= e TR e D e e b

WO 00/ 44772 PCT/ GB00/ 00257 i PROCESS The present-invention relates to.a. __
process for purifying the protein human serum al bum n (HSA) extracted from
serum or plasma, or reconbinant 5 human al bumn (rHA) produced by

transform ng or transfecting an organism w th a nucl eoti de codi ng sequence
encodi ng 0 '7510 acid sequence of human serum al bum n, including rHA
produced using transgenic animals or plants. In this specif¢EaBld2st he
term"al bumn" refers generically to H§A and/or rHA. 10 BACKGROUND OF THE

| NVENTI ON Al bumin is used to treat patients with severe burns, shock or
blood loss.. It is also used to suppemagsnedi a used for grow ng higher

eukaryotic cells and 15 as an exciprent—for pharnmacol ogically active
conpounds, many of which need to be stabilised. At present, the demand for
the producgt is satisfied by albumn extracted from hunman bl ood. Exanpl es

of, ext r actil§nPiEsentsBiyantion delates ¢ora quosessnidu aritfjxg% 5tgé fpﬁbﬁﬁ dinirian ]9 P
on e use or .-

03/ 258 728 on tqﬁ useﬁ?i‘%g) cati on _exchanger; EP 42
ani on exc gAY, 2BEHE BHrasied nlsonpsemm of pdasmag,oradecorgbiant and
diafiléering...T 0 lon_of r i.n m.cro;organi sns has been discl osed
‘n P S30qaRn "“Zﬁ%ﬁ&bﬂgﬁj ) .“%&t@?i“eﬁ’cﬁfmaﬁitﬁﬂmsfwtmg AR/DIigaisTIbeen
di scl osed ik, : f ts51 X-derived dye;. EP 464 590,
renoval of I%Saygs%l?-gerft@één%%y%?eg;c pding, %7?mé¥‘ka$l¢1ﬁes‘?5¥@%i@%t i on
and subsehuginh seflf! dlb@ni®Niiudile iR ' Llpc phase; and VO
-96/ 37515, which contains sev%rag conp#&@égﬂﬁ‘%ﬁ‘p‘ga? e&%@@%g]é.or
plants. In this specification, the term “albumin” refers generically to HSA

and/or THA.
10
BACKGROUND OF THE INVENTION

Albumin is used to treat patients with severe burns, shock or biood loss. Itis

also used to supplement media used for growing h'féher eukaryotic cells and |
15  as anexcipient 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 72é on the use of a cation

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

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

contains several complete purification processes.
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; WD 00/ 44772 PCT/ GBOO' 00257 2 The present invention represents the result -
/ of intensive devel opnent of the processes described in WO 96/37515 and
that of US 5 728 553, incorporated herein by reference. I, 5 SUWARY OF
THE | NVENWOQW4ATR r st aspect of the present invention provi BeYCBWPRSEss
for purifying an albumn solution, the process conprising the step of
subjecting a first albumin solution-of pH8.0-9.5, and having a -
conductivity in the range of 1 to 10 75nS.cnf', to an affinity

chr omat odFlap pyesehe dinvwéitidn irepresenisntine geduly of ninthsive tbveleppeat dfotiehe -

al bumin and which utilises an affinity matrix conprising 1 mmbilised

di hydr oxyrocedses desqribed treWEY 96375141 angl thasofi USes 72BtAS, incexparatedn. 15
Preferably, the pH of the first albumn solution is pH8.0-9.0, and nore

pr ef er ab|BergindBIefREese. |t is preferred that the first albumin solution is
buffered with a buffer having a pH w thin the aforementioned pH ranges.
Preferably, the buffer conprises an amno acid at ‘a concentration of 10 20
5oomv5. preferably 25-20 AR B S FPFREETRR l OnM Preferably the
am no“acid is glycine. s etrapy—Hhe—pure SffpF+-ses a nonoval ent cation
at a concentration of 0-500mM preferably 25-200mM and nore preferably
-50-150mMM 25 Preferably, the nonovalent cation is sodium preferably in
the formAffiNaG@spedicop i fseyent hvenpioaf gfd»qdeaeabpfﬂdmtfof gb%rﬁgiﬁrﬁ/l%n
conprises NaCl at a concentration of 0-500nmM preferably 25-200 and
nor e pr efatahin sé@tioh) tdvprocess comprising the step of subjecting a first albumin

solution-of pH8.0-9.5, and having a conductivity in the range of 1 to
10  75mS.cm’, to an affinity chromatography step which is run in negative mode
with respect to the albumin and which utilises an affinity matrix comprising
immobilised dihydroxyboryl groups, thereby obtaining a purified albumin
solution.
e
15 Preferably, the pH of the first albumin solution is pHS8.0-9.0, and more
preferably pH8.3-pH8.6. It is preferred that the first albumin solution is

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

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

the amino acid is glycine.

Preferably, the buffer comprisés a monovalent cation at a concentration of
0-500mM, preferably 25-200mM, and more preferably ~50-150mM.

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




WO 00/ 44772 PGT/ GB00/ 00257 3 Preferably, the buffer conprises a divalent. ...
cation at a concentration of 5-250nmM preferably 10-100mM Preferably, the
di valent cation is calcium preferably in the formof CaCl2. Accordingly,

in a prefg roggn%rbodi ment the 5 buffer conprises CaCl2 at a concentration
of 5-250 preféerably 10- 100nM In a particularly preferPsi/@pdmdzsrent
the first al bum n solution and/or buffer conprises about 100mM-gl yci ne,
about 100mM Nad and about 10 50nmM C 2. Preferably, the conductivity _of
the first al bumn solution and/or buffer is 10- 50nS.cm' and nore
preferably 18-22nt.cni'. 15 Advantageously, the concentration of the

al bum n j I mn sol.ution . is in the range of 20-120g.L'",
prefer abﬁbf%%ﬁ)l Ogt.ﬁ%_-%ﬁgﬁdc%l)@s?r & é‘l“é@jﬁ}ﬁ Cabon Q. B- concemfaiablof t he

al bum n $.2s5hgade | _ s vol upes, nore preferably in |ess
than 0.35 col urrﬁ%\fg tfhrrggﬁ Iggﬁgﬁ%{ab?g&éﬁmynﬁﬁg&%&ﬁﬂﬂ@éslsala&@nmﬂ c acid.
The t er nprefexiablly B thes f8m ey, | e.sal ts. thereof. .Advant ageous]y,
t he bor%i c aciyd--i s bonde(?gc%(gz'ar]?érc?ﬂa}glﬁlgvb}n %Pé%ﬁquedvaﬁatzmﬁe, for

exanpl e bufférocomymiseisoCaCl, azf Be cofeftr-RfIP LS z'fnﬁnﬁo upport, such as
agarose. Preferably, the boronic acid is anﬁy ngp%eny oP%ﬁfeﬁg& d0-25
Publ i catkd9WaM:-hat cover alternatives to phenyl boronate, such as aliphatic
and substituted aromatic |igands, include Adanek, V. et al (1992) J. '

Chrom 625, WO 00/44772 PCT/ GB0O0O/ 00257 4
" In a particularly preferred embodiment the first albumin solution and/or
buffer comprises about 100mM glycine, about 100mM NaCl and about
10 50mM CaCl,.

Preferably, the conductivity of the first albumig solution and/or buffer is 10-
S0mS.cm™ and more preferably 18-22mS.cm,
: y
15  Advantageously, the concentration of the albumin in the first albumin solution
is in the range of 20-120g.1, 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.

20 Suitably, the matrix comprises a boronic acid. The term “acid” as used
herein includes the salts thereof. Advantageously, the boronic acid is bonded
Yia a triazine or a substituted triazine, ﬁ;r example tﬁ form monoborotriazine
-0r diborqtriazine, to a support such as agarose. Preferably, the boronic acid
Is aminophenylboronic acid. | )

25"
Publications that cover alternatives to phenylboronate, such as aliphatic and -

substituted aromatic ligands, include Adamek, V. er af (1992) J. Chrom. 625,
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91-99, Singhal, RP. et al (1991) J. Chrom 543, 17-38 and Liu, X et al’ -
(1994) 687, 61-69. 'Suitably, following the affinity chromatography step
the purified albumin 5 solution is subjected to further purification, ,
pref er abl yWO@WpHIEE chr omat ographi c purification. Preferabl ycr/@igosadorshmn n
Is further purified wusing cation exchange chromatography and/ or anion
exchange chromat ography. The order of4the.cation and ani on exchange steps
can be inter-changed while still performng their purifjcation objectives.
From an lm-@ﬁersmghmﬁllR_mlatalo(}gglqvu CHPOIL 8y3i nreega&f IEI%OCXSS A5 cation
exchange -<chromat ography foll owed by ani on exchange chroma ograpﬁ§.

Sui t abl y, (1994) p8¥i 6ild.al buni n sol uti on produced according to the process
of the first aspect of the present invention undergoes/ one or nore of.
buffer 15 exchange; concentration; dilution; dialysis; diafiltration;

pH. adj ust preferably, to H greater than pH2.0 or pH4.0, and

pr ef er abl IF"%’I& sellowag the, Cﬁ@'}’?ﬂf{tﬁaﬁmnﬁtﬂﬁ the purfiedi albuagant (eg
as descri s 570Q,.: ); .decglouration,treatnent (eg with charcoal);
heati?g (@%&‘%ﬂc}i % g'?@??@sat‘ﬁgonﬁ%‘%b%l iH\’dﬂ%‘F“%di preferably f ofurthest i on
for pare LM | on : pl.acing. into a f.inal

cont ai ne?ﬁggiaéoaéggﬁgpgﬁlggén@#st %’gﬁcgar%ﬁ ggﬂﬁc%&?@nﬁ 3:9 fspurified

admi ni st nAin®ON, catiiPCULRIRAPE ACHTGthalobRABIRN 29H4 ul
adni ni str&i%n. The al buni nE may funct fgorp S aﬁﬂ%})(dgi pia%ﬂﬁ)ﬁf O%@hange
phar macoloigomatdgrapley.i VEh@oedeti of thdcstion 2And BNioRe f&ﬂ&q g S %an o
parenterally. A "final container” is one which IeaSes t g’ %gﬁgf ac ll}‘raer and
is distribteredanged ovkilosill pesforiming theipptisification Gbjeeined.eSFriR 98/ 44772
PCT/ (13800/ 00257 a? . . .

operational point of view, a better integrated process is cation exchange

chromatography followed by anion exchange chromatography.

Suitably, the purified albumin solutien produced according to the process of

' the first aspect of the present invention undergoes,”ghe or more of: buffer

15 exchange; concentration; dilution; dialysis; diafiltration; pH—adju;ﬁnent
(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)g heating (including
sterilisation); cooling or conditioning; - formulation for parenteral

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

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

25  may be administered parenterally.

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

customers such as hospitals and pharmacies.
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A second aspect of the invention provides a process for purifying an__ .. ..
al bum n solution, the process conprising cation exchange chronmat ography )
and anion N n exchange chromatography, wherein the thus purified al bum n
solution _5 optionally undergoes one or nore of buffer exchange;
concent raﬂ%‘r“f,}““a—ﬂ ution; dialysis; diafiltration; pH adj usic®aBe0/00257
(preferably to a pH greater than pH2.0 or pH4.0, and preferably to a pH
| ess than pH10.0); addition of reducing agent; decolouration treatnment (eg
with - charcoal); heating (including sterilisation); cooling; or
conditioning, but not further purification, in 10 particular not further
chr onmat o%a hic. purification, prior to being put into a final container.
The cati Rd fseeethphbthe: Byeagog moeﬁemmﬁwbi@%ﬂﬁ\ﬁiﬁnﬁﬁgn%ﬁgﬁﬁge
chr omat ogy, -é(nsihg or vice versa. Preferab}j% the cation exchang 15
chr,omat ograpny ’s %p{%ce%lcpméﬁ”é& caHen pxchangex chempatoghastiyphad' ARGy St ep.
Preferab'éﬁchﬁ?#é!"eﬁﬂr&;ﬂ&g& n and cation exchange steps, there is no
further puriffcation st E,P_ It Fl ({8 o s pamfigd beltawhine cdodatige buf f er
exchafige optionallgsu reataly ditioning, we nean any
non- pur i Tﬁyiing hgnd%%%tep \%ﬁlng(g[e?#p FRARRE G GencsRHsHonp dilution; t i on of
t he al busialybisy dilgitrgion: SIIER r f final use.
Condi ti oni ggﬁ’(ﬁ? i nd(l:]I ude '?ihe %ﬂégﬁl%@?@%ﬁ% &Jfﬁﬁﬁoﬁ &ealsr thaspHéh as
oct anoat €T ,» andgrefatbly asiadpHs LGl fatty 25 acid, or
sodi um acetyl trypt og)rfa}nat elyor mﬁde?%?e‘.ﬁﬁ%?rﬁ?mhsggit&% I"é%“c!%l ude
the addi pg@,%t; ofdesglausation . treammenty(dgnwolth e chgiesal); "Gda g cct%hicai vity of
the al busr’re'e?_ﬂissg .utj on. ng 00144772 PCT/ GB0O/ 00257 g cluding '
on); cooling; or conditioning, but not further purification, in
10 i . . .
particular not further chromatographic purification, prior to being put into a

final container.

The cation exchange chromatography step may follow the anion exchange
chromatography step, or vice versa. Preferab}i: the cation exch;mge

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 subjecied to buffer exchange
€tc. as noted above,
20
By conditioning, we mean any non—puxjfying handling step which improves
the environment or condition of the albumin for the next step of the process
~=.0r for ﬁnal use. Conditioning can include the addition of an albumin
- - stabiliser such as octanoate and/or other fatty acid, such as a Cs 0:' C, fatty
25  acid, or sodium acetyl tryptophanate or mandelate, Conditioning can also

Include the addition of salts efc., and may involve adjusting the -conductivity
of the albumin solution.




6 The cation exchange step of the first and second aspects of the present-—-
i nvention may be run in negative or positive node with respect to the °
albumin. In a preferred enbodi ment the cation exchange step is run in
negative Wode/awrt h respect to the al bumi n. Advantageously, pcHezaaaghds ons S
are so chosen that glycosylated al bumin binds nore strongly to the cation
exchange material than non-glycosylategl al bum n. The cation exchange
chromat ography step of the first and second aspects of the present h

i nvent i orTh@\catibh! &&PangeOSERT CBEdOR, X X h_10 as .
SP- Sephar ose IgF SP- Sphegoﬁeﬁ Sg%ﬂh%e %rgg(g @H%V?@th chsﬁ C Y ul ose
or S Sphem&eimon ngyf eyealyuy, i fg@&bboﬁr P10 CrRldRPwiiH e éct to %r' X

whi ch conprises inmobilised sul fopropyl 'substituents as ca angers.
f. y 15 dbwnir.ably a phefeatdduemboskiineni ahe woatidh lﬁi@ﬁﬁl%@%tﬁﬁhkofhxfz_ﬁhange
chr omat ography has.a pH of 4.5-6.0, nore preferably a pH of , and
yet nore T5gatEs apede Wlﬁhl-lﬂtﬁpegt o Qlalallmmtnera%ﬂ\yanmgm)mlﬂuﬂimc@ﬁﬁhﬁmﬁn whi ch
under goes cati exc‘i!’?i %Gi chro tography has an al bumi n concentration
of 10: 25(5%5e |50 Chosen; yc%ylat?@gﬁgumm Nadgonere sefoaghy|tp 8@ @atitn' .

Pr ef er abl I on_Wwhi under goes cati on exchange

chr onmat oge?igh%@%h@éggm@%%hﬁ tggy(fogp{iagtgg ‘ion of 2-15mM preferably 5-
25 1O and nore preferably 6-9mM Conveniently, prior to the cation
exchange step, the albumn solution undergoes one or nore of the foll ow ng

pr ocessesThe( tatida-ediadgt @Rbmatography step of the first and second aspects of

the present invention may utilise a commercial cation exchange matrix such

10 as SP-Sepharose FF, SP-Spherosil, CM-Sepharose FF , CM-Cellulose, SE-

Cellulose or S-Spheradex. Preferably, the cation exchange step utilises a

matrix which comprises immobilised sulfopropyl subsﬁtﬁents as cation
exchangers.

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

yet more preferably a pH of 5.2-5.4.

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

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

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

undergoes one or more of the following processes: (i) pH-adjustment
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pH4.0, and preferably to a pH less than pH10.0); (ii) concentration; (iii)

diafiltration; or (iv) conditioning by addition of a stabiliser such as
octanoate _and/or other fatty acid, such as a C6 or Cl0 fatty acid, or
sodi um ac¥PPP4453pt ophanate or mandel ate. 5 Alternativel y, mrr@deidobgnal |y,
the al bum n sol uti on undergoes one or nore of. buffer exchange; dilution;
dialysis; diafiltration; treatnment with a reducing agent; decol ouration
treat rren;p(ezefg \{)\n th charcoal); heating; cooling; or conditioning. 10
Gener al | ypredemblypth hipldtgromer nval pE2 . 0dsh HHANS afiP 8- grabty,
the pHof the albumn solution i g adj ust%d bjathebg%ﬁﬁ?iligﬁoq‘-ggﬁ Fc acid.
Pr ef er ablt§aR PRE Oaksufiin covcentrasion; s(idpndieniliratias by VY cehitidddh; %), The
ani on excaamge C rogﬁtograph step of the first and second aspects -of 15
the pres@AEIUORRIHR SERIsEY such asaetanassenandéonothanifatty exidhangh 484 G Suc
as Q Seppar - EE.  QVA: Spher osi |, DEAF- Spher odex,: Q Hyper D, DEAF- .
cel | ul osg? @?cgﬁ%l 85K, T TREUDD) geetd, ypephrbateoget . maddetaeabl v,
t he @iOﬂlmEQ IR h% es afmtrix which conprises imobilised
di al kyl am noa y?ﬁ(ﬁéf?@%@g pg’ gqeeatlﬁ?}p]&msg Wy pRdergess ongat moreofas ani on
exchangebsffel @x&ehd¥: gk mggg ; . ani.on exchan chr omat ogr aphy
step of the first %a.:ll;]d se%{g?idaa e%:’tn??%@%@%pr%%@meqtnwgﬁt?oﬁ?dl%mgun in
negat i veaganle decoblouriisne tleatifedthged! BHA Ne ef ly, t al bum n

i qn%de ani hittCod] ﬁ%gﬁghrffﬂﬁ &hy has a

sol ution which undergoes negative i on exthan
pH of 4.@1511Q9mngre preferably a pH of 4.2- :

10  Generally, any modification involves additions, not removals. Preferably, the
PH of the albumin solution is adjusted by the addition of acetic acid.
Preferably, the albumin solution is concentrated by ultrafiltration.

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

20 as anion exchangers. |

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

25

Preferably, the albumin solution which undergoes negative .mode anion

exchange chromatography has a pH of 4.0-5.2, more preferably a pH of 4.2-
4.9, and yet more preferably a pH of 4.5-4.7.
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4.9, and yet nore preferably a pH of 4.5-4.7. -- _ WO 00/ 4477 .
PCT/ GB0O/ %0257 8 Preferably, the albumn solution which undergoes anion
exchange chronmat ography has a co?ducgiovg% 01;n I eszI th?n 4?818}01[ﬂe’raglnd .
nor e ref Qf conductivity of 1.00. . C and yet noreg 2 _
1. 050. Ems ?n‘?pdé%ﬂizeni ently, prior to the anion exchange step, ETEGeB g{f’?ﬁ%\ n
sol ution undergoes pH adjustnent and/orgdilution with water. Preferably, _
the pH of the albunmin solution is adjusted with acetic acid. 10 In anotheér
preferred enbodi nent the ani on exchange chronatography step of the first
and second aspects of the present invent;‘*c:n i's runél n pos:l\;]! Vﬁ rrgdgrg\(/)\netsh
respect topHiRrAIPUMRe Hibiih Aofutie AR NySRLubLon Mbich U
positive node anign exchange chromaﬁlograp yg;asazg;l ghé%f lﬁ;‘%}l %t’({ctin%eZ
ref er abl ychrophhtopr4phy- hab, aaR@niebtiviP" 6f Ak ¥ Ging! 2.
Igr Qfer'abl‘))i, the a bﬁ)rlrfs:l sol ution has n%ee;igﬁ)l-l-al Juste ;JSI ng oﬁgjﬂﬂ%phate
i ons. 20 |predesabiy ehecoadneiviopi o€nt .04k SalDumn 56N hAG e bly, -
10-100 L?r nore preferably 25-80g.L'", and nost p(r}'g‘iera Iyrbfg- é?)g.yL- .
Pr ef ergbl y1-05nk0. lganamet i vity of the albumin solution is 1.0-2.OnS.cni,
preferably 1.2-1.6nS.cni'. 25 Suitably, the albumn is eluted fromthe
ani on exchanger with a buffer conprising 20-90mM preferably 30-70mM and
id salt, for exanple sodium

nore pref -35-65mM.of . a phosphoric ac |
phosphat e%@t’%&ggﬁmy,??% to the amon exc%ange step, the albumin solution
undergoes pH adjustment and/or dilution with water. Preferably, the pH of

the albumin solution is adjusted with acetic acid.

10
In another preferred embodiment the anion exchange chromatography step of
the first and second aspects of the present invention is run in positive mode
with respect to the albumin.

e

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

been pH-adjusted using orthophosphate ions.

20 In one preferred embodiment the albumin concentration is 10-100g.L", more
preferably 25-80g.L!, and most pre_ferably 30-60g.L".  Preferably, the
conductivity of the albumin soli'l.‘t-ion is 1.0-2.0mS.cm’, preferably
1.2-1.6mS.cm’. |

25  Suitably, the albumin is eluted from the anion exchanger with a buffer
comprising 20-90mM, preferably 30-70mM and more preferably 35-65mM of
a phosphoric acid salt, for example sodium phosphate. Preferably, the
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WO 00144772 PCT/ GB00/ 00257 9 albumn is .eluted fromthe ani on exchanger...._..

wth a buffer of pH6.0-8.0, preferably pH6.5-7.5. It is particularly
preferred that the processes of the first' and second aspects of 5 the
present invention are preceded by one or nore of the follow ng steps:

f er ment at wweyga/Qaiimary separation; centrate conditioning; cacrars@webange
chromat ogr aphy, preferably using sul fopropyl substituents as cation
exchangers; ani on exchange chromat ography, preferably using -
di et hyl am noal kyl substituents as ani on exchangers; or affinity 10

chromat o 'Bﬂﬁ a] a n L] ri ' £C r

I mobi | i ggg a l}%‘ﬁms:ege?%o;h u&lgygni%%rg lﬁgige% ‘gma:i %&%‘%\P& uﬁﬁey%?gf dye.
In a preflﬁéfeegblg dismery, . of the present invention a process for purifying
al bumin i's provided which conprises the follow ng saps: 15 (a) subjecting
an_al bum n solution to a cation exchange .chromatography step run in
p05|t|ve node with respect to the albummin; (b) collecting an -
al bumi n- dois panticniartsaprefarrest dhaindie priogasses ofGh¢ Eystar] setdmdgaspeetsoaf i on
exchange eluate to _an anion exchange chromatography step run in positive
mode <M t ¢ PIBIEAL Y¥eRpen age RIREede %( by e o5 nprRy odrthgl fllaving osiepsmi ng

ani on exchan el uate subj ectl n t he ani on. exchange eluate to an
af fini ty% g‘l‘ﬁ g@f’u H 36 icPRditiondRes \%,apﬁnr SEGRAMES o t he
al bum n; chromatography, preferably using sulfopropyl substituents as cation

exchangers; amion exchange chromatography, preferably using

diethylaminoﬁlkyl substituents as anion exchangers; or affinity
10 chromatography, preferably using an affinity matrix which comprises an

immobilised albumin-specific dye, preferably a Cibacron Blue type of dye.

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

| albumin is provided which comprises the following sé;ps:

15
(a) subjecting an albumin solution to a cation exchange
chromatography step run in positive mode with respect to the
albumin; |
(b)  collecting an albumin-containing cation exchange eluate;
20 - (c)  subjecting the cation exchange eluate to an anion exchange
' chromatography step run in positive mode with respect .to the
albumin; -
(d)  collecting an albumin-containing anion exchange eluate;
] ' subjecting the anion exchange eluate to aI: ‘affinity
25 chromatography step run in positive mode with respect to the

albumin;

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




a e i e e e e a8 o]

(f) collecting an al bum n-contai ning affinity chronmatography eluate; W
00/ 44772 PCT/ GB00/ 00257 10 (g) subjecting the affinity chromatography
eluate to an affinity chronmatography step run in negative node with
respect towmeo/44at2bumin and in positive node with respect tacr/Geooroosy

gl ycoconjugates (glycosylated al bum n and/or glycoproteins); 5 (h)
collecting the al bum n-containing affinilfy chromatography flow through; _
(i) subjecting the affinity chromatography flow through to a cation

exchange chrona(ggr apliyjestigp fhen amwm&tﬂgﬁ%ﬁyém%téeifﬁﬁﬁgéf@%he

al bumn; 10 (j) collecting the al bum™n-contain

through; (k) subj ecthrognathgrapduyi snapaxmhimgegﬁﬁwmbd@%ﬁhtrﬁsl%bta{gi fik

- exchange chromatography step run in_negative node or positive node; (1)
col l ecting the al buniligdat aichiinpasities neodshavige respact t dor olysbcohfugaiey ei n

t he ani on exchange stﬁg IS r%g Lh negatjve node; or eluting fromthe anion
exchange matrix an. afgl8Psiat ﬁ&umm wd/er ghyeeprateingd; ani on exchange step
IS run &n positpwue : d ein any of .the_respective purification

st eps ajr e optiondl | ;/TB ‘g‘f‘*&&@ge@%%‘l&lﬂfcﬁfﬂdm B Om3fQeTaphy pilower
exchange; concentrat ﬂﬂﬂﬁ%ﬂi lution; dialysis; diafiltration; pH adjustnent
(preferably to a pH gredféer than pH2. 0 or pH4.0, and preférably to a pH

(roatmont (eg with chafant (8 Aty GO ORrA6" oof BERUBN! 85 Mty ng,
or conditioning. exchange chromatography step run in negative mode with
~  respect to the albumin;
10 ()  collecting the albumin-containing cation excbange flow through;

(k)  subjecting the cation exchange flow through to an. anion
exchange chromatography step run in negative mode or positive
mode;

(D collecting the albumin-containing anioﬁ';exchange flow through

15 wherein the anion exchange step is run in negative mode; or

eluting from the anion exchange matrix an anion exchange

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

and wherein any of the respective purification steps are optionally preceded
20  or followed by one or more of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustmgnt (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 freatment (eg with charcoal); heating (including
sterilisation); cooling; or conditioning. ]
25
Accordingly, the purification steps may or may not be separated by one or

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

RS A




25 Accordingly, the purification steps may or nmay not be separated by one ..
or nore of. buffer exchange; concentration; dilution; dialysis;
diafiltration; pH WO 00/44772 PCT/ G800/ 00257 adjustnent; treatnent with a

reduci ng agent; decolouration treatnment; heating; cooling; or
condi ti onVRP¥4§ " hen any step is run in the negative node perr@biwshsy

washings may be 5 collected as well as flow through. I.n another preferred
ermbodi ment of the present invention alfrocess for purifying albuminis._
provi ded whi ch conprises the followi ng steps: 10 (a) subjecting an al bum n

sol ut i onadBIsHuent | dieagrenanyith chredetogr apentst @dloitatidnP O%bd s, 0 e
(b) collecting an al bum n-contalning tation

with res?lg(?:t. to the albumn;
exchange %'&Ooé@g;%ﬁioé?@!tﬂqwﬂghe cati on exchange eluate' to an anion
exchange 15 chromatography step run in positive node with respect to the

al pum n; (d) collecting an al bum n-containing ani on exchange el uate; (e)
chr omat ogr aphy step..

S et o Snd bl XN BOBhU el e Bt buin, Sashines pees toeg o

run in posit

al burg n- eeMéced b el {d bl icBh tography eluate; (g) subjecting the
affinity chromatography eluaté To an affinity chromatography step run in

negative node with respect to the albumn and in positive node with

respect to glycoconjugates;
another . preferred embodiment of the present invention a process for

purifying albumin is provided which comprises the following steps:

10 (@) 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;
(c)  subjecting the cation exchange elnate” ;to an anion exchange

15 chromatography step run in positive mode with respect to the
albumin;

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

20 albumin;

() collecting an albumin—contajping affity chromatography eluate;

(8) subjecting the affiity chromatography elﬁate to an affinity
chromatography step run in negative mode with respect to the
albumin and in positive mode with respect to glycocox[jugates;

25 (k)  collecting the albumin-containing affinity chromatography flow
through;




25 (h) collecting the al bum n-containing affinity chromatography flow -
t hrough; - - - -- - - - - - - - - - - - W O00/44772 :
PCr/GBOO/00257 12 (|) subj ecting the affl nity matrix flow through to an '
ani on exchapg@44ks omat ography step run in negative or p03|tb&efé§%g{8 W|th
respect to the albumn; H (j) collecting the al bum n-containi'ng a

exchange flow through 5 wherein the anhon exchange step is run in negative
node; or eluting fromthe anion exchange matrix an anion exchange el uate

wher ei n t he-anggn ] run Y 03| ve node; (K) subjecting.the
al bunin sol utlm purlﬁ%L Hg;ﬁ%%g QWgé‘mug’E:ﬁﬁ’éﬁ‘a% : balgﬁepgto a
cation exchange chr Rl A9 P*EP" ¢ gative, de Wt h respect
to the albunmin; (1) colnﬁegg he alljtgl(li}mﬂllnn%é %%nl%ﬁgp%s& VEnmodenwitde 1 ow
t hrough; and wher emsp@eyt(pﬂ]et;hguﬁﬁﬁpectlve purlflcatlon steps are

optionally preceded or followed by one or nore of buffer exchange;

rconcentrationjdi | uolla:tr’u,nglﬂledvaktiu)t:ﬁn:sc:onttlahﬁnlg_‘4 1H'@Rch @‘i’ld*éf) g
(prefi]ablytoapH eater than pH2.0 or 0, and preferably t apH
| ess t*han pH10. 0) a&lﬁe aion axchamusﬂepglsagantm BEeniveUndide O by

treatment (eg with c£ 3{%&1atlng (|nclud|ng sterlllsatlon) cool i ng;
or conditioning. 20% gclma eas amymoex got be
di ¢ @WéOIbL#K tidx clrng b

separated by one or ffer exc concentration; dilution;
dialysis; diafiltr afio WBFFelﬂ Y atHahExe tsltﬁihls Wlthlﬁoﬂﬁtd@lm@@ agent

decol ourati on (qd)eat m&tmé]ﬁ?é '«':Lﬂﬂnnﬁlogofurt]l%n nﬁegq)'yt Itl?emmr::ion exchange

chromatography step to a cation exchange chromatography step
10 run in negative mode with respect to the albumin;:

() collecting the albumin-containing cation exchange flow through;

| and wherein any of the respective purification steps are optionally preceded

or followed by one or more of buffer exchangez;’r eonccntration; dilntion;

15  dialysis; diafiltration; pH-adjustment (preferably to a pH greater than pH2.0
or pH4.0, and preferably to a pH less than leOI.t)); treatment with a -

reducing agent; decolouration treatment (eg with charcoal); beating (including

sterilisation); cooling; or conditioning.

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

25  Preferably, prior to the positive mode cation exchange step of the invention,
the albumin solution is conditioned as above. Preferably, the octanoate is

added thereto to a final concentration of from about 1-10 mM and the pH is
adjusted to about 4.0-5.0.
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25 Preferably, prior to the positive node cation exchange step of the
I nvention, the albumn solution is conditioned as above. Preferably, the
octanoate is added thereto to a final concentration of fromabout 1-10 mm
and the pHis adjusted to about 4.0-5.0. WO 00/44772 PCT/ GBOQ 00257 13

Advant agewuséey4471zhe al bunmin retained in the positive cati onp@exERsNEBsSt €P
is washed with a high salt solution (eg 0.5-3.OM Nad buffere§ at pH3.5 to

4.5, preferably at about pH 4.0, wth {50-100mM preferably 20-40mV for 5
exanpl e 25-30mMM sodi um acetate) before being eluted. Preferably, the
albumin is eluted in the cation exchange step using a buffer containing a
conpound having a specific affinity for albumn, especially an acid, for
exanpl e odidanapecaslyanks Afurhdt t¥tapfiddin | &6 19 10 .
Suitably, the al bglgn'g is eluted fromthe g‘rﬁ%ﬁ@%h@ﬁg r&%‘%‘“%%e?%eﬂ Fst
ani,on exvhshgbwitiep high salt sohtidre(egcOrs-2i0NNYa@] B | east
50nmM  preferably 50-200mM for exqr%cpl e 80-150mV) gﬁt@?{%ﬁggg%?%clgﬁalt, for
exanpl e sPAfensbly pombewi phit d10,abvitlat KO-108nMef prefbaply tmgﬁﬂut,iﬁg. node
e

affinigzy chronmatogr y. step uses a resin_conprising-dan inmbilis
al bum'stn- s ﬁcﬁg‘?@ oI acetytphbefore being elgeak of dye, preferably

i mobi | i sed on the resin via a spacer such as 1,4- diam nobutane or another
spacer of C,_$, preferably ClL.6, eg C, _5 and nost 20 preferably C4 | ength,

Poal o RSO AR SUIEHLIM M SR epsioa ot
contaming a compound having a specific affinity for albumin, especially an
acid, for example octanoate or another fatty acid, for exaniple Cs or Cp.

10
Suitably, the albumin is eluted from the anion exchanger, of the first anion
exchange step, with a buffer containing a high level (e.g. at least 50mM,
preferably 50-200mM, for example 80-150mM) of a boric acid salt, for
example sodium or potassium tetraborate, e !
15
Preferably, the positive mode affinity chromatography step uses a resin
comprising an immobilised albumin-speciﬁc dye, such as a Cibacron Blue
type of dye, preferably immobilised on the resin vi:; a spacer such as 1,4-
diaminobutane or another spacer of C,,, preferably C,, eg C,5 and most
20 preferably C4H length, preferably having o,m-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 r;ducing the
25  level of nickel iops 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 Temoving

nickel ions. Preferably, the albumin solution is subjected to a pH of 4.0 to
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A third aspect of the present invention provides a process for reducing'the-
25 level of nickel ions in an al bum n solution, the process conprising )
subjecting the albumn solution to a pHof 2.5 to 7.5, preferably 2.5-6:0;
and renovi W§ 00rideRel ions. Preferably, the al bumin sol ution rcg/Godaiags-ed to
apHof 40to ------- - ---- WO 00/ 44772 PCT/ GL300/ 00257 14 7.5,

preferably 4.0 to 6.0, nore preferably p44.0 to 5.5, yet nore preferably
pH4.0 to p’l7-15500 %rlldhﬂmSt preferably to pH4.0 to 4.5. Preferably, the -
process of /ohereferablyakfaot6.0f nidre preyaabiyopH4( S

agai nst a buffer of pH2.5-6.0, or a%al nst @bu%Sf tsmgk@hké&fﬁwn one

of the af &Hﬁ&tqBHé@D,pandméprefmatﬂymapmwo415ckel removal can be
achi eved usi ng gel perneation chronat ography with a buffer having a pH

within one of the above- Ilsted PH ranges. permeati on chromat ogr aphy
may, be per hacr 20 Pr eferabl y,. 10 the buffer -~
conpri ses %&%ﬁﬂj ?Sat(éj ﬂgt?] 811glaQtf’éPﬁ‘étt iofethi¢ imventionscomytisesi ent

diaf 1 r o anREidoh, 5@%%‘?%% £ ng?%ﬁsépﬂt & el a B rierolavioges pEbns can
al t er nat i weitkirbené e Bk efoAHefiRRicaY ﬁﬂ R, no@%%[g‘iq‘@'f& P}Pi '{h' s.cap be

achi eved using a chel ating agent suc sed on

Sephar ose cafiisd athiogedasing rgﬁ%erﬂ&ﬁﬁﬁﬁ‘dh%m‘ﬁ;oggfﬁag%lth %%%’i‘%{r p&x?igg B‘i D 6

Chel ex, Bio Rad Laboratories) at a low pH, p
pr ef er abl PipHavthino dné. of0 the efaboabHystedh i t Ii}gngésoduct(}glr OP?:fIBSatRﬁPCESS

of the thlé’ii\g as ect of the invention is subjected imediately to negative

cation ex eg@w manayy beppsrfonmed usingf Sepkatryh&200NEIR hi Peefafppp! of
th
e T pyenthe "butfer o compnses acetate and/or malate ions. Alternatively, there is

sufficient buffering capacity from albumin to adjust the pH and perform

diafiltration/gel permeation chromatography with water.

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

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

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

25 immediately to negative amion 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, I
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ng the albumn solution to a pH of 5.0-5.6. Conversely, when.the......
fromthe process of the third aspect of the invention is not
d 25 imredi ately to negative ani on exchange chromatography it is
d8§h?t the third aspect of the invention conprises subjecting the
sUPYER 20 a pH of 4.3-4.9. WO 00/ 44772 PCT/ GBOO/BUREBN/ABST n a
d enbodi nent of the first, secggd and third aspects of the present
n the initial albumn solutiontts derived froma fungal culture -
optai ned by culturing a fungus transfornmed wi th an al bum n-encodi ng
dgﬂ §eﬂiﬁg‘ﬁ€@ ?Iﬁbadmn%éﬁtthe iftglﬁt, rfecondnndfthirdspeeistoff thegpteséne
dium The fungus nay be a

S- 1 N, and .secretes it intp the ne
oﬁ@c?’ﬁﬁ‘ﬁ 3@3 é@@ﬁleﬁ@u%n&?b@l‘% Is| fi@'l\sq%&m a fanghbcaltige mddarhungus

s Vor r ly the fungus is of thg genus_Saccharonyces (e
@%‘gg@eﬁg\el@{@%@% %é’he Sgﬂﬁsgﬁpﬂlﬂ%nﬂ@g@ég aipunpineenegding (e9

sgen Ledi i.chi.A: RASLOM:S). Prefer at | east”
ﬁ%élg‘?%ﬁi ﬁ%’ﬁ?.ﬁ i%d(:?gfé;fggér” é‘gr%geﬁ%ﬁdﬁﬁ% hé"q%‘?ff?gl’, Sl HEUST ¢ hi T d
ofxpiriesseB AB@MiEn iafd SSHckEPs 116 IROIC BhdYmA °ﬁ%é tf%ﬁglﬁsordi ng.to the
n

pect of the -invention or a process accor di e haaspect

nilbmednsous fifagas fsoch b aashpergitiis species.e THeFeraBHE Th %HQ{I?YS{ %Zs an

sol ution_ obtainable by a process according to~“any one®o

F@SbectMorr prafsrably etfentfungneris | oft. ther gémuaSarchbRRmtAu e
onprises reconbinant _album n which exhibits one or” nore of the
Mm@g: cerevisiae), the genus Kluyveromyces (eg Kluyveromyces

lactis) or the genus Pichia (eg Pichia pastoris). |

Preferably, at least some of the albumin purified in accordance with the first,
second or third aspects of the present invention is produced by a cell
according to the fifth aspect 6f the -invention or a proéess according to the
sixth aspect of the invention. yd i

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, 0.0‘[5 or 0.05

moles hexose / mole of protein.

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

may be fuorther processed' according fo its intended utility. For example, it

e A ot A o A
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20 (1) less than 0.5% (ww binds to Concanavalin A, preferably |less than
0.2%or 0.15 % (2) a glycation level of less than 0.6 noles hexose | nole |
of protein, and preferably less than 0.10, 0.075 or 0.05 25 noles hexose
/ ol e of Wox08#¢i7a. A purified al bum n sol ution prepared by BECpGBeemasof the
present invention nmay be further processed according to its intended
utility. For exanple, it WO 00/44772 PBY/ GB0OO/ 00257 16~ may be -
ultrafiltered through an ultrafiltration nmenbrane to obtain an
ul trafil tmayibs ubtrafteaed Hacugh an allrafilratonceriitiahen i6f obtaiheast about
|l og, preferably at |east 40g or nore preferably about 80g, al bum n per
litre, witlafiltrdion rotemtate havingren atbamain eonventrgtidn affidttleastcatagailog; at
| east 5 ret ntalte S5 equivalents of water. A fifth aspect of the present
i nvent i oPTHIEMHIY AL %ﬂﬁ@%@&&@ﬂ%ﬁ%ﬁ%ﬁh&b@m 808} pibwmnizhpeon hipre, seith a
r egonbi | 1.N,.codi guence wk in.the 3 end of the reconbinant
al gum’ nngg%iﬁggﬁgggﬁger%gﬂ%&s ?ngw\éwﬁﬁ e 2BAINFH 4l aFAStt padeicataion st op
codons, %ﬁ?iv%ﬁﬁt@b?%z%{fhree in-frame translation stop codons. The

cells of the

reconbi na e fifth aspect of the present invention may be
eukaryotic or prokaryotic. The reconbinant cells' may be bacteria (for 15
exanple E. coli or Bacillus subtilis), yeasts (for exanple a yeast of the

genus Sactlfifttoaspres of afje Presemt duvaithe) provided QMR AHAYSIQ! %%nfde% K.
| actis) or the genus Pichia (eg P. pastoris)), filanentous fungi or

exanpl e céBpehigh| carsprised amesombirping rlbeein Sodhp SRjuenes WREreRt theB! s
(whi ch may be . . . '
end of the recombinant albumin coding sequence comprises two or more in-
10  frame translation stop codons, and preferably three in-ffame translation stop

codons.

The recombinant cells of the fifth aspect of the present invention may be
~ eukaryotic or prokaryotic. The recombinant celi-{- may be bacteria (for |
15 example E. coli or Bacillus subtilis), yeasts (for example a yeast of the genus
Saccharomyées (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, apimals or anjmal= cells (which may be
transgenic) or insect cells.
20
A sixth aspect of the present invention provides a process for producing
recombinant albumin, the process 'é;)mprising culturing a fungal cell
expressing a recombinant albumin coding sequence and obtaipning the
albumin, wherein the cell has a genetic modification w]ﬁch causes the cell to
25 have at least a reduced capacity of mannosylation of the recombinantly-
expressed albumin and wherein the culture medium is at least 1,000L and is
of pH6.0-6.8. o o




transgenic) or insect cells. 20 A sixth aspect of the present invention
provi des a process for producing reconbinant albumn, the process
conprising culturing a fungal cell expressing a reconbinant al bum n codi ng
sequence and obtaining the albumn, wherein the cell has a genetic
modi fi cat MENOY#A7Eh causes the cell to 25 have at |east a regugegGaRasi ty
of mannosyl ati on of the reconbinantly- expressed al bumn and wherein the
culture nediumis at |east 1,000L and il¥ of pH6.0-6.8. WO 00/ 44772 _
PCT/ GB00O/ 00257 17 In the neaning of the present invention, genetic
nmodi f i cat Imrthpr pfeanity YWf BRARFeRMY HHRRGESS .supsti-f-uti.on, del etion-or
addition of one or nore basgz or of a frgb&engf%ﬁéﬁ?ﬁﬁ%lp@§mﬂm
sequenceslCelE lanye suppressiondi substtitionrs deletibs SPLANRSSh | &F ¥hd '& é]di rectly
on isolated DNA) or in situ, 5 for exanple by genetic engi neeringore
t eghni queBaSes @y odxd dEagmentnof fthaghingadl dedt DINAMSéQEicks. 28BN %enMi ageni c
agent's incloggqe for exanpl e physical agents such aS energetic rays %X—rays,
y-rays, U9odEicationsmay, he ebipingddm vitka (diveasly on iselacdd N ol iﬂiﬁ‘ﬁ,{erent
functison f such as al kyl ating agents (EM5,. NQO etc.)
bi sal l?yl Zitolrg{:] ngaeb ,gef%@r%%r?ﬁg @resrcyy expesing the fumphl fceliat | ons
may al so I@emﬁmg%'h Re geReat LSI UpLl on or. exanple according to the
met hod di scl 0s&d bygﬁgltytﬁ'stg@"lthg?ﬂgl@émﬁﬁlu‘%nf?‘hﬁﬁ?mmPﬁbfilgglélgeml- 301] .
Accor di nguth dshéserdBlid edvs PRI v & o] e is,replaced, through
honol ogous r econbi ggt i ggj,’- g? aX91 Kalj\?&t‘;‘r Ej\?}’ogﬁf 8h fHnAgeatmeanable .
modi fi catdfaeactiay willsdiffaeabfiticlisfal¥réips SORA Ol LOSALLL.ON on DNA - 15
sequences, such as transposons, phaggs, etc. N, a?éhasaﬁcytlaungagents '
(EMS, NQO, etc.) bisalkylating agents, intercalating agents, etc. Genetic

10 modifications may also be obtained by genetic disruption, for example
according to the method disclosed by Rothstein er al. [Meth. Enzymol. 194
(1991), 281-301]. According to this method, part or all of a gene is replaced,

| .through homologous recombination, by an in vitro modified version. Geneﬁc
modifications can also be obtained by any muta{‘l’é)nal insertion on DNA

15  sequences, such as transposons, phages, etc.

It is known that certain modifications such as point mutations can be reversed
or attenuated by cellular mechanisms. Such modiﬁc;tions may not provide
the most useful forms of modified fungal cells of this invention since their

20 phenotypical prlqperties may not be very stable. Accordingly, it is preferred
that the genetic modification(s) are stably inherited and/or are non-reverting
and/or are non-leaky. Such modification(s) are generally obtained by a
deletion or a gene disruption.

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

that result from a partial rather than a complete inactivation of the wild-type
function. |
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It is known that certain nodifications such as point nutations can be
reversed or attenuated by cellular nmechani sns. Such nodifications may not
provide the nost useful forms of nodified fungal cells of this invention
si nce t heiwd/q@henot ypi cal properties may not be very stablpgsy, }%S’ﬁj}gl Y,
it is preferred that the genetic nodification(s) are stably inherite
and/or are non-reverting and/or are nopgleaky. Such nodification(s) are_
generally obtained by a deletion or a gene disruption. 25 By a "l eaky
mutant” a r SR i : 2] i necl ude ants that result
froma pa?g%lgl ratEer@%ﬁflgﬁ@é%@%%ﬁgjﬁWﬁﬁﬁpﬁ wveatiep geay
function. MOI10&Ht4HTH A h | di ficatipn(.s)
carried by the fungal g(gif]s Og‘?ﬁé?ﬁ%??}oﬁeﬁ%%%%g)f{%ga{eéﬁapﬁ!lfoé 18o8i ng
regi on of nepdobNAffectinpenhes efprefigortebl angdkegs in egi f% ct] t he
expression of a gene. Mre par% icularly, sgi/ d mﬁ?%a@%@%& riﬁﬁ l%:ﬁ&
gener al | y modéeationés)c odlinggenegaliyy offetthaheegoding repsmonst bhg fRiiGh -
i nvol ved in the.ef‘i;p ession of one or nore genes 0S€ expression~products
are en?yndESPABIP eEPfi‘PF prelyed | iat thenexpression refdone corcapaei gonesl whise f ungal
cells of the invention to mannosylate proteins may therefore result from
the produdtitBRS¥ 'PF%E]F € wyelved inpmarnosydatiorml and/ or
conformati onal changes, fromthe production of enzymes having altered
bi ol ogi cal properties, fromthe absence of production of said enzynes, or
fromthe Plr‘l:mdur;;t:u?er&am said enzynmes at lowlevels. // The fungal cell
mannosyl at varuyl w€sthat fisghleRils 0bf i3 : i due
to the hydroxylwgrouga%?ﬁgeryl and/ or threonyﬁhééhﬁgu%%]?d@m%ﬂ%é
proteins may therefore result from the production of inactive enzymes due to

10 structural and/or conformational changes, from the production of enzymes
having altered biological properties, from the absence of production of said
enzymes, or from the production of_said enzymes at low levels.

;'/;
The fungal cell mannosylation pathway involves attachment of a first

15 mannosyl residue to the hydroxyl group of seryl and/or threonyl amino acids
of proteins or peptides, and then the extension to O-linked di- and
oligosaccharides by subséquent addition of mammosyl residues. The first
mannosyl residue is trausferred from dotichol monophosphate mannose (Dol-
P-Man) to the protein in the end‘dplasmic reticulum, and the additional

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

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

25  seryl or threonyl amino acids.

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

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




of proteins or peptides, and then the extension to O-linked di- and
ol i gosaccharides by subsequent addition of mannosyl residues. The first T
mannosyl residue is transferred from dolichol nonophosphate mannose (Dol -
P-Man) to the protein in the endoplasmc reticulum and the additional 20
mannosyl MEAY¥YER are transferred from GPD-Man in the gol girctiarmopees erred
enbodi nent of the invention, the nodified fungal cells carry genetic _
modi fication(s) in at |east one gene wse expression product is involved
in the attachnent of a mannosyl residue to the hydroxyl group of 25 seryl
or threonyl L ﬁ,m nootsm ds. .In anot her preferred enbodi nent of the -

i nventio Flt@dlsf‘?}'n f IRanosyl @ﬂ“ﬁ: fonethe DaddP-Munpranason at

| east on SI 0 duct .is WD 00/ 44772 PGI/ GB00/ 00257 19

i nvol vedet %Fﬁlgﬁ?&éﬁ ﬁtﬂ%ﬁg%‘iﬂnﬂ asiing acidsenStilanom prfstablyy ecur sor
to,the hygo a aci ds, Stlllrmre
preferably 6%%(3&% Sé%gé%g g?%e %ﬁ%{e ?A’?ﬁ% %ﬂﬂ' D4, BMEBS, pmra,
PMTS, Pl\ﬂﬁygroﬂm@ tﬁ‘ﬁ#\gl en P PMI7. 5 WO
94/ 04887, incor por at d heréerlaﬁ Ere er r?%elsejggézr WM‘S e1§ par ati on of

S. cerevisiae deficient in 0- mannosyl ation activity. A S. cerevisiae cell
nser 1 on o (e O sEhatiied Bl b, e Res.cderioed o aremationiat P
i il B&Eﬁ‘f’?“f"%dggﬁ?“%g{}h?about DR YRy, | TR Fipuagle Gl
32?6228%“'??‘5‘???“2% i orﬁ(?ﬂté"???’é@*’?cﬁeﬁ ?%uf%ﬁ”ﬁ%ﬁ WP o
 insertion-of the URA3 gene into the HindIIl restriction site of the PMT. 1 ORF.
10  The resulting mutants were grown on YEPD (about pH6.95) or on minimal
media + Ade, + Leu (sbout pH4.75, declining with yeast growtb).
Unexpectedly, we have found that the PHs of the growth media used in WO
94/04687 are mot optimal for the large scale culture of PMT mutants to
produce secreted albumin.. We have found that a g’r/(;wth medium of pH6.0-

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

In addition to modifications in a gene involved in the attachment of mannosyl
residues to the hydroxyl group of seryl or threonyl an;ino acids, fungal cells
of the invention may also carry modifications in the genes involved in
20  subsequent additions of mannosyl residues leading to di- or oligosacchaﬁdes,

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

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

- gene which affects the expression or product of a PMT gene. A é—ene which

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




produce secreted al bumn. W have found that a growh nedi um of pH6.0-15 -
6.8 is beneficial in ternms of host cell integrity during |arge scale ~
fermentation. In addition to nodifications in a gene involved in the

at t achmeniyvgdo/4¥anosyl residues to the hydroxyl group of s hr eonyl
am no acids, fungal cells of the invention may al so carry l%?:({%;ﬁg@%@%ns in

t he genes involved in 20 subsequent addpti ons of mannosyl residues |eading
to di- or oligosaccharides, or in the synthesis of the nmannosyl residues

donor  ( Dofh&fiviaghl -celir ' . has..a geneti g nodification
within a PMI gehe Cc()arﬁ (gfﬁggﬁgﬂlv\ﬁpgﬁt é?%?ggﬁéemgfﬂpgggﬁgﬁ)eo?%%ﬁﬁcmém of a
PMI gene. filangameusvingdi ambyaidisCtPrefdia Ql\%m f , for

exanpl e, affect nRNA tarangcript Igvel g@éﬁhg p&o@%@§w8?§RW%6/44772
PCT/'Gl100y@ee5Df 2beThgerusngShcdmiromfces héegi x3.h @gﬁgg-ti“?f the p%&%%nt
invention_can be chosen from filanmentous fungi and yeasts. Pref®rably, the
cells ar e@‘é’&%’fﬁgffyqeér(eé&r@lcés)im theagenust Pichén e s pasesigr onyces (eg S. .

cerevissiae), the genus " Kluyveronzyces (eg K lactis) or the genus Pichia
(eg P~ pastoris). 5 Preferably, the fungal cell expressing the reconbi nant

al bum n ' equenge is cultured i.n a_culture mediumof at |east 5,000
e s e il S LeSEstie” B trcaminanth &l cang

expr essi ' ] ' uence. is cultured in_a
culture %8?%6{1\% CE |g&lnﬁéiaﬁ@%gﬂ%@ﬁhﬂgfPgi%é?gf’(%d’)iaﬁPBl.'eZPB‘?fWa%re
pref er ablay ¢dd6 73560 5., Preferably, the pH of the culture nediumis

mai ntai ned using a pH controller set at a pH between pH6.3 and pH6.5,
preferably at a pH between 6.35 and 6.4Vand nore preferably at

10 Preferably, the fungal cell expressing the recombinant albumin coding
sequence is cultured in a culture medium which is maintained in the range of
of pH6.2-6.7, more preferably pH6.3-6.5. Preferably, the pH of the culiure
medjum is maintained using a pH centroller set at a PH between pH6.3 and

' pHﬁ.S, _preferably at a pH between 6.35 and 6.45and more preferably at

15  about pH64 Preferably, the pH controller is controlled within 0.20 or 0.10
PH units of any pH value within any one of the aformentioned pH ranges or
within 0.20 or 0.10 pH units of pH6.4.

In an alternative embodiment, the fungal cell is cultured in a culture medium
20  which is maintained in the range of pH5.30-pH5.90, preferably pHS.50-
pH5.90, pH5.40-pH5.90 or pH>5.40-5.60. Preferably, the lower control set
point is between pHS.40 and pHS.BO, preferably between pHS5.45 and
- pH5.55, and preferably the lower control set point is about pHS.Sb.
25 The present invention provides processes for the preparation of highly
purified albumin. The albumin is characterised by extremely low levels of
colorants. The term “colorant” as used herein means any c;)f;lpoﬁnd which

colours atbumin. For example, a pigment is a colorant which arises from the
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15 about pH6.4. Preferably, the pH controller iis controlled within Q.20 or..

0.10 pHunits of any pH value within any one of the afornentioned pH

ranges or wthin 0.20 or 0.10 pHunits of pH6.4. In an alternative

enbodi ment, the fungal cell is cultured in a culture nmedium 20 which is

mai nt ai neWq W/4H3 range of pHS5.30-pH5. 90, preferably pHS. SGdhansads;

pH5. 40- pH5. 90 or pH5. 40-5.60. Preferably, the | ower control set - point is

bet ween pH5. 40 and pH5. 60, preferably2between pH5.45 and pH5.55, and

preferably the | ower control set. point is about pH5.50. 25 The present

I nvent i oRIgAISindemichr ac geasts Whicht e wsk@ PR b4 eOfal)] purified -

al bumin. The al bymin is characterised by ex?jr Fy ?é(yvlvﬁﬁé]é'gf Sa"ifgpmm,

col or ant &hereas 3 dyenis a@blﬂfaMWhEkaﬁmmenﬁbﬁkdﬁzﬂﬂgmﬁﬂﬂ SEHRGY  ch

col ours %&bﬂg‘ n. For exanple, a pignent is a coloran V\%ic ari'ses“fromthe

WD ,00/ 44! BFB00100257 21 organi sm such as yeast, which is used to

prepare reconbi nant al bumn, whereas a dye is a cblorant which arises from

chr omat ographic steps to purify the albumin. N5 The albumn is also

char gt eThsedbif %t L0 4 |s of , or by being essentially free of,

al umi ni um |actat e?ig m%Bfg%{%rl?eer{rggrsg‘ﬁtfy ﬁéﬁiea?q;ﬁr#w Aevals ofprast biynbeinguch as

| munog! edsehiidldy fRfee ok ahlunkinfl L vat ransferrin, at- acid

gl ycoprotein, ﬂflyaem)gl obi n ang E1 oog l\cél’ o‘ﬁp?ﬁég F%?i"flﬁf JonRIBREEY ohyrman

pr ot ei nsprotéinagmeii 2 dimahRsETbBuliR, Dye. g or polypers, or 10

endot oxi n,_gbi I}i rubin, haem ‘Yyeast prot ella%\lzg&é@i %éﬁ‘?%?’bt &aﬁgg’gﬁ@:\ﬁlruses._ By

essent i alGi¢ ghwepratenpambremhopinbinlcindt BRJod | Gy | bumi;n of .t he

inventionmrtréa,y bef—rat | east 99. 5% nononeric and Mrﬁg%ﬁ’ ﬁl[Bl&ryom
proteins, - iragments of albumin, albumin aggregates or polymers, or

10  endotoxin, bilirbin, haem, yeast proteins, animal proteins and viruses. By

essentially free is meant below detectable levels.

The albumin of the invention may be-at least 99.59% monomeric and diméric,
preferably essentially 100% monomeric and dimeric./ﬁp t0 0.5%, preférably

15 0.2% timer 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 albumihn; a
glycation level of less than 0.6, preferably less thanEO.l(), 0.075 or 0.05
moles hexose/mole proiein as measured in the Amadori product assdy; an

20  intact, i.e. homogeneous, C-terminus; a content.of conA-binding albumin of
less than 0.5% (w/w), preferably less than 0.2% or 0.15%: a free thiol
content of at least 0.85 mole SH/mole protein; and substantially no C18 or

- C20 fatty acids. At least 99%, preferably at least 99.9%, by weight of the
protein in the albumin preparations purified by the process of the invention is

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




preferably essentially 100 % nononeric and dineric./ ]Jp to 0.5 %
preferably 15 0.2%triner is tolerable but larger forns of al bumn aré
generally absent. It may be further characterised by one or nore of the
fol |l owi ng ristics. It has a nickel ion |evel of le han 100ng,
based on cﬂ%@gﬁof albunin; a glycation |evel of less thi?{T *1}0/00257
preferably less than 0.10, 0.075 or 095 nol es hexose/nol e protein as
measured in the Armadori product assay; “an 20 intact, i.e. honpbgeneous, -~

C-termnugisa tent of .conA-bjnding al bumin of less than 0.5% (ww),_
pref er abl'y eg'gﬁﬁﬁ nAGFOTeTE t@.%/&n‘g?% Wik generadiit bat tasallwnifreeadt 0. 85

mol e SH nplgm el . : t Lall C18 ar. O fatty acids. At
| east 999% prg(?ée}rrlaa f/oa% A S%‘tcé%) fﬂ%&r&ﬁ?}ﬁ@ %émrﬂpgtfﬁ?fﬁqah t he
al bumin preparations purified by the process of the invention is 25

al bum n. Such highly pure albumn is less likely to cause adverse side

ffects. MOnQRId4ToR vAGT/ 5 ' iy il
ef fect s 7 /18 Qfeoéit ﬁwe%ﬁoh',‘%j@g@r @h?éj awggﬁg%%n%@ﬁt s,

invention will generally be totally free of m de
si nceInorfeormra prpeenalbumintsolstien.t iFig: pro@ist Yomprises iR dRRfde Wit t hE

present inyention, highly pure albunmin is obtainéd 5 froman inpure

al bum n sfgﬁgﬁl’éﬁ]. Stepss @i@m danmpr ifepsentationr medianofa t herd-otd@nng

steps: cuyl tugir'r[llg%i' n. fermfnt i on medi um a m cro-organi sm transfornmed

with a nHF’r“é‘?' &eﬁhem GHyenRe cagpdingadicoansingusoidesagfienteiofin

al bum n; preferahl y separati the mcro-organismfromthe fernentation
SRt i %"?@b‘ﬁc hé)r%tecﬁl PAPARAURE s ARG | RKTOfQIgRMSM 16r0mur ithe cat i on;

medi um ¢onditi oni

passi ng tihey dihti ' m-ﬁ oh, ! hree successive - chro ogr aphy

steps; ul traél i?%él ngs gl at S%Otllllg!rhli ng ghglep%%‘ﬁﬂn,' bé%?‘??&%efoﬂ&t!’ £5 | tered

produot parifieation; T padshfly MY UBRIAISRRDY mekifbn through three successive
chromatography steps; ultrafiltering/diafiltering the product; passing the

el

uitrafiltered  product through a  further chromatography  step;
ultrafiltering/diafiltering again before purification through two further
. chromatographic steps; and final ultrafiltration/diafiltfation.
15
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 overfthe last 50 years, for
example those disclosed in Stoltz e al (1991) Pharmaceut. Tech. .Inr. June
20 1991, 60-65 and More & Harvey (1991) in “Blood Separation and Plasma
Fractionation” Ed. Harris, Wiley-Liss, 261-306. |

In a fu_rthcr alternative, the albumin may be obtained from a transgenic
animal, such as goat, sheep or cattle, from, for instance, the ;:mlk or the

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

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

plant, such as tobacco, potato or corn (maize).
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ultrafiltering/diafiltering again before purification through _..two . further .
chromat ographic steps; and final ultrafiltration/diafiltfation. 15
Alternatively, instead of the fernmentation nedium the inpure al bumn
solution may be a solution obtained fromserumby any of the plethora of

extracti onyagypysi fication techni ques devel oped over the | [s,
for exanple those disclosed in Stoltz et al (1991) Phari nagg‘t‘t&%ﬁ%@% I nt.

June 20 1991, 60-65 and More & Harvey (21_;'991) in "Blood Separation and
Plasma Fractionation” Ed. Harris, WIley-Liss, 261-306. In a further
alternative, the album n nay be obtained froma transgenic animl, such as
goat, sheep or cattle, from for instance, the mlk or the 25 blood of the

ani mal oryp | GARS ' 2o fromthe egg white. In a

still fur{nhieﬁrhéaﬂlbt%gr nat ?8%?%! ﬂe a| gyu%u%ﬁﬁgiﬁ%g %’Qaﬁ@f ?cﬁ&ﬁ?sa RO3%friddeni ¢

- plant, suplirifiGaticPpEsc@ssdioleall r6Ry oAe Lr2. P 00/ 00257

23 In instances \Mgere t he al gﬁ%‘i ﬁ%ﬁﬁﬁw@e%v?%g‘%kﬁdﬁ%ﬂ@ es, .
prior artis knowid te havehigh aifedsebiddiag sites forf & i‘}’ﬁi(ﬂceh'b.ﬂ@zﬁf:vﬁlns qf ni ckel

- ions. Albumin_ is known to. have high affinity Dinding sites tor copper,

ni ckeP ard@iezNrtennginys aef Shehanoleceleni nBombqudalyyolies UAlbunfenaRMsat | v, the

al bum n ecul effectively concentrates nickel ions fromthe nmedia used

for culti ?ﬁWﬁﬁéﬁﬂmﬁﬂmﬁﬁ pickehiomsnirom theninediaused fod eandibortibinrandior t hi s
i nvention_h .surprisi.ngly..low |l evel of nickel ions. 10 Precedi ng or
fol | ow ng}"ﬁﬁ@‘”’g’f‘mr H@@PH@%@%?Q%‘? FACCORIS Osthis invaniiem bas ansurprbiogly n

sol ution r exchange, concentration, dilution, heating
(1 ncl udi &g&}slltegrefﬁfg%g(?g%ﬁ%'cool ing or may have salts etc. added to the

10 Preceding or following any of the procedures of the present invention the
albumin solution may undergo buffer exchange, concentration, dilution,
heating (including sterilisation), cooling or may have salts etc. added to the

’ albumin solution which may, for example, condition or adjust the pH of the
solution. Optionally, the albumin may be treated n'ffnth a reducing agent or

15 may undergo a decolouration step.

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

20 7_ Suitably, the albumin undergoes sterilisation.

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

25
The albumin of the present invention may be fulfil various rolés in addition to
therapeutic use in the treatment of burps, shock. or blood loss. By way of

example, it may be used as a final product excipient (e.g. in liquid




- album n solution which may, for exanple, condition or adjust the pH of the
solution. Optionally, the albumn may be treated rwith a reducing agent or
15 may undergo a decol ouration step. The final product nay be fornulated to
give it adgg(? Os/%‘g ility and may be fornul ated according to its intended
utility, e§d? be formul ated for parenteral adm nistratfEHCBHYea287 abl y
parenteral administration to a human. 0 Suitably, the.al bum n undergoes
sterilisation. Preferably, the highly re al bum n product of the inventi-en

cont ai ns | east 100g, re.preferably I kg or 10kg of al bumn, which may
be spi 1+ HOFRALHops. Jrdes Tuisd Gpraphlaiant o5 Roraalpbions os Bt chor.

i nvention e ful £4 1 ious.roles.in addition tqQ thegrapeutic use in

t he treat nen%ﬂ’g?P%ﬂjur#s,Otg%(r)cH{%g%Ich& @é’{gﬁ“é’;p%y 1y celly shlmes, viralay be
used as adpabtidd t {pi : iquikd WO .00/ 44772 .

PCT/ 950043{)_257 24 For rr‘u?]%g’fq drf*éa’%?’rggfggleh%gf’lé‘dﬂ#‘ggw&% %n%oagﬁﬂgflélﬁﬁ;ﬂaét@ ons
for i nhal eviges.subhras cahafiaki eathefs ahd 94 lanpgﬁsﬁﬁ&%sdu“ ng purificatiop,
incell culture, viral production, gene therapy, 1Th vitro fertilisation
medi a,5and for coating nedical devices such as cannul ae, catheters and
vascul ar prostheses. 5 It should be appreciated that each aspect of the

i nvent i onltrghouldebe appreviated whah catle aspectrof dhetineentispashy 9 cofithined

i nvention. .BRI EF DESCRI PTI ON OF THE DRAWNGS 10 The invention is further
i |1 ustrat G QDE O 1§  agperis abthe mvortiom.: -

T BRIEF DESCRIPTION OF THE i)RAW]NGS

10

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

Figures 1 to 7 respectively show the construction of plasmids pAYE309,
PAYE440, pAYE438, pDB2241, pDB2242, pDB2243 "and pDB2244; and

15 o
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 rIiA by
20  Chelex™.

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

protein encoding region Saccharomyces cerevisiae PMT]I.

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

encoding region Saccharontyces cerevisiae PMT7, s




Figures 1 to 7 respectively show the construction of plasm ds pAYE3Q9, . -i.......
pAYE440, pAYE438, pDB2241, pDB2242, pDB2243 and pDB2244; and 15 Figure 8
shows el ectrospray mass spectronmetry of conA-binding rHA fraction fromrHA
prepared according to the invention. Figure 9 shows the effect of pH and
time on myvekligrenoval fromrHA by 20 Chel exTM Fi gures 19C@R§m$&ns7
represent two DNA sequences with honology to the protein encoding region
Saccharonyces cerevisiae PMIl. 25 Figures 12 to 15 represent four DNA
sequences with honology to the protein encoding region Saccharomyces
cerevisiae PMI7. WO 00/ 44772 PCT/ GB00/ 00257 25 Figures 16 and 17 represent
two DNA sEmpgmetds$ andhlRorapresgyt ttovat IBNAprseggélftegnmgli Mn;(gg;g%n
Saccharonyces, cerevisiae PMIS. H .5 DETAI LED DESCRI PTI ON OF EEE&BED
EVBODI VENTOL@E crnrpiingNwEion ShtoMreonsices darepisieeBALES of the present

I nyention can be utilised to obtain highly purified-albumn froman inpure
al bum n 'sol ution froma nunber of sources, 10 such as serum it is .
particularly applicable to purifying reconbi nant human al bumn (rHA). The
al bumi n produced_in accordance with the invention may be any manmmalian

al bunn, sRETAJLEDR DESCGRIPTHONOWEPBEFRERRED EMBODIMENESDIQF hunan

al bumn. /f 15 DNA encoding al bum n nmay be expressed 1n a surtable host to
or oduce NN R

Whereas the processes of the present invention can be utilised to obtain highly
purified-albumin from an impure albumin solution from a number of sources,

10 such as serum, it is particularly applicable to purifying recombinant human
albumin (tHA). The albumin produced in accordance with the invention may
be any mammalian albumin, such as rat, bovine or ovine albumin, but is
preferably human albumin.

f/;

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

for the expression and production of albumnin.

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

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

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




al bum n. Thus, DNA nmay. be used in accordance with known techni ques, .. -
appropriately nodified in view of the teachings contained herein, to
construct an expression vector, which is then used to transform an
appropri atggoh@ghmsel | for the expression and production of al bumn. 20 The
DNA encoding the albunmin may be joined to a wi de variety of P&IHEB00/0DRK
sequences for introduction into an apprgpri ate host. The conpanion DNA

wi || depend upon the nature of the host5” the manner of the igtroduction -of

the DNA i ther epi sonmal mai ntenance or integration is
25 desire .g(gﬁgr g‘?@ Pe%%i © iIPPEPRIARIS Hagseniptomalessd arensbaiopr] such
as a pl asfegulatd hepiati and correct reading frame for

expr essi on.g'f1éi rﬁgcgégg%,ﬂm‘#4ﬁg&fq§ﬁ/ et 2 ghet desibid sy, be
linked to ' I Pri d. tansl ati onal regul at or

ok o ot oo EAABCOREl TS SRRl B RLBI 08 v Wmn sucr

control n;}cl et%;i de sequences recogni
control s aceefisiaker @l | mcomirheb| Mot MG SXpL egyan: vector. Lt i

benefiéi al to i.ncorporat?ﬁnore t han one DNIXészgg%nc FRRBG ﬁgcqfxgg a
translati SRaslatieny sopwodonystciras MA ,UBE G oS , i Y€ o ?;3',”#5}3“{1 n se
transl atlﬁnaltﬂ{iggzg-through and thus avoid the produttion of e %d, non-

nat ural f t Eadsthronginand dhue mveid the dbmduickien t@e ' p codon
UAA is pr hen i ntroduced into the ﬁiggt&t%aﬂr%&&%h

.. The yector, i
st andar d- ﬁ%@ﬁ#ﬁgﬁﬂé@}’ff’@%\/\é’a b?%f&@ﬂéen%nm@dingrmwmmmép @@bhs. Host
10 cells Mrgnﬁ{é}éﬁgg arg then cultured for a sufficient tine and under
appropri ate condbtions knowf 6“1 Roke 1Ing@duged hintartheahosti throughv of t he
t hi ' : ' ' h ' f the al bunmin, which
eachl ngsSﬂﬁé‘ﬁh%eﬂnaﬁéﬁ' f‘blloWedOBfr Teled on 37 {rgsangil’o%qle% hosteceellls.’ 'u%onst '

10 cells so transformed are them cultured for a sufficient time and under

appropriate conditions known to those skilled in the art, and in view of the
teachings disclosed herein, to permit the expression of the albumin, which

can then be recovered.
//‘A
15 Many expression systems are known, including bacteria (for example E. coli
and Bacillus subtilis), yeasts (for example Saccharontyces cerevisiae, Pichia
pastoris and  Kluyveromyces lactis), filamentous fungi (for example
Aspergillgs), plant celis, animal cells and insect cells. | The preferred micro-
organisms are the yeasts Saccharomyces cerevisiae, Kluyveromyces lactis and
20  Pichia pastoris. 1t is particularly advantageous to use a yeast deficient in one
or more protein mannosyl lIansferaf_,gsl involved in O-glycosylation of

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

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

involving mannose. The mannosylated albumin is able to bind to the lectin
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can then be recovered. f 15 Many expression systens are known, including
bacteria (for exanple E. coli and Bacillus subtilis), yeasts (for exanpl e
Saccharonyces cerevisiae, Pichia pasteris and Kl uyveronyces lactis),
filanmentous fungi (for exanple Aspergillus), plant cells, aninmal cells and
I nsect celwoooddvezpreferred mcro- organi sns are the yeasts ‘S-?&g&?;? ces
cerevisiae, Kluyveronyces |lactis and 20 Pichia pastoris. P9%d arl y
advant ageous to use a yeast deficient if‘7 one or nore prote| n nmannosyl
transferases involved in Oglycosylation of proteins, for instance by

di sruptio ence. The al bum n protein sequence daes
not cont ai@r@f an%/ﬂgal ed foﬁ%ﬁ- M@g Z@W%q’cgtq B%mé!hd)rﬁdﬂceibtbybémn
reported Y@adleamoed frb@shed - N y.cosyl ati on. However, it
has been ?ound t hat rHAeprg% ce# nyé%t% d“ﬁ‘j: “3&5&&0 8E jlarecainthse

- nodi fi ed PMDgenakeW@byapadation, generally involving mannose. The
mannosyl ated albumn is able fo bi nd to the lectin WD 00/44772 -
PCT/ GB0OO/ 00257 27 Concanaval in A. The ‘anount of mannosyl ated al bumi n

. producsed % the yeast can be reduced by using a yeast strain deficient in
e

one or d‘ms%ommmergemy qfvetdey g6y .is Go Hreamos yea @RI RLs Yay of
achieving,this.is to create 1tgeast whi ch has a def ect in its genone such

that a redtelestiin &5 genome suck ch%rpﬂrtlc?ﬂdmealrm’me ofrthel Faad préteins g¥anml e,
t here may. elyetion, i-nsertion o nsposition in the coding sequence
or the re%fb%u{q%&‘y}? U SPRPIE o ST Ay 3 ketion; égsertion oy tramspositipn éssi on of
no m protein is 10 produced.

f thg |
zln;a e(r)nat i veI Y, 5 §léas'lté C@ohﬁ%}?éhéﬁoﬁsrg&m Qroihapefhek gane aagrlating

the expressmn of one of the PMT gepes) such that little or no Pmt protein is

10 produced. Alternatively, the yeast could be transformed to produce an anti-
Pmt agent, such as an anti-Pmt antibody.

. To modify one of the PMT genes so that a reduced level of Pmt protein is
produced, site-directed miutagenesis or other kr(’ own techniques can be
15 employed to create single or multiple mutations, such as replacements,
insertions, deletions, and transpositions, as described in Botstein and Shortle.
“Strategies and Applications of In Vitro Mutagenesis”, Science, 229: 193-210
(1985), which is incorporated herein by reference. Suimble rmmutations include
chain termination mutations (clearly stop codons introduced near the 3' end
20 might have insufficient effect on the gene product to be of benefit; the person
skilled in the art will readily be able to create a mutation in, say, the 5' three
quarters of the coding sequence), point mutations that alter the r-eading frame,
small to large deletions of coding sequence, mutations in the promoter or
terminator that affect gene expression and mutations that de-stabilise the
25 mRNA. Specific mutations can be introduced by an extension of the gene
disruption technique known as gene transplacement (Winston, F: er al (1983)
Methods Enzymol. 101, 211-228).




Pnmt agent, such as-an-anti-Pnt antibody. To nmodify one of the PMI genes so-..
that a reduced |level of Pnt protein is produced, site-directed nutagenesis.
or other known techniques can be 15 enployed to create single or nultiple
nut at i ons y§HEd73s repl acenents, insertions, deletions, and transpositions,
as described in Botstein and Shortie. "Strategies and Appl PeRGEINE0267 | n
‘Vitro Mutagenesis", Science, 229: 193-%&0 (1985), which is incorporated
herein by reference. Suitable mutation§ include chain termnation -

mut ati on |y stop codons, introduced near the 3' end 20 m ght have
i nsuf fi Cfggﬁérgﬁ& eaneo‘h?eﬂf'eséleﬁ@% BYIEET {Q dbwupt apgenst sequenhe, pat sigg
skil'l ed igpelgh r i 1. readj ble to create a nutation in, say, the
5 three quarﬁ?grlie \(%é tﬁ?égtgiﬁﬂﬁgﬁguﬁﬁ’&?,%i e%ﬁ]‘é desuptiemt eventer the
readi ng fplE@typisAl. fCnlad ( ' . i seguence, nutations in
the pronoter or terni nator&?ﬁgtgﬁgﬁ g@{ﬁbsgir-\%&ggﬁtgf SAHENSRAHDBAS t hat
de- st abi lwilkbt fvacR GhaiNAtopSeeddrl iCpraskat irP il d by ap .
extensi on of the gene disSruption ?echni que no%algtsﬂég;gﬁgdﬁ%ﬁﬁﬁg‘b‘?%‘inent
(W nsbon the iasersed (coddB) selypédvedis bor yramislatddl, Aaae}ngg@%} V@eO%{Séﬁ&f 2
PCT/ GB00/ 00257 28 Cenerally, one uses a selectable mar ZF to drsrupt a
gene seq@@ﬂ%@cmﬂﬂhﬂ@adé}é@eﬂbmm@ fimmeatePogarti cul arly if one can
detect the disruption event phenotypically. In many instances the
i nsertion of the intervening sequence wll be such that a stop codon is
ence and 5 the inserted codi ng sequence

present iR fr W he Pnt sequ . [ I
is not tr ﬁsggﬁ%d?a)%}:la&?ng{‘? VB 91?”? hROTHREE ropHonallyuisehuding yregulitorya
differen i r P The.aene nmay hgve one or nore portions
(opti ona??%i%lﬁg’cﬁgépntg%%u eagé (yre} eg‘?b%ﬁo‘?fs{nvzéﬁtﬁgt STt} dng) dage gepestioaci sed
or iryerigsdrted] ihlortBY 1&dU&L iR WLAUQA production of protein from one of the

PMT loci and/or in the production of protein from one of the PMT loci having

a reduced level of activity.

" The PMT genes of Saccharomyces cerevisiae cne:&ie a family of seven

I5 (PMT1-PMT7) protein O-mannosyltransferases which vary in their
specificity.  These proteins -are also known as dolichol phosphate-D-
mannose : protein transferases, dolichyl-phosphate-D-mannose : protein O-D-
mannosyltransferases or phosphomannose transferases &Gentzsch and Tanner,
EMBO 15, 5752-5757, 1996, and references included therein). This family
20  of integral membrane enzymes catalyses the transfer of mannose, in the form
of dolichyl phosphate mannose, onto. the hydroxyl group of serine or

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

- Mg?* - -
Dol-P-Man -+ Protein (Ser/Thr) =  Protein (Ser/Thr)-Man + Dol-P

25 The available evidence suggests that the synthesis of dolichyl phosphate

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

endoplasmic reticulum.




10 inserted, in order to result in reduced production of protein fromone

of the PMI loci and/or in the production of protein fromone of the PMI
| oci having a reduced level of activity. The PMI genes of Saccharomnyces
cerevisi ae eae6de a famly of seven 15 (PMIl-PMI7) protein :
O mannosyl transferases which vary in their specificity. These proteins are
al so knownWgH044172chol phosphat e-D- mannose : protein transPEF4d¥e/00257

dol i chyl - phosphat e- D- mannose : protein O D- mannosyl transferases or
phosphonmannose transferases (Gentzsch &% Tanner, EMBO 15, 5752-5757, -
1996, and references included therein). This fam ly 20 of integral rrenbrane
enzynes caltaisyslesr tiw theassAyaiesodf s nfassly havé hiiffepsm sutstde) (sdin)
phosphat e mannose, onto, the hydroxyl qgroup of serine or threonine within
t he pol ypemmﬁiclum(ﬁenmﬁ&nandaﬁ@nn 19% Iycobiodpgye A c iBd~86YY 2 FiveDok - P- Man
+ Prote| n (Ser/Thr) Protein (S r/ Thr) + Dol -P 25 The avail abl e evi dence
. sudgest s .t FRYENtIRY REPMRIRR SYIC O W‘F%ﬁ%%&p%’é‘tgm%nﬂ@sﬁfmﬁﬁ the
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substrat esll)rf(ﬁémf’@éré’ 2pnaftdd@dPhy dbieh f’mmr A0 Ar@;wggggnes

respective as sho by t hei r under - glycosy ation in me
mut ant Sawhw@mu@aéq csybmed iR phrfanntnt aaiher two test proteins were
apparently unaffect ed by either PMIl or PMI2 nutations, but were
under-gl ycosylated in a pnt4 nutant strain.

The 92kD Pmtlp protein O-mannosyltransferase enzyme has been purified to
10  homogeneity from solubilised Saccharomyces cerevisiae membranes (Strahl-
Bolsinger and Tanmer (1991) Eur. J. Biochem. 196, 185-190). The gene
encoding for the Pmtlp (PMT7) has been cloned and séqucnced. The gene is
located on chromosome IV and encodes a single polypeptide with a prmlary
sequence of 8§17 amino acids (Strahl-Bolsinger et alf(i993) P.N.A.S. USA 90,
15 8164-8168). The sequence information of PMTI (and other PMT genes) may
be used for the identification of related mannosyltransferases encoding genes

1n Saccharomyces cerevisiae.

The sequences shown in Figures 10 and 11 are homologous with the protein
20  encoding rég_ion Saccharomyces cerevisiaze PMTI1, the sequences shown in
Figures 12 to 15 are homologous ‘with the protein eﬂcoding region
Saccharomyces cerevisiae PMT7 and the sequences shown in Figures 16 to 17
are homologous with the protein encoding region Saccharomyces cerevisiae
PMT5. Persons skilled in the art will appreciate that any one of these
25 sequences may be used to identify (or disrupt) a Saccharomyces cerevisiae
mapnosyltransferase gene. It will be appreciated that fragments of the
sequences represented in Figures 10 to 17 maj similarly be used, as may

sequences which are homologous with the sequences represented in Figures




The 92kD Pntlp protein O-mannosyl transferase enzyne has been purified to.
10 honogeneity from sol ubilised Saccharonyces cerevisiae nenbranes (Strahl -
.Bol si nger and Tanner (1991) Eur. J. Biochem 196, 185-190). The gene ’
encoding for the Pntlp (PMIl) has been cloned and sequenced. The gene is

| ocat ed onYOHP4HBSone 1 V. and encodes a single pol ypeptide WCHNGEIOpOISTAN Y
sequence of 817 am no acids (Strahl-Bol singer et al,(1993) P.N A:'S. USA 90,
15 8164-8168). The sequence infornati odlof PMI (and other PMI genes) nay
be used for the identification of related mannosyltransferases encoding

genes i n KhixhdrandytesfregmentssttmecofTh & evhaimrseforspatatine fidiHb R ond and
11 are honol ogous with _the protein 20 encoding region Sac%harorry es
cer evi si acSCANANCES R wedlgkrawrdn éipaff. in  Figures 12 to 15 are honol ogous .
~wth the protein encoding region Saccharonmyces cerevisiae PMI7 and the
sequences shown in Figures 16 to 17 are honol ogous with the protein

encodi ng ‘regi h VG P evi,siae , PMIS. Persons skilled in the art
will apprelgi %@gkfﬁg‘% %Er@g%ﬁgwg]&ﬁ%e%ye 3 shomalagous; “saquepeeusee rchidient i fy
(or di §rugkeuchcSR HaYH; Vi§bra yltr ras ene, It wll
be appr eci a%l%d that f agyngeﬁsg?g%tﬁg%’?é%%gm’roé'pggz’fe%oé’&ﬁpgyﬁ"%raes 10
to 17 may ssquedcarshovhe iWes. ofé JTFisusssl | e QQous Wi th

t he sequencgs repr esent eﬁn Fi gurelsgu\i/r\o gﬁﬁ%%@oﬁ%ﬁ%ﬁ Y0 to
17 and t hesefuengeshowntinemgaodne JEFIpuras¢d thorz.gener ati ng honol ogous

sequences are well known in the art. It should be appreciated that by a
honol ogous sequence, we include 5 sequences having at |least 70% 80% 90%.

95% or 9 %hom)lgg% Yvith a sequence _shown in any one of Figures 10 to 17,
or with afffatféntoBplegy can be determined by, for example, by comparing

10 sequence information using the GAP computer program, version 6.0
described by Devereux et al. (Nucl. Acids res. | 2:387, 1984) and available
from the University of Wisconsin Genetics Computer Group (UWGCG). The
GAP program utilises the al_ignmeht- method of Neddleman and Wunsch (/.
Mol. Biol. 48:443, 1970}, as revised by Smith and”Waterman (4dv. Appl.

15 Math 2.482. 1981). The preferred default parameters for the GAP program
include: (1) a unary comparison matrix (containing a vatue of 1 for identities
and O for non-identities) for nucleotides, and the weighted cc-)mparison matrix
of Bribskov and Burgess, Nucl. Acids Res. 14:6745, L1986 as described by
Schwarts and Dayhoff, eds, Atlas. of Protein Sequence and Structure,

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

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

identification or disruption of genes encoding similar enzymatic activities in




sequence shown in any one of Figures 10 to 17. Per cent- honol ogy can be
deternined by, for exanple, by conparing 10 sequence infornmation using the
GAP conput er program version 6.0 described by Devereux et al. (Nucl.

Acids res. 12:387, 1984) and available fromthe University of Wsconsin

Ceneti cs (iUl Goup (WGBCG. The GAP programutilises the alignnent-
net hod of Neddl eman and Winsch (J. Mol. Biol. 48.443, 19705¢T/480®26%ed by

Smth and Waterman (Adv. Appl. 15 Nat'g%12.482. 1981). The preferred default
paranmeters for the GAP program include.: (1) a unary conparison matrix - -

(containi asvalue of. 1 f identities and O for non-identities) for
nucl eot i &)E@e,r %a‘kjﬁge%ﬁ?ghfé‘a CS%WH& Pgéhﬁ wd T xhomblogy 0b SlayveroshyBus gess,
Nucl . Aci 5‘1;1?}% i 2 escribed by Schwarts and Dayhoff, eds,
Atlas . OL? ro?&séﬂggéﬁlg%@gg‘ﬁggéﬁuctur e, 20 National Bionedical Research
Foundation, pp 353-358, 1979; (2) a penalty of 3.0 for each gap and an
addi tional 0'.10 penalty for each synbol in. each ;gap; and (3) no penalty

for end ghpsyeidt atheeadhnoSheleréfiaiieSis GREQYiHL g‘%ﬂhggﬁg%ngp%g&g ?%\3?3?; .

one or nore of the 25 genes equivalent to the
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sequence g;, PMI1 (or afr_}y
be used Roi fEEViSi@ediM] gemd.onPersogissskified oin te gemes]ie ERge Ship | ar
enzymati g activitpes in WD 00/44772 PCT/ GB00/ 00257 31 other funga
olosf i
speci es. ggle Q ﬁbe SRauaRecPrmIesdRsioy igukeu §0enol eesy sinaitirls bes
descrl'begsédn \Qg %&4687. [EI éfwziﬁgﬁaasatreo her 1t han S. cerevisiae 1s used,
the sequitides e o REQHEnCH omologous with the sequences
represented in Figures 10 to 17 and the fragments thereof,
10
Methods for carrying out gene disruptions are described in the literature, an
example of which is described by Boehm ef al. (Boehm, T., Pirie-Shepherd
S., Trinh, L., Shiloach, J. and Folkman, 7. 1999) Yeast 15 563-572) which
describes the use of the Saccharontyces cerevisiae_»ﬁbcz gene as a marker
15 flanked by Pichia pastoris DNA specific to the target gene. In the example
of Pichia pastoris disruption, the SUC2 DNA sequence could be inserted at a

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

The yeast will advantageously have a deletion of the HSPI50 and/or YAP3
20" genes as taught respectively in WO 95/33833 and WO 95/23857.

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

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




5 Figures 10 to 17 may also be used to identify- (or disrupt) -a gene. . : ..
equivalent to a S. cerevisiae PMI gene. Persons skilled in the art wll

appreciate that fragnents of the sequences represented in Figures 10 to 17

may sim | gL Yehe, Used, as may sequences which are honol ogous with the

sequences
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n, by an internal reconbination event I n accor
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10 The choice of various elements of the plasmid described above is not thought

15

20

to be directly relevant to the purity of the albumin product cbtained, although

the elements may contribute to an improved yield of product. A preferred

embodiment of the fermentation and purification process is described in

Example 1. e

Example 1

The cloning strategy for construction of the albu;njn-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 ADH] transcription
termination sequence were altered such: that the ADH coding sequence was
eliminated and such that two c;onsecumt.ive in-frame translation stop codons

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

-
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repr edented in Fi gures 10 to 17 and the fragnment ECTH&H080925710
Met hods for, carrying out gene disrupt iggns are described in the literature,
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sequence encoding a secretion | eader which, for exanple, conprises nost of

the natural HSA secretion |eader, plus a small portion of the S. cerevisiae




mating factor secretion | eader as taught in WO 90/01063; the HSA codi ng
sequence, obtainable by known nethods for isolating 6DNA corresponding to 5"
human genes, and al so disclosed in, for exanple, EP 73 646 and EP 286 424;
and a transcription termnator, preferably the term nator from

Saccharo e |, as taught in EP 60 057. Preferably, the_vector
incorporg¥§)aﬁwéﬁ§;st two translation stop codons. 10 The YGISFEWAgRS7
various el enents of the plasnm d descrihged above is not thought to be
directly relevant to the purity of th | bum n product obtai ned, although
the el enments may contribute to an inproved yield of product. A preferred
enbodi nent of the fernentation and purification process is described in
Exanple 1. 15 Exanple The 3honin strategy for construction of the

al buni n- produci ng*'mi cr o~ or gafi sm was aSPHi scH@Red i4h EP S 880 except
that the 3' end of the 20 al bum n coding sequences and its junction with
thé ADHI- transcription termnation sequence mere altered such-:that the ADH

codi ng sequence was - §ifiAn ngiRd apgasu E{@f or ve in-frame
transl ati on stop -codons were present, Iovve by =@ t hi t op--codon
downstream as follows: WO 00/44772 PCT/ GBOO/ 00257 33 ....... L GL stop
stop Astop N ....... TTA GGC TTA TAA TAA GCT TAA ...:.. This 'was

achi eved by nodification of the ADHL term nator fromplasmd 5 pAYE309
described in EP 431 880, by PCR nutagenesis using two single

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 IMADH?2 with the sequences:

~ JMADH1
10 - -
HindIIl g
5" - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTIGGTCAAG — 3'
15
JMADH2

Norl BarmHI

20
) r—-T’GGACAACA'I"I‘AGC}’URGA}’LGGTGTG({(;"I‘.."&GCGCCGGCGCCTAGG'I)‘&CG-.."'

- 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 Hindlll and BamHI and ligated into plasmid pBST+, described in

WO 97/24445, similarly digested with HindIIl ane BamH]I, to create plasmid
PAYEA40 (Fig. 2). The ADHI terminator was further modified by PCR
mutagenesis using two single stranded oligonucleotides, ATI9R and the

30  universal -40 primer with the sequences:

e e e e L L L e e 2 L L B e e e e o n e it ettt e S 2 D T T T L R e R NS IR IR T .
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stranded ol i gonucl eoti des, JMADHL and JMADH2 with the sequences: JMADH =
10 / HindlH 5 - GCATAAGCTTTGGACTTCTTCGCCAGAGGTITTGGTCAAG 3' 15 JMADH2 “Not !
BanH 20" 3' - TGGACAACATr AGCAAGAAGGT GTGCCTAGCGCCGECGCCTAGGTACG 5 The PCR -
conditions were 25 cycles of 94C for 60 seconds, 37C for 120 25 seconds
and 72C f avod@7meconds. The 0. 48kb PCR product was di gest eglcmcsuebeish

Hi ndlH and BanH and ligated into plasm d pBST+, described in WD 97/24445,
simlarly digested with Hndll and BanB#, to create plasmd pAYE440 (Fig.
2). The ADHL term nator was further nodified by PCR nutagenesis using two
si ngl e stranded ol igonucl eotides, AT19R and the 30 universal -40 priner
with the sequences: WO 00/44772 PCr/ G800/ 00257 34 ATI9R Hind Il 5 5'-
AGTCCAACCTTAATTCTTATGATTTATGAT-3' ADI9R - 3' - CAGCACTGACCCTTTTG - 5'.
The PCR conditions were 25 cycles of 94C for 30 seconds, 50C for 40

. Hindlll
s _ -
5" - AGTCCAAGCTTAATTCTTATGATTTATGAT - 3'
=0
10 " 3" ~ CAGCACTGACCCTITTTG - 5.

The PCR conditions were 25 cycles of 94°C for 30 seconds, 50°C for 40
seconds and 72°C for 50 seconds and then one cycle of 72°C for 10 minutes,
using the ADHI terminator in pAYE440 as a template (Fig. 2). The machine

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

20  90/01063) employed to direct secretion of mature HSA, was ligated into No!l
and andHI digested pBST+, desc;ribed in WO 97/24445, to generate
plasmid pAYE438 (Fig. 3). The recipient plasmid pAYE438 was digested
with HindIll and BarnHI and the modiﬁ:iad ADHI terminator was successfully
cloned into this vector to generate plasmid pDB2241 (Fig. 4). This plasmid

25  contains the pBST+ (WO 97/24445) backbone, the PRBI pronioter and the
modified ADH] terminator.

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




seconds and 72C for 50 seconds and then one cycle of 72C for 10 m nutes,
using the ADHI terminator in pAYE440 as a tenplate (Fig. 2). The nmachine 15"
used was a Perkin El ner GeneAnp PCR System 9600. A product of the correct
size, approximately 0.33kb, was obtained and digested with both Hi ndu and
BanHl. Pl 1 YE309, described in EP 431 880, was digest.ed wt d and
H ndu and 't éﬂéﬂgwb DNA fragment containing the PRBI pro%fé?%q/@d nt
and part of the HSA/ Mroc-1 | eader sequence (WO 20 90/ 01063) enpl oyed to
direct secretion of mature HSA, was |iJated into Notl and Hi ndul digested
pBST+, described in WD 97/ 24445, to generate plasm d pAYE438 (Fig. 3). The

reci pi ent, plasmid pAYE438 was digested with H ndu and BanH and the
nodi fi ed ’R%Hdsq@femsaapdﬂdv@lsg@wf@gm linker c | ARBWATRD wak sligsted ointd 0

371205 BTN S DB ped ondarssedia P8 sHeoah i3 54 cadhin staiot nt o1
e - rioa B ATE deR GOCRRIT da dunill schfibecit e MK codin Fua, ko or
doubl o st anaad oL oap of ual PReg TR Bant 8 Jodeln. | Clinet i i T
Stuffer Tegion and than the Beudpt to 1 Hr TS cabie s PIaFR O ng
DNA, but desygmatedtploBad4d2 t(Fin 5t an extra TAA translation stop codon. C ones

with the |Ilinker inserted were checked by DNA sequencing and the correct
plasm d designated pDB2242 (Fig. 5). Linker AT21/22
~ Linker AT21/22
10
AT21
Al Bsu361 - HindlIl
e

7

15 TTA AGA GTC CAA GCC TTA GGC TTA TAA TA
CT CAG GTT CGG AAT CCG AAT ATT ATTCGA

A L G L Stop :Stop

20 To create the final rHA expression cassette the Afifl/Bsu361 fragment of
PAYE309 (Fig. 1) was ligated into AfII/Bsu36] digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the-iiTi}:IA expression disintegration vector
was made by ligating the Nod expression cassette from pDB2243 into Nofl
cut pSAC35 (Sleep ef al, 1991, Bio/Technology 9, 183-187 and EP 431 880)

25 to generate the plasmid pDB2244 (Fig. 7) in which the direction of THA
transcription is in the same orientation as that of the LEU/? gene,

The plasmid pDB2244 is therefore derived from the disintegration vector
pPSAC3 (Chinery and Hinchliffe (1989) Current Genetics 16, 21-25) and




10 AT21 Aflll--Bsu36l -Hindil- ,". 15 TTA AGA GIC CAA GCC TTA GGC TTA.TAA TA..
CT CAG GIT CGG AAT -CCG AAT ATT ATTCGA AL GL Stop 'Stop 20 To create the
final rHA expression cassette the Aflu/Bsu36l fragnent of pAYE309 (Fig. 1)°
was | i gat&,g) i r]‘tf Af 71 / Bsu36l di gested pDB2242, meking plasm d pDB2243
(Fig. 6). Rit:ia . the.rHA expression disintegration vect orPCHEBINMMWES7 by

ligating the Nod expression cassette frgm pDB2243 into .Nod cut pSAC35
(Sleep et al, 1991, Bio/ Technol ogy 9, $83-187 and EP 431 880) 25 to -
generate the plasmd in which the direction of rHA

DB2244 (Fig. 7) it
transcri pteBRIses the WE@I% githe Apsntplasmoid, abet HEU2ogedehin toplaass: ththe”

pl asm d 2%#‘ i suHheref o'é%gderi ved fromthe disintegration vector pSAC3.
( Chi nery A QUIS6 198 FXPIRSFIOR: Casspte | s widch Alie 2BRBANprofiofi144772

PCT/ GB0O/ 7 QI e whole of .the 2mp|asmd,, the LEU2 gene to
coRgpI emen e’ 8%@8@5 iﬁ%}[g 'WF“?‘I"\@I‘Q}E? dactezial plassaidpUCY. witheh t he
PRBI pro : Is I | f A _seguence a he bacterial - _
pl asm d [)IQUEC’::S1r ISTﬁ)ghyﬁJ ter tlﬁé ijel{i()‘g(gllﬂszie‘a)9 Pﬁ% frEesge rﬁ&n[}'&é Recembamsevi si ae
2m FLB r i Neh y t l.al .DNA is.present in the
or gani smqﬁged for glragdﬁtgte?%ﬁegfm rﬂljiﬂt}\( gﬁi ﬁ%&%ﬁgﬁg ﬂene’r'\ge*nf"&@, uﬁifi cﬁpf. ).
The expr gusilnctioreof tHAI{Chimeey oA Tchligfes WpSting, PRBL promoter and ADH

transcription termnator to control expression and the HSA/ MFa- 1 | eader
The expression vector utilises the S. cerevisiae PRB] promoter and ADHT7
transcription terminator to control expression and the HSA/MFa-1 leader
10 sequence (WO 90/01063) to direct secretion of mature HSA.

The plasmid pDB2244 was introduced into a Saccharomyces cerevisiae strain

_ which was leu2, yap3, hspl50, pmtl [cir®] by the method described by
Hinnen et al, (1978) P.N.A.S. 75, 1929. The pmtl Anutation may be achieved

I5 by the method of WO 94/04687. Transformants were selected on a buffered
minimal medivm (0.15% (w/v) yeast nitrogen base without amino acids and
ammonium sulphate (Difco), 0.5% (wiv) ammonium sulphate, 0.1M citric
acid/Na,HPO,.12H,0 pH6.5, 2% (w/v) sucrose)) l#ckjng leucine. 'When
transformants were grown for 72 hours at 30°C, 200rpm in 50mi flasks

20  containing either 10ml of complex (YEP, 1% (w/v) yeast extract, 2% (wiv)
bﬁctopeptone and 2% (w/v) sucrose), -or buffered minimal medium liquid
medium, rHA could be detectec? in thc: 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




10 sequence (WO 90/01063) to direct secretion of mature HSA. The plasmd.
pDB2244 was introduced into a Saccharonyces cerevisiae strain which was
| eu2, yap3, hspl SO pmt! [cr] by the nmethod described by Hi nnen et al,
(1978) P.N. A S. 75, 1929. The pntlfnutati on may be achieved 15 by the

met hod ofwilgeR4794687. Transformants were sel ected on a buf 01 ni nal
medi um (0. 15% (w' v) yeast nitrogen base w thout am no aci ds"'ﬁggm}g%ni um
sul phate (Difco), 0.5% (wv) ammoni unggul phate, O 1Mcitric

aci d/ Na2HPOX4. 12H20 pH6.5, 2% (w v) sucrose)) |acking |eucine. Wen

transfor £ 30C, 200rpmjn 50nl fl asks 20
cont ai ni ﬂg gelﬂ'ﬂ]@ 8{%%1%%&3%%%@8&8%@%3&8% u‘ifgé%fjt R’@x?‘ﬂ&!ﬁe, pthg, (w v)
bact opepphrizen@erf 20 ), .-or buffered mnimal mediumliquid
medi um fr)I—IA Iéoul d b?%ﬁe)c?e l|8h$t he cell free culture supernatant by SDS-

pol yacryl am de gel el ectrophoresis and/or by rocket gel

i nmunoel ectrophoresis. 25 A stock master cell cultwre in buffered m ninal
medi um i Shedetnecntationpaas essentiallygthet sukis dswiy deqgited! in FROKDef75950CeSS
yeast _ sui tcﬁtﬂ{g faor the WO 00/44772 P r/ G300/ U0257 37 preparation of shake
flaskd cutBdirés Hy/2& 583 riepthl pfjuvhichotret liscarpiorated herefieby pepgense of 20%

(wv) trehal oge. .w The fernentati on was essentially the sane as is
descri be‘axqeﬂg% @g/fgﬁgﬂgng 1&7%’6?“6@?:5 728 553, both of which are

i ncorporated herein by reference, except for the follow ng differences:
Seed Fernentation

Seed Fermentation

10  After the medium for rHA production has been added to the seed fermenter
vessel, the operating temperature of 30°C is set, as well as the minimum
stirrer speed set to achieve homogeneity and so avoid gradieﬁts of nutrients
such as oxygen or carbon. The initial pH is adjusted with ammoma solution

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

15 6.40140.10.

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 aidjusted with ammonia

- (eg aqueous ammonia specific gravity' 0.880). This lower fermentation pH

20 results in an enhanced mass spectrometry profile of the rHA.

It is preferable for the initial pH to be near the top of the aforementioned
ranges to facilitate observation of early metabolism, since a decline in pH is

the first sign of growth detectable by on-line instruments.

Particularly for strains with a deficiency in one or more of tlie PMT genes, it
bas been found to be beneficial for the ferment}ition to be conducted at a

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




10 -After the medium for rHA production has been added to the seed fermenter..
vessel, the operating tenperature of 30Cis set, as well as the m ni num
stirrer speed set to achi eve honpbgeneity and so avoid gradi ents of

nutrients wigeys@s oxygen or carbon. The initial pHis adjusted with
amoni a solution (specific gravity 0.901) using a pH cont r SIGHEBAP03E7

6.40; controlled at 15 6.400.10. . Alt gnatively, pH is maintained in the
range of 5.50 to 5.90, with the lower ¢€ontrol set point being 5.50. The-

initial p xQﬁa | ed Wit h i eg agueous anmoni a specific
gravi tyo. ?81%?)% T |t§ﬂ{ g\'?\sérﬂfl Pﬁg?ﬁ@ﬂ)&ﬁﬁé a1 §et poing between phlte@0nass
spect ronmetand pH& 7He r | r rapl e,for the initial pHto be
near the top gf thdé g]?%i;efe'ﬁnlgxt%gé&& ﬁrlg?fgeg&fﬁgacﬁtispﬁ & digharpH, dheof
ear |y net apudlity of the eeatratedRcdipmiGichftl v bip ' sj gn towt h

det ect abl e by t)én-l i ne i nstrurré%ltﬁ?. Zgggp??%ﬁglrl%ﬁ ?équcér%ﬁ?ﬂbgéﬁ\t,&ﬁl&

def'i ci encylysls remtltoin ol alebfris temaiftvp e 8@penkion m“ﬁﬁgr}hgg tg?(?%(?ﬁ -
gher i S

benefigial for .the fermentation to be condicted at a

normal Py rSEERiof die femmentationn ahicthds sofficient ol td HefioviOal} 7

PCT7GB00/ %@&@38 appr oxi gly 5.5, it is beneficial to hgé\féélé g%%%rol
set point Sns%%gét@m-a i51 derponsigateticna Alableb d welserePiiGignifognf S At
such a hi 3 lity.of the centrate is significantly I nproved
due to re E@%co‘ celr'% Iﬁ%/s lsiaweﬁﬁlt COP&W%sﬂffﬁe&yﬂmP- isHpemlatan eisrshowie nelieni ng i n
suspensi Offhéd 2bAsp BRItRreEi fHef | t of the fernmentation which is
suf fi ci ent o%ly to r(;?rrove a eﬁ%@%éﬁigﬁﬁmﬁ’@%@d&lﬁaﬁ-am. This is -
denonstrated in_Table 1, where-a significant reduction in the wet weight
content af _a culture supernatant is shown when

Fermentation pH Wet Weight Content of
Supernatant (g. L)
5.5 | 9.9
‘ 2.4, 6
6.3-6.5 . 3.4 )
: (1.0, 13)

10 Table I: Relationship between centrate quality and fermeritation pH in seed fermenter

vessel. Values in parentheses are standard deviation and number of sample;

2M Hz_304 is also used as a pH corrective agent. Sucrose to 20g.Lt, MWI10

batch vitamins, and Breox FMT30 antifoam to 0.04g.L" are added to the
15 vessel.

Sterile filtered air is introduced into the vessel at 0.5 v/v/m (je 0.5 litre non-
compressed air per litre of medium pef minute), the medium js inoculated to

| >10 mg cell dry weight L' from axenic shake flask culture and a
20  supervisory computer control system is initiated. The ekpccted bdtch phase is
62 + 10 h from an inoculum concentration of 12 mg.L*. MWI10 feed must

be connected before the end of the batch phase (volume equal to batch
volume). T




the yeast is cultured in the pHrange 6.3 to 6.5 corrpared to pH5.5. .
Fernmentati on pH Wet Wei ght Cont ent of Supernatant (g.L'') 5.5 9.9 (2 4

6) 64.3-6.5 3.4 (1.0, 13) 10 Table 1: Relationship between centrate
quality and fern . Cation pHin seed fernmenter vessel. Values in

par ent hes&¥0 a¢/¢4732 andar d devi ati on and nunber of sanpl es. 2ptizBe¥od287 al so
used as a pH corrective agent. Sucrose to 20g.;', MNO .batch vitam ns, and
Breox FMI30 antifoamto 0.04g.1;' are &%ded to the 15 vessel. Sterile _
filtered air is introduced into the vessel at 0.5 v/v/im(ie 0.5 litre non-

conpr esseffeafurepaf thet formentatindi uoomed! Algoithe) mél?&e ”eﬂie“ dSof B&gﬂ' at-ed

to > 10 cell_dry weight I:' from axenic shake flask ure and a 20

super VI soP h@lﬂ@eﬂgmﬂﬁd by dissolvend oxygen tamicﬂd(D@Ig m&m&qﬂ' batsgh phase

S 5 from i_nocul um cqncentration of 12 MALO feed nust be
. connect ed“b Pomdn é“ﬁ?ﬁ beingh mitiated natpB HSe l@ﬂlqieuriuredmmh neediaig the

-vol“une) . 0/44772 P /GBO 100257 9 Features of the fernentation .
cont r ol \F/@ﬁ%a[tﬁr‘\i?‘?(ﬁ tepmdnest ageardmg ghthsefaramly, SFgraSFet® b
gy, oi'g y

T eV BBR ?%@%W%d G GG miN, Pk inftisksuimte det e e el ng
feca rat ctpmrom b pPishsetfc pAMM fire Horicaiisle BObH Y Boak i a couster ™ ©

variable started at 0 and increased by 0.0167 once every 1 min if all

conditions are met.; and the substrate feed rate (via manipulation of k) being
reduced-in response to DOT <15% and/or respiratory quotieht RQ =1.2,
10 |
The feed is stopped if the pH <6.2 or if the temperature <29.0°C or
>31.0°C. This may also be done automatically through the control
algorithm. The SF is reduced if the average RQ >1.13 over a 2h period, or
if there is evidence of ethanol or acetate accumulatiqn’:
15
Agitation is increased to maintain DOT >20% air saturation. Onée the feed
is started, the comcentration of Breox FMT30 is increased to 0.3g.L?
(calculated on final volume). The expected feed phase duration is 65 + 17 b,
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 lévels
sufficient to provide accurate gas amalysis. The air flow rate of the
fermentation is nominally 1 v/v/m. Daily checks are performed tc.)— determine
25 purity of culture and CDW., Appropriate samples are retained. At the end of
the feed, the culture is transferred to a production vessel.




(mL.min"), it is specific growth rate (for exanple 0.06111), and k'is a -
counter variable started at 0 and increased by 0.0167 once every i mn if .
all conditions are nmet.; and the substrate feed rate (via manipul ati on of -
k) being weduegt in response to DOT < 15 % and/ or respirat j.£nt
(RQ > 1.2. 10 The feed is stopped if the pH <6.2 or if tﬁgltdegrégﬁé?%?ure
<29.0C or >31.0C. This may al so be dod® automatically ‘through the control
algorithm The SF is reduced if the average RQ > 1.13 over a 2h period, or
i f there PsodustidenBernodntgtigy@nol or acetate accunulat of 15 Agitation is

i ncreased to nmai ntarn DOT >20% air saturation. Once the feed is started,

t he concentration of Breox FMI30 is increased to 0.3g.:' (calculated on
final volyne). The expected feed phase duration is 65 17 h, dependent
upon t r andhedrodugtion fesmentsr istinocwlatad at Q.25The@0gi¢dvr /oW iThd RGFSE

t hough the ferpentation to _nmaintain the values of oxygen uptake Tate
(OUR) and®c¥ JE}B'?FEQW | YRmAER Foluion 486 0, using 2 pif comrilldrcigis to .
provi raf.e S al.ysi.s., The air nowrate of the fernentation is
nom n%elf/lﬁ vﬁ/cﬁ%@ﬁiﬁtﬁg@'gﬁe performed to determine 25 purity of
culture and CDW Appropriate sanples are retained. At the end of the feed,
the culture is transferred to a production vessel. - . WO 00/44772

PCT/ GBOO/ ABatitely, b ' odugtjon fermenter is
[ nocu! ated at 0. 2?’115%%5%%%156& ﬁﬁieléitr# ?g?%pﬁp 0 $§0ad\y ttggrk‘ﬂ"“m
anmoni a seonitol wet oEmObAAg)5. 59! NThe dnittdl G U0 bR adifibted! with ammonia
(¢g aqueous ammonia specific gravity 0.880). This lower fermenation pH
10 results in an enhanced mass spectrometry profile of the rHA.

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

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

20 - and pH6.70 , preferably between pH6.3 and 6.5. At such a higher pH, the
quality of the centrate is signiﬁcandy_?‘i;nproved due to reduced cell Iyéis.
Cell lysis results in cell debris réiﬁaining in suspension following a
centrifugation step of the fermentation which is sufficient only to remove all
whole cells from the superpatant. This is demonsu'ated in Table 2, where a

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

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




S pH6.40; controlled at 6.40 0.10. Alternatively, pHis maintained in the

Fange of 5.50 t0'5.90, With the lower control set point being 5.50. The "

initial pH nmay be adjusted with anmonia (eg aqueous amoni a specific
gravity 0.880). This lower fermenation pH 10 results in an enhanced mass
spect r omegi\peRE PRI | € of the rHA. It is preferable for the ifiti 00@#_};0 be
near the top of the aforementioned ranges to facilitate obser

early metabolism since a decline inpjis the first sign of growh
detectable by on-line instrunents. 15 Particularly for strains with a
deficiency in one or nore of the PMI genes, it has been found to be .
beneficial for the fernentation to be conduct ed at a hi gher pH than is

normal |'y| requi r gebyrrddiitStiohdSET t han fcontr oxt+rgtely 5.5,
it is bgneficial to {ﬂt 0 aé:%ntrol sgt poin et% }‘J’EO and pH6. 70 ,
pref er ab nd.6.-.5 At Isuch ;:S'“Hﬂ?&a ) quality of the

cehtratd is significantdy inproved dde to reducedBﬁaBI IyS|s. Cel]l lysis
resultsijin cell debrié.§emining in guspensi on folhoyvl ng a centrifugation

step of UIupld 27 "ROLGLE nd O-1eht whol e
cells fromthe supernat gn%%ﬁl éseﬁltl? dgrmns#gtq% tatf%\'bllr’gf? PWﬁ’é’F%“"a 25

Si gnlflcdfﬁﬂ-eductlon in the wet weight content of a culture supernatant is
shown when the yeast is cultured at pH 6.5 conpared to pH™5.5. WD 00/44772
PCr/ GB00/ 00257 41 Fernentation pH Wt Wi ght Content of Supernatant

(g-L'5) 2MHHO3is ﬁsé ufed as a pH corrective agent. Sucrose to 20g.L"!, MW10

batch vitamins, and Breox FMT30 antifoam to 0.04g.L"! are added to the

vessel

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

SE, =1000 x u x [CDW] x V.,,f;;:

60 x Y, x [sucrose]

wherein SF, is initial substrate feed rate, p is specific growth rate (fof
15 example 0.06h'), Vi, is batch volume (L), Y,t,sE is cell yield (g.Lh),
{sucrose] is sucrose concentration (g.L™1) and [CDW] is cell dry weight
concentration (g.L™'). The substrate feed rate is determined according to the
formula, SF = SF.e**, wherein SF is substrate feed rate (mL.min); SF, is
initial substrate feed rate (mL.min), p is specific growth rate (b)) (for
20~ example 0. 06}.1"), and k is a counter variable started at 0 and increased by
0.0167 once every 1 min if all conditions are met. A number of conditions
are constantly reviewed during the fermentation; and used to adjust SF via
manipulation of k; SF is reduced in respomse to DOT '<15% and/or
respiratory quotient (RQ) > 1.2. The feed is stopped if the pH <6.2 ;)r if the
25 temperature <29.0°C or >31.0°C. This may also be done automatically




Tabl e 2: Rel ationship between centrate quality and fernmentati on-pH in e
production vessel. 5 2M H2SO4 is al so used as a pH corrective agent.
Sucrose to 20g.;', MAMO batch vitamns, and Breox FMI30 antifoamto

0.049.L"" ¥ceondsipd to the vessel. The initial substrate feed rate is
determ ned according to the fornula: 10 - SFoleOOxxlCD\/\lx\e?f':’(,;B%%”%sWﬂ X

[ sucrose] wherein SFo is initial substrﬁe feed rate, 1is specific growh
rate (for 15 exanple 0.06h""), Wb",,, I'S batch volunme (L), Y,/, is cell -

ield . f - | tration (g.L""’ d is cell
Uy et gt ongt AR SARFY AiBaRER” Fhe U B rbderd e mebasa RQ a A Bod
or di : = 1, in SF is ,substrate feed rat

(o -0 Qe T PEIO e Bere i tidelice of pialiof o scpdts acctratiBgn ric

growh rate (h-") (for 20 exanple 0.06h-"), and k is a counter variable
started at 0 and increased by 0.0167 once every 1 mn if all conditions

t. Agitatosr incfeased db t i ‘ h ifiehi ¥
are met. /Agitatioes inofeas m@nﬁamqnmcgrm%nﬂrkahfrﬁh%,e?ncgﬁ%ﬁ%&f 8buced

fermentation, and used to adjust SF via manipulation ©

in resPongemasimam 'ones mttainddrin omlepi toafmilitae Thixgns. (Hﬁheﬁelge%g jde feed
is stopped if the pH <6.2 or if the 25 tenperature <29.0C or >31.0C. This

may al so BETEGndhcosEiureals yndep Goban imt@ion CRROLARRETad8n dthBRMEh t he
cont ol ST s b3 SN OL Toane, e s
expected feed phase duration is depéndant upon - transfer limitations of the
| vessel, typically 90-120 h at the 8,000 L scale. |
10
The air flow is increased incrementally through the fermentation to maintain
the values of oxygen uptake rate (OUR) and carbon dioxide evolution rate
(CER), at levels sufficient to provide accurate gas analysis. The vessel is
‘ overpressured as necessary to emhance OTR. ‘Ffe air flow rate of the
15 fermentation is nomimally 1 v/v/m. Daily checks can be pcrformed to

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

20 Hold of Production Culture

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

processed.




Agitation increased to maintain DOT >_ 20 %air saturation, and maintained
at 5 a maxinumonce attained in order to facilitate m xing. Once the feed
is started and the culture is under carbon Ilmtatlon t he concentration

of Breox FMI30 is increased to 0.2-0.32g.L'" (calculated on final volune).
The ex d phase duration is dependant upon transf ons of
t he veggg({)%gf?{;’g?capl y 90-120 h at the g 000 L S(F:)al e. ‘é”?"@”ﬁ"f’?’

i ncreased increnentally through the fe ntation to msu nt ain the val ueg of
oxygen uptake rate (OUR) and carbon di Oxi de evolution rate (CER), at

%SZ?L%??&%L“ 5 Rabidie fruRBR, dpRitpar Aymimin Z“s&ﬁ&éﬁ%qm ame 15
dgig‘??{ﬁt O S0P Rl o BT TIPSR e cedfRiagadte &%q ained.
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appr opr i eﬁdaﬁomﬁﬁdtprombla@uv { CPrefeRARsSsetiufl oblfostd! fsuéd'dedThe hol d
time should be kept to a m ni num ut can be extended up to 48 hours and

beyonfi i {Cheomatoprgpliye §oluticn ddy(€)S14) +- Deiblev3) lto befingcmentratdohhsft 1- under

condi tions of batch processing, the constraints of hold tine as expressed

herei n apfma ofor rexamplgl approximatedy -3mM.c (ThepH tis asustpd owithsectio\d

00/ 44772 7 43 The tr e fromthe fernmentation, or an

i mpur e aﬂﬁg{wgﬂgﬁ? nPFFf?ﬁ?‘élﬁy‘f-%@t -k fmost preforably st o). 99)rand the .
prepared,. o condi ne f or aphy on a cation exchange matri x
thiTe prspeem‘agf Chfﬁgb?‘ﬁ&he <5 SRt

10 Chromatography

All operations can be carried out at ambient temperature (20 + 5°C). The
alburgin loads (g/L) for the chromatography columns are determined from
titres of albumin (g/L) by either SDS-PAGE (at the" }irst step) or GP-HPLC
15  (for all other columns). The progress of each step is monitored by measuring

UV absorbance on line, for example at 254 or 280nm.

In a particularly preferred embodiment of the i)resent invention the

purification process comprises the following steps: cation exchange

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

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

chromatography step (PBA); uitrafiltration and diaﬁltraﬁoﬁ; a second cation

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

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

25 followed by final ultrafiltration/diafiltration followed by a formulation step,
and/or placing of the solution into a final container. A
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pol'ymeri sation and protease activity. Preferably, sodium octanoate-is-added-
5 (Chromat ography Solution 14 (CS14) - Table 3) to a final concentration of,
1- 10mM for exanple approximately 5mM The pH is adjusted with acetic

acid to phdedgasay, preferably 4.50 0.1 (nost preferably O. and t he '
conductivity is checked to be <5.5mScni. 10 Chromat ogr aphy g‘?%’%ﬁ@?%?ons
can be carried out at anbient temperatgge (20 5C). The. albumn |oads -
(g/L) for the chronmat ography colums are determned from titres of al bumn

(glL) by ¢hkh R [:1.'S e I -HPLC 15 (for all other
col ums) . Theggpqr%g}?eesﬁpf %%%#?@géﬂeﬂﬁéi %teﬁr% nﬁ o&é@egﬁnﬁca@u 1§ igovelyand
absor bancinventivé e a fhihbe@MRpecat A A ' ar
preferred ent.)odi'tr}rient of the pres%nt?iﬁﬁ\}%%tlon ?}f%ﬁébgﬁeru&ﬁ@ﬁkﬁ(%g&ess
conpr i sesimatmx it amimgroedpisuffergtak deseibai hgtein 28nd B QA SP- FF) ;
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antigen cl earance, as neasure
chromatography step of WO 96/37515.

Loading the aminophenylboronate matrix with a highly concentrated albumin
solution, for example 100+10g.1}, -means that improved resolution of the
rHA and yeast antigens can be achieved because of thé smaller load volume.
15
- WO 96/37515 includes a S200 gel permeation step after a first affinity
chromatography step. The gel filtration step purified the albumin with
respect to yeast antigens, pigment and dimerised dbm. We have found
that this step is no longer necessary because of the improvements we have
20 made to the aminophenylboronate affinity step and the introduction of

additional cation and.anion exchange ste;_is,

Followipg the aminbpheny_lborénate affinity step it is preferred that the
albumin is concentrated and diafiltered for a negative ﬁaode cation exchange
25 step. We have found that the combination of this diafiltration step and cation
exchange step substantially reduces the relative concentration of nickel jons.

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




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

wi dely ranging constituents and properties. The buffer provides a

si gni f i cawpDlog/4d1Ter eased cl earance of yeast antigens, when roonpesou@d2syi t h
the buffer used in the PBA 10 chronat ography step of WO 96/ 37515. Loadi ng
t he am nophenyl boronate matrix with a 4 ghly concentrated al bum n -
solution, for exanple 10010g.L7, -neans that inproved resolution of the
rHA and yleasls. &furisgquentiygnlieanicpiridied deording ©f thelsesand iﬁenﬁeﬁwol‘um-
15 WO 96/ 37515 i ncludes a S200 gel perneation step after a first arfinity
chr onat og? Swiprisiegly lownaickel iofiicontenti (bessshzm 100ngfg eflalthanai)bunin with
respect to yeast antigens, pignent and dinerised al bumin. W have found
that this step is no | onger necessary because of the inprovenents we have
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purifi ed recombitiang protltinatant eSevtharomyoes eerdvisiae abp WproximateYy | ©9L ni ckel
ion content (less than_100ng/ g _of al Qum& 0 :

- fold.” -A- greater effect is achieved with rHA derived from non-pmr] mutants

10 (2-3 fold clearance).

In comparison with other commercial yeasts, Saccharomyées cerevisiae
produces a relatively low level of modified THA. Aécordingly, the negative
mode cation exchange step and the use of cells with a deficiency m one or
15 more of the PMT genes may be of even"greﬁférﬂ importance if the rHA is

produced by a recombinant host other than Saccharomyces cerevisiae.

The chromatography solutions used during the 'puriﬁcation of albumin are
detailed in Table 3. Because of the very large scale manufacture of albumin,
20 and the relatively low cost of the product, these buffer salts are the most
suitable for the process as they are _h-_'z',w,ailablé 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. (egv malate for
25  acetate), but in most instances cost and availability at large scale rule out their
use. Alternative salt forms can be used provided they are soluble; available

at industrial scale and low cost.




The negative node cation exchange step, as described herein, is used to6=~5 "
renove Concanavalin A binding nmaterial (cbnm) which is a small anpbunt of

nodi fied rHA, thought to be glycosylated. The negative -npde cation .
exchange sW@P0H4Z2been found to reduce the cbm content produygadcid/oezsy
reconbi nant pnt]-nutant Saccharomyces cerevisiae by approximtely 1. 3-

fold. -A greater effect is achieved w t4 rHA derived fromnon pntl nutants
10 (2-3 fold clearance). In conparison with other commercial yeasts,

Sacchar dingcbeifee rsohitiome caprivgd peepared at ahé V@ﬁeﬁ&ﬂﬁbﬁyﬁﬁ SElti c%%l ‘%d r HA.
Accordingly, the negative node cation exchange step an % e use ot Veefy s
with a BeRGEEtRd Steclkoseluionss canr be oprephredPMAd0aHREdBY Hifued R
i mportance i.f the rHA is produced by a reconbi nant host other than

Sacchar BRREdEE USeyi si ae. The chromat ography sol utions used during the

puri fication of albumn are detailed in Table 3. Because of the very large
scal e manufacture of albunin, 20 and the relatively |ow cost of the .
product cafibR I8 BUhEE O na he nost suitable for the process as they
are ava‘r%a'gﬁ'e—rn—aém y—-@%ﬁﬁrm at industrial scale and are | ow cost
conpared 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,
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nost instances cost and availability at e sca
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sol ut i GPRiFRMARES prd pigmented compounds by r@tioﬁ@xdbﬁﬁgeiaﬁgnﬁ%%%ﬁf The
on-11ne

concentra&l%g stock sol utions can be prepared and m Xed or dil
f or me uses a commercial cation exchange matrix such SP-Sepharose FF, SP-

Spherosil, CM-Sepharose FF, CM-Cellulose, SE-Cellulose or S-Spherodex.
Preferably, the matrix is SP-Sepharose FF (Pharmacia) which, if used in an axial
flow colurn, may be at a bed height of 5 to 25cm, preferably 10 to 15cm, for
example 12.5 cm. If a radial flow-type column is used, a suitable bed flow path
length is 11.0 + 1.0cm. A column loading of 10 to 50g albumin/L, preferably 40
+ 10g albumin/L, of matrix is snitable. 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 CSO01 is used to remove
storage solution CS07 from the column; however, any buffer with a pH < 6.0 could

be used. Equilibration is judged to be complete when the pH of the column effluent
is approximately pH6.0. -




l.medi at e use.
purified with respect to at | east yeast proteins (if the albumnis rHA

froma yeast fermentation) and other antigens, |ow nol ecul ar wei ght

contam nants and gnent ed conpounds by cation exchange chromat ography. The
met hod us&¥O0R0/4h r?'grerm al cation exchange matri x such SP- SepharacEsehe2s7SP-
Spherosil, CM Sepharose FF, CM Cel | ulose, SE-Cell ul ose or S-Spherodex.
Preferably, the matrix is SP- Sepharo‘é FF (Pharmacia) which, if used in an
axi al flow colum, may be at a bed height- of 5 to 25cm preferably 10 to
15cmIgte 3 &lawnetqu@bmolumas fedithe purifledtinie of dllbewmins Usil, a

suitable bed flow path length is 11.0 1.0cm A colum | oading of 10 to
of rratrix is suitable. The

509 & al bhum n/| nr. eferahlv 40 | O _al bum n/ L,
mat r | x |s eq‘é&"oidd& ated wifh er. to] penove
" sol, upHen buf %&%ﬁ’eﬁfd the QP?"GFFQUEHO ghPib  riedonductivitygH
to a at el meh@ 0. Al buffer such as used to rengve t or.agq..
sol GSO7Trom L he—eo Y huvv‘C‘v'C.", 9”"%#59 th a_pH46. @"iﬁmla be
used CEQIH B ion is Judge(CHp:(beHcon])l etengsen t e PpH5{ tlhe1gol 2
effl Equiliprany/Washe| [ PHo, 0O 001 #4772 —PSH-SH00/ 96857 | 47 Table §:
Chr d phy sol uti ons forNiiﬂ@I Ph% fi gati oA00f al unin Sal gtion
Congti t uen Dﬁoppm{,ﬁﬁih&n pH C()Wdit)}:t ivity No. Nane |(nb.cui-'|) CSOL SP{FF
cH3 g : i Eepti-H-braRt\Wash3 5. 65 / (21% 4.00__DEJFF
ui | iJoFSR JCW W) CH,COOH 3.00 39-41 1 06-0.8
NaOH (27% 1.19 |
T - (wiw))
CS03 | SP-FF Wash 2 CH,COOH 1.62 3.9-41 | 125-165
NaOH (27% 1.19
(w/w)) )
NaCl 117
CS04 SP-FF Eluent/ _ _
* | DEFF Pre. CH,COOH 513 54-56 | 50-60
Equilibrant NaOH (27% 115~
(w/w))
Octanoic Acid 0.721
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH 27% 74.1 > 12 80 - 120
(wiw))
CS07 | 20mM NaOH NaOH (27% 2.96 s 12 35.5.5
(wiw)) '
CSO8 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-9.4 | 2.5-35
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 9.2-9.5 ] 15.0-18.0
CS10 | DBA CH,COONH, 19.3 87-9.1 | 18-22
Equilibrant/Wash
NaOH (27% 5.93
(wiw)) '
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Cati-on Exchange Chromatography Al bum n is concentrated and....




CS02 SP-FF Wash 1 CH3COOH 3.00 3.9-4.1 0.6-0.8 NaOH (27 % 1.19 (W W) S vme

CS03 SP-FF Wash 2 CHICOOH 1.62 3.9-4.1 125 -

117 CSX4 SP-FF El uent/ C113000H 5.13 5.4-5.6 5.0 -
Cctanoic Acid 0.721 CSO5 _Salt d ean

95 Pol ysorbate 80 5.00 CS06 0.5M NaOH NECHGE98925774. 1
OH (27%2.96 > 12 3.5-5.5

CS08 DE- FE Wash KzB407.4H20 4.80 9. O-églfi4 2.5-3.5 CS09 DE-FF El uent

NaCl
Equi |
NaCl
> 12

55, 4 OB

(W w)) CSO7 20mM NaCty

80 -

120

7% 11. 5

(ww)

165 NaOH (27% 1.19 (ww))
6-0 DE-FF Pre

(ww)

K2B407. 4H20 33.6 9.2-9.5 15.0-18.0 CS10 DBA CH3COONH4 19.3 8.7 -9.1 18 -

M) ) WO 00/ 44772 PCT/ GBO0/ 00257 48

22 qni Lihr ant 0AMish NaCH (_27%5 93 (w
CS11| @B iElluseA Biagh 117 6. 7-7.a@R5- 165 ;17 6.7-7.1 | 125- 165
NaOH (27% 14.1
. (wiw))
H,PO, 5.79
(85%(wiw)) _
CS14 | 2M Sodium NzOH (27% 281 7.8-84 -
| Octanoate (wiw))
Octanoic Acid 288
CS15 | Acetic Acid CH,COOH 1045 - -
Cs17 (DEFR2 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 5.5
DE-FE? Elution o ' >03
NaOH (27%w/w) 4.07
CS19 {SP-FR2 CH,COOH 1.80 5.2-5.4 1.82.1
Equilibration/Wash
| NaOH @7%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%(wiw) Acetic CH,COOH 205 1.9-2.2 1.8-2.0
Acid ‘
H,0 820
Cs22 iiqal pH Na,HPO, 71.0 11.2-11.4 43-49
_dJuslment NaOH (27 % w/w) 37.0
EXO4 |Final pH adjustment | NaOH (47 %w/w) 42.6 =12 80-120
alkali H,0 970
EXOS5 |Final pH adjustment]| HCI (37%wiw) 19.7 <1.5 60-90
acid H,0 982

'All weighings are + 2%, for this particular example,
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NaOH (27 % 14.1 (ww)) H3PO4 5.79 (85%w w)) CS14 2M Sodi um.NaOH (27% 281 .
7.8 - 8 4 - Cctanoate (Ww)) COctanoic Acid 288 CS15 Acetic Acid CH3COOH
1045 CS17 DE-FF2 CH3COCOH 1.50 4.5-4.7 0.85-1.05 Equilibration/Wsh NaCH
(279 w) 1.66 CS18 Positive-node NaH2PO4. 2H20 8.58 6.8-7.0 5.5-6.5 DE-FF2

El uti on NAPYH7%/ w) 4. 07 CS19 SP-FF2 CH3000H 1. 80 5. 2-5. $c/8gdunbas7

Equi | i bration/ Wash NaOH (27%w/ w) 3.52 CS20 PBA dycine 7.51 8.3-8.6 18-22
Equi | i bration/Wash NaCl 5.84 NaOH (249w w) 0.95 CaCl2.2H20 7.35 CS21
O%W/Z)h Acetic CH3COOH 205 1.9-2.2 1.8-2.0 Acid H20 820 CS22 Final pH
Na2HPO4 be iceptrate Frarh. 4 -feriBenttion is prepared, or conditioned, for chromatography

s e AR S e T e i e AR

on a cation exchange matrix while protecting the rHA from polymerisation and
protease activity. However if the yeast strain is not deﬁc:ent mn the proteases that
degrade tHA at the pH reqmred to purify the rHA then the culture supernatant |
should be pasteunsed, for example by a heat treatment of 50-70°C for 30 minutes to
5 hours, as detailed in WO 94/03636. Typically 1-10mM sodiuin octanoate is
sufficient to protect the rHA from heat denaturation and 30 seconds up to 10 minutes
at temperatures of 60-80°C adequate to inactivate the proteases in a batch or
flowthrough-procedure. Pasteurisation may also be desirable if HSA is used.

The conditioned centrate is then loaded onto the column at a flow rate of, for
example, 0.07-0.75 bed volumes/min, preferably 0.3-0.6 bed volumes/min, in this
example 0.5 bed volumes/min, ~and then the column is washed with one or more
solutions to remove residual contaminants. The columﬁ 1s washed first with, for
instance, eight volumes of 10-100mM, preferably 30-70mM, for examplé 50mM
acetate, pH3.9-4.1, 0.6-0.8mS.cm™ (CS02). The column j 1s then washed with four
volumes of a high sait buffer containing 1-3M Na(l, preferably 2M NaCl, in
sodium acetate buffer (for example 10-50mM sodium ‘£1cetate, preferably about
27mM, pH3.54.5, preferably PH4.0 (CS03) and then ten volumes of CS01. The
albumin is eluted with, and collected in an acetate/octanoate buffer (for example 40-
120, preferably 60-100, eg 85mM acetate, .and 2-50mM, preferably, 2-20mM, eg
SmM octanoate, as in CS04). The collection of albumin starts when the UV signal
rises above 0.6 A,/cm, and collection continues until the UV signgl falls below -
0.36 Ay/em. The column is then cleaned using 0.25-3.0M NaCl and 0.052%
detergent (CS05) and then 0.1-1.0M NaOH (CS06), then stored in diluted (10-
S0mM) 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




Adj ust ment NaOH (27%Vv w) 37.0 EX04 Final pH adjustment NaOH (479%W/ w) 4Z.6. .-
> 12 80-120 alkali H20 970 EXGs Final pH adjustment HCl (37%W/w) 19.7 51:5
60-90 acid H20 982 All weighings aret 2% for this particular exanple. WO
00/ 44772 PR ¢BQAPH00257 49 The centrate froma fernentati orpdgcRiRBR-€d,

or conditioned, for chromatography on a cation exchange matrix while
protecting the rHA from pol ynerisati on9%8nhd protease activity. However if
the yeast strain is not deficient in the proteases that degrade rHA at the
pH r equirated of 00 {40 f6y bed evolhih N §tefér8bBUIC. 152 S5PSHN#AL;RN h be,.
pasteurised, for exanple by a hegjti trea?urrean?sg‘ggbﬁ%gh?o%%p% ﬁ%?fﬁo 5
hours, ael/mnadsiusedi n WD 94/ 03636. Typically 1-10mM sodi um oct anoate is
sufficient to protect the rHA from heat denaturation and 30 seconds up to
10 minutes at tenperatures of 60-80C adequate to inactivate the proteases
in,a batféh orE E]I ow hy ough procedure. Pasteurisation may al so be desirable
i f HSA { i £ ip centrate is then | daded onto the col umm -at
a flowrate of, for exanple, 0.07-0.75 bed volunmes/mn, preferably 0.3-0.6
bed volunes/mn, in this exanple 0.5 bed volunmes/mn, and then the colum

P A B, R Y Sl S ™
i1y Sk g D30 ), 4 ot

(CS02). The colum is then washed with four

cont ai nexchahg8MesaClsnclprat @MA-SpRédodi O DEAR ' CéyL FyEARR"
» exanpl e 10-50mM sodi um acet at e, IE)ref erably ab-(‘)g‘g)tﬁgild{i[gx{il QtHSrﬁelb‘ﬁ, 2 o
cellulose, QAE-cellulose, or TMAE, DMAE, or DEAE Fractogel. Preferably, the

matrix is the commercial anion exchange matrix DEAE Sepharose-FF (Pharmacia),

bed flow path length of 11.04:1.0cm, pre-equilibrated with the cation elution buffer
(CS04) and then equilibrated with three column volumes of CSO1. The albumin is
loaded onto the matrix at 30+ 10g monomeric albumin per litre of matrix and then
the matrix is washed with dilute tetraborate buffer, for ¢xample 15-25mM potassinm
tetraborate or sodium tetraborate (CS08), which has the effect of raising the pH to
approximately 9.2, and then the albumin is eluted with a more concentrated
tetraborate buffer (for example 80-150mM potassium tetraborate, preferably 110mM
potassium tetraborate (CS09)). The matrix is cleaned with;salt/detergent (CS05) and
then NaOH (CS06) before storage in dilute NaOH (CSQ7). The eluate from the
anion exchange matrix is then loaded onto an affinity matrix.




27mM pH3.5-4.5, preferably pH4.0 (CS03) and then ten vol unes. of .CSOL. .The.
albumn is eluted with, and collected in an acetatefoctanoate buffer (for
exanpl e 40- 120, preferably 60-100, eg 85nM acetate, and 2-50nM

preferably, 2-20nmM eg 5nM octanoate, as in CSO). The collection of

al bumi n st%PO4H2n the UV signal rises above 0.6 A2 /cm ROWaDobhEsyi on
continues until the W signal falls belgw . 0.36 AmMcm. The colum is then
cl eaned using 0.25-3. OM NaCl and 0. 05- 5, detergent (CS05) and then B
0.1-1. OM NaOH (CS06), then stored in diluted (10- 50m\V NaOH (CSO7). In
this exé@ﬂﬂléﬂﬂﬂ@gﬂ@le for the equilibration, |oading and wash st-eps
Is 0.5 bed volunes per mnute. For elution of the albumn, a flow WO

00/ 44772 PCT/ GB00/ 00257 50 rate of 0.04-0.6 bed vol/mn, preferably
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equi | i nompangst hPrefembly,olthermattdt fentise SDefE0BIneT B YK Y eg. onto
the matyix at_ 30.1Cg nononeric albumn per litre 2@%&?@@@@%@8 e
mat ri x describethEy WPt 36/a7516.e tetraborate buffer, for exanple 15-25mM

pot assium tetraborate or sodiumtetraborate (CS08), which has the effect

of raising the-pH-to approximtely 9.2, and then the albumn is eluted
ot nsoiTH FufPBETRH BBZ. of 5 b8P Stk Gomh oo 67 153 oo Tho DA is
equilibrated in ammonium acetate buffer (100-300mM, preferably 200-275mM, for
example 250mM as in CS10) and the albumin applied at 7.0-14.0g/L, preferably
8.0-12.0g/L, in this example 10.0+-1.0g/L. Equilibration, load and wash steps are
performed at flow rates of 0.05-0.30 bed vol/min, pfeferably 0.15-0.27, in this

example 0.25 bed vol/min. All other steps are performed at 0.20 bed vol/min.
When loading is complete; the column is washed to remove contaminants with 1-5
volumes of ammonium acetate buffer 10-30mS cm’?, preferably 15-25 mS cm®, for
example CS10, preferably 5 column volumes. The albumin js 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 CSO6 and stored in CS07. ‘

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




pot.assiumtetraborate (CS09)). The matrix is cleaned with salt/detergents .
(CS05) and then NaOH (CS06) before storage in dilute NaOH (CS07). .The
eluate fromthe anion exchange matrix is then |oaded onto an affinity
matri x. WQPAdAR2 PCr/ GBO0/ 00257 51 Affinity Chromat ogrl,@ﬁm/Bmo%.,step
further purifies the rHA with respect to a 45 kDa N-term nal albumn
"fragnent, yeast antigens and pignents2The affinity matrix may conpri se any
Ci bacron Bl ue type of dye which binds al bum n, for exanple Reactive Blue 2,
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at flowrates of 0.05-0.30 bed vol/mn, preferably 0.15-0.27, in th

exanpl @eoﬁpal mta/tsmhﬁmdbe\m the: range d0e sarH AR prefecatdly m-zmg)m or
vol/mn. . Ioad S CO the colum is washed to renove

cont anfdAt L exRmp 359109 rrphfff iamm"hf”éi’m“é@e the anembranes)are3 oregtedmby,

pr ef er for..exa CSI @] rably 5 colu ol unes.
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NaCl, for exanple 1.5-2.5M NaCl or 2.OM Nad, and 5-100mM eg 50nM

: phosphate as in CS11. The colum is then cleaned using CS06 and stored in

ICEOZH eiggg eigiaie ARy BRpPR0 GeiieVe blydoRBRARSS " shdh o 2Pt BpRblelds o
glycolipids aad poly-, oligo- and monosaccharides, and utilises immobilised

aminophenylboronic acid as the ligand. The aminophenylboronic acid is covalently
coupled via a spacer to an insoluble matrix such as polyacrylamide, agarose,
cellulosic or organic polymers. US Patent No 4 562 251 (incorporated herein by
reference) describes suitable methods for making diborgtnazme or monoborotriazine
agarose: (1) triazine is O-linked to agarose first and then linked with 3-
aminophenylboronic acid (APBA) in a second reaction. (2) Triazine is reacted with
APBA first to produce either mono or diborotriazine. These are then O-linked via
the free chlorine on the triazine to the ~ONa activated a;garose to produce either

mono or disubsituted agarose.

An earlier patent, US 4,269,605, contem'pl'ates a variety of activation méthods,-
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),




for purification using phenyl boronate agarose (PBA) chromatography. DBA

ultrafiltration can be perforned with any ultrafiltration nenbrane used in =

protein concentration with a nom nal nol ecul ar wei ght cut off of 30,000

-or less, preferably a polyethersul phone type nenbrane (eg Filtron Onega

series) of nom nal WO 00/ 44772 PCT/ GB00O/ 00257 52 no r |_ght

cut off. Sgéggﬁlg‘g'g%e is concentrated and then diafiltered at IP%%}-H‘IIS’G@&%"

rHA. L-' agai nst at |east 5 vol unes of g?ter foll owed by at |east 5 vol unes

of CS20. At the end of diafiltration, the retentate may be further -
ui_pmrent washed out with CS20 to
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gl ycol i pids and poly-, oligo- and nonosaccharides, ‘and utili-ses i mmobilised
. am nophenyl boronic acid as the ligand. The am nophenyl boronic acid is

coval efffiey PBéocphadn visesaa Si’lmq]ﬁath_cleﬂgtﬁ 0F ol MOLel UBHT had SYGlted uilibra]{%i '
pol yacryl am de, agarose, cellulosic or organic polyners. US Patent 4

562 25with wlke bpbientasddaseribied dhove; ege€820e) The volinnasis Juadabhe 168thadst f or
maki ng di borcytr i azine or nonoborotriazine agarose: (1) triazine is

O | i nké&alumn spiuwce mreferablhdesshidan 0.5k edlumn ivatumes; iophisnytdoplenk0.38:i d
(APBA) ip a se?ond reacti (2) Triazine js reacted with APBA first to
pr oduc@oﬁﬁlﬂéﬁo WA ot HQitFenolS Uiz aha, NoBAYe sicp andetherdfbreithel alianint e

ef t ner oGBS i Tt St el ek oM ol o f Mromatagrapticaveps

cont enphat ety Ofgacti [ , 1—.4 Nclydi.ng epi chl Qr ohydrin

activat onsgfﬁgggﬁ%@e, atgrfg?‘gr lrré%‘g hgfe(?‘?ﬁ%%'ﬁn@@i al ;mm eferably the -
equilibration and cleaning of the column are carried out at a higher flow rate, eg

0.19 bed vol./min, than the load and collection of the albumin solution, which is
preferably carried out at a flow rate of 0.01-0.05, preferably 0.025 bed vol./min.
The column is then cleaned with salt (CS03), borate btf%fer (CS09), NaOH (CS06)
and then stored in dilute NaOH (CS07).

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

substantially reduces the relative concentration of nickel ions.

PBA ultraﬁltration‘n;gn be performed with any ultrafiltration membrane used in protein
concentration Wiﬂl-; hnominal molecular weight cut off of 30,000 or less, preferably a
polyethersulphone type membrane (eg Filtron Omegﬁ series) of 10,000 nominal
molecular weight cut off. The collected PBA Flow Through is adjusted to
PH5.3+0.5 with CS21, concentrated and then diafiltered at ~100g YHA.L! against at
least 7 volumes of CS19. At the end of diaﬁltratioﬁ, the equipment is washed out




avai l abl e matrices include Am con's PBA30 and Sigma's acrylic beaded

am nophenyl boronate. It has been found to be particularly beneficial to use
a buffer containing glycine (10- 500nM for exanple 25-200nM preferably
50- 150mM i doRiggrze€xanpl e 100mV), WO 00/ 44772 PCT/ GBOO/ 0025 crr3pcdbidbisy
(0-500mV for exanple 25-200mM preferably 50-150nM in this exanple

100m\V) and CaCl2 (5-250mM preferably 89-100nM in this exanple 50mV),

pH3. 0-9.5, preferably, pH 8.0-9.0, in this exanple pH3.5 (CS20). The PBA~™

| | | 3 . i - equjli ted wth
Che- o HageCE1d A R €395 udibd ik Rahirdio%Pilvel 2 Bl docBhiddn gl 1"
col um $0kude, rHA AL Er Fihatly, edidnh detahoateCR! AHHM;/@{/%NE?M %‘%mﬁ-ﬁ@gﬁgﬁ
| step an erero

50.35 colum volunmes. The PBA is run as a nega t he

al buni napproximoatele2dd preferably 540, mhoreuglefeatlyes) fiom tiis eﬁﬁhjg]@‘l
chr,omat ogrc%?]g}p steps can b? per formed at flowv\vﬁrat es of 0.005- .36E§18)i’

vol ./ mieg Bradsled tondmLdgti | Afierausesrthamiembearesiaye dfedtid byoflushingrdht
19 bed vol./mn, than the Toad and

" carried out at a higher flow rate, e :

col | ect¥ Pf%ma'gﬂﬁﬂﬁe%&lmwl‘%lﬂgﬂﬁ agd storage imBiSPZcarri ed out at a
flowrate of 0.01-0.05, preferably 0.025 bed vol./mn. The colum is then
cleaned with salt (CS03), borate buffer (CS09), NaOH (CS06) and then

Sobut 1 ot YUtk A7koR 1 Hon siet @l 0k CPoff raRBh AN BRnke S, BrE. ome
R e R A e M RN SR R

rel at i vbemie passest thooug thy pleelix, Ather BBA Bbiﬂgﬁ dthinka! Qﬂe%&iﬁmﬁeh}g rmed

with any ultrafiltration menbrane used in protéin concentration wth a

noni nalsueh| dat iannesytited elltumin’ binds3®, @40 meatrixes SThe bafkR: ! preferably a
sodium acetate buffer (5-110mM acetate, preferably 10-50mM, in this example
30mM), pH 5.2-5.4, CS19). Other buffers which can buffer in the appropriate

range may be used, such as a citrate phosphate buffer. Suitably, the buffer has a

conductivity of about 2mS.cm®. The column has” a flow path length of
11.0+1.0cm, with the albumin loaded to 10-250g.L" preferably 20-70g.L* and in
this example 50+15g or 50+10g.L"! matrix. Since this is a negative step, the
albumin is collected in the flow through and wash.

Following this cation exchange step, the albumin is subject to negative mode anion
exchange chromatography. This step removes yeast antigens as measured by ELISA
and Western blot. The collected flow tll_;_'_qugh and wash from the second cation
exchange step is adjusted to pH4.60i0.1(5?with CS21, diluted to 1.0540.1mS.cm™
with water and the rHA purified using the following conditions. The step uses an
anion excliange matrix such as DE-FF Sepharose (Pha:mabia) at a flow path length
of 11.0+1.0cm and the albumin is loaded to 50-250g.L-1, preferably 1504:50g.L"*
matrix. Since this is a negative step, the albumin is collected in the flow through




_pol yet her sul phone type nmenbrane (eg Filtron Otega series) of 10,000 nom nal
mol ecul ar wei ght cut off. The collected PBA Fl ow Through is adj usted to
pH5.30.5 with CS21, concentrated and then diafiltered at c100g rlI TA L'
against at |east 7 volunes of CS19. At the end of diafiltration, the

equi prent Wo aagiied out WO 00/ 44772 PCr/ GB00/ 00257 54 w t hpeRlSpind2s7
further CS19 added as required to give a retentate concentration. of 50
rHA.L''. Finally, sodiumoctanoate is &&ded to give a final concentration

of approximately 2-15 preferably 5-10, nore preferably 6-9, and in this

'?)r(gg}t)lag by fﬁllsﬁlq‘ng outdf%?%%ﬁ ghel n W’étshqé\éﬁ hWQrﬂB% St

and st or@$22.in CS07. The al bumn soI ution is then subj ected to a second

cation exchange step using, for instance, SP-FF Sepharose (Pharnacia),

- this time in the negative node, ie the albumn passes through the matrix,
rat her- tﬁg?n bei &g’ retained. The conditions are such that-mannosylated -_

al bumi n ASteraatively; ae desaried. mmmpler 8/ pHsagusthesrathinyy aaccaﬁdnltﬁemmauﬁ

" buffer t ef ny 10- 50 in this exanple

5.2-5. 4@%%{1\4 ﬁ%‘?fﬁﬂh@?@ F@ﬁdé’&lrlhﬁ@ flow Hecaghrandr watle, range
may be used, such as a citrate phosphate buffer. Suitably, the buffer has a
conductivity of about 2nS.cni'. The colum has’ a flow path | ength of

11. 01. OWhilMENAnt LUpd 0- L- referably 20-70g.L'" and
in this exéamrrpl eﬂ%%llg% or e@oﬂl@ﬁﬂ-ﬁ&dtﬁ% {eiée%f"‘ﬁ f’g mu%%nhegashoulsi bﬂep,
the al eaidted cat eglee f bpykdshr Fol L owi ng t hi
cation gggihailge st gp,m:ehgugﬁgaﬂlsﬁ S squ gg?ﬁ{e rbﬁ‘ggﬁﬁffsﬂ Jav Waﬁg(&’ﬂ“"ﬁy

exchangepplicabieto dostpbslls Which sfeeiof SIPMA Sat ured by
ELI SA and Western blot. The collected flow throug gggﬂ\,\,ﬁgﬁ‘ﬁﬁfiﬁ@m&(’

second Wrﬂt@ydﬁhﬁ—fg@néh@pm s adjusted to pl14.600.16 with CS21, dil uted
to 1. 050. 1n6. cni’

Example 2

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

The two assays were:

I. Determination of the absorbance of centrate at 600 nm (Ag0)-

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.




with water and the rHA purified using the foll ow ng conditions.

uses an
flow path | ength

pref er abl y, Bg. L'

CS22. Alternatively,
the Final OF
t hrough and wash. Wil e

matri x.
Is collected in the flow through s; _
wash. The pH of the Fl ow Through and Vg&h is then adjusted to 7.00.1 with
as described in Exanple 9, pH adjustnent nay occur
i nstead of being perfornmed on the DEAF fl ow

f eed vessel .
has been illustrated with reference to a
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cation pyocess of

ch are not

t he present invention ig ally appl 0s
mut antf defletidnss | ocus, orn i ndeed whichlare not nutant at any other pnt
| ogus Exanple 2 Two adsays were used to investigate centrate jqualit3C The
pooreff the centrate qualitythmanpﬁStﬁle "robust hess" of the lyeast cells.
The t\o—assays_were: Determnation of the absorbance of centjrate at 600
run (/\B@}tl-&lsptﬁ-éyap&rat i1.39 (0152, 124)net12:i(4R, 28) particles in jthe centrate
(V\W\) Hr-beth—ihe ASSaYS— the-higherlthe. val ue the poarer the jcentrate
qual it?sl)ll'm/ﬁiﬁ'r ate q A Hﬁ‘hﬁl&ire %l (2 &,eht yeast strains [under two
di f f eremnt comdit+ony onpar ed. WO
00/ TP Gao0) 0ovay | 02ks (B34, 105 9 (2.0, 10)
Grown at pH 6.4 or 6.5
pmitl-/hsp150-/yap3- 10.41(0.17,6) = | 2.6(0.8,6)

| hsp150-/yap3- 0.47(0.19,8) [4.6(1.4,7
yap3- 0.41 (0.08, 6) 2.1(0.8, 6)
Table 4: A600 and WW values for three different rHA producing sirains in fed-batch

fermentation grown at two differeqt PH values. In the first column the specific gene deletions
are indicated. Values in parentheses are standard deviation and n}yﬁber of samples.

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

these further gene deletions is avoided.

Example 3

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

is cultured in the pH range 6.3 to 6.5 compared to pHS5.5.




Specific gene A600 WV (g.L't centrate) deletions NGown at pHS5.5 ...
pnt1-/hspl 50-/yap3- 1.39 (0.52, 24) 12.4 (4.9, 23) hspl50-Jyap3- 1.11
(0.62, 9) 9.1 (2.9,7) yap3- 0.58 (0.34, 10) 3.9 (2.0, 10) Gown at pH 6.4
or 6.5 pnt1l- /hsp150 /yap3- 0.41(0.17,6) 2.6(0.8,6) hsplSO/yapB- 0. 47
(0.19, 8) A7) yap3- 0.41 (0.08, 6) 2.1 (0.8, 6) Tahlg/4ooRfRd and
WV val ues t?1ree different rHA producing strains in fed-batc
ferrrentatlon grown at two different plgzvalues. In the first colum the _
specific gene deletions are indicated. Values in parentheses are standard
devi ati on and nunber of sanples. Fromthe Tabl e above it can be concl uded
that at pH 5.5, the rrultiply gene del eted strains vyi eId an inferior
cent r pte—whereas 4 116 Lllc —ertt f \,me hese
furthpr genecgg*"@ﬂ" fony Egvm ded. ‘?‘@t?“’?m G?E Ofas performed in
the shme _manner described_in Exanp e 1 bSupeunatame(g bstrain hich is not
pntl putant. This $fain was al so grown at two 1gigferent pH cophtr ot L
val uep, and the wet weight contentjof the centgage Sleterm' ned descri bed
in Exa-nﬁ-eﬁmg—t—m—grom— 3 oint is

al so peen for this?sthrdin of yeast} denonstrated-Pn Table 5, where a
significant_ reduction_in_the wet feight contedt4p@)a cul ture spupernatant
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PHS. 5. Va uesoxg/paren eses. %/S%Qd devxatxon and number of samples.

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

Example 4 ‘ //"

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




e L e A R s o e b b o e D R T ol a5 e e e e B 88 T e 0 w2 e T Ll D o o i e e 2T S T a0 s o L T

57 Fernentation pH Wt Wight Content of Supernatant (g.;1) 5.5 10.0.) -~~~
(2.3, 4) 6.3-6.5 4.6 (1.4, 7) Table 5: Relationship between centrate
quality and fernmentation pH for non pm| strain. Values in parentheses.
are standarWodessrmei on and nunmber of sanples. Thus, rather tpag@R0kbe,; the
pH at approximately 5.5, it is beneficial to have a control set point

bet ween pH6. 20 and pH6. 70, preferably b8 ween pH6.3 and-6.5. At such a

hi gher pH, the quality of the centrate is significantly inproved due to
reduced cell lysis Exanple 4 ~j This Exanple was perfornmed in a simlar .
manner as described in Exanple 1, with™ the follow ng differences.. The
yeast PiExamplast oris, strain GS115 (lnvitrogen) was grown using the sane
conditions and nmedi um as descri bed above, but using a pH controller set at
5.90; controlled at 5.90+0.20, a specific growh rate of 0.10 h4 with

gl ucose sour,ce. . The batch phase duration was 28 h, -and the feed

. a.carbon t
phase du a@ﬁ%g‘? desqribes Hig smalysisnof KHide pualfindrfromddchlig editaps teldig Leed
L'1

phase h , r,avi ding a final concentration of 3.8 g rHA. L’
culture as(é&?;@q’g%gmﬁ‘?pl?ﬁ{e fermentation. The rHA used to spike the Pichia
cul ture had been purified but not in accordance with the purification
process of the invention. The rHA fromthe Pichia fed-batch culture nedi um

was therlnmumﬂdggho}i ga@sgcordance with the purification process. described
in Exanple 1. WO 00/ 44772 PGI/ G800/ 00257

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

by - Saccharomyces cerevisiae which had purified in .accordance with the present

invention.

Western Blot Summary ,f’;
Antibody Batch Number 129601

Gel Type 4-12% SDSNR NOVEX GELS
Milk Type : UHT | '
Exposure Time 20 seconds

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

and thus can be used to detect yeast 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 fhan the material
used to spike the Pichia fermentation. The Pichia-derived albumin yeast antigen
profile was very similar to the Saccharomyces-derived profile.




58 Exanple 5 This Exanple describes the analysis of rHA purified from =~

Pichia culture nedia as-- described in Exanple 4. |Inmunoassay data
| mmunoassays were perforned on: (i) the rHA purified fromthe Pichia

cul tur
al bum

accordance with the present invention. Western Bl ot Sunmmary Anti body Batch
1 g9601 Cel Type 4-12% SDSNR NCBEX GELS M| k Type UHT Exposure Tine
20 seconds 199601 was rai sed agai nst a non-al bum n produci ng Saccharonyces

Number

cerevi
west er
from

e nedia; (ii) the rHA used to spike the culture nedia; and (iii) on

n pwashezRedzz by Saccharonyces cerevi siae which had purpcdh@goeiod2sy

siae strain and thus can be used to detect yeast antigens. The -

n bl ot showed that the yeast antigen profile of the al bum n derived
Eﬂﬂﬂ%@sﬁﬂ{mﬁﬁ nmedi um cont ai ned fewer and | ess i ntense bands than

the material wused to spike the Pichia fernmentation. The Pichia-derived

al Qum

Saccharonryces-derived profile.

n yeast antigen profile was very simlar to the

Summar Yegstantigent impawitiespiarthe ialiwimin pinfied Hoomrthe WickizeshifuremedRnPhali a
cul tur?qrgglcéi um andﬁsggf or the albumn used to spike the Pichia medi umwere

guant i

R DR i RSPk tgp Lichia medium were quantified by ELISA using
Ig9601. )

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

antigen content for the albumin used to spike the Pichia medium was 0.62ng.87".
Con A binding material

The Con A assay described in Example 9 ‘was perfonne’& 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 Pickia culture
medium is similar:f to that of albumin purified from Saccharomyces cerevisiae in
accordance with thép invention (see Table 6); vkrh_en the latter is not produced from a
prmel mutant,

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

can be obtained,

WD 00/ 44772 PCT/ GBOO/ 00257 59 ELI SA Bl of




- The yeast antigen content of the albumn purified fromthe Pichia cultyre......
medi um was bel ow the detectable |imt of the assay (approxinmately
0.004pg.g' '), and the antigen content for the albumn used to spike the
Pichia medyypes: 0. 629.9-'. Con A binding material The Con A Sy
described in Exanple 9 was performed on al bunin purified fr8&m/THYIRhi a -
cul ture nmedium and for the al bum n useggto spi ke the Pichia nmedium The
content of Con A binding naterial for the fornmer was 0.22% (ww) and for-
the latter it was 0.57 % (ww). The level of Con A binding material in the
albumin purified fromthe Pichia culture nmediumis simlar to that of

al bum g iplé §d from Saccharonyces cerevisiae in accordance with the

i nventi’(%('m?wTabl e 6);'.when the latter is not produced froma pnt!
mutant. The purity anal yses confirmthat the process of the invention can
be, suclgpssful Ilye} used to purify al bumn fromyeast other than
SacchardBnEyemple ek ev inegativé agode cimian esdithnibbat j b | Gt Y
to that ﬂuri fied from Saccharonyces cerevi s?ge h%l%hl{?g?ao@tya?k d(%ﬁﬁb

00/ 447 Follpwed oty $5908¢ cation Esxchange6 chromSoprmpley 1stapNESRIFP. NOfg 271 on
exchanggt chr.omat oqr, géﬂstep §DE FFZ) followed the second cati'on exchange
chr omatbGrgHs EP&;S@ 0 prpcesy the secand eeation axchangé i chabimatograples Sstep he
second i e .omat ography ste may be foll owed by a positive
node arﬁ%ﬁnbgggﬁéﬁg&el%%hﬁ ﬁﬁé‘ﬁéﬂ&ﬁﬂﬁﬁi@gﬁ%ﬂ geghsompiggTaphy stepe at pHS. 3

approx. the pH needs to be increased to pH/7. There are two neans detail.ed
bel ow, pH adjustnent and diafiltration. The. latter appeared to give a

bet t er Fgonl tiey SPrPERCiluate at pHS5.3 approx. the PH needs to be increased to pH7.

There are two means detailed below, pH adjustment and diafiltration. The. latter
appeared to give a better quality product.

DE-FF2 (A) _

SP-FF2 flow through and washings were pH adjusted toxf)H 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).




DE-FF2 (A) SP-FF2 flow through and washi ngs were pH adjusted to4H 7.0.wmi.t.h. ..
0.5 M disodium hydrogen orthophosphate. This material was | oaded onto a
DEAF under standard positive conditions to give a matrix |oading of 40g
rHA.L''" matrix, the pH and conductivity of the load were 7.0 and 1.29n5.cm
1 respect MAIWAMTIBE- FF2(B) SP-FF2 flow t hrough and washi ngsPGRMGB00/00257
diafiltered vs. 10 vol. 10nM sodi um pg]‘osphate pH 7.0, concentrated and
diluted with buffer to 50g.1." and | oaded onto a DEAE under standard -

posi ti conditions. The pH and conductivity of the load was 7.0 and
1. 43ns: ectively. The albumn fromDE-FF2A / DE-FF2B is suitably

eluted by a 45-55mM sodi um phosphate buffer (pH7.0). WD 00/44772
PCC/ GB00O/ 00257 61 Exanple 7 - The kinetics of nickel renmoval fromrHA by

treat "gfife Wihdki pH: € ni st gat e see Figure 9)._ The results showed
that bet we\(gér%Il %tll-(lls?l\ﬁafngl %& {)%#'ﬁyagh atrgl‘éngye Heept “withk low r phowatrener e

i nd et o fort | d slightly,
ot ¢ P egalediites Pk The Rehiis MokBd aVerbietR i 4okt hetent
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Purification of human serum al bumn froma sanp gf cry

( Cent e6h rPm@Vah slavied) shightlyac HBethethe nstergnd kRteRtdff hieRb] P ACES e el | ed
in Exanple 1. ., Recoveries-of HSA at each chronmatography step wereé

pr edom BN ICTEAsEBHCASTeSS G Tange dnbiS: it litlle bAno eemonay 2Bévd BB G

stage, with the exception of. the PBA o

Example 8§ _

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

. /-' |
Recoveries of HSA at each chromatography step were predorﬁinantly 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 tTHA into a suitable prodlli;:t, in this instance 20%(w/v) aIBumin.
This procedure is carried out in two stages, namely final ultrafiltration (UF) and
Formulation. )

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

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




colum. Here, the recoveries were nuch |ower than expected which may have...
been due to renoval of glycated al bumin. Exanple 9 This Exanpl e .
illustrates the concentration,. diafiltration and formnul ation of the .
hi ghly puri ®iccab/4at¥s i nto a suitable product, in this instanc Og v

al bumin. This procedure is carried out in two stages, nanel ;P(rzpl(ﬁ( W/()t?zs?
ultrafiltration (UF) and Fornmnul ation. @ al UF reduces-nickel

concentration by diafiltration at low p and presents rHA in a defined ~
aqueous environnment, using water of ‘an appropriate grade. WO 00/ 44772

PCT/ GB0O/ 00257 62 Final UF begins with transf er of DEAF flow through and

wash to Higal scr el ow the albumn is then
concent r at edl-—u]gﬁ;aggﬁ gﬁ%uaﬁgﬁk&)%@dﬁ @g Aadrwiashnto theoRinah L FR tfeell
| f DE- FFﬂeng[ r umg nddxe v e - uat e be. used- instead
of , or in addition toﬁbFﬂeﬁ%Eﬁg ﬁf Nrou @ﬁﬂ S ‘I"F“%ﬁé ’O\Ql@]@hﬂ'ﬁdapﬂ er

of the DEdjﬁEf}:dfﬂoquﬂmmmmi&d&ﬁﬁ:Bn(rﬁfedel uate if DE-FF2 is run in :
posi tive node), the MA-containing process streamis sequentially subject ed

to prinmary concentration, diafiltration and secondary concentration phases

in an u#;bgfsiﬂ:ératl on systemfltted with cellulosic nenbranes with a
noni nal IS IYA; igHosiine oiode) the DEBFFR01090. m’ﬁ?q)e 18dd Rstead (ff or in
e

concentr gt j.0n e s the rHA concentration 'to approxinmat

100g. L- %%PIPE% n&@dﬁmﬁ(?%l and wash. conti nuous diafiltration phase
where the rHA is diafiltered agai nst at | east 5, preferably at least 7.
retentate vol ume equivalents of water-for-injection, preferably a 50nmM

| t I ' afiltrag th H dj ust ed
1o 7.0 o ST o e VIERF P00 Sl Yo adh GPrcatesietl DR TS

run in positive mode), the rHA-containing process stream is sequentially subjected

to primary concentration, diafiltration and secondary concentration phases in an
ultrafiltration system fitted with cellulosic membranes with a2 nominal molecular
Weight cut off limit of 10,000. The initial concentration step increases the rHA
concentration to approximately 100g.L' and is im:ﬁ;ediately followed by the
continuous diafiltration phase where the rHA is diafiltered against at least 5,
preferably at least 7 retentate volume equivalents of water-for-injection, preferably a
50mM salt solution to remove ammonia. Following dlaﬁltrauon the pH is adjusted
to 7.0 and, the secondary concentration Phase further increases the rHA
concentration to 275-325g. L', At the end of UF the retentate is transferred to the
bulk product formulation vessel.

Instead of pH-adjustment being perfomle&on the DEAE flow through and wash, pH
adjustment may occur in the Final UF feed vessel, preferably between the
dlaﬁltrauon process and the secondary concentration phase. Preferably, the
diafiltration retentate is adjusted to PH 710.1 with EX04. If the pH exceeds 7.1 but
remains < pHS.5 then the pH can be decreased with EXO05.




concentration to 275-325g.L-". At the end of OF the retentate is |
transferred to the bulk product formulation vessel. Instead of

pH adj ust nent bei ng performed on the DEAF flow through and wash, pH

adj ustment may occur in the Final OF feed vessel, preferably between the

di afi | t r atW@R0/g#7dtess and t he secondary concentrati on phasercPoeuasty,
the diafiltration retentate is adjusted to pH 70.1 wth EX04. |If the pH
exceeds 7.1 but remains 5 pH8.5 then &he pH can be decreased with EX05. WO
00/ 44772 PCT/ GB00/ 00257 63 The formnul ation step produces rITA in an

appr oprThe donhelationl step prodursenH AN i a E;’ﬂb?é *;?E; £ i p
sui table for bul k produt‘:)t sterile filt ra??lg) andQPi(3 | ng&%@&aﬁ@&é‘ﬁed
Fi nal @B APPEIPTiA(® concentrdtice duitabld doe rbuilk eprodnece Bicr it | imtdh aﬁ«%*}ﬁﬁh@
sodi um,_gnd oct gnoate,_ These quantities are taken into account and any®©}

necess ftpasierred nbinal sUET retepiate sisdauatysed ooi detexntins odo

abe
excipient soluti.ons and appropriate grade water added to. achieve the bulk
f or nul gﬁ?‘%mm’s R and f'ﬁt‘@F apaniiies aen r it caccornt led ‘any

150- 25 : I - L .th.a sodium concentration of 130-160nM
Any ot g‘g(r:éﬁ egifgﬁtéasgﬂ%gﬁ %sno%gtﬂ\é\%ﬁf)p&??cﬁ‘h%n@ﬁ BB sddumpectanaite excipient or
exanpl gphiigfisNafd My P1op rabjon a s} 4% (W V), p erably 4-25 %
(w v). Formulation P g%nwplé?gef 0 Feéwﬁﬁg&gd%)l £ c%ﬁ]ev& the @%ri Qripulation
convenspevificatibar Mg | Badll ValBERER! 8Gh& X ILP! S,1.SU ysorbate
80 or flr)\ose specified in the US Phar rrac‘gegoel af o@g&hubr?anfg?%§9§gif and®l
di | uti 23565 Lf with fa sellivmnesivenatiion of 1300f60MR €S RO FeAROR ©
per gram of al bumin may be desirable. The product 1s sterile an
non- pyRlgERinc coneratentiony sy e mmde, dhowiéver(i with| beF BxAMplelOa | AR um
pol ymers or u@a%%r eg?t es_are detectable.

concen n at least 4% (w/v), preferably 4-25 % (w/v). Formulation is

complete following addition of appropriate conventional pharmaceutically acceptable

excipients, such as polysorbate 80 or those specified in the US Pharmacopoeia for

human albumin, and diluting water. |
y

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

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

dimeric albumin but no larger polymers or aggregates are detectable.

Example 10

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

Example 1 and formulated according to Example 9.




Exanpl e 10 This Exanple illustrates the anal ysis that

is carried out to -

establish the purity of albumn purified in accordance with_the present

i nvention. Unless stated otherwi se, all
al bum n WW@RY44E been purified according to

of the assays are performed on
Exanpl e 1 andptarastoabssd

according to Exanple 9. WD 00/ 44772 PCT/ GB0O0O/ 00257 64 dycation of rHA
own that rHA purified in accordance
with the invention is not substantially nodified by non-enzymc

gl ycosyl ation (glycation). The m croassay neasures the stable Amadori -
by oxidation of the G 1 hydroxyl

A m croassay for glycated protein has

pr oduct éjAP) formof glycated protein,
gr oups fi | odate. The formal dehyde

oxidation is quantitated by conversio

n to a chronophore,

rel eased by periodate

di acetyl di hydrol utidine (DDL), by react ion with acetyl acetone in amoni a.
| es were assayed after
gwgetgw g‘% Ifwlﬁ@d] inragcordance hveith - _

desal ¢ 4 gEEpAEh, TOERLAAT hPEEin B
al bumi nhé Anfeion 38 RIoE ¥Sinisity ik

al bumi n was assaye posi

%]ebb,e&aby t he .Br y for

absor barheemm&ﬁayﬁﬁ@hsﬁﬁe@ﬂ@%tﬂﬁézﬂ?ﬁﬁ % u%gfmgghm

For every nol e of hexose one nole o

met hod and 10ny
(glyeatian)e

er at 412nm
ﬁe@

Mol es AyaoxidatioPobdhe (C-¥ohydrodybgibips f AF Wit peridiaté: Ord fo&ﬁdé‘gyde

released by periodate oxidation is quantitated by conversion to a chromophore

diacetyldihydrolutidine (DDL), by reaction with acetylacetone in ammonja. 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 ,h’é;cose 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

Z|IZ |t R =~ atmioiaimi>

0.59




EO0.46 F 0.22 GO0.41 HO0.37 | 0.54 JO0.76 KO0:84 L 0.50 MO0.43 N .
0.59 WO 00/ 44772 PCT/ GBBOO 00257 65 Sanple Ml es Amadori  Product/ Mol es
Albumin 0 0.41 P 0.18 Q0.24 ' RO0.04 Sanples A-Qare comercially
avai |l abl e HSA products from US, Europe and Japan (nmean = 0.490.20). Sanple
Ris rHAWQOPA4%EY according to the invention. Anal ysis of Crrarcnoons2sin
| nportant aspect of the quality control of reconbinant proteins is the
conformation and stability of the preﬁdﬁeterm ned primary structure.

Analysis of the C-termnal tryptic peptide in . commercially available "HsA

and nRA puriffed accq@fhpk to the invent M é} a{f’”” mai—jsequenci ng' - nd
FAB mass specftonmetry indicated the prﬁgeg thcat e pepti de,
| acki ng t he (rterm-rat—-edeihe—n oles Albumin
- 0 0.41
. P 0.18 |
Q 0.24 -
R 0.04

Samples A-Q are commercially available HSA products from US, Eﬁrope and Japan
(mean = 0.49+4-0.20). Sample R is rHA purified according to the invention.

Analysis of -C-terminus

An important aspect of the quality control of recombinant proteins is the
conformation and stability of the pre-determined primary structure. Analysis of the
C-terminal tryptic peptide in. commercially avaﬂable 'HSA and tHA purified
accordmg 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 wﬁs detected in commercial HSA at
approximately 5-10% (not quantitative), but could not be detected in the rHA of the
invention, even after 6 months at 30°C. The Des-Len pepude 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 prevzously available from

commercial sources appears to be heterogeneous by comparison.




HSA. The Des-Leu C-terminal Cryptic peptide was detected in comrercial- HSA:..
at approximately 5-10% (not quantitative), but could not be detected in ..
the rHA of the invention, even after 6 nonths at 30C. The Des-Leu pepti de-
coul d not Wweerimeted in the HSA 12 weeks at 30C, and the Wﬁ'ﬁy‘m&{]’e

full length Gterm nal peptide was very di m nished conpared to the oOther
sanpl es, indicating that perhaps this hgg& undergone further Cterm nal
degradation. These results indicate that the rHA, purified in accordance”™

wi t h t heNidked idni eonteit ofrHAL fid r%ﬁdaécﬂx~¢lliﬂe¢9 he car boxy-term nus, whereas
HSA previousTy ava %ﬂeﬁ%—@fﬂi‘éto be

het er ogeneous by conparison. WO 00/ 44772 PCT/ GL100/ 00257 66 Ni ckel ion
content of rHA prepared according to the invention Measuring instrunments
SI MAA 6ddeasmdngiinstEumenttur nace: CTT (Constant Tenperature Tube) using---
deLectigith 232nm 2470C._Calibration: The nethod is based on a

three-p £a 10080 atPeskin 8oy Hormapel CTIh(¢Qodsaat UKe1fpératireO Tubg) ﬁ_l&n ;=
El ner) . 1%2{? ';agi alib ion, a blank of purified water is measured. &he
control B3 23 %aé‘ﬁ}r%é:-after the bl ank and at the end of each test
series (N -Standard 20 .tg/L, certified standard from Perkin El nmer).

Sanpl e preparation: Each assay is the result of a determnation in

dupl i cakgalﬁﬂj h also valid for the calibration and the control standard.
Dependi é"expect ed Ni concentration, the sanple is diluted in an

appropr't[%tge ratio to work with a Ni-concentration that is wthin the .
cal i br att6r ™ gels %%I%aMW'BOM@hbthémﬁomo QE/DfS_tzﬂ!ﬁﬂ/ﬁ‘Brsp!ﬁl‘iﬁm
have toﬁ%?nqiérﬁﬁleglat Iea\si_tt 1;:5 in_any case. Dilution s with purifie
wat er . mer). er the calibration, a blank of purified water is measured,
The control standard is measured after the blank and at the end of each test series

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

Sample preparation: /

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

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

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

Requirements: . "
1. Correlation coefficient of the calibration at least 0.99000. If not, the calibration

has to be repeated one time. If the calibration does not comply with the

fequirement a second time, an error analysis has io be carried out.




Rinsing solution for.the sanple capillary: 2L purified water m xed with.0.5.
mL  Triton X100. Each test series includes a systemsuitability test.
Requirenents: 1. Correlation coefficient of the calibration at |east
0.99000. If not, the calibration has to be repeated one tine. If the

cal i brati WP #¥#272not conply with the requirenment a second HGCTIGBOEIN2ET I OF
anal ysis has to be carried out. WO 00/44772 PCTI GB00/ 00257 67 2.
Characteristic mass neasured with the &0 g/ L- Standard may not exceed the.
t heoretical value of 20pg/0.0044A-s by nore than 20 per cent.
Characteristic mass no: That anount of the analyte in picogram (pg) that
contri %(l;t eé‘ an absorption of 1 per cent. An absorption of 1 per cent

corres hpgacteristicsmass l(lm&de it dhel S0 pipdl -Stuadatdensay aﬂdﬁ%ﬁcéd?i‘-)d&
concentr at Lb&n L% * ? absorption sanple * absorption bl an

The neasur i [Pﬁtqfé-’g)Pg Opﬂé‘%oﬁby groretthai 20 penaent.o be within the
confi dence range (2s/3s criterion). Calculation: The measuring instrunept

cal cul ates the result accordl ng to the foll ow ng term Result (g N /L) _

A+ \{-aéféi'l?ﬁlé absorption slope: slope of the calibration curve
(l'i near regression m‘Hl lution A nodifier is not used. WD 00/44772

PCT/ G3Q%ab@givant of the analyte in picogram (pg) that contributes an absorption of 1 per

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

m, = volume Standard (mL) * concentration (mglL) *0.0044A-s

absorption sample * absorption blank

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

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

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

A: absorption 5
slope: slope of the calibration curve (lineaf regressioﬁ)

V: diluﬁion

A modifier is not used.




- 68 [Nickel]/[rHA]- (g/g) Sanple Batch 1 Batch 2 PBA load 0.73 0.74 PBA--=:-
fl ow t hrough and wash 0.41 0.43 SP-FF2 |oad 0.06 0.06- SP-FF2 flow through.
and wash <0.03 <0.03 DE-FF2 flow through and wash 0.14 0,28 Analysis of -
medi um andvbomgerghai n fatty acids The fatty acids profiles 9&%@9&1’,&7
according to the invention and cormmercially available HSA were anal ysed by
aci di c solvent extraction and gas chroggtography of the free fatty acids
using a Cl7:0 internal standard. Ho abnormal fatty acids have been -
detected in the albumin of the invention by this method al though the
profiles for the rHA and HSA showed significant differences. As expected,

both showed |arge anmounts of the [added ] L Joctgnoate—{€R: 0). Apart
fromthis, comercial HSA was chdract ermgk%gfmaéﬂcmgz&l}n ly Clp: 0, Ci6:1,
C18:0,{ C18:1 andg whi [ st thg al'b T 1 ng TNVeRt, I prycontpai ned

mai nl yi C10: 0 and C%lf%(l)@ and_occasijonal %/Ht@tgzo. aurth at&ﬁ;?eri ment s showed
that thEBleloais of C10:0.-and Cl12:30 in rgi#afinal pr;oaugs .ﬁorrei aed with_
the | epuels of these contaminants iln the octanoatje used for the Jatter

st ages| BBAt flewpthrough ziat washpr ocegs. Prefgqably, Jthé Tqya Tever| of C18
fatty lacids—does not exceed 1. 0% (mple/nole) of |the | evel of octanoate,
and priebRAdA lpadoes not exceed 0.%% of thes |evel|. Morgeger, 11 the

al bumi Jp—ef—the—-invention the level of G182, C18:3 and C20 fattly acids is
gener & $E-HiRgdewcthzmgh andiwashmrer ¢i al HS®.0Bhere [may ty19.03l |y be about WO

0014477(‘1 DT cRNAL nn')J:7 6Q

'DE-FF?2 flow through and wash 0.14 0.28

Analysis of medinm and long chain fatty acids

The fatty acids profiles of albumin according to the invention and commercially
available HSA were analysed by acidic solvent extraction and gas chromatography
of the free fatty acids using a C17:0 internal standard. No abnormal fatty acids have
been detected in the albumin of the invention by this method although the profiles
for the tHA and HSA showed significant differences. As expected, both sﬁowed
large amounts of the added stabiliser, octapoate (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 with 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 tﬁat 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




0.4 noles C18 fatty acids per nole of albumn. In the product of the o
invention,- there are typically no detectable C20 fatty acids and only ~TT
about 0.02 noles Cl18 fatty acids per nole of al bumin. SDS reducing

pol yacryl am de gel electrophoresis Thi's assay was perforned as described in
WO 96/ 375W8) 00/4&72assay showed that rHA of the invention coaIIGE®NO0Es7a

si ngl e pol ypeptide chain which when treated with a reducing -agent
(R-nercaptoethanol) migrates as a sin®fe band (nononer) on SDS reduci ng
pol yacryl am de el ectrophoresis (PAGE) which indicated that the proportion

of al b0 melesSEI8 fasy acitnpermdls dftalbeash. 9 p il L, gh
pressure |iquid chrgﬁyat ography f 25| of a 10%/%n§/ gg?l{ljcttl gf}@ﬁ?%ﬁ%&l@rﬂ

puri f i eerearacypicalinoe detectablh I fastyt iids andioaly BBOub@O? fneleaaked 25%
w v was jnjected onto a TSK3000SWKL columm on a Shimadzu LC6A HPLC and

f ound 2] §(§Wﬂ':§ﬂ‘?ﬂelféfs?4 @RHEkh 0.1 % polyneric albumin. This result indicates
that the fornulationas , described herein has no: detrimental effect - _
on-the pol ymer/aggregate content of the purified al bunin. Two Di nensi onal
Gel Elg eS| [ l,bym epated by the process of the

I nvent %P&@’%@éﬁgﬁi& L i} X ctrophoresis using a MIlipore
| nvestigator system The separation in the first dinmension was a pH 3-10

i soel ectric focusing gel and was followed by a 10% pol yacryl anmi de/ SDS gel

i Nt heThiC sy divi® petforme@asSddichibed iaf th
PCr / GBOO/ 0025¥ 70 Cooma55| e Bl Se onﬁyv%dr)\?gggmwasﬂé;pm g{iﬁﬁl (fdcgﬁtng

;2 e predAncbilnf invehtiomcensipwsaifed singlepolypepliis oRsi whid AHBRHFrdattd Gith A
say

a reducing -agent (B-mcrcaptoethanol) migrates as a single band (monomer) on SDS

reducing polyacrylamide electrophoresis (PAGE) which indicated that the proportion

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

Gel permeation high pressure liquid chromatography

. P
25y of a 10mg/ml solution of albumin purified in accordance with the iuvention
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 descnbed herein has no

detrimental effect on:the polymcrlaggregate 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




0 At e

Concanavalin A (Con A) binds nol ecul es which contain a-D mannopyr anosyl/, -
a-D gl ucopyranosyl and sterically related residues. In the Con A assay, .
Con A Sepharose (Pharmacia, Cat. No. 17-0440-01) affinity chromatography -

of reconbwoaglsr7biuman Al bumin (rHA) and/ or Human Serum Al b GEWS‘}S
used to determ ne the content of mannosyl ated al bumi n. Reconbi na uman

albumn (rHA) is diluted to 5 % (wWv) 7gA wth 145mM seodi um chl ori de then
1:1 with Con A dilution buffer (200nM sodi um acetate, 85nM sodi um

chlorid %21Vl anese chloride, 2nmM cal cium .
chl ori dg S@g@ﬁ% Hﬁ&l—ﬁhgsépqﬁe % 8’6\%@2‘9 ‘ﬁc%‘P& dhe | pissercey of 2only Cone A
Sepharo got@mMéyjlch I's then washed (5 x 4nL) with Con A equilibration
buffer (100mM'sodi um acetate, 100nM sodi um chl ori de, 1mM nagnesi um

chl oride, 1mM manganese chloride, 1mvi calciumchloride pH5.5). The
coLum is eluted with 6nL Con A el ution buffer (100nM sodi um acet ate,
100mM smmsylﬂtodlaiblmﬂngl\ﬂ}ontmm:y[} mannopyr anosi de pH5.5). Mononeric_
al bumin in the Con A load (diluted to about 0.1ng.nmi-"') and eI uat e
(assayed neat) are quantified by GP.HPLC using a 0-0.2nmg.nl'" rHA standard
curve a d t he gi) é!f&l ndj ng al bum n nononer recovered in the eluate is
express 8 ncanavalig 4 (AR A4 bisidsimelacyles. winohocuntaizy &- DG, -
Bat.ch 2 Batch 3 Batch 4 Batch 5 PBA

ConA- bi % 9 I oa.d Bat
0.14 P E@gyféﬁéﬁg y 1% ﬁﬁé gesiguesTe WM Ftizey COAVAF TRMYET&Obn SR- FF2
0 10 SBit bt PRrERed. Ch ol 2 0 B0 T 2Dl T ETAW FTew

FT&W

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

to determine the content of mannosylated albumin.

Recombinant human albumin (fHA) is diluted to 5% (w/v) rtHA with 145mM
sodium chloride then 1:1 with Con A dilution buffer (200mM sodium acetate,
85mM sodium chloride, 2mM magnesium chloride,” 2mM manganese chloride,
2mM calcium chioride pH5.5). 100mg rHA is then loaded onto an equilibrated
2ml. Con A Sepharose column which is then washed (5 x 4ml) with Con A
equilibration buffer (100mM sodium acetate, 100mM sodmm chloride, 1mM
magnesium chloride, lmM manganese chloride, ImM ;:alcium chloride pH5.5).
The column is eluted with 6mL Con A elution buffer (100mM sodium acetate,
100mM sodium chloride, 0.5M methyl-o-D-mannopyranoside pHS5.5).

Monomeric albumin in the Con A load (diluted to about 0.lmg.mL™) and cluate
(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 cluatc is expressed

as a perceniage of the load.




Final 0.10 Final 0.11 Final 0.12 Final 0.07 Final 0.28 Pr.oduct _ Product.. ..
Product Product Product Table 6: C earance of couA-binding rHA through the
process. Batches 1-4 are derived froma pnt! mutant, whereas batch 5 is
derived froma non-mutant strain. (FT & W= Flow Through & Washi ngs)

ConA- bi ndWeyBw4d72nas further anal ysed by el ectrospray nass seegigogiiRks Y
(Fig. 8). This indicated that, in addition to -a reduction in the anount

of conA-binding rHA the extent of nodification of the conA-binding rfA
was reduced. Analysis of Colour The absorbance of a 5% (wv) solution of
the final product in a 1 cmcuvette was neasured at 350nm 403nm and 500nm

and cal culated 1n terms of of——atbumnllitre per cm

pat bl ength (ie ABS.L.(Q' WWJL% [Kr{%foﬁﬁéd)l nvention has the

follown s: Mav T |vena m, - +ehesh—m)—(L g 1 cni

1), 350 59]%5!11[{%-3 40??@% 10} 3 98 % | 10- §3\F@160/ 42772 Batch 5

Dl sy ibotioa e sl CRTY RS-0 S f’oﬁ DA HIRY v v 5
X & €

respeg¢ti ve absorb )
sai d HFI&WASjsays pfEp&wnper o RS ially bl e H$A
prepa ' ' sorbances at|these wavel ergﬁ?‘#ﬁ s¢e Taljl e
7). S 18PSFE2 10040 B SP-#1019.09 [-SP-Fr2 1 0.32
FT&W FT&W FT&W FT&W FT&W

Final |0.10| Final |0.11| Final [0.12] Final 0.07| Final |0.28

8P
o]
o

Product | Product | Product Product Product

Table 6: Clearance of conA-bmdmg rHA through the process., Batches 1-4 are derived from a

pmt]l mutant, whereas batch 5 is derived fro - i
B Washingy s m a non-mutant sfrain. (FT & W = Flow Through

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

Analysis of Colour

The absorbance of a 5% (w/v) solution of the final prociﬁct 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)
(um) L.g.cm)

350 5.75x 103

403 1.7x 103

500 04x10°




2 9.25x10"'3 5.36x10-3 1.1X10" 3 7.40 x 10-3 3.26 x 10-3 0.6 x 10-3 4 " wwse -
7.20x10' 3 3.60x10 0.6x10-3 5 8.68x10-3 4.08 0.8x10'3 6 11.45 x 103 6.26 x
10-3 1.2 x 10 3 7 7.20 x 10-3 3.70 x 10'3 0.8 x 10-3 8 6.82 x 10'3 4.78 «x
10-3 1.8 Tabl e 7: Absorbance (L.g'l.cni') of prior
preparati ons i‘:‘ﬁdzot oxin A solution of drug product is assaf;'/gf usi rqusﬁi mul us
anoebocyte |ysate by kinetic turbidiggtric neasurenent at 340nm at a
tenperature of 36.5 - 37.5C using an - automati c endot oxin detection system
(eg LAL 5000E). A standard curve is constructed from known concentratjons
. of a standard endotoxin preparation, WO 00/44772 PCT/ GBOQJ 00257 73
negat i &ené [ heSakbighih k jty
of st andarfjm@endot oxin g?ﬂethgﬁggéﬁhﬁi& %%ES c%tﬁﬁg{cﬁ&i F&?e&&%@socﬁ%gqq@ﬂ
t ur bi dx 19" %08.0 hd Or'eagt 0I5 x 10Rtagniee said TRRBULLEL] tine and a | og-1og
regression. Any-endotoxin in the drug product is quantified against the
standard curve and recovery of the endotoxin spiké is confirmed. No - _
endot oxi n was_detected. Free Thiol Ellman's Reagent, 5,5 - Dithiobis -

(2-Ni tAéWﬁz@%@esmmm f Pgﬂﬁn%fﬁ@ém a‘éallﬂblﬂlsHSAf prépasaticnsgraveateds bighedr v
group as c "iﬂ%i gﬁ & g3 the case of THA). The reaction
rel eas Of cgsg NBZ- which has an absorption

maxi num at 412nm By measuring the increase in absorbance at 412nm and
dividing by the nolar extinction coefficient. of the TNBZ- ion at 412nm

t he frfee SAMPLE Asg Aun Acco
1 9.95 x 10° 4,10 10° 0.8 x 10°
2 9.25x10% 5.36 x 107 1.1x 107
3 7.40 x 103 3.26 x 103 0.6 x 103
4 7.20x10° 3.60 % 10° 0.6 x 10°
5 8.68 x 10° 4.08 x 10° 0.8 x 10°
6 11.45 x 107 6.26 x 10° 1.2 x 107
7 7.20 x 10° 3.70 x 103 - 0.8 x 103
8 6.82 x 10° 478 x 10° 1.8x10°

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

A solution of drug product is assayed using Limulus amoebocyte ly;ate by kinetic
turbidimetric measurement at 340nm, at a temperature of 36.5 - 37.5°C using an
automatic endotoxin detection system (eg LAL S000E). A standard curve is

constructed from known concentrations of a standard endotoxin preparation,




sul fydryl content of rHA can be calculated. j Sanple noLnol-1 A 0.82 B
0.77 CO0.77 DO0.8 EO0.90 74 CLAIMS 1. A process for producing = =~
reconbi nant al bum n, the process conprising culturing a fungal cell
expressing a reconbi nant al bum n codi ng sequence and obtai ning the al bum n,
wher ei n tWe ®W@MT72has a genetic nodification which causes t peraghdochss/have
at least a reduced capacity of mannosyl ation of the :
recombi nant| y-expressed al bumin and whé& ein the culture nediumis at |east
1,000L and is of pH5.3-5.9. 2. A process according to Claim1 wherein said
nmodi f i egative Contr6l3Md 86 mdrial SSoPR e titution, deletion, .-
addi t i on,g di sruption and/ or rrutlagti onaﬁ?éllggétvﬁgﬁs kpowg ﬂ}l%%té‘gsoé%’éﬂ%ﬁdﬂg to
O ai m endtexin arsalsb imdided dhithe dssdy. arEhé BBy 1 MR chf dror.are
non-reverting and/or are non-|eaky. 4. A proce accordlfﬁg 0 n§e38|'i’é’nof
O i meMEXRgeJs wpeasared ouen timeand adogdog (egression, | ARG @Mokdkif lﬁsolﬂb regi on
i jnvolved in the expression df a gene. 5. Eﬂb‘ 0CESS

of a gene, or .in a region |
accor dPFRIUCH it (YR 1§g‘3\ﬁ€?€lsh thehstagdard Curve apkiregovery of HeeedbisxBMidikeb: A

process, a6earding.t o0 any one of .the preceding clains wherein the fungal
cel | igwcdr%erd;d One'é&](ﬁﬂm\“’@sﬂﬁw{ﬁ%of at least 5,000L, preferably at

| east 7,500L. 7. A process for purifying an al bum n solution, the process
conprising the step of subjecting a first al bumn solution of pH8.0-9.5
buf f erBfeeMhipla buffer conprising a divalent <cation at a concentration of
5- 250 'mvrand havi ng a conductivity in the range of | to 75n8. .

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
tHA). The reaction releases the 5 thio-2-nitrobenzoate ion TNB* which has an
absorption maximum at 412om. By measuring the increase m 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. i
Sample mol.mol*?
A 0.82
B 077
C 0.77
D 0.85
E LE 0.90




cm', to an affinity chromatography step which is run in negative node with
respect to the albumn and which utilises an affinity matrix conprising

i mobi i sed di hydroxyboryl groups, thereby obtaining a purified al bumn
solution. 8. A process according to aim7 wherein the pH of the first

al bum n solution is pH8.0- 9.0, preferably pH8.3-pH8.6. 9. A process
accor%i o Caim7 or 8 wherein the first albumn solution is buffered

W th é‘%%fer whi ch conprises glycine at a concentration of 10- 500mM
preferably 25-200mM and nore preferably 50-150mM NaCl at a concentration
of O- §00n1\/l refer 5-200mMM 75 and nore preferably 50-150mM and

CaCl 2 'at a”‘cHRERTH E’ét Aiche wcompipgpt gloumit dhe \pragess woptavSIng Ccuitaring @cess

accor dJnlggI el é}p&ksmr@ Wﬁ@foﬁiﬂhénh%lﬁuhf@bodih@%@h&br@@'éﬁﬁ'(SB”t'athF"u%QHet. ERfffh W th a
buf fer cp ri ses ahout 100mM ci ne, about and about 50nmv
Cadl 2Whe‘fi” "] Hg‘é’@és‘?eé‘@ oPRAfgat 8"‘ fResesrihe gelirchavierplienst egmenpsdi vi t y

of t heapauafty ef maand.ﬂflatﬁﬁnﬁtlﬁéﬁecoﬁibﬁfaaﬂﬁbkpfe%d@tﬁ@nﬁrﬁn@ wherdi- thé RrGEESS -
accordi a @n g\ % 11 wherein the first albumn sol ution
conpr P"?ggmbﬁs&ﬁéﬁt {;ﬁO@% BEhPHACI DY of at least 70g.L 13. A process
according to any one of Clainms 7 to 12 wherein the albumn is IoadFd in

| ess than col umm val umes, m)re referabl in less than 0.35 col um
vol um%s 8 PIRBY 0 FE5Y Q@gglr HAG to Qﬁg’e"br%“%fm‘@'féﬁaﬁﬁn 15t somprigpera@yn t he
mat 1 i xuppoegsidns esbstitutionfxdidtoedadumiopniieruptoslandrbehezabhal isipapheny! bor oni ¢
acid. 15. A process according to any one of Claims 7 to 14 wherein the
purified albumn solution is subjected to further purification using

cati od exchmgees@Monamﬁr@gfoaolwn 2 @h¥ie®] 6aid mEdfida@Bn Q%)Cmnﬁﬁblwmhéht@g
al bunm n,,sol uti rocess Eor ding to any one of C ains

ahor cpfgist b PeverfiongraRe Ron 25

4, A process according to any one of Claims 1 to 3 wherein said modification (s) are

located in a coding region of a gene or in a region involved in the expression of a gene.
5. A process according to claim 4 wherein the gene is a PMT gene, preferably PMT1.

6. A process according to any one of the preceding claims wherein the fungal cell is

cultured in a culture medium of at least 5,000L, preferably at least 7,500L.

7. A process for purifying an albumin solution, the process comprising the step of
subjecting a first albumin solution of pH8.0-9.5 buffered with a buffer comprising a divalent
cation at a concentration of 5-250 mM and having a conductivity in the range of 1 to 75mS.
cm ', to an affinity chromatography step which is run in negative mode with respect to the
albumin and which utilises an affinity matrix comprising immobilised dihydroxyboryl groups,

thereby obtaining a purified atbumin solution.

8. A process according to Claim 7 wherein the pH of the first albumin solution is pH8.0-
9.0, preferably pH8.3-pH8.6.

9. A process according to Claim 7 or 8 wherein the first aibumin solution is buffered with
a buffer which comprises glycine at a concentration of 10- 500mM, preferably 25-200mM,

and more preferably 50-150mM; NaCl at a concentration of 0-500mM, preferably 25-200mM,




solution is subjected to further purification using anion exchange
chromat ography, to yield an anion exchange-purified albumn solution. 17.
A process according to Caim16 when dependent on any one of Claims 7 to 14
and wherein the anion exchange-puritied album n solution is subjected to
further purification wusing cation Fxchange igrozat ography, to é! el dtg any

i on_exchange- puri Li al bum . n_sgl uti on. .. rocess accordin
gﬁtel 81‘8 n rﬁ?rﬁs&%fe%ﬂyl%bag%mg? r"?nfj% uPl ficepcensaAT ﬁ?éo?l%m%rpre{m@w Ges one
or noréoweht. buffer exchange; concentration; dilution; dialysis;
diafiltration; pH adjustnent; treatment with a reducing agent;
decol ouration treatnent; heating; cooling; or conditioning.

10. A process according to Claim 9 wherein the first albumin soiution is buffered with a

buffer which comprises about 100mM glycine, about 100mM NaCl and about 50mM CaCl,.

1. A process according to Claim @ or 10 wherein the conductivity of the buffer is 10-

50mS.cm™, preferably 18-22mS.cm™.

12. A process according fo any one of Claims 7 to 11 wherein the first albumin solution

comprises albumin at a concentration of at least 70g.L .

13. A process according to any one of Claims 7 to 12 wherein the albumin is loaded in

iess than 0.5 column volumes, more preferably in fess than 0.35 column volumes.

14. A process according to any one of Claims 7 to 13 wherein the matrix comprises

immobitised boronic acid, preferably aminophenylboronic acid.

15. A process according to any one of Claims 7 to 14 wherein the purified albumin
solution is subjected to further purification using cation exchange chromatography, to yield a

cation exchange-purified albumin solution.

16. A process according to any one of Claims 7 to 15 wherein the purified albumin
solution is subjected to further purification using anion exchange chromatography, to yield an

anion exchange-purified albumin solution.

17. A process according to Claim 16 when dependent on any one of Claims 7 to 14 and
wherein the anion exchange-purified albumin solution is subjected to further purification

using cation exchange chromatography, to yield a cation exchange-purified albumin solution.

18. A process according to any one of Claims 7 to 17 wherein the purified albumin solution
undergoes one or more of. buffer exchange; concentration; dilution: dialysis; diafiltfration; pH-
adjustment; treatment with a reducing agent; decolouration treatment; heating; cooling; or

conditioning.




