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I PROCESS The present invention relates to a process
for purifying the protein human serum al bum n (HSA)
extracted fromserumor plasm, or reconbinant 5
human al bum n (rHA) produced by transform ng or
transfecting an organismw th a nucl eoti de codi ng
sequence encodi ng the am no acid sequence of human
serum al bumi n, including rHA produced using transgenic
ani mals or plants. In thislspecification, the term
"al bum n" refers generically to HSA and/or rHA. 10
BACKGROUND OF THE | NVENBRQCESSi n is used to treat
patients with severe burns, shock or blood loss. It is
al so used to suppl enment madi a used for grow ng higher

[
PHEPESERY e pAlis, §2a BoB Kl ﬁkﬁﬁ’w%fﬂweﬁe% Jypan
defur Calbbmii |(HS20. edfradie@SAOn dehdmds &1 §ecombinant
product is satisfied by albumn extracted from human
Inimamalbemim xfEs) pfoduced byt tramsformingemn transfecting an organism
t echni ques i ncl ygde those disclosed in: JP 03/258 728
With 13, émfa@eﬂéﬁ SeAnenge cepeading the aminoy 3gid, rseqw@ce of

1@&({’ %%‘P‘%n%‘&&&ﬁf %@@gﬁg gﬁ% EF#‘F%FBB on_t he mg% s or

@ 3€
i n EP 330 4?&&%#38&”\1%%13113 f| catl oﬁ%e?gaﬁ$g§ggsA

dndforrfBA have been di scl osed i n: V[)92/04367 r enoval
of matrix-derived dye; EP 464 590, renoval of 25
yeast-derived col orants; EP 319 067, alkaline
precipitatio D0 0 t he rHA
to a |lipophi ‘ 8 N ch
cont ai ns sever al conplete purlflcatlon processes

Albumin is used to treat patients with severe burns, shock or blood loss. It is
also used to supplement media used for growing Hf;her eukaryotic cells and
as an excipient for pharmacologically active compounds, many of which need
to be stabilised. At present, the demand for the product is satisfied by
albumin extracted from human blood. Examples of extraction and separation
techniques include those disclosed in: JP 03/258 725 on the use of a cation
exchanger; EP 428 758 on the use of anion exchange; and EP 452 753 on the
use of heating, adding salt and diafiltering.

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

contains several complete purification processes.
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2 The present invention represents the result of

i ntensi ve devel opnent of the processes described in

WO 96/ 37515 and that of US 5 728 553, incorporated

herein by reference. 5 SUMVARY OF THE | NVENTI ON A

first aspect of the present invention provides a

process for purifying an alhumn solution, the

process conprising the step 6f subjecting a first

al bum n sol ut.i on- of FB.8%$.5, and, havi,ng a

Tl preseny in nF‘H“t'P?P"‘F%H@e result of; intensiye dayelopment, gf the

af fni 0 . . . A .
st efetia I T BB St e of B 4728 o0 kdptBrated
Retei By Péfedenp®t ri x conprising inmobilised

di hydrioxyboryl groups, thereby obtaining a purified
album n solution. 15 Preferably, the pH of the first

al bumin solutign_is pH3.0-9.0. and nore referably

pH3. 3- pH3. 6. | L8t al bumin
solution is buffered with a buffer having a pHw thin
the af orenenti oned pH ranges. Preferably, the buffer

0 [ ' ' ; rak f 3
BOBRS SREcirer B PrsBil, Inhuibn HOVKIES £ Pt for Busying an
A6uh&Dsolutibn cthe pabtess doneprising theastip! of subjesriig e first albumin
Preferably, the buffer conprises a nonoval ent cation

selution-wofc pH8:Q:Pihn asd havisgoanconsuetivity biny ties raugamaf 1 to
d..mor. ferabl y ." 50- 150 o5 Pr, bly, th

RS R 5 8 BTy roBafERP Ly SP8 Ry 1 it Honegiiye grode

Bfrrestet 3 the dobein'ay WEECHE it s AHIMTRY InaftE comprising

iniabbiliséd YdiRydraRPbdtyl ogrdups) ehareby astadiningd @- pdidfied/ albumin

solution.

()

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 mox"e ‘prcferably 50-
150mM.
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Preferably, the buffer conprises a divalent cation at
a concentration of 5-250nmV preferably 10-100nM
Preferably, the divalent cation is calcium-
preferably in the formof CaCl 2. Accordingly, inn a
preferred enbodinent the 5 - buffer conprises CaCl2 at
a concentration of 5-250mM preferably 10- 100nM - In
a particularly preferred egrbodi ment the first al bumn
solution and/or buffer conprises about 100mM gl yci ne,
about 100mM NaCl and about 10 50mM CaCll. Preferably,
the conductivity of the first album n solution and/or
Prefsthbly, ihe baffeP Obmpiides 2 ddivaleit afibR’ A0 kY concentration of
18-22nt. cnr'. 15 Advant ageously, the concentration of
5-260mM) preferabiy 10HO0MM s t Preférably, theodivalem cation iis caleinm,
ranglg of . 20- 128)%. L'', preferably.70-120g.1:"', and nore

prefarablyringhy formfdaGls. Ascerdinglyl jn aprefeated: ambodigent the

- outt B RGpled FCICLIRE o sinGdhy, HE3 TR peoferabiy 10-

100eaL ably, the matrix conprises a boronic acid-~ The
term"acid" as used herein includes the salts
t hereof . Advant ageously, the boronic acid is bonded
via a triazine or a substituted triazine, for exanple

- In aopagicashh guefested; smbadiment €ep firss: albumin csolutdon, and/or

busfet” B i RO i Sl 100 RRCH i 3btus

50‘*3\%’ cglternatives to phenyl boronate, such as
a |%ﬁat2| c and substituted aromatic |igands, include

Adanek, V. et al (1992)1. Chrom 625, 4 91-99,
Singhal, RP. et at (1991) J. Chrom 543, 17-38 and
Preferat lyx the: conductivityof) the st gibugon solution and/or buffer is 10-

50mS.cm™ and more preferably 18-22mS.cm™.

Advantageously, the concentration of the albumin in the first albumin solution
is in the range of 20-120g.L", preferably 70-120g.L!, and more preferably
100+10g.L'. Preferably, the albumin is loaded in less than 0.5 column

volumes, more preferably in less than 0.35 column volumes.

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

. +or diborotriazine, to a support such as agarose. Preferably, the boronic acid

-is aminophenylboronic acid.

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

"Suitably, following the affinity chromatography step
the purified albumn 5 solution is subjected to
further purification, preferably further

chromat ographi c purification. Preferably, the al bumn
is further purified wusing cation exchange

chr omat ogr aphy and/ or ani on exchange chromat ography.
The order of the cation ané anion exchange steps can
be inter-changed while still performng their

91599, Singhal,oR.Rb¢reah (19H9) JrChram SL@,Ob'bBSt awhdlinpH.net al
etter integrated process is cation
(1§§%§§%’é1'€£ron&t ography foll owed by ani on exchange
chromat ogr aphy. Suitably, the purified al bumn
sol ution produced according to the process of the
e LAEinfty € Binatsptaphy Mtep NHE" e® fib@nin
nor € of buf%er 15 ekxchange; cog%%nt?%tl onﬂﬁglﬁl ution;
solutidny siis; stibjectéd r aoi ofurthert agpurification, ( [preferably y fusther
a pH greater than _pl12.0 or p114 O and preferably to
chomrfagsaphic puaification. oPreferably.méhe i§ fgndien purified

ﬁ&ég:ﬁ’é}ﬂ% as d SCri beg}'l n EP 5 atﬂﬂ#’? decoJ ouratl %ange
c 5&&&&@51{;};; e cgg&l gP %&Eaﬁ&i‘ dnfi’ @ﬁ Qﬁ;ckgﬁrg@ g;@ﬁbk%ﬂ be

mnistration
mt&r&shhﬁged Wihileastill patfosningatheit’ pubficide dbfsclives. From an
adm ni stration we include i ntravenous adm ni strati on,
openationah rpeints ofidtiewj st befitéro integratédh tpracesscis aation exchange
adm ni strat he al bum may, function _as an
chropmigessph Yf}Sﬁoﬂeglﬁ’Xr%? a?F bromatogeaphyot e n,
which 25 may be admi ni stered parenterally. A "fi nal
container" is one which | eaves the manufacturer and is

Sliably, itnuggﬁlﬁga alBMBIP 58I for ProdiRed RTrdR gstoaﬂé process of

phar'nmaci second aspect of the |nvention

 thprfinst dspeca qfrthe qpreseindrinpentioiny indergoesanenon mowe! of:i buffer

the process conprising, cati ogn exchan chr omat ogr aph
exghgp&m @ﬁncentratqgn dilution; d?alys:s, %ltratxon pHgad_]lPstx)ﬁent

(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
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
may be administered parenterally.

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

customers such as hospitals and pharmacies.




I exchange chromat ography, wherein the thus purified
al bumn solution 5 optionally undergoes one or nore
of buffer exchange; concentration; dilution; dialysis;
diafiltration; pH adjustnment (preferably to a pH
greater than pl112.0 or pH4.0, and preferably to a pH
| ess than p1110.0); addition of reducing agent;
decol ouration treatnent ( 9 with charcoal); heating
(including sterilisation)y cooling; or conditioning,
but not further purification, in 10 particular not
further chronatographlc purification, prior to being
c ai ner,. The cati.on

A @ﬁﬁ%ﬂmﬁm he Ty ervFFsoavpm%esgﬁ%n%i@ﬁE%ﬁweﬂbum

smgtgkth?on gg{: hange ﬁ@smﬁ :cgtr;gtﬁ gsg’g( 2r"{lg\% csdt%[e)gfal sﬁ? i’ﬁ’r ? lon

exchhngenchroneregraphy, owherehi obeaius pueifiedPrAbanid! mlunon
bet ween the anion and cati on exchange steps, there is

5 optiopallyrundergoes oneforcmoreof buffer exghange; gmncemraidm rdikstion;

diaffisy diaBiridpn, shtadinsiint ORHBRR0: PH areor than BE2.0
or BR0: A TrPReARlCR  HEE " e dHRETYO RBRTR Bf socucing

ageilt OCE&Dlowatibe’ :E@hﬁﬁéntusze% Wi chiafdialy gﬁﬁugg‘:'(ﬂﬂﬁldmg

he addition of an al bu stabiliser's
stcnht:nmu); ecovlitigor opt ¢oaditicting, dat dpots fafthes purification(! &
fatty 25 acid, or sodium acetyl tryptophanate or
10 Pﬁﬁﬁm|mt@n@9hemwz@pb@mmnonnpmémbmn&mt intora
ﬁn@f S ts etc., and may involve adjusting the
ity "of the albumin solution. 6 The cation
exchange step of the first and second aspects of the
pr esent

The cation exchange chromatography step may follow the anion exchange

chromatography step, or vice versa. Preferabl§, the cation exchange

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

Preferably, between the anion and cation exchange steps, there is no further
purification step, although the albumin may be subjected to buffer exchange

etc. as noted above.

20

By conditioning, we mean any non-purifying handling step which improves
the environment or condition of the alb@n for the next step of the process
<or for final use. Conditioning can include the addition of an albumin
 stabiliser such as octanoate and/or other fatty acid, such as a C4 or Cy, 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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invention may be run in negative or positive node wth

respect to the albumn. In a preferred enbodi nent the

cation exchange step is run in negative node with

respect to the al bum n. Advantageously, the conditions

5 are so chosen that glycosylated al bum n binds nore

strongly to the cation exchange material than

non- gl ycosyl ated al buni n. The cati on exchange

chromat ography step of. the first and second aspects
Thé catibr ¢xchatpet sicpvoftthenfirseyand ist¢corel aspsowrofctir! present

cation exchange matrix such 10 as SP-Sepharose FF,
ingentigh gnays |br= nmvuu;egmnageOFmosmmm ¥éith respect to the

S e i e g 485 o

'"éé%“ﬁg%%‘f"i‘%ﬁ?&ﬁ%? 78 the AR, Ay AnfReGR e copditions

ar@nsbe cHesa thal ghRosytateangibundi rifds eacPityolly @ ihd @iuon
-6.0, nore preferably a pH of 5.0-5.6, and yet

emhaagmmsmhmay nonpglyoosylated slbnmim; ef er abl y, the
al bum n sol uti on whi ch undergoes cati on exchange 20
chromat ography has an al bum n concentration of

TH cA08 pchhng? SRIGHABADRY: st P B the, Frdf nd Bebond agpests of
thehprebend ﬁﬂ@hﬁaﬁwhmse QX EdiafRecial BATOTR bocHangBYmb@ix Alth

octanoate ion concentration of 2-15mM prefefably 5-

a® SPifaphhroae d’FroSB—SpbfamthM—SeﬂWbsﬁdﬁﬁeMdmﬂose SE-
|orto ecatlon the al bum n
Celivigss g% gpkré?g%s tho Stiom, exchange §tep utilises a

B FBER, shpeiSEt, TG prcbRORICsBhiubhsaf paton

e,t&gﬁ ershan pl310.0); (ii).concentration; (iii)
dlaflltratlon or (iv) conditioning by

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

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

Preferably, the albumin solution which undergoes cation exchange
chtomaiography has an octanoate ion concentration of 2-15mM, p}eferably 5-
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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addition of a stabiliser such as octanoate and/or
other fatty acid, such as a C6 or Cl0 fatty acid, or
sodi um acetyl tryptophanate or mandel ate. 5
Alternatively, or additionally, the album n sol-ution
undergoes one or nore of: buffer exchange; dilution;
dialysis; diafiltration; treatnment with a reducing
agent; decol ouration treatment (eg with charcoal);
heating; cooling; or condltioning. 10 Generally, any
nodi fication involves additions, not renovals.

(preferablyr ba pH gtaaterrihanfpﬁ?n@ ol pli4i0y and| preferabiysto a pH less

a%@ust ed l¥) t he addi,ti o?,'g %ft i ¢ aci d Pr ef gr.abl y
e {1{1 gq;}cgp;;ﬁgoxl,s iy diafltrationg ox, (iv) co:: momng by
add‘étogpo sfahisef Pagh aﬁa%@%sﬁ??%“@ﬁé?@%ﬂgﬁ@%w6

e n ti il a |
or P By TNERL, O ' JSBl OUERpha & andete
Altéditivelp copadditionilhy; -the atbuminxsol@idly prdergoebri¢ or more of:

cel lul ose, QAE-cellulose, or TMAE, DMAE,. or DEAF )
buffer exchamge; dlhm;fmrdmlms,tdiaﬁmtm. dxeatmené withm reducing

aget: fRSHIGHAHBR) ReRopans, o5 ARhe CEREONY! atos nseoling: or

conﬁinlg ifuents 20 as anion exchangers. In one preferred

odiatent the anion exchange chr omat ogr aphy step of
the first and second aspects of the present invention
IS run in negative node with respect to the al bum n.

GerTallyr, eingrmbdification imtalves additions, inot remiovhlsurreferably, the
negati ve node ani on _exchange chromato c%naphy has a pH

PH of they-albuminyselntione is radgested, by the addation of agegicyagid.

Preffeqin HrecabRmiy sdibn ﬁ%&f@ﬂ&@l@ bRy . s

-

" The anion exchangé chromatography step of the firét and second aspects of

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

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.

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.
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chr omat ogr aphy has a conductivity of |ess than

4. OnS.cm, and nore preferably a conductivity of
1.00.5n5.cm’ and yet nore preferably 5 1.050.

| nS.cni* Conveniently, prior to the anion exchange
step, the al bum n solution undergoes pH adj ust nent
and/or dilution with water. Preferably, the pH of the
al bum n solution is adjusted8with acetic acid. 10 In
anot her preferred enbodi nent the ani on exchange
chromat ogr aphy step of the first and second aspects
of the present invention is run in positive node wth
Preferably,t ahe healbinmimi solutidnSuimbidll y unéergatduanion exchange

S Y T R T

* el Syl 5 LB AN B " vl Fooe, Bty

Hosa4. prdshanhosphat e ions. 20 In one preferred
enbg%? ment the al bum n concentration is 10-100g.L'1,

nor e preferably 25-80g. L' 1, and nost preferably
30-60g.L''. Preferably, the conductivity of the
Gomvenientlyc| prioonto sthe. @nmmmcbamge piteps,e the| glbumm solution

1. 25 Sui th | b
idERIRD fﬁ%}ﬁ@maﬁ Jof diftition wiffi weler. Breditatlyy dhe pH of

%g 1 “ogl a p odé%&rl o am%rggz{&?({efg[egigﬁglg sodi um

phosphate. Preferably, the 9 albumn is eluted from

t he ani on exchanger with a buffer of pH6.0-8.0,

Tor arfoshexipreforr@l embodiméent the qnéan exclaape ¢hromitograplly step of
tix atxu_the processes of %he first' and,segond aspecis of

e first and 'second aspects of the present invention is run in positive mode

with respect to the albumin.

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.

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

1.2-1.6mS.cm™.

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
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5 the present invention are preceded by one or nore of
the followi ng steps: fernentation; primry
separation; centrate conditioning; cation exchange
chr omat ogr aphy, preferably using sulfopropyl
substituents as cation exchangers; anion exchange
chromat ogr aphy, preferably using diethylam noal kyl
substituents as ani on exchangers; or affinity 10
chr omat ogr aphy, preferably Qusing an affinity matrix
whi ch conprises an immobilised al bumn specific dye,
alpumbeisEivted ffohndieanidnuexthangenfwidya buffer off pHE(0-800,
enbodi ment of the present invention a process for
prefarablyipH6.5a7.8uni n i s provi ded which conprises the
followi ng steps: 15 (a) subjecting an al bum n solution
to a cation exchange chronmatography step run in

1 prchelP Rl aof S Rlock el F PR Tl st aspects of

the! presenit iAVerition aidpbda byhéne ot imforecst lﬂwml@w@ Steps:
to an anion exchange chronatography step run in

fepmentation; rpritwanyi tseparatipic icentrateh eondtnbnmgn catibn exchange
col | ecti an al bund n- cont ai on exghan

chEPRRaEraptY) SHSfes R SRIGRREL n ambRIRG: s Fation

h
effbangtetl oo, FRbASHEE uthiobidfy. | PPtk ™ Whing
h@wﬁ: 1al SittioRhis Nidsy %ﬁ&ﬂatéﬂﬁhﬁﬂ%&se' Ugt €; afkthity
subjecting the affinity chromatography eluate to
c]n’nnmtdgraphw ptufa:blyog:smghynsﬂfﬁmuyumamx nehichi cemprides an

with respect to
immobilised albumin- speclﬁc dye, preferably a Cibacron Blue type of dye.

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

albumin is provided which comprises the following stps:

(@) 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;

() 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 cluate;

© subjecting the anion exchange eluate to ax; affinity
chromatography step run in positive mode with respect to the
albumin;

(f)  collecting an albumin-containing affinity chromatography eluate;
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albumn and in positive node with respect to

gl ycoconjugates (glycosylated al bum n and/ or

gl ycoprotdins); 5 (h) collecting the

al bum n-containing affinity chromatography now:-
through; (i) subjecting the affinity chromatography
flow through to a cation excgange chr omat ogr aphy step
run in negative node with ré pect to the al bum n; 10
(j) callecting the al bum n-containing cation exchange

f1ow B} oughbiecting theibnity nehromatograpby elusiea@ean | affinity
' nega | vEERBIOSARRE Sfeh DE if Joetve RiotEokiB RpEt o the
the al bum pueeRhaidy iip pasitiog R AL rLdpRdt 1d) Mon}@ates

wherei n the anion ex nge-step IS run rn neg

node; or  ¢glytosylatéd albuidie aadiop glyeopiorim)at ri x an

ani on exchange eluate wherein the ani on exchange step

i s rufh) n eoleatingethgrdbuminepnirioing affinity ohramhasography flow
respectiveg%ﬁriﬂication steps are optionally preceded

20 or fol | HH9ME®Y one or nore of. buffer exchanye:

ot ac ot sngeotl e Sfpity thfodtHabrasiy? bl f8badilip g cation
or pHA. 0, eRréchappef eliraRiatogdraply Nitep efifn tihaﬁegéddeo-xﬁbde with

treatment with a reducing adent; decol ourafion
treatment gespeetitothe Athuoain) ) ; heating (incl uding

PR g MO L p—
d 00 f \ .
e 7S, ST e S A B, o

11 exchange chromatography step run in negative mode or positive

mode; .

()  collecting the albumin-containing aniofi exchange flow through
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
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 Tess than pH10.0); treatment with a
reducing agent; decolouration treatment (eg with charcoal); heating (including

sterilisation); cooling; or conditioning.

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

more of: buffer exchange; concentration; dilution; dialysis; diafiltration; pH-
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adjustnent; treatnment with a reduci ng agent;

decol ouration treatnent; heating; cooling; or

condi tioning. When any step is run in the negative
node for al bum n, washings may be 5 collected-as well
as flow through. In another. preferred enbodi nent of
the present invention a process for purifying albumn
is provided which conprisegd}he foll owi ng steps: 10
(a) subjecting an al bunmin ution to a cation

xchange chromat ography step run in posjtive node
a‘ﬁH‘FP s JEAtmeny t‘}ﬁ%‘ gl B‘F}ﬁﬂcﬁpg (‘Eﬁen&;olfi)@é‘l‘?‘ﬁﬁﬂ% treatment;
LOsiGA L3Ik ag: cati on exchange el uate; (c)
h@l}@#g}é{)}?lqg’]:ogé:%égﬁ%"géxchange eluati to an anion

exchange 15 chromatography step run in positive node
. Wth respect to the albumn; (d) collecting an
Vieinuanyh step ris auni imgthermegative ahode fore hlbaingin, (eashings may be
subj ecting the ani on exchange eluate to an affinity
C%%ﬁ%bﬁhﬂom@m% in positive node with respect
to the 20 albumn; (f) collecting an ' -
al bum n-contai ning affinity chromatography el uate;
I GhofieP] ieterR@ chfbollhémi bY RO GIEBRIRRANOR' & Prock for
an affinity chromatography step run i n negati node
puvifying albpmin ist provided which compaises the followihy stepsde wi t h
respect to glycoconjugates; 25 (h) collecting the
al bum n-containing affinity chromatography flow

Lo I hbiepting oL gblte . SOfurbn ' %' "hion exdnge

chromatography step run in positive mode with respect to the

albumin; _

() collecting an albumin-containing cation exchange eluate;

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

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

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

() collecting an albumin-containing affinity chromatography cluate;

(g) subjecting the affinity chromatography eluate to an affinity
chromatography step run in negative mode with respect to the
albumin and in positive mode with respect to glycoconjugates;

(h)  collecting the albumin-containing affinity chromatography flow
through;
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chromat ography step run in negative or positive node
wWth respect to the albumn; (j) collecting the

al bum n-cont ai ni ng ani on exchange flow through 5
wherei n the ani on exchange step is run in negative

node; or eluting fromthe ani on exchange matri x an

ani on exchange eluate wherein the anion exchange step
is run in positive node; (k)2subjecting the al bumn
solution purified by the ani on exchange

chr to 3 i :

chr %t ogdri‘g%ﬁgngﬁﬁaf%ﬁ? ﬁ%hlllfn) ﬂr?gggt?l Fr% e aw%%exchanga
respect tchroinetogiraphy step( ipn cial hegidtivegot hositive mode with
al bum n-cont ai ni ng cati on exchange fl ow through; and
wher ei n diegpest ta the albuminst i ve purification steps are
optignal l receded ..or .followed by.one of norg of

but (@ o oNBFIE, W amind nfgiming, Anjon sxchange floyw, thraugh
di af i | tralh&ag: IS t s .
greater f‘ﬁléﬂe%‘ .Ogﬁliéi)lrti %il-gi.a%,gégn g{re e?igbxﬁb)gatu’gé'am%ﬁ, or
| ess t harelpdifi). fégm tiecaniomtexehdgeamatfitdas | o oe&xthange
decol ouration treatnent (eg with charcoal); heating

(i ncl udi gﬁjuatfﬂ&emingbc iamuf : exchangengiep ds rwbindpoesidve mgde;
20 ordi ., the purificatjon st, may, or Jjmy not
be ar a’i‘@%‘%?g d‘ﬂ% a@?“mﬂ'of ugen Pﬂﬂﬁéarbyeﬁ‘h apiea: excﬁangc
concent r gl - ¢ Qi I QR ¢di i S.ahaf i .on:

) ust mergiroacirapty Q8 (ol Lt fercliihd LhfdthiBBraptYstep
decol our afundf xfeg@@tmﬁ'e wille 8éspS&; to th® hibuehin® "
conditioning. 25 Preferably, prior to the positive
modell)k at i ehlectinghthepdbemispcontatting catiomexoimange flow through;
al bum n solution is conditioned as above. Preferably,
the octanoate is added thereto to a final

| algg Pf&g{%ig%ogfbﬁfe Hﬁ%@t@@%ﬁc&n%ﬁﬁé BptiGilySpreceded

out
or followed by one or more of buffer exchangf'l./ 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

sterilisation); cooling; or conditioning.

Accordingly, the purification steps may or may mnot be separated by one or
more of: buffer exchange; concentration; dilution; dialysis; diafiltration; pH-
adjustment; treatment with a reducing agent; decolouration treatment;

hmﬁngi cooling; or conditioning.

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.




10

15

20

Advant ageously, the albumn retained in the positive
cation exchange step is washed with a high salt
solution (eg 0.5-3.OM NaCl buffered at pll13.5 to 4.5,
preferably at about pH 4.0, with 10-100mM pref-erably
20-40mM for '5 exanple 25-30nM sodi um acetate) before
being eluted. Preferably, the albumn is eluted in the
cation exchange step using a buffer containing a
conpound having a specific 8finity for al bunin,
especially an acid, for exanple octanoate or another
fatty acid, for exanple C6 or Cl10. 10 Suitably, the
albumin is eluted fromthe_ ani on exchanger, of_ the

Advartagegushi the albiuniereiaingd mithe, pasisive fcation xehangensiep, is

AR st Bl ?ﬁegf%%f Raf} Bt a?iaﬁé"%% 5
pﬁf%ﬁ@i;wemogﬁ ?\s}vztﬁjno e af ﬁl? ﬁﬁglmat ogra for

efdmple 25:30mM scdiam sceme) befog: afing mbdl i sed
al bum n-specific dye, such as a C bacron Blue type of
dye, preferably i mobilised on the resin V|a a spacer

Pb&é’fa@?s @4 di amno t ne or né)&ggc P er&bgé}ngélp ghffer

C{Iﬁﬂ?ﬁ&agl Y, ﬁe mi“{l?é ng) #ﬁ a"'?' B?me [h%t ?%é(eﬁﬁjly an

a¢i@BAor, exangile beEnaste ctemotticp dality AciOIGOdxAAIS Coort Oy d

aspect of the present invention provides a process % or
redu0|ng t he 25 | evel of nlckel ions in an al bumn

nggﬂ ﬁ?esg et t%g‘ft;dg%‘ f aquxg %’k; @(iltglﬁrlg?%ﬂlgoﬁgst anion
%fl% g‘u %‘%‘grﬁ tlrl?r:%:(lgﬁgucbj ec ﬁg %gﬁgh SET; of .'O t%’%)ea%ggomM,

preferably 50-200mM, for example 80-150mM) of a boric acid salt, for

example sodium or potassium tetraborate.

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
preferably C, length, preferably having o,0-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
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
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7.5, preferably 4.0 to 6.0, nore preferably pH4.0 to
5.5, yet nore preferably pH4.0 to pH5.0, and nost
preferably to pH4.0 to 4.5. Preferably, the process of
the third aspect of the invention conprises 5-
diafiltration against a buffer of pH2.5-6.0, or

agai nst a buffer having a pH W thin one of the

af orenenti oned pH ranges. Alﬂernatlvely, ni ckel

renmoval can be achi eved usi erneati on

Tchy Mregb'a«bﬂ;to\ﬁ Ogmrmpteferab%apmﬁ $o 5pH yetumhone preferably
H

Rt Dia pEER rand Fiost BetesaPBo R o Seaahacr y!  S200

HR Preferably, 10 the buffer conpri ses acetate and/ or
mal ate ions. Alternatively, there is sufficient

mufefrﬂﬂyn &the a?ﬁiéb&é’ df" &i® ahRdNapecd SOitHSt invBRtiGH éb’iﬁ rises

perform diafiltration/gel perrreatlon chrorratograp y
diafiltration aagainstia bufféredf pHRsS-64), ot against a \keifferdeaving a pH
chel at ed nd renoved fr he al bunmin. 15 This_can be
VEtNp ape @I&

endforempnii d@B&ﬁS s diernatively npickel semeval

%ﬁ?ﬁm&bf“ﬁﬁbﬁhﬁgﬁéﬁeﬁ% Hereoly B LRt Faving o

pgf‘d\hﬁﬂﬂr%e“cﬁs) ta%obems.seu ﬁgef géy Prger ﬁe%wtlon

nore preferably refe

mgthphy faprbe bafmmmeasmgfs«s ctﬂISZO(HiﬂECtPfoerably,

the inventign is subjected i mediately to negative

tb«'atbmremnnnge@ a@ﬁm@mcugr dpalate donss pAdteematiely,hthere is
sifffiest ma@sg%gpg%{ ftomy BRI o Sk B pEb. agdoperform
RSB A R D) 535 5% 1

i mredi at eI y to negative ani on exchange chromat ography
it is preferred that the third aspect _of the

Thewmickdl dans camp altemativelpjbecchialated Iaadalghimed fsomuthe atbumin.
M%agfbed' a%hxeved us?ng 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. l

Preferably, when the product from the process of the third aspect of the
invention is subjected immediately to negative cation exchange
chromatography it is preferred that the ‘third aspect of the invention comprises
subjecting the albumin solution to a pH of 5.0-5.6. Conversely, when the
product from the process of the third aspect of the invention is not subjected
immediately to negative anion exchange chromatography it is preferred that
the third aspect of the invention comprises subjecting the albumin solution to
a pH of 4.3-4.9. .
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In a preferred enbodi nent of the first, second and
third aspects of the present invention the initia
al bumn solution is derived froma fungal culture
medi um obtained by culturing a fungus transforned
wi th an al bum n-encodi ng nucl eotide sequence in a
fernmentati on nmedi um whereby said fungus 5 expresses
al bumin and secretes it in the nedium The fungus
may be a filanentous funguS such as an Aspergillus

13504550 B BB 1l e B845GPl rsens
inf ionIRE GIKALAYGREn S6TuBYh 3¢ A&ived p%n? sfr;iﬁ%al culture medium
actl s r

uyveromnmyces (eg Kl uyveromyces e genus
obliined by eenlfirigi a [fasguy itfansforthedr abith akhy albamihsebding

sone of the albumn purified in accordance with the
nutleotide sequeseel tr a hiermentapont sesfiumie wheeehynt said fungus

i nvention i.s produced by.a cell ccorgjng _to the
exprasses albpmiE A1 Sereetes i thi, medinty, SuggoRay e 2
flafichidis shbehls budF BE h Apergifhd BED: Pherdanly, b ippbns is 2

yeastl Ut Moe preferhblgbiie an%spiso‘&sﬁxea%@ﬁﬁsj'mch&r@@éﬁ NRg
of the precedi ng aspects of the présent invention.
Saeckdromyoes)  cerévisiad)p uthien gemis tRlapveromycess agg r Kimyveromptes
al,sum whi ch_exhi bits one or pnpre of the follow ng
lagtis) oz the genustychie)(eg Fighia pastonisy o, (w w) bi nds to
Concanavalin A, preferably less than 0.2% or 0.15%
(2) a glycation level of less than 0.6 noles hexose /
f j ;
PrERrfulfac SaR' Qe of 4 ABAN Aikied 1 Sccinck Jfih fle'Hird,
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.

A fourth aspect of the present invention provides an albumin solution
obtainable by a process according to any one of the preceding aspects of the
present invention. Preferably, the albumin solution éomprises recombinant

albumin which exhibits one or more of the following properties:

(1) less than 0.5% (w/w) binds to Concanavalin A,
preferably less than 0.2% or 0.15%:

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

" moles hexose / mole of pratein.

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

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




5

10

15

20

25

A purified al bumin solution prepared by a process of
the present invention nay be further processed
according to its intended utility. For exanple, it 16
may be ultrafiltered through an ultrafiltration
menbrane to obtain an wultrafiltration retentate
havi ng an al bum n concentrati.on of at |east about 10g,
preferably at |east 40g or re preferably about 80g,

ST o A W
lﬁﬁéﬁlﬁﬁhﬁﬁ%wﬁfa@ﬁ&ﬁgg [ﬁAﬁbﬁﬁﬁh ééﬁc?e‘hEﬁaﬁé%].tdge% HE&E gpfmt 10g,

Invent1on provides sequence, pla
pibeedbly atieasc40g ar o freferablyediouti80g ¢ atbuiginSsstuitee Swith
wherein the 3" end of the reconbi nant al bum n coding
“the quigafiliratiomp retentate vieing diafiltered mgainstinag deash s arctentate
s'tho codogs, and preferably three in-frame translation
egupyglents o Waterthe reconbi nant cells of the fifth
aspect of the present invention may be eukaryotic or
prokaryotic. The reconbinant cell ( may be bacteria

A ffifth aspeceyPiie! refentGvéntion Frviddsus DNRtselihénce, & or
(for exanple a’'yeast of the genus Saccharonyces (eg S.
ceHrwhichicomjpriseha peombindnt plitmminycoeting sequénce avlidrein the 3’
t he fqenus Pichia (eg P. pastoris)), filanentous fungi .
end pf the Feppmabinant,albymin cesling, sGAWERCe, FOMPEISes £%9 (oF more in-

ni . | nal I i Ve be . transgeni ¢). or
P Batofip Stoffeodiis, fnd Mk feteUTRnf.in:raariERbeiaricH siop
cdod¥gti on provides a process for producing
reconbi nant al bum n, the process conprising culturing
a fungal cell expressing a reconbinant al bum n coding
sequence and obtaining the albumn, wherein the cell
recoghinant ccells of thea fiftbnaspect 1of the eresentcinyention gnay be

eukaryotic or prokaryotic. The recombinant cell§ may be bacteria (for
examplé E. coli 6r 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.

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
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 have at | east a reduced capacity of mannosyl ation
of the reconbi nantly- expressed al bum n and wherein
the culture nediumis at least 1,000L and is of
pH6.0-6.8. 17 In the neaning of the present

i nvention, genetic nodification preferably neans any
suppression, substitution, deletion or addition of one
or nore bases or of a frﬁagent of the fungal cell DNA
sequences. Such genetic i fications nmay be obtained
invitro (directly on isolated DNA) or in situ, 5 for

In dhgmeaning g fhe  pressnyi Hveption, genetio quedifigation preferably
xposing. the f.unga L s t ageni ¢..agent s.
el A bt et PinsEieich A, SHCRAinBR ot Sag ap, more
c | , et :
bafid O OF € Telghin of B Sarlgal el DINA Nelpuchlts; £ Sk etic
mddificitionsahay be btainéd INA1re (direaly o isolated MDINAY oM sitn,
( EMS, , etc.) bisalkylating agents, intercalating
forgrample byt genetie eagineening ftechniquestar hiysexpoging the fisagal cells

to A Fetie sl ciusfasbic) 2BbheJoiiude for” sRathpls pietcal apetls
sucH &4 Blibrechtays (Rithbs, RSV cROFOE Shilica ablS copable
l i o b AL . # o
Ofver Si gn. Gg%eti C ngg???c%}lﬁgf Ic)aN/nAh%g be o%ltﬁgf%g%ents
(EMS, a0 etey) bisalkyilating agentspinterdalating sgents;netes, Genetic
.etc. It is,knQwn that certain

transposons, phage .
magifieatiang, My a&secheaeﬁfaawqq by, egnetis, disryption, for axample

acilrgftl & Y SRADKE by RARARNSH ot W  Fropmoh194
(15@1),'1%@1-3'()@]4_ AeesRiing & kifis ﬁieticm,?gh%em bf 3 genBG$ répliiecd,

20 phenotypi cal properties may t be very Stable.
thraugh hoimoddgousi recombimatibny by dn in vitro nilifjed eeision. Genetic

ifjcation(s re stably inherited, and/or are
madifcauaps  ¢ath 130a§5/<ahtaa}eé By rFI}YeW{{% hinsertion on DNA
seq AL, Gl 89 trihsRsEnd FiRIgRL) e 0Pt @1 ned by a

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

deletion or a gene disruption.

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.
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del etion or a gene disruption. 25 By a "l eaky nmutant"”

and granmatical variants thereof, we include nutants

that result froma partial rather than a conplete

i nactivation of the wild-type function. 18 The

genetic nodification(s) carried by the fungal cells of

the invention may be located in a coding region of

t he DNA sequences of the cell8and/or in a region

affecting the expression of a gene. Mre particularly, ,

SPhied genetidi thodificatior(s)) caniled e tier fingal gélls of thédnventiongmay

. region or the region 5 responsi ble for or involved

ibe located ipraceding region of the ISbMe sequeases\ab dhe cell and/or in a

expressi.en..products are _enz s involv in . .

TEBIREC B, e o RsfR R B £EPYy oMotR, pasfigulprly, said
' ' t ngay | ' j ;

o ey A Y | Sig el [0r B region

qespomsible for bp invidlvad indhe!leapressidhosf oneforr dke @eaks whose

changes, fromthe production of enzymes having altered

[gxpresgionprogucspare enzymes invalvediramannesylationsr oduct i on

of said enzymes, or fromthe production of said

enzynes at |ow |l evels. The fungal cell mannosyl ation

pat hway i nvol ves attachnent of a first 15 mannosyl

'Fiss deduced dapacityy of ahy | fuggalupelts of ethy ! invegtion tbhimaangdylate

am no acids of proteins or peptides, and then the

@roteies way itherefore geaut from thecproductions of inactivd enzpmes due to

subsequent .additon of nosyl residues. The_ first

smicfitak gpd/oE confarmationsl cliangss.o from dh disodustign of enzymes

nqt - - e protein in .

TR GAGHE o bBREC Plorktie: otk 48ehcl b prodisgion of said
I j s r in the

SRR, of B B B S RS AT . L. The

nodi fied fungal cells carry genetic nodification(s)

in at | east one gene whose expression product is

The fungal cell mannosylation pathway involves attachment of a first

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 additior of mannosyl residues. The first
mannosyl residue is transferred from dolichol monophosphate mannose (Dol-
P-Man) to the protein in the endbplasmic reticulum, and the additional

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

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

seryl or threonyl amino acids.

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

carry genetic modifications in at least one gene whose expression product is
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involved in the attachnent of a mannosyl residue to
t he hydroxyl group of 25 seryl or threonyl am no
acids. In a another preferred enbodi nent of  the
invention, the nodified fungal cells carry genetic
nodi fications in at | east one gene whose expression
product is 19 involved in the transfer of a nmannosyl
residue fromthe Dol - P-Manggrecursor to the hydroxyl
group of seryl or threonyl amno acids. Still nore
preferably, .one of these genes is a PMI gene (eg
inviiel] inPtEAransRdTGE a RidfidosyPlvESdue Bidfi6 the DBMP7)an precursor
Prefer abI the PMI gene is PMI1, PMIS or PM/7. 5 WO
toghn yryoxy mprqfdpag o tkr@pa)'Wmmwmﬂr ebidlk mare preferldy,

«%aﬁm@é‘énﬁfésh%”ﬁ Bur g B o AL R P, b, P,
gene? 9017 PEERBPA P RngS UL ARISELIRIT,

the Hndlll restriction site of the PMII (PF 10 The

WOPS4D4E8E, Mﬂ@gy}m&%@ by 'tefer %Eﬁ@sé:ﬂ%g ‘ﬂ'}% p&atstiorPbr

on” m ni el Len (about
S. degrevisiae odefidiénty ip ©-nanavdylition ct adiSy, cemevikia¥ ecell
found that the pHs of the growth nedia used in WO

deﬁ&:mﬂmﬁanmnmylaupn iagtivity ovas preepated) by sgeneedismiptione by

infestioof Pt ORA3, asie it Hindl pbics di‘r'gskiérr%”cpg‘ﬁuf‘i‘oﬁzp
TlF’ar gemgal#l *a,?hesi %ﬁ%ﬁwgﬁtﬁp gﬁﬁt CORVE bﬂ%mlmal

medigi #i cAgé,ons i[pua (Aue pmms\;edwlmmg ewitht gedvte ?I-
mannosy| residues to the hydr oxyl group of sery

Undzpectedly, avd haveafound thatthgpHg: of the gmwthrmedmuzsndum rWO
| so carr ications in_ the_gene | ved |n
9@@3&%&@% é‘&lﬁ?t b eaﬂr&?aﬁ%gﬁul %.qsfuégﬁo

| pr{)ﬁ.é nsaeﬁ%%diki resi dues 1%? norme%o kﬁ%@yﬁm 8f9h6'0°

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

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

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

gene which affects the expression or product of a PMT gene. A gene which
 affects the expression of a PMT gene may, for example, affect mRNA

transcript levels or PMT product levels.
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Preferably, the fungal cell has a genetic nodification
within a PMI gene or a gene which affects the
expression or product of a PMI gene. A gene which 25
affects the expression of a PMI gene may, for exanpl e,
affect MRNA transcript levels or PMI product |evels.
20 The fungal cell of the_sixth aspect of the present
i nvention can be chosen fr filamentous fungi and
yeasts. Preferably, the ceIIs are yeasts, for exanp

Thg f“?&%is‘ie 9t the s1xfh gspect9f tha:prsssutdaventionscan be chosen from

FIgEReRifhS SRl and, YotG-  Beptird Wa Sh RS ark Sl Fl Bl 2

yeadte drunggl %@d eSmichardmstes e e@ﬂ‘%&@%@ébum& genus

coding sequence is cultured in a culture medi um of

" KlipasdompediQ@g K. laroris) arrthé genatd Pichia (625 pastorBf) L. 10

Preferably, the fungal cell expressing the reconbinant
al bum n coding sequence is cultured in a culture

Prgt’hgalﬂyﬁvﬁ' cﬁ*ﬁgzlrra%pt ai ned i n he ran e of ef‘ﬁ cading
it A D I . it

at agf 25a0ly. at a pH betvveen 6.35 and 6. 4yand nor e
preferably at 15 about pH6.4. Preferably, the pH
controller is controlled within 0.20 or 0.10 pH units

0 ny pH value w thin any_one of the afornentloned
Pr?&ﬁ%ﬂﬁ- okhe ?mﬂ .nc‘t!P AFPEGSSing: (he - recembingnt glwmin Fﬁglﬂg
.er jye e [l ul tured
seqifbrfe i cffibict acy B SRt k] Whic H malifined T, Bt b8 or
rgH&Q-@ fabhbly PHE ”ﬁ'g PE{"B
of ZT—EH%%)%S? pH51§a?O 5356305 Prefer gﬁ’l Y, e fgl\ﬁl\b;ecrndmre
mebnir is| mamtame:ﬂ)usmglaspHed:mﬂep tdat 40 acpH Yetive€i® pH6.3 and
r ef er abl ){) bet ween % an
pHG.5, preferably at a pH etween 6. 35 and 6. 45’ and more preferably at
about pH6.4. Preferably, the pH controller is controlled within 0.20 or 0.10
pH units of any pH value within any one of the aformentioned pH ranges or

within 0.20 or 0.10 pH units of pH6.4.

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

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




10

15

20

25

Th
P

pH5. 55, and preferably the | ower control set point is
about pl15.50. 25 The present invention provides
processes for the preparation of highly purified
al bum n. The albumn is characterised by extremely | ow
| evel s of <colorants. The term"colorant" as used
herei n neans any conpound which col ours al bum n. For
exanple, a pignent is a co??rant whi ch arises fromthe
21 organism such as yeast’; which is used to prepare
reconbi napt al bum n, mhereaa a d¥e IS a col qrant

9

OTgAREH. FICle3s FEah Avhichdt dised pia Preparp stecgmpipant albupin,
wBERHER By s 4 FlcRsl Ry o1l SO ORGREASRABARR: ps o pusity

thefalbvdhigyi Ni um |actate, citrate, netals, non al bumn
human proteins, such as imunogl obul i ns,
pre-kallikrein activator, transferrin, al- acid

i Shiaga, b, cBarapiREsal Py SEHEAYoloWIONSIF 0F, 9F il ising
| 5 1Q..e 1, Dl k0,
eRERHETHEE of, ABRRED. 1acite; iGRIPC NI, plrTbiBLT tyypan

pRIGASN! &hl ¥ {hRAnbSobEAR, prellaNibeif ataPadr, RYRSRrrid N8, -
al bum n of the i1nvention may be-at |east 99. 5%

acidnglyeoproteind Ihemeglobin andfiHoad! glottingnfictorsy pidkryotic
nmononeric and dineric./(Jp_to 0.5% preferably 15

proteins, - fragments ofo|albwupine Blhuminy pagregates of POlymers, or
exbloteie, BT, BGR, Weast qpplblpsn Goital BEorefR o ks “ By
eﬁeﬁﬁﬂfﬁ%gl m?ﬁﬁ beRVPHeBétabRIEyéigan 100ng, based on

am o a u

one ¢ mn; a glycation |evel of |ess than
0.6, preferably less than 0.10, 0.075 or 0.05 noles
hexose/ nol e protein as neasured in _the Amadori product
glbpmin of tiee inyeaiden maydbe-#oleas<Ih 8 s mapomearig and dimgeric,

o3
EARaf ssPendBR 0% BloBSRri 4 Blesic. GDpofou 3 prgtérably

02% %imer is tolerable but larger forms of albumin are generally absent. It

=]

may be further characterised by one or more of the following characteristics.
It has a nickel ion level of less than 100ng, based on one gram of albumin; a
glycation level of less than 0.6, preferably less than 0.10, 0.075 or 0.05
moles hexose/mole protein as measured in the Amadori product assay; an
intact, i.e. homogeneous, C-terminus; 2 content of conA-binding albumin of
less than 0.5% (w/w), preferably less than 0.2% or 0.15%; a free thiol
content of at least 0.85 mole SH/mole protein; and substantially no C18 or
C20 fatty acids. At least 99%, preferably at least 99.9%, by weight of the
protein in the albumin preparations purified by the process of the invention is
albumin. Such highly pure albumin is less likely to cause adverse side
effects,
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content of at least 0.85 nole SH nole protein; and
substantially no C18 or C20 fatty acids. At |east

99% preferably at |east 99.9% by weight of the
protein in the albumn preparations purified by the
process of the invention is 25 al bumin. Such highly
pure albumn is less likely to cause adverse side
effects. - Fd: 22 rHA pur2Zied according to the
invention will generally be totally free of

fBA uporified aecbrding doi theninventiom cwilh gegerally be apeilly fiee of
the starting material. |In accordance with the present
sermrilerived canigminanfsy singe BORE Are prespat-infbe stirting material.
i mpure al bum n solution. The process conprises one or
nore of the followi ng steps: culturing in a

" TnCAdERRdck Wit E@e gﬁggedgn@ggfl%&,?ﬁi% puré Qﬁf)}%ﬁﬂ? % Whbdined

a nucl eot1 de sequ no acl sequence

fobm diiiapure lalbuthin soludder Aheyproepsy €dthpsdsithe or more of the

m cro-organismfromthe fernentation nedium .
follawing citepsy ewlauniagiiinma ifermentationr medium 4 umi¢rerorganism

uri.ficatiop; passihg the conditigned nedi,um through
formied wili s Bicleonde, semghce g ¢ amino acid seqtience of
£ < oL dical bk ep q _ .
urtraf Hbilg'ﬂé’d %&5 uc‘:’b’tﬁ%@#ﬁ %e?t #’gémcﬁﬁg%pggﬁgghyme
feimpntatioh tiediuhd; eeonditiohink ditR nididndi if Reb&ay, for further
purification through. two further chr omat ogr aphi c

purificationn dpdssing| the t coniditionest | medidnaf through | tiwee 1Successive

Alternatively, instead_ of the ferpentation pmedium _the
G AR OZRIRAYiSHPS o\!l!m%éfﬁnﬁa lbélt%ruw thei rodsistiaipssting the

\ leth [ d ]
ERRLERY TR Phbi 0 8 O0ReRt . SHROARRbE" s
m&aﬁheriﬁpﬁﬂiamtéﬁ?' QgallDSBefdre C pafifidatioh Sititbéigh Stwa 1 further

1991) armaceut. Tech.

Int. June :
chromatographic steps; and final ultrafiltration/diafiltfation.

Alternatively, instead of the fermentation medium, the impure albumin
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 er al (1991) Pharmaceut. Tech. Int. June
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
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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20 1991, 60-65 and Mdre & Harvey (1991) in "Bl ood
Separation and Plasnma Fractionation” Ed. Harris,

Wl ey-Liss, 261306. In a further alternative, the

al bum n may be obtained froma transgenic ani mal

such as goat, sheep or cattle, from for instance, the
mlk or the 25 blood of the animal or, in the case of
transgeni c chicken, fromthe egg white. In a stil
further alternative, the alBimin may be obtained from
a transgenic plant, such as tobacco, potato or corn
(mai ze). 23 In instances where the albumn is

purified from non-pl aspa sources, prior art .

In mistances whephthe albyainis !P%@Xf §031 PeR-Rlasma §ouxeess prior art
I . of nickel i . j ‘] . aye. hi .
-t oot 168D SBHVS ikl 16V O okl 5. 4 9bbunin

- IlElRﬁ . i!ﬁ‘ g; ﬁ Qq . - .

w@nselﬁil?e%\{e{/],ﬁg%gﬁgpbgm n n%l ecS li“gbﬁ@t' f glti:?kie\l/ g? ?/ zine lons at

theo N-¢eriminne ofn itlxk aholeoule. f r Qunsdymentlyj shesalbufnin molecule
cultivation and/or urification. Albumn purified

effecsiicly eopcentrates guckel dons oAy he redia uped forrepitivatiop,and/or
oy, A i 450EUHE 08 B 85 P

1@?}&%18@@%1 iéﬂg_ergo buf f er exchange, concentrati on,

ut1on, eating (including sterilisation), cooling

or may have salts etc. added to the album n solution

whi ch may, for exanple, condition or adjust the pH of
Praceding oot followingpany hithg propedures ofi the rpresens inventiondthe

e bS04 8y e s " B Spin, atuon
b i S, it b Ry BN BATBY. Rl to the

altanin sofuvioikiich dnay) for Rexagiple edndidon or idjwst ithe pH of the

preferably parenteral adm nistration to a human. 20

Y hed

' sabutionp| Qptionadlyathe albumindmay ks treatediithoa ireducing agent or

may undergo a decolouration step.

The final product may be formulated to give it added stability and may be
formulated according to its intended utility, eg it may be formulated for
parenteral administration, preferably parenteral administration to a human.

Suitably, the albumin undergoes sterilisation.

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

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

i nvention contains at |east 100g, nore preferably 1kg
or 10kg of al bumi n, which may be split between a
plurality of vials. 25 The al bum n of the present
invention may be fulfil various roles in addition to
therapeutic use in the treatnent of burns, shock or

bl ood | oss. By way of exampje, it nmay be used as a
final product excipient (e.g. in liquid 24

fo?gl;lﬂ%tfo%' ‘ﬁ‘b%z fd"rﬁﬁz rﬁﬁﬂzﬁﬂmﬁ %ﬂ?&xﬂﬁl 'for mhalau?n), for

atlons ation for tabilisation
stabifisaticar asfe Ioﬂﬁerd pmtems pdunﬂg qmmﬂrmtwnn fiel delk Wultutre,, viral
viral production, gene therapy, in vitro
produetion,sgenedherapyi i vitraiferglisationrmediapand dar coating msstical

Ry N e

i nvention may -be conbined wth one or nore other
aspects of the invention. BRI EF DESCRI PTI ON OF THE

It RROUd\GS 2 gi;&:cﬁt@d Inmteéxch@\mea dfuthiehiawention Sﬁi}&bechddibmed
t he appended drawi ngs in ich: Figures 1 to

witbameqri mote/othepaspents afghe inventionn of pl ast i ds
PAYE309, pAYE440, pAYE438, pDB2241, pDB2242,
pDB224Sand pD82244 and 15 Fi gure 8 shows el ectrospray
mass specﬁ q¥ans a ] =2 St .0 from
r HA pr epaFet—aecorei-Hg S q :
shows the effect of pH and time on ni ckel rermval from
rHA by 20 Chelei TM

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

Figures 1 to 7 respectively show the construction of plasmids pAYE309,
PAYFA440, pAYE438, pDB2241, pDB2242, pDB2243 and pDB2244; and

Figure 8 shows electrospray mass spectrometry of conA-binding rHA fraction
from rHA prepared according to the invention.

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

Chelex™,

Figures 10 and 11 represent two DNA sequences with homology to the
protein encoding region Saccharomyces cerevisiae PMT]I.

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

encoding region Saccharomyces cerevisiae PMT7.
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Figures 10 and 11 represent two DNA sequences with
honol ogy to the protein encoding regi on Saccharonyces
cerevisiae PMIl. 25 Figures 12 to 15 represent four
DNA sequences with honology to the protein encoding
regi on Saccharomyces cerevisiae PMIZ 25 Figures 16
and 17 represent two DNA sequences with honology to
the protein encoding regi on Saccharonyces -cerevi si ae
PMIS. .5 DETAI LED DESCRI PTRON OF PREFERRED EMBCDI MENTS
OF THE | NVENTI ON Whereas the processes of the present
invention can be utilised to obtain highly

Figurast 16 cand ddnrepreseaintwes Db tequenees widhhomelagy rionthe
a, nunber,.of saurges 10 such _as ser it is

PIBIFR FECRIPE FoRIBR S A S ST HYARd MESorbi nant human
al bumn (rHA). The al bum n produced in accordance with
the invention may be any mammalian al bumi n, such as
rat, bovine or ovine albumn, but is preferably human

HESCRIPION OB FREFERREDY EME
U

e e JU M U s
used- i n accordance PTHEINVENTIONhNI ques,
appropriately nodifired 1n view of the teachings

contai ned herein, to construct an expression vector,

ich js then used to transform an prqpri ate host_,
Feas %Prweépgme&mawm Rilised:torphiain bigbly

oo o S4B s i, BB el LB o s
S e i i RA Ty g B P PuriEie feoon e human

albuwmim (rHA). oThe aiburiia foddudedtin ddcordmmet widn thennvehtion may
epi somal maj ntenance or_integration is ’ . .
be any mammalian albumin, such as rat, bovine or ovine albumin, but is

preferably human albumin.

DNA encoding albumin may be expressed in a suitable host to produce
albumin. Thus, DNA may be used- in accordance with known techmiques,
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.

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
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,
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25 desired. Cenerally, the DNA is inserted into an
expression vector, such as a plasmd, in proper
orientation and correct reading frame for expression.

I f necessary, 26 the DNA may be |linked to the -
appropriate transcriptional and translationa

regul atory control nucl eotide sequences recogni sed by
the desired host, althoughaguch controls are

general |y available in the expression vector. It is

@ IRA! fla§! be 8&Q6Hﬁé nﬁﬁh&e“ﬁﬁ& ﬁoﬁﬁphndlnnm tional
sequence &nco g a 5 transliati onal p codon, suc
reguladly CoilEralr nuaéoudm sequisitices orem)gnimdeby the desired host,
trans| ati onal read- throgﬁh and thus avoid the

although suehcontrals g SEBeT: )ﬁ@Nallﬂdpunahefmr@mqm vactoms It is

tagliial 233&?91@5?333'91” oA | 88 BNAT gt °°%pmq;n°” g a

%%Fg?tglﬁ%ln&%r tran ngaggﬁ&st ceﬁ%%’s{d%\(gﬁg Is SO

teagRsionalnfadahfoughesnd diususvald fiae produtfibif iofdlonigatédl, non-
and under appropri ate condi tions known to those

ratural Bignproteingr &, DA sequence encddingehe maslhtmg stop codon
KN Al "o e o iR il 5k
A B, BlRooRiaCy 3o Ty Wﬁ)@@a@% e Host

@N8"§Y QransforiRdo ays alert ermméd ofor & ShffRiepP il hid aisHer

Kiuyveronyces lactis), filanentous fungi (for exanple
apppepriite lcasditiops knowodol thpseskilletl inethiesamand ris adéw of the
rgani sns are the yeasts

II's. Th ferred
ol gﬁ&@@@ebgei& (@ REk (S APBATRQL of Abe ralbunR, Jebich
&Qﬂé@bg togé'l‘% | enl s particularly advantageous to

use a yeast t In one or nore protein mannosyl

" transferases involved in Oglycosylation of proteins,

for instance by disruption of the gene coding
Maoy erpression 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
Pichia pastoris. 1t is particularly advantageous to use a yeast deficient in one
or more protein mannosyl fransferases involved in O-glycosylation of

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

The albumin protein sequence does not contain amy sites for N-linked
glycosylation and has not been reported to be modified, in nature, by O-
linked glycosylation. However, it has been found that rHA produced in 2
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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The al bum n protein sequence does not contain any

sites for N-linked 25 glycosylation and has not been
reported to be nodified, in nature, by 0- |inked

gl ycosyl ati on. However, it has been found that TRA
produced in a nunber of yeast species can be nodified
by O linked glycosylation, generally involving

mannose. The nmannosyl ated albumn is able to bind to

the lectin 27 Concanavalin 2Z¢ The anpunt of

mannosyl at ed al bum n produced by the yeast can be
CHAHNRFaIRY A'S| ThelaBisd of rahribsyRitdd Iaﬁﬁﬁninnﬁoﬂmced by the
nore of the PMI genes (WD 94/04687). 5 The st

yeast ean batredugedoby aisingew iyngstt strain ideficient ix @ne ar moees of the
which has_a defect in its genone such that a reduced

FuTcgenss (W 9410468 Pt proteins is produced. For

exanpl e, there may be a deletion, insertion or
transposition in the coding sequence or the
Mkt ok ' (¢ achie I it Whi
R T o (R s AR P Wi s o
defectoinFits) gepome such itat1d ratuedd devel &f dus ofitthey Pinyt, priokeins is
yeast could be transfornmed to produce an anti- Pnmt
prgdneed. sHen example, dhare majt be ardalesion, inzertion of yragsgosition in
he BEMI genes so that a.reduced | eyel.of P protein, .
e codine SEigRos Br e red4eBEy FfonE X6 i agottcy BER Fegifating
| I. o o
E AP, GO SE e PRIP p) shoh T Udle Ur ) P protein i
prodatedin Alteanativelypndieopdaki cowld ks wdasformbé do iptoduce an anti-
Botstein and Shortle. "Strategies and Applications of
Pmt 9gentosual aspmanti-Pmt aptibed¥e, 229: 193-210 (1985),
which is incorporated herein by reference. Suitable
mut ati ons include chain termnation mnutations

| A ﬁ Wg. uge n ! o e
'&89 ?dl%\‘/)ekﬁﬁs%?fi Cl e%‘%ﬁegf e@i’taggn tﬁe g%‘gaproguggr?tgm s
predoéed) e sité-directetic nptigemesiss lor| bé@dri Ru6wa &dchniues can be
readiIeX be able to create a nutation in, say, the 5
emploged 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
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
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).




quarters of the coding sequence), point nutations that
alter the reading frame, small to. large deletions of
codi ng sequence, mnutations in the pronoter or

term nator that affect gene expression and mutations
that de-stabilise the 25 nRNA. Specific nutations can
be introduced by an extension of the gene disruption
t echni que known as gene tragspl acenent (Wnston, F: et
al (1983) Methods Enzynol. 101, 211-228). 28

I I e | t .
GERERNS bl 188 gl RAEE B ol oS! vt s
neBd I iatCbb ahk Ycdsk, pastiqusrlyicifesie che dbtedtUiid AsriyEsd event

phenotypically. I'n many I nstances the insertion of the

phenotypicatiyn glns stamyninstanoes thepinsention ofhthie imtervepingosegaence
. IS present in fra wth the Pmt sequence and 5 the
wil e pitias aiSHep GOIAT HoBReseit i ramha i ey Prnt sequence and
. { : | .nge encg,may..be in. a.
5 bl DU schlends R E g AR St g dngered
* seQieniBmRayP B i R WIfErRAE Fudidg FrabbUsthf)g regul atory
regions;” -up to the whol e gene) excised or inverted,
or it my have a portion 10 inserted, in order to

result in reduced production of protein fromone of
Thengemavmayo davey e ot more Hporsions) (optionallyt ipcludipgnregutatory

reé"@?lfsgﬂfw 30 T, Whols Senelcetoiba & ieRHEE or & Ty haves pertion
. ' . - p '
10 %%r{iél”id Y%sgfrtalégllséﬁ%?dgﬁréd%%&n o%éfe?ﬁ Y Sth one of the

mahnosyl trans vary 1n

PMPa6¢ifdrd/bryin the pr6dudtioncof Profie fins onk o \tHe PALT 00di Baving
phosphat e-D- mannose : protein transferases,

a rgduceshlevebofoagtivatye- D- rannose : protein O D

mannosyl transf erases or phosphonmannose transferases
(Gentzsch and Tanner, EMBO 15, 5752-5757, 1996, and

ef n i pel i i Lly 20 o
Tl{enf ei gragaisﬁengfr: é#]%%‘ﬁ%’%g} cr}')ae( %‘iigﬁésé y et?aﬁgf‘l& of; seven
15 (PMEFIOPMI7)! Npioféin' OOthannosyltransferases 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, aéscribed by the following reaction:

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

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

endoplasmic reticulum.
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of dolichyl phosphate mannose, onto. the hydroxyl
group of serine or threonine within the pol ypeptide
chai n, described by the follow ng reaction: nme+

Dol -P-Man + Protein (Ser/Thr) => Protein (Ser/ ‘hr)-Man
+ Dol -P 25 The avail abl e evi dence suggests that the
synthesi s of doliphyl phosphate mannose and the
subsequent transfer of nannose to the protein occurs
in the endoplasmc reticulu 29 It is clear that

t he enzynes of this famly have different substrate

Cﬁrotfgl n %6 CI fici tlg%éth(‘&wﬂ& havgg bé&’g tein)
"ﬁfe@ %mt@g&gﬁrgﬁ% %tsl&r Qggg)zﬁl IJ’IB@ 4 §E‘Q@Ofﬁve of

tdeven tesn Qroteltisywareysubstrates for Pmpip hndJ Pnimpztltm godlucts of the
Sacchar onmyces cerevl siae strains. Anot her est

pPMTdi and gemps respectivelyn astshowadby sheit un@t-gimylauon in
L R ot el i T i e o

QRIS SARILAI AR (B TE LS FUTd fill, o

'WBiY wides-glyok atedtBalmgﬂmaﬁmhﬁﬁnner (1991) Eur. J.
Bi ochem fg)% %85 190). The gene encoding for the

Pmtlp (PMIl) has been cl oned and sequenced. The gene
[ I ted on chr.onpsone I and encodes a S|n
g 926! FrRt1 otk G PrngSy CReReE By e has bers puriticd to

Jidtogtrel) Wom SRR shicrfitar cordlyliog metphpifits (Stat-

OBbetn MandeTfiner Irqf1991)be‘zmlss!d Bischeih€1961€ 18551003 | Phe gene
reIated nmannosyl t r ansf er ases encodi hg genes in

mﬂmgofwdhs Posip (PMTd} hasbeenselquesh end sequemced.n The gene is
Ffo%}ajtregsonlghr%ﬂl%s%&le ax?cf ggcod%g %Ss&\ﬁg ehptgl?rge t{d%t \%Iltg a primary
sequence of 817 amino acids (Strahl-Bolsinger er al/(1993) P.N.A.S. USA 90,
8164-8168). The sequence information of PM7TI (and other PMT genes) may
be used for the identification of related mannosyltransferases encoding genes

in Saccharomyces cerevisiae.

The sequcnces shown in Figures 10 and 11 are homologous with the protein
encoding region Saccharomyces cerevisiae PMTI, the sequences shown in
Figures 12 to 15 are homologous, with the protein encoding region
- Saccharomyces cerevisiae PMT7 and the sequences shown in Figures 16 to 17
are homologous with the protein encoding region Saccharomyces cerevisiae
PMT5. Persons skilled in the art will appreciate that any one of these
sequences may be used to identify (or disrupt) a Saccharomyces cerevisiae
mannosyltransferase gene. It will be appreciated that 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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20 encodi ng regi on Saccharonyces cerevisiae PMI1, the
sequences shown in Figures 12 to 15 are honol ogous, :
with the protein encoding region Saccharonyces
cerevisiae PM/7 and the sequences shown in Figures 16
to 17 are honologous with the protein encoding region
Saccharonyca cerevisiae - PMIS. Persons skilled in the
art will appreciate that agé%one of these 25
sequences nmay be used to i tlfy (or disrupt) a

acc ar o e cereV| i ae | transferase gene
1Q;tp 1 dgﬁ)ﬁr preof s Fﬁ ugs gonerating, ml,egous
to 17 rray S|mlarly be used,
sé@%%}%‘? %lﬁ%ha}gre honol ogous with the

sequences represented in Figures 30 10 to 17 and the
fragments thereof. Techniques for generating

" Ithahwildg bersappreciatadc dhata by \melliodmslogou Nsdquenee,t .wé tinclude

shoul d be_appreciated that % honol ogous sequence,
vIORG

sequences| haying at b@qﬁlﬂ%ess% 95 s aex 98% hogmlpgp with a
95W 98%.h | h
ghehoe thaven 38 40y 998 of Fignfes 16700072 o8 Wit 2 Trditertier o
17. P -
‘ﬁtﬁ'ﬁoﬂﬂgﬂ&@%@fﬁ%ﬁn&&ﬁ%@%?zr exanS{e°eB§

conparing 10 sequence information using the GAP
comput er program version 6.0 described by Devereux

Per cent- homoalogy /eand ber determineds by, 1664 exampleyy iyl @binparing
fromthe _University of W sin Cenetics Conputer,
sequeTics (InfuEmafion jsingctbe i‘@?aﬁpmprqrs qyogfm, version 6.0

Bk ReTTY DelEes s . LRA SRR PR R332 S avnilpble

floftthe U‘ﬂ%rsxt#z)f'm&oﬁslﬂ@eneﬁ%@ Sr @1% r(UWGC%. The

default parafreters for the GAP pr ["'ude:

GARpyogrampatilises rthaaﬂngnmc@bmﬁthoahlanged&mnm and Whosch (/.
identities and O for non-identities) jor nucl eoti des,

Malq Biale 48445 1970} 0 8% JeViSerh by Smith and” Waterman (Adv. Appl.
Marh 2.482. 1981). The preferred default parameters for the GAP program

include: (1) a unary comparison matrix (containing a value of 1 for identities
and 0 for non-identities) for nucleotides, and the weighted comparison matrix
of Bribskov and Burgess, Nucl. Acids Res. 14:6745, 1986 as described by
Schwarts and Dayhoff, eds, Arlas of Protein Sequence and Structure,
National Biomedical Research Foundation, pp 353-358, 1979; (2) a penalty
of 3.0 for each gap and ar 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
genes equivalent to the PMT genes of S. cerevisiae is also beneficial, eg in
Pichia pastoris or Kluyveromyces lactis. The sequence of, PMTI (or any
other PMT gene) isolated from S. cerevisiae may be used for the
identification or disruption of genes encoding similar enzymatic activities in

-
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of Bribskov and Burgess, Nucl. Acids Res. 14:6745,
1986 as described by Schwarts and Dayhoff, eds, Atlas
of Protein Sequence and Structure, 20 Nationa

Bi onedi cal Research Foundation, pp 353-358, 1979; (2)
a penalty of 3.0 for each gap and an additional 0.10
penalty for each synbol in each gap; and (3) no
penalty for end gaps. If a yeast other than S.
cerevisiae is used, disruptgen of one or nore of the
25 genes equivalent to the PMI genes of S. cerevisiae

; i } A > :
o ABPUREEST! The G o HE PHTIRSE0IGE O Konromees
ladtizeis de¥dTibgd ie WOs4/04687.f rom S. cerevi si ae nmay be

used for the identification or disruption of genes
encoding simlar enzymatic activities in 31 other

I es. | ani ng. of t PMI'l h I Of .
T ot e o 37 Cocleiiag e Pl it equRgay fsoented. i
t _ scfr Bed ¥ W .
FAGHER10 (917 B 380 b2 R G AURTT, (OF Y o e coutlent to

abs. vemnlisiax PAENigehy. ( Persdnsrskilled dn Ahs cart Gyillv appietiateO that
a S. cerevisiae PMI gene. Persons skilled in the art

fragmengppf thei sgquendesrepreserfed in Figarasht0 te§lanae similarly be
represented in Figures .10 to 17 may simlarly be
(23 0¥, SR SRR e 2RQTRlpEANG TR e sequences
LENCES. t ' ' 7 and the
T Somen Islﬂt:lgggesgﬁﬂblgﬁ %‘? I;]lg%g‘%gl?nésgtp%?o Yy out gene

di sruptions are described in the literature, an
exanpl e of which is described by Boehm et at (Boehm
Method§ for-mmying ouit gese distuptions ire, d&ieribed dh, the litematiire, an

o b b Nl B phae g 8 i, 5 SRert,
SR, 12, SHAGHET 12 enll FORRC T 1908) Pl RS $631572) Uhich

theé tat get gene. 'I'n ‘the exa

 describes the use of the Saccharomyces cerevisiae SUC2 gene as a marker

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
genes as taught respectively in WO 95/33833 and WO 95/23857.

In a preferred embodiment the yeast is transformed with an expression
plasmid based on the Saccharomyces cerevisiae 2pm plasmid. At the time of
transforming the yeast, the plasmid contains bacterial replication and selection
sequences, which are excised, following transformation, by an internal
recombination event in accordance with the teaching of EP 286 424. The
plasmid also contains an expression cassette comprising: a yeast promoter (€g
the Saccharomyces cerevi&iae PRBI promoter), as taught in EP 431 880; a
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of Pichia pastoris disruption, the SUC2 DNA sequence
could be inserted at a position wthin any of the DNA
sequences represented in Figures 10 to 17. - The yeast
wi | | advant ageously have adel etion of the HSP1SO
and/ or YAPS 20- genes as taught respectively in WD

95/ 33833 and WD 95/23857. In a preferred enbodi nent
the yeast is transforned wiah an expression plastid
based on the Saccharonyces cerevisiae 2ttm plasmd. At

se ﬁ&c&'éﬁ@o@ﬁlgt% r%iééglﬁfiSﬁ edr Wifch, SR8 texgllfnggct, f&gﬁlﬁ?&é& most of

ont ai ns ba replication and s

the aawesiCHSA vévretiornleadexgilasd, sniall perdon®f the S. cerevisiae a-
transformation, by an internal _reconbination event in

mating fasterc seaxetion lpader casctanghf ix WO 904610634, thehHSA coding

B N X v —

iAok 4 LSRR Skt e 7 R8P a3
and>@tipheriptioneaifter Prefefably e efhitiabdr ot SecdHaiomyices

| eader, plus a small portion of the S. cerevisiae a-
ADHY | ag taught dn ER (0056 Rreferably athet vengon inicorpudates at least
90/01?63; theCEEA codi ng sequence, obtai nable by
twe FERGS Ao RIOR CPERNS- sol ati ng cDNA corresponding to 5
human genes, and al so disclosed in, for exanple, EP 73
646 and EP 286 424; and a transcription term nator,

THY eoitedf Varides tREnPé PihePlamidaRebib W66V isAldtlthodght
taught in EP 60 057. Preferably, the vector

to ibeabirqedy aelevaat td thespurityvod the albsibzinipyoduct abtaineth ralthobgh
%’h choi ce of valious elenents of, the plasm

d
G0 nagh SoRTING, & apnEAYed yicld of mrpdugt, y A preferred

t h ' 0 1 Nn_product . .
enfifIBHAEN of Sy SerBidntdnion” apd, WorIcANEh "aliBis i despribeg, in
Examgpleved yield of product. A preferred emnbodi ment of

the fernmentation and purification process is described

in Exanple 1.
Example 1

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
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;ive in-frame translation stop codons

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




15 Exanple 1 The cloning strategy for construction of
t he al bum n-produci ng m cro- organi smwas as discl osed
in EP 431 880 except that the 3' end of the 20

al bum n codi ng sequences and its junction with the
ADHI transcription term nation sequence were altered
such-that the ADH codi ng sequence was elimnated and
such that two consecutive in-frane transl ation stop
codons were present, follgged by a third stop codon
downstream as follows: 33 ....... L GL stop stop A
stop ....... . TTA GGC TTA TAA TAA GCT TAA ......
This was achi eved by nodification of the ADHI
termpator fLom plGsm dl. 5 B&E30&topdesAi bedtopr EP
431 880, by PCR nmut agenesis using two single stranded
ol i gonucl eotides, JMADH and JMADHZ2 with the
seguences: 0 .tk pdl 5' : ‘
AT AT T IR CT GO O AGABAR TEARANGCT 5 TALS ...
JMADH2 Nod BanH 20 3'

TGGACAACATr AGCAAGAAGGT GT GCCTAGCGCCGGCGCCTAGGTACG 5
The PCR conditions were 25 cycles of 94C for 60
seconds, 37C for 120 25 seconds and 72C for 180
seconds. The 0. 48kb PCR product was di gested

This was achieved by modification of the ADHI terminator from plasmid
5 pAYE309, described in EP 431 880, by PCR mutagenesis using two single
stranded oligonucleotides, IMADH1 and IMADH2 with the sequences:

| JMADHI1
a Hindlll /.
5' - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3/
15
JMADH2

Nott BamHI1

3'-TGGACAACATTAGCAAGAAGGTGTGECCTAGCGCCGGCGCCTAGGTACG-S

» The PCR conditions were 25 cycles of 94°C for 60 seconds, 37°C for 120
25 seconds and 72°C for 180 seconds. The 0.48kb PCR product was digested
with both HindIIl and BamHI and ligated into plasmid pBST +, described in
WO 97/24445, similarly digested with Hindlll and BamHI, to create plasmid
PAYE440 (Fig. 2). The ADHI terminator was further modified by PCR
mutagenesis using two single stranded oligonucleotides, AT19R and the

30 universal —40 primer with the sequences:
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with both HndlIl and BanH and ligated into plasmd
pBST+, described in WD 97/24445, simlarly digested
with Hindlli and BanHl, to create plasm d pAYE440
(Fig. 2). The ADHI termnator was further nodified by
PCR nutagenesis using two single stranded

ol i gonucl eoti des, AT19R and the 30 universal -40
prinmer with the sequences: AT19R HindlH5 5 -
AGTCCAACCTTAATTCTTATGATTTATGAT - 3" -40 10 3'-
CAGCACTGACCCTTTTG - 5. The PCR conditions were 25
cycles of 94C for 30 seconds, 50C for 40 seconds and
72C for 50 seconds and thgqiqope cycle of 72C for 10

m nutes, wusing the ADH Termrnhator in pAYE440 as a
tenplate (Fig. 2)_ Th?gmpi ne 15 used was a Perkin

El mer GeneAnp PCR Sys "- -. A product of the
correct size, approxinmately 0.33kb, was obtained and
di gested w th, bgt n P ] Y A
described in @%{CWWA'&%S&E&WWW"3
Hi ndu and the 0.84kb DNA fragnment containing the PRBI
pronoter fragnment and part of the HSA/ MFa-1 | eader
sequence (WD 20 90/01063) e4pl oyed to direct secretion
of mature HSA, was ligated into Notl and Hindlll

di gested pBST+, described in WD 97/ 24445, to generate

pl asm d pAYE4238 i Lplent_plasm d

PAYE438 was g‘é@é(gcp\?{ﬁw(HWBaﬁrHl and the

nmodi fied ADHI term nator was successfully cloned into
BPL Pee ehRlinbls WaRE'A' &y F S50 dbbhas, Sord B 40

seconds and 72°C for 50 seconds and then one cycle of 72°C for 10 minutes,

using the ADHI terminator in pAYEA40 as a template (Fig. 2). The machine
used was a Perkin Elmer GeneAmp PCR System /9600 A product of the
correct size, approximately 0.33kb, was obtained and digested with both
Hindlll and BamHI. Plasmid pAYE309, described in EP 431 880, was
digested with Notl and HindIll and the 0.84kb DNA fragment containing the
PRBI promoter fragment and part of the HSA/MFa-1 leader sequence (WO
90/01063) employed to direct secretion of mature HSA, was ligated into Nod
and HindlI digested pBST+, described in WO 97/24445, to generate
plasmid pAYEA38 (Fig. 3). The recipient plasmid pAYE438 was digested
with HindIll and BamHI and the modiﬁéd ADH] terminator was successfully
cloned into this vector to generate plasmid pDB2241 (Fig. 4). This plasmid
contains the pBST+ (WO 97/24445) backbone, the PRBI pronioter and the
modified ADHI terminator.

To facilitate the introduction of two translation stop codons at the end of the
HSA coding region and create the required HindI site, the 3’ end of the
HSA coding region was altered.
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25 contains the pBST+ (WD 97/ 24445) backbone, the PM
proMoter 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 H ndU site, the 3' end of the 30 HSA
coding region was altered. 35 The double stranded
ol i gonucl eodde |inker, AT211AT22 was ligated into
AflTTTTH Nndl Il cut pDl1322413&8nd conprised an Afll! site
at its 5 end, a smler ‘'region and then the Bsu361
to H ndlll sequence of the i:|lSA coding DNA, but 5

| . ¢l | .

Th\gﬂog%br@é‘ gﬁﬁﬂé& &i%o‘ﬁpﬁ%ﬂuﬁé f&@ce%ﬁ?@%’i‘éﬁ Wis i d, into

t
ones Wt I nker T nser were ch

A HRNTSaR B2 andl comprised aacHfMl denadits S€end)atsatffer

pDB2242 (Fig. 5). Linker AT21/22 10 AT21 Afll Bsu36l

*regiondnd then Gie B 3660 Himiiihsequencs DA tssHSA coding DNAGTOUL

oS T o 5 00 ok T 3
R BRTEES oP DYFAC g ot e ] i
desipBaed pDER42 (Big. )i nal |y, the-61A expression

di'si ntegration vector was nade by ligating the Not!
expression cassette from pDB2243 into Noll cut pSAC35

(Sleep et al, 1991, Bio/Technology 9, 183-187 and EP
431880) 25 to generaL&k@AMd pDB2244 (Fig. 7) in
whi ch the direction of rHA

AT21

AL Bsu361 HindlII
- - S
TTA AGA GTC CAA GCC TTA GGC TTA TAA TA
CT CAGGTT CGG AAT CCG AAT ATT ATTCGA

A L G L Stop 'Stop

To create the final rHA expression cassette the AfII/Bsu361 fragment of
PAYE309 (Fig. 1) was ligated into AfIII/Bsu361 digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the-THA expression disintegration vector
was made by ligating the NofI expression cassette from pDB2243 into Notl
cut pSAC35 (Sleep er al, 1991, Bio/Technology 9, 183-187 and EP 431 880)
to generate the plasmid pDB2244 (Fig. 7) in which the direction of tHA
transcription is in the same orientation as that of the LEU2 gene.

The plasmid pDB2244 is therefore derived from the disintegration vector
pSAC3 (Chinery and Hinchliffe (1989) Current Genetics 16, 21-25) and
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transcription is in the sane orientation as that of

the LEU2 gene. The plasm d pDB2244 is therefore

derived fromthe disintegration vector pSAC3 (Chinery
and H nchliffe (1989) Current Genetics 16, 21-25) and

36 conprises the whole of the 2m plasm d, the LEU2

gene to conplenent the host |eu2 nutations, the
expressi on cassette in whicl8&he PRBI pronoter drives
expression of the HSA sequence and the bacterial

cohipiises! did WholeTOF the 2jihPplasmi® heSEBUDT sute!th Cobtpiemeflt the
by the S. cerevisiae 2pm FLP reconbi nase 5 system such
holst Yeuo nindaticnsi, she Dbipressiqn eassettei in wikclothaRPRBI yxemoter
for roductign, of rHA (Chinery and Hinchliffe, o
dé?‘iCS)e.nge?ﬂQﬂéBfﬂheﬁéérﬁe&%rwdtmﬁ bateriohplagmid pUCY. The

T R pin o B pBLlter Y fexr R i TP Recpmbinase

R R e e s B s T R R
prodisstiohusfaA ¢Chiwerg \dbd Ftinehliffe \op vlij)ch was | eu2,

yap3, hspl50, pintl [cir] by the nmethod described by
Hinnen et al, (1978) P.N. A S. 75, 1929. The

ntlniutation may he achi eyed 15, b nmet hod of
) eSO Varidr et dhe,S cCerzristar BRE Brogiteronud ADHI
S . 150 .
B o AR 4P Yo L RR5hn id W8 HOAMEC 1 teader
SBqifick T JBNOIDE3Y b Uikl diceetida dMnaire HSA |
aci d/ Na2HPO4. 12H20 pH6. 5. 2% (w/ v) sucrose)) |acking
| euci ne. When transformants were grown for 72 hours

at 30C, 200rpmin 50nl flasks 20 containing either )
Theplagnid-phBré4sd waspntroduessd into pcSeacharamyces cereyisiqq styain

iR P REE S (o0t TR b Bl il Bnsried by

15

Hinéd 67 62(1978) 2 AE UL S.UT8 112027 TRS phi1 YutR5k may be achieved
pol yacryl am dé gel el ect'rophoresis and/or by rgcket

byethe method of WO 94/04687. Transformants were selected on a buffered
minimal medium (0.15% (w/v) yeast nitrogen base without amino acids and
ammonium sulphate (Difco), 0.5% (w/v) ammonium sulphate, 0.1M citric
acid/Na,HPO,.12H,0 pH6.5, 2% (w/v) sucrose)) lacking leucine. When
transformants were grown for 72 hours at 30°C, 200rpm in 50mi flasks
containing either 10m! of complex (YEP, 1% (w/v) yeast extract, 2% (wW/v)
bactopeptone and 2% (wW/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. )

A stock master cell culture in buffered minimal medium is used to prepare
running stocks (working cell bank) of process yeast suitable for the
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I mmunoel ectrophoresis. 25 A stock master cell culture
in buffered mniml nmediumis used to prepare running
stocks (working cell bank) of process yeast' suitable
for the --- - ------- 37 preparation of shake flask
cultures by freezing aliquots of the culture in the
presence of 20% (w v) trehal ose. The fernentati on was
essentially the sane as is_described in WO 96/ 37515 5
and US 5 728 553, both of 3thich are i ncor por at ed
herein by reference, except for the follow ng
prepamtion of shake ﬂaeba:%rmhy drdepingl dliquate oftthe culttiieiinm the
or n has been added to the seed
Pfe?%@?ﬁ@% 8‘6’2 a?q’?e operating tenperature of 30Cis
set, as well as the mnimum stirrer speed set to
achleve honogeneity and so avoi d gradi ents of
TheSriietibition %46 sSentAly ARS8 sameCay pPleschtd i WO 9618755
adj usted with amoni a” solution (specific gravity
andowbﬁ) 7281553, abathl of which |are imoorpuraed4hereimityr péference,
15 6..400. 10. ternatively, pHis maintained in
echPFefOF%@WIBSESb EXENEEH0, with the lower control set
poi nt being 5.50. The initial pH nay be adjusted with
anmoni a (eg aqueous ammoni a specific gravity 0.880).
Seell Fetmlefi¥tion! €r MENtation pH 20 results in an enhanced

—Tmmess spectronetry profile of the rHA. It is preferable
for the initial pHto be near the top of the

af orenentioned _ranges to facilitate observation of
Aft@%\theymedm dor tHA gmch@nand@slhena addeg Hoi the sepd feimenter

vessel rt‘h fa g hte(xjr%e?gttuzraeb lo? 53"(9 ri]s Is'e ,easI ste ggre <t3 minimum

stirrer speed set to achieve homogeneity and so avoid gradients of nutrients

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

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

6.40+0.10.

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

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

Particularly for strains with a deficiency in one or more of the PMT genes, it
has been found to be beneficial for the fermentation to be conducted at a
higher pH than is normally required. Thus, rather than control the pH at
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25 Particularly for strains with a deficiency in one

or nore of the -PMI genes, it has been found to be
beneficial for the fermentation to be conducted at a

hi gher pH than is normally required. Thus, rather than
control the pH at 38 approximately 5.5, it is

beneficial to have a control set point between pll6.20
and pH6. 70, preferably betwed® pl116.3 and 6.5. At such

a higher pH the quality of the centrate is

spproximatelyt 55, iitrisr kmeﬂciah ¢o0 have adontrdl setlgointybstweerOpH6.20

4 105 s P8 LAl 338, me

i drand ﬁs&r#s?%mg%%"%@ R o Bt Set iy Cen

Y fesilts 18Rkl ideBlis refBilifg iR Juspdpsidg fdﬁb%ge qfeengxmgauon

content of a culture super hat ant I's shown

gepsof the farhientatidoni whicheispsuffioiege ofilys té aefmove calhwhoksl cells
to pH5.5. Fernent atl on &H Wet Wei ght Content of Su
mtﬂ% supefnatant. This mponsirated) in Fables15 where-a sxgmﬁcam

HirtBal B, e i ?fgﬁénﬁ ? 3 Aihtte "s%Béé%ia&tqw plfiwhen

U S g TS ) B

agent_ Sucrose to 20g.1: t, MMO bat ch vitam ns, and
Breox EMIR0 antifoamito 0 04g 1.t are added to thP 15

vessel .F@mentationipMered ai} is Wnﬁﬁfbigiﬁoﬂontmttdﬁe
vessel at 0.5 v/v/im (ie 0.5} 1itre Suyernatant (g,L-l)
5.5 9.9
2.4, 6)
6.3-6.5 } 3.4
(1.0, 13)

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

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

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

vessel.

Sterile filtered air is introduced into the vessel at 0.5 v/v/m (ie 0.5 litre non-
compressed air per litre of medium per ':minute), the medium is inoculated to
>10 mg cell dry weight L* from axenic shake flask culture and a
supervisory computer control system is initiated. The expected bdtch phase is
62 + 10 h from an inoculum concentration of 12 mg.Lt. MW10 feed must
be connected before the end of the batch phase (volume equal to batch
volume). o
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15

conpressed air per litre of medium pet mnute), the
mediumis inoculated to > 10 ng cell dry weight L"
from axeni ¢ shake flask culture and a 20 supervi sory
conmputer control systemis initiated. The expected
batch phase is 62 10 h from an inocul um
concentration of 12 ng.L't. MMO feed nust be
connected before the end of gyhe batch phase (vol une
equal to batch volunme). 39 Features of the
t a j Ls hezen
x{)egmg@to%hgg ge@gﬁ]%é?&n kSﬁnﬁbf Qigync sso?’\‘/!gé o >'P3e?g gn&’ of batch
phassbeing (siihlled wcﬁmﬁ oxygdén”tendion IPOTinckdiRe foFes 15%
bei ng |n|t|ated at 0.05 per litre batch nedium the
in B0sming thef feed he:ng nmaateg ale® S5 nimleperalitrer itcly mestining the
- fornula SF = wherein, SF i s slubstrate feed .
Pemsmm@lmml geeardingfo;the dermulag SEa e SF e,

vém“%%!ﬁﬁf‘ i b B8 B, S s oSG ‘?@d rate

{ Farddl
L) REBEPetl BroMRL cAE TR EpISO D), ped ke is  ounter
variableu seariednatod kind bisicreased et @206 oneé Pevesy 1 OmBONS <all
15% and/or respiratory quotient (RQ Z 1.2. 10 The

cpodigions age 8ebe andrthe rsubspmte desal rate (Via hanipulation aif ) ebeing
<29.QC >31, 0 | so he d t | |
rohedgn Femonstin POT ST a6 fudleh B 5 12

the average RQ > 1.13 over a 2h period, or if there

is. evi plencg of et hanol or acetate accunul ati on 15

Te fedd wst®§mqfﬂs%t « 6Bi 6 ¥ hdWPmpetarei <29.0°C or
saturation. ce the feed is started, The

23h&262.r atThis mﬂyBaISOXbEI\,dGlm |aaltomauaaﬂyedm)ugﬁ @iy ;control

s 15 S e e Rrag R P15 S 0 oA o

pl

" if there is evidence of ethanol or acetate accumulatior!,

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

The air flow is increased through the fermentation to maintain the values of

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

" sufficient to provide accurate gas anmalysis. The air flow rate of the

fermentation is nominally 1 v/v/m. Daily checks are performed to determine
purity of culture and CDW. Appropriate samples are retained. At the end of
the feed, the culture is transferred to a production vessel.
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dependent upon transfer limtations of the vessel. 20
The air flowis increased through the fernentation to
mai ntai n the val ues of oxygen uptake rate (OQUR) and
carbon di oxi de evolution rate (CER), at levels:
sufficient to provide accurate gas analysis. The air
flowrate of the fernmentation is nomnally 1 v/vim
Dai |y checks are performed40o deternine 25 purity of
culture and CDW Appropriate sanples are retained. At
Prodyctioni Fefmentatiorf eed, the culture is transferred to a

productl on vessel. 40 Production Fernentation The
production fernenter is inocul ated at

Th ARiha8 e ler i U S 92T e Thelllely prt

" isgtd WA BorfH OIRA €0 -1 E il é“%*g%ﬁ“d‘ﬁhy”‘ at

pHb&0} cvstrolledoati6.40 49¢10.poi nt being 5.50. The initial
pH may be adjusted with ammonia (eg aqueous anmoni a
speci fi c graV|ty 0.880). This | ower fernenation pH 10

B RS I A e
aC| N |{1§?l‘g?§8ﬁ§ré/§pl 2?8& ﬁ&ya%g?agﬁfdf;wdg)emgmonm

ege&iueaﬁs iafhnidnia Spe élhesgﬂav%y 03890) Of THRis if pH

y on-line instrunment Particularly or stral ns

resifthincamesfliancethmass spestrometrynprofile bf tliearHMT genes, it
has been found to be beneficial for the fernentation
to be conducted at a higher pHthan is normally

135 WieleFile 19 the SRHACHHL 3Be 3R, e (g ol atorsmentipned
rangés RPFARMitRR! BB vabibli-of karly metabolism, since a decline in pH is
the first sign of growth detectable by on-line instrumeats.

Particularly for strains with a deficiency in one or more of the PMT genes, it
has been found to be beneficial for the fermentation to be conducted at a
higher pH than is normally required. Thus, rather than control the pH at
approximately 5.5, it is beneficial to have a control set point between pH6.20
and pH6.70 , preferably between pH6.3 and 6.5. At such a higher pH, the
quality of the centrate is significantly ~=ix.nprovecl due to reduced cell lysis.
Cell lysis results in cell debris remaining in suspension following a
centrifugation step of the fermentation which is sufficient only to remove all
whole cells from the supernatant. This is demonstrated in Table 2, where a
significant reduction in the wet weight content of a culture supernatant is
shown when the yeast is cultured at pH 6.5 compared to pH 5.5.
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20 and pl16.70 , preferably between pH6.3 and 6.5. At
such a higher pH, the quality of the centrate is
significantly inproved due to reduced cell 1{ysis.

Cell lysis results in cell debris remaining in-
suspension followng a centrifugation step of the
fermentation which is sufficient only to renove al
whol e cells fromthe superngtant. This is denonstrated
in Table 2, where a 25 signf*ti cant reduction in the
wet wei ght content of a culture supernatant is shown
when the yeast is cultured at pH 6.5 conpared to pH

5-5—4i—Ferreptatior—pH-YWet—Weighi—Cort-eat—of—Su
er nat akiermeptation pHs 35 3 [6. 5 AVt Weight Content of
Rel ationship between centréte gquaSupernatant .kt ation
pH I n produ@$on vessel. b 2M H2SO4 | g@Bso used as a

pH correctigesagent. sucroge to 20g.; ", ;I,‘gy\lu pai ch
[

agcfed tolat Ee .R/Eessein. Iﬁgte

i 2 P . .

| AP T mEad e PELA proguction
vesseldet er mi ned according to the formula: = 10 N
SF=1000xuxf CDW xV, 4 60 x Y.. Xx [sucrose] wherein SFo

is initial substrate feed rate, 1is specific growh

IMLR,S0 % mﬁuﬂaﬁ% gpgcdggc.%czt?v)e’aﬁefﬂs. SacRREGH 208l LEEMW 10

(L),"YXjs is cell ucrose| I's Sicr'ose

traretc eithundis, emd( Breox) FMIIB(Q @Rtfoans to €).0401Tv! \wed Gidded to the
concentration (g.;"'). The substrate feed rate is
wssads mi ned according to the :

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

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

60 x Y, x [sucrose]

wherein SF, is initial substrate feed rate, p is specific growth rate (for
example 0.06h), V. is batch volume (L), Y,, is cell yield (g.L"),
[sucrose] is sucrose concentration (g.L') and [CDW] is cell dry weight
concentration (g.L*). The substrate feed rate is determined according to the
formula, SF = SF,e**, wherein SF is substrate feed rate (mL.min); SF, is
initial substrate feed rate (mL.min), p is specific growth rate (') (for
example 0.0611"“), and k is a counter variable started at O and increased by
0.0167 once every 1 min if all conditions are met. A number of conditions
are constantly reviewed during the fermentation, and used to adjust SF via
manipulation of k; SF is reduced in response to DOT '<15% and/or
respiratory quotient (RQ) 2 1.2. The feed is stopped if the pH <6.2 or if the
temperature <29.0°C or >31.0°C. This may also be done automatically
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formula, SF =. SFe" k , wherein SF is substrate feed
rate (nL.mn'); SFo is initial substrate feed rate
(m..min"'"), pis specific growh rate W (for 20
exanpl e 0.0610), and k is a counter variable started
at 0 and increased by 0.0167 once every 1 min if al
conditions are nmet. A nunber of conditions are
constantly reviewed during yhe fernentation, and used
to adjust SF via manipulation of k; SF is reduced in

ofRpe 58 -FepibEs 2P S5 i SREEIGK RICRG > 113
ov&ea 2h pefivae b ifuhere B%viderte ofdthdlel of HcétatPaccihfitathsh.

done automatically 42 through the control algorithm
The SF is reduced if the average RQ > 1.13 over a 2h

- period, or if there is evidence of ethgnol or_ acetate

Agitation lingreased togaingain POTH2 20% air sasurasion: andh nximtained at

2 OO 0 d d
i e A B by, BRI
s{aft rﬂl@ Qu f i Enddt datbén TinildtiR e 'E:E%ﬁkggaﬁon of Breox
mtat

I on, 1e concentration o r &ox

FMT3@as eﬁl(:i'&s@i 2000:320.32g. L1 oiehleuladéd corp fidal nWlume). The
volune). The expected feed phase duration is

expgstad ferd phane durationeis depandant vpen dransfer limitationhs of the
cal at 000,L scale. 10 The air

VP%@ 8@§§270£Pﬁg¥ee$r§985+§‘9‘l‘i -hr ough t he

ferrrent ati on to maintain the val ues of oxygen uptake

rate (OUR) and carbon di oxide evolution rate (CER),

'mb dievios 1sSmEfda§é& hcrefeBRfally Gt tHeAtdinRRaktiBi oY Bhtain
The vessel is overpressured as necessary to enhance

teTRalugs of elygeh luptakeratcofOUR ahdl ¢arborrdiexidereviojution rate
BB WPl . e b e et 1
omés?ﬁree?m% SRR o, P G, | Tl pll B8 rate of e

fermentation is pominally 1 v/v/m. Daily checks can be performed to

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

Hold of Production Culture

The production culture may be held ;nder appropriate conditions to enable
batch processing of the culture. The hold time should be kept to a minimum,
but can be extended up to 48 hours and beyond if necessary (eg to5 days). It
will be appreciated that, under conditions of batch processing, the constraints
of hold time as expressed herein apply to the final portion of the culture to be

processed.
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20 Hol d of Production Culture The production culture

may be hel d under appropriate conditions to enable

bat ch processing of the culture. The hold tine should

be kept to a mninmum but can be extended up t0o 48

hours and beyond if necessary (eg to 5 days). It 25

w || be appreciated that, under conditions of batch

processing, the constraints of hold time as expressed

herein apply to the final pfrtion of the culture to be

processed. 43 The centrate fromthe fernentation, or
Th¥ cétided Eroth T fdinictation 'orf Ar0Tpite alRitiRi sélﬁﬁbﬁ Q‘rom any

(such as plasnma), is prepared or conditioned,

otldr osurcgyr {givh oas aplasnia)n éxc prepaeediat ox xcmdlhencd for
orotectrng the rHA fro pol ynerisati on and protease

.chiematpgraphyron Actation exchapge, Fagdx avlule protectag g BIA from

poiﬁéﬁ%ﬁgﬁsg‘{t%?ﬁ%%ymgﬁmﬁm A0 & |oganoa£e 1S added
acid t g@"ﬁl S’()lﬁﬁ% lzr(@mu)l q‘ﬂﬁm ggi(?g ﬁ#a{ ange%hlaﬁon of 1-

-4.8, preferably

IOme, donxymple @ppraxintatedy SmMJdUDie! PHt §s hd uﬁiéﬁtivﬂﬂ icetic
be <5.5nScm|. 10 Chronat ography Al op eratrons can be

acishtq pH4-Hhi8,apreforsblynd. SOedqo@r {mes_t mﬁ:ram) + O1)5) and the

b J.0 chr omat ogr aphy col unms are
m&é?%}‘ﬂg'ﬁé&%ﬁwfﬁ% <gi58£’%§+€um n (g/L) by either
SDS- PACE (at the first step) or GP-HPLC 15 (for all
ot her colums). The progress of each step is nonitored
_(%h%%gm%%tgrg UV absorbance on line, for exanple at
or nm In a particularly preferred enbodi nent
of the present |nvent|on t he purrfrcatron process
onpr [ ses the follo st e cati on exchange
caprie cagsi Iomeeahie @0og: 55)- The

l{u%n':@ads ?HI',)” 50 the chromatography columns are determined from

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

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

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

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

chromatography step (DE-FF2). Preferably, these purification processes are
followed by final ultrafiltration/diafiltration followed by a formulation step,
and/or placing of the solution into a final container.
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chromat ography (DBA); ultrafiltration."and
diafiltration; a second affinity chromatography step
(PBA); ultrafiltration and diafiltration; a second

cati on exchange chromatography step (SP-FF2); -and a
second ani on exchange chromatography step (DE-FF2).
Preferably, these purification processes are 25
followed by final ultrafiltggtion/diafiltration
followed by a fornulation step, and/or placing of the

| gl i YFO j t Gbper. ;

THE, Sdublcc U MriRolhIpa IO RepFias, dereribl, RO BE AoV and
inventing iy @ number ofi akpectsof The wse bf an Aminopkemyiberonate (PBA)
am_nophenyl boronate (PBA). matrix with an inproved
matrix avith a inproyed bulferasedescribedibereinand 2 small Joad velume

" i b RS el it VSERRRAST it 35 mgnared by

ETN8AbEba! 4Wpefbity.t hrikd ?gf%g RREA SPHh Q85 %}ﬁ&@gh?ﬁ&lbb nate

was unexpectedly Tound parti cul ar ericral,
naatrix iwasrarxpectedly fourdteto bs patticalariynbendicifl, anddt seprbsents
pl ethora of buffers of widely ranging constituents

then aegwlio o€ rinfeasive Twialy of f 2rplp otfs buffersyeif f widely | ranging

chPRIGHES Spd prEpedity The!HlTdsplOVidhSch, sisninganay Hpcreased
en of . ' '

cfafficf of SEhst shifer wikeiConfifurklt RO BOREY LORT BT He'PRA

ch@ma#s@aphy sttp Of WO.96/3751%ans that inproved
resolution of the rHA and yeast antigens can be

achi eved _because of the smaller Ioad_ volurme. 15 WO
L3R4 4 eSS S0 S i
sOuliohfor PenfB RIIL I, el A hotobils reSARAGh, O me

rHAU ydabeintigehs coil BPatlficnd bRAASS of ERTALCY 16RF F5Tuthe.
of the inprovenents we have

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

additional cation and.anion exchange steps.

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

In particular, exposing tHA to a low pH is effective in reducing nickel ion
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20 made to the am nophenyl boronate affinity step and
the introduction of additional cation and.anion
exchange steps. Followi ng the am nophenyl bor onat e
affinity step it is preferred that the albumnis
concentrated and diafiltered for a negative node
cation exchange 25 step. W have found that the
conmbi nation of this diafiltration step and cati on
exchange step substantial | #3reduces the relative
concentration, of nickel ions. |In particular,
leeclpo€onsequetitly, albuthinvpyrified ae¢drding tee thienpresencinvention has
ni ckel ion 45 |evels. Consequent| al bum n purified
a gapHisinghiplovonickel ioncontent mmapdﬁdm of athumpin)si ngl y
| ow nickel ion content (less than 100ng/g of al bumn).
The negative node cation exchange step, as descri bed

el ne o v . o din

THE epftive fooe Catioh pRiaRER gy 86 MRKLT Horlll Hsdied 1o

refiide ComaghvalinoAbbindingceariil (dbm)hehichdist4 smalPd@ount of
cation exchange step has been found to reduce the cbm

medifiednrHA;, othovglt tg be glyeosylated. prifhe megative “mode cation
Saccharonyces cereyi si.ae by .approxinptely 1.3- fo]d.
exghange SteP Pax (beet Ta e KedREn BrACHRY ichutet, praduced by
X < d 3 ) .
relulatl it ity Mediromboh SRR sphfbmimatly &>
fol® AV ighdalér effécR s acliieved il FHAR! derivid FroWenollpmel mutants
nodi fi'red rHA. Accordi ngly, the negative node “cation
(2eX 6dldrelparaicep and the use of cells with a deficiency
in one or 15 nore of the PMI genes nmay be of even
greater inportance if the rHA is produced by a
r i.nant S her than C rogyces _cerevisiae, .
A e R I
priffitds! £ AIh@V1P Lo IBHITJT AbMificdoFHA © ?\cwrdiﬁgiaﬁ the negative
Because of the very |arge scal e manufacture®of
med® cation excifange dtdphand teatiser of \cellswith 38 deficiehey in one or

product, these buffer salts are the nost )
more of the PMT genes may be of even greater importance if the rHA is

produced by a recombinant host other than Saccharomyces cerevisiae.

The chromatography solutions used during the purification of albumin are
detailed in Table 3. Because of the very large scale manufacture of albumin,
and the relatively low cost of the product, these buffer salts are the most
suitable for the process as they are _4vailable in a highly pure form at
industrial scale and are low cost compared to other commonly used buffers
such as Tris, HEPES or MOPS. Alternative buffers could be used in place of
the ones used in Table 3, for example buffers of a similar pK, (eg malate for
acetate), but in most instances cost and availability at large scale rule out their
use. Alternative salt forms can be used provided they are soluble, available

at industrial scale and low cost.




suitable for the process as they are available in a

hi ghly pure format industrial scale and are | ow cost

conpared to other commonly used buffers such as Tris,

HBPES or MOPS. Alternative buffers could be used in

pl ace of the ones used in Table 3, for exanple

buffers of a simlar pK, (eg nalate for 25 acetate),

but in nost instances cost a#fdl availability at |arge

scale rule out their wuse. Alternative salt fornms can
Thé ebufferdsqlutionsd edn t b prepaged altuthleecoréhirhbns desdribed below, or

industrial scale and | ow cost. 46 The buffer .
conpentrated nstogla rsobationse pan e prepared camk enixedit oo diluted on-line for
. described below, of concentrated stock solutions can

W% ed and ni xed or diluted on-line for
i mredi ate use. Cation Exchange Chromat ography Al bum n
is concentrated and purified with respect to at | east

Caﬂeﬂﬁmweit fﬁ%nidtﬁgx‘ag@[ albumin is rHA froma yeast
ernentat 1 on) and ot ner antigens, |ow nol ecul ar wei ght

contam nants and pi gnented conpounds by cation - .
SRR GRSt e N PBbo T S s i o
st EFen, eodf o eSP Etfenitiond Ynd et fens oW molicRRF weighe

contimBRRBAARE Pighter 5l 3bHHOUAS icﬁﬁonié‘xggﬁgg %ﬁg@@n@%ﬂy The

fl ow colum, "may be at "a bed hei ght -

mefhod§ asesbhycdifimercidb catiod cexchangemhatrik 2suchc $P-Sdpharose FF, SP-
radial flowtype colum is ul, a suitable bed flow

lepw.l |@'@87pha§0&q. BF, 1i(iii\énCelh11@sg,urﬁF|rC@B§m$g omrf fHSpherodex.
' 4 0g_alkhumn/L,, . .
Pratgipfl, W Baprix B SbSeRfachef b Plattydtia) Whibhe it Hsed,in, an axial

flowuédiffnt Gnay %E%e?%%;a %11 glt 'gf% % 338nt Prekd@bly 10 to 15cm, for

preferably the bu be strong ‘enough”to

examplad?. § om.p Hf tao radisl flswrtypel oolyahif. i . us&d paf sudableubdd few path
Cao,l Is used to renove storage solution CSO7 fromthe
length i5nk:-OribvleQemm.  Angolymmy koading: of 10 te150g. albemin/l, preferably 40

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

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




be used. Equilibration is judged to be conpl ete when

the pH of the colum effl uent

47 Tabl e 3: Chromatography solutions for the
purification of al bumn Solution Constituent
Concentration pH Conductivity No. Name (g3:')

(nS-ctri)

CSO SP-FF CH3COOH 1.85 5.45- 1.9-2.2

is approxi mately pH6. 0.

Equi | i brant/Wash3 5. 65 (27% 4. 00 - DE-FF
Equilibrant (ww)) CS02 $b-FF Wash 1 CH3COOH 3. 00
3.9-4.1 0.6-0.8 NaOH (27%1.19 (w/ w)) _ CS03 SP-FF
Table 3y ghromatygraphy splutions far4he purificatios of 7% 1. 19
(Ww) NaCl 117 CS04 SP-FF Fluent/ CH3COOH 5.13 -
Blin-SemBoe BB 0 DL EE Dr o Equilihrant %11 5
(vBoMitlon OCt anof ¢ Aldnstittlent 21 |CEQOR ce%%‘aho@ Ean dhductivity
—15=F5— | ysorbate 80 5. 00 CS06 Q.
No. |[(27% Namel > 1p 80-120 gLhH (mScm
CS01 | SP-FF CH,COOH 1.85 55-4:5' 19-2.2
;SquxhbrantIWashB NaOH (27% 4.00 03
DE-FF Equilibrant (wiw)
CS02 SP-FF Wash 1 CH,COOH 3.00 39-4.1 0.6-0.8
NaOH (27% 1.19
.- (wiw)) )
CS03 | SP-FF Wash 2 CH,COOH 1.62 3.9-41} 125-165
NaOH (27% 1.19
(wiw))
NaCl 117
SP-FF Eluent/ 54-56 | 5.0-6.0
CS CH,COOH 513 .
* | DEFFPre- c 3 L
Equilibrant NaOH (27% 11.5
(wiw))
| Octanoic Acid 0.721
| csos | satt Clean NaCl 58.4 5-9 | 75-95
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH (27% 74.1 > 12 80 - 120
(wiw))
CS07 | 20mM NaOH NaOH (7% 2.96 > 12 35-5.5
(wiw))
CS08 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-94 | 2.5-35
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 929.5 | 15.0-18.0
CS10 | DBA CH,COONH, 19.3 8.7-9.1 18-22
Equilibrant/Wash ™\ 61 @7% 5.93
(wiw))




(w
(w
2.

El uent
(ww) H3P04 5.79
(27% 281 7.8-8,4 CQctanoate (W w))
CS15 Acetic Acid CH3COO—I 1045 - -

1

W)
w) )

COo.. 4 L V| 0

E ]

CSO7 20mM NaCH NaCH (27% 2.96 > 12
CS08 DE- FP Wash K2B407. 4HzZO 4.80 9.
5-3.5 CS09 DE-FF El uent K2B407.4H20 33. 6
15.0-18.0 CS10 DBA CH3000NH4 19.3 8.7-9.1 18 -
Equi | i brant/Wash NaOH (27% 5.93 (ww)) 48 CS11 DBA
NaCl 117 6.7-7.1 125 -

(85% wi4g) )

165 NaCH (27

- CSI4 2M Sodi um NaCH
Cctanoic Acid 288
CSl7 DE- FF2 CH3COCH

3.
0

5-5.5
-9.4

9.2-9
22
% 14. 1

i JAAA G N

.5

—
L

" L
U] ull U'I'Il vEAOo gl

U =. J =, U - . U\J I_qul I
csn( ) DRY Bjueat 66 C18 PNIGl ve- npde NEFDPOA. pipb-d:15¢ 125- 165
8-7.0 5.5-6.5 uﬁao'if(—ztl%mpn I\IalL4j-|l(A/U Iw) 4.0
(wiw)) ,
H,PO, 5.79
(85%(w/w)) _
CS14 | 2M Sodium NaOH (27% 281 78-84 -
Octanoate (wiw))
Octanoic Acid 288
CS15 | Acetic Acid CH,;COOH 1045 - -
CS17 |DE-FF2 CH,COOH 1.50 4.5-4.7 0.85-1.05
Equilibration/Wash
NaOH (27 %w/w) 1.66
CS18 |Positive-mode NaH,PO,.2H20 8.58 6.8-7.0 5.56.5
DE-FFR2 Elution )
NaOH (27 % wiw) 4.07 ,
CS19 {SP-FF2 CH,COOH 1.80 5.2-5.4 1.82.1
Equilibration/Wash
NaOH (27 %wiw) 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 1.92.2 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
EXOS5 |Final pH adjustment| HCI (37%w/w) 19.7 <15 60-90
acid H,0 982

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




CS19 SP-FF2 CH300CH 1.80 5.2-5.4 1.8-2.1
Equi li brati on/ Wash NaOH (27%/ w) 3.52 CS20 PBA @ ycine
7.51 8.3-8.6 18-22 Equilibration/Wash NaCl- 5.84 NaCH
(279%v w) 0.95 CaCl2.2H20 7.35 CS21 209w w) Acetic
CH3000H 205 1.9-2.2 1.8-2.0 Acid H20 820 C822 Fi nal
pH Na~HP04 71.0 11.2-11.( 43-49 Adjustnment NaCH
(27%Vv w) 37.0 EXO4 Final pH adjustment NaOH (47%M w)
42.6 212 80-120 alkali #9970 EXCs Final pH
adjustnment HCl (37%Mw) 19.7 SITS 60-90 acid H LO 982
The cedlrateVicihiagemenatioR%s prepartd; or Ronditionkd) fer< ehfvmsatogtphy
The centrate froma fernentation is prepared, or
on a catiodi ¢xchavge matrixcwhilerxprotpctipgytheorHA &rom polymenisagen and

proteasi bt ARSVER if 19 s SURTLI 1ot dafEioabot the, prgispoes that
degradfReA) B B EORAF, Y RO X B 8 b, Brermstam

shouldﬁimg{éﬁ,e Eot? 1O By RAsdal Weh&fcht JMO-%%:‘;B@Xnﬁutes to

of 50-70C for 30 mnutes to 5 hours,

5 houmss atedetailed innWE RHOT63G36. Tiipipalty 1-J0mM soklivindoctanoate is
octanoate is
sufficient to protect the rHA from heat denaturation and 30 seconds up to 10 minutes

at temperatures of 60-80°C adequate to inactivate the proteases in a batch or
flowthrough procedure. Pasteurisation may also be desirable if HSA is used.

The conditioned centrate is then loaded omto the column at a flow rate of, for
example, 0.07-0.75 bed volumes/min, preferably 0.3-0.6 bed volumes/min, in this
example 0.5 bed volumes/min, and then the column is washed with one or more
solutions to remove fesidual contaminants. The columfi is washed first with, for
instance, eight volumes of 10-100mM, preferably 30-70mM, for example 50mM
acetate, pH3.9-4.1, 0.6-0.8mS.cm™ (CS02). The column is then washed with four
volumes of a high salt buffer containing 1-3M NaCl, preferably 2M NaCl, in
sodium acetate buffer (for example 10-50mM sodium étcetate, preferably about
27mM, pH3.5-4.5, preferably pH4.0 (CS03) and then ten volumes of CSO1. The
albumin is eluted with, and collected in an acetate/octanoate buffer (for example 40-
120, preferably 60-100, eg 85mM acetate, and 2-50mM, preferably, 2-20mM, eg
5mM octanoate, as in CS04). The collection of albumin starts when the UV signal
rises above 0.6 Ays/cm, and collection continues until the UV signal falls below -
0.36 A, /em. The column is then cleaned using 0.25-3.0M NaCl and 0.05-2%
detergent (CS05) and then 0.1-1.0M NaOH (CS06), then stored in diluted (10-
50mM) NaOH (CS07). In this example, the flow rate for the equilibration, loading

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




sufficient to protect the rHA from heat denaturation
and 30 seconds up to 10 mnutes at tenperatures of
60- 80C adequate to inactivate the proteases in a batch
or flowthrough-procedure. Pasteurisation nay al so be
desirable if HSA is used. The conditioned centrate is
then | oaded onto the colu t aflowrate of, for
exanpl e, 0.07-0.75 bed vol s/mn, preferably 0.3-0.6
bed volumes/mn, in this exanple 0.5 bed vol umes/ mn,
rate 0fdOiHe0- foed cupl(min.i prafaeabiy O16H.38e ior tisr example 0.25 bed
solutions to renove residual contam nants. The col um :
vol/min d first with, for instance, eight volunes of
10-100mV preferably 30-70mM for exanple 50nM
_ acetate, pH3.9-4.1, 0.6-0.8nB.cni t (CS02). The col um
AnionSEkélRnsvehfmaatebfaph{your vol unmes of a high salt
butter contaiming L-3M NaCl, preferably 2M NaCl, 'in
sodi um acetate buffer (for exanple 10-50mMM sodi um
acetate, preferably about 27m\V pH3.5-4.5,, preferably
The glyateyiropxthe)catinn exghangerds the edito below 10mS.cm’, préferably

s S S ) LA s Tt o o i,
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celluldwe, QA Eaellulose,0br TMAR, DMAE] or WEAE Rfactdbel] gl’n%kirably, the

rises above 0.6 Alcm and collection continues unti
matrihis thescammerciall andor exchange magix DEAE SephiaroseFRi {Pharmacia),

hen c¢] eaned [ 25-3. OM Ng and Q. 05-2%, .

bed figopai Tenztief -k Ccbriors-oavaiibrated ity s tion;lution buffer

L0 _di 0- 7 hi -
(CSCR) S8l bt ML G Mo ol b R0 . g, i s
loads] e s 109105 oy (i of e nd o
the mhagtix.is Washed withedilinte bétyaborats-tnfser, fonexamplechGaHind potassium

0.25 bed- vol/mn is Anj on Exchange .

tetraboraisat Sedliphiptraherate Eé?&sx,rwm%mm %ﬁ@@@%j@g the;pH to
apprdfififhedly’ 92 %4 Beh e Mitimitn ™ HiRGCHAR % 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,




| ess than SnS.cm', especially below 2.5n5. cnmi and
then | oaded onto an ani on exchange resin such as
QVA- Spherosi |, DEAE- Spherodex, Q Hyper D, DEAF-
cel lul ose, QAE-cellul ose, or TMAE, DMVAE, or DEAF
Fractogel. Preferably, the matrix is the comrercia
ani on exchange matri x DEAR Sepharose- FF ( Pharnaci a),
bed flow path length of 11.Q1.Ccm pre-equilibrated
with the cation elution buffer (CSO4) and then
equilibrated wwth three colum volunmes of CSOL. The
Affolity Ghromatogtaphyied onto the matrix at 30 | Oy nononeric
al bumin per litre of matrix and then the matrix is
washed with dilute tetraborate buffer, for gKanple

Tuig ik N Rl BT BANT v 1€ %5" o B}ﬁ-‘fe"r@ﬁflﬁ albumin

. gfﬂ%ﬁ 0 2 t a q:dﬂ,
ﬁ-aa m%r ?egg‘ﬁgiéﬁ érilgt g%@q?%]?reggorg?g 1‘uff or exa elhli‘se any
CibacrohSBiid pypieaof idye whichabmdst albupnief &lalekmnplbORbhctwe Blue 2,

pot assi um tetraborate (CSQ9 The matrix is cl eaned
ProgjonnBlug e BlyeSe h:(resmsﬁl% drisaceyl apdyo @sw}lraqumone-type

confiuBig, Ty ﬁfeé%ﬁxaﬁbed" 1 1 L DRI By N (DY, pPépared as

es‘faﬁ 51 Affinity Chromatography This step
be 1(?trwﬁ?j?lls3|7)(§315the rHA with respect to a 45 kDa

N-term nal al bumn fragnment, yeast antigens and
gnment. The affinity matrix may conprise any

mcdmdonsa lijAwssal bed dlasv \patle Hengthoef &lmmmm orThe DBA is

R B
canFREA a8 e e, AR Bl p0-r, o
exaffofP 2400 43 €16} Ynd e Bl apfidd S FH DA, preferably

8.0-12¢047%}, findhis 100 :El JOJg¢Lf | Bjuitibidtions N6dd asd wash steps are

11.01.0cm The Ais equilibrated in_.amonium

perfmmedta flowr cates DF0.056:30 badevol/niihy phefer:biy OV SO, in this

Xam| &n@ﬁépgm it naﬁ? )p%eraggepts hae}eallae%orpn{]edagp 2%dbc& 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




8.0-12,Qy/L, in this exanple 10.01. Qy/L.
Equi li bration, |oad and wash steps are perfornmed at
flow rates of 0.05-0.30 bed vol/mn, preferably
0.15-0.27, in this exanple 0.25 bed vol/mn. A
ot her steps are performed at 0.20 bed vol/mn. Wen
| oading is conplete, the cqqum is washed to renove
contam nants with 1-5 vol s of anmoni um acet ate
buffer 10-30nS cm ', preferably 15-25 nS cnl, for :
molecudarpiveighSed offr eDBAablugteSs cohcentratel and sherl ﬂmﬁilehmimh ~100g

IS eI uted with a strong Salto&od phosphat e soI
" mgainghatlgast 5 yelpmes Hfrater folowed \hynadeas 5 ¥t pes of CS20.

At sle&m?“ﬁaﬁvaﬁ it el BB Aot it elifired ana

the Jcﬂgpxgsl B ter Wﬁ@@lﬁ%&f&sé?te? pur Cel"!ié@&ﬁ:@nu'auonof

In prepar ation catl on usi ng

the fillnetentuts sl be d (esrangEROY120p rbha i oy rprefeyablpde-120g. L, or
ultrafiltration can be Egrformd with any

as in| thisexamplgt 1&ht KOgrisHA, Adtarnuse; dhei membranes are treated by
c.oncentr?#u&r&o\ém%’tgrcvglr@g@n m)l‘%c @%Q%\e(g ht cut, (E‘§07

type menbrane (eg Filtron Orega series) of 10, OOO
nom nal 52 nol ecul ar weight cut off. DBA eluate is

PBAC Of¥C it Tafifigity agtep t (e refliovéi 1)@t)@@hjﬁgath@,o Qaachr lalé\ glycoprotems,
agai nst at least 5 volunes of water followed by
glycolipids mndopolyes aligossand mnosaﬁ:ehm@mof audaunhsmtmnnobﬂxsed
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cemnb@ic%xaai dighidrd.: 'US PatenfNd @ 562 253> @fitdrpordted ferein by
. ter uSe, the nenbranes, are treated by

refef&nmsh desgribas suitablel methods G’memkmgt dibargtHazine | oranongporotriazine
W th 06, apd storage in CSO7. PBA is an affi
agargsey ¢ (fzsi Hiasge 1§ O [ §9aRBATOSE HIFSt 530 @@m@éﬂ@mﬁ 3-

i 5 TR s v

APBA Jardflto produddicRAe ionb bt diborotidzifle. STeR¥airethéy O-linked via
the free chlorine on the triazine to the -ONa activated agarose to produce either

mono or disubsituted agarose.

An earlier patent, US 4,269,605, contemplates a variety of activation 1_nethods,-
including epichlorohydrin activation of agarose, preferred herein. Commercially
available matrices ‘include Amicon’s PBA30 and Sigma’s acrylic beaded

-

aminophenylboronate.

It has been found to be particularly beneficial to use a buffer containing glycine (10-
500mM, for example 25-200mM, preferably 50-150mM, in this example 100mM),




coupled via a spacer to an insoluble matrix such as
pol yacryl am de, agarose, cellulosic or organic
polymers.. US Patent No 4 562 251 (incorporated herein
by reference) describes suitable nmethods for making
di borgtfiazine or nonoborotriazine agarose: (1)
triazine is O-linked to agarose first and then |inked
wi th 3- am nophenyl boronic acid (APBA) in a second
reaction. (2) Triazine is r83cted with APRA first to
pr oduce erther nono or drborotrrazrne These are then

Nadlg(\ﬂl5l act|vat e(fx%ﬁx 16 95300 Ce eli(}ﬁgérms%med thik ample

rose to pro mno
100mM) aad t C4€Y @925@1&3/[ preferably e10-pe0mM,, il/thid, ed@thpl® FOmM),
" contenplates a variety of activation nethods,
pHS. a&ircpmger&wc PHJS&TQ&,IIFH this exempleopH8:S (G520 s e,
preferred herein. Commercially avail abl'e matrices
"include Am con's PBA30 and Sigma's acrylic beaded

par?pc ultal{z?#)lI y&%ena NeiF aalhl l&?%h ]bb?'-"f e?célgu?g' Pre-equilibrated

withd theChiffer( 40deseHibedl| above, eg@BﬁO% The st hiidn @ﬂ@zfd%ﬁadlﬂdss than 1
50-150mM in this exanple 100mM). 53 Nad (0-50

colunmn velung| preferabljOidss tham 05 atulymbOvdlames) i this quample <0.35
exanpl e 100nMM)_ and, CaCl2 (5-25QmM pref er abl
column yolwmgs. | khe RBA I3 Iw9) 35 Sdegptive step andotherefore the albumin is

coﬂ%réé BERE o Rt st o bl ﬁl%ﬁ@@ i it rosaigeiblic stops

eifd@fnedeawﬂmbr %ﬁ@ﬁi of(.005063 erqzqmesqrrbmbry the -

eg CS20. The colum is oaded at less than

equxhbtatum md oreanngr of thenbblnnie ase chaieddott aph higher flow rate, eg
i n i s_example <0.35, colum vol unes. The

0. lﬁbbpd |vs>l /mm,a@aa theglend \andseallection ofhthecalbumin polution, which is

prefBiatY R ot & B aafk AEB . FHaRad FoBSiad volmin.

The%huﬁﬁ'i?%&t clbAfd withe 3aR(C8089 vdtaie Bﬁee/(ésd% RaOH (CS06)

Preferably the equili bratr on and cl eani ng' of
and ddnustoredria dilate Na@OHJCSa7).a hi gher flow rate, eg

Following PBA chromatography the albumin solution is concentrated and diafiltered
to prepare for a megative 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.

R ]

o

PBA ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with':;fhominal molecular weight cut off of 30,000 or less, preferably a
polyethersulphone type membrane (eg Filtron Omega series) of 10,000 nominal
molecular weight cut off. The collected PBA Flow Through is adjusted to
pHS5.340.5 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




0.19 bed vol./mn, than the | oad and collection of the
al bumn solution, which is preferably carried out at
a flowrate of 0.01-0.05, preferably 0.025 bed
vol./mn. The colum is then cleaned with salt:
(CS03), borate V her (CS09), NaOH (CS06) and then
stored in dilute NaOH (CS07),. Foll ow ng PBA
chr omat ogr aphy the al bunin lution is concentrated
and diafiltered to prepare for a negative node cation :
witle 3S19rayel firther O3 addedi asateqoiredfto tdive a rhtadtadet canicemmation of
st ep _.and {he_negativ.e node catjon _exchange

50 Hsorhid dgi-a binallys sedinm-actanopte s added so give 2 £ingl cqnreentration of
concent r atd.on pf Qi ions. P ltpafiltratd on
appSRERh, 2Pt Rernbll 3, OB preferabiY ;9 ot i this FRafblk 6mM,
. , St ik . | ned
6 dgﬁ?&oﬂféudc??qgo, oo'g‘ or rl'tgss, ’p(rﬂgferatka)fﬂyl/l a &hal R g out
residdlyprotein with wavers cleaping witth€C806 atd gtoragd ino@SO0Tega
series) of 10,000 nom nal nol ecul ar wei ght cut off.
The coll ected PBA Fl ow Through is adjusted to -
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albﬁxﬁim?a@eﬁtﬂreﬁgnﬂiﬂ faqix) qathier ahamwbeing retdinédl r'Tie tonditions are
Fi na

|y, sodium octanoate is added to give a final
such dhatemanaoesydated falbwpior bindsrie ¢hg matsi. pridfecbuffey is preferably a

ol Bl S 5o Yol AT 5305
SoclSShE0 32514, 1€8199 Wher BOE i FhE' 4tk Iy Y Soropriat

ranged alyl 88 ubel, tsheh asubcitites phosphateSoerferd  Saktably, alié baffee has a
step using, for instance, SP-FF Sepharose

cbn(ltrntamaafapboum |2ﬁn3mﬁ i n Thee cobyan hesr’]'rm dflow epathelength of
1. G PR AES b gwedioott- 25 L FhreRrabibo S 0 and in
tis AP 0 L5 o SALIEL" b Piboe thid & B BHEIRE dep, the

albuiBin5ie edllectad imhike fownlnoagh and wash.

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




30mM), pH 5.2-5.4, CS19). O her buffers which can
buffer in the appropriate range nmay be used, such as
a citrate phosphate buffer. Suitably, the buffer has a
conductivity of about 2nS.cmi. The colum hays'- a flow
path length of 11.01.Ccni, with the albumn | oaded to
10-250g.L"'" preferably 20-70g.L'" and in this exanple
5015g or 501 Qg.L'" matrix. Since this is a negative
step, the albumn is coll ed in the flow through
and wash. Follow ng this cation exchange step, the .
and wiakhinTTheip} of thedfowt Dhromghtand-Wash és trémadjusted tary@£0.1 with
chromat ography. This step renoves yeast antigens as
CS2%zasured by ELISA and Western blot. The col | ected
fl ow t hrough and wash fromthe second cation exchange
., Step is adjusted to pH4.600.10 with CS21, diluted to
| >, . 1 ; £ o liai e
Alte%rﬁ@i%?lgr OV‘\iIIE%]HéI bgg\r%%i tl oﬁssb‘r e g?jep uésjgslﬂg% ani %ﬁienﬁmal UF
feedepecmmﬂ&ifmiems%&romm tiie DRAR flove t{roigh amdiwashat
a flow path | engt of 11.01.0cmand the albumn is
| oaded to 50-250g.L-', preferably 15050g.L'"' nratrix.
.Sipnce this is a negative sitep,.the albumn_ is ]
Xaguplech s bage TRSRAIEN W Refokcncs 0 3.uK! mwgnpt should be
G Thr.o S, t dj . 0..
apprtfiel Qs el YPRERAoN Sptboess "SI BUARSR, thlarfiohy § equatly

applithbRUbUidsieells WhichO4reWot! iufahf aF iiig lodts Jr%ﬂe&?ﬁgﬁéh are mot

i nstead of being performed on the DEAE flow thro
mutaan dt ams btheb\hink bocaisanpl e | has been illustrated with
reference to a pntl nutant, it should be appreciated
that the purification process of the present invention
E [ s!ezual ly applicable -to host cells which are not
t at this locus, or indeed which are not nutant
at any other pnt |locus . Exanple 2 Two assays were
~used to investigate centrate quality. .The poorer the
Twocasshyatwere used to investigate centrate quality: The poorer the centrate

quality the worse the “robustness” of the yeast cells.
The two assays were:

1. Determination of the absorbance of centrate at 600 nm (A4y)-
2. Determination of the wet weight of particles in the centrate (WW).

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

-

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

conditions grown in fed-batch fermentation were compared.




qual ity the worse the "robustness"” of the yeast cells.
The two assays were: 1. Determ nation of the
absorbance of centrate at 600 urn (Ac). 2.

Determ nation of the wet weight of particles in the
centrate (WW. In both the assays, the higher the
val ue the poorer the centrate quality. The centrate
quality of three differentfﬁkast strains under two
different pH conditions grown in fed-batch
fernentatlon were conpared. 56 Specific gene A6w WV

Spec mgen%spl 50- { Aap3- 1.39 (§.WHW (2d)" centrate) 9, 23)
50-/yaps3- ) 9.1(2.917) - yap3- 0.48
‘1“‘59534 10) 3. .

own at pH 6.4 or 6.5
S pntl-/7nspl ou- yap /) 2. 06(0.78,0)

hspl 50- /.yap3- %‘r?gn%b%fa 6 (1.4,7) yap3- 0.41

pmtl(ﬂnsﬁﬁSO—@a 1(398(053) bl a2/ (4\90@3 nd WV val ues |f or

three dif I I\/AJ'JdeUIEI strains 1n fed-batch

hsplS@-Vyapﬁt—atl on ld\lﬁ(OatEZ,t%o oLt €MT)pH val ues. -In the
)’3P31f' Hér::at&f&w@a an@cm;én ﬁe%é% Oar19) st andar d i

T can be_concl RO PHER G G593, 5. the mul ¢1pl y- dne
L A
hspl30Wydp3L gene [@l4gt0orss 8)s %6 CE4, 7)
yap3- 0.41 (0.08,6) |2.1(0.8,6)

Table 4: A600 and WW values for three different rHA producing strains in fed-batch
fermentation grown at two different pH values. In the first column the specific gene deletions

are indicated. Values in parentheses are standard deviation and ng,ni'ber 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 samé manner described in Example 1, but
utilised a strain which is not pmt! mutant. This strain was also grown at two
different pH control values, and the wet weight content of the centrate determined as
described in Example 1. The benefit of growth at the elevated pH control point is
also seen for this strain of yeast; demonstrated in. Table 5, where a significant
reduction in the wet weight content of a culture supernatant is shown when the yeast
is cultured in the pH range 6.3 to 6.5 compared to pHS5.5.




Exanpl e 3 This exanple was perforned in the sane
manner described in Exanple 1, but utilised a strain
which is not pntl rnmutant. This strain was al so grown
at two different pH control values, and the wet

wei ght content of the centrate determ ned as
described in Exanple 1. Tice benefit of growh at the
el evated pH control point is also seen for this
strain of yeast; denonstrabgd 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 pHrange 6.3 to 6.5 conpared to pH5. 5.

57 Faehémiation' pH PH Vet | Vel ghweOMWeight CunténtisF nat ant
(.L4) 5.5 10.0 (23,4} 6.3- 6S§p€r ta{atl(é‘:L;i) Tabl
ch centrate quzfdby atTd .
f er ment aPhdn pll for nop-pntl strain.’-“Values in
parentheses are standar8l deviation @t Punber of

sanpl e$.3 768, rather than control tHe pH at
approximately 5.5, it i ber]efi ci al(1t¢ hHave a cont rol

7 NP bdfeth Bidtrate’qddifly B ?Wzm
Tablegggt\%ieihgp 6?’ and 6. 5. th suc %1 |ng er "pH, toélpm‘

Valuegjo phientheses are standaghdeviation and nymberiof samplest y i nproved due
to reduced cell lysis Exanple 4 This Exanpl e was
performed in a simlar manner as described in Exanple
Thus,! rathet Mad B6ndeol HRDHUaCnpproxfiAREy STAC i RBdnelici 13 have a
pastoris, strain 115 (T'hvitrogeén) was grown using
controhsetpoint betmden i piic. 26 rahdpHOL70, gpreforablyi betvreed pHS.3 amtl 6.5.
using_.a pH
At such a %igherl)' pH, the quality of the centrate is significantly improved due to

reduced cell lysis

1%

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 b
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.




controller set at 5.90; controlled at 5.90+0.20, a

specific gromh rate of 0.10 h"t wth glucose as a

carbon source. The batch phase duration was 28 h, and

the feed phase duration was 42 It. Reconbi nant- hunman

al bum n was added once the feed phase had comenced,

providing a final concentration of 3.8 g rHA 1:1

culture at the end of the f@nentation. The MA used

to spike the Pichia culture had been purified but not

in accordance with the purification process of the

invention. The rHA fromthe Pichia fed-batch culture
ExpmpleS was then purified in accordance with the

purification process described in Exanple 1. 58

Exanple S this Exanpl e describes the analysis of rHA
THEY Elabifle UEQIADES the nflysis WIS HR Prtifel 6352 PibhA tudifire media as

anp 4. Inmmuunoassay”data | noassays Wwere

demﬁﬁwhﬁka?le@.) the rITA purified fromthe Pichia

culture mnmedia; (ii) the MA used to spike the culture

media; and (iii) on album n produced by Saccharonyces

cerevisiae, which had purified in accordance with the
I“HPEQBﬁFayﬁh@%ntion. Western Blot Sunmary Anti body

Bat ch Nunmber 199601 Gel Type 4-12% SDSNR NOVEX CGELS

MIk Type UHT Exposure Tinme 20 seconds |1g9601 was
Iminiscadsay9 alvere! pérfofiied ot ThNmer FIFAC pififfeaCROAT W Fiehia culture

cerevisiae strain and thus can be used to detect
medias (ii)athe irgbh aised ke spike tthe culvaret metliayenhdt (i) onhwibymais produced

antigen profile of,  the albumn derived from .
by Saccharomyces cerevisiae which had purified in accordance with the present

invention.

Western Blot Summary

Antibody Batch Number 189601

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 détect yeast antigéiis.

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.




the Pichia culture nedium contained fewer and |ess
i ntense bands than the material wused to spike the
Pichia fernmentation. The Pichia-derived al bum n yeast
antigen profile was very simlar to the :
Saccharonyces-derived profile. 59 ELISA Blot Summary
Yeast antigen inpurities in the albumn purified from
the Pichia culture nediumand for the albumn used to
spi ke the Pichia medi um webP@ quantified by ELISA using
I g9601. The yeast antigen content of the al bumn
purified fromthe Pichia culture nmedium was bel ow
-the detectable |imt of the assay (approximtely
ELISA ®Blab§umgmmparyand the antigen content for the al bumin
used to spike the Pichia nediumwas 0.62gg.g'" Con A
bi nding material The Con A assay descriped in Exanple

. q o .
Yeas] 5ol SR i IR p AR K WO Pic/il Bufthfd o and
for dré Gitumniiaided T spikectheoPichiat melivae Wete juadtified 5t BLISA using
for the fornmer was 0.22% (ww) and for the latter it
Ig960ks 0.57 % (ww) . The level of Con A binding materi al
in the albumin purified fromthe Pichia culture
mediumis simlar to that of albumn purified from

. i Si s r Cc i . .
The 7555 AEHEHY Pameitrof ie" uplinisl pufied' RO e bichid Piture medinm
was BERAH €8sl dbfeRibfe 1l bf The aSday (pProdifdately 010D45€%™), and the
confirmthat the process of fhe Invention can be
antigen coaeat forl the albuetin usedtw spike dienPizhia fnediuny sast0.62jneg ™.
t han Saccharonyces cerevisiae (eg Pichia) and that
al bumn of simlar purity to that purified from

Coniaglclnﬁlr‘g gt%xs-iafere\” sl ae can be obtai ned. 60

The Con A assay described in Example 9 was perfonnc'ﬁ 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 thgi_nvention (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.




Exanple 6 Fri Exanple 1 a negative node ani on exchange
chromat ography step (DE-FF2) followed the second
cati on exchange chronat ography step (SP-FF2). In an
alternative purification process the second cation
exchange chromat ography step may be followed by a
positive node ani on exchange chromat ography step. From
the SP-FF2 eluate at pH5.3 gpprox. the pH needs to be
increased to pH7. There are two neans detail ed bel ow,
pH adj ustnment and diafiltration. The latter appeared
to give a better quality product. DE-W2 (A) SP-FF2
Exafddlevet hr ough and washi ngs were pH adjusted tg$H 7.0
'—“mﬁgﬁ‘O.S M di sodi um hydrogen orthophosphate. This
material was | oaded onto a DEAF under standard

o e R ol e Aol 8 s
; 1 : : j -
Lo i IR o GO T 6P, 1

i¥€! puriaiibi GH SoUHAC cattd - dxch&QRC eREdrdtBgaph
altelgﬁ%ﬁlgiquut ed vvlﬁt bﬁgfsf giréot§o 5ng:ft;lﬂ') ang | oaded ont ogkaap y step

maye’follomadrbysa positivel npmiei ariion excinigei chwematopnaphy-stend
conductivity of the load was 7.0 and 1.43n6.cni’
respectively. The albumn fromDE-MA / DE-FFZB is

r S AR 4 S BB A R i v
Tk S 8 B, Wt o SR e e

appéured o pivieci betfeb qualigtsrodack. ext ent of ni ckel renoval
wer e i ndependent of pH, but that at pH5 the rate

DE-FF2 (A)

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

DE-FF2(B)

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




of renoval slowed slightly. Both the rate and extent
of nickel renoval decreased wth increasing pH across
the range 5-6.5 with l[ittle or no renoval above pH
6.5. Exanple 8 _ Purification of human serum al bum n
froma sanple of cryo-poor plasma paste (Centeon
Pharma GrbH) was achi eved using the purification
process detailed in Exanplgg 1. Recoveries of HSA at
each chromat ography step were predom nantly conparabl e
5he antici pated rHA recovery at the sane stage,
the exception of the PBA colum. Here, the
recoveries were nuch | ower than expected which may
have been due to renoval of glycated al bum n. Exanpl e

The %kihbiics fagikel irehiovhl arGm trFEA CBPCRBAthRnk OWith lowI gH were

diafiltration and formulation of Tthe highly purif
mvest}gagadrﬂsce ¥igure 19b| Bhepresulis showed uliatsbemenmpﬁect 2ﬁd/(4vﬂ b;»th the
al bum n; _This roce ure i,s carrje n two sta
rate ﬁ%ﬁswn? Pﬁ&lckel aﬁ' wes?.lsﬁeqeaﬂfnwfngFapﬁmaa@# § the rate
I e au fi
of réghEl st SRR %Ff pE R’ Bl HEM&%@M i&feased
wnth%’rbﬁﬁiﬁ%ﬁﬂ acriSs (8 riSe5-605 wmx ﬁ&w&% Mo el aBBve ﬁﬁ 6,5.
Fi nal begins wth Transfer of DEAF flow t hrough and
wash to the Final UF feed vessel. As described bel ow,
the albumn is then concentrated, diafiltered pH
ted to pH7.0 and further concentrated. |If DE-FF2
IS run in positive node, the DE-FF2 eluate may be
used- instead of, or in addition to, the DEAR fl ow
Pu ﬁ&"ﬁéﬁg@f %ﬁﬁxa‘ﬂaﬁunf albuith Erob 3N 3dBple0 %gfo-?go R
o [ ow t hrough and wash (or elouate |ff)leDE§f [ fﬁasln}]a paste
(Cenmim PharmanGiebH) twes adiMevednusingi the purdfietionsprozess detailed in

sequentially subjected
Example 1.

IJ

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 proced_ure 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.




to primary concentration, diaftltration and secondary
concentration phases in an wultrafiltration system
fitted with cellulosic nmenbranes with a nom nal
nol ecul ar weight cut off Iimt of 10,000. The ‘initi al
concentration step increases the rHA concentration to
approxi mately 100g.L1 and is imedi ately fol |l owed by
the continuous diafiltrati oggphase where the rHA is
diafiltered against at least 5  preferably at |east 7
retentate vol une equival ents of water-for-injection,
preferably a 50nmM salt solution to renove ammoni a.
1 tmerggng [ [ i 7
Flggid, the se%d%%%oﬁ%%?gagﬁn&gﬂggéﬁcﬁﬁaﬁ%?b theFinal UF feed
vesselr eaAe sddsbrbed/belavon dntallaiminn is ahéi eodRburited, difiltered pH
.the end of UP the retentate is transferred to the
adjusted for pHIQ andofurthen congentratele| . | nst ead of '
pH adj ust nent bei ng performed on the DEAF flow through
and wash, pH adjustnment may occur in the Final OF
IfflfB-Ci:Paeﬁﬁ%ﬂér inﬁfo%itﬁfeé}ﬁbde, ks WISFE Quafd rﬂ%% b3k stead of, or in
process and tHe secondary concentration ase.
additidieto they DEAR flow dirafigh andisiach, retentate i s adj usted
to pH 70.1 with EX04. It the pH exceeds 7.1 but
remains :9 pH8.5 then the pH can be decreased with

FollpPiagFansdeionl R - B0 ook fBiobel AR vash {or eldate if DE-FF2 is

P PG fpddef B 1B Babitng Bbdack Yecll 15 BRIy subjected
togixiﬁglr% dodicentrAtion) adidfiRetiof ARl QECOHIRAIrE VUIRBAGAIIP Phases in an

um n, sodiumand octanoate. These quantities
ultmfilttationnsysiemn fived with Kebulosic membwases ywithurat hoeminal molecular

ampunt s Sst.oc odium chl or.i.de and sodi um oct anoat e
weight 5%9?5 ligit éi@m@%ndﬁﬁpb‘frﬁg‘r FoRcengRHoR SieR dRcrsgses dhe THA
i eve .t ty -0 ckfd i Q0.
ccpBefath! ol Aiptiiiiarehy NO08'T " and RE b iBlahl): fliiwed by the
contibuad®d didfiltrativht phase SRHEreMEO NMERA isalia¥iltedéd against at least 5,

130- 160nmM Any other feasible
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'. At the end of UF the retentate is transferred to the
bulk product formulation vessel.

Iustead of pH-adjustment being performe& on the DEAE flow through and wash, pH
adjustment may occur in the Final UF feed vessel, preferably between the
diaﬁllratién process and the secondary concentration phase. 'Preferably, the
diafiltration retentate is adjusted to pH 740.1 with EX04. If the pH exceeds 7.1 but
remains < pHS8.5 then the pH can be decreased with EX05.




al bum n concentration may be nmade, however, with, for

exanple, a mninmum concentration of at |east 4%

(Wv), preferably 4-25 % (wv). Fornmulation is

conplete follow ng addition of appropriate

conventional pharmaceutically acceptable excipients,

such as polysorbate 80 or those specified in the US

Phar macopoei a for human al bum n, and diluting water.

A final concentration of 808 mmmol es sodi um

oct anoate per gram of albumn my be desirable. The
Thepfartwdatiansstep produsesmhlAnimap pppuywpriate chemical rmyxrbnmcpt and at

to 1%, dineric albumg’&ﬁ) 5\ no Iarger oWHeS;
an WPB@%‘F&OU&FMQ%é‘P & forchuligprodugt sterile filiation and filling.

The ' a&%t [ %ﬁ‘e?@ pﬂﬁ%ﬁg@e g%&‘ﬁ*@e‘za{"“ ﬁ 5 te '@ncentrations of

albtﬁﬁﬁpfééaﬁﬁﬁ amt&dﬁtﬁt@r CRIRE¢ qgaﬁﬁ@éd ark wh@neﬁﬁo %Ea% and any

erW| se, all of the assa are perfornmed on um n
fiirder k:amunmof §toekl seximm chlogide mndEsoﬂmheoctamtb excipient
formul ated according to Exanple 9. 64 dycation of

solutigns pand ?apamwe fgnad@ yater e%f]q:ﬂott‘ﬁl #chiee dhevbnlkhformulation
P ;

el o A "B P o

235%8 ?orl product E%gl)&?orm&ﬁ? ‘gﬁ’ﬁg@ wat ﬂfother feasible

albumind ebacentration haay-te Imneme@epummf fdkPemhble. a minimum
periodate. The fornmal dehyde rel eased by periodate

conesmtmononf ia¢ lgasind %ot §wH0, prefossblyr 4i25n % o(w'v). Formulation is
hore, ,.diace Id|h drolutldlne

comyplefe pflowinz; addition é%%aq%ﬁqlwewcepmble

exci%?l{ %ﬂ t‘i%lg ufg{lﬂﬁcﬁ Bi’ B:ho-gg Cﬁ;ﬂb&ﬁlﬁg (@ﬁ?ﬁa?%igopoela for

hun%ﬂﬂbﬁiﬁib) agaldmﬁngrwhtémen the albumin in the sanples
was re-quantitat ed by the Bradford nethod and 10ny

al burri n was assayed. A fruct ose positive control was
i ncl uded, and abso were read on a Shi madz
A fip ncentration o} 8 08 mmoles socchum octanoate per gram oth albaimin may be

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

.(

dimeric albumin but no larger polymers or aggregates are detectable.

Example 10

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




2101 spectrophotoneter at 412nm For every nole of
hexose one nol e of Amadori product is fornmed. Sanple
Mol es Amador!|  Product/Mles Albumin A0.79 B 0.76
C0.41 DO0.48 EO0.46 F 0.22 GO0.41 HO0.37:10.54
10.76 KO0:84 L 0.50 MO0.43 N O0.59 65 Sanple

Mol es Amadori Product/ Mol e§4AI bumin 0 0.41 P O0.18 Q
0.24 R 0.04

Glycation of rHA

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

product is formed.

Sample Moles Amadori
Product/Moles Albumin
0.79
0.76
0.41
0.48
~ 0.46
- 0.22
0.41
0.37
0.54
0.76
0.84
0.50
0.43
0.59

ZIZ R ==~ |Z|Q|1|m|o|alw|>




Sanples A-Q are commerci al ly avail abl e HSA products
fromUS, Europe and Japan (nean = 0.49 0.20). Sanple R
is rHA purified according to the invention.- Analysis
of C-term nus An inportant aspect of the quality
control of reconbinant proteins is the confornmation
and stability of the pre-determ ned primary structure.
Anal ysis of the C-termn 5 tryptic peptide in
commercially avail able HSA¥Yand rHA purified according
to_the invention by Nternnal sequenci nr}j and FAB
mebs spect @amplg i ndi cal ed t Moles dswaderiof a
truncated peptide, | acki hgPrbdudt/Meles Atbumiauc) ne in
HSRThe Des-get CGiermpal trypligg4pepti de wap
defectet—tnA—econrercra—HsAat- APy i Tatety—5; 10%
(n’ﬂ' ﬂlllnnfil i\InIL1 but oul-d-not-pedetected-in the

rHA of the i@vention. elen after ®2donths at BOC. The

Dep-Leu peptiRle could nof be detedd.0d in the HSA 12

weeks at 30C, and the peak for the tull Tength

C-termnal peptide was very dimnished conpared to
Sampléh A-Qt drerconanpricédly avaiiablet HS@ praticrsefroaptlS, (Ewopadnd Japan

under gone further C-term nal, degradation. These
(mean e .49+ 0i20)i Sample Rais i purified soeordingito; the devestigance

with the invention, has a stable and full |ength

car boxy-term nus, whereas HSA previously avail abl e

o X i al sources appears to be heterogeneous
M%. 66 N ckel ion content of rl A prepared

according to the invention Measuring instrunent:

SI MAA 6000, Perkin Elnmer Furnace: CI T (Constant
An ifipontantataspect Tobetheugjuality deonttoli ©f zecarginant pro@s is the

conforgaatiop i SADYIEE 08 R DNEteSPIFITSEY SERGHSS. iy of the
C“U"Eﬁ%\ﬂ c\ﬁ{e@ﬁd@f b ednllie Ocﬂlhb " {didBle ._8H§Aa WdOFHA purified

s neasur ed.
according to the invention by N-terminal sequencing /and FAB mass spectometry

indicated the presence of a truncated peptide, lacking the C-terminal leucine in
HSA. The Des-Leu C-terminal tryptic peptide was detected in commercial HSA at
approximately 5-10% (not quantitative), but could not be detected in the tHA of the
invention, even after 6 months at 30°C. The Des-Leu peptide could not be detected
in the HSA 12 weeks at 30°C, and the peak for the full length C-terminal peptide
was very diminished compared to the other samples, indicating that perhaps this had
undergone further C-terminal degradation. ..

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

commercial sources appears to be heterogeneous by comparison.




The control standard is neasured after the blank and
at the end of each test series (N -Standard 20 gg/L,
certified standard from Perkin Elnmer). Sanple
preparation: Each assay is the result of a
determination in duplicate which also valid for the
calibration and the control standard. Depending on the
expected Ni concentration, 68he sanple is diluted in
an appropriate ratio to work with a Ni-concentration
Nickdl3én ténteiit ofirHA irepatddicordihy &GR invaifidEs W th a
protein concentraiion of 10% or nore have 10 be
diluted at least 1:5 in any case. Dilution is with
purjfied water. Rinsing solution for the sanple
Measyping|ipstrumenty, i fj ed water nixed with 0.5 nL  Triton

B st [ Locl i Ll .
SIMAR (500BE Berkfi TIRF ' Fimale, 3 CoRNEAC TR ABYS i) using
detef@d & irﬂﬂ, $47¢eeast 0.99000. If not, the calibration
as to be repeated one tinme. If the calibration does
not conply with the requirenent a second tine, an
error analysis has to be carried out. 67 2.
Caliberatiasst eri stic nmass neasured with the 30 ggfL-Standard
may not exceed the theoretical value of 20pg/0. 0044A-s
The hyethod ¢ bhsed 60 apdireccpoint caliiration t(£8/368160c pgHs standard solutions
That anmount of the analyte_in picogram (Qg that
from: Herkin dlmes) .a A Bexs hepealiation, 1a b&n?c efpurifipd water is measured.
The a(cgﬁgbs Org tgt'agg@@tﬁlsgm_ggégg _ri]\ %f %E@% %;ota%_ On%gf 'gaﬁl test series
. t ' H - ion sanple *
(Ni g%@@?‘gﬁ%ﬁ@?ﬁfﬂ@a ‘Fﬁgg?re@géé@e%e%%gg%@ati on of the
control standard has to be within the confidence
range (2s/3s criterion). Calculation:

Sample preparation:

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

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

Rinsing solution for the sample capillary: 2L purified water mixed with 0.5 mL
Triton X100. Each test series includes a system suitability test.

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

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




The neasuring instrunment cal cul ates the result
according to the followng term Result (g Ni/L) _
(slope t sl pe) : 2*V A absorption slope: slope of
the calibration curve (linear regression) V. dilution
A nodifier is not used. 68 [Nickel]/[rHA] (pg/Q)
Sanple Batch 1 Batch 2 PEA |load 0.73 0.74 PBA fl ow
t hrough and wash 0.41 0.43 7'SP- FF2 | oad 0. 06 0. 06-
SP-FF2 flow t hrough and wash <0.03 <0.03 DE-FF2 flow
t hrough and wash 0.14 0.28 Analysis of nedi um and

| ong chain fatty acids The fatty acids profiles of

2. TRHRARB5 B, b i 5730 SR MRS e e
IS A e VI S RE o 21

fatty acids have been detected in the albunin of the

invention by this nmethod although the profiles for
Characterisfic amassmBg& showed significant differences. As

expected, .bot h showed |arge nts qf the added,.
ThalpiigRR; b he agalyie i picogesin gpe) Msh Coniefbyies fp absorption of 1 per
co :
cent 08 Bb&cplioh of L1 sEACARFEBOAIER G084 R Tafibite deconds)
al bum n of the invention contained mainly C10:0 and
C12: 0 and occasionally Cl14:0. Further experinents
m, showadumb Standasd (miL} ¥ contentiation (ugliL) *1Q2.0044A-s HA
£ :
clont am nant #tbserptiga 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:

VL) = | -AL L A2 ) o
Result (ng Ni/L) = (slopeislope] 1 2%V
A:  absorption

slope: slope of the calibration curve (linear regressioxi)
V: dilution

A modifier is not used.




octanoate used for the latter stages of the
-purification process. Preferably, the total |evel of
Cl18 fatty acids does not exceed 1.0% (nol el nol e) of
the | evel of octanoate, and preferably does not- exceed
0.5%of that |level. Moreover, in the albumn of the
invention, the level of Cl18:2, C18:3 and C20 fatty
acids is generally undetecf8ble. In commercial HSA,
there may typically be about 69 0.4 noles C18 fatty
acids per nole of albumn. In the product of the
invention, there are typically no detectable C20

fatty acids and only about O. Mickel]4sHAT §ugat)t y  ac|ds

per mole of albumn. SbS rpdumnn nnl \/arr\/l anj de ge

el ect r Sgmpleesi s Thi s apsay Betchpler f orjned Batce2cri bpd

yi Q7L1£ Thn aSEav z\hnmnnl ihﬁf x I—IA QF fho

T =)

006 52
PBAjleadenti on consists of h gl ngpé73pol ype|pt| de Qeﬂ& n which

EOacCT 1T IS ASLLLE Y L 1 cuirart )| )

PBAHO@YQ&’%%E%“%‘”&FM e bhnd ( m1Yner) 4n SDS(buggdum ng)

SP-F Tyranm & el ectT OphoT eShpa PAGE)] Wi Tl had! car gd

he proportion of albunin presgnt as @ nonone

SP-szfwwuﬁ@&gh?&W&hGel per meghioan hi gh Pregglog |iapid
chr omat ography of a 10nmy/m _slolution of

Mﬂownhmnlghfandokvash ac cor dan@d4wi t h tLhe i NMER8I on

which had been formilated to 28% w v Mas iniected ohto

a TSK3000SWKL col utmm  on a Shi madzu LC6A HPLC and

foun to cont ess th .1 % polynmeric al bum n.
Analysis of medipm SQ!H Mormﬂ ation as

descri bed herel n has no detrinental effect on the

pol ymer/aggregate content of the purified al bumin. Two
The BidjERSU9ROfile8! of-hRftiif PRROPSNG %waﬁenﬁbﬁuiﬁd‘ commercially

pr épared by the process of the invention was subject
availilile tHRA weneemmiysed| bye heidia sqlventextsactivmnand gt Ichrqnategraphy

" _lInvestigator system The separation
of the free fatty acids using a C17:0 internal standard. No abnormal fatty acids have

been detected in the albumin of the invention by this method although the profiles
for the rHA and HSA showed significant differences. As expected, both showed
large amounts of the added stabiliser, octanoate (C8:0). Apart from this,
commercial HSA was characterised by predominantly C16:0, C16:1, C18:0, C18:1
and C18:2 whilst the albumin of the invention contained mainly C10:0 and C12:0
and occasionally C14:0. Further experiments showed that the levels of C10:0 and
C12:0 in rHA final product correlated wi{l_l 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




in the first dinmension was a pH 3-10 isoelectric
focusing gel and was followed by a 10%

pol yacryl am de/ SDS gel in the second di nensi on. On
staining of the gel with 70 Coonassie Blue, only one
spot was visible, indicating the presence of only one
protein species. Mannosylated albumn / Con A Assay
Concanavalin A (Con A) bin nol ecul es which contain
a- D-mannopyr anosyl, a-D- gl"copyranosyl and sterically

related residues. In the Con A assay, Con A Setpharpse L
0.4 prles (S fattywds per. moke of gthumain. 4R |th¢ pyoduct of the invention,

chro h nant

thers, At BPIRAR dosrmn K0Tl AR oot Sif abSt() baanbleh s fay
?{mﬁrannosyl ated aI bum n. Reconbi nant human

acxdﬁ:ikgrﬁﬁ)néﬁf‘ﬂk I's diluted to 5 % (wWv) rHA with 145nM

sodiumchloride then 1:1 with Con A dilution buffer

(200rTM SOdI um acet at e 85rrM SOdI um chl ori de, 2mM

eiued acxylamide gelidleptrophozesis chl ori de, 2mv
caI ci um chl ori de pH5 5). 100rrg rHA is then 1oaded onto
an equilibrated 2nL Con A Sepharose colum which is

his ¥Ry R AR riact thscHpR i ChocR1s, PRk AfafNhbed that

rHAﬂaﬂ fRSinvéRtion éUnSQ& 0 EW pe&siderhain fhichl Wien treated with
cal cium chl ori de e colum is eluted with

a refutingagemt (@l—mhtoaptdeﬂfahet) mxgﬁdleMas adsingtedsardafnsononi€l) od SDS

sodi um chl ori de, ) yl - a- D- mannop aranosn de

fed“S!%P )’acrmﬁud% pleétraplARmIﬁ ®AGE) iish thdicated that; thetpsaportion
il T oo 1o

standard curve and the Con A binding al bum n nononer
recovered in the eluaee is expressed as a percentage
Gel plerineatibm &ih pitessure liquid chromatography

/S

25ul of a 10mg/ml solution of albumin purified in accordance with the invention
which had been formulated to 25% w/v was injected onto a TSK3000SWXL column
on a Shimadzu LC6A HPLC and found to contain less than 0.1% polymeric
albumin. This result indicates that the formulation as described herein has mo

detrimental effect onthe polymer/aggregate content of the purified albumin.

Two Dimensional Gel Electrophoresis

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




ConA-binding rHA (% of | oad) Batch | Batch 2 Batch 3
Batch 4 Batch 5 PBA 0.14 PBA 0.16 PBA 0.15 PBA 0. 13
PBA 0.55 Fr&W FT&w FT&W FT&W FT&W SP-FF2 0. 10 SP- FF2
0.12 SP-FF2 0.14 SP-FF2 0.09 -SP-FF2 0.32 FT&W FT&W
Fr&w FT&W FT&W Final 0.10 Final 0.11 Final 0.12 Final
0.07 Final 0.28 Product Product Product Product
Product Table 6: O earance # conA-binding MA through
the process. Hatches 1-4 are derived froma peal
Cobhiassié Blidd)eomgsomalspbt Waksvisiblé,v adlidatitg e PResBntOf only one
strain. (FT & W= ow Through & Washi ngs)
pro®inApediesdi ng MA was further anal ysed by el ectrospray
mass spectronetry (Fig. 8). This indicated that, in
addition to a reduct| on in the amount of conA-bi ndi ng
il iAfLoat i on of the conA-bi ndi ng
M :'%5 l‘é&%zﬂ’ﬁ s of Col our The absorbance
of a 5% (wv) sol utlon of the final product in a 1 cm
cuvette was neasured at 350nm 403mm and 500nm and
Concdmavilit AdGor Ay bimisafolebsles whicle soptain agDamnnﬁopyranosyl, a-D-
albumnllltreper cm pathlength (i e ABS, L. a).
ghreopyranosyli ando stegically i rejated i Easidugs. « Ha fthe |é@png assay, Con A

sepffndfe” PATGS Babo 700”37 ORLAL), " plmh i lilpty  of

recdflibthaf? Human Albumin (fHA) and/or Human Serum Albumin (HSA) is used

to determine the content of mannosylated albumin.

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

Monomeric albumin in the Con A load kdiluted 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.




Generally, the albumn of the invention does not
exceed respective absorbances of 8.0 x 10', 3.0 x
10'3 and 0.75 x 10 at the said three wavel engths.
Assays of a nunber of conmercially avail able HSA
preparations reveal ed higher absorbances at these

~ wavel engths (see Table 7). SAMPLE A350 A, 0., As 1
9.95x10" 3 4.10x10'3 0.8x1Q'3 2 9.25x10'3 5.36x10"3
1.1x103 3 7.40 x 10'3 3.2 x 10-3 0.6 x 103 4 7.20 x
10'3 3.60 x 10- 0.6 x 103 5 8.68 x 104 4.08 x 101 0.8
x 103 6 11.45x10'3 6.26x10'3 1.2x103 7 7.20 x 10

3. 70 X 10" 370. @ ohAlBindineTBRU of 1dady X 10° 3 1.8 X
10" Table 7: ?bsorbancega. gi@gmﬂf) of)gorior art__USA

Batélepar af i orBatth@ot o§i n BatctoBut i ¢n oBacethu4 pr pducBatch 5
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n sgi kedk W 4 wuantity oftew

H endotjoxinlare al sé i nciuded i njthe hssay.
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Final h¢ OCTRNO®ihdl tjuodidi tFinad 410012 ¢acFingh | 0LOZ pr Fihal | 0.28
megsureg over tjne gnd a | og-1ogjregressjon. Any
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Table 6: Ll °|"Fn'§;b‘“" i % WgMgf PROfSssy Bptches 14 are derived from a
pmtl nft.xsgnt, wnreas atch 5is Erqve rox?:‘l a nou-mutm?}:6 s'ErE . (FT & W = Flow Through
& Washings)

ConA-binding rHA was further analysed by electrospray mass spectrometry (Fig.
8). This indicated that, in addition to a reduction in the amount of conA-binding
rHA, the extent of modification of the conA-binding rH’K 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)
() (L.g*t.cm)

350 5.75x 103

403 1.7x10? )

500 0.4 x 10?




Free Thiol Ellman's Reagent, 5,5 - Dithiobis -
(2-Nitrobenzoate) (DINB) is a specific neans of
detecting free sul fydryl groups such as cys-SH
(Cys-residue 34 in the case of rHA). The reaction
rel eases the 5 thio-2-nitrobenzoate i on TNBZ' which
has an absorption maxi numat 412nm By neasuring the
i ncrease in absorbance at Z12nm and dividing by the
nmol ar extinction coefficient of the TNBI ion at 412nm
the free sulfydryl content of rHA can be cal cul ated.
Sanple mol.nol'i A 0.82 BO0O.77 CO0.77 DO0.8 E
Generﬁll;@,(lhé’ Albuthifl dxﬂha: inveniibih doesnehexceed respectivepatisedsanges of 8.0
3 econbi ?ant al buni n coding 5 sequence wherein the 3
x10° ae3}9 %10t pad pél:ﬁ)ﬁ‘ép &hfheaﬁa%mf‘?ﬂ wawelesgthsequence
conprises two or nore in-frame translation stop
codons, and preferably three in-frame transl ation

t f
Assays &Peg@?ﬂﬁﬁe % 2 tﬁﬁxgerl 2t SAAlShIeCHSA ﬁr«ﬁia?&tfoﬂsnré@%féﬁ higher

rame to tra tron sto
absorbaﬁmmesee&vm%%&m(swﬂablaﬂw expr essi on vector
conprising th sequence of Claiml1l or 2. 15 4.
The eXpI‘eSSI on vector of Cl a| m 3 which is a plasmd.

Aso

0.8x10%
2 9.25 x 10?3 5.36 x 103 1.1 x10%
3 7.40 x 103 3.26 x 103 0.6 x 103
4 - 7.20x10° 3.60x10% 0.6 x 10°
5 8.68 x 10* 4,08 x 103 0.8 x 103
6 11.45 x 107 6.26 x 10? 1.2x10%
7 7.20x 103 3.70x 103 - 0.8 x 103
8 6.82x103 4.78 x 103 1.8 x 10?3

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

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

constructed from kmown concentrations of a standard endotoxin preparation,




expression vector of daim3 or 4. 20 6. The cell of

Caim5 which is a eukaryotic cell. 7. The cell of

Caim6 which is a yeast. 8. The cell of Caim7 which

is a yeast of the genus Saccharonyces, 25 pref-erably

Saccharonyces cerevisiae, or is a yeast of the genus

Kl uyveromyces or Pichia. 9. A nethod of preparing

reconbi nant al bum n conprising: (i) providing a

transfornmed cell conprisin 3t he DNA sequence of 30

Caim1l or 2 or the expression vector of Claim3 or 4; i
negative gomtrols and nesttithatetialsoddtiomepik edeivithas knowr iguantidyt of standard

for a sufficient time and under appropriate, .
endotoxiniiate alse inslustednin; the,assae s bie shangsein awbidifynof thegreaction

i RS 3af UE Re RS Pl e
proai} i (RSHANGE AL SIBORRYcONE Bl b o h chaokxin spik

is confighéd .0 emlotpxiafwasadotedtgd.ng t he al bumi n recovered

fromthe cell culture to forman al bum n product. 12.
The nethod of Claim 11 conprising the additional step

gE . EO formul ati ng the al bum n product for parenteral

Free istration to a human, or sterilizing the al bumin
product or placing the albumn product into a final
cont ai ner.

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

of detecting free sulfydryl groups such as cys-SH (Cys-residue 34 in the case of
rHA). The reaction releases the 5 thio-2-nitrobenzoate ion TNB* which has an

absorption maximum at 412nm. By measuring the increase in absorbance at 412nm

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

sulfydryl content of rHA can be calculated.

Sample mol.mol*!
A 0.82
B 0.77
C 0.77
D 0.85
E 0.90
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CLAIMS

A DNA sequence which comprises a recombinant albumin coding

sequence wherein the 3’ end of the recombinant albumin coding

sequence comprises two or more in-frame translation stop codons,
and preferably three in-frame translation stop codons.

The DNA sequence of Claim 1 in which at least one of the in-frame
translation stop codons is encoded by UAA.

An expression vector comprising the DNA sequence of Claim 1 or
2.

The expression vector of Claim 3 which is a plasmid.

A cell comprising the DNA sequence of Claim 1 or 2 or the
expression vector of Claim 3 or 4.

The cell of Claim 5 which is a eukaryotic cell.
The cell of Claim 6 which is a yeast.

The cell of Claim 7 which is a yeast of the genus Saccharomyces,
preferably Saccharomyces cerevisiae, or is a yeast of the genus
Kluyveromyces or Pichia.

A method of preparing recombinant albumin comprising:

(i) providing a transformed cell comprising the DNA sequence of
Claim 1 or 2 or the expression vector of Claim 3 or 4;

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

(iii) recovering the albumin from the cell culture.
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The method of Claim 9 wherein the transformed cell is a cell as
defined in any one of Claims 6 to 8.

The method of Claim 9 or 10 comprising the additional step of
purifying the albumin recovered from the cell culture to form an
albumin product.

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




