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PCT/ GB96/ 00449 PROCESS OF H GH PURI TY ALBUM N PRODUCTI ON

The present invention relates to purifying the protein human serum al bum n

(HSA) 5 extracted from serum or reconbinant human al bumn (rHA) produced
by~ t r ansf Okt Bél3781571 Cr oor gani smwi th a nucl eoti de codi ng JIRCHICEIED0449

encodi ng the am no aci d sequence of human serum albumn. In this
specification, the term "al bum n" referls generically to HSA and/or rHA
10 Albumn is used to treat patients with severe burns, shock or bl ood
loss. It is also used to supplenent nedla used for gromnng hi gher
eukaryotic cells and aPRd SS € dh PUl ‘ N [HON apeutic
proteins. At present, the denand for the product is satisfied by al bum n
extracted from human bl ood. " Exanpl es of extraction and separation

techniques include those disclosed in: JP 03/258 728 on the use of a 15
cati on exchanger; EP 428 758 on the use of anion exchange foll owed by

gat :c or exch aﬂgepre?nd 1@&5%%%& ?rpmﬂ'yiugahe plrotbindivnmg, seag'd i aﬂgmmll HSA
iafiktering. The _producti-on of r I n m croorgani,sns S been
di scl osed i n SEPxtraged sfromn sepm  or Feeombmant human: Aljugn ¢ qeroduess, Byha

have been di scl ) . . i X - ' - .
464 590, remvﬁ%@s&ﬁ%@gf&oan&@%ﬁﬂwﬁﬁwtﬂg "EP
precipitation aaﬁwqhaﬁemumpdemumnmﬁf Inhthis' spcifieation, the teﬂnphalbumn

phase having specific affjinity fo | bum n.
refers generically to or rHA.

10 Albumin is used to treat patients with severe burns, shock or blood loss. Tt is also

used to supplement media used for growing higher eukaryotic cells and as an

’ excipient in the formulation of therapeutic proteins. At present, the demand for the

product is satisfied by albumin extracted from human blood. Examples of extraction

and separation techniques include those disclosed in: JP 03/258 728 on the use of a

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

The production of rHA in microorganisms has been disclosed in EP 330 451 and EP
361 991. Purification techniques for THA have been disclosed in: WO 92/04367,

20 removal of matrix-derived dye; EP 464 590, removal of yeast-derived colorants; and
EP 319 067, alkaline precipitation and subsequent application of the rHA to a
lipophilic phase having specific affinity for albumin,

The present invention provides highly purified albumin.

25 _
One aspect of the present invention provides a process for purifying albumin, the
process comprising the steps of applying a relatively impure albumin solution to a
chromatographic material for which the albumin has no specific affinity such that
albumin binds to the material, and eluting the bound albumin from the material by

30 applying a solution of a compound having a specific affinity for albumin. Preferably,
the chromatographic material is a cation exchanger, such as SP-Sepharose FF, SP-
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The present invention preyl&es il B&hXedhdtd fi ed al bumn. 25 One aspect of
the present invention prow for purifying al bupTRIS SheeT HAS BEE
process conprising the st§ ﬂﬂ‘““ﬂﬂk al b‘#@P[' N
solution to a chromat o i I um-qq—-ha,sﬁgED

arelatively i-npur‘

for which the alb
speci fic affi RypYesiaeh t hat al bum n binds to the material ;pcanchochesas ng
the bound al bumin fromthe material by 30 applying a solution of a conpound
having a specific affinity for al bum n. Pref&rably, t he chronmat ographic
material is a cation exchanger, such as SP-Sepharose FF, SP- 2
Spherosil etc, as listed below in Exanple 2. The conpound with specific
affinity f SpherbsifiE, s TiRied BRlOACIn TR Sle 0€ THeQSmpouRE With 8pédific aflinitg fod 0Ny
chain (C6 to C22) fatty acids, salicylate, octylsuccipnate

N-acet yl t rypt ofRuminmay be; oetaneate (eg sodiumg;octanoate), athesy long, ghain (S to Cx)\ fatht ond

aspect of the ] ; r g?a | fYILE | S
process comri%ﬁ%%@%‘?’e@lo gg(gf)i£§| ﬁgwgﬂbg%%wn sol ution dtq%r }ggﬁ (°)t;1
exchange ctheserat ography in whjch the albumn is bound to a cation

exchange material and t hen "ani on exchange chromat ography in which the
albumin is bdund to an anion 10 exchange material, provided that one of

the followi ng two condifions  is.net,. . Firstl the al.bum n.whi.ch j s

el uted from th AuseL 08 e imtErio frovidss B protess SAF PRI (HPUPEA S by
one or nore of prsbbdstomp rﬁﬂf§0ﬂ§8ts § AP R¥bjebding @ althuirih 'sORGAN Yo catiord&kch

per neati on bef%re lgei ng su jec_tgg to thjgk%'gd ani onaexchange orFEXchangs

chr onmat ogr aphychrogmatogepby iniwhich theedlbumisyiscbdsudi toem tationhexchangeematevalngnd ses
the steps of:

then anion exchange chromatography in which the albumin is bound to an anion
10 exchange material.

The albumin which is eluted from the cation exchange material may be subsequently

treated by one or more of affinity chromatography, ultrafiltration and gel permeation

before being subjected to the said anion exchange chromatography. Hence, in a
15 preferred embodiment, the process comprises the steps of: '

(a)  passing an albumin solution through a cation exchange matrix under
conditions such that the albumin will bind to the matrix;
(b}  eluting from said matrix an albumin-containing cation exchange eluate:
20 {c})  passing said eluate through an affinity matrix comprising an albumin-
. binding compound;
{d} eluting from said matrix an albumin-containing affinity matrix eluate;
(¢) passing said eluate, optionally after ultrafiltration. through a gel
permeation matrix to obtain a fraction enriched in albumin;
25 ® -paSSing the said albumin-enriched fraction through an anion exchange
matrix under conditions such that albumin will bind to the matrix; and
(g) eluting from said anion exchange matrix a purified albumin-containing
product.

30 Alternatively, the albumin which is eluted from the cation exchange material may be

applied to the said anion exchange material without any intervening treatment (other



(a) passing an album n solution through a cation exchange matri x under
conditions such that the albumin will bind to the matrix; (b)
eluting fromsaid matrix an al bum n-contai ni ng cati on exchange el uate; 20
(c) passing said eluate through an affinity matrix conprising an al bum n-

bi ndi ng conpowl96/37515 (d) eluting fromsaid matrix arPCI/GB96/00449
al bum n-containing affinity matrix el uate; (e) passi ng said
eluate, optionally after ultrafiltration, Bhrough a gel

permeation matrix to obtain a fraction enriched in al bumn; 25 (f)

passi ng the said al bum n-enriched fraction through an ani on exchange

mat ri x under cthadi dilution).suHendehad sedomdnprefesidd einbodiment previdest ai processdfor
(g) eluting fro saig anji on exchange matrix a purified al bum n-containing
product . purifying albumin, compnsing the steps of: 2a Alternatively,
the abbumin which is eluted fromthe cati on exchange material may be
applied to the said ani on exchange material w thout any intervening
treatment (other (a)  passing\@n%dininl Solution through a cation excha3nge matrix under

PCT/ GB96/ 004§9 conditions such that the albumin will bind to the matrix;
® eiuting from the matrix an albumin-containing cation exchange eluate;
(©)  passing the cation exchange eluate through an anion exchange matrix
under conditions such that the albumin will bind to the matrix; '
(d) cluting from the anion exchange matrix an albumin-containing anion

10 exchange eluate;
()  passing the anion exchange eluate through an affinity matrix comprising
an albumin-binding compound;
()  cluting from the affinity matrix an albumin-containing affinity matrix
cluate;
15 (®) passing the affinity matrix eluate through a gel permeation matrix to

obtain a fraction enriched in albumin.

Preferably, prior to the cation exchange step, the albumin solution is conditioned by
adding octanoate and/or other albumin stabiliser (eg sodium acetyltryptophanate)

20 thereto to a final concentration of from about 1-10 mM and adjusting the pH to
about 4.0-5.0.

Advantageously, the albumin retained in the cation exchange step is washed with a
high salt solution (eg 0.5-2.0 M NaCl buffered at pH 4.0 with 10-100 mM,
25 preferably 20-40 mM, for example 27 mM sodium acetate) before being eluted.

Preferably, in processes in which the cation exchange eluate is passed directly to the
anion exchanger, the albumin is eluted in the cation exchange step using a buffer
containing a compound having a specific affinity for albumin, especially an acid or

30 salt thereof, for example octanoate or any other long chain (C,-Cy) fatty acid.
salicylate, octylsuccinate or N-acetyltryptophan.



than dilution). Hence, a second preferred enbodi nent provides a process for

purifying al bum n, conprising the steps of: (a) passi ng an
al bumi n solution through a cation exchange matrix under 5
conditions such that the albumin will bind to the matri x; (b)

el uting from tyg op@fsis X an al bum n-containi ng cati on exchangepecBdcdndss

(c) passi ng the cation exchange eluate through an ani on exchange matri x
under conditions such that the albumin willgbind to the matri x;

(d) eluting fromthe ani on exchange matrix an al bum n-contai ni ng ani on 10
exchange el uat e; (e) passi ng the ani on exchange el uate through

an affinity mtﬂuﬁtﬁbl?oﬂiérdlﬁdtﬁﬁ is eluted from the aniof'exahdtigst With! J6UFes c@ﬂﬁﬁﬂt@d
() eluting from he affi ni tgtbmatrl x an al bum n-cont ai ni n&affl nit

mat ri x high level (gg @b deast ImM prp@)ably FE200gM, Her axample B)-13Gm

el uate through el on tri obtain a fractlon
enriched in al @%ﬁz CPaasaqE%?'e W%W\“ﬂm exchange step,
the al bum n solution is conditioned by addi ng oct anoate and/ or ot her

al bumin stabiliser (eg sodium acetyl tryptophanate) 20 thereto to a final
concentrati ons d’hefalhumnbpmﬁﬁ in0acehidance with the iinventior muy then, with ruwithout

4.0-5.0. Advant ageousl vy, el?cal um retai ned |n t he catj on excghan e.
step i s washed I{FVEMINE Proggs ﬁteE%r REW b%w WorERg

pH 4.0 with 10'9{%91!:5“& mgth ?Eﬁgﬁ%ﬂ, %fe@g@h
acetate) before being elut é"e era , 1IN ocess t 8

cation exchangeuel anamiriophgriyloronhiciacid{PBR).t 0 t he ani on exchanger t he
albumin is eluted in the cation exchange step using a buffer cont ai ni ng
a compound having a specific affinity for albumin, especially an acid or 30
salt thereof g fig € oP HeaRAREn Whid MrvEiv hf&ﬁd% thd affinfiy’ 1)
fatty acid. P? ylate ° octyl succi nzlate ?)’r aceRgIQtrypt @Rg 4
chromatography preferably uses a resin comprising an immobilised albumin-specific

dye, such as a Cibacron Blue type of dye, preferably immobilised on the resin via a
spacer such as 1,4-diaminobutane or another spacer of C,, preferably C,,, eg C
and most preferably C, length, preferably having o,w-diamino substitution.

15 Sﬁrprisingly, we have found that such dyes actually have a greater affinity for a 45
kD albumin fragment which can be produced in cultures of HA-secreting
microorganisms, than they do for the full length albumin molecule. The 45 kD
fragment typically consists of the 1-403 to 1-409 region and is disclosed in Sleep ez
al (1990) Bio/Technology 8, 42-46 and in WO 95/23857.

The purified albumin solution prepared by the process of the invention may be
further processed according to its intended wtility. For example, it may be
ultrafiltered through an ultrafiltration membrane to obtain an ultrafiltration retentate
having an albumin concentration of at least about 80g albumin per litre, with the
25 ultrafiltration retentate being diafiltered against at Ieast 5 retentate equivalents of
water. It can be advantageous to include ammonium ions in certain chromatographic
steps, for example in the step involving immcbifised aminophenylboronate.
Surprisingly, we have found that such ammonium ions are relatively tightly bound to
the albumin. It is preferable for such ammonium tons to be removed from the
30 albumin and we have found that this can be achieved by use of a counter-ion. The
desirability of exposing the albumin to a counter-ion would not have occurred to
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PCT/ GB96/ 00449 4 Sui t abl y,
the albumin is eluted fromthe anion exchanger with a buffer containing a
high level (eg at |least 50 mM preferably 50-200 mM for exanple 80-150 m\V)
of - a boricwobed3mst, for exanple sodi um or potassiumt et r BgHERIG00449 5
The al bumin purified in accordance with the invention may then, with or

wi t hout i nterveni ng process steps, be sdbjected to chromatography on a
resin containing an i mobi | i sed conpound which will selectively bind
gl ycoconj ugat es and sacchari des, such as am nophenyl boroni c acid (PBA).

10 I'n any procthese irf tlnheltlmmnorrpmmmls hmoiot/mobfeﬂlammgmmmmaogrthghy

| robi || Sect ol BAhPAFORER AR PEPPost gl 578 vl Br B B ¥ gl o

preferably immbilised on the resin via a spacer such as
1, 4-di am nobut ane or anot her spacer of Cerr], preferably Clerr], eg (Jerr]

and nost pref eAadrdingly, |2 further aspest of thd yn\twnomg!ro\[i&srt} mathad] oﬂpanfymg an

3?23 1; ug;?lnﬁ %]guSurgqh& n&txwv\%%%\ég faundlthattwsé,quﬂme\éﬁ%gam ual k%bha e a
cul tures of HAnge fﬁ, q,ﬂgn o 4;@@1@@ o ﬂ,éma“ﬁ,b?q?& th&¢ed ftbin the

| engt h al bumi n no gnent  typi conS|sts of the
1- 403 to 1-409solatipmon and i s disclosed in Sleep et aI (1990)

Bi o/ Technol ogy 8, 42-46 and in WD 95/23857. 20 The purified al bumn
sol ution prepared by the process of the invention may be further

processed accoqfil RudlrionS(phdtbaBiLE nikth'ibh Y%uch 58 SofiA RSy cdn! bd BdF to the

10 albumin solution and the ammonium jons removed by dialysis, or the ammonium ion

can be diafiltered away across a semi-permeable membrane separating the albumin
from the solution of the counter-ion, or they can be removed by gel permeation
chromatography. Diafiltration against at least five retentate volumes of 50 mM
sodium chloride is generally suitable.

15
The albumin obtained has been found to have extremely low levels of, or to be
essentially free of, colorants, lactate, citrate, metals, human proteins such as
immunoglobuling, pre-kallikrein activator, transferrin, o,-acid glycoprotein,
haemoglobin and blood clotting factors, prokaryotic proteins, fragments of albumin,

20 albumin aggregates or polymers, endotoxin, bilirubin, haem, yeast proteins and
viruses. By “essentially free” is meant below detectable levels. The term “colorant”™
as used herein means any compound which colours albumin. For example, a
pigment is a colorant which arises from the organism, especially yeast, which is used
to prepare recombinant albumin, whereas a dye is a colorant which arises from

25 chromatographic steps to purify the albumin. At least 99%, preferably at least

* 99.9%, by weight of the protein in the albumin preparations purified by the process

of the invention is albumin. Such highly pure albumin is fess likely to cause adverse
side effects.

30 The albumin produced by the process of the invention has been found to be at least
99.5% monomeric, preferably substantially 100% monomeric by reducing SDS



ultrafiltered through an ultrafiltrati on nmenbrane to obtain an

ultrafiltration retentate havi ng an al bum n concentration of at |east
about 80g al bumin per litre, with the 25 ultrafiltration retentate being
diafiltered agai-nst at |east 5 retentate equival ents of water. It can be

advant ageous t WO 9s#78Ke armoni umions in certain chromat ogr apRCEGBIAMENS
for exanple in the step involving i nmobilised am nophenyl boronate.
Surprisingly, we have found that such ammonfumions are relatively tightly
bound to the albumin. It is preferable for such amoniumions to be
renmoved fromthe 30 al bum n and, we have found that this can be achi eved by
use of a count FAGE andascharacgaised by iane o mereof the following:charaserstics.o Ihas

count er i 0N WUl ihnifiA“on ¥6ith! §ledsOthan 150 ng, prof€Rabl/ 184 han 100 ng; an iron

PCT/ GB96/ 00449

this art since iphicohiteft sfdess et 3)000Eng) Preferabhy 1eeithafTO00WE), & @0ppeition lovel 6f
was no reason to suppose that amoniumions would be bound by the al bum n.

Accordingly, a lessrthand0X)0cng, prefershly less thani HA0Q ngy aduagnasivmt ispdlevsl of less
purifying an | bWHAR SOl utd onx GO | Si exposing. the solutign t

sol ution of aéc'gﬁ‘hl[i@&'@n %Tfi‘ﬁglﬁes{s%" g’maguﬁﬁ'ﬁémg‘?vgfﬂ*gﬁ ﬁ@@c???@oﬂg’t he
al bum n and carpréferdtiy e thah 30000 4 a margahttel i6f level of lessRarf 90 AEEAH baked on
(preferably a nmetal ion such as sodi umions) can be added to the 10 al bum n -

sol ution and t Hneagmamnelialbumins a glyeation leyeldof-lesssthan 006, praferablyrdess than 045
can be diafiltered awa 0SS SeRlperneabl e nepbr.ane separafing e
al bum n froﬁq'tf% @8%3%% %ﬂemnfﬁeﬁ gﬁ),:oss .? e]§7°€° ﬁ:fe?'@nﬁtgawby
gel perneation moleethap%w caminafds 1 below (2007, 262 pRfdrably 168hkn T0VE.sec,
retentate vol unes of 50
10 measured as in Example 9 below; a single peak on a capillary zone
electrophoretogram; intact, ie homogeneous, C-terminus and N-terminus: a free thiol
content of at least 0.85 mole SH/mole protein; and no more than 0.3 mol/mol of C10

to C20 fatty acids and substantially no C18 or C20 fatty acids.

15 The starting material may be an albumin-containing fermentation medium, or the
impure albumin solution may be a solution obtained from serum by any of the
plethora of extraction and purification techniques developed over the last 50 years,
for example those disclosed in Stoltz et al (1991) Pharmaceut. Tech. Int. June 1991,
60-65 and More & Harvey (1991) in “Blood Separation and Plasma Fractionation™

20 Ed. Harris, Wiley-Liss, 261-306.

Especially when the albumin is rHA produced in protease-deficient yeasts or other
organisms, the process does not normally comprise a heat treatment step as part of
the purification process (in contrast to EP 428 758 and EP 658 569). Similarly, if it

25 is prepared from microorganisms (rather than from humans) it does not normally
require a final pasteurisation step (typically 60°C for one hour).

The final product may be formulated to give it added stability. Preferably, the highly
pure albumin product of the invention contains at least 100 g, more preferably 1 kg
30 or 10 kg of albumin. which may be split between a plurality of vials.



sodiumchloride is generally suitable. 15 The al bumi n obt ai ned has been
found to have extrenely low |l evels of, or to be essentially free of,
colorants, lactate, citrate, nmetals, human proteins such as

i mmunogl obul ins, pre-kallikrein activator, transferrin, [err]-acid

gl ycoprotei n, wossamssmgl obi n and bl ood clotting factors, prokRCYGBIG00449
proteins, fragnents of al bum n, 20 al bum n aggregates or polyners,

endot oxi n, bilirubin, haem yeast proteins and viruses. By "essentially
free" is meant bel ow detectable |evels. The term "col orant™ as used
herei n neans an congound whi ch col ours al bum n. For exanple, a pi gnent
is a col orant wi;lﬂmug ithes procéss ofhthepreseng dnvention camptecutilised ty ebain mors plrifies

d t . mi t albunin,,wh d IS I t which
arises from o5 MAPHRATSY A iPireintin bR R s uiber of sirtes, Syctasseaumy
preferably atlieaspardculdfly 3plidalensy piifyfiy fedSmBilitchindr? atiifid (L) The

preparations purified by the process '

. . " the invention is albumn. Such
hi ghly pure al flbumini pradueed lin kascgrdapce: avigie thelviovention may dbe edriye snammalifh0

The albumin pfoduced by.the process of the.invention ha en found to, be
ot case " O SRR i rab SRR o oying (Uit but ypreGERR v GHEWE ko
reduci ng SDS pDNA 1 ; : :
AR B encodifigfibuiiihlmay be expressed in a suitable host to produce, glbumin,
i s charact eri sékhusy DI¥i& may rber usedf int hecofdante writhy kndver aeshaidues it6 sconktrudiam

an alum niumion content of less.than 150 ng, preferably |less than_100 ng;
an iron i on EBFFUOR vegtor, suluc %H‘%,W@gtﬂwﬁéﬂmhﬂéﬁnlﬁm@@
ng; a copper i , ) )
59000 ng. o mmonBion afl producfia of i "t eBlyEs RARC B istOAR in.
than 1,500 ni§ EP-A-TR-646EP-AvE8 632, ER9s201h230 andEP-A1387 319.

Many expression systems are known. including bacteria (for example E. coli and
Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae, Pichia pastoris and
Kiuyveromyces lactis), filamentous fungi (for example Aspergillus), plant cells,
15 animal cells and insect cells. The preferred microorganism is the yeast

Saccharomyces cerevisiae.

Exemplary genera of yeast contemplated to be useful in the practice of the present
invention are Pichia (Hansenula), Saccharomyces, Kluvveromyces, Candida,
20 Torulopsis, Torulaspora, Schizosaccharomyces, Citeromyces, Pachysolen,
Debaromyces, Metschunikowia, Rhodosporidium, Leucosporidium, Botryoascus,
Sporidiobolus, Endomycopsis, and the like. Preferred genera are those selected from
the group consisting of Pichia (Hansenula), Saccharomvces, Kluvveromyces,
Yarrowia and Hansenula. Examples of Saccharomyces spp. are S. cerevisiae, S.
25 iralicus and S. rouxii. Examples of Kiuyveromyces spp. are K. fragilis and K. lactis.
Examples of Pichia (Hansenula) are P. angusta (formerly H. polvmorpha), P.
anomala. P. pastoris and P. capsulata. Y. lipolyrica is an example of a suitable

Yarrowia species.

30 It is advantageous to use a yeast strain which is deficient in one or more proteases.

Such strains include the well-known pep4-3 mutants and strains with mutations in the



preferably | ess than 3,000 ng, a manganese ion |evel of |less than 50 ng,
al ' based on one gram of albumn; a glycation |level of |less than 0.6,
preferably | ess than 0.15 (nmore preferably less than 0.05), noles
hexose/ nol e protein; a level of |ow nol ecul ar wei ght contam nants of
bel ow 20 V. secwomesfstsably | ess than 10 V.sec, 10 neasured asPCRIGENG % O
bel ow;, a single peak on a capillary zone el ectrophoretogram intact, ie
honogeneous, C-ternminus and N-term nus: a f§ee thiol content of at | east
0.85 nole SH nol e protein; and no nore than 0.3 nol/nol of C10 to C20

fatty acids and substantially no C18 or C20 fatty acids. 15 The starting
material may bePRA andforiFRBd ogenes, s iy Weelferdt ettal (k99383 o Rigl. henh 268, 898%ur e

al bumi n sol uti ban i Red rd ' of,fhe .

ol et hora of extPght Lok o B HOBRCE AP, M modRNes Blartro nd Jorke er ok
50 years, f aehdi e 6a 0S b t: SR1Q RRcdiEsUt -
Tech. Int. Jung]l%%zgl, . c%%%%%@%r?ﬁ%%@?%lmg mwéﬁ%)ofg i’
Separ ation and redismem#y be inactivateddryheafing:d Thelexistence U preteatdsyeduce the3gield
Especial ly V\hain‘giﬁgeaﬁl bum,n.is rHAgg{ oduced in protease-deficient yeasts or
ot her or gahi ithe albymm, during the guerall AEeCesHr mal |y conprise a heat treat ment
step as part of the purification process (in contrast to EP 428 758 and
EP 658 569). Simlarly, if it 25 is prepared from m croorgani sns (rather

than from hunar®referablyitbe yeast haoa iaw [(pr zero) devel of the Yap3pl proasceand/snbf the
step (typicall product may be

6 rl C fqr one hour). The final [
formulated to é}sggg(fﬁe%égg% BrotgR,) for wxampler as & gesplt of kaving,the Vi genes
al bum n productg is ' ' e . f y 1
g 30 or 10 g gt it b BRER ABhong BRbRE o WOPSPRIRST Y
10 95/33833, respectively. Yap3p can cause the formation of the 45 kD albumin
fragment referred to below, and hsp150 co-purifies with albumin in some separation
steps.

Yeast may be transformed with an expression plasmid based on the Saccharomyces

15 cerevisiae 2um plasmid. At the time of transforming the yeast, the plasmid contains
bacterial replication and selection sequences, which may be excised, following
transformation, by an internal recombination event in accordance with the teaching of
EP 286 424. The plasmid may also contain an expression cassette comprising: a
yeast promoter (such as the Saccharomyces cerevisiae PRBI promoter), as taught in

20 EP 431 880; a sequence encoding a secretion leader, for example one which
comprises most of the natural HSA secretion leader, plus a small portion of the S.
cerevisiae o-mating factor secretion leader, as taught in WO 90/01063; the HSA
coding sequence, obtainable by known methods for isolating cDNA corresponding to
human genes, and also disclosed in, for example, EP 73 646 and EP 286 424; and a

25 transcription terminator, for example the terminator from Saccharomyces ADHI. as
taught in EP 60 057.

The choice of various elements of the plasmid described above is not thought to be
directly relevant to the purity of the albumin product obtained, although the elements
30 may contribute to an improved yield of product.
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the process of the present invention can be utilised to obtain nore
purified al bumin froman inpure albumn solution froma nunber of
sources, such wo9gays1sM it is particularly applicable to pRETERA6HEA4S
reconbi nant human al bumn (rHA). The al bum n produced in accordance with
the invention may be any mamrmalian 5 al burf n, such as rat, bovine or ovine
al bumin, but is preferably human al bum n. DNA encodi ng aI bum n may be
expressed in a suitable host to produce_al bum n. Thus, DNA may be used

i n accor dance Rrefored aspectsafithe memmmawbmdﬁscahedbympmﬁsmﬂewedmﬂl

which is then usgd to . tranform an.appropriate t cell for the

expressi on and B m @WMM&%’ yues i ncl ude those

di sclesed in 10 EP-A-73 646, EP-A-88 632, EP-A-201 239 and EP- A-387 319.
Many expression systens are known. i ncl ud| ng bacteria (for exanple E. coli

and Baci | | uFigwtli shows, schesnasically adermsnterpised Seprokduccorffps cer evi si ae,

Pi chia pastoris and Kl uyver omyces lactis), filanmentous fungi (for
exanpl e Asper%i | lus), plant cells, 15 animal cells and insect cells.

preferred mcr qaggam W UV ke 465 CI8 WAL PRie HPEY! blifin ( Ap?
Exenpl ary genera of yeast contenplated to be useful in the practice of the
pr esent i nv iosysemarieckishowing thia ke levtlof loGamoleculanyeight cotitaminants iy thes,
Candi da, 20 Tor yl opsi Jorul aspora, Schizosaccharonyces, Citeronyces,
Pachysol en, P(ﬂi}l@e chuni kow a, Rhodosporidi um Leucosporidi um

Bot r yoascus, Spori di obol us, Endonycopsis, and the like. Preferred genera
are those selected from t he group consisting of Pichia (Hansenul a),

Sacchar onycet) Fijwrg3ds simitarso Figurt’@ibuoshowsdow mbleataweightxomahiaantoin prior
Saccharonyces spp. are S. cerevisiae, S. 25 italicus and S. rouxii.

Exanpl es of Kl @P‘éfﬁ?"ées spp. are K fragilis and K. |actis. Exanpl es of
Pi chia (Hansenul.a) are P. angusta (fornmerly H. polynorpha), P. anonal a.
P. pastoris and P. capsulata. Y. lipolyrica is an exanple of a suitable
Yarrow a speci efigure 4 is a gas chromatogram showing the fatty acid content of commercially

available albumin;
15

Figure 5 corresponds to Figure 4 but shows albumin of the invention; and

Figures 6a and 6b show electrospray mass spectrometry for albumin of the invention
and prior art albumin, respectively.
20
le 1: tion of i in solution

The cloning strategy for construction of the albumin-producing microorganism was as

disclosed in EP 431 880. Plasmid pAYE316 was introduced into a (MA7z, leu2,

25 pep4-3, [cir']) Saccharomyces cerevisiae strain by the method described by Hinnen

- etal, (1978) P.N.A.S. 75, 1929, Transformants were selected on a minimal medium
lacking leucine (Yeast nitrogen base, Difco). When transformants were grown for

72 hours at 30°C, 200rpm in 50ml flasks containing either 10ml of complex (YEP,

1% (wiv) yeast extract, 2% (w/v) bactopeptone and 2% (w/v) sucrose), or defined

30 (0.15% (w/v) yeast mitrogen base without amino acids and ammonium sulphate,

0.5% (w/v) ammonium sulphate, 0.1M citric acid/Na,HPO,.12H,0 pH6.5, 2% (w/v)



30 It is advantageous to use a yeast strain which is deficient in one or

nore proteases. Such strains include the well-known pep4-3 nutants and
strains with nutations in the WD 96/ 37515
PCT/ GB96/ 00449 8 PRA1

and/ or PRBl1 gewed¥63®35in Wol ford et al (1993) J. Biol. ChemPCRSBISROMAI-
8998, Cabezon et al (1984) P.N. A S. 81, 6594-6598, EP-A-327 797 and Jones
et al (1982) Genetics 102, 665-677. A t#€r nat i vel y, the proteases in the
fermentation medi um may be inactivated by heating. The existence of

pr ot eases reduces t ld,.5 of the b yring the overall process.
Preferably, the® W&%@W%r%%ﬁbs \Ws&%ﬂwm%ﬁvamrs sepcsnatant by
and/ or of the g,}é@,mﬁ;a r%&.h. &Eﬁé .

having the respecSJP6 nes & |soﬁlE , as |sy aug ef"ﬁﬁgﬁbreﬁpat éfrnﬂrg;xs

applications published as WO 95/23857 and WO 10 95/ 33833, respectively.
Yap3p can cause the formation of the 45 kD al bum n fragment referred to

bel ow, and hsp Astockomastes celk sulfyre fin defied liquid mediums@uffesed Minimal Medipm.

Yeast nay be g a Si o 1 d based an t

Sacchar onyces 1@%6%“\}%&‘9? ?ﬁ%@ §a§)eAf ?‘&Pﬁ‘ﬁWﬂg

the yeast, the Difesipl Fegfonditicngid monvhoditite 6 g&@hﬂ%ﬁ& @meitﬁféglﬂnp}{

sequences, nt# m be excised, follow ng transf ormation,

i nternal reconfi-9ad0i%n suckose isn addedhrtaaR0p/Li s wsed teaprepang tmnmng Estodié6

424. The pl asmanamﬁc %@Eﬁ@ essi casse. %or’%rl sin of

yeast pronoter {such as th W‘ée@l&é?%l “% ﬁm?a

taught in shake flask cultures by freezing aliquots of the culture in the presence of 20% (wlv)
10 trehalose.

Fermentation

This section relates to the production of rHA from stock culture through to the final
15 fermentation and is a general definition of an rHA fermentation process which is not
Iimited to the specific detail of particular equipment or scale.

Shake Flask Culture. The yeast [cir®, pAYE316] is grown as an axenic culture
physiologically suited for inoculation of the seed vessel. If timing of the seed vessel

20 is to be reproducible, it is necessary to define the phase of growth (primary
carbohydrate excess) and inoculum biomass (12 + 2mg/L which requires a 100ml
mmoculum per 10 fitres of medium). One stock vial is inoculated into a shake flask
containing 100mL of BMM +2%(w/v} sucrose and the flask is incubated at 30°C on
an orbital shaker (200rpm revolutions per minute) until a cell dry weight (cdw) of

25 0.6-1.2g/L. (assessed by optical density at 600nm) is obtained. This culture is then
used to inoculate a seed fermentation vessel to a level of 124+2mg/L.

Seed Fermentation. The inoculum for the main production fermenter is provided by
growing the production organism, preferably S. cerevisiae [cir°, pAYE316], in a seed
30 fermenter (in this example, 20 L working volume) to a high cell dry weight (cdw) of
approx. 100gL'. A fed-batch regime is followed so as to minimise the accumulation



20 EP 431 880; a sequence encoding a secretion | eader, for exanple one

whi ch conpri ses nost of the natural HSA secretion |eader, plus a snal
portion of the S. cerevisae J[err]-mating factor secretion | eader, as
taught in WO 90/01063; the HSA codi ng sequence. obtai nabl e by known

met hods for | wa gt CDNA corresponding to human genes, ®CO/GH6G0449

di sclosed in, for exanple, EP 73 646 and EP 286 424; and a 25 transcription
term nator, for exanple the term nator froil Saccharonyces ADH . as

taught in EP 60 057. The choice of various elenments of the plasmd
descri bed above is not thought to be directly relevant to the purity of
t he al bumin proﬂ@hambtaidnwbtatalmﬁoﬂgh tbhmaaixmmrdeﬁ deyTM)rwhdld:)mfeeaah an

:;,gp-i-/r (é\égg / %Ioildfg o ferme Ea%gg is monitored and conu'ol?e?{vxa a computer contre] system, spch as the

aspects of the#;mmmewtbm i | seﬁ,smﬁs; Ea&m% ngnﬂiiénﬁbﬁ: 1A Bnh

reference to the acconpanying lgure 1 shows
schemati cal | y- §Gérmanyht é’hmm&war@sxmphdiuby B.HBraun is a Supenyisoey Contsohand/Dataace

o A5 o A2 3P 5 et e
al bum n of: thegl, ﬁ”&lgon m slﬁmﬁid%”t& cﬁnﬁél fhie"ddaRtfon! 8F ScHose SoPthiat maSRHUM:

| ow nol ecul ar vvel amnants 1 n pri
bxomass is achieved by avoiding the Crabtree effect, thereby minimising the

production of ethanol and/or acetate. The fermentation vessel is subjected to a hot
NaOH wash and pyrogen-free water (PFW) rinse. The heat sterilised vessel will
10 contain approximately 10 L of sterile MW10 medium {Table 1) batch salts plus trace
elements. The medium for rHA production can be ultrafiltered (10,000 Mol. Wt.

cut-off} to remove endotoxins.

TABLE 1
MW10 MEDIUM
15 ituents : Batch Medium Feed Medium
Salts
KH,PO, 2.74g/L 10.9g/L
MgS0,.7H,0O 0.58g/L. 2.3g/L
CaClL,.2H,O 0.06g/L. 0.24g/L
20 H,PO, 85% wiw) 0.88mi/L 1.76ml/L
Vitamins
Ca pantothenate ZOmg/L 180mg/L
Nicotinic acid 33.3mg/L 300mg/L
m-Inositol 20mg/L 180mg/L
25 d-biotin 0.133mg/L 0.8mg/L
Thiamine.HCI 16mg/L 32mg/L
‘ Trace element stock 10ml/L 20ml/L

30 Sucrose 0* 500g/L



art al bum n; Figure 4 is a gas chromatogram show ng the fatty acid
content of comercially avai | abl e al bum n; 15 Figure 5 corresponds to
Figure 4 but shows al bumin of the invention; and Fi gures 6a and 6b
show el ectrospray nmass spectronetry for al bumin of the invention and
prior art al buwovestsspectively. 20 Exanpl e 1: Prepar ati onpof/cBysno448

al bum n sol ution The cloning strategy for construction of the

al bum n- produci ng m croorgani smwas as dixscl osed in EP 431 880. Plasmd
PAYE316 was introduced into a (MATa, |eu2, 25 pep4-3, [cir]) Saccharonyces
cerevisiae strain by the nethod described by H nnen et al, (1978)

P.N. A S. 75, 197%aceTElemeit@tonkrConstiuentssel ect ed on a mini mal medi um

| acki ng | euci ne (Yea 'ﬁh‘ g@n base, Di ). Wien transformants were grown
for 72 hours at 3% ] 200rpmin fl asks containing either 10m
of conpl ex (YEP, g’/ east exrac 2% (W v) bact opeptone and 25%
(w' v) sucrose), or ‘?l e 0 (0.15% (w yeast nitrogen base w t hout

am no aci ds and ammorMnS0g4H0at e, 0.%2AW v) ammoni um sul phate, 0.1M
citric acid/ Ng[err]HPQerrgiZH[err]O pHG, 2% (W' V) W96/ 37515
PCT/ GB96/ 0044 0.079g/L 10 sucr ose)
liquid nmedium rHA ccmb@) be detected in ltgfchel | free cul ture supernatant

by
KI 0.2g/L
Na,Mo0O,. 2H,0 0.5g/L
CoCl,. 6H,0 0.56g/L
10 '
The trace elements are added to demineralised water, acidified with 35mli/L of 98%
H,SO,.

* 20g Sucrose/L is added to the batch medium at the 20L seed fermenter stage. Any
15 convenient method of sterilisation may be used, as may any depyrogenation method,
for example ultrafiltration. The vitamins are always filter sterilised.

After the medium is added to the vessel, the operating temperature of 30°C is set, as
well as the minimum stirrer speed, typically 400-500 rpm. The initial pH is adjusted
20 with ammonia sotution (specific gravity 0.901) using a pH controller set at 5.7 +
0.2. 2M H,SO, is also used as a pH corrective agent. Sucrose to 20gL", MW10
batch vitamins, and Breox FMT30 antifoam to 0.04gL"* are added to the vessel.

Sterile filtered air is introduced into the vessel at 0.5 v/v/m (ie 0.5 litre non-
25 compressed air per litre of medium per minute), the medium is inoculated to 12 +
2mg cell dry weight L from an axenic shake flask culture and the MECS computer
system is initiated. Following completion of the batch phase of growth (signalled by
a dissolved oxygen tension increase of >15% in 30 min), addition of the feed
medium is initiated, under control of the MFCS system. The control strategy is
30 effectively the same as described below for the production fermentation. During the

fermentation the air flow is increased in two steps in order to maintain a flow of



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

| nmunoel ect r ophoresi s. A stock nmaster cell culture in defined liquid
medi um (Buffered M nimal Medium 5 (BW salts nmedium Yeast N trogen Base
[wi thout amino acids and (NHerr])[err]SOerr], Difco], I.7g/L; citric

aci d nmonohydr aw® &399@/ L; anhydrous Na[err]HPO err], 20. 169/ L pcaftBesnesds
6.50. 2, sucrose is added to 20g/L) is used to prepare running stocks

(manuf acturer's working cell bank) of procers yeast suitable for the
preparation of shake flask cultures by freezing aliquots of the culture
in the presence of 20% (w v) 10 trehal ose. Ferment ati on Thi s

section rel at esagprotifmatady G cw/eln:.0Thefdigsbired ! Raloh s bontPelld dt20% €

final 15 fernment,ation and is _a general definition of an r fermentation

process which ,gr rgturation P)h‘ibéﬂgl% @%éﬁgﬁem dence theostinmyr speed| eannot be

?guélrocr)mvmnt agrars1 axeni c Clﬁhéure SI olﬁ% g%ﬁ g%gg%fﬁiﬁn%n #n%h?’aﬁAYES 1?]

t he seed vessel conltrol talgoritign wontrble th@%d\/ﬁ@fd mifliniise e fofmatRin 6F Frhith@itioh t
i's necessary {o define the phase off%q%rowth (primry car bohydr ate excess)

and i nocul um Bi RQHYEs. A %@99 thecenltues isstrargfented to aj produsttiomvessel.10
litres of medium). One stock vial is inoculated into a shake flask
cont ai ni ng 100nL of BMM +2% W v) sucrose and the flask is incubated at

30[err] C on mm_ﬁmmg_ (280 rakBhic e ¥t | p
cell dry weight (cdw) of 25 0.6 i 1.2g/L (assessed (gﬂﬂ;e |acsgnagten§ ‘Y'ﬁ.’ilk]als

600nn) is obt alpreéueedmssfqdrhm&mmmﬁmhto a higheatiw Q)Sﬂgbﬁ) ﬁirethapmmuon of

fermentation ve err Seed _Fer prent at i or] The

i noculum for th Ihtﬁgr JFB tq:rrﬁggte& B this gxample a %E

production ol@apbiking RoRings c’ﬁf' 8’0§0Lci%r ﬁ\b%h&?ed %{h[ el ]cul Ygré aseéc?ed

30 fernmenter (|nth|s exampl e, 20 L working volune) to a h

vei ght (cdw) offcmelwplprtba(cellldt}gwglghtrc}f witich dsiptefiérablyr » 80k lSTTid)inlitiul\eéll dey as

h | a

to mnimse the acgﬁ{J o tri?txon in the production fermenter on transfer of the seed fermenter
culture is preferably 0.25-1.00 g.L"'. Although it is preferred to initiate feeding
within one hour, it can be delayed if necessary. Due to the very low values of OUR

15 and CER during the initial part of the feed phase and the consequent errors in' their

measurement, the automatic control of feed rate using RQ is initially disabled. The
feed regime is intended to minimise the accumulation of ethanol and acetate, so as to

~ maximise the cell and product yield.

20 The fermentation is carried out in a fermenter such as that shown in Fig. 1, designed
to give optimum gas dissolution and bulk mixing. The vessel, which is subjected to
a hot NaOH wash and PFW rinse, will contain approximately 4000 L of sterile
MW10 (Table 1), batch .salts and trace elements. This medium may be sterilised
independently of the vessel either by heat or filter sterilisation. It has been found in

25 accordance with the present invention that it is advantageous for the fermentation
medium, such as MW10, to be free of ethylene diamine tetraacetic acid (EDTA), or
a salt thereof or other strong metal-chelating agents, since their presence results in a
significantly higher degree of coloured contaminants in the albumin produced.

30 The operating temperature is set at 30°C. and the stirrer speed regulated to be
sufficient to maintain 2 homogeneous solution. typically about 50 rpm. The initial
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of "ethanol and acetate and thus to maxim se cell yield. The whol e of each
fermentation is nonitored and controlled via a conputer control system
such as the Mul ti - Fermenter Conputer System (MFCS) software avail abl e
from B. Braun wods@@isany). The software supplied by B. Braunptficiwsoosss
Supervisory Control and Data 5 Acquisition Package; simlar packages are
avai |l abl e from ot her conpanies. The feed l€ontrol algorithmis intended
to control the addition of sucrose so that maxi num bi omass i s achieved
by avoiding the Crabtree effect, thereby mnimsing the producti on of

et hanol and/ or pEkeisatpsted veith ammeniazsolution ($G (:901) (conahillecsst do 57 & 0.2). 2M

NaOH wash and p en-free ter (PF i nse, The heat sterjlised vessel
will 10 cont aij n@Sﬁ i?ﬁt"é% SQ(COB%E{W%W@ meg MW26 hatch vitamis ars

L) S LR S R e Rl .

TABLE 1 MMO MEDI UM 15 Constituents
Bat ch Medi um . Feed Medi um Sal t KH err] P err]
2. 749/ L 5 Sterijeyfiligred air is added to %’W@r&t Pﬂ{!@fm]imally fo maximise gty

ﬁ[ g?/ri_Pq err] (%%@%]m @Kgéhrﬁ MFCS computsk sys%ml‘is iptiated: The %Iﬁﬁ s -

Ca pant ot henat e gas is analymbi_msmnoe by use of a conunuoﬁ@% ipectmmeter (eg a Fisons

Nicotinic acid 3ng/ L g’g
m | nosi t ol VGgasanalyzg@ndlﬂpvessellsmoculated w1ththq olg/of troseed vessel culture
d-biotin (minimum 0.8% 939 MW10 feed in 2 volume equgp{o the batch volume. The

10 feed is started and the RQ override control disabled until OUR and CER values are
sufficiently high to make control effective. The feed rate is adjusted manually during
the period without RQ control if RQ is consistently >1.2. The feed rate is
increased, via computer control, according to the following algorithm:

15 Feed rate (FR) = ke*

where k is the initial feed rate, u is the exponential growth rate, and t is time. The
value k is determined empirically as the initial feed rate that is necessary to achieve a
growth rate that minimises the accumulation of ethanol and acetate. For this

20 example, k has been determined as having a value 0.08 mL of MW10 feed medium
per minute per liter of culture. The value p is related to the maximum growth rate
of a fully respirative organism, in this example 0.1 h-'.

t is a counter variable that starts at 0 (zero) and then increases by 1 every minute,
25 unless RQ>1.2 or DOT<15%. In these cases, the value of t is reduced.

The vessel can be overpressured as necessary to enhance OTR. The culture is held
for downstream processing at the end of the feed.

30 This hold time should be kept to a minimum, but can be extended up to 48 hours and
beyond if necessary. During the hold pha_xse. the temperature of the culture is



Thi am ne. HC1 16ng/ L 32ny/ L Trace

el enent st ock 10m /L 20m /L 30 Sucr ose

o* 5009/ L WD 96/ 37515

PCT/ GB96/ 00449 12 Trace
El ement St ock woghkbdisient s ZznSq err]. 7Herr]0  per/icadgéolds
FeSO err]7H err] O 109/ L WMSO err]. 4Herr] O
3.2g/L 5 Cusqerr] 5Herr]O 15 0.079g/L

Herr]BJerr] 1.59/L Kl

0.2g/L Na[err]Mo(Jerr]. 2H err] O 0.5g/L

CoCl[err]. 6H ereduced to the minimumopdssiblel, typically b?men A aand ﬁ'@mrgf&mhly&f&d:ded
dem i sed t i eli fi it h m LL 98% err err

+20g Sucr ose; LA Be 0T o o B0 AR e food i stompeds e off

stage.- Any 15 caplari RelpreBiRordadedS e pHSntrel) HIWEvEE id' tatnaifcd. TRyt

depyrogenation nethod, .~ . ) . .
agitation is maintained to retain the cells in suspension and facilitate cooling and pH

'

5 homogeneity, preferabl.y about 50 rpm.

The expected yields in accordance with the above procedure are: biomass > 80g cell
dry weight/L culture; rtHA > 1.5g monomer/L culture (determined by SDS-PAGE,
related to the whole culture).

10
In order to prepare an impure albumin solution for purification treatment in
accordance with the present invention when the albumin is rHA, the microorganism
cells are removed from the fermentation culture medium. While it is preferred that
the cells be removed prior to beginning of the purification process as described, it

15 can be carried out simultaneously with the first step under certain conditions, eg
where the first purification step is carried out in a fluidised bed. The fermentation
culture, which has been cooled in the fermenter during the hold phase to less than
15°C without aeration, is transferred to a tank where it is diluted to give a biomass
concentration of 180-210g/kg and cooled further if necessary. The diluted culture

20 should be held for as short a time as possible without aeration at reduced temperature
with sufficient agitation to prevent yeast cell deposition.

Cells and supernatant are subjected to a primary separation step, for example
mii:roﬁltraﬁon or centrifugation in any appropriate centrifuge such as an Alfa Laval
25 BTUXS510 continuous discharge nozzle run at 5700 rpm. Centrate so produced may
be filtered in line, for example using a depth filter (1um pore size), supplied by
Cuno, to remove residual whole and broken yeast cells and other particles. At least
75% of the rHA present in the diluted culture is recovered in a single pass
centrifugation operation. Optionally, the cell slurry from this operation may be
30 resuspended in water or buffer and re-centrifuged to provide a second centrate. thus
enhancing product recovery. The resultant solution is then treated by the process of



for exanple ultrafiltration. The vitamns are always filter sterilised.
After the nmediumis added to the vessel, the operating tenperature of
30[err]Cis set, as wel | as the minimumstirrer speed, typically
400-500 rpm The initial pHis adjusted 20 with amoni a sol ution (specific
gravity O. 901)w¢ﬁg6;3%1§ pH controller set at 5.7 [err] 0. 2pcER96/00449
Herr]SOerr] is also used as a pH corrective agent. Sucrose to 20gL[err] ,
MALO batch vitam ns, and Breox FMI30 anié foamto 0.0O4gL[err] are added
to the vessel. Sterile filtered air is introduced into the vessel at
0.5 v/ivim(ie 0.5 litre non- 25 conpressed air per litre of nmedi um per

m nute), the nedheumvénsion toputifyt the atbunii@ contained thgrein las shiswn weEgirtple2er r |
froman axeni c shake flask culture and the MFCS conputer - systemis
initiated. Follow ng conpletion of t he batch phase of growth (signalled by
a di ssol ved oxygsaninf's § . , e ¢thB AN of the
feed medium s | . T e control
strategy is 30 effectively the same as described bel ow for the production

ferment ati on. D,i_al ng the mentation the air flowis increased in two
steps in orded H"tﬁ’e‘%lf‘ﬁ’“haf Fhemtation (such as W@BFYBES;@SP‘? 1), or an impure

PCT/ GB96/ 00449

approxi mately | b}xm}n solfﬁgndfrsosolmgd oxyg er%"f n“fDElﬁ‘“’f‘)s goﬁf%ﬁdedor .
20%  air sat ucedditionedyforchegmaggiapky ohid éﬁon%&ﬁﬁﬂlge(ﬂiﬂﬁxt\hmébtdtdcﬁﬁg geeed
cannot be i nc ease%‘!ﬁjrther and the air flowrate has reached its

maxi num val ue, HI9EME wbemnwora@brm@mwm@ tand protegse ackvityo(by
mnimse the fo!‘%&?@r%ﬁ“‘?{s@]gr st Wi oil;t 35 @ t?eVeIg‘tofI Br%teeaggs)OfPrteﬁa?ablfed

the culture is I'on
10 sodium octanoate is added (Chromatography Solutlon 13 (CS13) - Table 2) to a final
concentration of 1-10mM, for example approximately SmM, to stabilise the albumin.
The pH is adjusted with acetic acid (CS09) to 4.3-4.8, preferably 4.50 + 0.1 (most

preferably 1 0.05), and the conductivity is checked to be <5.5mS cm™'.

15 The culture supernatant from some host strains or species contains proteases that can
degrade rHA during subsequent processing. In such instahces, this protease activity
can be destroyed by heat treatment of the culture supernatant containing the rHA.
Typically 1-10mM sodium octanoate is sufficient to protect the rHA from heat
denaturation, and 30 seconds up to 10 minutes at temperatures of 60-80°C is

20 adequate to inactivate the proteases. Subsequently the supernatant can be further
conditioned as described previously. If degradation by proteases is not encountered,
then the heat treatment is preferably omitted.

Chromatography

All operations can be carried out at ambient temperature (20 + 5°C). The albumin

loads (g albumin/L. matrix) for the chromatography columns are determined from

titres of albumin (g/L) by either SDS-PAGE (in the case of the SP-FF column} or

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



Production Fernentation. An axenic culture of the yeast [cir*, pAYE316] is
pr-oduced by fed-batch fernentation to a high cdw (>80gL[err]) for the
producti on of extracellular rHA. The production fernmenter, in this .
exanple a fernmenter with a 10 worki ng volume of 8,000L, is inoculated with
t he cul ture ggysriIst he seed fermenter, the cell dry wei gpor/cHEsessdeh | s
preferably > 80g.L[err]. The initial cell dry wei ght concentration in
the production fernmenter on transfer of tha7seed fernenter culture is
preferably 0.25-1.00 g.L[err]. Although it is preferred to initiate feeding
wi thin one hour, it can be delayed if necessary. Due to the very | ow val ues

of QUR 15 and Gfg @4idnde omﬁrd:ﬁudgriﬁm@aé?s & ddstiibddiIRie RNivvel antflidveftive in a

consequent errors in their measur enen t he autonatic control of feed
rate using RQ insmber of aspegtsdiTheiise of apationic magdx) fordthe fiest pyrifigationcssep allows

Cel | and L?ﬁdﬁiﬁgﬁ%{%"gf S Thobilihe, Sfesf e, 3ocll Aiyes, B Pl Fot c,

such as that s lremtientation @ KQﬁﬂﬁ gh thé Solfina® whefealtibse dat Hoskiad b ithe
and bul k m xi ng. The vessel which is subjected to a hot NaOH wash and

PFWrinse, wid Imatointans hoqupvaklmtdeqa;n waamozecbby g thigh ioic sn-ewtmsa\t Tleansuah |

batch salts and Thi.s di um,yay be,steri|

i ndependent |y ﬁﬁﬁﬁsﬁ“@ﬁ%@?ﬂlﬁ i @IW%’P@WI Eiﬁll iagﬁ’rb? fheﬁ%s
been found in %ﬁ)@%ﬁ Aol Wéis‘bﬁﬁ cﬁh%e&keﬂe%tﬁd“ah&'&séd‘fdr ultipke cycles of
advant ageous for the fernentation medi um~ such as MALO, to be free of
et hyl ene di am mhmmztogaphy as thedirst stepbin/the purification. sHttme,tﬂIESrs&n faymsdhe basis

strong netal - atl n nce thei resence results in a

Si gnificantly b‘%&(j&‘@@“’B‘?‘“‘&hﬁBﬁ?‘B&“ By PESR®ant s in the al burin
pr oduced. RrP The operat| ng tenperature is set at 30[err]C. and the
stirrer speed regulated to be sufficient to maintain a honogeneous

sol ution. typi CEied yseatdoatCibacrop BlueTtype iofi dcoluhn as the second step in this example is
novel in that it is used specifically to remove a 45kDa fragment of albumin which is
very difficult to remove from albumin as its physicochemical properties, eg size and
pl, are similar to the intact molecule. Surprisingly, the fragment binds more strongly
15 to the dye than full length albumin does, thus allowing their separation.

The chromatography solutions used during the purification of albumin are detailed in
Table 2. Because of the very large scale manufacture of albumin, and the relatively
low cost of the product, these buffer salts are the most suitable for the process as

20 they are available in a highly pure form at industrial scale and are low cost compared
to other commonly used buffers such as Tris, HEPES or MOPS. Alternative buffers
could be used in place of the ones used in Table 2, for example buffers of a similar
pK, (eg malate for acetate), but in most instances cost and availability at large scale
rule out their use. Alternative salt forms can be used provided they are soluble,

25 available at industrial scale and low cost. However, the inclusion of tetraborate ions
in CS06 and CS10 is particularly advantageous since they perform a specific role in
complexing with carbohydrate mojeties in macromolecules and binding them tightly
to the anionic groups on the matrix. This results in an enhanced purity of albumin in
the eluate.

30

Chromatography can be performed using either axial flow columns, such as those
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PCT/ GB96/ 00449 14 pH is
adj usted with amoni a solution (SG 0.901) (controller set to 5.7 0.2). 2M
Herr]SO err] may be used as a second pH corrective agent. The MALO batch

vitamns are wo®Rgsasd, as is a suitable antifoam as requiregcfiegosoa®x

FMI30 to 0.125 glL[err]). 5 Sterile filtered air is added to the vessel
at 0.5 v/v/ minitially to naxim se sensitiMgty of exhaust gas
anal ysis, and the MFCS conputer systemis initiated. The exhaust gas is

anal ysed, for instance by use of a continuous mass spectroneter (eg a

Fi sons VG gasailable!fyare (Pharnidia, wessitlg radial flOw Wokingis, vidhhast thesevdvailableof t he
seed vessel culture (mnimum0.4%v/v). MMO feed in-a volune equal to
the batch vol umiomriepragen; cliifhisexample; the olumnsererdd axials ri de cont r ol

di sabl ed until OUR and CER val ues are sufficiently high to make control
effective. The feed rate is adjusted manually during the period w thout

RQ control if Rmmmm@ﬁmuﬂbep&p&edww&ﬂﬂeﬁﬂﬁmaembedwwasﬁd via
conmput er control, accordltogkto the follow ng algorithm

Feed rate (FRP eonsé{qu solutjgnsrcan jbeipreparesi and mixed drshlutadanelme[brr] is
t he exponenti al e, andt is tine. The val ue k is determ ned
enpirically as f‘ﬂe |n|t| feed rate that is necessary to achieve a
growmh rate that mininises the accunul ation of ethanol and acetate. For
this 20 exanmple, k has been determ ned as having a value 0.08 nL of MALO

feed nmedi um per mnute per liter of culture. The value [err] is related
to the maxi mum grow h rate of a filly respirative organism in this
exanple 0.1 h[err] . t is a counter variable that starts at 0 (zero)

and then increases by | every mnute, 25 unless R@® 1.2 or DOI< 15% 1In
t hese cases, the value of t is reduced.



The vessel can be overpressured as necessary to enhance OTR. The culture is
hel"d for downstream processing at the end of the feed. 30 This hold
time should be kept to a mninmum but can be extended up to 48 hours and
beyond if necessary. During the hold phase. the tenperature of the culture
is’ VWBOIGBBLS 15 PCT/GB96/00449
PCT/ GB96/ 00449 15 reduced
to the mnimum possible, typically between 4 and 15[err]C, preferably 4 C,
and the DOT is allowed to fall to 0% The feed is stopped, the aeration
turned off and the overpressure reducdd. The pH control, however, is
mai nt ai ned. Sufficient agitation is maintained to retain the cells in
suspension and facilitate cooling and pH 5 honobgeneity, -preferably about
50 rpm The expected yields in accordance with the above procedure
are: biomass 80g cell dry weight/L culture; rHA > |.5g nononer/L
culture (detergn ned by.SDS- PAGE, related to the whole culture). 10 I n
order to prepge an inmpure albumn solution for purification treatnent in
accordance w t¥®§ the present invention when the albumn is rHA, the

m croor gani sm cells are renoved fromthe fernentation culture medi um
Wiile it is preferred that the cells be renoved prior to beginning of

t he purificatggn process as described, it 15 can be carried out
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where the first purification step is carried out in a fluidised bed. The
fermentation culture, which has been cooled in the fernenter during the
hol d phase to |l ess than 15[err]C without aeration, is transferred to a
tank where it is diluted to give a bionass concentration of 180-210g/kg
and cool ed furwbessisis necessary. The diluted culture 20 shoul RFTHEBIGEIMO f or
as short a tinme as possible without aeration at reduced tenperature wth
sufficient agitation to prevent yeast cell deposition. Cell s and
supernatant are subjected to a prinmary se@@ ation step, for exanple
mcrofiltration or centrifugation in any appropriate centrifuge such as an
Al fa Laval 25 BTUX510 conti nuous di scharge nozzle run at 5700 rpm Centrate
so produced nmay be filtered in line, for exanple using a depth filter (I
[err] m pore size), supplied by Cuno, to renove residual whol e and broken
yeast cells and other particles. At |east 75% of the rHA present in the
diluted culture is recovered in a single pass centrifugation operation.
Optionally, the cell slurry fromthis operation may be 30 resuspended in
wat er or buffer and re-centrifuged to provide a second centrate. thus
enhanci ng product recovery. The resultant solution is then treated by the

process of WO 96/ 37515
PCT/ GB96/ 00449 16 t he
invention to pUTITY [NE agpunrmn co s shown in Exanmple 2.
Exanpl e 2: Purifgcation of al bumnjin aqcordgnce th the invention
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5 The centrate froma fernentation (such as described in Exanple 1), or an

| npur e al bum n solution from any other source (such as plasm), is
pr epared, or condi tioned, for chromatography on a cation exchange matrix
whil e protecting the al bum n from polynerisation (by including

oct anoat e) andwpwesmase activity (by heating or by choosi nBC/EBR6/00449
w t hout damaging | evel s of proteases). Pref %[:labl y, 10 sodium octanoate is
added (Chromat ography Sol ution 13 (CS13) - ble 2) to a final
concentration of 1-10nmM for exanple approximately 5mM to stabilise the

al bum n. ThepH. I s-.ad] ust wi th tic,acid (,CS09). to -4.8 . .
preferably 4. 50%&@—&&%@%5% 6 ?(lgn(ﬁ"‘%’?mgﬁitﬁmﬁeg Y’gh
checked to be <hshed t6'al Rakt yeast proteiRe(f tHe! Alb@mBURSHA fRIM af fepi@nthit)

strains or species contains proteases that can degrade r during

subsequent pr oceaksother antigens, dow imnleculnravcightivontaminants-and pigmented gompounds bpe
destroyed by heat.treatnent ,of the cultuyre supernatant contai,ni t he, r HA.
Typi cal Iy 1- 10nfFE8Hs t%ggftg'ggagﬂg.umec ﬁpdtugequ, 8?@&“?‘#2% xFhange
heat - denat ur gt sudhsh SPLSEFIEROESFF PSP Spherosil, "CMESe S eMLUCRAulBée,

60-80[err]Cis 20 adequate to Tnactivate the proteases. Subsequently the
super nat ant canSBeCdlimlash or S-Spherndek: Poeferablysthe amtnix isSP-Sepharase $IR/(Phafmacia)

or ot arabl v ont t Betibed e 3 e SRR bRy 10 2p 15GF andin dS cobBRlEa R o
P Yy . . *
out at anbient {HPL cBRuiFlcaditg ol 20 'td 30g ABEMAIL) 'ed ’??’g'n?""‘% 10g ablmm/n/ L

matri x) for the chromatography colums are determ titres of
al bumin (g/L) bmnatrix.heThSRRMAGE dquilitirited cwitle o buffére tePembve dhel ralRalio storage

30 measur i ng I0vSBST pRFEATR e BulTs shalid i vade Z9eut togsdR the PH 07
approximately pH6.0. A buffer such as CS01 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.
15

The conditioned centrate is then loaded onto the column at a flow rate of, for
example 1.0-8.0cm/min, preferably 4.0-7.0cm/min, in this example, 6.36cm/min,
and then the column is washed with a solution to remove residual contaminants.
This wash solution should have a pH <6.0 and a conductivity less than SmS cm’,

20 preferably less than 3mS cm™, to prevent the elution of albumin. A suitable solution
is CSO1l. The preceding steps are all run at 6.36cm/min; for elution and all
subsequent steps the flow rate is reduced to 0.5-5.0cm/min, preferably 2.0-
4.0cm/min, in this example 3.18cm/min, in order to reduce the volume of eluate.
Elution of albumin is effected by increasing the ionic strength; a solution with a

25 conductivity in the range 5-10 mS cm™ , preferably 6-8mS cm, for example CS02,
is used. The collection of albumin starts when the UV signal rises above 1.0
A,q/cm, and collection continues until the UV signal falls below 0.6 Asp/cm or a
maximal volume of 6.5 column volumes has been collected. The column is then
cleaned using CS03 and 04, and then stored in CS07.
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sequence of chronmat ographic steps as described here is novel and inventive
in a nunber of aspects: The use of a cationic matrix for the first
purification swapIGATSISWS the majority of | ow nol ecul ar wei BOT/GBP@I0ddIN ed
speci es derived fromthe yeast fermentation to pass directly through the
col um, whereas those that do bind to the 52%atrix are bound weakly and can
be rem)ved by a high ionic strength salt clean such as M Nad . Thus the

cationic matri X, Li an aniopi c_mtrix whi ch adsorbs these type of
nol ecul es i rrevﬁ-ﬁhﬁﬁw&ggﬁ’ér‘ tepdurtherpusifies theplbumipiwigh @E%I%B“ﬁf
chr omat ogr aphy Setrhi

forms the basi sq@“fqor ahﬁlt) ust co l'ﬂt"'lqglyeﬁl’srthﬁtli%dij"tjrogra’%‘fﬁ{/}ﬁprocessﬁrms'&(él%mm
The use of a G lfmelm@h)mndlmnm CiHeudffinitg mdtsix &ﬁ@DB&nﬁﬁs@FhﬂynClH&b&n Blue
exanple is novel %/\HY %l Is used s eC|f|caIIy to renove

fragment of al bNO csibmds\/ébt;mm mphhm@ucﬂomgmmlmw

its physicoch e5|mlar to the
i ntact nol eculejg‘ %rp I'S| n91 y, @‘@@w@ﬂ? Bftﬁg ycﬁ’gp?quhe

dye than full | dreferably, hhmmuﬁm&cmﬁmhémgaﬂﬁe’! Hﬁtrix &R0WABefSw. This hathe
chr omat ogr aphy sol ut | ons used during the ur| fication of albumn are .
detailed in Be@éu%ﬂ@flev%w leachatess gerierterh by ftbe: matrix and to

al bum n, and the t hese, buffer salts
are the nost swt EI ttl#e e pro&g)?ﬁ%s%ﬁh‘ﬂe@c@%%}mqgaﬂde OgeARLAN:
pure form at |nwmxﬂ1eaimﬁmbmeﬁrvmiermaﬁﬁ%ﬁﬁﬁ}edc@r&ﬁﬁﬁ&man VeflaBleHdtri
commonly used buffers such as Tris, HEPES or MOPS. Alter natlavea uf t ercszesns

coul d be used® ﬁh?plnaewomﬂmwé agipacet. b ddliaminvhusaes, betwesn thexdyep(Reatuivef Blue 2)f

and avai | abi |1 by5q mel. (0 Gad RupEYR i pri oS okispuitRaity Fopeit o

forms can be usebhamr albvidaopiritgy are soluble, 25 available at industri aI
scale and | ow cost. However, the inclusion of tetraborate ions i n CS06
and CS10 is particularly advant ageous since they performa specific role in
conpl exi ng with carbohydrate noieties in macronol ecul es and bi ndi ng them

tightly t o Reactivei Rine 2 tow thepchemical sudtivier rejsreseiitédsbal@gul ts in an

enhanced purity of albumn in the eluate. 30
15
o zim.
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The ortho, meta or para isomer, or any mixture thereof, can be used. The preferred
isomer is the ortho-SO; form but, as it is difficult to make to the desired purity, the
25 meta isomer is used. The aminobutyl-Reactive Blue 2 is prepared to a minimum
purity of 98% total peak area as determined by analytical HPLC. This can be
achieved either by using crude commercially available dye, which will necessitate
purification of the aminobutyl derivative dye, or using a pure synthesised dye. In the
latter method, the starting dye material should be a minimum of 98% pure by
30 analytical HPLC at 280nm. Such material is available from ACL. Isle of Man.
Reactive Blue 2 is reacted with 1,4-diaminobutane in water by heating the mixture to



Chr omat ogr aphy can be perfornmed using either axial flow colums such as
t hose WD 96/ 37515
PCT/ GB96/ 00449 18 avai |l abl e
from Pharmaci a, or using radial flow colums, such as those avail abl e
f rom Sepragenwogstdiss exanpl e, the colums are all axial. PCI/GRIG/HRE? or
sol utions can be prepared at the concentrations described below, or 5
concentrated stock solutions can be prepar@3 and m xed or diluted on-line
for I medi at e use. WD 96/ 37515
PCT/ GB96/ 00449 19

60°C, after which the derivatised dye is purified from the mixture, for instance by

precipitation. The aminobutyl-Reactive Blue 2 is then coupled to the matrix, for

instance to epichlorhydrin-activated Sepharose CL-6B (Pharmacia, Sweden). See

Porath et al (1971) J. Chromatog. 60, 167-177. The dye content of such a Delta
5 Blue Agarose (DBA) matrix should, preferably, be 505 mmole/g dry weight.

Use of Blug Matrix. The method uses DBA at a bed height of 10-30cm, preferably
20-30cm (in this example 25cm), with a column loading of 7-14g rHA/l matrix,
preferably 8-12g/1 (in this example 10 + 1g albumin/L matrix); all steps are run at a
10 flow rate of 0.3-2.0cm/min, preferably 1.0-2.0cm/min, in this example 1.53cm/min.
The DBA is equilibrated in CS01 from CS07; equilibration is complete when the pH
of the column effluent is approximately pH9.5. Prior to chromatography, the SP-FF
eluate is adjusted to approximately pH8.5-9.5, preferably pH 9.0, with ammonia, and
then loaded onto the column. When loading is complete, the column is washed to
15 remove contaminants with 1-5 volumes of buffer 10-30mS cm, preferably 15-25 mS
cm’, for example CS12, preferably 5 column volumes. The albumin is eluted using
a high ionic strength buffer of >100mS cm, preferably 125-165mS cm™, for
example CS03. Eluate collection is started when the UV signal (A.g/cm) rises above
0.4, and stops when the signal falls below 0.4 again. The column is then cleaned
20 using CS04 and stored in CS07.

Intermediate Ultrafiltration. This step concentrates the albumin for gel permeation
chromatography. A cellulose-type membrane (nominal molecular weight cut off less
than or equivalent to 30,000, for example 10,000) in an ultrafiltration apparatus is
25 used to concentrate DBA eluate 10 a retentate concentration of 20-120g/L albumin, |
preferably 80-110g /L. The membranes are treated, post-use. by flushing out
residual protein with water. or CS03 or CS05 from Table 3, and cleaning with 0.1M
sodium hydroxide. The membranes may then be stored in 20mM sodium hydroxide.
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Gel Permeation Chromatography. This step purifies the albumin with respect to
yeast antigens (if* the albumin is rHA from a yeast fermentation), pigment and

dimerised albumin and performs a buffer exchange step. The method uses a
commercial gel permeation matrix such as Sephadex G100, G150, G250, Sephacryl
§-100, S-200 or S-300, Toyopear] HWSO0S or Superose 6 or 12. Preferably, the
matrix is Sephacryl S-200 HR (Pharmacia) at a bed height of greater than 60cm,
preferably 90+cm (3 x 30 cm). The column is equilibrated in CS05 and run at 0.1-
1.5cm/min, preferably 0.5-1.0cm/min, in this exampie 0.'75cmlmin;. the column is
then loaded with albumin from the intermediate UF step when pH 9.5 is reached.
The load volume is equivalent to approximately 2-9% of the column volume,
preferably 5-8%, for example 7.5% of the column volume. The albumin fraction is
collected in three parts: an initial small amount of albumin dimer goes to waste until
the A,g/cm reaches 10% full scale deflection (FSD) an the way up; at this point
collection of a recycle fraction starts and continues until 90% FSD and then the
albumin is collected as the primary product fraction. This continues until the Ay
falls through 5% FSD, after which the effluent stream is directed to waste again.
The recycle and primary product fractions are collected separately. This step is
repeated until all the material has been loaded onto the column.

S-200 HR Recycle Ultrafiltration. A cellulosic type membrane, nominal molecular
weight cut-off equal to or less than 30.000, or as used in this example 10.000, in an

ultrafiltration apparatus, is used to concentrate the pooled recycle fraction to a
retentate concentration of 20-120g/L. albumin, preferably 80-110g/L. The
membranes are treated, post-use as described above under Intermediate
Ultrafiltration. |

Alternatively, as in any ultrafiltration steps in this process, polyethersulfone or PVDF
membranes with a cut-off of < 30,000 may be used instead of the ceilulose-type

membranes. Such membranes are available from Amicon and Millipore. It is

30 preferable to use membranes which are compatible with NaOH. used for storage and
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Exchange Chronat ography. Album n is concentrated and purified with

respect to at |east yeast proteins (if the albumn is rHA froma yeast

f er ment at i on) WO 96378150t her antigens, | ow nol ecul ar wei ght corRGHE¥%MAPL and
pi gnent ed conpounds by cati on exchange égromat ography. The nethod uses a
comercial cation exchange 5 matrix such SP- Sephar ose FF, SP-Spherosil,
CM Sephar ose FF, CM Cel | ul ose, SE- Cel | ul ose or S-Spherodex. Preferably
the matrix is gag&r‘:géaﬁe FE (Pharmaci a) at a bed height of 5 to 25cm
preferably 10 £ EMBIENGS. exanpl e 12.5 cm with a colum | oading
of 10 to 50g al bumin/L, preferably 40 10g al bum n/L matrix. The matrix
is equilibrated with a buffer to renove the al kali storage 10 sol ution;
preferably the_buffer shg htorduceth Hto

approxi mat el y pHelgelClH ; -

o il e i o g 0

colum effl uénpunﬁcanonaemdro tefractioricedliected From ea&ihpeai@ndlubhaﬂei@bmmiutedat e
I's then | oaded qnt ﬁ) olum at a flow rate of, for exanpl e
1.0-8.0cnf min, “ﬂ & aﬁqeﬁmw tiops, cellacted praviensly. & hisciien igirpeated

and then the C%Mlﬁélﬂ@éﬁﬁqxﬁ’b&h ﬁ)aﬁ&i Uﬁtb%‘e tQulgoVve resi dual

cont am nant s.

Anion Exchange Chromatography. The aim of this step is to purify albumin with
10 respect to at least yeast antigens (if the albumin is rtHA from a yeast fermentation)
and pigmented albumin. The method ;xses an anion exchange matrix such as QMA-
Spherosil, DEAE-Spherodex, Q-Hyper D, DEAE-cellulose, QAE-cellulose, or
TMAE, DMAE, or DEAE Fractogel. Preferably, the matrix is the commercial
anion exchange matrix DEAE Sepharose-FF (Pharmacia) at any convenient bed
15 height in the range 5-25cm, preferably 10-15 cm, for example 12.5cm, with a
column loading of 10-60g albumin per litre of matrix, preferably 35 + 15g /L
matrix. The column is first equilibrated in a strong buffer to bring the pH down to
the working range quickly, eg sodium acetate pH 4.5-6.0, preferably approximately
pHS5.5, for example CS11. After the concentrated buffer, a solution of lower
20 conductivity, namely in the range 1-4 mS cm™, preferably 2.5-3.5 mS cm’, for
example CS08, is used to equilibrate the column prior to loading the column with
S200 cluate. A linear flow rate of 1.0-8.0cm/min, preferably 3.0-7.0cm/min, in this
example 4.4cm min” , can be used. When loading is complete, the column is
washed with a solution of sodium tetraborate in the range 5-30mM, preferably 15-
25 25mM, for example CS10. This causes any carbohydrate—containihg contaminants to
adhere to the column more strongly prior to elution of the albumin fraction. Elution
can be effected by any high ionic strength solution in the range 10-20 mSem”,
preferably with CS06. The eluate is collected when the A,e/cm reaches 0.4, and
continues until the peak falls through 0.8.



Thi s wash sol ution should have a pH<6.0 and a conductivity |ess than 5n5
cnjerr], 20 preferably less than 3n5 cnferr], to prevent the elution of

al bumi n. A suitable solution is CSO01. The preceding steps are all run at,
6.36cm mn; for elution and all subsequent steps the flowrate is
reduced to 0. Swowsmisi n, preferably 2.0- 4.0cm min, in t hPEU/ERUWPME 3
18cnmmn, in order to reduce the volune of eluate. Elution of albumn is

effected by increasing the ionic strength, 2 solution with a 25
conductivity in the range 5-10 nS cnferr] , preferably 6-8nS cnferr], for
exanpl e CS02, is used. The collection of albumn starts when the W
signal rises abblgacel.ip this ofample,/ the sequence oof| purification: §¥ep$ risie scation axchange,uv

signal falls be |rral

Vol unes. has. beoRY D erantt uBfaracon) B Bneatn il Sodinat B Feycl
04, and then st gi;8kbn) AndBMién exdfinge. WD 96/ 37515
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Chr omat ogr aphy. Thi s step further purifies the albumin with respect to a 45
kDa N-term nal al bum n fragnent;, yeast antigens (if the albumin is rHA from
a_ yeast far mateﬁtarcoﬁbmamé DEFFE&dluma tas Beént found t8THavk lesdBlart /1% ((WAvRNY

Ci bacron Bl ue type of dye which binds al bumn, for exanple Reactive

Bl ue 2, Proci onabhw IdBpel' chraneurdspmbbsbveleﬁglbummwrarm egmgates as

ant hr aqui none- t Rr ef I rrat rix is e
Agar ose" matri x §Bgéﬂr55 % §W3 tl Di%tt'?a"‘lBoy
level s of Blue bpag r&hﬁﬁn,@moqﬁﬁzwa]%,gatrr x and to enhance the

al kaline stability of the matrix"to facilitate cleaning and depyrogenati on.

A further inprovenent of the matrix conpared to comercially avail able
matrices is 10 the |ncorporat|on of a spacer 1, 4-di am nobut ane, between
the dye (Reaqp yga : ; odué0 be the
optimal length o

pacer Wt respect )
Tﬁis Example illustrates the concentration, diafiltration and formulation of the highly
purified albumin into a suitable product, in this instance 25 %(w/v) albumin. This
procedure is carried out in two stages, namely final ultrafiltration (UF) and

15 formulation. Final UF begins with transfer of the DEAE eluate (adjusted to pH 7.0
+ 0.3 with phosphoric acid) to the Final UF feed vessel and terminates after
retentate and washings, if any, are transferred to the formulation vessel. The
albumin-containing process stream is sequentiaily subjected to primary concentration,
diafiltration and secondary concentration in an ultrafiltration system fitted with

20 cellulosic or, more preferably, polyethersulphone membranes with a nominal
molecular weight cut off limit of 10,000. The initial concentration step increases the
albumin concentration to approximately 100g.L? and is immediately followed by the
continuous diafiltration phase where the albumin is diafiltered against at least 5,
preferably at least 7, retentate volume equivalents of water-for-injection.

In some purification processes of the invention, for example the step set out in
Example 7 using immobilised aminophenylboronate, ammonium ions may be present
at this stage. Surprisingly, we have found that these ammonium ions are bound quite
tightly by the albumin and cannot be completely removed by diafiltration against



eluate al bumn purity. Reactive Blue 2 has the chem cal structure
represented below. 15 [err] 20 The ortho, neta or para isoner,
or any m xture thereof, can be used. The preferred i somer is the
ortho-SOerr] formbut, as it is difficult to make to the desired purity,
the 25 neta i seowes7sss used. The ami nobutyl - Reactive Bl ue 2 isl’fﬁi@%‘gf“

M9 0 a

m ni mum purity of 98%total peak area aéadeterm' ned by anal ytical HPLC

Thi s can be achi eved either by using crdde commercially avail abl e dye,
which will necessitate purification of the am nobutyl derivative dye,

using a pure synthesised dye. .l.n th .Jatter nmethod.. the rtin e
mat erial  shoul %v%i\lv% yﬁé}“ngfhaég%%éﬁ@ntﬁgagﬁt %F?z'ﬁ?fq@&’s Fﬁ%"gt gé%ﬂf
Such material g5 4ya0%W® of s6diu Ehlofide B Abumihi) for exdnfsié 1.0/ % 5l0% of dbout
reacted with 1, 4-di am nobutane in water by heating the mxture to
WO 96/ 37515 3%, may be used. The salt may be added to the albumin retentate or, more usually,
PCT/ GB96/ 00449 yin e added to the diafiltration water. For an ultimate 5% (w/v) formulation, a
5 solution of approx 100 g/l may be recovered directly from the diafiltration step. For
an ultimate 25% (w/v) formulation, a solution of approx 275-325 g/l is obtained
following a further concentration step (UF). Finally, the solution is transferred to the

bulk product formulation vessel.

10 The formulation step produces albumin in an appropriate chemical environment and
at an appropriate concentration suitable for bulk product sterile filtration (0.22 ym
hydrophilic polyvinylidene-difluoride) and filling. The transferred solution is
analysed to determine concentrations of albumin, sodium and octanoate. These
quantities are taken into account and any necessary further amounts of stock sodium

15 chloride and sodium octanoate excipient solutions and appropriate grade water added
to achieve the bulk formulation specification. The final albumin concentration may
be 235-265g.L"' (ie about 25%), with a sodium concentration of 130-160mM. Any
other feasible albumin concentration may be made, however, with, for example, a
minimum concentration of at least 4% (w/v), preferably 4 - 25 % (wh).

20 Formulation is complete following addition of appropriate conventional
pharmaceutically acceptable excipients, sucﬁ as those specified in the US or European
Pharmacopoeias for human albumin, and diluting water.

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

25 desirable, The product is sterile and non-pyrogenic. There may be about 1% (w/w)
dimeric albumin but no larger polymers or aggregates are detectable as analysed by
GP HPLC using a TSK SW3000XL column.

or



60[err] C, after which the derivatised dye is purified fromthe m xture, for
i st ance by preci pitation. The am nobutyl -Reactive Blue 2 is then
coupled to the matrix, for i nstance to epichlorhydrin-activated

Sephar ose CL-6B (PharHBC|a Sweden). See Porath et al (197%%

Chr omat og. GOVWlﬁmﬂiﬂW The dye content of such a Delta 5 Bl & ﬁ&ﬁﬂg%ﬁp
(DBA) matrix should, preferably, be 505 nmole/g dry weight. Use of
Blue Matrix. The nethod uses DBA at a bed P8 ght of 10-30cm preferably
20-30cm (in this exanple 25cm), with a colum | oading of 7-14g rHA

matri X, pr ef er abl 8 12 /1 (|n thls exanple 10 Ig albunln/L matrix) ;

all steps are rixampies aLon \QXCiA g 2l dirext] ARION EXCRANGE
1.0-2.0cmmn, in thls exanple 1. 530n1n1n The DBA is eqU|I|brated in
CSA from CS07; equilibration is conplete when the pH of the colum
effluent is apprOX|nater H9.5. Prior to chromato raph t he SP-FF
eluate is adj us&xmvmmnmfg&tm@sgoﬁmmﬁpb % the qspps ovag alteedrand

2gr32%aisa328h thgnlloaded ont he cgﬁfnn Vh%%“@ﬁ§%$3%gésgﬁaggfg@ﬁf Hhe
10- 30n8 cnf erS]chr&h%@fa%Bid’soilﬁio%?wﬁereforﬁ'ﬁ'%&d éwmwgmhadﬁﬁéa all of the

preferably 5 col utm vol unes. The albumn i's el uted using i onic

st rengt h buf f erchoématogphic anfmnsr(}xcemrthégemedm slﬂ;ﬁatﬁruh{ﬂeﬂo\!}' for
exanpl e CS03. Eluate collection is started when the UV signal (Alerr]/cm

ri ses above 0.4, and stops when the signal falls below 0.4 again. The
colum is then cleaned 20 using CS04 and stored in CSO/. I nternedi ate
Utrafiltration. This step concentrates the albumn for gel perneation
chromat ography. A cel |l ul ose-type nenbrane (nom nal nol ecul ar wei ght cut off
| ess t han or equivalent to 30,000, for exanple 10,000) in an
ultrafiltration apparatus is 25 used to concentrate- DBA eluate to a
retentate concentration of 20-120g/L al bum n, preferably 80-110g /L. The
menbranes are treated, post-use. by flushing out residual protein with
water. or CS03 or CSO5 from Table 3, and cleaning with 0.1M sodi um

hydr oxi de. The nenbranes may then be stored in 20mM sodi um hydr oxi de.
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Permeati on Chromatography. This step purifies the albumin with respect to
yeast antigensé‘g(i)f the albumin is rHA froma yeast fernentation), pignent
and di neni s®PWBRUA n and perforns a buffer exchange step. POFGBIEI044R
uses a commercial gel perneation matrix such as Sephadex G100, G150,
&50, Sephacryl 5 S-100, S-200 or S-300, Toyopearl HWB0S or Superose 6 or
12. Preferably, the matri x i s Sephacryl29S-200 HR (Pharnmaci a) at a bed
hei ght of greater than 60cm preferably 90cm (3 x 30 cm. The colum is
equilibrated in CSO5 and run at 0. 1- 1.5cmmn, preferably
0.5-1.0cmmin, in this exanple 0.75cm mn; the colum is then | oaded
with albumn fromthe internediate UF step when pH 9.5 is reached. 10 The

| oad volume is equivalent_tqg approximately 2-9% of the colum vol une,
preferably 5-8% for éexanplgqg 7.5%jof the col allbum n
fraction is collect€d in thr&e parts:an [ nognt of al bum n
di mer goes to waste u1t§| t h&y [err]/\gm:l| 3cale
defl ection (FSD) on t hgj way |up;ahat| t hi s gioi iphoff a recycle
fraction starts and cp@®inuds umti| 90%¥SD]jand™ el eallbumin i s
collected as tiYg prinpry prqduct fjraction. [ [ ntifl the Alerr]-
falls through 33 FSD, [afteriwhiciritie—eftitut Hedted to waste
agai n. The eggcycl efand p#i magy [product fi | edt ed
separately. Th' st epii repgatled untyl Yas been | oaded
onto the col unpd 20 @200 HR JKedycl e tr :@I ul osic type
menbrane. nom Ml nol gcul ar Weilght cus- of gsi t han 30. 000,
or as used in Eis expnple 10.0d60.] i n an apparatus, is
used to concenfate t[T& pooffedregyctE f1actt effat e
concentration g 20-1pBg/L |al Qunijn, preferably : The
menbranes are @ eated| gpost {usg ag defscr|befl al 't efnmedi ate -
1 -]
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SUBSTITUTE SHEET (RULE 26)



25 Utrafiltration. Alternatively, as in any ultrafiltration steps in
this process, polyethersul fone or PVDF menbranes with a cut-off of [err]
30,000 may be used instead of the cellul ose-type menbr anes. Such
menbranes are available from Amicon and MIlipore. It is 30 preferable to
usé menbr anes WPYEHTSEY e conpati ble with NaOH wused for stora 600445

WD 96/ 37515

PCT/ GB96/ 00449 25 cl eansi ng
of the menbranes. Purification of S3200 HR Recycle Utrafiltration
Retentate. The retentate from recycle ultrafiltration is | oaded onto the
sane colum as used for the primary S-200 5 purification and a product

fraction collected fromeach peak, which is then mxed - wth the bul ked
pri mary product fractlons collect ed preV| ously This step is repeated
until all the peterrgt—has-beemtoaded—omo—tieecot Ani on
Exchange Chron{a]‘_\ograp hy. THe aimof fhis $tep iq td p rlfy al bumn with 10
respect to at 'gast )eagéeantige® (]& the albugin s frHA froma yeast
fermentati on) 3 and |pi ft ed -akbun]® The netHod juses an ani on exchange
matri x such as g: SBhdr osi | & DENE- Spher ode), @ Hyper D,
DEAE- cel | ul ose E-del l'ul dse, or TMAE] DMAE,l or{ DBAE Fr act ogel .
Preferably, the matrijx is tlhe comerki al
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ani on exchange matri x DEAE Sepharose-FF (Pharnmacia) at any conveni ent bed
15 height in the range 5-25cm preferably 10-15 cm for exanple 12.5cm
with a colum | oadi ng of 10-60g al bum n per litre of matrix, preferably
35 159 /L matri x. The colum is first eqwllbratedlnastr buf f er
t 0" bring the We WSSt o the working range quickly, eg sod?ﬁﬂ‘ﬁé’?%ﬂ% pH
4.5-6.0, preferably approxi mately pH5. 5, for exanple CS11. After the
concentrated buffer, a solution of |ower 281 conduct i vi ty, nanely in the
range 1-4 nS cnierr], preferably 2.5-3.5 nS cnferr], for exanpl e CS08,
Is used to equilibrate the colum prior to | oading the colum wth S200
el uate. A |i neZhe fihitial cative exthabgerGtdd. ﬂasréssénuallyrthé sarad ks inSELanTple ybut withi n

col um 15 ienEoNeE, et | e 854 o et Srveh ven 10 R PG e

5-30mM prefer %W)@ﬁmﬁ, 0. This causes any
car bohydr at e- cont ai ni'n ontam nants to adhere to the colum nore
strongly prior to elution of the albumn fraction. El ution can be

effected by any high ionic strength solution in the range 10-20 ntcnferr],
preferably wist i ,CEp akidj Qolufn® o IO-RORE M
nCEPHF [Piarfiakid) folufhn ?E%%g througF]h %l%ég 4

0.4, and continues until the peak
96/ 37515 acetate, preferably 20-40 mM, for example 30 mM as m CS20, and the albumin
PCT/ GB96/ 00449 [

(15 oram) o ekl o e 07,0425 velies, P R AEFTaOY
iﬂ I Irgi‘ ;[ I>/t (r:g[ ?ontﬁ@ ec ﬁ% P;Srclﬁilﬁgh &Sbeam on ex angegnh% washed with
eight volumes of 10-100 mM, preferably 30-70, for example 50 mM acetate (CS21I)
10 and then ten volumes of CS20 and the albumin eluted with, and collected in, an
acetate/octanoate buffer (for example 40-120, preferably 60-100, eg 85 mM acetate,
and 2-50, preferably 2-20, eg 5 mM octanoate, as in CS23) using an A,s/cm of 0.6
and 0.36 to mark the start and end of collection. The column is cleaned with 0.25-
3.0 M salt and 0.05-2% detergent (CS24) and then 0.1-1.0 M caustic (CS25) and
15 stored in dilute (10-50 mM) caustic (CS26). In this example, the flow rate for the
equilibration, loading and washing steps is 0.5 bed volumes per minute. For elution
of the albumin, a flow rate of 0.04-0.6 bed vol/min, preferably 0.15-0.35, in this
example 0.25 bed vol/min is used. The anticipated recovery of rHA monomer is
between 46 and 66%.

The albumin was therefore eluted from the cation exchange column with a solution of

octanoate, achieving a novel biospecific elution of rHA from a cation exchanger.

The pH is close to the pl of the albumin so that the binding of the octanoate causes a

significant overall charge difference; for example, the pH is at least 4.5, preferably
25 about pH 5.5.

The eluate from the cation exchanger is then loaded directly (ie instead of after
affinity and gel permeation chromatography as in Example 2, but preferably after
dilution) onto the anion exchange resin at a pH of 4.5-6.5, preferably about 5.5, and



5 The eluate fromthe DE-FF colum has been found to have |l ess than 0.1%

(w'w) al bum n di mer and an undetectable | evel of al bum n polyners or
aggregat es as anal ysed by GP HPLC using a TSK SWB0O0OOXL col unm, | oaded
with 25.0 [err]l| of eluate containing 10.0 ng/m of al bum_n. 10
Exanpl e 3: Forwabesisen of purified albumin into a final proddf&I/GB96/0044%,; o
Exanple illustrates the concentration, diafiltration and fornul ati on of the
hi ghly purified albumn into a suitable 3> oduct, in this instance 25

% wv) albumn. This procedure is carried out in tw stages, nanely

final ultrafiltration (UF) and 15 formulation. Final UF begins with
transfer of theaDBAdhctivityipeeférablylintthel rangepHS 203.0 mS.emr’'] fd eXxampleh2.5 + 0.5
phosphoric acid) to the_Einpal UF feed vessel,and tern nates. after
retentate and méémés_, i§ g, peenfound ¢ FERut incany Gimanc onrhicy toef as fomeed
The al bum n- Al RO A Q6 SiHrER %ﬂpﬁ %g vetted BREE :
primary concentg‘gﬁgw E&m&i g’h t eat | onng sgcon F?/A concent rgﬁ'ﬁgﬂﬂﬁe@n
ul trafiltrati onalbymire ondért the dondititns26f the! driibro exchange cliromatographer all yield of
pol yet her sul phone nenbranes_ w t'helg nom nal mol ecul ar wei ght cut off
limt of 10, 08oappPravimasly il10% for albpmimmonamer bes hash aghisved QURE this Sigpy i n
concentration to approximately 100g.L[err] and is i mediately foll owed by

t he continuous diafiltration phase where the albumn is diafiltered
agai nst at |east 5, pr ef erablgﬂit | east 7, retentate vol une_equjval ents

of water-for-inj@oredetal,an 11.0 emeegifiavy pathdength erlema of QEAE-Sen

I nvention, for . aped | e. i i b
am nophenyl bor oﬁgg;ﬁbgn%%én@dg%ngwt%&g%@ﬁ@&a% #%né‘%set %g@&l bl
Surprisingly, WC$28)and thencbqullibratédith anacetate biffed (for exatnpho 0320 before being

tightly by the al bum n and canpot be completely renpved by diafiltration
agai nst 10 loaded with 30.0 + 10.0 g monomeric albumin per litre of matrix.

The column is then washed with a borate solution as in Example 2 (CS27), eluted as
in Example 2 (CS06), and cleaned with salt/detergent (CS24), caustic (CS25) and
stored in dilute caustic (CS26) all as for the cation exchange column. The flow rate

15 for all the steps is 0.07 to 0.75 bed vol/min, preferably 0.3-0.6, in this example 0.5
bed volumes per minute.

The ¢luate from the anion exchange resin (eg DE-FF) still contains impurities and is
then applied directly to the affinity matrix (eg Delta Blue Agarose as described in

20 Example 2). The bed height was reduced from 25 cm in Example 2 to 11.0 + 1.0
cm which-allowed a higher flow rate within normal operating pressure. Therefore, a
bed height of 11.0 cm was preferred and does not adversely affect recovery of
albumin or albumin purity. The column was equilibrated in ammonium acetate (100-
300 mM, preferably 200-275, for example 250 mM as in CS29) and the albumin was

25 applied at 7.0-14.0 g/l, preferably 8.0-12.0 g/l, in this example 10.0 + 1.0 g per
litre of matrix. Equilibration, load and wash steps were performed at flow rates of
"00.05-0.30 bed vol/min, preferably 0.15-0.27, in this example 0.25 bed vol/min. All
other steps were performed at 0.04-0.30, preferably 0.1-0.25. and in this example,
0.20 bed vol/min. The increased flow-rate, facilitated by the reduced bed height.
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have found that diafiltration against a salt solution is effective Aratio
of 0.5 to 10% w w of sodiumchloride to al bum n, for exanple 1 t& 5. 0%
or- about 3WR % §IShe used. The salt nmay be added to the al 9
retentate or, nore usually, wll be added to the di afiltration wat er .

For an ultimate 5% (wv) formulation, a 533%0lution of approx 100 g/I' may
be recovered directly fromthe diafiltration step. For an ultimate 25%

(wv) formulation, a solution of approx 275-325 g/l is obtained
foll owi ng a f uipereved theathbraughputdry asfactor EEEQur whickafs gdvanthgeosstmthedarg'esscale

For mil at1 on st BlFpesERa Pt SRkl tﬁ‘””“‘a“"“ Fie <ambificg oY e OBA e

and . at an a rbaRbE I
filtration (O. gg;?e!{r]m Whgﬁ?g%ﬁﬂtl ol yvi nﬁ%ege H?&{ng%'ggfﬁgﬁgh o

filling. The t aibnaifiepurty, sois préferred mutlhsarsad:lyabtgheoﬂdwtmtem ne
concentrations of al bum n, sodium and octanoate. These guantities are
taken into ascount and any necessary further amounts of stock sodium 15
chl ori de and sodi um oct anoat e exci pi ent sol utions and appropriate grade
water added  The cahimeweastvwashed Withf S coluimt velomepefithe amirionium Eoetafei uffer

al bum n concen on be 235-26 rr ut . 25

sodi um concent k(;gﬂ;' ourgis s M%&‘d@ sgié&'éﬁ?@ﬁ /?'?“Wo“ (P 03.0
concentration I t

concentration o @ east ﬂ@?%eygzs\gfte?'era% eﬁgm:JZ%'dU/é(m? W ggryo mM
Formul ati on i sphesphttef as froCE30) ng addi tion of appropriate conventional
phar maceut i cal Fy accept abl e exci pients, such as those specified in the US

or European ig Pharnmacopoei as for hurran al bum n, and diluting water.
A final concentration of 0.08 nmples sodi um octanoate per gram of al bum n

may be The pH of the eluant in this variant of the process was changed to pH7.0 from
pH9.2. The buffer was changed accordingly from 50 mM ammonium acetate to 50
mM sodium phosphate which was preferred because of its buffering at pH7.0, and its
relative cost. The lower pH eluant was responsible for an increase in DBA eluate
15 albumin monomer recovery. A pH lower than 7.0 increased the fragment levels, and
above pH7.0 the albumin monomer recovery was reduced. The pH, which can be in
the range 5.5-9.0, is therefore preferably pH7.0. The column was cleaned and
stored in caustic (CS25. CS26) as above.

20 The DBA ecluate (optionally after uitrafiltration with a cellulosic type membrane
(nominal cut off MW30,000) to give 80-110 g/l of albumin) was then applied to the
gel permeation resin, for example S-200 (HR). The S-200 running buffer was
changed to 40 mM sodium phosphate pH7.0. The sodium octanoate was omitied
from this buffer for cost reasons, and instead was added to the solution prior to

25 diafiltration (added to a concentration of 1-20mM, preferably SmM). The phosphate
conferred a higher conductivity on the running buffer which improved the purity. A
high salt concentration can be used to increase conductivity but it is still preferable to
buffer the solution. The pH7.0 was preferable since this was the desired pH for
formulation.



25 desirable. The product is sterile and non-pyrogenic. There nmay be about
1-% (wW w) dineric album n but no | arger polyners or aggregates are

det ect abl e as anal ysed by GP HPLC using a TSK SWBOOOXL col umm.
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Cation exchange followed directly by ani on exchange In a variation of
the process of Exanple 2, the order of the34teps was altered and sone
changes were made in the process conditions. A further table of 5
chromat ographi c solutions is therefore provided, as Table 3. In addition,
all of the cHianeas ugrth;pmxempbmhme@me@toﬁpmmonpgma&lcmngqucbm

L?;?—} %:392} 8\6\/4 49 (eluting m}ﬁo a mélggu spec1ﬁcally bound by albumin), anion exchange, affinity

chromatography and gel permeation.

5 The diafiltration step prior to formulation may be assisted by starting with albumin at
pH7.0. The albumin was more concentrated at the final eluate than with the process
of Example 2, assisting the final ultrafiltration step prior to formulation (Example 3).

E igh salt wash on cation

X

10

In a further variation of the process, the process of Example 2 or 4 was followed
except as follows. Following loading of the albumin on to the cation exchange
column (for example SP-Sepharose FF, Pharmacia), the column was washed with
CS21 (50 mM sodium acetate, pH 3.94.1, 0.6-0.8 mS.cm™), then further washed

15 with a high salt buffer containing 1-3M NaCl, preferably 2M NaCl, in sodium
acetate buffer (for example 10-50mM sodium acetate, preferably about 27mM, pH
3.5-4.5, preferably pH4.0) before the final wash in CS20. This more stringent
washing procedure results in an eluate containing a lower level of non-albumin
proteins and may be especially useful if the albumin is rHA from a yeast

20 fermentation. The albumin was eluted as described in Example 4. The lowering of
the pH prior to the high salt wash helps to retain the albumin on the column during
that wash, and the final wash also maximises albumin recovery. It is probable that
neither step has a major effect on the purity of the albumin recovered.

25 : te te elution from anion anger

In this example, the process of Example 2 or 4 (with or without the variation in
Example 5) was varied as follows. The eluate from the cation exchange column was
diluted to below 10mS.cm™, preferably less than 5SmS.cm™, and then loaded on to an
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anion exchange matrix (for example DEAE Sepharose FF, Pharmacia). The anion
exchange matrix was then washed with dilute tetraborate buffer (for example 15-
25mM potassium tetraborate or sodium tetraborate), which has the effect of raising
the pH to approximately 9.2, and then the albumin was eluted with a more
concentrated tetraborate buffer (for example 80-150mM potassium tetraborate,
prefersbly 110mM potassium tetraborate). In Examples 2 and 4, the albumin was
eluted with 20mM tetraborate, 100mM NaCl; elution with 80-150mM tetraborate (eg
33.6 g/l) results in an eluate with a lower content of carbohydrate-containing
contaminants, for example yeast glycoproteins, due to an increased affinity of these
species for the anion exchange matrix under these conditions. Potassium tetraborate
is used in preference to sodium tetraborate because of its higher solubility at room
temperature. The eluate from the anion exchange matrix was dealt with as in
Example 2 or 4. For example, in the Example 4 process, it was then directly loaded
onto an affinity matrix, eg Delta Blue Agarose (DBA), which was run as described in
Example 4.

A gel permeation step is then carried out as in Example 2 or 4.
Example 7: bili ino; 1

The eluate from the DBA matrix may be applied to a gel permeation medium, for
example Sephacryl S-200 (HR) (Pharmacia), equilibrated in an ammonium acetate
buffer (for example 10-100mM, preferably about 30mM), containing sodium chloride
(20-2000mM, preferably about 100mM) and octanoate (1-20 mM, preferably about
5mM octanoate at pH 9.0-9.5, preferably 9.2). This buffer effectively exchanges the
albumin into a suitable solution for the final chromatographic step, set out in more
detail below.

The S-200 step is run as follows. The S-200 is run at a minimum bed height of 90.0
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initial cation exchanger step was essentially the same as in Exanple 2, but.
W th the follow ng variations. The bed flow path length was 11.0 1.0
cm The chrwoeésgimphy was then carried out as foll ows. PCTIGHRG/OBAO -
(Pharmaci a) columm was equilibrated in four volunmes of 10-100 nmM

acetate, preferably 20-40 mM for exanple 36 mM as in CS20, and the al bumn
solution was |oaded at a flowrate of 0.07 to 0.75 bed vol unes per mn,
preferably 0.3-0.6, in this exanple 0.5 bed volunes per mnute. The

col um was wash#dB m@g?’xé@gmln\mhm)eia)oﬂhﬁmwmmpmetm witafiltrgionf or

o) buni n ol ut od SHTHSS S B ePRTECReaySE 20 Prodift HERERS arc Bl hcwen o

exanpl e 40- 120, repifd Al Al fHe- hiterialRastheet Yodtfed! 6Hté the coldfil. 2(y0The pooled
preferably 2-20, eg 5 M octanoate, as in CS23) using an Alerr][/cm (?fooo 6

and 0.36 to narﬂecydleﬁacms agerconeemtraiéd toB0-El) g cHA/TL by tﬂmﬁlumorsasdbomedt‘.)
with 0.25- M sal t dOO 2% det et gent 4)a then 0.1-1.0, M
caustic (CS25% W‘%‘F TaeYaf | E"&'EP & Fﬂ%s f@zﬁ?lun‘l“na%rﬂs
exanple, the fl ﬁtﬁ ps
is 0.5 bed vol sﬁ%tgfac{r‘rﬁlﬁ%ﬁe&mggf Hjtlon ﬂgﬁ‘s‘%‘ﬁ%% umﬂ%?ygfﬁeggvat%iﬂe
of 0. 04-0. 6 bechasdetmioadeqd vafocthe lzbiprh, 1@)0T35prdductﬁ'haxons frona thel prirarg fande d
vol/mnis used The ant lﬂ%‘ﬁat ed recovery of rHA no

and 66% 20 @mv@m@mwmé KER HIEC mm?fttﬁég%gﬁ

colum with a s i on of oct anoat e, achi eving a novel biospecific
elution of rHA from a cati on exchanger. The pHis close to the pl of the
al bum n so thgt the binding of the octanoate causes a si gni ficant

overal | charge difference;, for exanple, the pHis at |east 4.5, preferably
The final step consists of an affinity step to remove glycoconjugates, such as

glycoproteins and glycolipids, and poly-, oligo- and monosaccharides. This step uses
immobilised aminophenylboronic acid (PBA) as the ligand. US Patent No 4 562 251
(incorporated herein by reference) describes suitable rﬁethods for making

15 diborotriazine agarose or monoborotriazine agarose: (1) Triazine is O-linked to

agarose first and then linked with 3-aminophenylboronic acid (APBA) in a second

reaction. If the X on the triazine is replaced with chlorine then the disubstituted resin

t is produced. (2) Triazine is reacted wih APBA first to produce either mono or
diborotriazine. These are then O-linked via the free chlorine on the triazine to the

20 -ONa activated agarose to produce either mono or disubstituted agarose. All of the

. examples and descriptions in this patent use ~-ONa activated agarose which results in

O-linkages.

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

aminophenylboronate.

The albumin collected from the S-200 column was chromatographed through the



25 about pH 5. 5. The eluate fromthe cation exchanger is then | oaded
directly (ie instead of after affinity and gel perneati on chronmatography
as in Exanple 2, but preferably after dilution) onto the ani on exchange
resin at a pH of 4.5-6.5, preferably about 5.5, and WO 96/ 37515
PCT/ GB96/ 0044 9wo0 96/37515 32PCT/GBY00449
conductivity preferably in the range 1.5 to 5.0 nS.cnferr], for exanple 2.5
[err] 0.5 nS.cnferr]. This has been foustl to result in any dineric

al bumi n that was forned during the cation exchange chromat ography being
converted back to nononeric al bumi n under the conditions of the anion

exchange chr ompBAGIARIXY haviny | xd%xeiequ{hbwm-ma&ﬁmﬂgl&%érqgeeabw dnder

nmonomer has been achi eved over this ste In nore detail, an

[err] 1.0 cm bégs¢ CmdltpmtShﬂléeﬂé@ﬂ"b@ﬂ;mvtbmdmﬂsdﬂmt@db%mam!ﬁa‘shﬂﬁso‘#

(PISERCT 2 1 bRl bRkl WS BT I st e

before being 1gibhmasas itipakkes thfdupBrthé cdlimth.d miweﬁfdncat@grbphyi I3 s ihithee
of matri x. The colum is then washed with a borate solution as in

Exanpl e 2 ( CS2mgative madg with respeah tesheralvumin. (gter detailsl wereanfollows: h
sal t/detergent (CS24), caustic (CS25) and

The phenyl boronate matrix had a flow path length of 11.0 + 1.0 cm and was
equilibrated with a buffer containing ammonium ions (10-50 mM), acetate (10-50
mM) and 1.0-10.0 mM octanoate (eg CS36 - see table belovy). The column was then

10 loaded at 35 + 15 g of rHA/L matrix. The PBA is run as a negative step and
therefore the product collected is the flow through during loading and the subsequent
wash with the equilibration buffer. All chromatographic steps can be performed at
flow rates in the range 0.005-0.3 bed vol/min. Preferably equilibration and cleaning
of the column are carried out at a higher flow rate, eg (.19 bed vol/min, than load

15 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 a
borate buffer (as in CS37), salt (CS38) and caustic (CS25) and then stored in the
borate buffer (CS37).

20 The pH of the collected flow through and wash is adjusted to 7.0 + 0.1 with
phosphoric acid solution (CS35).

The buffers used are as follows:



stored in dilute caustic (CS26) all as for the cation exchange colum. The
flowrate 15 for all the steps is 0.07 to 0.75 bed vol/mn, preferably
0.3-0.6, in this exanmple 0.5 bed vol umes per m nute. The el uate
-fromthe anion exchange resin (eg DE-FF) still contains inpurities and is
then applied dy¢egHirkis to the affinity matrix (eg Delta Bl ue AGIGRE00449
described in 20 Exanple 2). The bed hei ght was reduced from25 cmin
Exanple 2 to 1 1.0 [err] 1.0 cm whi ch akd owed a higher flowrate within
normal operating pressure. Therefore, a bed height of 11.0 cm was
preferred and does not adversely affect recovery of al bum n or al bumn
purity. The colum was e@ablé &7 a SHEFRY solitiows Eyvamin]

preferably 200-275, for exanple 250 m\/las I n CS 9 and the aI bum n was 25

applied at 7.0f)1Z0 refera TO-.12. e, T 1.0
g per litrefof rrayqf“’ Equililrat %‘H’t’q'%d a m%@"'ﬁb'med
at flowrates p (Y.US& bed|vol /m n, prefe} 7, mSem®) s
exanple 0. 25 bncpeol Lm' 0. | other steos vve’ t 0.04-0Q,.3D,
preferably 0.1} @<35. in thi's iIn. The
i ncreased flowmrate ed d WD
pacrease éqﬁﬂibﬂtfo%? ‘i%dﬁ?ziﬁ Wk 120150
PCT/ GB96/ 00449 wash NaCl . i mpr oy ed
the throughputiby a [factor of foyr Getambid deiddVvprg. he | arge stale
pl ant design ahd—was ' BA.
Si nce thi$ ﬂSB&aﬁsMaklalnmr at ¢ di[@Ban,M}b,maea als.6d48.0
recovery of al JUR ot pu”L =t—1S gt+++se—stth a
hi gher flow raf &S38 Salt clean H,COOH

NaOH 27% wiw) 125.0-165.0

NaCl

Because of the use of ammonium ions in the PBA buffer, it is advantageous to use
salt in the final ultrafiltration step, as explained in Exampie 3 above.

10
In a particularly preferred process, the sequence of steps is as follows:

{1)  Yeast fermentation as in Example 1.
15 (2) Centrate conditioning as in Example 2.

(3) Cation exchange (SP-FF) with high salt wash, as in Example 5, and elution
with albumin-specific compound, as in Example 4.

(4) Dilution and anion exchange with concentrated tetraborate elution as in

Example 6.
20 (5) Affinity chromatography (DBA) as in Example 4.

(6) Intermediate ultrafiltration and then gel permeation (S-200), with recycle
ultrafiltration, as in Example 7.

(7y  Chromatography on immobilised borate as in Example 7.

(8) Final ultrafiltration and formulation as in Example 3.



The col um was washed with 5 colum vol unes of the anmmoni um acetate buffer
(€S29), and the albumn was eluted with strong salt and phosphate sol ution
(1.0-3.0 M NaCl, for exanple 1.5-2.5 Mor 2.0 MNaCl, and 5-100 nM eg

50 nmM phosphate, as in CS30). 10 The pH of the eluant in this
vari ant of theegyepeass was changed to pH7.0 from pHO. 2. TIPECTISEOMEMdI%\a s
changed accordingly from50 nM amoni um acetate to 50 nv sodi um

phosphat e whi ch was preferred because of i3% buffering at pH7.0, and its
relative cost. The |lower pH eluant was responsible for an increase in DBA
eluate 15 al bum n rmnorrer recovery A pH | ower than 7.0 increased the
fragnment | evel Exan . ] o Agder recovery was

rch can be in

reduced. The pH, the range .5-0. 0 is therefore
preferably pH7.0. The colum was cl eaned and stored in caustic (CS25.
CS26) . as above. 20 The DBA eluate (optionally after ultrafiltration with
a cel | ul 0Si c t Yhe stepRvelvitg imnichiliied PhesyIborohite YBObO QG daflicy ivthd Prooeds)

g/l of al bum n) was then applied to Lthe gel perneation resrn for
exanpte S 200 fqnrnstangecing powessinwhi Bmﬂevs sg-orderedh eatjen exehangeriARioqi um

Cost roasons > SRR caq A6, 313%*@0 B ABafhandaiiidn, 5 Urcbiieed’

diafiltration f,ﬁagmﬁt@- garmﬁuﬁﬁnr, on of 1-20nmM preferably 5mM. The

phosphat e conféerred a hrgher conductivity on the running buffer which
I nproved the purity. A hi gh salt concentration can be used to increase
conductivity but it is still preferable to buffer the solution. The

pH7. 0 was pref ehabbliGbidder tdthSstiifdre &'ih BRerhplesl4 Ré17{ Scept as/RlI6WS.2The DBA
eluate is concentrated to 80-110 g/l albumin and the pH is adjusted to 9.2 by
10 diafiltering (5 volumes) against an ammonium acetate of the kind used in Example 7.
The concentrated DBA eluate is then chromatographed on PBA and the flowthrough
is collected and applied directly to the gel permeation (eg S200) column. As the gel
permeation step is now the last step, it may run in a buffer which is suited to the
formulation step, for example 20-130 mM (preferably 50-100 mM) NaCl, at pH 7.0.

15

M erisation of the albumin rding to

invention

This Example illustrates the analysis that is carried out to establish the purity of

20 albumin purified in accordance with the present invention. Unless stated otherwise,
all of the assays are performed on albumin which has been formulated as described in
Example 3 to yield the final product.

Gl ion of I’
25

A microassay for glycated protein has shown that (rfHA) purified in accordance with
the invention is not modified by non-enzymic glycosylation (glycatton). The
microassay measures the stable Amadori product (AP) form of glycated protein, by



WD 96/ 37515

PCT/ GB96/ 00449 34 Hence, in
this exanple, the sequence of purification steps is: cation exchange
(eluting with a nolecule specifically bound by al bum n), ani on exchange,
affinity chyeogsRgy aphy and gel perneation. 5 The di af i PCWGHRISOI4EL €
prior to formulation may be assisted by starting with al bum n at pH7. 0.
The al bumin was nore concentrated at the figgal eluate than with the process
of Exanple 2, assisting the final ultrafiltration step prior to fornulation

(Example 3). ~  Exanple 5: Hi gh salt wash on cation exchanger 10 In
a further vari aigidufioRlof (the CV10RRESxyl fBupy BF ATS with perfdle® The'fofmal@éhyde
fol | oned except as follows. Fol I'owi ng | oading of the albumn on to"the

cati on exchangeeleased iy peripdase oxidatiph dis Spasitpled rlys comrrsion 40 nachromophors,
colum was washgd W, {, 1 sodi.um acetate, pH 3.94.1,.0..6-0..8
ns. grr[ err]), t @Wﬂ?’“ﬁéﬁé@ﬁ@%ﬂcﬁﬂwﬁ acaylacgione U} amiiohia; rﬁnﬁ i§_ 3\

NaCl , preferabl %‘m 1 Qﬂ:hlﬁgh tate buffer (for exanple 10-50nM
sodi um acet ate,tx?o‘?e era ?oy agout nﬁ\/l pH"  3.54.5, preferably pH4.0)

before the figal wash in CS20. This nore stringent washi ng procedure
results in an eluate containing a | ower |evel of non-albumn proteins
ormontati on. The. al braPAmLbaE | 12 1 0" e MRE HExase Able Braffg=! 10
| owering of the pH prior to the high salt wash helps to retain the
al bumi n on the col um Aluring t hat wash, afd92he final wash al so
maxi m ses al bumn recqyery. It is probable thate nei ther step has a mmajor
effect on thFO purity % the al bum n recovereg:m
D 0.132
E 0.060
G 0.04
H 0.01
15 I 0.07
J 0.07
K 0.05
L 0.740
M 0.70
20 N 0.96
0 0.78

Batches A-K were rHA purified according to Example 2. Batches L-O were samples
of commercially available human serum albumin from differing sources. Eight

25 batches of rHA purified according to'Examplc 7 had a negligible level of glycation
(0.042 + 0.018 moles/mole) compared to HSA (0.387 + 0.012).

w Molecular Weight Contami

30 Rationale - The aim of this assay is to remove non-covalently bound low molecular
weight contaminants (LMC) from rHA and HSA using acidic organic solvents. An
HPLC “fingerprint™ chromatogram can then be produced for comparison of samples.



25 Exanple 6: Concentrated borate elution from ani on exchanger In
this exanple, the process of Exanple 2 or 4 (with or without the variation

in Exanple 5) was varied as follows. The eluate fromthe cation exchange
col um was diluted to below |OnS.cnferr], preferably | ess than
5nS.cnferr], aReokdeis | oaded on to an WO 96/ 37515 PCTI/GB96/00449
PCT/ GB96/ 00449 35 ani on

exchange matri x (for exanpl e DEAE SepharosejFF, Pharnacia). The anion
exchange matri x was then washed with dilute tetraborate buffer (for exanple
15- 25mM pot assi um t et raborate or sodi um tetraborate), which has the

effect of raisiMgihod -tTRRIO0E 6f FRPTRKERLD thg: SR 0raIGAS oMb SecRbAMy5ONS

eluted with a nore 5 concentrated etraborate buffer (for exanple 8-150nM

pot assi um t et r atldermie acid (98% v&DabPY w1l cidoraform and 50 m! ethanalwith veitexing after
Exanpl-es 2 and .al bugd n I d wth 20m\V tetraborate

NaCIrrp el ution W%F?utag(gn %%ﬁoﬁﬁ@gf% s %‘& I"F?H’l ?SSWM ﬁﬂ‘ﬂM
eluate with a I@m Cbeii i9then W (Ebd’]gfl il Ok RAE 130 tsins | OF

exanpl'e yeast gl coprotelns due o an inc ease finity of these 10
speci es for the 'Fﬁ:))n'l'ba(prrztﬂgesamplesme pelittad tiyheentrifugation armhthe sGperastants are

tetraborate sed.i n . pref.erence to sodlumtetraborat becayse of its
hi gher sol ubi | |W cfnqi ‘E]‘dﬁéf’éc‘WFbm éﬂ&ausanpesm
exchange matri Xre¥@periied B/ W&dﬂfﬁ atﬂ%}l e
Exanpl e 4 process, it vvasz\?? ti‘e}ct o oade cgtlon‘i an a??‘lém ygef?atrlx,
eg Delta Bl ue A(gaamABI PMﬁlSmmplnsemlmnnimx&l ham) using a linear 10%-90%
acetonitrile gradient in 0.1% trifluoroacetic acid (flow rate = 300 pi/min). The
10 samples were monitored at 214nm using a Shimadzu UV monitor.

Results - A comparison was made between a commercially available batch of human
serum albumin and a batch of rHA purified according to the invention. Two main
significant A, peaks are seen in the sample of the invention (R,= 31.1 and 42.8

15 mins respectively - see FIG. 2 and Table 9). The peak at 2.15 mins is thought to be
due to insoluble or partially soluble material passing through the column, and the
large peak at 56.5 mins is also presex;lt in the trace of a water blank and thus is
regarded as an artefact.

Table 5: Peak Results

20 # Ret Time Area Height
(min) (uV.sec) V)

1 0.800 3459686 219122
2 1.667 418606 33569
3 2.150 77883335 1963630
4 3.000 6293258 122295

2545 20.433 297608 14424
6 22.9500 205822 14601
7 27.567 150851 10835
8 31.117 2213883 170938
9 37.983 164710 15088




15 Exanpl e 4. A gel perneation step is then carried out as in Exanple
2-or 4. Exanpl e 7: I mmobilised am nophenyl boronate 20 The el uate
fromthe DBA matrix may be applied to a gel perneation nmedium for

exanpl e Sephacryl S-200 (HR) (Pharnmacia), equilibrated in an amoni um
acetate buigessgosmar exanpl e 10-100mM preferably about 30PK/GBEME4H ni ng
sodi um chl ori de (20-2000mM preferably about 100mVW and octanoate (1-20
mM preferably about 25 5mM octanoate at p#9.0-9.5, preferably 9.2). This
buffer effectively exchanges the al bumin into a suitable solution for
the final chromatographic step, set out in nore detai|l bel ow. The

30280 step is ﬂl{g as 10l ﬁgﬁﬁé;gi&iw /3%9956 F U fdﬂ?&-m r“ mum bed hei ght of
PCT/ GB9G/ 00449} 1 41.750 107515 g4z | 36
12 42.783 2303024 | 192911 J‘
ﬂ 13 43217 139744 | 14141
5 |14 -la3.a57 254521 | 29m |
115 50.467 152805 | 1326 |
{16 50.950 162364 | 1517 |
117 56.533 s753796 | 6 |

10 The commercially available HSA, on the other hand, has many more peaks (see Fig.

3 and Table 6).
Table 6: Peak R
Ret Time Area Height
(min) (uV.sec) V)
15 {1 0.350 244385 | 23957
2 0.633 607880 | 45310
3 0.783 3239730 | 243477
4 0.983 1072033 | 158146
5 223 76773569 | 2038028 ]
2 {6 2933 6634080 | 182363
7 3733 2812688 | 95459
8 12.483 818540 | 20185 I
lo 12.650 218748 | 22750 n
10 14,150 5423715 | 98336
25 |11 16,333 34 | 17460 |
{12 16.633 688525 | 24538 |
{13 17.550 2301309 | sam81 |
1{14 18.033 1145045 | 47806
15 19.750 67221 | 21562




3 cm(eg 3 x 30 cmin series). (a) The retentate frominternediate
ul-trafiltration I's | oaded onto the colum. Recycle and product
fractions are collected. This step is repeated until all the
mat eri al has been | oaded onto the colum. (b) The pool ed

recycl e fractwonssmsis concentrated to 80-110 g rHA/ L by ul t r BFTEBPERYE, as

above. (c¢) 5 The retentate fromrecycle ultrafiltration is |oaded
onto the same colum and a praBuct fraction collected from each
peak. This step is repeated until all the materi al has been

| oaded onto the colum. (d) The product fractions fromthe primry and
secondary gel rreatlon N togfa tepy ( andfi(c)) are pool ed as
the S-200 Ffé 1258 8194 5760 The fi nal

step
consists of arff gffi nlty S5 700 © remz‘pglycocor]j:;mt es,f such as
gl ycopr ot ei ns jere—gyeottpas—earepety—ethgeo—and—Adnosacchari des. This

step uses 18 i n2hi00 sed anBﬁ’ZtSIGenyl bcﬁS&ﬁZc adid (PBA) as the
| i gand. US Patlleii NO 4 5p . ra herei n by
reference) de ]L bes sui .éoégfmsth 4166471 maki n 5&0 15 di borotri azi ne

agar ose or n? rotriaz gggaros P! 3§ﬂ45'l'ri dzi hs Ofl i nked to
agarose firs | ' |

acid (APBA) in a

second 21 react 231583f the 1)119632 he ft rgo88i ne ifs replaced with
chl ori ne then jptre—drsubstrtotedTes™n rs—prjoduced. (2) Triazine
is reacted wi PBA fir 5249@pr0d 1643493471er b/ 86 JO

di borotri azi nqg
triazine to t
disubstituted

3 0-1 orine on the

7%&11% ac |5§£ ?éte’lﬁo prloduce either nono or

b4.6f7t he 171279 nd descriptions in

-va-ged—aga-' 9506k

25088 ear | j er99¥3dent JUJ 47369,

vari ety of matir X acttvap L on 1o j ng epi chl orohydrin

activation of Jpth %{354! ed h =ré3w31®mﬁrmséﬁl y avai l abl e
matrices incl

am nophenyl borlg

S, Ami con' b 0 ang acr be
- ﬁw m—b&n i"1853 d f romthe S-200
col um was chrtographDQS_QHIough t 0§7295 17351

5 contenpl ates a

”29 26.600 93906 7957 |
15 30 26.817 223113 18326
31 27.250 303831 20461
32 27.533 124218 12710
33 27.783 5747091 561629
34 28.550 1383761 119772
20 135 29.033 390986 33455
36 29.417 182131 12713
u 37 29.833 181333 12584
38 30.183 478320 30155
39 30.583 1048945 58465
25 {40 31.067 3454425 214489
41 31.983 168275 8663
42 32.717 651406 43161
43 33.150 1142221 102588
44 34.017 420756 23883
30 | 45 35.100 115704 10008
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matri X,
under t hese conditions,
mat ri x, wher eqg JeB3osis

sufficiently to separate themfromthe

col um.
t he al bum n.

The

1.0 cm and was

37 PBA

havi ng been pre-equilibrated in S-200 running buffer (see above);
t he al bumin does not bind appreciably to the
cat bohydr at e- based cont ami nants are r @CHGHP044

al bumn as it passes through the
The chromatography is thus in the4dé negative node with respect to
Further details were as foll ows:
matrix had a flow path length of 11.0 [err]

boronate .
equi librated

phenyl

with a buffer gonrarntnglannont o jons - 50 Mte(lo-w mv)
and 1.0-10.0 ct anoat G%Ld $3cs36 | E@éééjabl e éﬁ%vv). he col umm was t hen
10 | oaded at 3 4715 g of @WG mat ri X 5}?{3 PBA i8§7§“” a negative step
and t herefo Juct_col led sigh during | oadi ng
and t he subseqyggt wagdi38W83h t he e781209 br al i qp2buf fef . Al l
chr omat ogr aphi ¢—steps—car—cperforred—at towTatesg i h the range
0.005-0.3 bed {48/ mn. Pidi&08bl y equBb¥Dr atipn 8868 cl efni ng of the
colum are c?’r l.pd out af 5gher il 6ate, e 19 bgd vol /mn, than
| oad 15 and OII.EQLLLQ.U_DJ ] | i preferably carried
out at a flow gaye of 1Gp@%k70. 05, praiss ablly PsB75 befl vol/m n. The
colum is then‘-e}-ea-ned—m et-e—ufer—as—a—gp37), salt (CS38)
and caustic (C$32) and t{&0.4880r ed §i nlA6hES bol378 buffer (CS37). 20
The pH of the “%BI ect ed |5(iv£6[7nrou fas%gz,yvasﬁ Ifs,ﬁ)qj ustpd to 7.0 0.1 with
54 52.183 297278 25795
10 155 56.533 5846645 85710

15

20

30

The quality of the albumin of the invention in terms of non-covalently bound LMCs
is clearly superior to that of clinical HSA. Expressed numerically, the total peak
area between 10 mins and 55 mins for the albumin of the invention was about 6.4
V.sec whereas the total peak area between the same two times for commercially

available material was about 39.7 V.sec.

A similar analysis was carried out with detection at 280nm, in which case the peak
area for albumin purified according to the invention was 0.56 V.sec, whereas that for
HSA was 14.9 V.sec. '

Analysis of fluorescent low molecular weight contaminants (excitation at 280nm,

detection at 350nm) again revealed a total peak area for albumin purified by the

process of the invention of less than 10% of that for HSA.
illa ne El horesis of rHA and H

Capillary electrophoresis (CE) is used as an alternative to standard SDS-PAGE in

order to qualitatively compare purified rfHA of the invention and commercially

available HSA. CE is a high resolving electrophoretic technique and is capable of



phosphoric acid solution (CS35). The buffers used are as foll ows:
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Tabl e 4: Chromat ography sol utions for Exanple 7 -Sol ution
Constituent wdsRMis pH Conductivity No. N@PCE/GB96/00449
(g/l) (nS-cnferr]) CS36 PBA

CH err] COONH err] 2.31 £5ui li bration/ NaOH (27% w' w)
2.55 9,0-9.4 12.0-15.0 wash NaCl

5.84 Cct anoi ¢ aci d 0.721 5 CS37 Borate clean
Klerr]Blerr] Qgﬂ’a ahons%StlﬁsamQ- tBirowhenlonl§ miiflerifferenéss de toBe
cl ean [e ﬂ#caﬁ’ﬁﬂ pho h y : NaCOH
(27% W w) 1. foy -4.1 125.0- 165 0

NaCl - 117 0 Because of the use of amoniumions in the PBA
buffer, it is advantageous to use salt in the final ultrafiltration

step, as expl apegdi-nSinipled bf HEARYAnAour) and rHA purified according to the invention
5 were separated in 20 mM PO,/B,O, buffer, pH=7.4 at 20KeV and 30°C were
electrophoresed on an ABI 270 CE. The rHA of the invention gave a single peak on
the electrophoretogram indicative of its homogeneity. In contrast, other peaks were
observed in the commercially available HSA samples. These peaks are believed to
be indicative of the presence of albumin molecules with, for example, blocked free
10 thiol groups or amino terminal degradation.

An important aspect of the quality control of recombinant proteins is the confirmation
15 and stability of the pre-determined primary structure.

Materials and Methods

Tryptic Digestion: HSA (from a commercial source - one sample stored at -20°C
20 and one stored at 30°C for 12 weeks), rHA purified according to the invention
(stored at 4°C and 30°C for 6 months) and a Des-Leu rHA (a truncated form of rHA
minus the C-terminal leucine) (I mg each) were reduced with 5 mM dithiothreitof
(Calbiochem) for 120 min 37°C, then alkylated with 10 mM iodoacetamide (Sigma)
for 90 mins at 37°C in 6M guanidine HCI in 0.5SM Tris HCI pH 8.0.
25
The samples were then diluted 1 in 3 with H,O and digested with trypsin for 48

hours at 37°C (TPCK treated trypsin from Sigma, 3 x 10 ul aliquots of 1mg/ml
solution added over 48 hours).

30 Peptide Mapping: Tryptic digests were mapped on reverse phase (RP) HPLC on 2
Gilson HPLC system using a 25 cm Pharmacia SuperPac Pep-S column (5 um



10 In a particularly preferred process, the sequence of steps is as

fol | ows: (1) Yeast fernentation as in Exanple 1. 15 (2) Centrate
conditioning as in Exanple 2. (3) Cation exchange (SP-FF) with high
salt wash, as in Exanple 5, and elution wi th al bum n-specific
conpound, as iy bRy € 4. (4) Dilution and ani on exchanrgs/cEIs/b0449
concentrated tetraborate elution as in Exanple 6. 20 (5)
Affinity chromatography (DBA) as in Exanpl 464. (6) Internediate
ultrafiltration and then gel perneation (S-200), with recycle
ultrafiltration, as in Exanple 7. (7) Chromat ography on i mobilised
borate as i n EXG/PR The eluents 8ded Wersas, OUll % (i) TRAABI) inrwhatérg BN0.00 %6 (/s

i n Exanple 3. 37515
PCT/ Gng / 00449 TFA in 70%0(\3\3 acctonitrile (Fisons Scientific) - linear gradlent over 60 min, 0.5

ml/min. UV detection at 214nm and 280nm.
5 N-terminal Sequencing: Performed on an ABI 477A protein sequencer.

Fast Atom Bombardment - Mass Spectrometry: FAB-MS was performed on 2 VG
Autospec by M-Scan Limited, Ascot, UK.

10 Peptide Synthesis: The full length C-terminal tryptic peptide LVAASQAALGL
(mass 1012) was synthesised by ABI, Warrington, UK; and the truncated version
LVAASQAALG (mass 899) was synthesised by the Department of Biochemistry,
University of Nottingham, Nottingham, UK.

15 Results

The full length C-terminal tryptic peptide (mass 1012) was shown, using the synthetic
marker peptide, to elute at 37.5 minutes on RP-HPLC. This peak was collected and
identified by N-terminal Sequencing and FAB-MS from HSA and rHA.
20 '
Removal of the C-terminal leucine results in a truncated C-terminal peptide (mass
899) which was shown to elute at 28.5 minutes, confirmed using the synthetic marker
peptide. This peak was isolated from the tryptic digest of Des-Leu rHA and
identified by N-terminal Sequencing and FAB-MS. Two other peptides were shown
25 to be present in this 28.5 minute peak, AWAVAR (mass 673) and DLGEENFK
{mass 950).

The 28.5 minute peak was collected off RP-HPLC from the tryptic digests of HSA,
HSA stored at 30°C for 12 weeks, Des-Leu rHA, rHA of the invention stored at
30 4°C for 6 months and YHA of the invention stored at 30°C for 6 months.



39 Exanpl e 8: Earlier use of immbilised phenyl boronate The step
I nvol vi ng 1 mobi | i sed phenyl boronate may be used earlier in the process,
for instance in a process in which the steps are ordered: cation exchanger

- anion 5 exchanger - affinity material - wultrafiltration/diafiltration
- - i nmbi | | Sago seapeNny! boronate - gel perneation. ThePEHRBPHIOMIS f or
each step are as in Exanples 4 to 7, except as follows. The DBA el uate

is concentrated to 80-110 g/l albumn and #he pHis adjusted to 9.2 by 10
diafiltering (5 volunmes) against an amoni um acetate of the kind used in

Exampl e 7. The concentrated DBA eluate is then chromatographed on PBA
and the flow hmpbak&on&aebuigeﬂtMsabsbqaamyaﬁlﬁedbyN-semmml Seqeeting and
perneation (eg_S200). col um. t he gel perneation step is now the | ast

step, it may rBABR- Saﬂﬁﬂﬂ%ﬂ‘%ﬂﬁﬂ‘%%k?’émﬁ he formul ati on step,
for exanple 20-130 nM (preferably 50-100 mM NaCl, at pH 7.0. 15
Exanpl e 9: Characterisation of the al bum n produced according to the

i nvention Taﬁv'ﬁ. Wmﬁwm peak bySNgerminhl Sequenciriged out

to establish the puri of 20 al in. o% led in _accordance with the
present i nvegt fon. assays gre
performed on~agh 2d_in Exanple 3

to yield the f} mg_l_@ﬁqﬂpt : LVAASQAALG
? AWAVAR
DLGEENFK

AWAVAR
DLGEENFK
+ about 5% LVAASQAALG

AWAVAR

| HSA 30°C 12 weeks

| DLGEENFK
rHA 4°C 6 months AWAVAR
. DLGEENFK
10 § rHA 30°C 6 months AWAVAR
DLGEENFK

By FAB-MS, the main signals (M+H)* molecular ions) present in the 28.5 minute
peak were as shown in Table 8.



G ycation of rHA 25 A m croassay for glycated protein has shown that

(rHA) purified in accordance with the invention is not nodified by
non-enzym c gl ycosyl ation (glycation). The m croassay neasures the
stabl e Amadori product (AP) formof glycated protein, by WO
96/ 37515 WO 96/37515 PEETIEBEEIME1 49
40 oxidation of the G 1 hydroxyl groups of AP with periodate. The
f or mal dehyde rel eased by periodate oxidd8ion is quantitated by
conversion to a chronophore, di acetyl di hydrol utidine (DDL), by reaction
wi th acetyl acetone in amonia. DDL is t hen detected colorinetrically at
405 nm Table 8. (VI-H)Hilondint 285 min Peak. Mol e hexose/ nol e
protein '\ B
o 139 10 Fixgne of Synthetic Full Length and | 1013- JL§AASQAALGL ig
0 on Trppicated C-torminal Peptides 900-, L ¥RASQAALG
Des-Leu rHA R 673- AWAVAR
900- LVAASQAALG
951- DLGEENFK
1028- ?
1140- ?
5 | HSA Standard 673- AWAVAR
900- LVAASQAALG
951- DLGEENFK
{ 1028- ?
1140- ? *
rHA 30°C 6 months 673- AWAVAR
900- LVAASQAALG
1028- ?
1140- 7 l
951- No signal

The signals at 1028 and 1140 may be fragment ions; they were not peptides that
could be detected by sequence analysis,

10
Conclusion

The Des-Leu C-terminal tryptic peptide was detected in commercial HSA at

. approximately 5-10% (not quantitative), but could not be detected in the rHA of the

15 invention, even after 6 months at 30°C. The Des-Leu peptide could not be detected

in the HSA 12 weeks at 30°C, and the peak for the full length C-terminal peptide at

37.5 minutes (though not isolated) was very diminished compared to the other
samples, indicating that perhaps this has undergone further C-terminal degradation.

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

commercial sources appears to be heterogeneous by comparison.



15 0. 07 J

0.-07 K _ 0. 05 L
0. 740 M 0.70 20 N
0. 96 0 0.78 Bat ches A-K were

rHA purified aggogshsixy to Exanple 2. Batches L-O were sanpl esPCT/GEH6/00449
commercially avail abl e human serum al bumin fromdiffering sources. Eight 25
bat ches of rHA purified according to Exanpk® 7 had a negligible | evel of

gl ycation (0.042 [err] 0.018 nol es/nole) conpared to HSA (0.387 [err]
0.012). Low Mol ecul ar V‘él ght Cont am nant Assay 30 Ratlonal e - The
ai m of this as€ulorimetric Assx® ifidrb Hiwangd o Allwarhinc ul ar wei ght
cont am nant s (LI\/C) from rHA and HSA usi ng acidic organic soI vents. An
HPLC "fingerprint™ chromatogram can then be produced for conparison of

;gygg; -/ 00449 m@%&f/ﬁﬁﬁ&ém’s Reagent, 5,5"-dithiobis-(2-nitrobenzppte) (DTNB), is a
specific and sensitive means of detecting free thiol groups such as Cys-SH. The
5 reaction can be followed by monitoring absorbance at 412nm, which value can be
used to calculate free Cys-SH, to levels of less than one residue per molecule of
rHA. The following solutions reagents are utilised in the assay:

5,5'-Dithiobis (2-nitrobenzoic acid) DTNB, Sigma Product No D8130.
10 TRIS PRE-SET pH crystals pH8.0, Sigma Product No T4753.

EDTA, disodium, Sigma Product No ED2SS.

Sodium dihydrogen phosphate dihydrate, Analar grade.

Disodium hydrogen phosphate dihydrate, Analar grade.

15 Buffer 1: 0.1IM (12.1g) Tris-HCl; 0.01M (3.72g) EDTA Na,.2H,0, pH8.0. PRE-
SET pH crystals. Dissolve in 500ml water and make up to 1 litre exact volume.
Stable for one month at room temperature.

Buffer 2: 0.05M Sodium phosphate pH7.0, Na,HPO,.2H.O (5.45g), 3.04g
20 NaH,PO,.2H,0.  Dissolve in 500ml water, and make up to 1 litre exact volume.
Stable for 1 month at room temperature,

Reagent: 0.01M (39. 4mg) DTNB in phosphate buffer. Dissolve in 10ml buffer 2.
Prepare fresh each day.

Sample: Dilute albumin to about 10.3M in buffer 1 (0.66mg/ml).

Procedure

30 1)  Set spectrophotometer cell holder thermostat to 25°C. 2) Place 1.25ml of
sample in one cuvette and 1.25ml of buffer 1 in another 10mm reduced volume



Met hod - To 100 [err]l of final product (20 ng; rHA or HSA) is added

sequentially 50 [err]] formc acid (98% v/v), 100 [err]l| chloroform and
50 [err]l ethanol with vortexing after each addition. The sanples are
kept at roomtenperature for 5 mins with regul ar m xing. Protein is

then preci pi t av@gedygis he addition of 1 m acetone (30 nins, PSTGRIPRME C).
The protein sanples are pelleted by centrifugation and the supernatants are
decanted off and dried by rotary evaporatlb(h under vacuum The dried

sanpl es are resuspended in 25% acetonitrile/0.1 %trifluoroacetic acid.

2T ) ust ng SVeRRQR SUBISOANY reIREIcE ROSTIONS TPRIVEM: B Z61a Jpruinent af
trifluoroaceti a}mm Ss(ei h@é%@b@woﬁlom Fﬁmk'céxm n&) Aﬂ@%ﬂlq}?ﬁm 86 She

nonitored at 21 sing a madzu WV noni t esults -

conpari son wasmfadncdmlwﬂamndrmmhneﬂynahg;deaacdplbétmshﬂtnhS))Adduﬁﬁper'INB
serum al bum n and a ch of r HA pur| f| ed accordl to r}e i nventjon., Two
mai n si gni fFQ?Eﬁ‘!”% abgve. h® ]g"ﬁ’rﬁﬂ‘@e ¥startacquining datay

peak at 2. 15 nfA s%ﬁ%ﬁ%&f *@W%%&%n o B i) A R koot 7

material passi m%lb,r Qo' obbtaih evaladsu i, triplichté.he 8) Exttdpolatep ®atk drorh6the steady i S

al so present in e trace of a water Iank and thus is regarded as_an
art ef act . absorbance decay to zero time, and the absprbameg jat ALZAM (@A« (FIG.
# Ret Ti

(uv) ). 9) @aﬁ:ﬁ}}teggﬁ sulphydryf% Asing tﬁ%f&gﬁlon &Eéﬁc?eﬁf t, =

1. 667 41300m*mM!. 33569 2.150 77883335
1963630 4 3. 000 6293258 122295 25 5

20. 433 16 297608 14424 6 22.900 205822
14601 Results

A number of commercial HSA samples were assayed for free thiol content, the
results are summarised below:
15
HSA Free Thiol
(mole SH/mole HSA)
0.29
0.22
0.35
0.05
0.08
0.46
0.36

20

N O AW e

25
These values are significantly lower than the value for albumin prepared according to
the example above which is routinely assayed at 0.85-0.9 mole SH/mole rHA.



7 27. 567 150851 10835 8 31. 117

2213883 170938 9 37.983 164710 15088

W06/ 37515 PCT/ GB96/ 00449

42 10 39. 267 347946 29879 11 41. 750

107515 WO0RA7S1S 12 42.783 2303024 POFEPIcA0443 1 3

43. 217 139744 14141 5 14 43. 457 254521

23979 15 50. 467 1528055} 13226 16 50. 950

162364 12577 17 56. 533 5753796 83674 10 The

commercially avail abl e HSA on the_ other hand,  has many nore peaks (see

Fi g. 3 and The detern ' of metal jon_contamination in humagn albumin by_graphite) | <

Ret Tre ‘ | _ (mn) . (uV. sec)

(uv) 15 1 . U, 3D 244385 23957 2 0. 633

607880 45310 3 0.783 3239730 243477 4

0.983 1072033 . . 158146 )
Standards and samples are atomised from a pyrocoated graphite tube. The atomic

5 absorption of the sample is detected using the following conditions:-

[ m
Metal Wavelength Atomisation
ion nm temperature
°C
Zn 2139 1800
10 Cu 3274 2300
Fe 248 .8 2400
Al - 309.8 2500
Mn 279.8 2200

15

Aluminium was measured using a Perkin Elmer M2100 atomic absorption
spectrophotometer, a Perkin Elmer HGA-700 graphite furnace, a Perkin Elmer AS-
70 Autosampler with sample cups and an aluminium hollow cathode lamp. The
20 reagents were AR grade magnesium nitrate, an aluminium standard solution (1000
ppm) and AR grade concentrated nitric acid. A 1.00% w/v magnesium nitrate
solution was made up with Milli-Q water. 15 ul of aluminium standard solution was
pipetted into the autosampler and diluted to 1500 I with 0.20% nitric acid solution.
The procedure is repeated with 15 ul of the solution obtained and then with 150 uL
25 of the solution subsequently obtained, to give a 10 ppb (ug/L) aluminium solution.

An albumin sample is diluted with 0.20% nitric acid solution to give an aluminium
concentration within the limits of the calibration graph. A 1:2 dilution is usually
sufficient.

30
Magnesium is measured similarly, using a Perkin Elmer AS-51 flame autosampler
and a magnesium hollow cathode lamp. A Magnesium Standard solution of 1000



5 2.233 76773569 2038028 20 6 2.933
6634089 182363 7 3.733 2812688 95459 8
12. 483 818540 20185 9 12. 650 218748
22750 10 14. 150 5423715 98336 25 11

16. 333 WOEH 15 17460 12 16. 633 PCHGBY80449
24538 13 17. 550 2301309 84781 14

18. 033 1145045 47806 15 52 19.750 672721

21562 WD 96/ 37515

PCT/ GB96/ 00449 o ] - _ 43 16

20. 233 Ppmds diluted witly 3dilli-Q water to give 0.2007200.5 and 1.Q ppmy standard
13003 2 21. 967
166471 89‘2!!‘"8“5 3"& Admic abs"ﬂi"%%éd& samplg g%‘ﬁ%‘?d at :28%9%8%‘0 21
23. 583 1112632 89851 ' 24. 000 4740347
419780 23 .24. 417 352486 26374 24 .
24.917 17(Iqmr iron, mangmeseand 2Bic are measuredSinithe samé way g 7aluminium
11473 25 267 339 0515, 27

25. 667 %ﬁ&%‘h‘* ?°r 3 1.0 Mgﬁ}ms@%ﬁ used instead;ofca; 10 ppb
17351 solution. The concentmtion of metal jons was determined in ng/L and then related to

the concentration of albumin (ng metal ion/g albumin). These data are presented in

Table 9.
10 f-Ijah!e‘Q: Contamination Profiles of Albumin produced according to the
e 1]
Concentration in ng/g albu:ﬁin
| Chemicat | BatchA | BatchB | BatehC
15 “ Aluminium - 85 -
| Copper 3720 9080 1780
{ 1ron 460 810 440
| Magnesium 1200 850 800
| Zinc 4510 1490 1790 .
2 u Manganese 20 191 16
Chemical | BatchD | BaxchE | BatchF | Batch G
| Aluminium - - - - "
Copper 660 2690 440 530
Iron 930 380 2720 1880
25 || Magnesium - - - -
Zinc 1580 680 3520 | 2130 |
Manganese 42 14 58 27




29 26. 600 93906 7957 15 30 26. 817
223113 18326 31 27. 250 303831 29461 32
27-533 124218 12710 33 27.783 5747091
561629 34 28. 550 1383761 119772 20 35
29. 033 SBIEA3515 33455 36 29. 417 PCEIERIG/00449
12713 37 29. 833 181333 12584 38
30. 183 478320 30155 39 30. 583 1048945
58465 25 40 31. 067 3454425 214489 41
31. 983 1 7 32. 717 1
43161 43 1 1 4
34. 017 15 /Chentidal _ _ 2R B, |
10008 Aluminium 9 2 86 % |
PCT/ (3B96/ 0044 WO 63+545 44
46 Copr 1652088 500468 | 9920 8820 38, §E7
145731 3] 45 . 9p. 9 209 540 49
41. 800 TraBog 7 ¥HBs 5 - ko 670 10¥5 g3y 100 5416
8522 51 5 | Magnesiom®- 267 600 | <P 200737 | 20000 |
Zinc 1740 1040 4280 3520 |
Il Manganese 35 20 46 60

All results are expressed as total metal ion concentration.

10

Table 10 shows the corresponding levels of metal ions in commercial HSA.

15 l[ﬁnml Source A Source B | Source C Source D
(UK) (UK) (Japan) (Japan)
“Aluminium 790 970 915 420
Copper 2020 4510 23840 580
Iron 41220 15200 23550 15240
Magnesium 4500 500 15000 54000
20 |f Zinc 7230 1650 930 4580
Manganese 940 190 135 240
Chemical Source E Source F Source G
(UK) (USA) (France)
Aluminium 350 3190 155
Copper 4830 1180 7910
25 | Iron 7910 25920 1850
Magnesium 1500 500 500
Zinc 1520 3940 2130 1]
Manganese 160 65 80 u




52 50. 483 176115 15573 53 51. 267

158727 13701 54 52.183 297278 25795 10
55 56. 533 5846645 85710 The quality of the

al bumin of the invention in terns of non-coval ently bound LMCs IS
clearly superiwoo?Sifhat of clinical HSA Expressed numeri calRGE/GBIGE044Y; o
peak area between 10 mns and 55 mns faor the albumn of the invention
was about 6.4 15 V.sec whereas the total péék area between the sanme two
times for commercially avai l abl e material was about 39.7 V. sec. A

simlar analysis s carrjed out with defection at ,280n i n.whi ch .case the
peak area fdt cg:ﬂ%’fﬁeﬂ tht g'fef ’1"8’(‘1‘3%1&?'6} ﬂé ﬁﬁm{'ﬁm{‘ AR merm‘ﬂ}ﬁ 8&%&"@.“% was
V.sec, whereas abﬁ@{ Xl $Gifrces 5507 bY et OfLi gheent
| ow nol ecul ar wei g ?ﬁ gglgg%@n?{g%?g@%g I on athagBIOnm bﬁsﬂgg efclt'l%dr’lig%t
350nn) agai n r qreduot df dhe daventiore had anecavetape afl abont 949 ngif ived (opmpiwe 1850-
process of the jnventiop of less th 10% of that_for HSA 25 Capil] ary
Zone El ect r ophdHd %Iqmmmﬂeﬁﬁg»mawmq 90nle of eipReER COmp i

S
used as an al ' LD SSS; | L | |
conpare puri f% %mﬁlﬁé [ nvg'%&ngﬁ’ %ﬁ%ﬂ%}%ﬁ ﬂg&%%@g%@hﬁé&% CE
i s a high resol500+%,00eng/g dnIpoioe itaniterill)) apieverage 652,300 apl/geobfinc (compare
930-7,230 ng/g in prior art material, and an average of 48 ng/g manganese (compare
65 to 940 ng/g in prior art material).

10 is of medium and lon in f; aci

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.

15 )
Equipment: éas chromatograph (eg Shimadzu GC 9A) with flame jonisation
detector; Autoinjector {¢g Shimadzu AQOC 14); Integrator/Printer (eg Shimadzu
CR4A); HP-FFA 30 x 0.53 mm, 1.0 um phase columa (Hewlett Packard Ltd);
Megabore Installation kit J & W Scientific 220-1150 for GC 9A) - with direct

20 injection liner.

Reagents: Water (Milli-Q); Dichloromethane Super Purity Solvent (Romil
Chemicals, Loughborough, Leics.); Sodium Acetate Trihydrate Analar (BDH Ltd,
Poole); Acetic Acid Glacial Analar (BDH Ltd, Poole); Human Serum Albumin

25 Solution (Zenalb™20, Bio Products Laboratory, Elstree, Herts.); Sodium Sulphate
Anhydrous (Analytical Reagent); standard fatty acids from Sigma.

Solutions:

30 0.5M Sodium Acetate Buffer pH 4.5: Sodium Acetate 6.13g and Acetic Acid 3.30g
per 100 mi.
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separating sub-popul ati ons of the sane protein when only mnor differences.
are to be f ound. Met hod - Sanples of HSA (Arnmour) and rHA purified

according to waedsTsBsntion 5 were separated in 20 nM PQ er r |ROyER60844% 1 |

buffer, pH=7.4 at 20KeV and 30[err] C were el ect rophoresed on an ABI 270
CE. The rHA of the invention gave a singl e5§)eak on = the

el ectrophoretogram indicative of its hompgeneity. In contrast, other peaks

wer e observed in the commercially avail abl e HSA sanRI es. These peaks are

believed to Fre Fatty Agidi yandard mixtumses WVeigh &t mg|of pech faky aeid I@?Wﬁaﬁtef or
l e, bl ock f
exanpl e OCK&lss diftfs, lﬁxsm&cﬂrﬁgifimﬁrmmg?&lﬂ{:@@agggﬁgﬁt ahister t : Olil

Anal ysis of C erm nus tant aspe

reconbi nant pr {2 ghlnPyfex MII&rd:mﬁesrreqiebWel)lﬂ’oﬁ@ﬁochhﬁm {C6-Cd4), t snedium cham
pr e- det erm ned (5” mary. struct terials and Met hods Tryptic

Di gesti on: HSAK6- W)a%iﬁ@r%haw (§3@1Q28 1) By asidspl Prytdoven mixture sadema and

R el et A A A

truncat ed f or Mipktufehto labélled Ylash Wil drg umiErohitrb ngmw;emsm@azeaom: wer e

reduced with 5 mMdithiothreitol (Calbloche 120 min 37[err]C, then -
alkylated with 10 nmM i odoacet am de (Si gma) . for 90 mins at 37[err]Cin 6M
guani di ne HC The.s ed
1in3withH M%ﬁa‘i’&? ggg’g{‘ﬁ’g‘ Wﬂ@réﬁ% 3@& s t°hg hibHadtandlt
' Acid/25 ml Dichloromethane). -
10
Procedure

1.  Add 50 ul Internal Standard Solution to 6 labelled 40 mi Pyrex tubes.

15 2. For 5% rHA add 5 ml sample. For 25% rHA use I ml sample and 4 ml
water. Include a blank (5 ml water) and serum albumin sample (1.25 mi
~ Zenalb™20 and 3.75 mi water). Prepare all samples in duplicate.

3.  Add 2.5 ml Sodium Acetate Buffer, then 10 ml Dichloromethane to all tubes.
4.  Place the capped tubes on a mechanical roller for 2 hours at room temperature.

5.  Centrifuge all tubes for 5 min at 3,000 rpm in a Sorvall RT6000B centrifuge at
20°C.
25
6. Remove the upper aqueous phase, then working from the bottom of the tube
carefully trﬁnsfer the lower Dichloromethane phase into a labelled 12 ml Pyrex
tube. Protein globules may hinder the removal of all the Dichloromethane
phase. If this occurs add a spatula full of Anhydrous Sodium Sulphate cap
30 and shake.



hours at 37C (TPCK treated trypsin fromSigma, 3 x 10 [err]l aliquots of
Ing/ m sol ution added over 48 hours). 30 Peptide Mapping: Tryptic

di gests were mapped on reverse phase (RP) HPLC on a G | son HPLC system
using a 25 cm Pharnmaci a SuperPac Pep-S colum (5 [err]m WO

967 37515 WO 96/37515 PCITERIO0#D 0449
46 Cerr]/Cerr]). The eluents used were A 0.1% (v/v) TFA (ABI) in
water; B, 0.09% (v/v) TFA in 70% (v/v adbtonitrile (Fisons Scientific) -
| i near gradient over 60 mn, 0.5 m/mn. WY detection at 214nm and
280nm 5 N-term nal Sequencing: Performed on an ABl 477A protein

sequencer . 7.FasPrnRishipromethaneephase ypder aspiaean efenittpgerr and \stoga ynder
performed on a VG _. 0SN8Ke .limted, Ascot, UK 10 Peptide
Synt hesis: The fulwhﬁgér{'g%hié-@épﬁg%sfyptic pepti de LVAASQAALGL (mass
1012) was synthesised by ABlI, Warrington, UK; and the truncated version

LVAASQAALG (mass 899) was synthesised by the Departnment of Biochemstry,
Uni versity of Nottilngtalirthe xapillanygeolwpn and set the gas chromatograph to the following

5 conditions accord'ing to the manufacturer’s instructions:-

Detector: Flame ionisation; Carrier Gas: Nitrogen at 30 ml min'; Injection
Volume: 0.5 pl; Column initial temperature: 70°C; Hold: 1.5 min; Gradient
1: 20°C min? to 150°C; Gradient 2: 4°C min® to 240°C; Hold: 7 min;

10 Detector Temperature: 280°C; Setting Speciﬁc to Shimadzu GC9A are:
Detector Range: 10°; Hydrogen Pressure: 0.5 kgfcm?®; Air Pressure: 0.5
kg/cm?, Stop Time: 50 min.

9.  Set up the integrator to collect data from the gas chromatograph according to
15 the manufacturer’s instructions.

10. Raise oven temperature to 245°C and leave until a steady baseline is achieved.
11. Lower oven temperature to 70°C and allow to equilibrate.

12. Thaw an aliquot of the Long, Medium and Short Chain Fatty Acid standards.
Dissolve the Long Chain Fatty Acids in 1 ml Dichloromethane. Transfer the
solution to the Medium Chain Fatty Acids and dissolve. Repeat for the Short
Fatty Acids.

13. Inject the standard mixture to determine fatty acid retention times. The
chromatogram produced should have very little peak tailing and have a smooth
slowly rising baseline with the correct number of well resolved peaks.
Caproic Acid (C6:0) should elute with a retention time of approx. 6 min and

30 Erucic Acid (C22:1) with a retention time of approx. 33 min. Identify alt
peaks by comparison with example standard chromatogram.



15 Results The full length CGtermnal tryptic peptide (mass 1012) was
shown, using the synthetic mar ker peptide, to elute at 37.5 m nutes on
RP-HPLC. This peak was coll ected and identified by N-term nal Sequencing
and FAB-M5 from HSA and rHA. 20 Renmoval of the C-termnal |eucine
results in a wowsssasysd C-terninal peptide (nass 899) whi cPCREBISHMA t o
elute at 28.5 mnutes, confirned using the synthetic marker pepti de.
This peak was isolated fromthe tryptic di §ést of Des-Leu rHA and
identified by N-term nal Sequencing and FAB-MS. Two ot her peptides were
shown 25 to be present in this 28.5 m nute peak, AWAVAR (mass 673). and

DL GEENFK (mids Juiopt samples apd colert dat. nut e peak was col | ected of f RP-HPLC

fromthe tryptic digests of HSA HSA stored at 30[err]C for 12 weeks,
Des-Leu rHA, rHA of the invention stored at 30 4[err]C for 6 nonths and rHA
of the inventi Qalgulgioagd at 30C for 6 nonths. WD 96/ 37515

PCT/ GB96/ 00449 47 The peak from each

di gest was subsequentl.y anal ysed by N-term nal Sequencing and FAD- M5

alongwith the,synthetic marker.,peptides. b 7. Peptidgs pr.eseng in
28.5 mnute I%péak %&ﬁ-?‘g %Q%Iﬂmmwe L’ﬁﬂksampepes is Ruifl e e

major peak with a retention time of approximately 23.5 min.

2. Calculate the Peak Area Ratios for all integrated peaks in all samples using the
following formula.

10 Peak Area Ratio = Peak Area
Internal Standard Peak Area

3. Identify fatty acid peaks in rHA and HSA samples based on retention time by
comparison with standards. '
15
4. Convert all Peak Area Ratios to approximate concentrations (ug/g albumin) for
both tHA and HSA samples using the following factor:-
Concentration (g/g) = Peak Area Ratio x 200

20 5. For peaks identified as fatty acids convert Concentration from pg/g albumin to
mole/mole albumin using the fatty acid’s molecular weight and the following

formula;
Concentration (mole/mole) =  Concentration (ug/g) x 0.0665
235 Fatty Acid Molecular Weight

Example results are presented for a batch of albumin prepared according to Example
2 (FIG. 4) and commercial HSA (FIG. 5). No abnormal fatty acids have been
detected in the former by this method although the profiles for the two proteins
30 showed significant differences. As expected, both showed large amounts of the
added stabiliser, octanocate (C8:0). Apart from this, commercial HSA was
characterised by predominantly C16:6, C16:1, C18:0, C18:1 and C18:2 whilst the



5 SAMPLE SEQUENCE Des-Leu r HA

LVAASQAALG AVWAVAR DLGEENFK HSA

st andard AVAVAR DLGEENFK

+ about 5% LVAASQAALG HSA 30[err] C 12 weeks AVAVAR
DLGEENFK wieeldrsrsr ] C 6 nont hs AWAVAR PCTIGBI6/00449
DLGEENFK 10 rHA 30[err]C 6 nonths AVWAVAR

DLGEENFK By FAB-MS, the main signals (¥H) + ol ecul ar ions) present in
the 28.5 mnute peak were as shown in Table 8. WO 96/ 37515

PCT/ GB96/ 00449 ](

MrH) + 1 ons i n plbumithpf thes invention coptaiped, mainty Q‘IQEQae@peo Edpil E@nﬁ?qﬁs'%ﬂ

1013- LVAAS
1013 LVAASOMCGi0, FobiR eRpéitiniid SHoflof Bhat BROILEE B C10:0 and Who- 0 WAEOMLC
900- LVAASQAAL Groduct correlated with the levels of these contaminants in theQUefanodit Gidd\oK the

latter stages‘ of the purification process.
Data for the rHA produced according to Example 7 are as follows:

Table 11. Comparison of the fatty acid composition of rHA purified according
to the process of the invention and commercial HSA.

10 Fatty acid content (mol/mol protein)
Fatty acid rHA HSA
C10:0 0.100 0.005
C12:0 0.020 0.011
- C14:0 - 0.005 0.017
15 Cle:0 0.013 0.152
Cl6:1 0.064 0.023
C18:0 0.002 0.024
C18:1 0.012 0.145
Cl18:2 ND 0.089
20 C18:3 ND 0.006
C20:0 ND 0.001
C20:1 ND 0.001
C20:2 ND ND
C20:4 ND 0.006
25 TOTAL 0.216 0.480

D = Not detected.

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



1028- ? 5 HSA St andard 673- AWAVAR

900- LVAASQAALG 951- DLGEENFK
1028- ? 1140- ? rHA 30[err]C 6 nonths 673- AWAVAR
900- LVAASQAALG 1028- ?

1140- ? WO 96/37515 - 951- No si gnafCT/GBIGHPAS

signals at 1028 and 1140 nay be fragnent IOBS they were not peptides that
coul d be detected by sequence anal ysis. Concl usi on The Des-Leu
C-term nal tryptlc peptlde was detected in comrercial HSA at

approximately 5 100/ uantitative), but could not be de ected in the
"HA of the 15 [EFIEAN t@@@kah%qmreemw dhergamay: ypicallyrhe abpy .4 proles
pepti de coul d ﬁﬁ'ﬁ g-‘gﬁ nl e
peak for the ftr}ﬁr()ﬁg t&g?%en’npl pepti de %n n?%cfireng&%oﬁbug lEot

| sol at ed) was \tylyammmdmedmdﬂeﬂmlfa dc:tiﬁ)ahdhenlgtdheﬂtOOIStarQJﬂ)bmolesrfdlatﬁtwng
that perhaps thi s has u[}enfrqgih?e further C-term nal degradation. 20 These
resul ts indi cateds MWrified in accordance with the invention,

has a’ stahj e and full length carboxy-term nus, whereas HSA previously
avail abl e from commerci al sources appears to be heterogeneous by
conpari son. Analysis of Colour - The absorbance of a 5% (w/v) solution of the final product in a

1 cm cuvette was measured at 350nm, 403nm and 500nm and calculated in terms of
absorbances per gram of albumin/litre per cm pathlength (ie A L.gl.cm™. The
albumin of the invention has the following values:

10
Wavelength Mean absorbance (n=10 batches)
(um) @L.g'.cm™)
350 4.74 x 10°
403 2.12x 10°
15 500 0.58 x 10°

Generally, the albumin of the invention does not exceed respective absorbances of
6.0 x 103, 2.5 x 10? and 0.75 x 107 at the said three wavelengths.

20 Assays of a number of commercially available HSA preparations revealed higher
absorbances at these wavelengths (see Table 12).
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Colorimetric Assay for Free Thiols in Purified Human Al bum n

Introduction - Ell mann's Reagent, 5,5'-dithiobis-(2-nitrobenzoate DTNB) ,
i$ a speci Waeeamsissensi tive neans of detecting free thiol PﬁF’Gﬁ%ﬁﬂ%é‘f?ch as
Cys-SH. The 5 reaction can be followed by nonitoring absorbance at 412nm
whi ch val ue can be used to calculate f®e Cys-SH, to levels of |ess than
one residue per nol ecul e of rHA. The follow ng sol utions reagents are
utilised in the assay: 5,5 -Dthiobis, (2-ni benzoi ¢ aci d) DTNB, '
Si gma Product mm%@bQM@Fﬂg@B%frﬂ!‘@?%t PEERATUORS oy Product No
T4753. EDT Apmmthi=s-atkitiige=Si=gnm—Roeiet—No-0aEs e =
phosphat e di h dr atSAMPLE ar prade. A, Disogi um hyﬂ&,{)gen phosphaig,
di hydrate, Ang-ar—grade: Hp—Buffer—t—O M2t —TrrsfrC 0" OIM™
(3.72g9) EDTA *" [err]2Herr]d pHS. B.ISPRE- SET“Q% crysthls. DO&ol ve |iL1
500m water a IC make i,lp 10 1L |tr.e9 act vgl une. Stabl g for ‘Wi nont f“ at
roomtenperat gre Buffer 2. 0ZGSM Sndlumph&%ajp pHZ 0 -

Na[ er r ] HPQ e% ].2H erg] O (5. $#59), 34949 20 NaH[ eryfderr]. 2H ey O JL

Di ssolve in - Fetee—t—to——Hit+-e—exact—yvottme: St-adytef or
1 month at rodm tenpetature. R28gent : {0. 01M3.6®. 4ny) { DTNB i phospHat e -
buffer. Di SSOl}tve ™ Jgfm purfer Z. 2.68 Prepgre rreis‘gs €acn pay. 0.8
I s 11.45 6.26 12
T 7.20 3.70 0.8
10 u 8 6.82 4.78 1.8

- This assay is performed to

SDS reducing polvacrvlamide gel electrophoresis

show that rHA consists of a single polypeptide chain which when treated with a
reducing agent (8-mercaptoethanol) migrates as a single band (monomer) on SDS
15 reducing polyacrylamide electrophoresis (PAGE). '

Samples of albumin were boiled in SDS reducing buffer (20 mM Tris-HCI pH 8.0
containing 2 mM EDTA, 5% (w/v) SDS and 10% (v/v) S-mercaptoethanol with the
albumin at 1 mg/ml, and then separated on SDS homogeneous (12.5%) Phastgels
20 (Pharmacia), using a loading of 1 pl of the solution. Protein bands were detected by
Coomassic Blue R250 staining, scanned on a Shimadzu CS9000 densitometer.
Separation of albumin showed a single band of Coomassie staining which is
indicative that the proportion of albumin present as a monomer is at least 99.9%.

25 ul of a 10 mg/mi solution of the albumin in the eluate from the anion exchange
matrix in the main embodiment of the process of the invention (ie where the anion
exchange step is the final step. before uitrafiltration and formulation) is injected onto
30 a TSK3000SWXL column on a Shimadzu LC6A HPLC. The product was found to



25 Sanple: Dilute albumn to about 10.3[err]Min buffer 1 (0.66ng/m).
Proocedure 30 1) Set spectrophotoneter cell holder thernostat to
25[err]C. 2) Place 1.25m of sanple in one cuvette and 1.25m of buffer
| in another 10mm reduced vol une WD 96/ 37515

PCT/ GB96/ 0044 W0 96137515 50 PCUGRGHMPe in
the sanpl e and reference positions respectgl\/ely. 3) Zero instrunent at
412nm Set absorbance to 0.1 AU Full Scale.” 4) Add 50[err]| DTNB reagent to
t he reference cuvette, and mx briefly using a cleaned plastic stirrer.
5) Add 50[err]] DINB agent t.o the sanple cuvette, and m x as above. 6)
| medi ately st ”ﬁ%ﬁ@?ﬁr’g&%ﬁ'&{“&"% (or start chart recorder, and foll ow
reaction for up to 10 mins). 7) Repeat for each ~ sanple, to obtain values
intriplicate. 8) Extrapolate back fromthe steady absor bance decay to
zero time, and2§eddfef secohd 18omgimlasalutiert ofl albumin [purifipd\ir ractordafieGwith the) .

0, SO BB Moy 30 Sl 288 WP S il 8 585 AT
err = . .
HSA sanpl es veigs RRAREYSEonkf 1esé Bian 'O %'p&ﬁﬂéﬁé‘ﬁlbuﬁ_xﬂﬁ This r&tlt ibdicdésthat the

summari sed bel ow. ]
formulation as described herein has no effect on the polymer/aggregate content of the

purified albumin.

Two Dimensional Gel Electrophoresis

10
2ug rHA of albumin prepared by the process of the invention was subject to two-
dimensional electrophoresis using 2 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

15 Coomassic Blue, only one spot was visible, indicating the presence of only one

protein species.

20 Electrospray mass spectrometry (ESMS) was performed using 2 VG Quattro
electrospray mass spectrometer, calibrated with horse heart myoglobin (16951 Da, .
obtained from Sigma) over m/z range 950-1750 Da/e. Samples of commercially
available HSA and samples of rHA purified according to the invention were desalted
prior to analysis by reverse phase HPLC using an acetonitrile gradient containing

25 trifluoroacefic acid. Figures 6a and b show the spectra for albumin of the invention
and prior art HSA, respectively. The latter shows peaks representing blocked free
thiot and N-terminal degradation.

The albumin of the invention can be seen to be substantially homogeneous in this
30 assay, in other words it shows a single defined peak. occurring at a mass of about
66441 Da.



15 HSA Free Thi ol (nmol e SH nol e

HSA) 1 0. 29 2 0.22 20
3 0. 35 4 0. 05 5
0. 08 6 0. 46 7 0.36 25

These val ues wwoseesssi ficantly | ower than the value for al buRFHGBIM44%(
according to t he exanpl e above which i 56£ outinely assayed at 0.85-0.9

nol e SH nol e r HA. WD 96/ 37515

PCT/ GB96/ 00449 51 The

determ nati on of tal jog.contam nation in human al bum n by graphite
furnace spectr@@gﬁ%‘“—‘é&%@andar ds and sanples are atom sed from a
pyrocoated graphite tube. The atom c 5 absorption of the sanple is detected
using the follow ng conditions:- Met al

Wavel engh Over tworyears, i an degradation of the albumin is detoctable by electrophoreatio
tenmperature methods, which shows that no protease activity is present.
s .

*



4n
L

& n|||||ﬁnlu||||wumn THES EE S B

248. 8 2400 FEPLACED
2500 279. 8 2200

A'um ni um weworEEEIS ed usi ng a Perkin El mer M2100 at onic abBETFBPEpess
spectrophot oneter, a Perkin El nmer HGA- 700 graphite furnace, a Perkin El ner
AS- 70 Autosanpler with sanple cups and~an al um ni um hol | ow cat hode

| anp. The 20 reagents were AR grade magnesiumnitrate, an al um nium
standard sol UMOO ppm and AR grade concentrated nitric acid. A

1.00% wW v mag itrate solution was made up with MIIli-Q water. 15
[err]l of alum nium standard sol uti on was pi petted into the autosanpler
and diluted to 1500 [err]l with 0.20%nnitric acid solution. The

procedure is rleped prbcesst for phrifying dlbumin,tthe psaess dmlprisin@ﬁmestbpamﬂ applyingni t h
150 [err]L 25 of .the splution subseguent!|y optai ned, lve b
([err]g/L) al L‘?nfel!ﬁ’tlYﬁ‘Ysm'RﬂrP umin s°ﬂ‘ﬂﬂ ﬁgf?'%aé Eh“F "(ﬁrlaat ‘Wpahﬂ? 20%

nitric acid gypgﬁ Eﬂﬁé s t
limts of thségga i mﬂ%l on griaitgI ty%"@ﬁtﬂﬁ‘%ﬁﬁl S ustgg*fﬂw é?%
30 Magnesi e bmmmm:nm&anrﬂxd mateyial bg upgymgl%sdluﬁbnﬁiﬂmmﬁﬁnﬁd Halingea
aut osanpl er and a rragne5| um hol | ow cat hode | anp. A Magnesi um St andard
sol ution of 1@perific affinity for glbumi.37515

PCT/ GB96/ 00449

2. A process according to Claim 1 in which the chromatographic material is a

10 cation exchanger resin.

3. A process according to Claim | or 2 wherein the compound is a fatty acid salt
such as octanoate.

15 4. A process for purifying albumin, the process comprising the steps of subjecting
an albumin solution to cation exchange chromatography in which the albumin is
bound to a cation exchange material and then anion exchange chromatography in
which the albumin is bound to an anion exchange material.

20 5. A process according to Claim 4 in which albumin ejuted from the cation
exchange material is subsequently treated by one or more of affinity chromatography,
ultrafiltration and gel permeation before being subjected to the said anion exchange
chromatography.

25 6. A process according to Claim 4 in which albumin eluted from the cation
exchange material is applied to the said anion exchange material without any
intervening treatment other than dilution. '

7. A process for purifying albumin, comprising the steps of:
30 .

“iiiiiiﬁ‘ LD

(a)  passing an albumin solution through a cation exchange matrix under




52 ppmis dil uted r to give 0.1, 0.2f N
standard sol uti ons. mMHMr"H ,@@'Et [ on of the sanpl el *sﬂhéds E%# a8 BEE

285.2 nm Copper, iYort, mangane nd zinc are measur

way as alumnium5 except that, for zinc, a 1.0 ppb ([err]g/l) standard
sol ution i s usedsésmsisead of a 10 ppb sol uti-on. The concentBGGRIF04
netal ions was determned in ng/L and then related to the concentration
of albumin (ng netal ion/g albunin). Theseb4data are presented in Tabl e
9. 10 Table 9: Contami nation Profiles of Albumn produced according to

t he I nvention Concentration in ng/g al bum n
Cheni cal Bat ch Acondiigmscsuch that tiszalbmip will bingd derthe matrix;

igo i 810 %B) eluﬂilg from sﬁ&dﬁ%@?‘% albumm—c§080 ng cation e%ﬁa(.)ngg gluate; Lon

800 Zi nc ddid eluate fn affinity matA%0 B albRsfin-
20 191 © “%5 € Cﬁﬁcal mtéatch cor&fhsx atch E

Batch F Batch G bmdlmgrwmmnd
Co

;9 30 pper 5380 () eiu%Gngf%n said maq_'léé@ a}@mxmﬁwwfﬁmty maSmx eluate;

- id Zlife, aﬁér5%§h~aﬁ th?&%h el
3520 2130 ()I\/ar?as;?]négsesm oguonally ltration, 8 a8

27 permeation matrix to obtain a fraction ennched in albumin;

Iron

(f)  passing the said albumin-enriched fraction through an anion exchange
matrix under conditions such that albumin will bind to the matrix; and
10 (g eluting from said anion exchange matrix a purified albumin-containing
product.

8. A process for purifying albumin, comprising the steps of:

15 (@  passing an albumin solution through a cation exchange matrix under
conditions such that the albumin will bind to the matrix;
(b) eluting from the matrix an .a!bumin-o_ontaining cation exchange eluate;
(c)  passing the cation exchange eluate through an anion exchange matrix
under conditions such that the albumin will bind to the matrix;
20 (d) eluting from the anion exchange matrix an albumin-containing anion
exchange cluate;
()  passing the anion exchange eluate through an affinity matrix comprising
an albumin-binding compound;
()  eluting from the affinity matrix an albumin-containing affinity matrix
25 eluate;
(8) passing the affinity matrix eluate through a gel permeation matrix to
obtain a fraction enriched in albumin.

9. A process according to Claim 6 or 8 wherein the albumin is eluted in the
30 cation exchange step using a buffer containing a compound having a specific affinity

for albumin. is Sheet Has Been Reraced
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57 o car | MMM e cn + e on ™™ bt

Al um ni um 9 * ¢ L27 s = 86 & Coppef

520 590 9920 8820 lron 1010

670 1 ORD96/37515 100 5 Magnesi um 600 RAT (5896100449
2000 2000 Zi nc 1740 1040 4280

3520 Manganese 35 20 9 46 60 Al
results are expressed as total netal ion concentration. 10 TabI e 10
shows the correspondi ng | evel s of tal iogns in commercial Tabl e
10: Concentr at @ A procgssaccanding gf? laygp B ywhexein @%m‘éﬁ%ﬂﬁdc‘élan atp Saltn
Source B Source C Source D _ (UK (UK)
(Japan) (Japan) Al um ni um 790 970 915

420 - Copperll. A prads$ according to461hﬁn 9 or HBavierein the albumin5@0the cationon
41220 15200 . gnesj ym 4500

500 1500@xchange stelsxﬁow?leé withy *hblgh st solution being eluted; 550

930 - 80 Manganese’ 940 190 135

240 Chem cal Source E Source F Source G

12. A process according to any one of the preceding claims wherein the albumin is
eluted from the anion exchanger with & buffer containing 50-200 mM boric acid salt.

13. A process aécording to any one of the preceding claims wherein albumin

10 obtained thereby is then, with or without intervening process steps, subjected to
chromatography on a resin containing an immobilised compound which will
selectively bind glycoconjugates and saccharides.

14. A process according to Claim 13 wherein the compound is
15 aminophenylboronic acid (PBA).

15. A process according to any preceding claim which claim specifies affinity
chromatography, wherein the affinity chromatography uses a resin comprising an
immobilised albumin-specific dye.

20
16. A process according to Claim 15 wherein the dye is a Cibacron Blue type of
dye.
17. A process according to Claim 16 wherein the dye is immobilised on the resin
25 via a spacer.

18. A process according to Claim 17 wherein the spacer is an o,w-diamino-(C, 4
straight chain alkyl) group.

30 19. A process according to any one of the preceding claims wherein, prior to the

catiou exchange step, the albumin solution is conditioned by adding octanoate thereto
This Sheet Has Been RTi
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1500 500 Zi nc 520

3940 WO %3196 Manganese 160 6BCT/GB6A04T

80 WO 96/ 37515
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seen that the average | evel of aluminiumin the product of the invention

was about 60 whereas the commercial sources had 155-3190 ng /g
Li kewi se, the toa%wge@mmﬁ anref fromeabopto 1-HhmM and adiggtingathe pbbin absbd Qg g

i ron (conpare 50- 41,200 ng/g in prior art materjal), an average of
2,990 ng/ g of “Copper (compare 580- 5 23,840 ng/g in prior art material),
an average of 1,120 ng/g of magnesium (conpare 500-54,000 ng/g in prior
art material), an average of 2,390 ng/g of zinc (conpare 930-7,230 ng/g

in prior art rkerA processaccondingdosay ofe of thegprgceding, alairss wheneimthe. final 65

;gtgsoag%gén Jnhaﬁr a'rﬁlilnmr&at Ial)PBW‘Teg nal Slsrfﬁﬂ'a”@gﬁl"ﬁ%d | on cha|n

i nvention and WH&bmn@Y@'d%%"ﬁw A Ntentid] hlﬂﬁngch:ﬂ'albuﬁﬁﬁVent
extraction and gas chronat ography of the free fatty acids using a C17:0 -
i nt ernal st andancentragion of at least about 80g albumin per litre and the ultrafiltration retentate is

diafiltered against at least 5 retentate equivalents of water.

10 21. A process according to any one of the preceding claims, wherein the initial
albumin solution is a yeast culture medium obtained by culturing yeast transformed
with an albumin-encoding nucleotide sequence in a fermentation medium, whereby
said yeast expresses and secretes albumin.

15 22. A process according to Claim 21, wherein said fermentation medium is free of
a metal-chelating agent.

23. A process according to Claim 21 or 22, wherein the yeast is separated from the
fermentation medium before the medium is applied to the cation exchange matrix.

24. A process for purifying albumin, the process comprising the step of exposing a
relatively impure albumin solution to a chromatographic material comprising a
boronic acid or a salt thereof, and separating the material from the albumin solution
to yield purified albumin.

25. A process according to Claim 24 wherein the albumin solution contains
glycoconjugates and/or saccharides.

26. A process according to Claim 25 wherein the glycoconjugates and/or

30 saccharides comprise yeast glycoproteins.
This Sheet Has Been R
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Equi pnent: Gas | madzu GC 9A) with fla
detector; Autoinj GJMIMIHHHm mrAOC 14) | nt egrator/Prijnt er m&*ﬁﬁs BEEN

Shi madzu CR4A); HP-FEFAL30"x ©.53 mm 1.0 [err] m phase ¢

Packard Ltd); Megabore Installation kit (J & W Scientific 220-1150 for
GC 9A) with dW‘E’L‘F” i nj ection liner. Reagent's:  \Wat erPQI{EBoM/PR44EY -

Di chl or onet hane Super Purity Solvent (Rom | Chem cal s, Loughbor-ough,
Leics.); Sodium Acetate Tri hydrate Anal ar §7BDH Ltd. Pool e); Acetic Acid
G acial Analar (BDH Ltd. Poole); Human Serum Al bumin 25 SoI ution

(Zenal b[err] 20 B| o Products Laboratory, Elstree, Herts.); Sodi um Sul phate
Anhydrous (AnaP¥t i AAroeess ing $o amyaneioff Glaims 24 tej26 whersintherkoronic acid 1s

Sol uti ons: 3 ﬁmﬁ}é t st pH 4.5: Sodi um Acetate 6.13g and
Acetic Acid 3. %8 §er %%ﬁ &' él%fV\D 96/ 37515

PCT/ GB96/ 00449 55 Free Fatty

Acid standard xtures Vi gh 5 ngeof gach fatty acid into separate
glass vials. D vmhaqc&f@% Claim, 27 whergin (the) hﬂf’)@ﬁﬂ‘ct acid ds or

to three es respectively for short chain
(C6-C14), §| umc a@?&%%l%i and long chain (C20-C22:1) fatty acids.
Dry down m xture under a stream of nitrogen and dissolve in 1 m

Di chl or onet hane. Tr ansf er 50 [err]] aliquots of
A process according to any one of Claims 24 to 28 wherein the albumin

solution is buffered with one or more of acetate ions, chloride ions, octanoate ions

and ammonium ions.

10
30. A process according to Claim 29 wherein the solution contains 10-100 mM
acetate ions, 10-100 mM ammonium ions, 20-2000 mM chloride ions and 1-20 mM
octanoate ions and has a pH of 9.0-9.5.

15 31. A process according to any one of the preceding claims wherein the purified
albumin is further purified and/or formulated for intravenous administration to a

human.

32. A method of purifying an albumin solution comprising exposing the solution to
20 a solution of a counter-ion such that ammonium ions are displaced from the albumin
and can be removed from the solution.

33. A method according to Claim 32 in which the counter-ion solution is added to
the albumin solution and the ammonium ions are removed by dialysis.

25
34. A method according to Claim 32 in which the counter-ion solution is separated
from the albumin solution by a semi-permeable membrane and the ammonium ions
are removed by diafiltration.

30 35. A method according to Claim 32 in which the ammonium ions are removed

from the solution by gel permeation chromatography. Sheet Has Been Replaced
ee T
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Hept adecanoi ¢ Aci 8 B chl oronet hane). 10 Procedu Add
50 err]l Internal Standard Solution to 6 Iabelled 40 m Pyrex tubes.

2. For 5% r HWQW$&785n sanple. For 25%rHA use 1 nl sanple aﬁUGM&ﬂM@
water. Include a blank (5 nml water) and serum al bum n sanple (1.25 ni

Zenal b[err]20 and 3.75 ml water). Prepare &8 sanples in duplicate. 3.
Add 2.5 ml Sodium Acetate Buffer. then 10 m Dichl oromet hane to all tubes.

20 4. Pl a @the tgogd tubes on a nechanical roller for 2 hours at
room t enper at ur ng 19,88y 9f | Claimpe321t9r 3% ini whigh the gountersian n
a Sorvall WGO()%ﬁlhgﬁqg Bﬂﬁﬁn r]C. 25 ‘6. Renove the
upper aqueous pha hesn wor %F’r?&nfl%rsrﬁlﬁéq%g{'tom of the tube

carefully transfer the | ower Dichloronethane phase into a | abelled 12 m

Pyr ex ube. Pr-otein globules may hinder the renoval of all the
Di chl or onet hane37- A method, g parifying am plbumin: selytionithe mathod comprising etposing

Anhydrous Sodsuf ShRBRYS a &%ﬁt%graplnc miBta1 % Buffer containing ammonium ions,
and subsequedtly removing the ammonium ions by a method according to any one of
Claims 32 to 36, to yield a purified albumin product, optionally after further
purification or formulatipn steps.

10 38. A method according to Claim 37 in whicﬁ the chromatographic material

comprises immobilised borate ions.

39. A method of purifying an albumin solution which contains the approximately 45
kD albumin fragment (1-403 to 1-409) produced by certain albumin-secreting

15 microorganisms, the method comprising exposing the solution to an immobilised dye
having specific affinity for albumin, and eluting the albumin whilst leaving the 45 kD
fragment on the dye.

40. A method according to Claim 39 wherein the dye is as defined in any of Claims
20 13-15.

Sheet Has Been R laced
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Di chl or omet hane phase under a stream of nitrogen and store under

nitrogen at -20[err]C until analysis. 8. Install the capillary

col um and set MO#$B¢M8E chromat ograph to the following 5 PCEERSk/doiNS
according to the manufacture's instructions: - Detector: Flane

ionisation; Carrier Gas: Nitrogen at 30 ni {?I]n[err] I nj ection

Volunme: 0.5 [err]1; Colum initial tenperattre: 70[err]C, Hold: 1.5 mn;

G adi ent 1: 20[err]C min[err] to 1508¢6r]1C, Gadient 2: 4[err]C

mn[ferr] to 240[err]C, Hold: 7 m n; 1@ Dé¢t-ect or Tenperature: 280C,
r

Setting Specific to Shl dzu_ GC9A are A Detector Range: 10;

Hydr ogen Pressure: GRUBBER = e kg/crerr];
Stop Tine: 50 mn. 9. Set up tNETT tegrtor to cpllect datafromthe
gas chromat ograph according to 15 t&e manu@acturer'r§ i nstructions.
10. Raise oven tenperature to 245[err] 4 i{l§ a steady baseline
i s achi eved. 11. Lower oven tenp@rature to 70[fenr]] C and allow to
equilibrate. 20 12. . Thaw an aliquot of the Long, Nddi um and Short
Chain Fatty Acid standards. Di ssol ve the LondLChain Fatty Acids
in 1 m D chloronethane. Transfer the sol yti g to the Medium
Chain Fatty Acids and di ssol ve. Repeat forA1E Fatty Acids.
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13. Inject the standard m xture to determne fatty acid retention tines.

The chromat ogram produced shoul d have very little peak tailing
and have a snooth slowy rising baseline with the correct nunber
of well resol ved peaks. Caproic Acid (C6:0) should elute with a
retention ti neWOEP#%ox. 6 min and 30 Enuci c Aci d ( C22: RGT/GBIsD0449
retention tine of approx. 33 mn. ldentify all peaks by conparison
wi th exanpl e standard chronmat ogram WO 96/ 37515

PCT/ GB96/ 00449 57 14. | nject
sanpl es and col | ect data. Cal cul ati .5 1. ldentify the internal
standard peak fromthe fodlank—sanples This wll -be the maj or peak
with a retention time gf approximately 23.5 mn. 2. | cul ate the Peak
Area Ratios for all intlegrated peaks in all | es usingjthe

following formula. 10 rea Ratio = Peak} Area

acid peaks in rHA and

| nternal Standard Peaki{Ar ea 3 I
ari s wi th standards.

HSA sanpl es based on r¢tention time by
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15 4. Convert all Peak Area Ratios to approximte concentrations

([err]g/g al bum n) for both rHA and HSA sanpl es using the
followi ng factor: - Concentration ([err]g/g) = Peak Area Ratio X
200 20 5. For peaks identified as fatty acids convert Concentration from
[err] g/ g al buMap63as1s nol e/ ol e al bumi n usi ng the fat PEFTGBIE440

nol ecul ar wei ght and the follow ng forml a:

Concentration (nole/nole) = Concentration ([err]g/g) x 0.0665 25

Fatty Acid Ml ecul ar Wi ght Exanpl e results are presented for a batch

of album n prepared according to Exanplgyy 2 (FIG 4) and commercial HSA
(FIG 5). No abnormal fatty acids have been detected in the former by
this method al t hough fhe profiles for the two/protei'ns{30 showed
significant differencg¢s. As expected, bot owed | arg¢ anounts of the
added-stabiliser, octanoate . art from this, jconmercial HSA was
characteri sed by predgm nantly C16: 0, .0, C18:1 and C18: 2 whil st
t he W06/ 37%15 .
PCT/ GB96/ 00449 '

i nvention contai ned inly C10;0, Ci12:0,
Furt her experinents showed that the | evels
product correlated wigh the |Ievels of thesé
used for the | attey stages of the purifi
the rHA produced accogding to Exanple 7 are

8 al bum n of the
nd occésionally Cl4: 0.
10: 0 angd C12: 0 in rHA final
nt am nangs in the octanoate
tion procgss. 5 Data for

40.00
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Tabl e 11. Conparison of the fatty acid conposition of rHA purified

accordi ng to the process of the invention and commercial HSA 10
Fatty acid content (nol/nol protein) Fatty acid

r HA HSA Cl10: 0 0. 100
0.005 WO 96/3G5138: 0 0. 020 PCTIGBIGIY4451 |
Cl4: 0 0. 005 0.017 15 Cl6: 0
0.013 0. 152 Cl6: 1 0. 064
0. 023 C18: 0 0. 002 0. 024
C18: 1 0.012 af 0. 145 C18: 2
ND 0. 089 20 %18: 3 ND

0. 006 § T20: 07 ~°7 S T |~ Rl S R O P ¢{0X ]
C20: 1 ) t NO g ' } 0. §o1 { ! C20: 2
ND . S . In x b C20: 4 : ! ND
0.006 25 2 HiroTAL | | ‘ 0.216 , I 0.480
ND = Not deteet Bj. 1 Preflef abl Y, the total levely of Cl18 fatty laci ds
does not exceel 0% (bl e/ nmpl é) of the | ével of joctanoate, an

preferably do t excked 0, 5% of th‘ﬁt level]. Moreqver. 3G in the al bunin

of the inventi

GiRARM

nijl t he. | {evel bf rC18: 2.4 C18: 3 ?nd C20fatty dcids i s:
WO 96/ 37515 ! | ! i 1 I N
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“ 1.OCTANOIC ACID (C8:0)

s

. : ) RIOR ART

4. TETRADECANOIC ACID (C14:0) lg (PRIOR )

5.HEXADECANQIC ACID (C16:0)
6.cis-9-HEXADECANOIC ACID (C16:1)

7 HEPTADECANOIC ACID INTERNAL STD
8.0CTADECANOIC ACID (C18:0)
9.cis-9-OCTADECANOIC ACID (C18:1)

10cis-9. 12-OCTADECANOIC ACID(C18:2)
11.cis-8.12.15- OCTADECANCIC ACID(C18:3)
12.cis-5.8.11.14-EICOSATETRAENOIC ACID(C20:4)



59 general ly undetectable. In commercial HSA, there may typically be
about 0.4 noles Cl0 to C20 fatty acids per nole of albumn. In the
product of the invention, there is typically no detectable C20 fatty
acids and only about 0.01 to 0.02 noles C18 fatty acids per nol e of
albumin. 5 whorsabisss s OF Col our - The absorbance of a 5% ( WET/GBAGIOMP on

of the final product in a -1 cmcuvette was neasured at 350nm 403nm and
500nm and cal culated in terns of absor bances per gramof albumn/litre
per cmpathlength (ie A L.g[err].cnferr]). The al bum-n of the invention
has the follow ng val ues: 10 5/7 Wavel engt h Mean
absor bance (n=10 batches) _ (nm .

(L.g[err]cn[errEg e e 350 4.74 X 10[err]
403 [

respective absoFﬁqrces.oﬁ 10[ ekr], 2.15 x 10[err] anél 0.75
10[err] at the gaiyd threq wavdl engths. I 20 Aslsays of{a nunber of

% led hi ghpr apsor banges at

96/ 37515

I 60

comer'cial ly avdll reveal
t hese wavel engt

PCT/ GB96/ 00449

bl e H3A prep%r i ons
see Table 12),.

—

2. 32 % Jolferk1 45 " T T T T T TBOPT
0.58 »x 10[err] g~ 1] .Cenenal lyjj thg alb n of jthe invention tloes nou exceed
a
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1.OCTANOIC ACID (C8:0)

2.DECANOIC ACID (C10:0)

3 DODECANOIC ACID(C12:0) | Fig. 5
TETRADECANQIC ACID (C14:0) |g.

5 HEXADECANOQIC ACID (C16:0)

B.¢cis-9-HEXADECANOIC ACID (C16:1)

7 HEPTADECANOIC ACID INTERNAL STD

8.0CTADECANQIC ACID (C18:0)

9.cis-9-OCTADECANQCIC ACID (C18:1) .
10.cis-9. 12- OCTADECANOIC ACID(C18:2)



Tabl e 12: Absorbance (L.g[err]cnierr] ) of pr

ior art HSA preparations

SANPLE Alerr] Alerr] Alerr]

1. 9.95 4.10 0.8 2
9.25 5. 36 1.1 5 3

7.40 WO 965379526 0.6 4 PCT/GBI6/00449
7.20 3. 60 0.6 5

8. 68 4.08 0.8 6

11. 45 6. 26 1.2 o7

7.20 3.70 0.8 10 8

6. 82 4.78 1. SDS ci ng pol yacryl am de
gel el ectrophoresis - This assay is perforned %9//,6 that rHA consists
of a single polyp#®pti de chain which when treatéd with a reduci ng agent

([err]-mercaptoethanol) mgrates as a single
reduci ng pol yacryl anj de el ectrophoresis (PAGE
were hoiled in SDS rleduci ng buffer (20 mM Tri §

mM EDTA, 5% (wv) S
albumin at 1 ng/m,
20 (Pharmacia), usi
wer e detected by
CS9000 densitoneter.
Coomassi e stai ning
present as a nonormer
| i qui d chronmat ograp

in the eluate from tlhe ani on exchange
e ijnvention (ie where the a

t he process of
final step befo
TSK3000SWKL col g#m

u

PERCENTAGE

and 10% (vlv) [err]-ner
and .t hen separated on SDS
g a loading of 1 [err]l o
Coonmssi e Bl ue R250 stain
Separ ation of al bumn
ichis i ndi cative tha
is at least 99.9 % 25
25 [err]l of a 10

mat r

b

[

n
rafiltrati on and fornula&
n a Shinadzu LC6A HPLC. T|

tlapt oet hanol

g

and (nononer) on SDS 15
Sanpl es of al bumin
-HCL pH 8.0 cont ai ning 2
with the
honogeneous (12.5% Phastgels
the solution. Protein bands
hg, scanned on a Shi madzu
showed a single band of

the proportion of al bumn
el perneation high pressure
/m solution of the al bumn
Kk in the mai n enbodi nent of
bn exchange step is the
on) is’‘injected onto 30 a

[
[

e product was found to
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Figure 6a ESMS of tHA
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WD 96/ 37515

PCT/ GB96/ 00449 61 be at
| east 99. 9% nononeri c. 25 [err]l of a second 10 ng/m sol ution of
al bumin purified in accordance with the i nvention which had been

formul ated t oWRBSBWIH was assayed in the same manner 5 and fBEHEBEPMInt ain
| ess than 0. 1% polynmeric albumn. This result indicates that the

fornul ation as described herein has no effecf,on the pol ymer/aggregate
content of the purified al bum n. Two Einensional Ge
El ect rophoresis 10 2[err]g rHA of al bum n prepared by the process of the
i nventi on was subject to two- di nensi onal electro?ﬁgg sis using a
M1 lipore Investigagtor system The separation-+m— the tirst dimension was
a pH 3-10 isoelectric focusing gel and was foll owed by a 10%
pol yacryl am de/ SDS gel in the second di nmensi ¢gn. On staining of the gel with
15 Coonassi e Bl ue, ly one spot was visible}f indicating the presence of
only one prot ei n jspeci es. . El ectrosprfy Mass Spectronetry 20
El ectfospray mass spectronetry "(ESM5) was pefffornmed using a VG Quattro
J
66558

42 ///’
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: REPLACEMENT SINCE1y A a
el egtrospray mass spectroneter, calibrated with h¢rEeDgeHptio Eﬂﬁeg ?é‘nto pageg%.c.i
(16951 Da, . obt ai ned from Sigma) over nfz range-B50lMEY DaPdsed Sanjor paged .-
of commercially avai | abl e HSA and sanpl es of r HABPRFAWINgs) apagsddi-nyy paged -
the invention were desalted prior toaanal ysi s WyDr Abstrask phpagedHpLie paged
using an acetonitrile gradi ent contai ni 25 trifliuoroacetic acid. &i

h ? 0 FHGE 1008

6a and b show the spectra for al bumn of the inve tmEOIaW ,,,,,,,,,,,,,,,,

HSA, res el t r :
thiol an rtbgﬁn%’a%?gg{geraagg?ﬁﬁ?m%é album nof the’l e%l‘lfgﬁﬁ%l% be

seen to kg sAvhAlAhay beyodianmde (eg wodivin td@t@:oa&),a%ﬂmt,loh? éﬂahg gﬁ‘}bﬁ%ﬂt

shows a single defined peak. occurring at a nmass of abou
CLAI M5 fatty adids, salipylatesoctylsucginatef \W-agetyltoyptophart loe pmmixtsee obrtwoi ot ng

t he steps of applying a relatively inpure albumn solution to a
chr omat ogiosp f ¢heése. mat erial for which the al bumin has no specific affinity
such that al bumn binds to the material, and eluting the bound al bum n
fromihe material by appl ying a solution of a conpound having a

O oMb B et § B M bl

process comprising the steps of subjecting an albumin solution to cation exchange

chromatography in which the albumin 4s bound to a cation exchange material and
then anion exchange chromatography in which the albumin is bound to an anion

10 exchange material, provided that one of the following two conditions is met.

Firstly, the albumin which is eluted from the cation exchange material may be
subsequently treated by one or more of affinity chromatography, ultrafiltration and
gel permeation before being subjected to the said anion exchange chromatography.

15 Hence, in a preferred embodiment, the process comprises the steps of:

(a) passing an albumin solution through a cation exchange matrix under
conditions such that the albumin will bind to the matrix;
(b)  eluting from said matrix an albumin-containing cation exchange eluate;
20 (c) passing said eluate through an affinity matrix comprising an albumin-
binding compound;
(d) eluting from said matrix an albumin-containing affinity matrix eluate;
(¢) passing said eluate, optionally after ultrafiltration, through a gel
permeation matrix to obtain a fraction enriched in albumin;
25 - ()  passing the said albumin-enriched fraction through an anion exchange
matrix under conditions such that albumin will bind to the matrix; and
(g) eluting from said anion exchange matrix a purified albumin-containing

product.

This is the replacement sheet

Date: 2 § SEP 1998



3. A process according to Jaim1 or 2 wherein the conpound is a

fatty acid salt such as octanoate. 15 4. A process for purifying

al bumi n, the process conprising the steps of subjecting an al bum n
solution to cation exchange chromatography in which the albumn is
bound to a cation exchange material and2shen anion exchange
chronatogg;ghy in which the. albumn is bound to an anion exchange
mat er i al , Altetriasivelyg rthe altudd@Enwh fRyr s r tograph
5. A process fogapurifying a|gﬁﬁ§§%“%§nprué@ﬁgﬁgﬁﬁfggFF&%‘@HEEPgaﬁBhﬁe

! liedttodhe sxidni ithidurhi b1
sol ut i on anplieditoghe s gnexmmmtmamﬂﬁhmmuwh?%@ﬁ%ﬁé‘ﬁfgﬁgﬁ%{:@ﬁﬁﬂgy 25

a cation exchange material, eluting the al bumn, 1rea
one or nore of affinity chromatography, ultrafiltration and gel
perneation, and then subjecting the album n to ani on exchange
chromat ography in which the albumn is bound to an ani on exchange

mat eri al . 64 6. A
process for purifying albumn, conprising the steps of: (a)
passi ng an al bum n solution through a cation exchange 5 mat ri x
under conditions such that the albumn will bind to the matri x;

Thig is the replacement sheet
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(b) —etuting—F+oem—sald matri x an al bum n-contai ning cation

exch (c) passing said eluate through an affinity
mat ri m 'EMHM al bum n- bi ndi ng conpound; (d)
el uti trix an albumn-containing affinity matri x

el uat e; (e) passing sai d €hdiate, optionally after
ultrafiltration, through a_ gel perneation matrix to obtain a
fraction enrgcgpMin al bum'n; 15 (f) passing the said

al bum n-enriThied—fTacti on through an ani on exchange matri x under
conditions such that albumin will bind to the matri x; and

(g) eluting fromsaid ani on exchange matrix a purified al bum n-

cont ai ni ng ploducA. pitess for7purifying ratlwemin, fthe procéskydongpridihg rthe stegnpri si ng
the steps of: (a passi ng an al bum n solution through a
cation excha@fyepplying a relatxvey impazer albugmizgiesolutionli toi @ nehromatographict he
albumin will bind to 2 the ma (bh) eluting

tr
from the namﬁﬁlaérfoélmﬁh be gthumin has Bﬁtﬂpﬁﬁdc affinity such that altsinange

el uat e; (c)

pasrs]i ng the binds |t8r‘h%§%aﬁ5mﬁle apd plpting FH%BB‘RP%H“’&HPBJ’W the material by
by nd Tt o ALyt P SottfBA'dl'a CLimpokll ffVihe DB RGN fOF albwrmin. o 1o 1

an al bum n-

2. A process according to Claim 1 in which the chromatographic

10  material is a cation exchanger resin.

3. A process according to Claim 1 or 2 wherein the compound is a

fatty acid salt such as octanoate.

15 4. A process for purifying albumin, the process comprising the steps
of subjecting an albumin solution to cation exchange chromatography in
which the albumin is bound to a cation exchange material and then anion
exchange chromatography in which the albumin is bound to an anion
exchange ‘material, without an intervening step of hydrophobic

20 chromatography.

5. A process for purifying albumin, comprising subjecting an albumin
solution to cation exchange chromatography in which albumin is bound to
a cation exchange material, eluting the albumin, treating the albumin by
25 one or more of affinity chromatography, ultrafiltration and gel
permeation, and then subjecting the albumin to anion exchange
chromatography in which the albumin is bound to an anion exchange

material.

This is the replacement sheet
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5— -

el uat e;

t ai ni ng ani on exchange el uate; (e) passing

bi ndi ng conpound; (f) eluting from the

t he' apj change eluate through an affinity matrix

v ILRIN

affini ! : um n- cont ai ni ng affinity matrix
10 ta)

passing the affif#ty matrix eluate through a gel

pernmeation matrix to obtain a fraction enriched in

al bum n. 8. A process according to any one of Clainms 4 to 7 wherein
t he albumin is eluted in the cation exchange step using a buffer
containing &.15 ompecs’s foepurifying altfmhin, oftiprisiig thel @EpdpuNi n. 9.

A process according to Claim8 wherein the conpound is "an oct anoat e
salt. 20 10. A process according to daim8 or 9 wherein the albumn in
t he cation exchange step is washed with a high salt solution before

bei ng eluted.(a) passing am pibumiss selutiondithrgugh angatior efchange
preceding clains wherein the 25  albumn is eluted from_jhe ani on exchanger
with a bgffer comRdry ggdep conditiongosuaty Hinti theaalbymimy will bind tathe A

process accordi nqng&)ixany one of the preceding clains wherein

10

15

20

25

(b) eluting from said matrix an albumin-cbntaining cation

exchange eluate; 4

(c¢) passing said eluate through an affinity matrix comprising an
| albumin-binding compound;

(d) ecluting from said matrix an albumin-containing affinity

matrix eluate;

(¢) passing said eluate, optionally after ultrafiltration, through a

gel permeation matrix to obtain a fraction enriched in albumin;

®

passing the said albumin-enriched fraction through an anion

exchange matrix under conditions such that albumin will bind to the

matrix; and

®)

eluting from said anion exchange matrix a purified albumin-

containing product.

7. A process for purifying albumin, comprising the steps of:

(@)

)

passing an albumin solution through a cation exchange
matrix under conditions such that the albumin will bind to
the matrix;

eluting from the matrix an albumin-containing cation

exchange eluate;

This is the replacement sheet
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album n obtainéd thereby is then, with or without intervening
proc jected to chromat ography on a resin containing an
gﬂ"l“g“l‘ﬁ“]ﬁﬂu nd which will selectively bind glycoconjugates and
sacchafl des.k R5 s13* A process according to Claim 12 wherein the

conmpound is ami nophenyl bor oni ¢ aci é5( PBA) . 14. A process
according to any preceding claimwhich claimspecifies affinity

h t hy,
Compr i si ng-an’ | mighi | AR, e, Batioh “RAHRERY AR HiBHeR " fhigh
according to O ai m 14 exeRse maliix Slet SoAdifoRf SHEH tha me%hsiﬁnﬁlyg/ﬁ}of dye.

15 16. A process according to Caim 15 wherein the ye IS I Mo I sed on
the resin via a spacerbind to the fhatrix,A process according to Caim 16 wherein

the spacer is an [err],[err]- di am no-(Cerr]-straight chain al kyl)
group. 20 1&d) Aqhmngsﬁtomdhﬁjlatgono eachangee métrixheapr eftaniiing cl ai ms
wher ei n, prior to the cation exchange step, the al bumn solution is
condi ti ofled by adontainizg: anion exchangesluaten a final concentration of
from about 1-10 and&ﬁdj UStI the p to bouhsadho 0 25 19.
A process accordm t PAHFHE gag;ont hange

final al bum n-contai ni t h 5 t hen uItraflltered
through an ultrafilt rMM%&M@%&&%ﬁséﬁiaf iltration retentate
(f) eluting from the affinity matrix an albumin-containing
affinity matrix eluate;
10 (g) passing the affinity matrix eluate through a gel permeation

matrix to obtain a fraction enriched in albumin.

8. A process according to any one of Claims 4 t0 7 wherein the
albumin is eluted in the cation exchange step using a buffer containing a

15 compound having a specific affinity for albumin.

9. A process according to Claim 8 wherein the compound is an
octanoate salt.

20 10. A process according to Claim 8 or 9 wherein the albumin in the
cation exchange step is washed with a high salt solution before being
eluted.

11. A process according to any one of the preceding claims wherein the
25 albumin is eluted from the anion exchanger with a buffer containing 50-
200 mM boric acid salt.

12. A process according to any one of the preceding claims wherein

This is the replacement sheet
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mm n concentration of at |east about 80g al bum n per
I|tr ““m B“Laflltratlon retentate is diafiltered against at | east
5 ret m “! | ents of water. 5 20.- A process according to any

one of*tlfe bre&edl ng clains, wherein the initial albumn solutionis a
yeast culture mnmedi um obt ai ned by cul t uibién ng yeast transformed with an
al bum n-encodi ng nucl eoti de sequence in a fermentati on nmedi um whereby

sai d yeast Wﬂﬁﬁ%tﬁﬁéd%@%é}#?s Fhé Mghth orlgnh%&t @ree gsgm%%sofd' ng

to daim 20, wherein said f ntation fumi s

et al - chel atsteys, agbjected to chrdigato 68 1S rédixt @Oftaiing Carf iMintobilised 21,
wherein the yeast is separate romthe fernentation rredlumbeforethe
medi um i s amempaindowhich wﬂbsa:iaa:tm:hy bimhglygeconjugates and sacchagidesA process
for purifying albumn, the process conprising the step of exposing a
relatively inpure al bumin solution to a chromatographi o materi al
corrprlsmg oropic _acid or a.salt thereof separ ting the

mat eri al 5t r dm-t he*aPERARSS acRaTdimg, oo m&%um & ufPRPpoun ls24. A
process accorg4 oﬁhénylglox%mc %gid% in the al bumn soI ution

14. A process according to apy preceding claim which claim specifies
affinity chromatography, wherein the affinity chromatography uses a resin

10  comprising an immobilised albumin-specific dye.

15. A process according to Claim 14 wherein the dye is a Cibacron
Blue type of dye.

15 16. A process according to Claim 15 wherein the dye is immobilised on

the resin via a spacer.

17. A process according to Claim 16 wherein the spacer is an o,w-
diamino-(C, ¢-straight chain alkyl) group.

20
18. A process according to any one of the preceding claims wherein,
prior to the cation exchange step, the albumin solution is conditioned by
adding octanoate thereto to a final concentration of from about 1-10 mM
and adjusting the pH to about 4.0-5.0.

25

19. A process according to any one of the preceding claims, wherein the
final albumin-containing solution obtained thereby is then ultrafiltered
through an ultrafiltration membrane to obtain an ultrafiliration retentate
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cont ai ns gl ycoconj and/ or sacchari des. 25 25. A process according
to C aﬁm ' gl ycoconj ugat es and/ or sacchari des conprise
yeast Hm, I” 26. A process according to any one of C ains

e =

23 to 25 vhertei A t 68
boroni ¢ acid is ani nophenyl boronic aci #or a salt thereof. 27. A
process according to Cl aim26 wherein the am nophenyl boronic acid is

i rmobi | i sed i rctes ; HRe %&?@mﬂ : y one of
Clains 23 to&g%ag?gi;n thgﬁcenégﬁl%%%?ﬁtlso utlon%?g u erg?ilg%&?hﬁgne or
nore of acetthéeuiteifiitra€ibhorétéatate isi difiltered an@ihe a®NFeasnds aFsiBtatem | ONs.
10 29. A process according to Caim28 wherein the solution contains 10-
100 nM acet aquivalents of vat€0 nM anmoni um i ons, 20-2000 nM chl ori de i ons
and 1-20 mM oct anoate ions and has a pH of 9.0-9.5. 30. A process
according to any one of the preceding clains wherein the 15 purified

al bumn is fyrthe urified d/or formul ated for .j ntravenous
s> 30 "4 p@ocess according to any one of the preced{ng claims, wherein the

initial albumin solution is a yeast culture medium obtained by culturing
yeast transformed with an albumin-encoding nucleotide sequence in a

fermentation medium, whereby said yeast expresses and secretes albumin.

10 21. A process according to Claim 20, wherein said fermentation

medium is free of a metal-chelating agent.

22. A process according to Claim 20 or 21, wherein the yeast is
separated from the fermentation medium before the medium is applied to

15 the cation exchange matrix.

23. A process for purifying albumin, the process comprising the step of
exposing a relatively impure albumin solution to a chromatographic
material comprising a boronic acid or a salt thereof, and separating the

20  material from the albumin solution to yield purified albumin.

24. A process according to Claim 23 wherein the albumin solution

contains glycoconjugates and/or saccharides.

25 25. A process according to Claim 24 wherein the glycoconjugates

and/or saccharides comprise yeast glycoproteins.

26. A process according to any one of Claims 23 to 25 wherein the
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dmnlstr ion to a human. - 31. A nmethod of purifying an al bum n
sol'utloné mm jyng the solution to a solution of a

count er-i m n| umions are 20 displaced fromthe al bumin and
can be removed froththe sol ution. 32. A method according to Caim31
in which the counter-ion solution i68 added to t he al bum n solution and
the ammoni umions are renmoved by ~dialysis. 33. A nethod

according tg cnaﬁ}& QHW} n i s separated
fromthe al buﬁbﬁi sol ution g%:sgzg%ﬁg Q%aﬁ%%fg‘r?g and t he ammoni um

lons are renoved by diafiltration.
69 34. A nethod according to Caim31 in which the amoniumions are

removed fror@%.he Agprocessnatnording fweClxiat 26rwhereinabe arginbphenylborodic A
met hod according to any of Clains 31 to 34 in which the counter- i on

sol ution is asidd tmmehilissdm an agaroseigen i ons. 36. A nethod of
purifying an al bum n solution, the nmethod conprising exposi ng the
solution~to a chromatographic material in a buffer containing 10 anmonium

i.ons, and S%equgntllo\éegsegggorﬁ%xgt S a%%ﬂé 'OF ERftRs™3 %o 27 wherein the

albumin solution is buffered with one or more of acetate ioms, chloride

iops, octanoate ions and ammoniumf ions.

10 29. A process according to Claim 28 wherein the solution contains 10-
100 mM acetate ions, 10-100 mM ammonium ions, 20-2000 mM chloride
ions and 1-20 mM octanoate ions and has a pH of 9.0-9.5.

30. A process according to any one of the preceding claims wherein the
15 purified albumin is further purified and/or formulated for intravenous
administration to a human.

31. A method of purifying an albumin solution comprising exposing the
solution to a solution of a counter-ion such that ammonjum ions are

20  displaced from the albumin and can be removed from the solution.

32. A method according to Claim 31 in which the counter-ion solution
is added to the albumin solution and the ammonium ions are removed by

dialysis.

33. A method according to Claim 31 in which the counter-ion solution
is separated from the albumin solution by a semi-permeable membrane and

the ammonium ions are removed by diafiltration.
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rrethgﬁ ing toany one of Clains 31 to 35, to yield a purified

al bu //m nally after further purification or fornulation
steps.* ¢ ) thod according to Claim36 in which the

chromat ographic 15 smaterial conprises i mobilised borate ions. 38.
A nethod of purifying an al bunmin soluti@h which contains the

approxi mately 45 kD al bum n fragnent (1-403 to 1-409) produced by
certain al bum n-secreting mcroorgani sns, the method conprising 20
exposing the solution to an i mobilised dye having specific affinity for

al bumi n, andsael ut Anthetiiel atduiting W Olfiln B¢ an! wHichN@e 4miabnhirAG6R aron t he
dye. A nethod according to Caim38 wherein the dye is as

defined in 2Eemavr;d fronCtie sodutién by gef permeation chromatography.

5 35. A method according to any of Claims 31 to 34 in which the counter-

ion solution is a solution comprising sodium ions.

36. A method of purifying an albumin solution, the method comprising
exposing the solution to a chromatographic material in a buffer containing
10 ammonium ions, and subsequently removing tﬁe ammonium ions by a
method according to any one of Claims 31 to 35, to yield a purified
albumin product, optionally after further purification or formulation steps.

37. A method according to Claim 36 in which the chromatographic

15  material comprises immobilised borate ioms.

- 38. A method of purifying an albumin solution which contains the
approximately 45 kD albumin fragment (1-403 to 1-409) produced by
certain albumin-secreting microorganisms, the method comprising

20 exposing the solution to an immobilised dye having specific affinity for
albumin, and eluting the albumin whilst leaving the 45 kD fragment on the
dye.

39. A method according to Claim 38 wherein the dye is as defined in
25 any of Claims 15 to 17.

This is the replacement gheet

pate: 2 8 SEP 188



€«

Sy,

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

9106137-9

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

CO7K 14/765 Al

(11) International Publication Number:

WO 96/37515

(43) Internationnl Publication Date: 28 November 1996 (28.11.96)

(21) International Application Number: PCT/GB6/00440
(22) Internations] Filing Date: 29 February 1996 (29.62.96)

Data:

378,859 25 1995 (25.05.9 Us
V4 May ( = 3}

(71) Applicant (for all designated States except US): DELTA
BIOTECHNOLOGY LIMITED [GB/GB); Castle Court,
Castle Boulevard, Nottingham NG7 (GB).

{72) Inventors; and

(75) Inventors/, (for US only: GOODEY, Andrew,
Robert [GB/GB); Delta Bi Limited, Castle
Court, Castle Boulevard, Nottingham NG?7 IFD (GB).
SLEEP, Darrell [GB/GB); Delta Biotechnology Limited,
Castle Cont, Castle Boulevard, Nottingham NG7 1FD
{GB). VAN URK, Hendrik [NL/GB]; Delta Biotechnology
Limited, Castle Court, Castle Boulevard, Nottingham
NG7 1FD (GB). BEREZENKO, Stephen [GB/GB]; Delta
Biotechnology Limited, Castle Court, Castle Boulevard,
Nottingham NG7 IFD (GB). WOODROW, John, Rodney
[GB/GB]; Deita Biotechnology Limited, Castle Court,
Castle Boulevard, Nottingham NG7 1FD (GB). JOHNSON,
Richard, Alan [GB/GB]; Delta Biotechnology Limited,
Castle Court, Castle Boulevard, Nottingham NG7 1FD

{GB). WOOD, Patricia, Carol [NL/GB]; Delta Biotechnol-
ogy Limited, Castie Court, Castle Boulevard, Nottingham
NG7 IFD (GB). BURTON, Stephen, James [GB/GB];
Delta Biotechnology Limited, Castle Court, Castle Boule-
vard, Nottingham NG7 1FD (GB). QURRK, Alan, Victor
[GB/GB); Delta Biotechnology Limited, Castle Court,
Castle Boulevard, Nottingham NG7 IFD (GB).

{(74) Agent: BASSETT, Richard; Eric Potter Clarkson, St. Mary’s
Court, St. Mary’s Gate, Nottingham NG1 ILE (GB).

(81) Designated States: AL, AM, AT, AU, AZ, BB,

CA, CH, CN, CZ, DE, DK, EE, ES, F, GB, GE, HU, IS,

JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,

MG, MK, MN, MW, MX, NO, NZ,

| §K, TI, TM, TR, TT, UA, UG, US, UZ, VN,

ARPOpatent (KE, LS, MW, SD, SZ, UG), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, Buropean
(AT, BE, CH, DE, DK, ES, FR, G
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, Cl, CM, GA,
GN, ML, MR, NE, SN, TD, TG).

Published
With internationcl search report.

(54) Tide: PROCESS OF HIGH PURITY ALBUMIN PRODUCTION

(57) Abstract

A process is provided for the preparation of albumin which
bas extremely low levels of or is essentially free of colorants,
metal ions, human protsins, host proteins, fragments of albumin,
polymers or aggregates of albumin and viruses, and which is
essentially non-glycated, relatively high in free thiol and with
an intact C-terminus. The process comprises passing albumin
(preferably expressed and secreted by tranzformed yeast) through
positive mode cation exchange and then positive mode anion
exchange chromatography. Other steps may also be employed,
for example ultrafiltration, gel permeation chromatography, affinity
chromatography binding the albumin (for example nsing blue dyes)
and affinity chromatography binding contaminants (for example
using an eminophenylboronic acid resin). Elution of albumin, with
a compound having affinity for albumin, from a material having
no specific affinity for albumin is also disclosed, as is removal of
ammonium fons with a counter-ion.
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