEHS o o or
corn {omi g@¥Nificatfons ni'ayU ats¢ B ebtifRcd’ |b§'47g7e%etic disruption, for example
according to the method disclosed by Rothstein et al. [Meth. Enzymol. 194
(1991), 281-301]. According to this method, part or all of a gene is replaced,

through homologous recombination, by an in vitro modified version. Genetic
modifications can also be obtained by any mutatfonal 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 modifications 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 genetic 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 grammatical variants thereof, we include mutants
that result from a partial rather than a complete inactivation of the wild-type

function.



non- pl asma sources, prior art W.purification processes lead to a

rel ativel yhiagh vel o~ nickel ions. Albumin is known to h '

affinity b‘llvgi | #g‘lléi tes for copper, nickel and zinc ions at ?ﬁﬁ@‘%@@m nus
of the nol ecule. Consequently, the al bugpn nol ecul e effectively
concentrates nickel ions fromthe nedia‘tsed for cultivation and/or
purificatigon. Albymn purified according to this invention, has a -

sur pri si ngibhe| gapepiga aHOB(S)| CATHIF _b)g@bep iGelsopt the IMXADRERMRYof t he

d f .| ' h ] | utd buf f
Ccchange. - PedeEHEd Bhi Aodige tiion ot baTDRA Hiledfy BR.FY ARG Ay "<
| i h t t h bum | Ut i ,ch , f
xampl o, _cHe affcify i, Empcapl of, oy T Mot Bl iy R T

| Bum f t ' t 5 i
Gecol our ot TSRGRUGH(EE Wi | Gefleraly gt TORY oRing 8Rn) R Fesion o

st abi | isty ?é‘s?oﬂﬁbld)@'of of Nuvalved B ¢iee @xpeessivn b§ dne! 6 dAGra! gehéd Ywhase it
may be fornmulated for parenteral adm nistration, preferably parenteral

adm ni st r axpressionproduets ar@ énSymes myolvedén aidnnosylatioder goes

sterilisation. Preferably, the highly pure al bum n product of the invention
contains at |east 100g, nore preferably Ikg or | Ckg of al bum n, which may
be split between a plurality of vials. 25 The al bum n of the present

I nvention f [ i /b s r ' in the
treat nent '@%bg@r\%&S#ggéﬁ%ﬁ%ﬁ%%ﬁhﬁ%%lg?e@?%&yféggﬁ ‘ce)%#é{rép g?%n%éﬁﬁg used
as a final A hdaiceiat ha 'ﬁgﬂdﬁ ngﬁn | @~
2003 PCTI &%@%%ﬁﬁ?@fﬁ a_trléﬁg%?irneteﬂg -dri gg@‘?fﬁ%ﬁﬁ%ﬁs org? g? ‘r%rut ations
for infpl a{zﬂreemmlf Phd ot UrfbARRIORA10hAges! RS MleNPrétitictida B dnzyfirls! ON,

in cell culture, viral production, gene therapy, invitro fertili3ation

medi a, andhieingCAledred bibRFicA propetias fiomhirRsabeRnbe | cfeprodaktioh s sAadd
vascul ar prostheses. 5 It shoul d be appreci ated that each aspect of the

i nventi on enyymés; arofroimne priodacthor of sajdberezymtdseat laspksels. of the invention.

The fungal cell mannosylation pathway involvcfe;r 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 mannosyl residues are transferred from GPD-Man in the golgi.

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

25 seryl or threonyl amino acids.

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

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



- BRIEF DESCRI PTI ON OF THE DRAWNGS 10 The invention is further ilfdst$adl
I n the appended drawings in which: Figures 1 to 7 respectively show the
construction of plasm ds pAYF309, pAYFl 440, pAYF~38, pDB2241, pDB2242,

pDB22~~ agih §d##a44; and 15 Figure 8 shows el ectrospray nmasgrieesoideaset ry
of conA-binding rHA fraction fromrHA prepared according to the invention.

Figure 9 shows the effect of pH and tigge on nickel renmoval fromrHA by 20
Chel exTM Figures 10 aad 11 represent two DNA sequences with honol ogy to
the protein encoding region Saccharo~rryces cerevisiae PMIl. 25 Figures 12

to 15 repinesbrd inothe teMsfocatenasmosyl fesidumfromy the DdlPMeh Precirzepdi ng
regi on Saccharonyces cerevisiae PMI7. 25st~t- 208 --- ~ WD 00/44772

PCT/ GB0O/ ©0he hydFoxyli groupsofiserynetr threomylramsiaotacids ONA mene prefesabiiyt h

honol ogy to the protein encoding regi on SaccharorrryceS cerevisiae PMIS. .5
DEFAI LED.@ESCGRIRBeQ¢nes isREPMREONENBOIRMTIENPMTRF PMIE3) MMEY) M Ter eas
the processes of the present invention can be utilised to obtain highly

puri fi ed-BMInomPMBA aRrefapbly tha BME gervisulPMI, { RMRSacomBMES. of sour ces,

10 suGh as serum it is particularly applicable to purifying reconbi nant
human al bum n :rHAggn .The al bum n produced in accordance with the invention
may be anW 6% incorparatedhereindsy referenvey idescrbesothergrephtatiomofbut i s
preferably human al bunmin. ~r 15 DNA encodi ng albumin nmay be expressed is a
suitabl e .ﬁoggrqvbng@ gigficdent in O-mannosylation activity. A S." cerevisiae cell
deficient in O-mannosylation activity was prepared by gene disruption, by
insertion-of the URA3 gene into the HindIII restriction site of the PMTI ORF.
10  The resulting mutants were grown on YEPD (about pH6.95) or on minimal
media + Ade, + Leu (about pH4.75, declining with yeast growth).
Unexpectedly, we have found that the pHs of the growth media used in WO
94/04687 are not optimal for the large scale culture of PMT mutants to
produce secreted albumin. We have found that a g((;wth medium 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 to the hydroxyl group of seryl or threonyl amino acids, fungal cells
of the invention may also carry modifications in the genes involved in
20 subsequent additions of mannosyl residues leading to di- or oligosaccharides,

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

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

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



al bumin. Thus, DNA namy be used in accordance with known techni ques,25 JOL 2003
appropriately nodified in view of the teachings contained herein, to '
construct an ex?ressi on vector, which is then used to trans%&t@rﬁ%n
appropri aMO ¥¥4¢72cel | for the expression and production of 92%3 The
DNA encodi ng the albumn may be joined.,0 a wide variety of other DNA
sequences for introduction into an appr2 priate host. The conpani on DNA wil |
depend upon the nature_ of the host, the manner of the introduction of the

DNA i nto The fuagal celhof thecsikdy asnect ofdhe prEgsebE Hvensiosy cambe ghasenofrons 25

desi r ed. ner al | is inserted,into an, expression.vector,, such as

afpl asm df WC’HPB%@L&?? V&R SN A Y eI FRatif yﬁ%fqro‘?xaé%ﬂﬁ%si on.
my e 11 Ak (& o BEPN: Rar o, JEBonst  SRPYNIARL) ol ngels O

regul at or ept i de; i b -.fesired host,
al ?Eough g@%&%@?@?@gggb%@?gﬁg%g\égf g@??@ﬁq? "%’Qﬁ’f‘gss: on vector. It

is " ~sbeneficial to incorporate nore than one DNA ' sequence encoding a S
transl ational stop colon, such as UAA, UAG or UG, in order to mnimse
transl at i Preferabipy- thier duggalareallt expressingl thbe recomdbiriant natbfunsinoregdigd, non
natural fusion proteins. A DNA sequence encoding the translation stop col on
UAA i s prsdguenee is Thiduredcimoa chburcdoedivmrefdatcleast 5000 he mmoret preferabhyh
standard -techniques) followed by selection for transforned host cells.

Host 10 cdlleasish sfornmed are then cultured for a sufficient tinme and
under appropriate conditions known to those skilled in the art, and in view
of the teachings disclosed herein, to permt the expression of the al bumn,

whi chy canyt hen recovered. 1 . eX ssion st eng,are _kno

inclu ngpﬁg‘gf@ﬁﬁ a ‘?‘?oﬁ%@ﬂnﬁ?g E?‘E’/E%%}ne%ﬁt{}gﬁﬁﬁmﬁwbﬂqw, c?@ﬁ’sgt s (for
exanple S Vi S i G : L : C

Cact sy, FAEe CaRRR B nulfice mhediuh RACIENS PrBRillid B BIEHHREEE,
celI's andof BH@?@@.?', h{ioreTﬁl‘émef)ef)PﬂJﬂH.Sf OPfeferdily "theé pHl bf ¢he eafhRe
Sacchar onyces cerevi siae, Kl uyvéronyces lactis and 20 Pfchia pastoris. It
is particmiedium iadnainntziged usisg ausld conteaidr shtfdtca @H betweere pbl6.Bormd

protei n mannosyl transferases 1 nvolved in g}ggltécos,yl ation of proteins, for

i nstance pH6dspigferaly it a et gestweend639 46é and hmord Iprafenallyoatei n

d t a ites f | i nked 25 gl yco; £ d h
ot bbb AL RLaG.4.o Pieloruaiyy et P onplikis sgnanllehrtii 9-20:08 Atlon,
Ho , ity has b f gund .t hat. .r.HA d i f t i
con e otk s 5 Sy Reitg Raia At PaspT duna@rhetinhel pr Ees 56, “The
mannosy! algeliFhPISTP ol fo BB finkf Pl k0 the Tectin

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

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

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

colours albumin. For example, a pigment is a colorant which arises from the
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anount of mannosyl 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 (WO
94/ 0468' n, 5 The. nost convenieint way of achieving this is a
yeast whi¥R &Y% defect in its genonme such that a reducedP e@ﬁ@%&ne of
the Pnt proteins is produced. For exggpl e, there may be a del etion, _

i nsertion or transposition in the coding sequence or the regul atory regions

(or in another gene regul ating .t he. expression of one of the P enes). such
Chat | i t@TEBNIN ) SUPl A YERRH WG TS HSer [0c BYenare cRacombBagt ast

ant 1 body “HRRAR A B4 SRR B R S ot Pt SRR dodilisy oy

protein ¢ zﬂﬁmed, site-directed nutagenesis or other known techni ques
cap be 15 enployed to create single or nmultiple nutations, such as

repl acenents, insertions, deletions, and transpositions, as described in
Botstein and Shortle. "Strategies and Applications of In Vitro

Mit ageaeFhe "albiniteis alsc? 2Barat@fised by kX&emelyhiowh levels nofprgrobyt beinger ei n by
reference. Suitable nutations include chain term nation nutations (clearly
stop codesseniially dree of, abupinium, Jactatey cifrate,gmetilsy enamaslibiriini bumaaf f ect on
t he gene product to be of benefii; the person skilled in the art wll

readi | y BeOteIBSe sieh @Semmuaombalms)nprﬁﬁaaﬁgrpm petivatorh teastaram,edls of the

ar o dcAQH; SHEoRRORb euRmMANE e A Liredreloing h AP PEPRAR O ni nat or
speci {1 OMPESoHBERIERRS Y APt A0ETR ARertEEn 8t BREHER"Aer upt i on
Enoyiasi - S oKE, BUERIE, haghs SeRipRayS. "anlBat Brofsinsshnd vidPE By 100257
i o mee S I N e RIS o' chn derect the di sl pti on
event
The albumin of the invention may be-at least 99.5% monomeric and dimeric,
preferably essentially 100% monomeric and dimeric./f]p to 0.5%, preferably
15 0.2% trimer is tolerable but larger forms of albumin are generally absent. It
may be further characterised by one or more of the following characteristics.
It has a nickel ion level of less than 100ng, based on one gram of albumin; a
glycation level of less than 0.6, preferably less thanlO.IO, 0.075 or 0.05
moles hexose/mole protein as measured in the Amadori product assay; an
20 intact, i.e. homogeneous, C-terminus; a content of conA-binding albumin of
less than 0.5% (w/w), preferably less than 0.2% or 0.15%; a free thiol
content of at least 0.85 mole SH/mole protein; and substantially no C18 or
C20 fatty acids. At least 99%, preferably at least 99.9%, by weight of the
protein in the albumin preparations purified by the process of the invention is
25 albumin. Such highly pure albumin is less likely to cause adverse side

effects.
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phenotypically. In many instances the insertion of the intervening sequence
" will be such that a stop colon is present in frame with the Pm sequence
and 5 the_inserted codi ng sequence is not translated) Alter he

i nserted §@ﬁ@¥ may be in a different reading frane to P Q%&#ﬁ% gﬁ

have one or nore portions (optionally ?acludlng regul atory regions, -gyp to
t he whol e gene) excised or inverted, it may have a portion 10 inserted )
in order to result in reduced productlon of protein fromone of the PMI

| oci and/ BAA; punﬁ@dpamdmg)rmothepm@uon rwil geaerdlly e romlly offeenefvi ng a
reduced Ievegbaf aq% The PMI qg?es of Sacchar onyces, cereV|s|ae encode
a fam |y SRUEGEHY mP‘WfFSSB}CGt 0¢ FeRIRseRl 5%@%@ &filch vary

in their specificity. These proteins are al so known as dol i chol
phosphat e- Dmannose : protein transferases, dolichyl-phosphate-D nmannose :

P Fannalt AERAARNE “%@@ﬁﬁ%e%@%?&%ﬂim?ﬂﬁﬁc B obfaite "
Thi's faM {pdn? 8n Gin gu'i‘é aWBhidBoltisne FThE ?f@ées“saéﬁh fiS&s bhE of xﬂ&lf% 8f tifef

mannose, 1n the formof dolichyl phosphat mannos ont . dr oxyl
group of fdlowiagostdpsr eculturin %n ihia fermemitioepiediumha ﬁme@'@-%@gmﬁ@ﬁ by the
fol |l ow ng reactlon Myz+ Dol Man + Protein (Ser/Thr) ~ Protein

(Ser/ Thr) trMasfontdlwi‘ﬂ\ 25nitleotidaisequtneecenatsiing the gprnosadid sequéncesyfnt hesi s
of doli ~hyl phosphate mannose and the subsequent transfer of mannose to the
protei n obemes jalbuman;enprgfeeably c separagingunihe misroyorganism ofyomy 7ée '
PCT/ GB00O/ Q0257 29It is clear h,at t he, enz s of, this fam|

di f f er ent ICITCHANY ‘BﬁBFbl fRon ‘}5‘9&?95 dhei Byt i SRrespryTa e%“(ql‘%m?)

d I 481- 486 b

oL °§ﬁ§cw2¢ms§lhg b Bbaonel SSRGS R o 5,
h t

ggccszhg\rmonyces C ra§ﬂ3| ae g{fglﬁir’#fﬁiélﬁ%/ﬁﬁiﬁt éeR{e %@%{;@ﬁlsgggs egapparent |y

unaf f ect egiiafilRréder prflihcor Mﬁgﬁ“tadlorfﬁnh'éﬂt va&sma@gaggyycosi gh,ated in

a pnt4 nmutant strain. The 92kD PnTlp protein O mannosylt erase enzyne

has been glgrafilieeihgdiatiltehiogo ggnudn t beforem potification e ghrduetharwaiTy Gasher

cerevisi ae menbranes (Strahl Bol singer and Tanner (1991) Eur. J. Bi ochem
196, 185- de@matdgraphimstepsicant figal uitraftleravion/giafiftion. has been cloned and
sequenced. The gene is |ocated on chronosone |V and encodes a single

pol yp‘e";pti de with a primary sequence of 817 am no acids (Strahl-Bol singer el

o1 (1999) N2 A0 37 AL Aol BRI G BRSSP
solution may be a solution obtained from serum by any of the plethora of
extraction and purification techniques developed over the last 50 years, for
example those disclosed in Stoltz et al (1991) Pharmaceut. Tech. Int. June

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

In a further alternative, the albumin may be obtained from a transgenic
animal, such as goat, sheep or cattle, from, for instance, the milk or the

25 blood of the animal or, in the case of transgenic chicken, from the egg white.

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

plant, such as tobacco, potato or corn (maize).
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be used for the identification of related mannosyltransferases encoding
genes in Saccharonyces cerevisiae. The sequences shown in Figures 10 and |1
are honol ogous with the protein 20 encoding region Saccharonyces cerevisiae
PMIl, the sequences shown in Figures 12 to IS are honologous ,. with the
pr ot ein end00d772egi on Saccharonyces cerevisiae PMI7 and t RCEEHUANEES
shown in Figures 16 to 17 are honol ogous with the protein encoding region
Sacchar omyces cerevisiae PMIS. Persons &Xkilled in the art will appreciate
that any one of these 25 sequences may be used to identify (or disrupt)_a
Saccharonyces cerevi siae mannosyltransferase gene. It will be appreciat ed
that fragments of the sequences represented in Figures 10 to 17 may
si mi | ar| y Indnstances whenm;he;alimmlnels ]wtmﬁ(td firom momeplagmassonreds, phiorsatjuences
represented in Figures 3 WO 00144772 PGI/ GB00/ 00257 30 10 to
* 17 «and th@m@@nﬁ@mﬁchﬁ&eédﬁad m@hmlau‘é%lyflaghgléﬁ@lr of nirkehdonsi. ojdbumin

ool ogouds Koy hobioniy k”°ﬁﬁsh”4+ﬁnw“e i sl los soRpepobiskel st eineoss & 5o o,
10 (o' 7y b Wlerito PhEootebdler, PRI, B eRisule 3 16°

to 17. Perg r x&m&l 88@ |ng 10
seqguence Hﬁ&r ma{y)on using t eﬁ%ggﬁo%gfg@%%%ﬂgﬁa verg?[(%ﬁ%) escri bed

by Dever eiggrification. (AlbaiminAshified S2cotdingd&o) thl@%ﬁexﬁﬂﬂl ﬁX@'a' siﬁbﬂsi&xgg}“ the
University of Wisconsin Cenetics Conmputer G oup ( . The” GAP~pr ogr am

utilises tlow kevelgofeickehiszod of Neddl eman and Wmsch (J Mbl . Biol.

48: 443, 1970), as revised by Smth andf Waternman (Adv. Appl. 15 Math 2.482.
1981). The preferred default paraneters for the GAP programinclude: (1) a
unary comparison matrix (containing a value of 1 for identities and O for
non- i #@nt iRreeeding or felowing aay) 05%’@6 tRTecoduIgh t ofd they presans davention fheof

Bri bskov and Bur Nucl . Aci.ds Res 14: 6 1986 as descrihed by
Schvar ts AMORTAy ROMGOR R ADRIETES RGPS, GReBdklfon SOnGRIT Ty, AOREOR S0
Nat i onal e d 97 alty of
3.0 for eileﬁﬁﬁ&ﬁ%f@% %aﬁi‘e? e e BF ) HASE salS e, e 1R B
gap; and uiifh t si ae
is used,. g‘mrupt ?@%ﬁo one or gb??po%?c l 8@%?1189 (gce]élbﬂﬁent pCS{EYd
genes of %ohﬁﬁmeVl ,atheoalbaffihi ﬁiayl be eEeatell mhlaarmngwhgemror
Kl uyverorrryces |l actis. he sequence of ; PMIl (or any other gene)
i sol al®&d ﬁnaymﬁdertgerzedeeolearatm $tepused for the identification or
di sruption of genes encoding simlar enzymatic activities in
The final product may be formulated to give it added stability and may be
formulated according to its intended utility, eg it may 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.

25
The albumin of the present invention may be fulfil various roles 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



2'S ~ uL 200g! WO 00l 44772 31 PGT/ GBOO/ 00257 other fungal species.? ryl 2003
cloning of the PMIl honol og of Kluyveronyces lactis is described in WO ‘
941 04687. r |If a yeast other than S. cerevisiae is used, the sequences
represent egvo oo/f47¥3 gures 10 to 17 may al so be used to identiPgr/GBoo/dezsy upt )
a gene equivalent to a S. cerevisiae PMI gene. Persons skilled in the art
will appreciate that fragnents of the s2juences represented in Figures 10-
to 17 may simlarly be used, as nay sequences which are honol ogous with the
sequences fd%ﬁﬁﬂ&t‘i‘éﬁsedfrbé‘zé:—dﬁléﬂeﬁ)rﬁﬁlétibds7oﬁrf6rﬁ1ﬁﬁltfdn%gfﬁmiﬂxilﬂ%ﬁpf forl0 -

Met hods for carrying out gene disruptions are described in the Iiterature,
an exanpl estabilishiionh 0f otherr pioteinby diingnpetifiehtion Baahroelll culture, viral
Pirie-Shepherd, S., Trinh, L., Shiloach, J. and Foll Qhan, J. 1999) Yeast 15
563-572) vpnoductiencgeb@ﬂmmp)’uaevmo fdmhmmedmwcmi for coattumatedicd gene
as «a marker IS flanked by Pichia pastoris DNA speci.fic to the target gene.
In the exadgyieesosualy %ﬂw?@%‘é&q srtlctensandovasenlar presheses-DNA sequence coul d
be msgrted at a position within any of the DNA sequences represented in
Figures 10 to 17. The yeast wi |l advantageously have a deletion of the

051 23857 WrrupUh BecnidEOETel e b ERRaE o' St Bhalc b Re ™
expr essi on?,pdh Hﬁﬁ@% @ecémﬁm foh.cerevisiae 2-mplasmd. At

the tine o trans ormng t ast asm d contains bacteri al
replication and sel ection 25 sequences, which are excised) follow ng
transformation) by an internal reconbination event in accordance with the
teachi ng of EP 286 4ZBRIEFDESCRIPTHODOOIOTHE BRAWINGSssi on cassette
conprising: a yeast pronoter (eg the Saccharonyces cerevisiae PR31
pronotl®r), as taught in EP 431 880; a ~~5J UL ' 2003 WO 00/ 44772 32

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

Figures 1 to 7 respectively show the construction of plasmids pAYE309,
- pAYEA40, pAYE438, pDB2241, pDB2242, pDB2243 and pDB2244; and

15
Figure 8 shows electrospray mass spectrometry of conA-binding rHA fraction
from rHA prepared according to the invention.
Figure 9 shows the effect of pH and time on nickel removal from rHA by
20 Chelex™.

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

protein encoding region Saccharomyces cerevisiae PMT].

-

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

encoding region Saccharomyces cerevisiae PMT7.



PCT1GB00/ 00257 sequence encodi ng a secretion | eader which, for exZu?pf%‘; 2003
conpri ses nost of the natural HSA secretion |eader) plus a small portion of
the S. cerevisiae amating , factor secretion | eader as taught in WO

90/ 01063; the HSA coding K sequence, obtainable by known net hogs for

i sol at i ngW““é’b’rrespondl ng to 5 human genes, and al so di SctBSEPRR7 1 or
exanpl e, EP 73 646 and EP 286 424, andgs transcription term nator,
preferably the terminator from Saccharérrryces A DH , as taught in EP 60
057. Preferably, the vect or incorporates at | east tvvo transl ation stop._

I . 1Q..Th f th bed ,ab
ot ¢ hougEREsod0aFRtcl yepisSel S DA Shalehee? Pl Bolthy 15, pLe:

obt ai ned, _al t t [ rrproved yi el d of
product . R‘}Bfegﬁgﬁg%%lﬁgr{%éﬁ){ﬁﬁé#?:h%@é}fcgrm%&& and purification
process i s described in Exanple 1. 15 Exanple 1 The cloning strategy for
construction of the al bum n-producing mcro organismwas as disclosed in EP
431 880 except that the 3' end of the 20 al bumin codi ng sequences and its

j unctign wi pinAgy AHInESCAIPTION OF PREFERRED SNHRIPIMENTS JIF" o
such- hat CreADT ot g SseguenctewWas— er rrimaretd—attt—Sucr—thatr—tno
consecutive in-frame transl ati ok INEENTEONEr € present, “foll owed by a
third stop col on downstream) as forfowsT  ~ Jut 2003 WO 00/ 44772
PGT/ GB00100257 33 i N ....... LG.stopst opAstop. , ....... TTA GCC

Whereas the processes of the present invention can be utilised to obtain highly
purified-albumin from an impure albumin solution from a number of sources,
10 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 aibumin.
Ve
15 DNA encoding albumin may be expressed in a suitable host to produce
albumin. Thus, DNA may be used in accordance with known techniques,
appropriately modified in view of the teachings contained herein, to construct
an expression vector, which is then used to transform an appropriate host cell

for the expression and production of albumin.

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

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

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



TTA TAA TAAI GCT TAA ...... Thi s was achi eved by nodification of Zt%é]U‘ADIz-lnlﬂ?’ .
termnator fromplasmd 5 pAYE309, described in EP 431 880, by PCR

mut agenesi s using two single stranded ol i gonucl eoti des) JMADHL and JMADH2
Wi th the 3Q0¥#&s: IJMADHI 10 f. Hindlll ~ 5 - PCT/GB00/00257
GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3' 15 JMADH2 Not | BamHl 20

3' - TGGACAACAT TAGCAAGAAGGT GTGCCTAGCGCCGEEGCCTAGGTACG 5' The PCR condi ti ons
were 25 cycles of 94C for 60 seconds, 37C for 120 25 seconds and 72C for
180 seconds DINA fmay8ké ladkedpto dhe appeepriatgetranscriptidnadloamd tfandlationahd
BanmH and ligated into plasm d,deST+, described in WO 97| 24445, simlarly
di gest ed mg\ﬁaﬂqmdcwntr@nammq e sequencgs eregapmised dyvrbeodesired host, The

Stranded aHQUBERLEPRESIS HPIARCIRLY HaLSPIouH U SRPTCSSIOnYRRR: W it he
B0/ 00257 Peneicials ior IRe AR PR il Ao DG segpiepge . egeoding a
CACCAGT GARCETIRREar t5p codblls sEOR S 0HA | OIRGYEH UG, tebitr % Rfifufify 20
translational read-through and thus avoid the production of elongated, non-
natural fusion proteins. A DNA sequence encoding the translation stop codon
UAA is preferred. The vector is then introduced into the host through
standard -techniques, followed by selection for transformed host cells. Host
10 cells so transformed are then cultured for a sufficient time and under
appropriate conditions known to those skilled in the art, and in view of the
teachings disclosed herein, to permit the expression of the albumin, which
can then be recovered.
Va
15 Many expression systems are known, including bacteria (for example E. coli
and Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae, Pichia
pastoris and Kluyveromyces lactis), filamentous fungi (for example
Aspergillus), plant cells, animal cells and insect cells. The preferred micro-
organisms are the yeasts Saccharomyces cerevisiae, Kluyveromyces lactis and
20  Pichia pastoris. It is particularly advantageous to use a yeast deficient in one
or more protein mannosyl transferases involved in O-glycosylation of

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

The albumin protein sequence does not contain any sites for N-linked
25 glycosylation and has not been reported to be modified, in nature, by O-
linked glycosylation. However, it has been found that rtHA 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
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seconds and 72C for 50 seconds and then one cycle of 72C for 10 m nutes,

using the ADH term nator in pAYE440 as a tenplate (Fig. 2). The machine 15
used was a Perkin El nmer GeneAnp PCR System Q600. A product of the f correct
size) approximtely 0.33kb, was obtained and digested with %oth H ndl |l and
BanH . Pl XMYHPA¥E309, described in EP 431 880, was di gest & Wit WS 1 and
H ndl 1l and the 0.84kb DNA fragnment containing the PRBI pronoter fragnent
and part of the HSA/ MFa-1 | eader sequen%Fé (WD 20 90/01063) enployed to ~
direct secretion of mature HSA, was ligated into Notl and H ndlIl digested
pBST+ ) d€omcabavhlim A0 TH 4dddintt of grarnasydatet aslburhip Axiedased Fiyy.thd) . The
reci pient plasmd pAYE438 was digested with H ndlIl and BanH and the
nodi fi ed ABRit ¢ady be Tedueed\by Wsing & ¥east strainodeficient i one orvaere of the
generate md Fi 4). This plasm d 25 contains the pBST + (WD
‘ 97|..24445).%4‘2@]&5’6‘("{@?%?(ﬁé1 .@gnprormter and the nodified ADHI term nator. To
facilitate the introduction of two translation stop'codons at the end of
the HSA coding region and create the required Hndlll site) the 3" end of

pCT) cabor uedioff SO EFa Wyt Sbving Ry Bota SHCH: AMCRU AN B8 o

ligated i @efechinfitd gl;:ﬁ&;m@'ddchcﬂiat RDRRItEdalYeF OF e SEF (i Pfht priotdingid © at

its 5' end, a stuff region and then the Bsu36l to H ndlll" sequence of
the ~i SA ppdduaedDNFor eRatnple,Sthetéd mdyhbe addéletion, hiseaibiedst b itiea@s! ati on
stop codon. Clones wth the linker inserted were checked by sequenci ng

and t he cdhe eoding sequeticelexi theategulai®B? 1¢gionki (@r if)andtherkgeneAf@nlangl 0 AT21
A ~1Tl Bsu36l ) )
the expression of one of the PMT genes) such that little or no Pmt protein is
10 produced. Alternatively, the yeast could be transformed to produce an anti-

Pmt agent, such as an anti-Pmt antibody.

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

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

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

25 mRNA. Specific mutations can be introduced by an extension of the gene
disruption technique known as gene transplacement (Winston, F. et al (1983)
Methods Enzymol. 101, 211-228).
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Hndl 1l 15 TTA AGA GTC CAA GCC TTA GGC TTA TAA TA CT CAG GIT CGG K&* ccG
AAT ATT ATTCGA AL GL Stop Stop 20 To create the final rHA expression
cassette the A tll11Bsu36l fragment of pAYE309 (Fig. 1) was ligated into A,
f111/Bsu38YO8¥§E3t ed pDB2242, nuking plasnid pDB2243 (Fig. &FT g?i? 0040359)
the.r~i A expression disintegration vechg was made by ligating the Notl
expressi on cassette from pbDB2243 into cut pSAC35 (Sleep et al, 1991,
Bi ol Technol ogy 9, 183-187 and EP 431 880) 25 to generate the plasmd
pDB2244 (Gegera’rby,uone/mscmatm&cmtrleanad«:rdﬂ disuptragene ispquence, shitrthishe sane
orientation as that of the LEU2 gene. The pl asm d pDB2244 is therefore
deri ved fnwd e be sthet @@ﬁeatP@ﬁlCN%bbrl d@@c@a{ldﬁtﬁ@tr yhey disrypim ieveat (1989)
Current et| CS. 1@0{ t“ and U ~ 2U03 %OOI 44772 PCT/ GB00100257
36 -corrprP ‘é%OtYWé:a I%énsﬁ?ﬂﬁeﬁl n‘lnaempﬁeof_ %ﬁ\éﬁ%gcsﬁﬂt!?%nt t he

S?ﬁe'seéiyﬁfiéb?f%w%@#Hestﬁg&@éédgﬂﬁéég‘éﬁih bl 0t e PR SR8 T
5" cysom So RGN COTHh FoqteBe R, ik Idfoleds o] RHERLAR hp I iRl nse

pr oduct i ogequientéiindyObk i aydiffedert realidgl frameqn Bint. ). The expression vector
utilises the S. cerevisiae PRBI pronoter and ADH transcription term nator
to control expression and the HSAl M~cc-1 | eader 10 sequence (WD 90! 0l 063)
to direct secretion of mature HSA. The plasm d pDB2244 was introduced into
a Sacchar Thy cgenec may ihgvaeonsy oni mondipotions (bptionalyddcluding regulagony! [ cir]
by the nmethod described by H nnea et al) (, 1978) P. N A S. 75, 1929. The
pnt | ~nut aregiensyeNp ke the pykale gens) Wctsﬁé Qfemnsﬂe@f ongt ma)ohsw a portion

yeastity { RBSBRToHE OHIF RoTEsHlhit ool Rt DRAHA Bgh Serst 19) o 50
Sucr bse) ) PIEL RAAoRIG i e Rifiliclibh DEREPRIAREH e’ RS, P, s BALREC ")

30C, 200r containing either 10mL of complex (YAP) 1 %
R'Pedutedidbef l}ﬁ‘ﬁ}‘t?v WﬁO) g mpl ex ( YAP) 6

(W v) yeast extract, bact opeptone and 2 % (w v) sucrose), ~ or
buf fered m ni nal rredl umliquid nmedium rHA could be detected in the cell
free culture supernatant by SDSpol yacryl am de gel el ectrophoresis and/or by
rocket geThenRMiBegeamisr of hSnardinsomybesA ceravisiaeneteiidecal famillyt of eséven
buffered minimal nediumis used to prepare

15 (PMTI-PMT7) protein O-mannosyltransferases which vary in their

specificity.  These proteins are also known as dolichol phosphate-D-
mannose : protein transferases, dolichyl-phosphate-D-mannose : protein O-D-
mannosyltransferases or phosphomannose transferases (Gentzsch and Tanner,
EMBO 15, 5752-5757, 1996, and references included therein). This family
20 of integral membrane enzymes catalyses the transfer of mannose, in the form
of dolichyl phosphate mannose, onto. the hydroxyl group of serine or

threonine within the polypeptide chain, described by the following reaction:
Mgt .
Dol-P-Man + Protein (Ser/Thr) =  Protein (Ser/Thr)-Man + Dol-P
25 The available evidence suggests that the synthesis of dolichyl phosphate

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

endoplasmic reticulum.



runtni ng stocks (working cell bank) of process yeast suitable for t?lé JULZZUS“"S
JUL 2003 WO 00144772 37 PGI/ GB00/ 00257 preparation of shake flask cultures
by freezing aliquots of the culture in the presence of 20 % (w V)

trehal ose. --r The fernentation was essentially the sane as is described in
WO 961 37S1SvSoamei7)S S 728 SS3, both of which are incorpor at BET/S000025hy
reference, except for the followng differences: Seed Fernentation 10 After
t he medi um for rHA production has been &%ded to the seed fernenter vesselr
the operating tenperature of 30Cis set, as well as the mninmumstirrer

speed set tfp j§cdleAY thab AHB UG hiex &N this Fadilyi Haws AAfferint @ibstidie (FrdksinyUCh
as oxygen or carbon. The initial pHis adjusted with ammonia solution

(speci fic gpavificitids. @dntzsehi agl TaphercARN7Y|Glycobielogt 75 480:485)nt Firld ofl at
1S 6.400. 10. Alternatively, pHis maintained in the ranﬁle of S.SOto S. 90,
.wi th the | ceeen desitprotciaeweseisnbstoaes orsPelp rnd Pmit2p athepprodugtsef 4 ust ed
w th ammoni a (eg aqueous ammoni a specific gravity_ 0,;,880). This | ower,

f er nent at i oprMé'l-q angl PALLY geneshrespecthiehhcasashiayen bytheir 'éﬁiqfrgl)’ﬁ@?e.‘/’ﬂﬂ@l M the

‘ator omefi el Parl efibcinetiahusll codiefoe Gute T, iy st noe
st r unont PrOFDRerY Appaely st PledOhe " PRELE B BNty it buty,

of the PMI @%d&?l?&%y%@d‘iﬁﬁ%&ﬁuaﬁt Rgagficial for the fernmentation

to be conducted at

The 92kD Pmtlp protein O-mannosyltransferase enzyme has been purified to
10 homogeneity from solubilised Saccharomyces cerevisiae membranes (Strahl-
Bolsinger and Tanner (1991) Eur. J. Biochem. 196, 185-190). The gene
encoding for the Pmtlp (PMTT) has been cloned and sequenced. The gene is
located on chromosome IV and encodes a single polypeptide with a pnmary
sequence of 817 amino acids (Strahl-Bolsinger et 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 sequences shown in Figures 10 and 11 are homologous with the protein
20 encoding region Saccharomyces cerevisiaze PMTI, the sequences shown in
Figures 12 to 15 are homologous with the protein encoding region
Saccharomyces cerevisiae PMT7 and the sequences shown in Figures 16 to 17
are homologous with the protein encoding region Saccharomyces cerevisiae
PMT5. Persons skilled in the art will appreciate that any ome 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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hi gher pH than is normally required. Thus, rather than control the pH at

2 5 JUL 2043 WD 00144772 PC C/ GB00/ 00257 38 approximately 5.5, it is
beneficial to have a control set point between pH6.20 and pH6. 70,

pr ef er abl ywoe#pM&se8h pH6. 3 and b.5. At such a higher pH, the &¢3YGBH08I5Tt he
centrate is significantly inproved due to reduced cell lysis. Cell lysis
results in cell debris remaining in susiknsion following a centrifugati on-5
step of the fernmentation which is sufficient only to renove all whole cells
fromthe sypesnItat thell chts eherest.” aTshmi &am:egéne:%mgen@mélc%@ugl cant
reduction in the wet weight content of a cul fure supernatant is shiown when
the yeast seguendesuredvélhkhownpbl themge b.3 to 6.5 conpared to pH5. 5.

Ferment ati on pHWt Wi ght Content of Su ernatant (g.L'1)5.59.9(2.4) 6)6.3 -
6.53.4(1.0 13) 10 Table 1: Rel ationship between centrate qveality and
fer.rreaftagton}agH In seed fernenter yvessel. Val ues iin parentheses are
standard dévsheuldnbanappreeite thaéagﬁl as homplpgons sequencs, uwed inelude pH

anti  odm rwees EVIBEAE 168 A S0k %808, S Bomiiearbalia (o
. q : . ] : i . .
Ttro of reemepsio MY o OrLEURs 16, 4.8, e il ATRRIREE £
wei ght L' ké@g&%&ﬁw%nglmggggtg%g?d a 20 supervisory conputer

control systemis initiated. The e ch phase is 62 t 10 h from an
I nocul um concentration of 12 ng.L'1. MMO feed nust be connected before the
end of the batch phase (volune equal to batch vol une). 25 Jtit.

2~(~E.. _ P& Qeh#didbtiology can be determined by, for example, by comparing

10 sequence information using the GAP computer program, version 6.0
described by Devereux et al. (Nucl. Acids res. 12:387, 1984) and 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.

15 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 O for non-identities) for nucleotides, and the weighted comparison matrix
of Bribskov and Burgess, Nucl. Acids Res. 14:6745, 1986 as described by
Schwarts and Dayhoff, eds, Atlas of Protein Sequence and Structure,

20  National Biomedical Research Foundation, pp 353-358, 1979; (2) a penalty
of 3.0 for each gap and an additional 0.10 penalty for each symbol in each
gap; and (3) no penalty for end gaps. ..

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

identification or disruption of genes encoding similar enzymatic activities in



39 PCT/ GB0O/ 00257 Features of the fermentation control al gorithmi sk oHe
the end of batch phase being signalled by dissolved oxygen tension (DOT)
increase of > 15 in 30 mn; the feed being initiated at 0.05 nlL per litre
bat ch medi um the substrate feed rate being determ ned accordi ng to_ the
fornula, WPO/4EF ' ** 5 wherein SF is substrate feed rat EFE{HEPNRST) .
SFo is initial substrate feed rate (nL.mri'), pis specific growh rate
(for exanple 0.06h""), and k is a courtler variable started at 0 and -
i ncreased by 0.0167 once every 1 min if all conditions are nmet.; and the
subst r at etlierefungal apécies. nEhe plomingoof die PMBPEi mnomokopu o€ Klupverespaeese t o
DOT < 15 % andl or respirator uotient (RQ z 1.2. 10 The feed is stopped
if the leU@tﬁEdﬂSCﬂbefi)HeW@r%‘b’%éﬁme <29.0C or > 31.0C. This may al so be
done automatically through the control algorithm The SF is reduced if the-
average RQ > 1.13 over a 2h period) or if there is,evidence of ethanol or

acetate ﬁcurmlégti f é)gHASJ tation.is.incr ars]t@g to'maintain DOT > 20 % air
saturati oh.? Je8Y PHETt s CEYSIE 13 Helo JOEN SERISNGES JEPEFSEBEIF30 i s

I NnCreasegs: . [ 14 leat ' h d phase
dur at so n (}Ifléﬂrbeg 139%171 ﬂéég%féﬁ&% n‘?scéﬁlg{ce))n{qerﬂgbs X&r H%?Za% g%lggs(&@fib?%é g(gs sel .

20 The aigr ¢f | b & alk N t hipapgdhd r td | | e

val ues ofa gy‘%&w%gtz aﬁ‘eﬁf%?g&( ClJIP%)kI andQg'gllrbgoir?etrsfl1 %xdirggv fél\?g?&%ﬁzﬁbptg{ag (CER),
at | evel Srapménts iofrthe sequenes depssental in FiguresalQ/ & 17 thag sinilaflyowe r at e of
the fernmentation is nomnally 1 vivim Daily checks are perfornmed to

det er ni naiséd, pas i mpyofsequencese whithChyke Appnologoase withpiths sequenetsi ned.

At the end of the feed, the culture is transferred to a production vessel.

. WO aopresgmted 40 FgenesckQ enlFanddghe ftagmemsaherepf. 21103 .. PCT/ G
BOO/ 00257 The production fernenter is inoculated at 0.25-1.00g.cdw.|:1. The
i ni tid€l Is adjusted with anmonia solution (SG 0. 901 ) using a pH

pH ! .
i nt i natiefipds for Rafgie,ous 286¢ e lioR it iashiiop igr e JHEFURIS AR poi nt
i nt i o Ayt _ | _ _
armoni &SRB of LR s REscilod By ORI d1 (RoBIBETEY RERISRIBRIT . .

enhanced STRYYifREC!, " SHiRjdch, AT, Ainid! FoRémAe] I 1999) el P56 5PhPwhidh t he

initial pH'to bé néar the top of the aforenentio
describes the use of the Saccharomyces cerevisiae SUC2 gene as a marker

15 flanked by Pichia pastoris DNA specific to the target gene. In the example
of Pichia pastoris disruption, the SUC2 DNA sequence could be inserted at a
position within any of the DNA sequences represented in Figures 10 to 17.

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

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

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



ranges to facilitate observation of early netabolisn) since a de&ﬁn@'—i'zpn%H,
is the first sign of growh detectable by on-line instrunents. 1~
Particularly for strains with a deficiency in one or nore of the PMI'
genes) it WOHM&EIn found to be beneficial for the fernentatiRsA/6BOMW257
conducted at a higher pHthan is normally required. Thus, rather than
control the pH at approximately 5.5, it3£/s beneficial to have a control set
poi nt between pHti.20 20 and pH6. 70 , preferably between pHti.3 and 6.5. At
such a hi ghfenpélentcbdinpal secyetidn ldwdee aviiich] for exshplel, fdoadpiides mogpopved
due to reduced cell lysis. Cell lysis results in cell debris remaining in
suspensi othd nhtuoali H§ Aa seeretionf legder, plus aegmall pobtod of thetSatdevevisfiech- i s
sufficient only to renove all whole cells fromthe supernatant. This is
denonst r amadingnfacéen secretigmeleadgr 25 taught in WA 90 3; othei HS ecoghinng wei ght
content of a cultuye, suypernatant is shown when the: t is cultured at pH
6.5 conpasqusepﬂﬁ@.l@ 3'ty khgwa g pasoiatme PORdImg o

U
‘TZﬁLe | “huRBeTnR: 398 v AR i ECRERREG- Hha7d SAnaLERegads © ¢
Sucrose ¢ BrdasTReribgif Wriifatel, BLORrG B SerAitor OB St BBl

0.049. L' 450] addeshdit mﬂgwsaso?ﬂ'/-. mférﬁbf)i,athg%*éﬁrrﬁfc%rﬁ%%§§£&gs§~ 60 »

determ ned according to the fornmula: 10 SF“= 1000 x ~, X

Y~ s X [ sueoaraklationr stop cfdonss initial substrate feed rate, p. is specific
gromh rate (for 15 exanple 0.06h'"1), V~~,, is batch volunme (L), Y~,s is
cell yield (g.L'*)) [sucrose] is sucrose concentration (g.L'") and [CDW is
cell dry weight concentration (g.L''). The substrate feed rate is

det er # nedhgchoics af vavious elements of therplasmidsdescribed abawer isi motFhought
.Substrate feed rate ri'); SFo is_ initial substrate feed rate

t m..mri

{ni. nin-' §9 bp diregtly FYan tSIr‘Bﬁ/tPr\'r%(tQ,f thejalhumin, prodyce obgaiped althargh ) | and
K i t i abl tar. t 0 .and i d.b . 0167 2] 1
min i1 H Gl RSeE Dnib et anBroy el of L ph Rlodid conBrerTH

. g . £ on.. ) . . Gl At ¢
i sr s OBt of U TeRhpAfroR"dndt “Fribaioh dtbee 1y AGPOLEEE ot ©
(RQ >_ 1E;’(am'pp@1feed is stopped if the pH < 6.2 or if the 2s tenperature
<29.0C or >31.0C. This may al so be done automatically

15 -

Example 1

3 {

The cloning strategy for construction of the albumin-producing micro-
organism was as disclosed in EP 431 880 except that the 3’ end of the
20 albumin coding sequences and its junction with the ADHI transcription
termination sequence were altered such-that the ADH coding sequence was
eliminated and such that two consecu.t.ive in-frame translation stop codons

were present, followed by a third stop codon downstream, as follows:
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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 maintain DOT ~ 20 % air saturation) and naintained
at a maxi MMO¥AEE2attained in order to facilitate mxing. OREEGHIYVPEEd is
started and the culture is under carbon Iimtation, the concentration of
Breox FMI30 is increased to 0.2-0.329.@31 (cal cul ated on final volune). The
expected feed phase duration is dependant upon transfer limtations of .the
vessel, typically 90-120 h at the 8, 000 L scale. The air flowis increased
increnmentally through the fernentation to nmaintain the val ues of oxygen

upt ake rate (OUR)..and cdebon & oxi db evoStopi ostomt e ACER) stapt | evel s
su~cient to provide accurate gas analysis. The vessel is overpressured as
necessary to enhance OTR. Tie air flowrate of the fernentation is

nomnally 1 v/vlm Dai che C e rfor to erjne purity of
cul ture and CDW “~and ajﬁﬁ?’bpr‘i%ﬁ%e %I e%e mi ngg:.eItT | ture is held

for downstream processing at the end of the feed. Hold of Production

Cul ture The prodiuction culture nay be hel d under appropriate conditions to
enabl e batch processing of the culture. The hold tinme should be kept to a
m ni rum but can be extended up to 48 hours and beyond if necessary (eg to
S days). It will be appreciated that, under conditions of batch processing)
the constraints of hold tine as expressed herein apply to the final portion
of the cullhis evasoabkiepeddes nddification of the ADHI terminator from plasmid

5 PpAYE309, described in EP 431 880, by PCR mutagenesis using two single
stranded oligonucleotides, JIMADH1 and JMADH2 with the sequences:

JMADHI1
10 /"
HindlIll
S' - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3
15
JMADH2

No:l BamHI1
20

3'-TGGACAACATTAGCAAGAAGGTGTGCCTAGCGCCGGCGCCTAGGTACG-S'

The PCR conditions were 25 cycles of 94°C for 60 seconds, 37°C for 120
25 seconds and 72°C for 180 seconds. The 0.48kb PCR product was digested
with both HindIll and BamHI and ligated into plasmid pBST +, described in
WO 97/24445, similarly digested with HindIIl and BamHI, to create plasmid
PAYEA40 (Fig. 2). The ADHI terminator was further modified by PCR
mutagenesis using two single stranded oligonucleotides, AT19R and the

30 universal —40 primer with the sequences:
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fermentation, or an inpure albumn solution fromany other source (such as
pl asma), is prepared, or conditioned, for chromatography on a ration
exchange ngbropMami | e protecting the rHA from pol yneri sat i orPCHEB§YIRFase
activity. Preferably, sodium octanoate is added 5 (Chronmatography Sol ution
14 (CS 14) - Table 3) to a final conce@ration of 11 OrM for exanple ~
approximately SmM The pH is adjusted with acetic acid to pH4. 3-4. 8,
preferably 4.50 t 0.1 (nost preferably 0.05) and the conductivity is
checked to be < 5.5n5cm 1. 10 Chronat ograph~, ~ All operations can be
carried out at anbient tenmperature (A@THIRC). The al bum n loads (g/L) for

t he chronmat ography columms are determned fromtitres of albumin (g/L) by
ei ther SDS-PACE (at the ~first skﬁg%ggr GP-HPLC 15 (for all other columms).
Thes progress of each step i s noni by neasuring LTV absorbance on Iine,
for exénple at 254 or 280nm In a particularly preferred enbodi nent of the
present invention the rifi QN S i i.ng,st eps:
rati on exchange 20 chr 'Tééfggh@b%ék?ﬁiéyygﬂﬁgﬁhéiihgﬁggaghkgﬁtfb raphy
(DE-FF); affinity chromatography (DBA); ultrafiltration, and diafiltration;
a second affinity chromatography step (PBA); ultrafiltration and
diafiltration; a second ration exchangggchromat ography step (SP-FF2); anti
a second ani on exchange chromat ography—Step (DE-FF2). Preferably, these
purification processes are 25 foll owed by final
ultrafiltrationldiafittration followed by a fornul ation step, and/or

pl aci 19 of the sol ution3'nrt CAGEACTIGACGCATEITG - .5 JU ~2D03~- _ WD

001 44772 PGT/ G B0O0/ 00257 The sequence of chromatographic steps as descri bed
here is novel and inventive in a nunber of aspects. The use of an

am nopheny[o PORtndRRAS Wete 2§ widles asf D4 oferd30 Webohds 2AS0UE SO 4@ d
herein, and a snmall |oad vol une has been shown to give increased yeast

anti gen clsegondwcand a2°Crfars 60 esdctrydsbarid Izn pabanyiclelof F2PQ! fr. 10 meinktdst er
used wth the am nophenyl boronate matrix was unexpectedlg}found to be

parti cul arusing éeefiDH Lierminator in pépY E44R a5 a iemplase|(Figys 2) nThagnachingi al s
buf e Spr PEACYas sPei AT GonsAERIsc Fedran 800or 4 guotughof ghfe
when compay et stige,t E&?p:%ﬂ%ﬂelf%fgﬂcﬂ, gs TBthined and digested with both
Hindlll and BamHI. Plasmid pAYE309, described in EP 431 880, was
digested with Notl and HindIll 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 Noil
and HindIIl digested pBST+, described in WO 97/24445, to generate
plasmid pAYE438 (Fig. 3). The recipient plasmid pAYE438 was digested
with HindIll and BamHI and the modified ADH]I 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 pronfoter and the
modified ADHI terminator.

To facilitate the introduction of two translation stop codons at the end of the
HSA coding region and create the required HindIIl site, the 3’ end of the
30 HSA coding region was altered.
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10 chromat ography step of WO 96l 3?515. Loadi ng t he am nophenyl bor onat e
matrix with a highly concentrated al bum n solution, for exanple 1001 Qg.L'1,
-means that inproved resolution of the rHA and yeast antigens can be
achi eved because of tie smaller |oad volune. 15 WD 96/ 37515 %p/&h#ﬂg& 2 S200
gel per meXQWH4TRep after a first affinity chromatography st&p: gel
filtration step purified the albumn w,th respect to yeast antigens,
pi gnent and di neri sed al bum n. W have-Pound that this step is no | onger”
necessary because of the inprovenents we have 20 made to the .
am nophenyl boronate affinity step and the introduction of additional cation
and. ani onThecdeutde stiapied bligbouélegtidé elinkerm o AT AR vedse lighfedniitiy St ep
it is preferred that the albumn is concentrated and diafiltered for a
negat i ve AfHosIBhcaxpbB2dd12mdscemprised a4/ ositel at fitst5't erd, costiffert i on of
thiss diafiltration step and_cation exchange stefp substantially reduces the
rel ative Eegiorand dhewthe FsudblctoclTlindliE sequensgq irbeFHSA codisgi DAt 0 a

low pH is effecti .n reducin ickel ign. 2 5 JUL 200 WO 001 44772 45
Pt & 0oratty ddind SR exR.TAX trandiion Sih cPrieh. aCioneh Witk B o
present i ¢ S 1.Si hgl W i i cant an
Toongl'g olti&in RRREA°wirE hBLER! B PIIR"sEfcing A" B Eplroct BEARMATY, o
herein, i canavalin A binding material (cbnm) which is
a snmal | aﬁ%ﬁ%‘?ﬂ%‘g 9@3@@;@5&;& t hought to be gl ycosyl ated. The negative
node ration exchange step has been found to reduce the cbm content produced
by reconbi nant pntl -nmutant Saccharomyces cerevisiae by approximately 1.3
fold. .~ greater effect is achi eLimkert AT2HB2deri ved fromnon pntl nutants
10 (2-3 fold clearance). In conmparison wth other commercial yeasts,
Sacchi} onyces cerevisiae produces a relatively |ow | evel of nodified rHA
Accordingly, the negative nbde ration exchange step and the use of cells
with a deficiency in one or 15 nore &I2he PMT genes may be of even greater

inmportance if the rHA is produced by a reconbi nant host other than
Saccharonyces cerevisiae. The chromatography sol uti ons used during the

purificati OnAﬂf[ al bumn are Bsu361 HindIIl

S

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 rHA expression cassette the AfIII/Bsu361 fragment of
pPAYE309 (Fig. 1) was ligated into ATII/Bsu36] digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the.rTHA expression disintegration vector
was made by ligating the Nofl expression cassette from pDB2243 into Notl
cut pSAC35 (Sleep er al, 1991, Bio/Technology 9, 183-187 and EP 431 880)

25 to generate the plasmid pDB2244 (Fig. 7) in which the direction of rHA

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

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



detailed in Table 3. Because of the very |arge scal e manufacture &EJUL 2003,
al bumn, 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 formveteoidsmiastri al scale and are | ow cost conpared to RSTHEBOORSToN! y
used buffers such as Tris, |-iEPES or MOPS. Alternative buffers could be
used in place of the ones used is Tabl 863, for exanple buffers of a simar
pKa (eg mal ate for 25 acetate), but in nost instances cost and availability
at | arge gsmapfsésitie olibld bEithe Rjan plhdmid)ateVEETR! gedeofoBompleriéntuged

provi ded they are soluble, available at industrial scale and | ow cost. 2
5 J u~- 2083 E20Mmdations, RUE E€BpresSions casséttdhim wifitkerthe oPRBI/opsomaterbe
prepared at the concentrations described bel ow, of concentrated stock

sol ut i onsdrdves expressiparafdheddSA sequenee and the dagterial plasmaid pURSdi dbe use. N
Caki on Exchange Chropat ography Al pumn_is concentrated and purified with
respect tIBUSE 1§ exeised depm the qilasmid E]thhﬁhﬁe arevisiae 2umy HpP irespinbinasgst

fermentation) and.,other antigens nol ecul ar .wei,ght cont am naats and

bt oot ccPaBB oG et ndr bafesaL A "B BiseRb K orsREsRued fwos a
comer ci rat i. . 1% B - S rnose FF, SPSpherosil,
CMSepha?é)rgg%&bfgﬂa%?@ﬁawgﬁ1%%&5%’e&8?ﬁ§1Spherodex. Preferably, the
matrix i s SP-Sepharose FF (Pharmacia) which, if used in an axial flow

colum, may be at a bed height of 5 to 25cm preferably 10 to I 5cm for

exanpl e IPhé exipredsior veadtrahtifiseymiiey Se cepbyifiaei PRBICfromoter b4 Hgd f1ow
path length is 1.0t |.OGcm A colum | oading of 10 to 50g al bum nlL,

pr ef er abl gradétriptib®o terinkinaior/ to controdt exprebsion uindahhe . HSAGMPd 1 dedder
equilibrated with a buffer to renove the al kali storage solution;

pr ef d0abl sequercth (W@ S04 thadistct sacratioaugfmatureddSAe the pH to

approxi mately pH6.0. A buffer such as CSOL is used to renove storage
solution CSO7 fromthe columm; however, any buffer with a pH < 6.0 could be

S S e LSS SRSl ol ST

' i ficat 1N PGI1G, BQO{ 00257
Sol ut 1 on YR 8 dnciag s %#Eﬁ%%k&'&ﬁﬁlbﬁ?}?%&&é%?@ tacfived by /
~(nS.cni’ -FF 1 I 4 - 1R L ./ NaCH
7R B K000 T
0. 8N3GH (B 11 mthédvof)WOS04 834647 . V\&‘iﬁnﬁ@kﬁm%@'ﬂveﬁe? Sel€cted‘onl 4 Hufferé§SNaOH

(27 9. 19(W w) ) NaCl | 17CS04SP- FF Ei uent ! CHj
minimal medium (0.15% (w/v) yeast nitrogen base without amino acids and

ammonium sulphate (Difco), 0.5% (w/v) ammonium sulphate, 0.1M citric
acid/Na,HPO,.12H,0 pH6.5, 2% (w/v) sucrose)) lacking leucine. When
transformants were grown for 72 hours at 30°C, 200rpm in 50ml flasks
20 containing either 10ml of complex (YEP, 1% (w/v) yeast extract, 2% (w/v)
bactopeptone and 2% (w/v) sucrose),.«_or buffered minimal medium liquid
medium, rHA could be detected in the cell free culture supernatant by SDS-
polyacrylamide  gel  electrophoresis and/or by  rocket gel
immunoelectrophoresis. i
25
A stock master cell culture in buffered minimal medium is used to prepare

running stocks (working cell bank) of process yeast suitable for the



S.135.4 - 5.65.0 - 6.0DE FF P~ re-Equilibrant NaCH (27% 1. 5(w w))&E 4ol
Aci d0. 721CSOSSal t O eanNaCl 58. 45 - 975 - 95Pol ysorbat e 805. 00CS060. 5M
NaOHNaOH (27 %4.1> 1280 - 120(w w)) CS0720mM NaOHNaOH (27 %. 96> 123 .5 -
5. 5(w w) ) CSOBDE- FF WashK2B40, . 4H204. 809. 0 - 9.42.5 - 3-5033&?1%550/0 ;

Ei uent K=BVO94MP333. 69. 2-9. 515. 0- 1 8. 0CS 10DBACH3COONH-19. 380 F7C B
22Equi | i brant / WashNaOH (27 9%6. 93(W W) ),~~_ 2 5 sut' 2003 WO 00144772 48
PCT/ GB00/ 00257 CSI 1DBA El uent NaCl 1176.57 - 7. 112S - 165NaCH (27 % (w w)) 14. 1
. H3PO~ (SS% w w)f) S.79 . CS 142M Sodi um Cct angat eNaOH (27 %(W\JW)‘}]ZBJJ. 8
- 8 ~4- opreprsrdonfosinkedlasksaulures by ifregingaliquats: of tha rolturg-in the

Equi | i brati onl Wa . S04 S-4.70.8S-1. 0SNaCH (27 %

w w) 1. 66@5‘3@@8@@%%5@- &195CE| uti onNaH2PO, . 2H208. S86. 8- 7. 0S. S- 6. SNaCH
(27 % w w) 4. 07CS19SP- FF2 Equi | i brati on/ WashCH, COOHI . 80S. 2- S. 41. 8- 2. 1NaCH
(2% % w w) 3. S2CS20PBA Equi | i brati on/ Wash@@ yci ne7. S1

el oo G BAR Ryl Sl CEARIY ISR s ARCerlbid AW 9GS 150t €

pHNaz5iP044d - OF1 527248 . 9533 b fUGHIEH tdYe Gicofgortted Weddind Eiioﬂc%fbﬂceFH

adj ust mrent NaOH (47%M w) 42. 6>_1280- 120al kal i H G70EXOSFI nal * pH adj ust nent HCl
(37%V w) ERecapt for the dHOOaR diffédBicesAu wei ghings are t 2 %, for this

parti cul ar exanpl e. 2 5 s uL 2~0~ . _ WD 00144772 PCT1GB00100257 49

Seed Fermentation

10 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 nuirients
such as oxygen or carbon. The initial pH is adjusted with ammonia solution
(specific gravity 0.901) using a pH controller sef at 6.40; controlled at

15 6.40+0.10.

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

20 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.

25
Particularly for strains with a deficiency in one or more of the PMT genes, it
has been found to be beneficial for the fermentation to be conducted at a

higher pH than is normally required. Thus, rather than control the pH at



The centrate froma fernentation is prepared, or conditioned, fop JUL a3 .
chromat ography on a cation exchange matrix while protecting the rHA from
pol ynmerisation and _ ~ protease activity. However if the yeast strain_is
not defi ci¥QO0MT2he prot eases that degrade rHA at the pH ré’ffﬁf%“a’“f’%?’
purify the rHA then the culture super naégnt shoul d be pasteurised, for
exanpl e by a heat treatnent of 50-70C f 30 mnutes to 5 hours, as
detailed in WO 94103636. Typically I- | OvM sodiumoctanoate is sufficient

t o pr ot ectappmeximdtely 5rH,Heas banefigial 0 have arconsol setcpoint bepveen pHGRA Ut es

at tenperatures of 60-80C adequate tqQ_inactivate the proteases in a batch
or flow hr&ﬂﬁ’gﬁ%r&eﬂ[ﬁ%ﬁﬁﬁs‘?%ﬁ?&dﬁi@% %ﬂ/éﬁs bsugh s Séﬁﬂeé' PH. thg | s

used. The conditi.oned centrate i.s. then.l ocaded, qnto the caglu at fl ow
oo of iy ot IRE Cefithle §' SenibichBiy impdyen A0¢  keducd Aty et o
vol,unes/ myn, ... Is ! I |, Net . IS
wachoa wi teis Sl §E B E fermaififit X8 s oIk Reh e nGRtAHT
col u~ ks i rﬁ%uyg : ] aRfTficieht |llélﬁi‘§" 1

pr ef ergbl %%?o% or n%%orép%m%%%%ﬂ aceflaetﬁte%%%- 4. 1@%]16@8@;%@”%@1(:1?” '
(CS02) . Tfl‘?oﬁﬂih&'ﬁu&»émfalmiﬂ. 6§ e denidnstiawsd Yo ! Tubts 1Qf whekd-ahsigaificamf f er
containing 1-3M Nad, preferably 2M NaCl, in sodium acetate buffer (for
exanpl e 1QredQotids dnli the) weetaight eomert eblaycudhuret supérddtaptis Shewn, when
preferably pH4.0 (CS03) and then ten volunes of CSOL. The_ al bumin is eluted
wi th, and tbelyeasttisculmred imthe pHerangehddo .6 wompared & pEadpl e 40120,

preferably 60-100, eg 85nmM acetate,, and 2-SOrM preferably) 2-20mM eg 5nM
octanoate, as in-CS04). The collection of albumn starts when the I TV

si gnal riges—above—0—6—Atecm—art—cothecttopconthpes—uhRt—the—¥W4si gnal
fall's bellow 0. 36 E¢rmentation gaurm is Ithen eﬁﬂﬂgﬁgwt@% £3 NaCl
and 0.05-{2 detergent {CS05) and then 0. 1-1.0NSupamat@sd.LYhen stdred in

diluted (J10 SOV NaOHs5(4SO07). In this] exanple, thegfgow rate for tle
equi librdgtion, |oading and wash steps s 0.5 bed I‘ﬂ@s per mnutg. For
nal

el uti on ¢—he—atbu-A—a—fow—2—5—3+d+—266—" L 4-++2—-PSH-EBG0/ 00257
50 rate gf 0.04-0.6 Qéﬁj@#/n‘in) prefgrably 0.1S-0.35% in this exanple 0.25

bed vol/rfin i s used. A$i on Exchange chromat ograph(1.0, I8¢ el uate frdmthe
rati of0exCrubMR" Rekatibhship Betwatie tenit@tdGhality hfdfortieitatidn pHriafseédfetyentess t han
SnS.crri', espegially below 2. Sn.¢ctri, ~ and then | oaded onto an ani on
exchange r"égﬁeﬁ gﬂﬂ?f‘ ge €385 H’@rs&‘é‘ﬁ?@ deydatronad apmbes et sgplesser D,

DEAEcel | ul ose, QAE-cel | ul ose, or TMAE, DMAE) or DEAF Fractogel. Preferably,
the matrix is the commercial ani on exchange matri x DEAE Sephar ose- FF

(Phar maci N H?bI ipnispaided! £ 6brrédtife hgdntCCBucivse-toR0d. L] MWL t h

the ration elution buffer (CS04) and then equilibrated with three colum
vol umes ofbaBIOVitafitias alandnBredxs AMA30dantifbant e 0184gilx' are 3nided1@y the
nmononeric al bumin per litre of matrix and then the matrix is washed with
di | ut 5t etvesbdlr ate buffer, for e~ anple 15-25nM potassi umtetraborate or
sodiumtetraborate (CS08), which has the effect of raising the pHto
approximately 9.2, and then the albumn is eluted with a nore concentrated

tﬁ%@ZSL?&?@%@@%@%&@?@%@%@% JSE Vit .8 VLG Gy BT 7Y
P!t i SR A0S AFd T30 P e SRR Blgthg 8T
affinity miyg X-mg geft dry Wwefdt3IO PO 4%éeic shake flask culture and a

20  supervisory computer control system is initiated. The expected bdtch phase is

62 + 10 h from an inoculum concentration of 12 mg.L'. MWI10 feed must
be connected before the end of the batch phase (volume equal to batch

volume).



51 Affinity Chromat ography PCTI G 800l 00257 This step further puri? ﬁegﬂ’t@gm
rHA with respect to a 45 IcDa Ntermnal albumn W. . ; ' fragnent) yeast
antigens and pignent. The affinity matrix may conprise any Ci bacron Bl ue

t ype of dx,@%\qmmzbi nds al bum n) for exanple Reactive Bl ue Ber/ige6o37 Bl ue

| -iB) Blue Sepharose, Blue Trisacryi and other anthraqui none-type
conpounds. Preferably, the matrix is thgp "Delta Blue" Matrix (DBA),
prepared as described in WD 96137515. The nethod uses DBA at a bed flow

bt fer ( 1602865ma e FaigiorSf o Bl Tphfituny iBdel S JRERER BEVEER 2

t he al bum g : ; i i Sgzexanpl e
(e 2! DUy P Bl ighalled th il @19588 Whlold (PUTE) litacd ot b s

. rates of @y 3% ntin3Qh&ded Velinp initiafed af €09 wlOpedblifte2fatch médiutn;ettrp! €
0.25 bed.vollmn. Al other steps are perfornmed at 0.20 bed vol/mn. Wen

| oadi ng i substrateefeed rhtecbein daternsined deedrding te by fomanlag BMantSE eft,h 1-5

. volumes of ammpai um acetate buffer 10-30n5 c~ 1, preferably 15-25 nf cui i)
for ex@anmpmhersinl8F isrsubstrate! feed rate (mb.. it o&F, istinitil substmatesfeed ated wi t h
a strong salt ang phaosphate sol ution (1.0-3.0M NaCl lf or exanple 1.5-2.5M
NaCl or 2(wis.megi), s specifiogupwely raenifopaspple: @.06h2), andck is 2. comméercol um

col Lﬂﬁ“ih E'vﬁﬁgﬁijecéiér% %??Sdi‘ﬁ&di%fq?éq%‘éﬂiEy?ﬁ%71'97§§§5§'r%\?ér§|nfl¥ ik ol cat i on
[ P . DB | [
be. per o AERGER Hegmalt ABATat fﬁﬁ%%%t%@%&i%ﬁ% Specplglion 551%%: o
BB . Biidfre n |
oref or i Jedusl-HLiehePey ‘Sﬁ%géi‘” (S SR bndRR ARt e hpo B dRAEA LR ooy ot

10, 00 nomi nal 2 ~J UL ~ ..._ ., WD 00I44772 PGTI GB00I 00257 52
nol ecul ar wei ght cut off. DBA eluate is concentrated and then diafxltered
at 1009 r Hhel feedai sioppedt if aB6tpHE Ob 2R i R t@hpéRithRed29)0qt dreast 5
vol unes of CS20. At the end of diafiltration, the retentate may be further
concent r at>®81i0°CequThisd mayl alse beguidpnenautvasitizdllguthmiugh @20comralncr ease
step recovery. The concentration of the final retentate should be in the
range 20- abmyithan, (Fhe SKrisredugedyif tbe mvomge RQ or1.43 overtyi2h petiodslor
100110g rHA. L' .. After use, the nenbranes, are treated by flushing out
resi dual bk ess s Gyidence of ethagol gf ARefal aef B“@ﬁ?g storage in CSO7. PBA is
a~ afﬁ'ni ty step to renove gl ycoconjugates, such as gl ycoproteins,
gl ycotipids and poly-, oligo- and nonosaccharides, and utilises immobilised
am ”Ophe%'@&&ﬂ:;ﬂ fs Actéhsad b MiaintAATYOT @?m&ﬁﬁ{%h!?ﬂf Ohée e fbelds
coval entl y=oupl'ed via a spacer to an insol'uble matrix such as
pol yacryl g4 sigrte@Jahes BoncedittatiofsS of Bre®% JER{T3(POksY MireasedS t8apezy I No 4 5b2
251 (incorporated herein by reference) describes suitable nethods for
maki ng di ealctated eaifiral volumelbThetexpezicdsfeed phase dufakiort isi 65 Hnd 7ilg
O linked to agarose first and then |inked w th 3anm nophenyl boronic acid
( APBA) i ndeperdentdiponaransfer ligdtations afithe vessel.eacted with APBA first to
produce either nmono or diborotriazine. These are then Olinked via the free
chl or?®e on the triazine to the -ONa activated agarose to produce either

di bsJ t yut ed, | i t . US 4,269, 605, t | at
o o O SRR b blhorBRhBon (S Puhif 0 vaRRR ™! 2t e

oxygen uptake rate (OUR) and carbon dioxide evolution rate (CER), at levels

sufficient to provide accurate gas analysis. The air flow rate of the
fermentation is nominally 1 v/v/m. Daily checks are performed to determine
25  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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i ncl udi ng epi chl orohydrin activation of agarose, preferred herein. .
Comrercially available matrices include Am con's PBA30 and Sigma's acrylic.
beaded am nophenyl boronate. °~ It has been found to be particul arl
benefi ci aW@/44& a buffer containing glycine (10500mM for P€?€’e§ﬁ9¥’8°257
25-200mM preferably 50-150nM in thi sésxarrpl e 100mVv), 25 ,~lt~~ ~pp~.,.
_ _._ WD 00/4477Z PCT/ GBOO OQz57 53 NaC! (0-SOOrM for exanple 25-200mM -
preferably 50-150nM in this exanple 100Onnll~ and Cad 2 (5-250mM
pr ef er abl Produdgtopniiermentatios exanpl e SOM VI 7) pH8.0-9.5, preferably, pH
8.0-9.0, in this exanple pH3.5~ (CS20). The PBA colum uses a flow path
|l ength of 11.0 ~ 1.Ccmand is pre-equilibrated with the buffer as described

above, eg.£S20. .The cal umn .is.|oaded a 1.cal ym..vol. une

ot of o abi Jedrodfintion Seriichupt in RORRHEL gt Frh Whecaiel 4 Crhe el pit,
volsunes. . | S,: n ] f.ofe 10,1S

col |l ected ﬁdﬁﬁgédf ﬁd%u?ﬂﬁ%?@ﬁ %cﬂgh{\?\ggéﬁ ?’ggwémggig]ggrﬂq gﬁgﬁgﬁ%ﬁ#ﬁ{ gbraphi C
steps gan it I es of 0.005-0.3 bed vol.Imn. Preferably
t he eq%i I ngélt?l&on and c etaéiﬁé&(?f?hf he colum are carried out at a higher
flowrate, eg 0.19 bed vol.Ima, than the | oad and collection of the

al bum n solution, which is preferably carried out at a flow rate of

0. 01- 0. 05 Alpraitvelp| Efpié)ﬁﬁimmedom thie mngehef B0 o 5,90 ndth cheefanveer Wi t h
salt (CS03), borate buffer (CS09), NaOH (CSO- and then stored in dilute
NaOH ( CSOepntrébketopoing bel 5 mdiheyinitialy pHhmay beradjusted withrammonia
concentrated and diafiltered to _prepare for a negative node catjon exchaage
step. The(epmaneens smmonianspeciiceravitn b8} eplhisdlower feranenationmplk
cation_excha ge chro togégga% substantial |l y. requces_the relative

concel®r affBHSIR 3t eqlgne 1SS [SBECTPILLY| PTOfUe 0f fhe e performed with any

ultrafiltration nenbrane used in protein concentration with a nom na
nol ecul ar wei ght cut off of 30,000 or |less, preferably a pol yethersul phone

cut of 1. The REAPLIYIC (LI TRARISAT € hefiead 1 Rpf O R, o REEHLS A ! O
CS21, _congiesaoeronihet SRr i bF 869 otsbbin, il nJASBIO gt 1 east 7

vol unes of At the end of diafiltration, the equipnent is shed out

2 5 J' d~L the-first\MpD0f groivth dstEtaBlOby 0adindhstrunieres, 19 and further CS 19
added as required to give a retentate concentration of SO 10g rHA. L''.
Fi nal 1§, sodium octanoate is added to give a final concentration of

appr oxi mat el -15 preferably, 5-10) .nore_ preferably 6-9, and in this

exanpl e f &’ﬂ%ﬂﬁ@rjlté&m?mawaw fl@%igﬁ.qcy in one oty more of dhe FMIngeRssades’ |
are treated flushi.n ut, resdi dual protein wth te cl eani i.th CS06
and stor ag‘és %C&S%PdT%’eBSI lfﬁm‘ﬁ‘fl o*qft h’t?n?‘?rémf%ﬂm\iﬁﬁj é%t%cﬁ‘ﬁ%eégpégcaond
canon exc il L ance, - F p i1a), this
Cime it A ot s oreally nBGHPRES, TS Fudep (S SHu I TG TS,
t han bein 304 Tde; hif daeit BASY ) N

bi nds to tg ﬁgﬁimat ri&g}., STﬂ'eltggﬁé ke‘{?ﬁ?%ﬁé"?mﬁgﬁ/ a sodiim actjfatt%‘ﬁa‘i?‘ei,l lggflg]l‘gg
(5-1120M aedtpHE)70p) pieferibly beby 6.8 ddd 6.5:x AP kecBAnhigher PH S the2- 5. 4,
CS 19). O her buffers which can buffer in the appropriate range may be
used, suclqualtyaofithe atentrato ipsigwificaftdy rimBovedbdys tb heeduced ecelhdgsis.
conduct i vi t){ of about 2nt.cm . The colum ha~s~ a flow path | ength of 11.0t
| .ocm  wi Gelk Hysisl penilts linagell tdebris- 2zemgining in e Suspansiorpofalloymgl and in

Eﬂie_safﬁﬁnn‘ﬁ}aﬁﬁréuoéﬁqstgaq%refﬁpﬁﬁ fectirgng: qrﬁqag ich i tient Snimsrcg\x?%%%i sep
gijc '2)32923%%3%@%&?%?581%%@35%ﬁﬁv‘%g %%é‘%&]ajﬂ&}%gﬁgggs?"éﬁ%sgﬁond
cat i o ox Elannou Bubtorl I8, 8@ HRF Gkt Sl YES A hoepaAlEs 0
1.05 10. kiSyhrwhen ie! a‘é@iseéulﬁﬁ@dta'ﬂgl{% %ﬁi&{a}&ﬁt&ggﬂﬁﬁ.he fol I owi ng

conditions. The step Uses an ani on exchange rx s as  DE- FF Sephar ose
(Pharmacia) at a flow path length of 11.0 1. CGcm and the al bumn is | oaded
to 50-2508.L"'", preferably 150 t SOgy.L-' matrix. Since this is a negative
step, the albumn is collected in the flow through

D),
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2 5 ~ ut 2003 WO 00l 44772 55 FCT/ GB00/ 00257 and wash. The pH of the Fl ow
Through and Wash is then adjusted to 7.0t0.1 with CS22. Alternatively, as
described in Exanple 9, pH adjustnment ,may occur in the Final OF feed
vessel instead of being perforned on the DEAF flow t hrough VWi | e
Exanpl e 1WRHY4EEEn i1 lustrated with reference to a pntl nuﬁgﬁﬂ?ﬂﬁﬁﬁgﬁould
be appreciated that the purification p%Pcess of the present invention is
equal ly applicable -to host cells which are not nmutant at this |ocus, or
i ndeed which are not nmutant at any other pnt |ocus . Exanple 2 Two assays
were used to investigate centrate qualit~ The poorer the centrate quality

t he wors . 1.
Det er ni njat i on off BCIAMIONBH e of " cent r at &Y 5 YEBIght frontent of
Det ermi nfati on of the wet weight of particl esSupexnatans(eskfe (WY .| 1n both

the assalys, the highes.$he value the jpoorer the cepgrate quality. [he
centrat ¢ ‘ east strains gnger two drfferent pH
conditio Fat-pa—rere—ecorpafred———a2———3U L ~
2003 ~ A ? o ihe:l JUTH fitg and fermeptation Ml i nspductiopyy
(g.L'1 centkg¢ente) G owa at pH 5.5pmt | -/hsp 150-1 yap3-1.39 (0.52 )
24)12.4 (4.9, 23)hsp 150-/yap3-1.11 {0.62, 9)9.1 (2. 9, 7) -yap3-0.58
(0.34, 10)3.9 (2.0) 100G own at pH 6.4 or

6. 5pntl -1 hs -/yap3-0.41{0.17,6) 2. 6(Q. 8, 6) hsp150-/yap3-0.47 (0.19 8)4.6
(1S nyoNbtSG: 15 Bisonisca)as a PE taireestve agher 4 SuRears 20k LMORL0! of
three different. rli A prqdyci ng Stkahns, .o fed- h fgrnentation qrown at
two di ffe‘?"gﬁ Vd%‘%‘ﬁvéga #ﬁ@’ﬁm{l‘sbtm&%@ﬁ%q‘?ﬁgb@&ﬂi f%regéa‘ie(ﬁéq’gilf’ons are
I ndi cat ed, s¥@l| ues in parentheses are standard devi ati on and nu~, ~dber of
sanpl es. Fromthe Tabl e above it can be concluded that at pH 5.5, the

mul tiply-gene deleted strains yield an inferior centrate, whereas at pH6.4
or 6.5, the deleterious effect of these further gene deletions is avoided.

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

10

SF, = 1000 x 11 x [CDW] x Vy s

60 x Y, x [sucrose]

wherein SF, is initial substrate feed rate, p is specific growth rate (for
15 example 0.06h?), V., is batch volume (L), Y,, is cell yield (g.L%),
[sucrose] is sucrose concentration (g.L') and [CDW] is cell dry weight
concentration (g.L'). The substrate feed rate is determined according to the
formula, SF = SFe"*, wherein SF is substrate feed rate (mL.min); SF, is
initial substrate feed rate (mL.min?), p is specific growth rate (&) (for
20 example 0.06h™), and k is a counter variable started at O and increased by
0.0167 once every 1 min if all conditions are met. A number of conditions
are constantly reviewed during the fermentation, and used to adjust SF via
manipulation of k; SF is reduced in response to DOT ‘<15 %. and/or
respiratory quotient (RQ) > 1.2. The feed is stopped if the pH <6.2 or if the
25 temperature <29.0°C or >31.0°C. This may also be done automatically
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Exanpl e 3 This exanple was perfornmed in the same manner described™ .
Exanple 1, but utilised a strain which is not pntl| nutant. This strain was.
al so grown at two different pH control values, and the wet wei ght content
of the cenWQ0W44d#r er mi ned as described in Exanple 1. The beReFABOPO57 owt h
at the elevated pH control point is also seen for this strain of yeast;
denonstrated in Table 5, where a signif#é@ant reduction in the wet weight -
content of a culture supernatant is shown when the yeast is cultured in the
pH range Gh3otigh thé contrphakbrithnpHT e SF R feddced lif 2 Bverap® RQI 24113
PCT/ GB00/ 00257 57 Fernentation pHWAet Wi ght Content of Su ernatant
(g. L' 1) 5. saverq 2h perivd; of if tiierss @yvidence ofretitandleosacertt accumulitiothet ween
centrate quality and fernmentation pH for non pmtl strain. Values in
par ent heses are standard devi ati on and nunber of sanples. Thus, rather than

control the pH._at _approxjmately 5. m% i eneficial to have,a gcontrol set
poi nt bet m%%@&peé B)—Blaﬁéta“b Jgr% o 3k SRIBEALGNY andapaiamedt s ch
hi gh H_th |i t f.the. t.rate is.signif.i tly i d,due t
Feduced cch impyEgcopy afaiedh if TER P RN misiRE, SRCERER R Brmnner
as descn'b ' I ' Lsng: di fher Pi chi a
pastori o, Sned amHO et dhdch Taltd HMiBROH, ETCREERTIAGE of Hith | o

and medi unFR@r@tﬁ%ﬁrid&@asaaov&o._m.:«sggim @a&lﬂlﬁeatéﬂlﬁﬁﬂ y6turdé). - The

controlled at 5.94+40.20, a specific growmh rate of 0.10 h't wth glucose as
a carbon sexpected Teal Iphasd duratien disr dépendan@apdfl fransfee lihitafiewy! of hhge

duration was 42 h. Reconbi nant human al bum n was added once the feed phase
had comenvessel, gypicatly9f)-120 bnat thed)000Lr sealen of 3.8 g rHA I; t culture at
the end of the fernentation. The rHA used to spi ke the Pichia culture had
been MOpurified but not in accordance with the purification process of the
i nvention._The.r fromthe Pigchia fed-batch culture nedi umwas then

purified i hDaAoHeRh % ingressednincsementally; through the fermeniation g MANEIAND| o
= 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 necessary to enhance OTR. THe air flow rate of the
15 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 downstream processing at the end of the feed.

20 Hold of Production Culture

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

processed.
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25 ,1UL 20d3 , WD 00/44772 58 Exanpl e 5 PCT/ GB00/ 00257 ' This Exanpl e
descri bes the analysis of rHA purified from Pichia culture nedia as
described in Exanple 4. |nmunoassay data | munoassays were perforned on:
(i) the rHA purified fromthe Pichia culture nmedia; (ii) the rHA used to
spi ke t he WM nedia; and (iii) on al bunmin produced by FBEetEBIHPIYces
cerevi siae which had purified in accordance with the present invention.
Western Bl ot Summary Anti body Batch Nu r Gel Type MIk Type Exposure Tine
1 g9601 4-129% SDSNR NOVEX GELS 20 seconds 1g9601 was raised against a
non- al buniliepcentraté drprBahertermentations erean sinpere albamminasodution framnanye used
to detect yeast antigens. The western bl ot showed that the yeast antigen
profile opthafe spuscer (saehi \asd plasmdhe ip; prepared) t ore eenditionedint fomed

fewer and ] ess intense bands,..t han ilhe mat er.i al , ysed to.s iége Mi chia
* f errrent ar FBEPIHARETA, P EAHORFXGhENER MAJUX VIR Profertink ohe A agone,
simlar t a deri r 8f | .~ 0 3. WO 44772
59 ELISA EP@@@E%@%%?%%@%&%%&WY *gg%dﬁ}‘ﬁbﬁﬁ@% }Sna‘?‘?f%]
al bum t 1\ [ Ngnd1o : ' ed to
spi lIie ?hgvg?fc%llﬁgmgehgfﬂt};ms\?}e@eﬁc:ﬁégsfl FZde%dﬁ%PP g‘g\aaum ngéoﬁé&ﬁu%ht}ﬂrﬁf"l-“s
10mM, for example approximately SmM. The pH is adjusted 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™.

10 Chromatography

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

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

15  (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 lpresent invention the
purification process comprises the following steps: cation exchange
20 chromatography (SP-FF); anion exchange chromatography (DE-FF); affinity
chromatography (DBA); ulwrafiltration "and diafiltration; a second affinity
chromatography step (PBA); ultrafiltration and diafiltration; a second cation
exchange chromatography step (SP-FF2); and a second anion exchange
chromatography step (DE-FF2). Preferably, these purification processes are
25 followed by final ultrafiltration/diafiltration followed by a formulation step,

and/or placing of the solution into a final container.



’

| g9601. The yeast antigen content of the albumn purified fromth@ H‘é‘hizgu?' ,
cul ture nedium was bel ovw the detectable limt of the assay (approxinmately.
0.004p.g.g')) and the antigen content for the al bumin used to spike the

Pi chi a medWOm®M#i20. 62pg. g' ~. Con A binding material The CoRCNGE)HY257
described in Exanple 9 was perfornefd 82 al bumn purified fromthe Pichia
culture nedium and for the al bum n uset®™to spi ke the Pichia nmedium The -
content of Con A binding nmaterial for the forner was 0.22 % (ww and for

t he | at t elThiet segrenge5af dchromajographicl etefis a5 describedi dregismmowel a@nd n 't he
albumin purified fromthe Pichia culture nediumis simlar to that of

al buni n plaventivg inrppumber phaspgrtss The vse of aB amingpbenylbatenate (RBi)e

ot ant . TRASAYA 2 aireued Batier 4 Srribeehatiih ol s malllcad eomsn can
be = f ] i f.y _al bug . ot h han_S
gir ovi o abot dstn i S v eafel vRas AR Rl A7 BeasiERd BUT 1T o

i & ' : 5, =t = .. VO
001 44775 OB ETouted-Bt AR TEs iR SR byith (B aridopenSiboromate-. - 7
exchange W@W@Qﬁ%}:ggg foldet k& BE paatib@ael bérerRgsly ra@xdcﬁtrbgfbseﬁﬁshange

chr omat ogr aphy step In an alternative purification process the
second cathenmesidt rafn getensive ntriabyrafplay phithorarmyf baffend |afveddely aapgisigt i ve
node ani on exchange chromatography step. Fromthe SP-FF2 eluate at pHS .3
approx. thengtitnentedand propertinss eﬁyshedbu epiprovidesr @ signifioantiyeincreakedai | ed
bel ow, pH adjustnent and diafiltration. The |atter appeared to give a
bett er queleRiancgrefdyeast antigeys, vhey compared wWidwthenputfgn used indbaibB4 wer e

pH adjusted tg~H 7.0 with | L um hydrogen ort hophosphate. This

materi(gl G\E@ YBEPIY P Qgégﬁﬁﬁag%standard positive conditions to give
a matrix |loading of 40g rHA. L~ matrix, the pH and conductivity of the | oad
were 7.0 and 1.29n6.crri 1 respectively. DE-FF2(B) SP-FF2 flow t hrough and

washi ngs s i izid‘]ﬁ{ ’2.‘913}‘ i?% i a :
concent ra@g&ggdﬁ%i ut gﬁﬂemﬂ‘? _RO_ u e(;lrﬂlat% 5 g@?%ﬁ%&ggg@:ﬁ@% E
under st agslationP §at texasplO 01085 ~ meahRethal i o‘%?ﬂdté‘ébldﬂdn)’o?fthkhe | oad
was 7.0 and 1.43nS.crri ‘1 respectively. The al buin from DE- FF2A / DE- FF2B

i s sui t abtfHAeand geadovntigéin &Enbe aockicvad beoapead othéwnisller(lohd vdlume.
15

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

additional cation and.anion exchange steps.

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

In particular, exposing tHA to a low pH is effective in reducing nickel ion
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25 ,9tlL 20't -. __ WD 00144772 61 Exanple 7 FCT/ GB00/ 00257 The ki netics
of nickel renoval firomrHA by treatnent with | ow pH were W. investigated
(see Figure 9). The results showed that between pH ~ and 4.5 both the rate
and extent of nickel rempoval were independent of pH) but th t he
rate of r&'r%??é{%él owed slightly. Both the rate and extent 0?&%/?:?;3&@ 2?Eﬁermval
decreased with increasing pH across thgsrange 5-6.5 with little or no _
renoval above pH 6.5. Exanple 8 Purification of human serum al bumn from a

he pur i { 1GURHY oOBHegBEL) cIBRRHE P AHRATLE (ol PEFHGR IGFOTON AES cach

chromat ogr, :S . ) ar 0 { ci pated rHA
recovery §M§§’é‘§ﬁ@ﬂ§{ %%C?m&?%é{ g)%gée)pﬁ"og@)‘fgléhoeft @@Rﬂ@z&ﬁum Here, the
recoveries were nuch |ower than expected which nay have been due to renoval
of glycated al bum n. Exanple 9 This Exanple illustrates the concentration,
di af i | t r atfiien nagdtivieo hiddeatation Gxchiifgdisgdp,y apuddseritddr hérdin! dsaused tabl e
product, in this instance 20 % (w v) al bum n. This procedure is carried out
i n twos5st agmeyve GomdapatalimlA binding i matexial (obai)Rvhiold isar smhHtamount~ofial OF
reduces nickel concentration by diafiltration at |ow pH .and presents rHA
in a defi malifigdeddd, ethougbhntentbe glyensylatedr oThennegativprinate gatinte. 2
5 JUG Q083! WD 001 44772 PC C/ GB00/ 00257 62 - Final OF begins with transfer
of DEAF fEEGhangeostP Has beeth found nto meduee dbey shwn eongent produeait tised

bel ow, th I I n i h ted, diafilt.ered pH adjust t H7.0
and 1 ur  hEPORBHBER PUCATRREL SAFPRaPID el eVt it BPRSDSITARY e3Pz
eluate may e us E%a‘t&séﬁ‘@& fach¥veld"with rHA derived from non-pmt] mutants

10  (2-3 fold clearance).

In comparison with other commercial yeasts, Saccharomyces cerevisiae
produces a relatively low level of modified rHA. Accordingly, the negative
mode cation exchange step and the use of cells with a deficiency in one or
15 more of the PMT genes may be of even greater importance if the 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,
20 and the relatively low cost of the product, these buffer salts are the most
suitable for the process as they are available in a highly pure form at
industrial scale and are low cost compared to other commonly used buffers
such as Tris, HEPES or MOPS. Alternative buffers could be used in place of
the ones used in Table 3, for example buffers of a similar pK, (eg malate for
25  acetate), but in most instances cost and availability at large scale rule out their
use. Alternative salt forms can be used provided they are soluble, available

at industrial scale and low cost.
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addition to, the DEAE flow through and wash. Follow ng transfer of the
DE- FF2 fl ow t hrough and wash (or eluate if DE-FF2 is run in positive node),
t he rHA-contai ning process streamis sequentially subjected tg 8r¢9nair$/
concent r atWEMWY44173f i | trati on and secondary concentration phd&S&eRirsT
ultrafiltration systemfitted with cellg osic nmenbranes with a nom nal
nol ecul ar weight cut off Limt of 10,000. The initial concentration step”™
i ncreases the rHA concentration to approximately 100g.L'1 and is
i i medi Thel huffer | sobationsy caneb@mmpamﬁgt dhaf eonceatriationp hdeseriaéd relows oiHA
is diafiltered against at |l east S, preferably at least 7 retentate, vol une
equi val éan@ensrat@egtséeclf djolutiprs a8 beppespared| and; miseth o) diluted yendine; dor
remove ammoni.a. Followi ng diafiltratioa the pHis adjusted to 7.0 and, the
secondawnlegl:‘éﬁr\’tspati on phase further increases the rHA concentration to
275-325g.-L' 1. At the end of OF the retentate is transferred to the bul k
product fornul ati on vessel. Instead of pH adjustnent being perfornmed on the
DEAE fI@gu-bBrgu 'B‘tm'ato%ph?j ustnent may occur in the Final OF feed
vessel , —preterapty petweernr tHe drafiltration process and the secondary
concentration phase. Preferably, the diafiltration retentate is adjusted to
pH 7t0.1 with EX04. |If the pH exceeds 7.1 but remains <_ pH8.5 then the pH
can be @Adbumimsds conttntExe€d. and purifizdswitil r3pe to WOIEHL 4dsPpREFINSRID O 257
63 The formul ation step produces rHA in an appropriate chem cal environnent
and at altbumpisris pHAfromanyeast faxmentagion) and othesr antigensp lowtunolesular iweight
filtration and filling, The transferred Final OF retentate is analysed to

det er ni pent@sHBaRs rand an@geélqgmm,m@ow @f{l@hf@b@@g@&b@mﬂm@l&uamq i es
~Cen, | '

chi or | aBAhe 36568 i e agal@@néyeppfecﬁil g 4 ttsﬁe;fsg%%%egéﬁ%ég c F%-um

al E)ﬁin ﬁggggrc&éﬁt ?aiil'féﬁ&%sﬁguﬁo- Zg%fciél&ﬂ@sres’p%@%‘gﬁé&l 0& Sﬁééh%%?’&m

concent ' f Qn';?@& 0 Eg}ag ' : ] 0 raf i ”aﬂ?/ be
made) hg\%/\g(/%gél?l? w‘%‘ﬁ, or ”géxgﬁge, a8§rﬁ mﬁi@%\%é t?gt}?%’nﬂgﬁ{gg_tﬁ#ggst_ %
(W V), pgoef eohithi, map b¥ atvavied height! of iSoto l%cﬁﬁ”?fé’féﬁiﬂl?' 1006 NScagdidr on
of appropriate conventional pharmaceutically acceptabl e excipients, such as
pol ysor bxampR012:5 chnsdf speadibl dibw-ypd eolitniPhis ngdp mosuiablerbeduffew path

al bumn, and diluting water. ff A final concentration of 0.08 nmmoles

ST e e e SO 016 [y b6 g L% ol et SRR, Bk h
o er S paaTB B e B G ol K s i
g![ E gp‘l;/\lin %ﬁﬁ}’? ilag% ﬂi’?ﬁlﬁ@ afﬁ:lg 1§P’°t ﬁr?ﬁjrggody g@%ﬁﬁ%fﬁ%\@%ﬁ’?{i trﬂ?e ﬁfﬂﬂﬁséﬂoé%ég[ &d
purifie aggoﬂrhai(ﬁn% tpga@gir%ﬁ%éygﬁpér g‘ue 4 eﬁ%g%l(r)grsgtlzﬁglltqg %X@gr%gﬁ?ﬁbqve 2
5 J U Lstdpake soMi6! @307 &rdift 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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r HA PCT/ G B00O/ 00257 A~m croassay for glycated protein has

rHA purified in accordance with the invention is not

1 hydroxyl

ed.co

The

product (AP) form of pgh)GRbB6ks7
groups of AP wi th periodate.

dation is quantitated by conversion
di acetyl di hydrol utidine (DDL)) by reaction with

cally. The

The

sarrp)ﬂ@%(iet O%a%é‘ﬂ’?’é’r %E‘Qﬁ‘?f‘ﬂgqbda i 0%%:93 getrl upiR o (&5 Sephatdex)

col um and then the al bumn in the sanples was re-quantitated by the

Br ad s s ' M’S“'H “oB0Hir-0f
was | ncl udedSoﬂmtmt he absdr baesﬁmv&te re@tn@éh@tﬁhl radzgy WV P E@niuctivity
' specl+ephefeoreter—at—4t2Ain For every ngl e of h~xose one nol e] of Amadori
prodlidlo.i s| f or reNam8anpl elbl es A nmadori |ProdigcEol e$ (mS.cm™)
Al buptmACTV9B0._76C0 41D0. 48EU_46F . U, 2240, 4THO, 3710, =Y OKU 19_ 2
84L0] 650, hSRFBo 2 5 JiI 1 SHGORH 00/ 44773811 GBpo/ 8%5 " §érrp|te
Mol ep AmadpEquitibsantfVashd ¢s w( J41 4 §50.18 R 0.04
Sanp] es A-fYare commerci all e HSA prioguct s rom US, [urope and
Japah (neatDE.ﬁpé‘@lJm&agpj. Sarﬁ’!{%) R is |rHA purifiedfaccording to the
| NveyTtIom. ts " ernLnus_An |rrportant aspec _T: T
cont | 6¥503¢ ?g?bo%bl naYn}t pr )tel(ngzq:@%e donf o i on hrd” st abi ityyéop'st he
pre-peternfned primary st (ﬁﬁl yqi s of {é’ue Ctiermnal fryptic
peptjde infcommercially a\ nd rHA‘ urifipd according to the
i nvehtion by N-ferninal sequen 'TVV&))I and |FAB mass speftonetry j ndi cated tjhe
pr esg 0 ] d pepti ind the erm hag.olLdurinel2s- HeH. {The
Des- Eg‘ﬁs% g?rﬁ%%ﬁ%ptl s éﬂ?ﬁb ?i( 195 | pbnmmrer ci al | HSA at
apprpximatgly 5-10 % (not qumUH 79ge), but jcpul d npt be detlected in tHe
rHA pf thefinvention) evep aftgaglzggrmntts at ' 30 C. {The Des-Lleu peptide
could not pe detected in s—at—30C—and the pegk for the fyull
Iegg' h Gt erm naI pept | de was \/Ng@[ di m i sheqlqorrpar ed to t hg ot her
Sa es—+h et et ||ap5 tr—s—hgd—under gote- 3 11
degr p€&804 oh S gﬁ sul t§ i fcHsGOOH ha theSrBA, ,purjﬂ'?;‘éq a?c%rgancé
with)the i 1@@1 has a|st T ulfl age;l;/car oxy-ternm nus, wherdqas
HSA br evi oliEnyilibeat| abl e {r oh2O%i all sou appears to He
het ef ogenepus by conparispn. WW)5 J § L 200~ ~~
Octanoic Acid 0.721
CS05 | Salt Clean NaCl 58.4 5-9 75-95
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH (27% 74.1 > 12 80 - 120
(w/w))
CS07 | 20mM NaOH NaOH (27% 2.96 > 12 35-55
(w/w))
CS08 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-94 2.5-35
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 9.29.5 | 15.0-18.0
CS10 | DBA CH,COONH, 19.3 8.7-9.1 18 -22
Equitibrant/Wash " y0m @7% 5.93
(w/w))
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WO 00/ 44772 66 PCT/ GB00/ 00257 Ni ckel ion content of rHA prepared gCCOI’dI ng |,

to the invention Measuring instrunent:

STMAA 6000, Perkin El ner

Fur nace:

CTT (Constan( Tenperature Tube) using detection at 232nm 2470C.
Cal i br ati owo oblagreet hod i s based on a three-point calibrati 8&T{(GBO{0825760

pg/ L standard sol utions from Perkin El ner)
i s nmeasured. The céétrol
blank and at the end of each test series (N -Standard 20 teg/L,
standard from Perkin El msr)

of purified water

Sarrpl e prep

aration:

After the calibration,
standard is neasured after the

a bl ank

certified

Each assay is the result

of a getermrmatTormr T th catewhrch—algo—vatid—for I (]! TT o
t he 81bl | BBAnEhicat Dependl ngN8flt he expect 8T NI cq n§en;’?§t| fj_F,U (legls
sanplfe is djluted in an a %atlpto kvmthaNl-C(mcentratlor
that fs within the calibr%ﬁJ Lﬁ“%ﬁa ﬂrrples th alprotein ¢oncentratidn
of «1q % or re have to be dil ast 1:5 in afy case. pPilution is
withjourified water. Rinsmgs onf r the§ grrplﬁe capillary: 2L purifijed
wat ery m xedl with 0.5 nL Trjto Eagh tes eri es mcludenasystem
suitgbility|l test. Requirenent W r el ation coeff:{m ent of jthe
calilgr mﬁp 0. 99000. e calypgatioh 78s-84 be repeated
one tlﬁeigl 2a’%‘hée i brat jon %%((22%}0?6 cdnmply Wth the requi reirent a second
time,| an er} GFta8 1’y5|shstobV arrigd out 2 51JU ., ZOp~ WD 00/ 44772
PCTI @B 2 Char a t Mgss red With the O
~g/ L- ; @dm i valuelof 20pg/ i 0044 A5
nor e Characcerscgon: mass m‘m45That anount of the anal yge
in pl ogt—an (pg) t+rat—contir—butes—an—absor pllU1I_UI Hper—eentT—An
absorjp€Sdn |BE-FFBer cent dorr €8HCOMH t 0 (0. 00M5Q- s (Jarrﬁe‘.i—é.‘lse*om-l.()ﬁ) :
vol u Egnilibradgn/Washrjcentration (ngl L) * 0.0044p-s absor gtion sanpl ¢ *
absorjpti on |bl ank
NaOH (27 % w/w) 1.66
CS18 |Positive-mode NaH,PO,.2H20 8.58 6.8-7.0 5.5-6.5
DE-FF2 Elution
NaQOH (27 %w/w) 4.07
CS19 |SP-FF2 CH,COOH 1.80 5.2-5.4 1.8-2.1
Equilibration/Wash
NaOH (27 %w/w) 3.52
CS20 |PBA Glycine 7.51 8.3-8.6 18-22
Equilibration/Wash
NaCl 5.84
NaOH (27 %w/w) 0.95
CaCl,.2H,0 7.35
CS21 |20%(w/w) Acetic CH,COOH 205 1.9-2.2 1.8-2.0
Acid
H,0 820
CS22 |Final pH Na,HPO, 71.0 11.2-11.4 43-49
Adjustment NaOH (27 %w/w) 37.0
EXO4 |Final pH adjustment| NaOH (47 %w/w) 42.6 212 80-120
alkali H,0 970
EXOS |[Final pH adjustment| HCI (37 %w/w) 19.7 <15 60-90
acid H,O 982

All weighings are + 2%, for this particular example.
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3. The measured concentration of the control standard has to be within the
confidence range (2s/3s criterion). Calcul ation: The neasuring instrunent

calculates the result according to the following term Result (pg NN/L) =

Al t \(~|i)ﬁ‘§é‘a§3’¥‘é§ ope sl ope A: absorption slope: slope of tp&daob}gaggi on

curve ession) V. dilutionr A nodifier is not use JU, L
2D43 WO 00/ 4d772 PCT/ GBOO OOz57 68 [ Nigekel 1 [rHA] (pg/g) Sanpl eBatch 1Bat ch
2PBA load - _ p.73.~ p.74PBA fl ow t hrough and washO0. 410. 43SP- FF2

| oad0. Q60. 06- SP- F&Z flow through and wash< 0.03<_ 0, 03DE- FF2_fl ow t hr ough
and washls €aRT3(g XAH Asfesmentation; isnPreRaredngr eAnditionsd; for cheematestaphy y

acids profiles of albumn accordi.ng tqo the invention and gometcial l
avai | aio & eRof catliniigs, Judri) MR ptotetsile BY g Brdts e A G dn Yo
chroma .1 he t. | |5 Ry 3Vo
- abror mitoARe el *FEResE UL tEeiR MRt e ettt B O pPbRIN fis oy
thismgeg I h s e tHeH P hﬂnﬁﬂ.s' Lo t
~differen g%@&}ng%%egﬁpgﬁdhdﬁéwgqt?rg{e am)uﬁ;tl?%@ét e agdgtg%rfnhfzﬁﬂ
st abi | isheuld be paseaticed, ForExamfle by 4 heao tréattnent @MS0-708C fHISA0V@Snutes to
characterised by predomnantly C 16:0, C 16: | , C 18:0, C 18:1 and C 18:2
whi | st & heuns,basridetatled e WQ 94/0363@.onlyipacadlyndi- MM s®tiGmandtaRchte dsand
occasionally C 14:0. Further experinents showed that the levels of C 10:0
and C suflicient fo-prateetdhe sHa from heat denaturatign and RO sceordsupfto tifemdnutes

contam nants in the octan e ysed for the |atter stages of ,the
puri fi @t {ESRPSIABEES 9 ﬁﬁeé@faaﬂwu%tﬁetq dRagtVale dheypreteases: 4kt § hatchsOBoes

not exceed.l.0 .% |.el mo of. the | evel, of octanopat d. preferably does
oot e ioatalat biodirg HelieBrishoitn BiYcatsS b SalARR HRERTSRE Avent o
the level of C 18:2, CS 8 3 and C20 fatty acids is generally undetectable.
In commercial HSA there may typically be about

The conditioned centrate is then loaded onto the column at a flow rate of, for
example, 0.07-0.75 bed volumes/min, preferably 0.3-0.6 bed volumes/min, in this
example 0.5 bed volumes/min, and then the column is washed with one or more
solutions to remove residual contaminants. The columﬁ is washed first with, for
instance, eight volumes of 10-100mM, preferably 30-70mM, for example 50mM
acetate, pH3.94.1, 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 acetate, preferably about
27TmM, pH3.5-4.5, preferably pH4.0 (CS03) and then ten volumes of CSOl. 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, /cm, and collection continues until the UV signal falls below -
0.36 Ay /cm. The column is then cleaned using 0.25-3.0M NaCl and 0.05-2%
detergent (CS0S) and then 0.1-1.0M NaQOH (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
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nol e of al bumn. In the product of the invention, there are typically no
detectable C20 fatty acids and only about 0.02 noles C 18 fa i er
mol e of al BWPMH478DS reduci ng pol yacryl ani de gel el ect rophor{éé‘?(/si iwﬂésgssay
was perfornmed as described in WO 96/ 3754%. The assay showed that rl 3. A of
the invention consists of a single polypeptide chain which when treated

with a reduci -agent. (~i - nprcapt oet hanol rates as.a single d
(rmnoner‘?teor?fggé)‘f'@oé]cl?%‘g Y ﬂe“}’é’crmétﬁ{ ebeﬁj'ar;ﬁuo% 5 (qx,&éyle vﬁg hbed

i ndi cat e‘g lih t-tﬂg }pr oportion of album n present as a nononer is at |east"’
99.9 %. ﬁl]pgr tion high pressure liquid chromatography 251.d of a

| Ongl M solution of albumn purified in accordance with the invention which
had been fornulated to 25 %wWv was injected onto a TSK3000SWKL col unm on a

Shi»mdz%ﬁmm&g@%{)@“gﬁrﬁ@%ont ain less than 0:1 % pol yneric al bumi n.
This re rmul ati on as descri bed herein has no
detrinental effect on- the polymnerlaggregate content of the purified

al bum n. Two Di nensional Gel Electrophoresis 2pg rHA of al bumin prepared by
the procEsseclate from theeatiom exelangebijis then diluteddionbelewoQinSetrads prefexabbsi s

using a MIIlipore |nvestigator S£stem The separation in the first
e

di mensi dassudams Spd.gmip espseiadlyt PEIOY dea@ihgmeandnthenaloadsr| omlodanyanion o 9
505”3 U aitbangs wesiacrcty ho' QBRI DS: DRAToSohRed, RyPemt) BRABDo:
ﬁhylb @M_QPM#%&%?MWM%W@ SRt Aot s
Fosi duoSatY 15.01% TRARRRLSHRH, exciated HECH TR NePoS P (Rt )

17- 0440-1Y) f1§w( pdth IénShr YR OGF fJ0RYN, e"—&?lﬁl'i@ twi '
and/ or I—ll%r?)an Sel? um AII1 um n (E%KA) is f}fged 0 dgﬁggglr@%gaggﬁﬂqb%?mr
mannosy |(@S9d) aindutlien. eqididoraedharith thies reothinmnvelugiadd of CS0dl. | Thedalbemin 16
(Wv) rHA with 145mMv

loaded onto the matrix at 30+ 10g monomeric albumin per litre of matrix and then

the matrix is washed with dilute tetraborate buffer, for ¢xample 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.



sodi um chloride then 1:1 with Con A dilution buffer (200mM sodi fif 285t a%s,

r 85mM sodi um chl ori de, 2mM magnesi um chl ori de, ~' 2mM manganese chl ori de)
2mM cal ci um chl oride pH5.5). 100ng rHA is then | oaded onto an equilibrated
2L Coa A\§§@Gfg .H?e col um which is then washed (S x 4nl) wiplhyd006ks7

equi l i brati uffer (100mMM sodi um acetate, 100mM sodi um chl oride, 1nM
magnesi um chl ori de, 1nmM manganese chl oqde, 1nM cal ci um chloride pH5.5). )
The columm is eluted w t h 6mL Con A elution buffer (100nmM sodi um acet at e,
100mMM s um chl ori de, 5M net hyl - a- D- mannopyr anosi de pH5.5}. Mononeri-c

al bumi ngﬂ:@tﬁ OBWRHX(dl luted to about O lnmg.mM: ~) and eluate
(assayed neat) are quantified by GP. HPLC using a 0-0.2rng.m :1 rHA standard
r curve and the Con A binding al bumi n nononer recovered in the eluate is

P Coogiieh DERRERARPSIa I okt 47 18R A0SR humin

4Bat ch - SSWad T &WTha SRBMiFT St rﬁ,&\%ﬁﬁg FF2

FT&WD. 1§§E&FF2 ‘é%‘a Eﬁ%P— FF2 Fé%el4SP- FF2 FT& 09 SP- FF2 FT&W). 32Fi nal

Pr oduct CiBdtronaBluer wbe:w dyid-iwlsich Poiodis calbuiitihri rfek 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 96/37515.

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 10.041.0g/L. Equilibration, load and wash steps are
performed at flow rates of 0.05-0.30 bed vol/min, pfz:fembly 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
example 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



: - 25 JUL 2003 -
Product 0. 0O7Fi nal Product0. 28 Table 6: C earance of conA-binding rifiA )

t hrough the process. Batches I-4 are derived froma pntl nutant, whereas
batch S is derived froma non-nmutant strain. (FT & W= Fl ow B;&bqnog,,
Washi ngs) VWOB4KT7Adi ng rHA was further anal ysed by el ectrospray’ nmss
spectronmetry (Fig. 8). This indicated kha in addition to ~a reduction in
th_e anmount of conA -binding rHA the extent of nodification of the -
conA- bi ndi ng rHA was reduced. Analysis of Col our The absorbance of a S %

(wv) seolequar weightcutiofh DBAdakiaty 15 @pnpeaﬁa@dv@md shem diafiltered @ ~k00
| cul at ed f
3Sn 3 S
2l bur AL a:%ﬁﬁooiq%?sn@ al s ot agier bY%ataI%ﬁ el ebﬁf c?éﬁi“ °
. ! Ve
bat chese difsent St aRIGHcE) 43 e %@X%Séﬁﬁ%f LosgRs RO dRGi e gnd
«/UL Yy f &h
| nvegt |%1§O'%ﬁleg {)Q’éghf:%leéutréelggeéﬁg&é%@ %?% s@;?é@#\)egy 0 X 16&2&@%(@ ft e
and 0. fheXddl x%téﬁtatf: *&ﬁoﬁﬁ' B i BRerai@y Sl0e 120 ﬂmsagzeﬁ}a

comrercially avail able HSA preparations reveal ed higher abgor banc%s

these vy h s haamgw 10604 g/ XHASMPL Ao use,l thd memblarks. ife xreh%cﬁ
10-329. 25 x 10' 35. 36 x 10731 21 x 10' 337. 40 x 10’ 33.26 x 10°30.6 x 10 3 7 20

x 10' 33hishing Tt résidual pmtcia:ismﬁswamzlclemlngmmm ddragelin G026 x
10' 31.2 x 10" 377.20 x 10'33.70 x 10'30.8 x 10'386.82X1034. 78R1031. 8X103
Table '1: Absorbance (L.g' ".cm ") of prior art HSA preparations Endotoxin r

A sol ut of drug product is assayed using Linmulus anpbebocyte |ysate by
ki neti c §3{ b}sdlar?etarfﬁé“%égﬁl‘r etﬁeﬁ"@né’tve?» ORugAtess SHERL @5 o EHICOPEOLSIDS,

S R S, G e A ke e RRbp e
endot oxj B R AorBilic acid as the ligand. The aminophenylboronic acid is covalently
coupled via a spacer to an insoluble matrix such as polyacrylamide, agarose,
cellulosic or organic polymers. US Patent No 4 562 251 (incorporated herein by
reference) describes suitable methods for making diborotfiazine or monoborotriazine
agarose: (1) triazine is O-linked to agarose first and then linked with 3-
aminophenylboronic acid (APBA) in a second reaction. (2) Triazine is reacted with
APBA first to produce either mono or diborotriazine. These are then O-linked via
the free chiorine on the triazine to the -ONa activated agarose to produce either

mono or disubsituted agarose.

An earlier patent, US 4,269,605, contemplates a variety of activation methods,
including epichlorohydrin activation of agarose, preferred herein. Commercially
available matrices include Amicon’s PBA30 and Sigma’s acrylic beaded

L

aminophenylboronate.

It has been found to be particularly beneficial to use a buffer containing glycine (10-
500mM, for example 25-200mM, preferably 50-150mM, in this example 100mM),
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mat eri al solution spiked with a known quantity of standard endotoxin are

al so included in the assay. The change in turbidity of the reaction y

m xture is neasured over tinme and a | og-1og regression. Any endotoxin in
the drug pMeUW&#712s quantifi ed against the standard curve amtCVEBHYURSY of
the endotoxin spike is confirnmed. No endotoxin was detected. Free Thiol
Ellinan's Reagent, 5,5 - Dithiobis - @@-Nitrobenzoate) (DTNB) is a -
specific means of detecting free sul fydryl groups such as cys-SH

(Cys- r eNla@l€(03300mM h forc eggmple 25/2000ME, peefetdtdy 3G15084, tihahis example

t hi o-2-ni trobenzoate i on TNB2- which has an absorption maxi num at 412nm By
neasur i b@0mM) iandr €a€d, i(H-2HmMapeeferably 1 PH0OMMYi in dhis gexamplee 50nIM),
extinction coefficient of the TNB2- ion at 412nm the fxee sul fydryl

- cont ent PBB.049 chreferablial ) %%-.0,%@lsmmmlpﬁw1@ﬂ9)77oo. 7700. 85E, -

0. 90 REPLACEMENT SHEET.. 2 5 J U, L 2003 . WD 00144772 74 CLAIMS PCT/ G
B0O0O/ 00257 ' 1. A process for purifying an al ~bul ~in solution, the process

Chr ot SRR SolthRC st At Hoo” AT IChaR' oL a1, Ot R K BRE N Fiibsated, 1o
y: g' d ag;id Mﬁff&oﬂ& WeSeried 3bLY8, 8 @gme ?ﬁ@egﬁhﬁn(iéh?@&{ £CTesS9nddq
a um n-contal ni ung rati on exc ange roduct, wit or. w ou I Nt erveni ng

puri fi cadfupih SYoRitae, k?eﬁf%lghl@ﬁ W88 D ShE SR $ohRbYs,! i Wis! (ﬁ(gﬁple <0.35

al bum n-cont ai ni ng anhi on exthange pxoduct; and (3) placing t

al buni neslapitivoluigefniTiie PBAES danpis0a udgative ey tani UhbRFord did Albb@inoly,
into a f nal container for therapeutic use. 2. process according to Caim

1 wher ecoll¢dted imitia Abwathvough and! washo frone the cokingh.y ol wheomdtogriplio stepsd
the glycosylated al bumin is bound duri n%pt he said ration exchange step. 3.

A, proceans ke qurformacd ataflown 1atgs ki h00RD.Babedn vekdmimge Breferably | thees a

mat ri x whi,ch conpri ses inunobjl.ised sul fopropyl ,substituents as ration
exchang@%.flgaaﬂ% axa@@i%%mag&ﬁ then golugniiaze FRIfiGH Qi 3 3 aghernflowaratgy €8ni n

o011 9, 38 Rl Pl i e Jood ARG RRCRF bl SocbanFhEh s "
oct AnodeTeRER Kty obe G Hloby YT 611001904 blélerfly (1035 H WOERRIED *0
wher ei NThEgohithhiid!thénh BANBdSWItH! is@ (53), borate bffer (CS09), NaOH (CS06)

and then stored in dilute NaOH (CS07).

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

substantially reduces the relative concentration of nickel ions.

PBA ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with a nominal molecular weight cut off of 30,000 or less, preferably a
polyethersulphone type membrane (eg Filtron Omega series) of 10,000 nominal
molecular weight cut off. The collected PBA Flow Through is adjusted to
pH5.34.0.5 with CS21, concentrated and then diafiltered at ~100g rHA.L"! against at
least 7 volumes of CS19. At the end of diafiltration, the equipment is washed out
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an octanoate ion concentration of 5-1QrM REPLACEMENT SHEE1® 2 5J UL

2003 WO 00l 44772 PCTI GB0OOI 00257 7rJ 8, A pxocess according to Caiml ]
,Wherein prior to the canon exchange step the al bum n solution undergoes at
| east one V@PV4ET2cted fromthe group consisting of: (i) pHaHCHOVAEST
(i1) concentration; (iii) diafiltration,, and (iv) conditioning by addition
of a fatty acid. 9. A process accordingto Claim8 wherein prior to the -
canon exchange step the al bumi n sol uti on undergoes conditioning by addition
of an oovik-©31% asd| furthed CH paddek as acqaired g give Gl aetentatevicopsenitratidie of
ani on exchange steiuutlllses a matrix ~uvhich conprises |nnDb|I|sed

Cerorl o Lo ey et ool g i il gosrin o
gegfm \{g‘ t‘?lM;; ié bau :sj}i aﬁﬂfﬁimgf%a&?%6§ @E’@s’é‘ %%GFEWPP@GW’
chr ot g Gng R sk B 5151} e #%@@E@?ﬁs%%@eﬁgh% o
has a cg%%g?ilmlﬁo‘?@é@é&?ﬁw cm 1%(;(3{&% rocess accordi ng ?o i

G aixn 1 wherein the snion exchange step is ntn ire positive node with
respect to the albumin, 15, A process according to C aim 14 wherein the

al buni n ‘B albunsinvvlation nglehgpeab)paedtnovaa sovoied zation exchhaggstep using, for

chronat ography has a pH of 6.
instance, SP-FF gepharose (Pharmac1a), this time in the negative mode, ie the
albumin passes through the matrix, rather than being retained. The conditions are
such that mannosylated albumin binds to the matrix. The buffer is preferably a
sodium acetate buffer (5-110mM acetate, preferably 10-50mM, in this example
30mM), pH 5.2-5.4, CS19). Other buffers which can buffer in the appropriate
range may be used, such as a citrate phosphate buffer. Suitably, the buffer has a
conductivity of about 2mS.cm”. The column has’ a flow path length of
11.0+1.0cm, with the albumin loaded to 10-250g.L* preferably 20-70g.L! and in
this example 50+15g or 50+10g.L"! matrix. Since this is a negative step, the

albumin is collected in the flow through and wash.

Following this cation exchange step, the albumin is subject to negative mode anion
exchange chromatography. This step removes yeast antigens as measured by ELISA
and Western blot. The collected flow through and wash from the second cation
exchange step is adjusted to pH4.6040.10 with CS21, diluted to 1.05+0.1mS.cm™
with water and the rHA purified using the following conditions. The step uses an
anion exchange matrix such as DE-FF Sepharose (Pharmacia) at a flow path length
of 11.0+1.0cm and the albumin is loaded to 50-250g.L", preferably 150+50g.L"
matrix. Since this is a negative step, the albumin is collected in the flow through



16. -A process according to Caim 14 wherein tile concentration 35 JHE 203

al bumn in the al bum n solution which undergoes positive node ani on
exchange chromato graphy is 10-100 g.L" | REPLACE~, ~ENT St~EE'f' 2 5 J U
L 2003, WO 00/44772 PCTI GB0O0/ 00257 76 -17. A process accordifag.tQoddoéni 14
wherei n t hWOR4T% i n sol uti on whi ch under goes positive node anion exchange
chromat ography has a conductivity of 1.0Q-1.SnS.ciri t. 18. A process
according to Claim 14 vcrherein the albunin is eluted in the ani on exchange
step using a buffer conprising a conpound having a specific affinity for

al buni n.angowagh.priheqpld ofdbe Hiowglhwughand Yeashhisrtben adjustedito k0 ddhprwitles
20- QOM\Aﬁﬁphori c acid salt. 20. A process according to Caim 14 wherein
the alb is eluted in the anion exchange step with a buffer of

pl ~6.0-8.0. 21. A process according to Claim1 wherein, prior to the anion
" exahange step, the al bum n solution undergoes at | east one step selected

fromthe iS4 . : ‘ L O, s df ;

i ol ysi <A REFAVER st Bnal i s ol 8 sAPIRjuRBE MDA i FABT IR
decol ourRka_isicl PRIERISE belAa PePfbrmicdodn Mt DEWEGIOR SiBHind YashA Process
according to Claim1l whereih'the process is preceded by at | east one step

sel ected fromthe group consisting of: fernentation; primary separation;

cent.~ate conditioning; ration exchange chromat ography; anion exchange

chr onat o¢hdlenlixamplkt hihis bieey idustrated ovitlaghicreas: tohapentke snithnt, ipshouldybeg

an al bum n solution, the process conprising (1 ) subjecting the al bumn

sol ut i orappse¢iatedo thaty dheynprriteatinmt PIPCesth ol thehpresapst innentiond dswegnally

respect to_the albumn [n aqrder to yield an bum n-co~atai nj ng.ration

exchangebplisabierto E%} @hﬁj@@?ﬁ@éetﬁ AV hah TS HOshs: RE Inggadowhisk: pEe get
product, wth or wthout intervening purification steps, to anion exchange
chr omat &Bﬁ%&ﬁﬂ?myhﬁrd’”g‘r’oﬁ?%ur ni n~cont ai ni ng ani on exchange product; and

(3) placing the al bum n-contai ni ng ani on exchange product, w thout further

REPLACEMVENT SHEEI -2 5 J U L 2003 WO 00/ 44772 PCT/ GB00/ 00257 77

purificagtipmplé #to a fatal container for therapeutic use, wherein the

al bum n-‘CUnr‘gi‘n"rng ani on exchange product is subj ected to at | east one

step selected fromthe group consisting of buffer exchange; concentration;

dilution; dialysis; diafiltration; pH adjustnment; treatnment with a reducing
agent ; (oI agsays overenysedatel investigate entratdafuality’beiThe poeren theitcenhtage
said Fx~al container. 24, A process according to Caim23 wherein the

i nitial GMabtnihe worse then rebuitaesss ofi thegepstedls. al bumin and the gl ycosyl at ed

al bumin is bound during the said cation exchange step. 25. A process

according to Caim23 wherein prior to the canon exchange step the al bum n

solutio east one step selected fTONnthe group consisting of:

(1) pwmaﬁ %gsﬁ;sﬁqr}:) concentration; (iii) diafiltration; and (iv)

condifiioning by addition of a fatty acid. 26. A process for purifying an

al bum n solution, the process conprising (1) subjecting the al buanin

sol utiolg.to aDéefménatidvansfahe Absorbianoé apf EnirateOitdsI0 hfh YAGLH an

al bum n-cont ai ni ng ani on exchange product; (2) subjecting the

al bum n-Zont dDefermimationrofahe vestgeeight dfiparticles in the eeértratet (WWr veni ng

purification steps, to cation exchange chromatography run in the negative

node with respect to the albunmin to yield an al bum n-containi ng cation
exchange product; and (3),.p] acin he al bum n-contai ni ng cati on exchange
pr oduct 3ﬂ@fqtﬁéﬁ@ A33YEh ¢rft?tle§{aﬁwhq PReyes the cantrawnguali¥r f or

t herapeutic use, wherein the al bum n-containing cati on exchange product is

s~xbjectcd to at | east one step selected fromthe group consksting of

ot mont T Qs QRREy .8 (Bfke MR yeiad SRl B oS djfftrel " pRY
WO

condi t i %%gm%gﬁé@% REFAGARE R thirtidor) Wore Qothpiarea! container.

00/ 44772 7 CEMENT SHED 2



PGT/ G B00/ 08257 27. A process according to Caim26 wherein the i 8i5tJel 2003
al bum n solution contains glycosylated al bumn and the gl ycosyl ated al bum' n'
is bound during the said cation exchange step. 28. A process accordin
Clainn 26 whedgd7m2 pri or to the cation exchange step the al biGTHCR/00% o

under goes at

pH adj

ust ment ;

| east one step selected f
(i1) concenfiration;

(i

n the group consisting
diafiltration; tuid (i
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of (i)
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fl owthrough to a cation exchang omat ography step run in negatlve node
with rbpmp.t/hg ,éyaEBbu “rt)m1(0x1)7,6pl | efRi610.8)/8 al bum n-contai nilng cation
exchange_fl ow throua (ki) subjectinglthe canon exchange flow tlhrough to
an ani omwﬁﬂq@mpé—chrorra 6g1’h(01)19$8)3p F 416 (h4péDat i ve node; and|(xii)

col l ecting the albumn- chntaining anio exchange flow through fdom step
(xi). Byap® process for pQrdk ¢0.08, & a| Buhi®8&sd)ution, the procégss

Corrpr | L na t-he

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 n;x{niber 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 further gene deletions is avoided.

Example 3

This example was performed in the same manner described in Example 1, but

utilised a strain which is not pmt! mutant.

This strain was also grown at two

different pH control values, and the wet weight content of the centrate determined as

described in Example 1. The benefit of growth at the elevated pH control point is

also seen for this strain of yeast; demonstrated in Table 5, where a significant

reduction in the wet weight content of a culture supernatant is shown when the yeast

is cultured in the pH range 6.3 to 6.5 compared to pHS.5.



steps o~ (i) subjecting an album n solution to a cation exchange 25 JulL 20031
chromat ography step run in positive nbde with respect to the albumn; (ii)
col l ecting an al bum n-eontai z~i ng cation exchange eluatc; (iii) subjecting
t he cation exchange eluate to an ani on exchange chromat ogr ap% step run in
positive rWOMOMATIA respect to the al bumin; (iv) collecting &&T/GB00/00257

al bum n-cont ai ni ng ani on exchange eluate; (v) subjecting the ani on exchange
eluate to an aflnity ' chromatography $fep run in positive node with -
respect to the al bum n; REPLACEMENT SNEEI" 2 5 J UL 2003 WO 00/ 44772

PCTI GB00O/ 00257 80 (vi) coalectin,g an al bum n-containing affinity i
chromat ography eluate; (vii) subj ecting the affinity chromatography eluate
to an [af fi nityF@;hﬁeﬁtataﬁppHaphy step run quWgtght\@oﬂmdﬂlth respect to

t he alunr ~i n and in positive node M th re@ﬁ‘f»@ﬁ'ﬂﬁ&:ﬂ RPN ugat bs: (viii)

- colt eC*TTr +he aau cont-at |n1Tg af-fnt Ty—cToft apray—trow-t I'OUgh;
(ix) sjubj ectlng t he aﬂlnlty chromaf ography flo ;ﬁaough to a ragion

exchanige chromat ography step run injnegative no@e3wd h respect tb the
-al bumin; (x) coll g3Lmst he al bum nfcont ai ni ng raf.gon exchange f| ow
t hrou h; (X|) subj ect| ng the canon pxchange floa ah ugh to an apion

o ot o

exchar‘ ..m.. R -t ing.from
The  antEbe.sen ReGUORY Peieen SAvH %ﬁ%ﬂﬁ%aaﬁefrﬂaﬁnéamsnlvﬁi°5f@eevg§3 B ng
to O ai vMuesif pifeRih@des ard¥¥an@ird dbation shdRmbhber of sadaple) steps are optional |y
preceded ox foI | owed by at |east one step selected fromthe group

consisting of: buffer exchange; concentration; d||ut|on di al ysi s;

diafiltration; pH adjustnme at ment vath UQI ng .agent,

decol ou l*ﬁ»o?ﬁ@@"eé@%ﬁeﬁ??“ﬁgém rlﬂ'Y %to%ﬂ’li’fr‘?élmé dl .%menggcml to have a
control set point between pH6.20 and pH6.70, preferably between pH6.3 and 6.5.

At such a higher pH, the quality of the centrate is significantly improved due to
reduced cell lysis

Example 4 /"

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

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

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

with the purification process described in Example 1.



32. A process according to Caim3Q wherein any of the said purigiscasi Q3!
steps are optionally preceded or followed by at |east one step selected
fromthe group consisting of; bufrer exchange; concentration; dilution;
dialysis: dWE9¥47Btion: pH-adjustnent: treatnent with a red RGHGBURYAIAH”
decol ouration treatnent; heating; cooling, and conditioning. REPLACENMENT
SHEET 2 5 J U L 2003' WD 00l 44772 PCTI /00257 81 ~ _ 33. A process for
purifying an al bumin solution, the process conprising the steps of: (i)
subj ecting an al bunmin solution to a canon exchange chromat ography step run
in positive node wth respect to the albumn; (ii) collecting an

al bum n-&ﬁ:ﬁmﬂﬂ_ﬁg cation exchange eluate; (iii) subjecting the catioz~
exchange eluate to an ani on exchange cbromatography step run in positive
node with respect to the albumn; (iv) collecting an al burri n contai ni ng

ani-on ex e n e cha eto

o on. XG0S SRR Suchbhs TRl oL LA, PRERcHgt Teothefa as

al bum n; Mﬂ;ﬂe gn al bum n~contairiing affl ni ty chrorrat ogr aphy

el uat e; v#%b&i)gdect ng the affinity chromatography eluate to an aWnity
chromat ography step run in negative node with respect to the albumn and in
positive node with respect to glycoconjugates; (viii) collecting tile

al bum n- fanhainvassayadlatani ty chromat ography fl ow through; (ix) subjecting
the affinity matrix flow through to an ani on exchange chronat ography step
nan in negative node with respect to the albumn; (x) collecting the

al bum n-cont ai ni ng ani on exchange flowthro Eh from step (i

X) ;
001 44772 hpmypgosssgysvavere performed ony () teeIHA pyxified fzo0) @bqsl?tchta culture
media; (ii) the rHA used to spike the culture media; and (iii) on albumin produced

by Saccharomyces cerevisiae which had purified in accordance with the present

invention.

Western Blot Summary e
Antibody Batch Number Ig9601

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

Exposure Time 20 seconds

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

and thus can be used to detect yeast antigéns.

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

profile was very similar to the Saccharomyces-derived profile.
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(xi) subjecting the albunin solution purifed by the ani on exchange T
chromat ography step to a ration exchange chromatography step run in
negative node with respect to the albumn; (xii) collecting the

al bum n~c%§§%§{%ﬂ% rati on exchange flow through. 34. A pr oggg@%@{,%sg

purifying n solution, the process conprising the s

subjecting an albumn so tion to a rag*ﬁn exchange chromat ography step run
in posit ve node with respect to the albumn; (ii) collecting an -
al bum n-containing rati on exchange eiuate; (iii) subjecting the ration.
excliange eluate to an ani on exchange chromat ography step run in positive

node w t.,to the albumn; (iv) collecting an al bum n-contai ni ng
ani on eﬁ&é&é‘gﬁgﬁ!ﬁwﬂ(v) subj ecting the anion exc~~az~ge eluate to an
~affinity chromatography step run in posi~ive node with respect to the

alburr~in, (vi) collecting an al bum n-containing affinity chromatography

el uat e; I I h s SHDJ: L+ s buiii ug,m Pihis! hﬁc@ﬁ‘ma‘cff nity
_chromt%é%%gﬁggﬁé%??ﬂﬁgfzﬁgéﬁéaPP%ﬁﬁo e é\gfwhﬁgpgse%pectﬁfg@ ee al bum nmiland
| X~ posfokitHe alBeiRinvubéd 10 RpRCthe! Pichiiy ¢RI Wkt Sfuantificti b}(lguswtus the
al bum n-containing affinity chromatography flow through; 001 44772 83
REPLACHRBOD1.SHEE'~' 2 5 JCL 2003! PCTI G BO0O/ 00257 (ix) subjecting the
affinity matrix flow through to az~ ani on exchange chromat ography step run
in positive node vcrith respect to the albumn; (x) eluting fromthe anion
exchanglg matri x an ani on exchange El yate; . L .
he yeast antigen content of the albumin purified from the Pichia culture medium
was below the detectable limit of the assay (approximately 0.004ug.g™), and the

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

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

latter it was 0.57% (w/w).

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

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

can be obtained.



(xi) subjecting the albunin solution purified by the anion exchahgelUl 20031
chromat ography step to a ration exchange chromatography step av.n in .
negative node with respect to the albumn; (iii) collecting the

al buni n- cOM@AM#TAY ration exchange flovci through. 35. A prd&4EBYAYdi ng
to Caim33 wherein any of the said purd.fication steps aze optionally
preceded or followed by at | east o~ae ep selected fromthe group -
consi sting of buffer exchange; concer~firation; dilution; dialysis;
diafiltration; pH adjustment; addition of reducing agent; decol ourati ozt
treatment; hEating; cooling; and conditioning. 3G A pxocess according to
Clain13§§ﬂﬁﬂgﬁﬁéin any of the said purification steps are optionally
preceded or followed by at | east one step selected tomthe group consisting
of buffer exchange; concentration; dilution; dialysis; diafiltration;

heati natt dopmg T oWeksfiyet e, Afidlh b figg LuBUREHOBRehy TRRE UREF B .

sol uti ogy1dvi&t c 51 Uaireald rzgﬁﬁ' i ti t

ani on eg)éhangqu rgﬁnggi%g?? ?%c%%ﬂcéér to ﬁdépg n alaitt)%nﬁpcgﬁ? i nioirallg aglni on
exchanggldrn@dveé tpurifidatfobipe6édse Jttich Se@d il Bafion0 @k hanged cﬁférﬁ&togfgﬁw Gfe
product, with or wthout iz~texvening puri~eation steps, to ration exct?ange
chr omat ngydhfoliowed by atposidyahiode anida exchinge shesrhatoprapley slepunen to
yield an al bum n-containing ration exchange product; and (3) REPLACENMENT
S~IEET~ 2 5 J UL 2003 WD 00/44772 PCT/ GBOO 00257 84 placing the

al bum n-_cont ai %ﬁ%éiti on exchange product, w thout further purification,
into a From the elyate %tmﬁég%@ppé%s the pEl needs Jocke inercasad #@ pity.

Claim3Z wherein the initial, slbum n salution contai,ns, cosyl gt.ed al bum n
and t he ' BFLFc 8RS, FUP Sgeans, E}ﬁ%\leas&a%"ndp&u F?EWQ“PFIE‘ §Bflo&|a§h¥%ﬁp‘{xc hhg: Jafter; ep.
39. A pr.oc C I 0 { erein the ration exchange step
utilise ae%?réqfqgw\ﬁ% @gtt%roﬂ@ﬂgggggaﬁﬁgbi | i sed sul fopropyl substituents as
rati on exchangers. 40. A process according to C aim 37 wherein the al bumn
solution that undergoes ration exchange chromatography has a p~ of 4.5-6.0.
41. A pPDPFFF2 (Agcording to Claim 37 wherein the al bumin solution that i
under goes canon exchange chronmat ography has an al bumi n concentration of

10- 250gSP-FF2 flaw througirc and washinpdi weret pHGdjusted 2gpidre0rnwith €. 5N Wisodium

sol ution that und%rggoes cati oz~ exchange chronmat ography has an octanoate

i on conlydrogen iosthophosphate.5nlihis matgriah rascinadedcentods MEAE and¢mstandard
wherein ptior to.the rati on exchange step the al bum n sol ution undergoes at
st OPABIYE, SOREIIOaE B LR FCGR ol9BIutE A <AOB GHBA L) maTad i PEk A
(1i) co ntration. (i) diafihltratian:cand (iv) conditioning by addition
of a fa‘ﬂﬁ@ug@@ 82211?6(1/&?(167/%@2;39 ‘ﬁ’é‘iﬁ?@%c ’Eﬁsaé?ﬂvaﬁ' wherein prior to the
rati on exchange step the al bum n sol ution undergoes conditioning by
addifiion of an octanoate salt, 45. A process according to Claim 37 wherein

t he ani pER-EFg{Byge step utilises a matrix which conprises i mobilised
di al kyl am noal Kyl substituents as ani on exchangers.

SP-FF2 flow through and washings were diafiltered vs. 10 vol. 10mM sodium
phosphate pH 7.0, concentrated and diluted with buffer to 50g.L! and loaded onto a

DEAE under standard positive conditions. " The pH and conductivity of the load was
7.0 and 1.43mS.cm™ respectively.

The albumin from DE-FF2A / DE-FF2B is suitably eluted by a 45-55mM sodium
phosphate buffer (pH7.0).
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process according to Caim37 wherein the anion exchange step is gun in the
negative node with respect to the albumn. 47. A process according to Claim
46 whereip t&@“z.} bum n sol uti on which undergoes ani on exchapgfcaoono2s7

chr omat ogWé’p 2 a pH of 4.0-5.2. 48. A process according to Claim46
wherein the al bum n solution which undétgoes ani on exchange chromat ography
has a conductivity of less than 4.OnS.cni 1. 49. A process according to
Clairn in the ani on exchange step is run in positive node wth-
respectﬁ%ﬂﬁﬁal bum n. 50. A process according to Caim49 wherein the

al bum n sol ution which undergoes positive anode ani on exchange

chromat ography has a pH of 6.0-8.0. 51. A process according to C aim49
wher ei Mhdekingrice Nt alickel eEmbohal afrbiir FHAN Byharedduefit Nwidl UbkopHixehe
under goes positive node ani on exchange chromat ography is 10-100g.L'1 52. A
pr oces dnvestigatied seedriguee 8) 4 T heheesaits shiosveal thavrbetwednupHod antdi 4.6 hothlehgoes
positive node ani on exchange chronat ography has a conductivity of

| . 0-1. gats and exterg »f pickeloesavad yeeredindgpendent afrpHo buhéhatiat pii&S dicbrate n i s

o2 s ATUSR SR S b0, S Bl SEILT S S oo,
T RS L S i P A PR oo i 8 00

Example 8 _

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

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

due to removal of glycated albumin.

Example 9

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

Formulation.

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

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



ani on exchange step with a buffer of pH6.0-8.0. REPLACENMENT SHEIgT5 Jut 2003',
PCT/ GB00/ 00257 2 5 J U L 2003 wo oo/aa772 86 56. A process according to
Claim 37 wherein, prior to the ration exchange step, the al bum n solution
under goes aWO ®4471720ne step sel ected fromthe group consisti ngcGFBOMMRFE,
exchange; concentration; dilution; dialysis; diafil'tration; pH adjustnent;
treatment with a reducing agent; decol of¥&tion treatnent; heating; cooling;
and conditioning. 57. A process according to Claim 37 wherein the process
is preceded by at |east one step selected fromthe gzoup consisting o )
fern~ontation; primary separation; centrate conditioning; ration exchange
chr omat o@RiaRhYF begias veire hansfer of TUEA iflowt vhrobphramidowasip by thé Finad PEdeed s
fvr purifying an al bum n solution, the process conprising (1) subjecting

t he al buwvessedol uAs odescribedi belosw,c it gdbemimniat thenagopcentratederdinfiltyredd pHin
al Qum n- cont ai ni ng_ani on _exchange product; (2) subj-ecting the

al buni n- edjisiehinpHahD and duethengeneengaed. "with or without intervening
purification steps, to cativn exdhaz~ge chronat ography nxn in the tlegative
node with respect to the albumn to yield an al bum n-containing ration

X AERANTE b b e AT ARl R S5

therapeut‘lgggﬁﬁpm %g{ﬁ?&,‘%?&@&&%ﬁ hed WAshon exchange step, the al btu~nin

sol ution ergoés a one step selected fromthe group consisting of:
buf fer exchange; concentration; dilution; dialysis; diaf Itration;
pH adjustnEnt; treatnment with a reduci ng agent; heatiug~~; cooling; and

condi t i oRoNPpwWiSE- tréngfep of he AOEFEL fipw ahtbhwitimabd whsh €on elikge ii6IDEHF2 is
a. |l bu~nnin solution contains glycosylated al brxm n and the gl ycosyl at ed
al bumi n randoupakitive doode)y the aEkicontainingnpracessngeany ipse@entiallp raubgected
according to Claim58 wherein prior to the ration exca~ange_ step the,

al buni n $@| RRMSRY LFARCCgHaHORL atighe aBd cjecoBdAt cONCETALEOR: MasesH In an

T
L SR R T Gl B s B

: ﬁSA A’E‘ éo&éﬁﬁﬁt@nﬁ_tdﬁl ARpﬁ&lﬁ)a%e@ 900870 A afid - f3 'iﬁ%@ﬁﬁtelﬁs {6163 b he
AL A9. Agonifludus’ didfiltratidn phabé- wherdY . the - iMAAYs AMafiltered against at least 5,
preferably at least 7 retentate volume equivalents of water-for-injection, preferably a
50mM salt solution to remove ammonia. Following diafiltration the pH is adjusted
to 7.0 and, the secondary concentration phase further increases the rHA
concentration to 275-325g.L'l. At the end of UF the retentate is transferred to the

bulk product formulation vessel.

Instead of pH-adjustment being pcrforme& 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. vPreferably, the
diafiltration retentate is adjusted to pH 710.1 with EX04. If the pH exceeds 7.1 but
remains < pH8.5 then the pH can be decreased with EX0S.
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0 0.41

. P 0.18
Q 0.24
R 0.04

Samples A-Q are commercially available HSA products from US, E\irope and Japan
(mean = 0.49+0.20). Sample R is rtHA purified according to the invention.

Analysis of C-terminus

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

undergone further C-terminal degradation. .

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

commercial sources appears to be heterogeneous by comparison.
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The method is based on a three-point calibration (18/30/60 pg/L standard solutions

from Perkin Elmer). After the calibration, a blank of purified water is measured.
The control standard is measured after the blank and at the end of each test series

(Ni-Standard 20 pg/1, certified standard from Perkin Elmer).

Sample preparation: 7

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

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

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

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

Requirements: i

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

requirement a second time, an error analysis has to be carried out.
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my, = volume Standard (mL) * concentration (mg/L) * 0.0044A-s

absorption sample * absorption blank

3. The measured concentration of the control standard has to be within the

confidence range (2s/3s criterion).

Calculation:

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

Al = A2
+
slope  slope

Result (ug Ni/L) = ( ) 1 2%V

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

A modifier is not used.
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available HSA were analysed by acidic solvent extraction and gas chromatography

of the free fatty acids using a C17:0 internal standard. i<Iro abnormal fatty acids have
been detected in the albumin of the invention by this method although the profiles
for the tHA and HSA showed significant differences. As expected, both showed
large amounts of the added stabiliser, octanoate (C8:0). Apart from this,
commercial HSA was characterised by predominantly C16:0, 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 rTHA final product correlated wit.;h the levels of these contaminants in the

octanoate used for the latter stages of the purification process.

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

acids is generally undetectable. In commercial HSA, there may typically be about
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detrimental effect on the polymer/aggregate content of the purified albumin.

Two Dimensional Gel Electrophoresis

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

10% polyacrylamide/SDS gel in the second dimension. On staining of the gel with
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S&10% ( ‘s@dfum FHiGrid@ théRd] . 1 Wit %@o& A) dilution buffer (200mM sodium acetate,
85mM sodium chloride, 2mM magnesium chloride,/:’imM 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 4mL) with Con A
equilibration buffer (100mM sodium acetate, 100mM sodium chloride, ImM

magnesium chloride, ImM manganese chloride, ImM calcium chloride pHSJ.5).
The column is eluted with 6mL Con A elution buffer (100mM sodium acetate,
100mM sodium chloride, 0.5M methyl-a-D-mannopyranoside pHS.5).

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

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

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

Analysis of Colour

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

invention has the following values:

Wavelength Mean absorbance (n=4 batches)
(am) (L.g".cm™)

350 5.75x 107

403 1.7x 103

500 0.4 x 103
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SAMPLE Ass A Asee
1 9.95 x 10° 4.10 x 10° 0.8 x 10°
2 9.25 x 10°? 5.36 x 10° 1.1x10?
3 7.40 x 107 3.26 x 10° 0.6 x 10°
4 7.20 x 10° 3.60 x 10/-3/. 0.6 x 10
5 8.68 x 107 4,08 x 10° 0.8x 10?3
6 11.45 x 10 6.26 x 10° 1.2 x 103
7 7.20 x 10° 3.70 x 107 0.8 x 10°
8 6.82x 103 4.78 x 107 1.8x 103

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

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

constructed from known concentrations of a standard endotoxin preparation,
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absorption maximum at 412nm. By measuring the increase in absorbance at 412nm

R_l

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

sulfydryl content of rHA can be calculated. s/
Sample mol.mol™
A 0.82
B 0.77
C 0.77
D 0.85
E 0.90
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albumin-containing cation exchange product, with or without
intervening purification steps, to amion exchange chromatography to
yield an albumin-containing anion exchange product; and (3) placing
the albumin-containing anion exchange product, without further

purification, into a final container for therapeutic use.

!

f 2. A process according to Claim 1 wherein the initial albumin solution
( contains glycosylated albumin and the glycosylated albumin is bound
{

during the said cation exchange step.

| 3. A process according to Claim 1 wherein the cation exchange step

utilises a matrix which comprises immobilised sulfopropyl substituents

as cation exchangers.

4. A process according to Claim 1 wherein the initial albumin solution has
apH of 4.5-6.0,

5. A process according to Claim 1 wherein the initial albumin solution has
an albumin concentration of 10-250g.L™".

6. A process according to Claim 1 wherein the initial albumin solution has

an octanoate ion concentration of 2-15mM.

7. A process according to Claim 6 wherein the initial albumin solution has

an octanoate 1on concentration of 5-10mM.



%0%Q & ()-! XsF  940%pnp& ()- 9 "10% && ()- 9#109%Q & ()-REPLACEMENT SHEET
10%Q & ()-P|[: vU410" 9&8$109Q & ()- OF'#10%Q & ()- 9 !10% & ()- 93

10%Q & ()- 9 SLI10%Q & ()- 9 L!'109%Q & ()-P5d|[:v410 9 6t!10%4Q & b)UL 2003
94#109%Q & ()- 9L-110%Q & ()- 9+#10%Q & ()- M I10%JY & ()- 9 1109 & ()-
*+, - <WZv /4 B10% & ()- 9 10%' & ()- 9F "10%' & () - PCT/GB00/00257
98g10%’ W 10Q 10Q 9S8 10%Q & ()-'|[:vU410 9 9: $109%' & () -9

OMBLO%' & ()-G 9 9L10%' & ()- 9 9Ll 1686 $& ()-° 9 109%' & ()- 9 $10%' & ()-
vU410 OFMLOY4&#& ()- 9s 10%t8#& ()- 9  10%t&#& () -

994.0%t&#& () - 310x’ 10x’ 10x’ 9!: $10%' & () - $25cCvUA10 _

IFMLp&10YBEH#EA (prodess Sautding to) Claimel Ovlidrein prior-tp&theosatiogt ¢ychangel 0941848 (
)-{+ 9#10%t&#8&" ()-5BCI NOYSWvU410

p&10%#&#E& () -Steppxostbamin solutigrenndergres @t lqash anosepsaelested from the
0&p&10%H&#& () - { +YZdej 1 zxX8v@1 . . e
D&LOVE&HE () - Qﬁl@l@w ﬁng) -C{Lﬁp&lo%#@“(sﬁn?mﬁ k(i) concentration; (iii)

OpalOnIehe. GrahiRIAILABA D) cdnapaSrY B addition of a fatty acid.

0&P&LOVAEHE () - { +P&LOVAEHE () - { +p&LOYAEH& () - {+ <vU410 / K/
?fﬁ%%%@}éﬁﬁrﬁ@é@@%ﬁé&@ td EPsiiP Wrh&rdin PritSPHESERidn ekdpibd/#&#& () -
?fcp%g‘ﬁgg Esgtclf EP%QBJE%‘& dolufiop &Pefgoet Conditioddifi s ddditiohpRpe &#& () -
0 ' - \Y;
p&gocy#&#&' () -dotaRdIe@aRE’ () - { +pRLOYEEHE' () - { +P&LOYAEHE' () - { +P&LOYAEHE () - { +
[ K" 0&xX<vU410
&LOYBEH&' () - { +p&LOYEEHE' (). { +p&LOYGHEHE () - { +p&L0YE&#E () -{+/ K/
g&p&low&#@- (& 5#99@8%%& &%o%&gﬂalm)l{gf {@g/#@&&amon[ Ee) BERAEN ) - { +/ K/ *
&P&LOYEHEHE () o +PELOYHEHE ()¢ {+0STVUAL0 pP&LOYE&HE () <{ +D&LOYEEHE () - {+/ K/ '
S&B&low&#&' E‘%‘?l%%e%&foo}@&’é‘ E%@S&fé%mapméﬁ&lﬁs%i@#ﬁ%ﬁwﬁ@) {
&10%t8#& () - ! :
g&p&lO%i&#f&') (3{11-#{9 ﬁlﬁ%‘?fé%/ﬁsgﬁ’é}°(‘)?’i°1‘8%§%%&#&' () - { +P&LOYEH#E! () - { +13: ; <=>k:
vu410 / K/
?E‘E‘éé%’/#&qi‘;"- &-l%m@wa@%#&n@m{en&wf/m&ém& R LR Stfaple) stép BEARPH&HE () -
Vv
/p&lOO/#gciq#E' () in{ the Seusigs 1 ¢de WithaeOSeteA& Y albupBh DY &H& () - { +pP&LOYHEHE& () - {
+p&LOYEEHE () - { +qr st xX<vU410
| p&LOYGHEHE () - { +P&LOYEEHE () - { +P&LOYE&HE! () - { +P&LOYA&#&' () - { +P&LOYA&H& () -
+cFJ)/¢ K/ o&ﬁ%@gﬁ%oess accordgﬁg io+ I?Zlauim 16 whg‘eira tcﬁe albumin Sg)futi{OLpWhiCh Ot

0 () - 9 "() - 9 () - 9 () - '
it (S Lol B 5L
| p&LO%H&EH#HE& () - { +p&LOYB&H#& () - { +p&LOYBH#&H& () -{+/ K/

O Ottt (X bt OuEa Bty 1 LI 40 HastR A (s SRR SR - (+/ 1

0&P&10Y48#&! fy e : 199 v VB&H& () -
D Eoa] o conamderpSap UL Lot U S bl RSP WeBMc iy BRRRRS S S10. a
& () - { +p&10% g 4.9rmSee@l'0064:8#& () - { +t X<04/ p&LOP&LOYEEH&' () - { +p&LOYEH&HE. () -
{ +p&10%#8#&' () - { +p&LOYB&H#& () - { +pP&LOYAEH& () - {+ K/

0&| \ <04/ pgi%p&lof%#&#&' () - { +P&I0%#&#E’ () - { +P&L0YE&HE () - {+ K/

088p&10%+&ME {) Prosses avgading to Claipwb whezeipphe outicn ex charge] g6 GO4BHE () - { +/
K" 080p&LOYAEHE (.).- { +D&LOYAEHE () - { +( p&LOYB&H&' () - { +

1" [ 204/ B&lop&&’oﬁ/&é‘ﬁl‘té (-?éqlcmﬁresé&tio{ egl%um&ﬂﬁ- O

0&P&10%&#E&' () - { +Op&LOY&#&' () - { +p&LOYB&HE’ () - { +( p&LOYE&H& () - { +" #1789: | <04
/ p&10/ K/

0&p §10W#§#%L5"( . process, @ﬁ%ﬁ&“{% to Claim J#f%"f"l)i!l{ths ﬂhﬂﬂ%@{‘?@{mﬁ@i@%fﬁt& ()-
el oo e TS ROBE PRI bl nf] O e O OB e 4 PP 2 Coat

" () - { +p&L0%&EBH-B)0. { +p&LOYHEHE () - { +p&LOYEEH#& () - {+% K/ *

08z{ | t TA04/ p&1OY%t&#&' () - { +p&LOYE&HE' () - { +P&LOYAEHE () - { +P&LOY&H& () - { +/ K/
0&P&LOYAEHE. () - { +SWI04/ p&LOYA&HE& é)-{+p&10%#&#&' () - { +{ p&LOYG&H& ()-{+/ K"
o&p&low&#kﬁ-g A p@@_sswmm)g- for|Glaiom/ b&ml??a&#&'ﬂ1¢-c§mm&ﬁ&%ﬁ8ﬁ8?§ )t]?d 7{0 K/
0&P&LOYHEHE' () a{ +P&LOYE&HE: () - { +P&LOYGE&HE' () - { +O304/ p&LOYH&H&' () - {+/ K/
o&g&low&#&' (%‘Lbi‘ &1‘60&1&@%“1{ ﬁgg&w@&!}( yn$¢5&$@®£@&e(mop¢p@m p&10% K/

ospalovsase (SENEEHromatonephy is L0008 L () ¢ ine10vsasa () - [ +palovEass ()
-+

_£.>o4/ P&10P&10YEEHE () - { +PELOYEHE: () - { +P&LOVEIEHE () - { +P&LOYEEHE () - { +P&LO%EH
&#& ()-{+p&l0%#&#& ()-{+) * / <HMU

ANA PSNAZIT O T A PSNAZIT O L O A NN SISl \ . SN A PNAZII O I OY N . N A PSAZII OO



8100 48 ()-Z | $10% & ()- @aaaaaad AvUs | s$10%e 8¢ BEPLAGEMENTBHEET
" 1096 88’ 8 | 58109 && ()-10" 10' 10' | 59$10% & () - ( ASAASDDDVE| [5 ¥ Ui 4o0a -
| y8ES10%E 8 ()- | 1* 100 && ()1 | 38$10%& 8& ()-1 | NB10%& && () -

Fi 109% & %8> &8 () - 3VEEE"F HHH HH| 0bU4/ | ' 10% & () - Fap&sd/assss108* &
o

| / MBLOYR | +@O0%&R* && () - | & 9$109R* && () |
| 3($100&* &&' () - 3H7H H MOOOO| [ NA4/ 10' 104 | (L$10% & ()-@ |L$10% & ()-Z
810% & ()-f |y 10% & ()- | "10% & () - oc%ocJP(PH NA4/ 10 |9 109 +* L& () -

S0 AR I o MRS e b S, B

109 +* L& ) romatostaphy

$) 109 +* | &(%)ndeﬁgégsé %%%’%14 ?de&%%' % &’%&@wag%% t()ET 1%L+*L10L+*L10L+*LI
| 4F109%4 +* L& éandudm@l@m@*LsmscmMm%M L& ()-TT TTO) T=T-">vU4/ | Xt
10% & ()-Xt 10% & ()-Xt 10% & ()-Xt 10% & ()- |s MLO% & ()-L Iy

10% & () - =T>TPTQTRTSTKT| TpP04/ Xt 10% & ()-Xt 10% & ()-'8 t Xt 10% & ()- Xt
10% & () - 38, Aoptctiesy aceoding Vo CIZITT ddrwhereln the altummi is shutadia the ) - Xt
10% & ()-Xt 10% & ()-('8 t Xt 10%%@ TTTTTTTTi M 4' 8 t Xt 10% & () - Xt

10% & ()- Xt W}(qhaﬂsetstewsm/@ erygonpusige 3 compaundsheg/a’ 8 t xt

10% & () - Xt 109. 10%&() Xt 10% & ()- Xt
10% & () - %%{B‘?‘M %“‘&0%&()- 8t Xt 10% & ()-Xt 10% & ()- Xt
10% & () - 8

19. A process according to Claim 18 wherein the buffer comprises
20-90mM phosphoric acid salt.

20. A process according to Claim 14 wherein the albumin is eluted in the

anjon exchange step with a buffer of pH6.0-8.0.

21. A process according to Claim 1 wherein, prior to the anion exchange
step, the albumin solution undergoes at least one step selected from the
group cousisting of: buffer exchange; concentration; dilution; dialysis;
diafiltration; pH-adjustment; treatment with a reducing agent;

decolouration treatment; heating; cooling; and conditioning.

22. A process according to Claim 1 wherein the process is preceded by at
least one step selected from the group consisting of: fermentation;
primary separation; centrate conditioning; cation exc}iange

chromatography; anmion exchange chromatography; and affinity
chromatography.

23. A process for purifying an albumin solution, the process comprising (1)
subjecting the albumin solufion to cation exchange chromatography in
the negative mode with respect to the albumin in order to yield an
albumin-containing cation exchange product; (2) subjecting the
albumin-containing cation exchange product, with or without
intervening purification steps, to anion exchange chromatography to
yield an albumin-containing anion exchange product; and (3) placing

the albumin-containing amion exchange product, without further
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concentration; dilution; dialysis; diafiltration; pH-adjustment; treatment
with a reducing agent; heating; cooling; and conditioning, before being

placed into the said final container.,

24. A process according to Claim 23 wherein the initial albumin solution
contains glycosylated albumin and the glycosylated albumin is bound
during the said cation exchange step.

25. A process according to Claim 23 wherein prior to the cation exchange
step the albumin solution undergoes at least one step selected from the
group consisting of: (i) pH-adjustment; (ii) concentration; (iji)
diafiltration; and (iv) conditioning by addition of a fatty acid.

26. A process for purifying an albumin solution, the process comprising (D
subjecting the albumin solution to anion exchange chromatography in
order to yield an albumin-containing anion exchange product; (2)
subjecting the albumin-containing anion exchange product, with or
without intervening purification steps, to cation exchange
chromatography run in the negative mode with respect to the albumin
to yield an albumin-containing cation exchange product; and 3)
placing the albumin-containing cation exchange product, without
further purification, jnto a final container for therapeutic use, wherein
the albumin-containing cation exchange product is subjected to at least
one step selected from the group consisting of buffer exchange;
concentration; dilution; dialysis; diafiltration; pH-adjustment; treatment
with a reducing agent; beating; cooling; and conditioning, before being
placed into the said final container,
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steps of:

()  subjecting an albumin solution to a cation exchange

chromatography step run in positive mode with respect to the

albumin;
(i)  collecting ap albumin-containing cation exchange eluate;

(iif) subjecting the cation exchange eluate to an anion exchange

chromatography step run in positive mode with respect to the

albumin;
(iv)  collecting an albumin-containing anion exchange eluate;

(v) subjecting the anion exchange eluate to an affinity

chromatography step run in positive mode with respect to the

albumin;

(vi) collecting an albumin-containing affinity chromatography
eluate;

(vii) subjecting the affinity chromatography eluate to an affinity
chromatography step run in negative mode with respect to the

albumin and in positive mode with respect to glycoconjugates;



"10%*f& ()- '10%*f& ()-3|I }}}615;~1|= E?LN(A;uomf f 10f *f 1REPLACEMENT HEET -
9- $10% *f& ()- )10% *f& ()- UB10% *

F"9$109% *f & 8 ~)~*{| [<NA4(12)10f L3 &109& ()- @ 109%V( M& ()- 109V Me UL 2063
1090 M& ().- 3109

% 1098V M& )‘Y9°2’ﬁ71’f\|A41010f$10%¢(w& ()-y$10980M M& () - y$109% N&PCYIGB00/00257

s 109 M& () - &$1098V( M () - 7

&$1090 M () - xX@1010f $109% M&' () - y$10 & M& () -y$109M V& () - y$1098M M& () -yp
X<41010f$10%\/(l\/& ()-y$109M M& () - y$1098 M8 () - y$1098M M8 () - y$1098( M&' () - ysW

74101$109 "()-y! & xX
@ 1015107 M i)@é@eﬁ%tﬁ% @%%@%@%%% bﬁ%*&%%mmmo
o V&' () - $10%«(|v& ) - y$109M M&' () - y$109M M&' () -y: ?@GHICs W41
01$10%w(|v& () - ySL09M M () y$10%\/(|\/& ()- y$10%\/(|\/& ()- y$10%\/(l\/& () - yOPQRSTb}
dC101$ L10%S+S& ()- L "10%6+S& () -

LO" ' 10%6+S& ( [ix}OMsiyB OMd\/%fﬂMwyl\ﬂubinatoﬁ ?ﬁgilﬂb\ntﬂthﬁ@@lﬁ&o(a S Lym
1096+S& ()- L, 1096+S& ()- L' $10%8+S& ()-Y 1098S&' ()

-(10% & () - Ps| [ - Ctates exchangemhasmatiography $tgy/Busdn (negativg10Ee S8, () -
L*$10%6+S& () - LF($10°/<S+S& ()= L3B10YUS+S& () - $bACLOS+S L L9$10% & () -
Ly#10% & ()- L 109%% th yespest toghe alyuming, 1004 & () - 10S+S10S+S$: | [ : ACLOS+S
L°9 :$10% & () - L9&l\/$10%i& ()- LL3910%{& ()- LL9: 10% & ()- 83 & 10% & ()-3

LLZ 10% & | [:A +S % c L&I10% & ()= . L& &IOY% & () -4
L9S, |\/$1§)0/4 f&') (@2 &Wﬁﬁﬁ Iﬂ?‘)’ %“q‘gi E)Eﬁt\/‘tﬂué %%W&é???-

L#10% g) f & () - L&lQﬂ% ()-310(10(10( LY?YlO%{& ()- Ly5"10% & ()-
Ib|[:vU410  K&$10%% () L L@ 10% %f & ()-3L LS10% %f & ()-

(10% %*+. & () - @(10%77& ()-@L (10% %f & ()&PBEOJ\(‘AH -410f%£fﬁ;_410%(yo+f&' ()-L
| & 10% %r b & 2

Ll |10f§§y f& {) ] lsubémo?%{‘tﬁ{% %3}( &ﬁ?]%ﬁ Ly 10% & ()- Ly#10% & () -
LY10% & () - LL’ Tlomh@gaehmmﬁg%pﬂ@mmw&fnm t6h8dé) amd x 109 & () - q

X 10%{&'()-q I -x 10% & ( ) q X 10%{& ()-a hL,4x 10%& ()-q x 10% & ()-q

10% & () - 0% & -q '/ 4eG+4x 10% & ()-q '/ x 10% & ()-
§ 10cy§ & 8 x%))cyéc&)ﬂgep qg thc a]bununq—contammg anion exchange flow

through from step (xi),

30. A process for purifying an albumin solution, the process comprising the

steps of:

@) subjecting an albumin solution to a cation exchange

chromatography step tun in positive mode with respect to the

albumin;
(i)  collecting an aJbumin-containing cation exchange eluate;

(iii)  subjecting the cation exchange eluate to an anion exchange

chromatography step run in positive mode with respect to the

albumin;
(iv)  collecting an albumin-containing anion exchange eluate;

(v) subjecting the anion exchange eluate to an affinity
chromatography step run in positive mode with respect to the

albumin;
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steps are optionally preceded or followed by at least one step selected

-

from the group consisting of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment; treatment with a reducing agent;

decolouration treatment; heating; cooling; and conditioning.

32. A process according to Claim 30 wherein any of the said purification
steps are optionally preceded or followed by at least one step selected
from the group consisting ofi buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment; treatment with a reducing agent;

decolouration treatment; heating; cooling; and conditioning.
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(i)  subjecting an albumin solution to a cation exchange
chromatography step run in positive mode with respect to the

albumin,
(ii)  collecting an albumin-containing cation exchange eluate;

(iii) subjecting the cation exchange eluate to an anion exchange

cbromatography step run in positive mode with respect to the

albumin;
(iv)  collecting an albumin-containing anion exchange eluate;

(v)  subjecting the anion exchange eluate to an affinity

chromatography step run in positive mode with respect to the

albumin;

(vi) collecting an albumin-containing affinity chromatography
eluate; .

(vii) subjecting the affinity chromatography eluate to an affinity
chromatography step run in negative mode with respect to the

albumin and in positive mode with respect to glycoconjugates;

(vii) collecting the albumin-containing affinity chromatography
flow through;

(ix) subjecting the affinity matrix flow through to an anion

exchange chromatography step run in negative mode with
respect to the albumin;

(x)  collecting the albumin-containing anion exchange flow
through from step (ix);
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34. A process for purifying an albumin solution, the process comprising the

steps of:

(i)  subjecting an albumin so]jation to a cation exchange
chromatography step run in positive mode with respect to the

albumin;
(i)  collecting an albumin-containjng cation exchange eluate;

(iii) subjecting the cation exchange eluate to an anjon exchange

chromatography step run in posit%ve mode with respect to the

albumuin;
(iv)  collecting an albumin-containing anion exchange cluate;

(v) subjecting the anion exchange eluate to an affinity

chromatography step run in posifive mode with respect to the
albumin;

(vi) collecting an albumin-conthining affinity chromatography

eluate;

(vii) subjecting the affinity chrothatography eluate to an affinity
chromatography step run in negabive mode with respect to the

albumin and in positive mode with respect to glycoconjugates;

(vii) collecting the albumin-confaining affinity chromatography
flow through;
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the albumin;

(x) eluting from the anion exchange matrix an anion exchange

cluate;

(xi) subjecting the albumin solution purified by the anion
exchange chromatography step to a cation exchange chromatography

step run in negative mode with respect to the albumin;

(xii) collecting the albumin-containing cation exchange flow
through.

35. A process according to Claim 33 wherein any of the said purification
steps are optionally preceded or followed by at least one step selected
from the group consisting of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment; addition of reducing agent;

decolouration treatment; heating; cooling; and conditioning.

36. A process according to Claim 34 wherein any of the said purification
steps are optionally preceded or followed by at least one step selected
from the group consisting of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment; addition of reducing agent;

decolouration treatment; heating; cooling; and condjtioning.

37. A process for purifying an albumin solution, the process comprising (1)
subjecting the albumin solution to anion exchange chromatography in
order to yield an albumin-containing anion exchange product; (2)
subjecting the albumin-containing amion exchange product, with or
without intervening purification steps, to cation exchange
chromatography run in the negative mode with respect to the albumin

to yield an albumin-containing cation exchange product; and (3)
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placing the albumin-containing cation exchange product, without

further purification, into a final container for therapeutic use.

38. A process according to Claim 37 wherein the initial albumin solution
contains glycosylated albumin and the glycosylated albumin is bound

during the said cation exchange step.

39. A process according to Claim 37 wherein the cation exchange step

utilises a matrix which comprises immobilised sulfopropyl substituents
as cation exchangers.

40. A process according to Claim 37 wherein the albumin solution that

undergoes cation exchange chromatography has a pH of 4.5-6.0.

41. A process according to Claim 37 wherein the albumin solution that

undergoes cation exchange chromatography has an albumin
concentration of 10-250g.L".

42. A process according to Claim 37 wherein the albumin solution that

undergoes cation exchange chromatography has an octanoate ion
concentration of 2-15mM.

43. A process according to Claim 37 wherein prior to the cation exchange
step the albumin solution undergoes at least one step selected from the
group consisting of: (i) pH adjustment; (ii) concentration; (iif)

diafiltration; and (iv) conditioning by addition of a fatty acid.

44. A process according to Claim 43 wherein prior to the cation exchange

step the albumin solution undergoes conditioning by addition of an
octanoate salt,

45. A process according to Claim 37 wherein the anion exchange step

utilises a matrix which comprises immobilised dialkylaminoalkyl

substituents as anion exchangers.
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49. A process according to Claim 37 wherein the anion exchange step is

run in positive mode with respect to the albumin.

50. A process according to Claim 49 wherein the albumin solution which

undergoes positive mode anion exchange chromatography has a pH of
6.0-8.0.

51. A process according to Claim 49 wherein the concentration of the
albumin in the albumin solution which undergoes positive mode anion

exchange chromatography is 10-100g.L"

52. A process according to Claim 49 wherein the albumin solution which

undergoes positive mode anion exchange chromatography has a
" conductivity of 1.0-1.5mS.cm™.

53. A process according to Claim 49 wherein the albumin is eluted in the

anion exchange step using a buffer comprising 2 compound having a

specific affinity for albumin.

54. A process according to Claim 53 wherein the buffer comprises
20-90mM phosphoric acid salt.

55. A process according to Claim 49 wherein the albumin is eluted in the
anion exchange step with a buffer of pH6.0-8.0.
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58. A process for purifying an albumin solution, the process comprising (1)
subjecting the albumin solution to anion exchange chromatography in
order to yield an albumin-containing anion exchange product; (2)
subjecting the albumin-containing anion exchange product, with or
without intervening purification steps, to cation exchange
chromatography run in the negative mode with respect to the albumin
to yield an albumin-contakning cation exchange product; and (3)
placing the albumin-containing cation exchange product, without
further purification, into a final container for therapeutic use, whetein,
ptor to the cation exchange step, the albumin solution undergoes at
least one step selected from the group consisting of: buffer exchange;
concentration; dilution; dialysis; diafiltration; pH-adjustment; treatment

with a reducing agent; heating; cooling; and conditioning.

59. A process according to Clajm 58 wherein the initial albumin solution

contains glycosylated albumin and the glycosylated albumin is bound

during the said cation exchange step.

60. A process according to Claim 58 wherein prior to the cation exchange
step the albumin solution undergoes at least one step selected from the
group consisting of: () pH-adjustment; (i) concentration; (iii)
diafiltration; and (iv) conditioning by addition of a faty acid.



