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(57) ABSTRACT 

A process is provided for the preparation of albumin Which 
has extremely loW levels of or is essentially free of colo 
rants, metal ions, human proteins, 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 
transformed yeast) through positive mode cation exchange 
and then positive mode anion exchange chromatography. 
Other steps may also be employed, for example ultra?ltra 
tion, gel permeation chromatography, affinity chromatogra 
phy binding the albumin (for example using blue dyes) and 
af?nity chromatography binding contaminants (for example 
using an aminophenylboronic acid resin). Elution of albu 
min, With a compound having af?nity for albumin, from a 
material having no speci?c af?nity for albumin is also 
disclosed, as is removal of ammonium ions With a counter 
ion. 
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PROCESS OF HIGH PURITY ALBUMIN 
PRODUCTION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 08/952,558, Which is a continuation-in-part of 
US. application Ser. No. 08/378,859, ?led May 25, 1995, 
the contents of Which are hereby incorporated herein by 
reference. 

[0002] The present invention relates to purifying the pro 
tein human serum albumin (HSA) extracted from serum or 
recombinant human albumin (rHA) produced by transform 
ing a microorganism With a nucleotide coding sequence 
encoding the amino acid sequence of human serum albumin. 
In this speci?cation, the term Aalbuminerefers generically 
to HSA and/or rHA. 

[0003] Albumin is used to treat patients With severe burns, 
shock or blood loss. It 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 satis?ed by albumin extracted from human 
blood. Examples of extraction and separation techniques 
include those disclosed in: JP 03/258 728 on the use of a 
cation exchanger; EP 428 758 on the use of anion exchange 
folloWed by cation exchange; and EP 452 753 on the use of 
heating, adding salt and dia?ltering. 

[0004] The production of rHA in microorganisms has been 
disclosed in EP 330 451 and EP 361 991. Puri?cation 
techniques for rHA have been disclosed in: WO 92/04367, 
removal of matrix-derived dye; EP 464 590, removal of 
yeast-derived colorants; and EP 319 067, alkaline precipi 
tation and subsequent application of the rHA to a lipophilic 
phase having speci?c affinity for albumin. 

[0005] The present invention provides highly puri?ed 
albumin. 

[0006] 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 
speci?c af?nity such that albumin binds to the material, and 
eluting the bound albumin from the material by applying a 
solution of a compound having a speci?c af?nity for albu 
min. Preferably, the chromatographic material is a cation 
exchanger, such as SP-Sepharose FF, SP-Spherosil etc, as 
listed beloW in Example 2. 

[0007] The compound With speci?c affinity for albumin 
may be octanoate (eg sodium octanoate), other long chain 
(C6 to C22) fatty acids, salicylate, octylsuccinate, N-acetyl 
tryptophan or a mixture of tWo or more of these. 

[0008] Asecond aspect of the invention provides a process 
for purifying albumin, the process comprising the steps of 
subjecting an albumin solution to cation exchange chroma 
tography 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. 

[0009] The albumin Which is eluted from the cation 
exchange material may be subsequently treated by one or 
more of affinity chromatography, ultra?ltration and gel per 
meation before being subjected to the said anion exchange 
chromatography. Hence, in a preferred embodiment, the 
process comprises the steps of: 
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[0010] (a) passing an albumin solution through a 
cation exchange matrix under conditions such that 
the albumin Will bind to the matrix; 

[0011] (b) eluting from said matrix an albumin-con 
taining cation exchange eluate; 

[0012] (c) passing said eluate through an affinity 
matrix comprising an albumin-binding compound; 

[0013] (d) eluting from said matrix an albumin-con 
taining af?nity matrix eluate; 

[0014] (e) passing said eluate, optionally after ultra 
?ltration, through a gel permeation matrix to obtain 
a fraction enriched in albumin; 

[0015] passing the said albumin-enriched fraction 
through an anion exchange matrix under conditions 
such that albumin Will bind to the matrix; and 

0016 elutin from said anion exchan e matrix a g g g 
puri?ed albumin-containing product. 

[0017] 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 
than dilution). Hence, a second preferred embodiment pro 
vides a process for purifying albumin, comprising the steps 
of: 

[0018] (a) passing an albumin solution through a 
cation exchange matrix under conditions such that 
the albumin Will bind to the matrix; 

[0019] (b) eluting from the matrix an albumin-con 
taining cation exchange eluate; 

[0020] (c) passing the cation exchange eluate through 
an anion exchange matrix under conditions such that 
the albumin Will bind to the matrix; 

[0021] (d) eluting from the anion exchange matrix an 
albumin-containing anion exchange eluate; 

[0022] (e) passing the anion exchange eluate through 
an af?nity matrix comprising an albumin-binding 
compound; 

[0023] eluting from the af?nity matrix an albumin 
containing af?nity matrix eluate; 

ass1n t e a nit matr1xe uatet rou a 0024 gp 'ghf?'y 'l h gh 
gel permeation matrix to obtain a fraction enriched in 
albumin. 

[0025] Preferably, prior to the cation exchange step, the 
albumin solution is conditioned by adding octanoate and/or 
other albumin stabiliser (eg sodium acetyltryptophanate) 
thereto to a ?nal concentration of from about 1-10 mM and 
adjusting the pH to about 4.0-5.0. 

[0026] 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, preferably 
20-40 mM, for example 27 mM sodium acetate) before 
being eluted. 

[0027] 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 speci?c af?nity for 
albumin, especially an acid or salt thereof, for example 
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octanoate or any other long chain (C6-C2) fatty acid, 
salicylate, octylsuccinate or N-acetyltryptophan. 

[0028] Suitably, the albumin is eluted from the anion 
exchanger With a buffer containing a high level (eg at least 
50 mM, preferably 50-200 mM, for example 80-150 mM) of 
a boric acid salt, for example sodium or potassium tetrabo 
rate. 

[0029] The albumin puri?ed in accordance With the inven 
tion may then, With or Without intervening process steps, be 
subjected to chromatography on a resin containing an immo 
bilised compound Which Will selectively bind glycoconju 
gates and saccharides, such as aminophenylboronic acid 
(PBA). 
[0030] In any process of the invention Which involves 
af?nity chromatography, the af?nity chromatography pref 
erably uses a resin comprising an immobilised albumin 
speci?c dye, such as a Cibacron Blue type of dye, preferably 
immobilised on the resin via a spacer such as 1,4-diami 
nobutane or another spacer of C1_8, preferably C1_6, eg CL5 
and most preferably C4 length, preferably having ot,u) 
diamino substitution. Surprisingly, We have found that such 
dyes actually have a greater af?nity 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 et al (1990) 
Bio/Technology 8, 42-46 and in WO 95/23857. 

[0031] The puri?ed albumin solution prepared by the 
process of the invention may be further processed according 
to its intended utility. For example, it may be ultra?ltered 
through an ultra?ltration membrane to obtain an ultra?ltra 
tion retentate having an albumin concentration of at least 
about 80 g albumin per litre, With the ultra?ltration retentate 
being dia?ltered against at least 5 retentate equivalents of 
Water. It can be advantageous to include ammonium ions in 
certain chromatographic steps, for example in the step 
involving immobilised aminophenylboronate. Surprisingly, 
We have found that such ammonium ions are relatively 
tightly bound to the albumin. It is preferable for such 
ammonium ions to be removed from the 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 those in this art since prior 
processes have not involved ammonium ions and there Was 
no reason to suppose that ammonium ions Would be bound 
by the albumin. 

[0032] Accordingly, a further aspect of the invention pro 
vides a method of purifying an albumin solution comprising 
exposing the solution to a solution of a counter-ion such that 
ammonium ions are displaced from the albumin and can be 
removed from the solution. 

[0033] The counter-ion (preferably a metal ion such as 
sodium ions) can be added to the albumin solution and the 
ammonium ions removed by dialysis, or the ammonium ion 
can be dia?ltered 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. 
Dia?ltration against at least ?ve retentate volumes of 50 mM 
sodium chloride is generally suitable. 

[0034] The albumin obtained has been found to have 
extremely loW levels of, or to be essentially free of, colo 
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rants, lactate, citrate, metals, human proteins such as immu 
noglobulins, pre-kallikrein activator, transferrin, otl-acid 
glycoprotein, haemoglobin and blood clotting factors, 
prokaryotic proteins, fragments of albumin, albumin aggre 
gates 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 chromato 
graphic steps to purify the albumin. At least 99%, preferably 
at least 99.9%, by Weight of the protein in the albumin 
preparations puri?ed by the process of the invention is 
albumin. Such highly pure albumin is less likely to cause 
adverse side effects. 

[0035] The albumin produced by the process of the inven 
tion has been found to be at least 99.5% monomeric, 
preferably substantially 100% monomeric by reducing SDS 
PAGE, and is characterised by one or more of the folloWing 
characteristics. It has an aluminium ion content of less than 
150 ng, preferably less than 100 ng; an iron ion content of 
less than 3,000 ng, preferably less than 1,000 ng; a copper 
ion level of less than 10,000 ng, preferably less than 5,000 
ng; a magnesium ion level of less than 3,000 ng, preferably 
less than 1,500 ng; a Zinc ion level of less than 5,000 ng, 
preferably less than 3,000 ng, a manganese ion level of less 
than 50 ng, all based on one gram of albumin; a glycation 
level of less than 0.6, preferably less than 0.15 (more 
preferably less than 0.05), moles hexose/mole protein; a 
level of loW molecular Weight contaminants of beloW 20 
V.sec, preferably less than 10 V.sec, measured as in Example 
9 beloW; a single peak on a capillary Zone electrophoreto 
gram; 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. 

[0036] The starting material may be an albumin-contain 
ing fermentation medium, or the impure albumin solution 
may be a solution obtained from serum by any of the 
plethora of extraction and puri?cation 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 ABl00a' Separation and Plasma 
Fractionatione Ed. Harris, Wiley-Liss, 261-306. 

[0037] Especially When the albumin is rHA produced in 
protease-de?cient yeasts or other organisms, the process 
does not normally comprise a heat treatment step as part of 
the puri?cation process (in contrast to EP 428 758 and EP 
658 569). Similarly, if it is prepared from microorganisms 
(rather than from humans) it does not normally require a 
?nal pasteurisation step (typically 60EC for one hour). 

[0038] The ?nal 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 
or 10 kg of albumin, Which may be split betWeen a plurality 
of vials. 

[0039] Although the process of the present invention can 
be utilised to obtain more puri?ed albumin from an impure 
albumin solution from a number of sources, such as serum, 
it is particularly applicable to purifying recombinant human 
albumin (rHA). The albumin produced in accordance With 
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the invention may be any mammalian albumin, such as rat, 
bovine or ovine albumin, but is preferably human albumin. 
DNA encoding albumin may be expressed in a suitable host 
to produce albumin. Thus, DNA may be used in accordance 
With knoWn techniques to construct an expression vector, 
Which is then used to transform an appropriate host cell for 
the expression and production of albumin. Such techniques 
include those disclosed in EP-A-73 646, EP-A-88 632, 
EP-A-201 239 and EP-A-387 319. 

[0040] Many expression systems are knoWn, including 
bacteria (for example E. coli and Bacillus subtilis), yeasts 
(for example Saccharomyces cerevisiae, Pichia pastoris and 
Kluyveromyces lactis), ?lamentous fungi (for example 
Aspergillus), plant cells, animal cells and insect cells. The 
preferred microorganism is the yeast Saccharomyces cerevi 
szae. 

[0041] Exemplary genera of yeast contemplated to be 
useful in the practice of the present invention are Pichia 
(Hansenula), Saccharomyces, Kluyveromyces, Candida, 
Torulopsis, Torulaspora, SchiZosaccharomyces, Citeromy 
ces, Pachysolen, Debaromyces, MetschunikoWia, Rho 
dosporidium, Leucosporidium, Botryoascus, Sporidiobolus, 
Endomycopsis, and the like. Preferred genera are those 
selected from the group consisting of Pichia (Hansenula), 
Saccharomyces, Kluyveromyces, YarroWia and Hansenula. 
Examples of Saccharomyces spp. are S. cerevisiae, S. itali 
cus and S. rouxii. Examples of Kluyveromyces spp. are K. 
fragilis and K. lactis. Examples of Pichia (Hansenula) are R 
angusta (formerly H. polymorpha), R anomala, R pastoris 
and P capsulata. Y lipolytica is an example of a suitable 
YarroWia species. 

[0042] It is advantageous to use a yeast strain Which is 
de?cient in one or more proteases. Such strains include the 
Well-knoWn pep4-3 mutants and strains With mutations in 
the PRA1 and/or PRB1 genes, as in Woolford et al (1993) J. 
Biol. Chem. 268, 8990-8998, CabeZon et al (1984) RNAS. 
81, 6594-6598, EP-A-327 797 and Jones et al (1982) Genet 
ics 102, 665-677. Alternatively, the proteases in the fermen 
tation medium may be inactivated by heating. The existence 
of proteases reduces the yield of the albumin during the 
overall process. 

[0043] Preferably, the yeast has a loW (or Zero) level of the 
Yap3p protease and/or of the hsp150 heat shock protein, for 
example as a result of having the respective genes disrupted, 
as is taught in our patent applications published as WO 
95/23857 and WO 95/33833, respectively. Yap3p can cause 
the formation of the 45 kD albumin fragment referred to 
beloW, and hsp150 co-puri?es With albumin in some sepa 
ration steps. 

[0044] Yeast may be transformed With an expression plas 
mid based on the Saccharomyces cerevisiae 2 pm 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 recombi 
nation event in accordance With the teaching of EP 286 424. 
The plasmid may also contain an expression cassette com 
prising: a yeast promoter (such as the Saccharomyces cer 
evisiae PRB1 promoter), as taught in 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 ot-mating factor 
secretion leader, as taught in WO90/01063; the HSA coding 
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sequence, obtainable by knoWn methods for isolating cDNA 
corresponding to human genes, and also disclosed in, for 
example, EP 73 646 and EP 286 424; and a transcription 
terminator, for example the terminator from Saccharomyces 
ADH1, as taught in EP 60 057. 

[0045] 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 ele 
ments may contribute to an improved yield of product. 

[0046] Preferred aspects of the invention Will noW be 
described by Way of example and With reference to the 
accompanying draWings, in Which: 

[0047] FIG. 1 shoWs schematically a fermenter used to 
produce rHA; 

[0048] FIG. 2 is a UV trace from a C18 PTH Reverse 
Phase HPLC column (Applied Biosystems Inc), shoWing the 
loW level of loW molecular Weight contaminants in the 
albumin of the invention; 

[0049] FIG. 3 is similar to FIG. 2 but shoWs loW molecu 
lar Weight contaminants in prior art albumin; 

[0050] FIG. 4 is a gas chromatogram shoWing the fatty 
acid content of commercially available albumin; 

[0051] FIG. 5 corresponds to FIG. 4 but shoWs albumin 
of the invention; and 

[0052] FIGS. 6a and 6b shoW electrospray mass spec 
trometry for albumin of the invention and prior art albumin, 
respectively. 

EXAMPLE 1 

[0053] Preparation of Impure Albumin Solution 

[0054] The cloning strategy for construction of the albu 
min-producing microorganism Was as disclosed in EP 431 
880. Plasmid pAYE316 Was introduced into a (MAT 0t, leu2, 
pep4-3, [cir/]) Saccharomyces cerevisiae strain by the 
method described by Hinnen et al, (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,200 rpm in 5 ml ?asks 
containing either 10 ml of complex (YEP, 1% (W/v) yeast 
extract, 2% (W/v) bactopeptone and 2% (W/v) sucrose), or 
de?ned (0.15% (W/v) yeast nitrogen base Without amino 
acids and ammonium sulphate, 0.5% (W/v) ammonium 
sulphate, 0.1M citric acid/Na2HPO4.12H2O pH6.5, 2% 
(W/v) sucrose) liquid medium, rHA could be detected in the 
cell free culture supernatant by SDS-polyacrylamide gel 
electrophoresis and/or by rocket gel immunoelectrophoresis. 

[0055] A stock master cell culture in de?ned liquid 
medium (Buffered Minimal Medium (BMM) salts medium: 
Yeast Nitrogen Base [Without amino acids and (NH4)2SO4, 
Difco], 1.7 g/L; citric acid monohydrate 6.09 g/L; anhydrous 
Na2HPO4, 20.16 g/L, pH 6.5V0.2, sucrose is added to 20 
g/L) is used to prepare running stocks (manufacturer’s 
Working cell bank) of process yeast suitable for the prepa 
ration of shake ?ask cultures by freeZing aliquots of the 
culture in the presence of 20% (W/v) trehalose. 

[0056] Fermentation 

[0057] This section relates to the production of rHA from 
stock culture through to the ?nal fermentation and is a 
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general de?nition of an rHA fermentation process Which is 
not limited to the speci?c detail of particular equipment or 
scale. 

[0058] Shake Flask Culture. The yeast [cirO, pAYE316] is 
grown as an axenic culture physiologically suited for inocu 
lation of the seed vessel. If timing of the seed vessel is to be 
reproducible, it is necessary to de?ne the phase of groWth 
(primary carbohydrate excess) and inoculum biomass (12:2 
mg/L Which requires a 100 ml inoculum per 10 litres of 
medium). One stock vial is inoculated into a shake ?ask 
containing 100 mL of BMM+2% (W/v) sucrose and the ?ask 
is incubated at 30EC on an orbital shaker (200 rpm revolu 
tions per minute) until a cell dry Weight (cdW) of 0.6-1.2 g/L 
(assessed by optical density at 600 nm) is obtained. This 
culture is then used to inoculate a seed fermentation vessel 
to a level of 12:2 mg/L. 

[0059] Seed Fermentation. The inoculum for the main 
production fermenter is provided by groWing the production 
organism, preferably S. cerevisiae [cirO, pAYE316], in a seed 
fermenter (in this example, 20L Working volume) to a high 
cell dry Weight (cdW) of approx. 100 gL_1. A fed-batch 
regime is folloWed so as to minimise the accumulation of 
ethanol and acetate and thus to maximise cell yield. The 
Whole of each fermentation is monitored and controlled via 
a computer control system, such as the Multi-Fermenter 
Computer System (MFCS) softWare available from B. 
Braun (Germany). The softWare supplied by B. Braun is a 
Supervisory Control and Data Acquisition Package; similar 
packages are available from other companies. The feed 
control algorithm is intended to control the addition of 
sucrose so that maximum biomass 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 contain approximately 10 L of 
sterile MW10 medium (Table 1) batch salts plus trace 
elements. The medium for rHA production can be ultra?l 
tered (10,000 Mol. Wt. cut-off) to remove endotoxins. 

TABLE 1 

MW10 MEDIUM 

Constituents Batch Medium Feed Medium 

Salts 

KHZPO4 2.74 g/L 10.9 g/L 
MgSO4.7H2O 0.58 g/L 2.3 g/L 
CaCl2.2H2O 0.06 g/L 0.24 g/L 
H3PO4 (85% W/W) 0.88 ml/L 1.76 ml/L 
Vitamins 

Ca pantothenate 20 mg/L 180 mL 
Nicotinic acid 33.3 mg/L 300 mg/L 
m-Inositol 20 mg/L 180 mg/L 
d-biotin 0.133 mg/L 0.8 mg/L 
Thiamine.HCl 16 mg/L 32 mg/L 
Trace element stock" 10 ml/L 20 ml/L 
Sucrose 0** 500 g/L 

*Trace Element Stock Constituents 

ZnSO4.7H2O 3 g/L 
FeSO4.7H2O 10 g/L 
MnSO4.4H2O 3.2 g/L 
CuSO4.5H2O 0.079 g/L 
H3BO3 1.5 g/L 
KI 0.2 g/L 
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TABLE 1-continued 

MW10 MEDIUM 

Constituents Batch Medium Feed Medium 

Na2MoO4.2H2O 0.5 g/L 
CoCl2.6H2O 0.56 g/L 

[0060] The trace elements are added to demineralised 
Water, acidi?ed With 35 ml/L of 98% H2SO4. 

[0061] ** 20 g Sucrose/L is added to the batch medium at 
the 20 L seed fermenter stage. Any convenient method of 
sterilisation may be used, as may any depyrogenation 
method, for example ultra?ltration. The vitamins are alWays 
?lter sterilised. 

[0062] After the medium is added to the vessel, the 
operating temperature of 30EC is set, as Well as the mini 
mum stirrer speed, typically 400-500 rpm. The initial pH is 
adjusted With ammonia solution (speci?c gravity 0.901) 
using a pH controller set at 5 .7102. 2M H2SO4 is also used 
as a pH corrective agent. Sucrose to 20 gL_1, MW10batch 
vitamins, and Breox FMT30 antifoam to 0.04 gL'1 are 
added to the vessel. 

[0063] Sterile ?ltered air is introduced into the vessel at 
0.5 v/vim (ie 0.5 litre non-compressed air per litre of 
medium per minute), the medium is inoculated to 1212 mg 
cell dry Weight L'1 from an axenic shake ?ask culture and 
the MFCS computer system is initiated. FolloWing comple 
tion 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 effectively the same as described 
beloW for the production fermentation. During the fermen 
tation the air How is increased in tWo steps in order to 
maintain a How of approximately 1 v/v/m. The dissolved 
oxygen tension (DOT) is controlled at 20% air saturation by 
changing the stirrer speed. Once the stirrer speed cannot be 
increased further and the air ?oW rate has reached its 
maximum value, the feed control algorithm controls the feed 
rate to minimise the formation of fermentation products. At 
the end of the feed, the culture is transferred to a production 
vessel. 

[0064] Production Fermentation. An axenic culture of the 
yeast [cir/, pAYE316] is produced by fed-batch fermentation 
to a high cdW (>80 gL_1) for the production of extracellular 
rHA. The production fermenter, in this example a fermenter 
With a Working volume of 8,000 L, is inoculated With the 
culture groWn in the seed fermenter, the cell dry Weight of 
Which is preferably >80 g.L_1. The initial cell dry Weight 
concentration in the production fermenter on transfer of the 
seed fermenter culture is preferably 0.25-1.00 g.L_1. 
Although it is preferred to initiate feeding Within one hour, 
it can be delayed if necessary. Due to the very loW values of 
OUR and CER during the initial part of the feed phase and 
the consequent errors in their measurement, the automatic 
control of feed rate using RO 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. 

[0065] The fermentation is carried out in a fermenter such 
as that shoWn in FIG. 1, designed to give optimum gas 
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dissolution and bulk mixing. The vessel, Which is subjected 
to a hot NaOH Wash and PFW rinse, Will contain approxi 
mately 4000 L of sterile MW10 (Table 1), batch salts and 
trace elements. This medium may be sterilised indepen 
dently of the vessel either by heat or ?lter sterilisation. It has 
been found in 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 signi?cantly higher 
degree of coloured contaminants in the albumin produced. 

[0066] The operating temperature is set at 30EC, and the 
stirrer speed regulated to be suf?cient to maintain a homo 
geneous solution, typically about 50 rpm. The initial pH is 
adjusted With ammonia solution (SG 0.901) (controller set to 
5 .7102). 2M HZSO4 may be used as a second pH corrective 
agent. The MW10 batch vitamins are added, as is a suitable 
antifoam, as required (eg Breox FMT30 to 0.125 gL_1). 

[0067] Sterile ?ltered air is added to the vessel at 0.5 v/v/m 
initially to maximise sensitivity of exhaust gas analysis, and 
the MFCS computer system is initiated. The exhaust gas is 
analysed, for instance by use of a continuous mass spec 
trometer (eg a Fisons VG gas analyZer). The vessel is 
inoculated With the Whole of the seed vessel culture (mini 
mum 0.4% v/v). MW10 feed in a volume equal to the batch 
volume. The feed is started and the RQ override control 
disabled until OUR and CER values are suf?ciently high to 
make control effective. The feed rate is adjusted manually 
during the period Without RQ control if RO is consistently 
>1.2. The feed rate is increased, via computer control, 
according to the folloWing algorithm: 

Feed rate (FR) =ke'" 

[0068] Where k is the initial feed rate, p 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 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_1. 

[0069] t is a counter variable that starts at 0 (Zero) and then 
increases by 1 every minute, unless RQ>1.2 or DOT<15%. 
In these cases, the value of t is reduced. 

[0070] The vessel can be overpressured as necessary to 
enhance OTR. The culture is held for doWnstream process 
ing at the end of the feed. 

[0071] This hold time should be kept to a minimum, but 
can be extended up to 48 hours and beyond if necessary. 
During the hold phase, the temperature of the culture is 
reduced to the minimum possible, typically betWeen 4 and 
15/C, preferably 4/C, and the DOT is alloWed to fall to 0%. 
The feed is stopped, the aeration turned off and the over 
pressure reduced. The pH control, hoWever, is maintained. 
Suf?cient agitation is maintained to retain the cells in 
suspension and facilitate cooling and pH homogeneity, pref 
erably about 50 rpm. 

[0072] The expected yields in accordance With the above 
procedure are: biomass >80 g cell dry Weight/L culture; rHA 
>1.5 g monomer/L culture (determined by SDS-PAGE, 
related to the Whole culture). 
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[0073] In order to prepare an impure albumin solution for 
puri?cation treatment in accordance With the present inven 
tion 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 
puri?cation process as described, it can be carried out 
simultaneously With the ?rst step under certain conditions, 
eg Where the ?rst puri?cation step is carried out in a ?uidised 
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 180-210 g/kg and cooled further 
if necessary. The diluted culture should be held for as short 
a time as possible Without aeration at reduced temperature 
With suf?cient agitation to prevent yeast cell deposition. 

[0074] Cells and supernatant are subjected to a primary 
separation step, for example micro?ltration or centrifugation 
in any appropriate centrifuge such as an Alfa Laval 
BTUX510 continuous discharge noZZle run at 5700 rpm. 
Centrate so produced may be ?ltered in line, for example 
using a depth ?lter (1 pm 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 
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 the 
invention to purify the albumin contained therein as shoWn 
in Example 2. 

EXAMPLE 2 

[0075] Puri?cation of Albumin in Accordance With the 
Invention 

[0076] The centrate from a fermentation (such as 
described in Example 1), or an impure albumin solution 
from any other source (such as plasma), is prepared, or 
conditioned, for chromatography on a cation exchange 
matrix While protecting the albumin from polymerisation 
(by including octanoate) and protease activity (by heating or 
by choosing yeast Without damaging levels of proteases). 
Preferably, sodium octanoate is added (Chromatography 
Solution 13 (CS13)—Table 2) to a ?nal concentration of 
1-10 mM, for example approximately 5 mM, to stabilise the 
albumin. The pH is adjusted With acetic acid (CS09) to 
4.3-4.8, preferably 4.50101 (most preferably1005), and the 
conductivity is checked to be >5.5 mS cm_1. 

[0077] The culture supernatant from some host strains or 
species contains proteases that can degrade rHA during 
subsequent processing. In such instances, this protease activ 
ity can be destroyed by heat treatment of the culture super 
natant containing the rHA. Typically 1-10 mM sodium 
octanoate is suf?cient to protect the rHA from heat dena 
turation, and 30 seconds up to 10 minutes at temperatures of 
60-80EC is adequate to inactivate the proteases. Subse 
quently the supernatant can be further conditioned as 
described previously. If degradation by proteases is not 
encountered, then the heat treatment is preferably omitted. 

[0078] Chromatography 
[0079] All operations can be carried out at ambient tem 
perature (20:5/C). The albumin loads (g albumin/L matrix) 
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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 measuring UV absor 
bance on line, for eXample at 254 or 280 nm. 

[0080] The sequence of chromatographic steps as 
described here is novel and inventive in a number of aspects. 
The use of a cationic matriX for the ?rst puri?cation step 
alloWs the majority of loW molecular Weight pigmented 
species derived from the yeast fermentation to pass directly 
through the column, Whereas those that do bind to the matriX 
are bound Weakly and can be removed by a high ionic 
strength salt clean such as 1M NaCl. Thus the cationic 
matriX, unlike an anionic matriX Which adsorbs these type of 
molecules irreversibly, can be regenerated and used for 
multiple cycles of chromatography as the ?rst step in the 
puri?cation. Hence, this step forms the basis for a robust 
commercial chromatography process. 

[0081] The use of a Cibacron Blue type of column as the 
second step in this eXample is novel in that it is used 
speci?cally to remove a 45 kDa fragment of albumin Which 
is very dif?cult to remove from albumin as its physicochemi 
cal properties, eg siZe and p1, are similar to the intact 
molecule. Surprisingly, the fragment binds more strongly to 
the dye than full length albumin does, thus alloWing their 
separation. 
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[0082] The chromatography solutions used during the 
puri?cation of albumin are detailed in Table 2. Because of 
the very large scale manufacture of albumin, and the rela 
tively loW cost of the product, these buffer salts are the most 
suitable for the process as they are available in a highly pure 
form at industrial scale and are loW cost compared to other 
commonly used buffers such as Tris, HEPES or MOPS. 
Alternative buffers could be used in place of the ones used 
in Table 2, for eXample buffers of a similar pKa (eg malate 
for acetate), but in most instances cost and availability at 
large scale rule out their use. Alternative salt forms can be 
used provided they are soluble, available at industrial scale 
and loW cost. HoWever, the inclusion of tetraborate ions in 
CS06 and CS10 is particularly advantageous since they 
perform a speci?c role in compleXing With carbohydrate 
moieties in macromolecules and binding them tightly to the 
anionic groups on the matriX. This results in an enhanced 
purity of albumin in the eluate. 

[0083] Chromatography can be performed using either 
aXial ?oW columns, such as those available from Pharmacia, 
or using radial ?oW columns, such as those available from 
Sepragen. In this eXample, the columns are all aXial. 

[0084] The buffer solutions can be prepared at the con 
centrations described beloW, or concentrated stock solutions 
can be prepared and miXed or diluted on-line for immediate 
use. 

TABLE 2 

CHROMATOGRAPHY SOLUTIONS FOR THE PURIFICATION OF ALBUMIN IN EXAMPLE 2 

Solution Constituent Concentration (gL’1) pH Conductivity (mS cmil) 

C501 5P-FF Equilibrant CH3COONa.3H2O 3.69 5.45-5.65 1.9-2.2 
CH3COOH (glacial) 0.220 

C502 5P-FF Eluent CH3COONa.3H2O 13.6 5.45-5.65 6.5-7.5 
CH3COOH (glacial) 0.750 

C503 DBA Eluent NaCl 117 9.0-9.4 125-165 

CH3COONH4 3.84 
NaOH 0.680 

C504 0.5 M NaOH NaOH 20.0 >12 80-120 

C505 Gel Permeation CH3COONa.3H2O 4.94 5.4-5.6 2.9—3.3 
CH3COOH (glacial) 0.380 
Octanoic Acid 0.721 
NaOH 0.190 

C506 DE-FF Eluent Na2B4O7.10H20 7.62 8.9-9.3 11.7-13.5 
NaCl 5.84 

C507 20 mM NaOH NaOH 0.800 >12 3.5-5.5 

C508 DE-FF Equilibrant CH3COONa.3H2O 4.94 5.4—5.6 2.9-3.3 
CH3COOH (glacial) 0.380 
Octanoic Acid 0.721 

NaOH 0.190 

C509 Acetic Acid CH3COOH Glacial — — 

C510 DE-FF Wash Na2B4O7.10H20 7.62 9.0-9.4 2.3-2.9 
C511 DE-FF Pre- CH3COONa.3H2O 61.8 5.5-5.7 24-28 

equilibrant CH3COOH (glacial) 2.98 
C512 DBA Equilibrant/ NaCl 11.7 8.8-9.2 18-22 

Wash CH3COONH4 0.960 
NaOH 0.150 

C513 2 M Sodium Octanoic Acid NaOH 288 7.7-8.2 — 

Octanoate 76.0 

c514 1.73 M H3PO4 (85% 200 <1.2 _ 

Phosphoric acid (W/W)) 
C515 2 M Ammonia NH4OH (30% NH3 113 ml — — 

All Weighings are V 2%, for this particular example. 
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[0085] Cation Exchange Chromatography. Albumin is 
concentrated and puri?ed With respect to at least yeast 

proteins (if the albumin is rHA from a yeast fermentation) 
and other antigens, loW molecular Weight contaminants and 
pigmented compounds by cation exchange chromatography. 
The method uses a commercial cation exchange matrix such 

as SP-Sepharose FF, SP-Spherosil, CM-Sepharose FF, CM 
Cellulose, SE-Cellulose or S-Spherodex. Preferably the 
matrix is SP-Sepharose FF (Pharmacia) at a bed height of 5 
to 25 cm, preferably 10 to 15 cm and in this example 12.5 

cm, With a column loading of 10 to 50 g albumin/L, 

preferably 40110 g albumin/L matrix. The matrix is equili 
brated With a buffer to remove the alkali storage solution; 

preferably the buffer should be strong enough to reduce the 
pH to approximately pH6.0. Abuffer such as C501 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. 

[0086] The conditioned centrate is then loaded onto the 
column at a How rate of, for example 1.0-8.0 cm/min, 
preferably 4.0-7.0 cm/min, in this example, 6.36 cm/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 5 m5 cm_1, preferably 
less than 3 mS cm'l, to prevent the elution of albumin. A 
suitable solution is CS01. The preceding steps are all run at 

6.36 cm/min; for elution and all subsequent steps the How 
rate is reduced to 0.5-5.0 cm/min, preferably 2.0-4.0 
cm/min, in this example 3.18 cm/min, in order to reduce the 
volume of eluate. Elution of albumin is effected by increas 
ing the ionic strength; a solution With a conductivity in the 
range 5-10 mS cm_1, preferably 6-8 mS cm_1, for example 
C502, is used. The collection of albumin starts When the UV 
signal rises above 1.0 A28O/cm, and collection continues 
until the UV signal falls beloW 0.6 A280/cm or a maximal 
volume of 6.5 column volumes has been collected. The 
column is then cleaned using C503 and 04, and then stored 
in C507. 

[0087] Affinity Chromatography. This step further puri?es 
the albumin With respect to a 45 kDa N-terminal albumin 
fragment, yeast antigens (if the albumin is rHA from a yeast 
fermentation) and pigment. The af?nity matrix may com 
prise any Cibacron Blue type of dye Which binds albumin, 
for example Reactive Blue 2, Procion Blue HB, Blue 
Sepharose, Blue Trisacryl and other anthraquinone-type 
compounds. Preferably, the matrix is the ADelta Blue 
Agaroseematrix described beloW. This has been found to 
reduce the levels of Blue leachates generated by the matrix 
and to enhance the alkaline stability of the matrix to facili 
tate cleaning and depyrogenation. Afurther improvement of 
the matrix compared to commercially available matrices is 
the incorporation of a spacer, 1,4-diaminobutane, betWeen 
the dye (Reactive Blue 2) and the matrix. This Was found to 
be the optimal length of spacer With respect to eluate 
albumin purity. 
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[0088] Reactive Blue 2 has the chemical structure repre 
sented below. 

0 NH2 

503‘ 

c1 

0 NH A 
N/ |N 
k )\ 

NH N NH 503_ 

$03 

[0089] The ortho, meta or para isomer, or any mixture 
thereof, can be used. The preferred isomer the ortho-SO3_ 
form but, as it is difficult to make to the desired purity, the 
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 puri?cation 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 
analytical HPLC at 280 nm. 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 60EC, 
after Which the derivatised dye is puri?ed from the mixture, 
for instance by precipitation. The aminobutyl-Reactive Blue 
2 is then coupled to the matrix, for instance to epichlorhy 
drin-activated Sepharose CL-6B (Pharmacia, SWeden). See 
Porath et al (1971) J. Chromatog. 60, 167-177. The dye 
content of such a Delta Blue Agarose (DBA) matrix should, 
preferably, be 50 V 5 mmole/g dry Weight. 

[0090] Use of Blue Matrix. The method uses DBA at a bed 
height of 10-30 cm, preferably 20-30 cm (in this example 25 
cm ), With a column loading of 7-14 g rHA/1 matrix, 
preferably 8-12 g/l (in this example 10V 1 g albumin/L 
matrix); all steps are run at a How rate of 0.3-2.0 cm /min, 
preferably 1.0-2.0 cm /min, in this example 1.53 cm /min. 
The DBA is equilibrated in CS01 from CS07; equilibration 
is complete When the pH of the column effluent is approxi 
mately 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 remove 
contaminants With 1-5 volumes of buffer 10-30 mS cm_1, 
preferably 15-25 mS cm_1, for example CS12, preferably 5 
column volumes. The albumin is eluted using a high ionic 
strength buffer of<100 mS cm_1, preferably 125-165 mS 
cm_1, for example CS03. Eluate collection is started When 
the UV signal (A28O/cm) rises above 0.4, and stops When the 
signal falls beloW 0.4 again. The column is then cleaned 
using C504 and stored in C507. 

[0091] Intermediate Ultra?ltration. This step concentrates 
the albumin for gel permeation chromatography. A cellu 
lose-type membrane (nominal molecular Weight cut off less 
than or equivalent to 30,000, for example 10,000) in an 
ultra?ltration apparatus is used to concentrate DBA eluate to 
a retentate concentration of 20-120 g/L albumin, preferably 
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80-110 g /L. The membranes are treated, post-use, by 
?ushing 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 20 mM sodium 
hydroxide. 
[0092] Gel Permeation Chromatography. This step puri?es 
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 S-100, S-200 or S-300, 
Toyopearl HW50S or Superose 6 or 12. Preferably, the 
matrix is Sephacryl S-200 HR (Pharmacia) at a bed height 
of greater than 60 cm, preferably 90 Vcm (3x30 cm The 
column is equilibrated in CS05 and run at 01-15 cm /min, 
preferably 0.5-1.0 cm/min, in this example 0.75 cm /min; 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 
A280/cm reaches 10% full scale de?ection (FSD) on 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 A280 
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. 

[0093] S-200 HR Recycle Ultra?ltration. Acellulosic type 
membrane, nominal molecular Weight cut-off equal to or less 
than 30,000, or as used in this example 10,000, in an 
ultra?ltration apparatus, is used to concentrate the pooled 
recycle fraction to a retentate concentration of 20-120 g/L 
album in, preferably 80-110 g/L. The membranes are treated, 
post-use as described above under Intermediate Ultra?ltra 
tion. 

[0094] Alternatively, as in any ultra?ltration steps in this 
process, polyethersulfone or PVDF membranes With a cut 
off of # 30,000 may be used instead of the cellulose-type 
membranes. Such membranes are available from Amicon 
and Millipore. It is preferable to use membranes Which are 
compatible With NaOH, used for storage and cleansing of 
the membranes. 

[0095] Puri?cation of S-200 HR Recycle Ultra?ltration 
Retentate. The retentate from recycle ultra?ltration is loaded 
onto the same column as used for the primary S-200 
puri?cation and a product fraction collected from each peak, 
Which is then mixed With the bulked primary product 
fractions collected previously. This step is repeated until all 
the material has been loaded onto the column. 

[0096] Anion Exchange Chromatography. The aim of this 
step is to purify albumin With respect to at least yeast 
antigens (if the albumin is rHA from a yeast fermentation) 
and pigmented albumin. The method uses an anion exchange 
matrix such as QMA-Spherosil, DEAE-Spherodex, Q-Hy 
per 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 height in the range 5-25 cm, preferably 
10-15 cm, for example 12.5 cm, With a column loading of 
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10-60 g albumin per litre of matrix, preferably 35 V 15 g/L 
matrix. The column is ?rst 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 pH5.5, for 
example CS11. After the concentrated buffer, a solution of 
loWer conductivity, namely in the range 1-4 mS cm_1, 
preferably 2.5-3.5 mS cm_1, for example CS08, is used to 
equilibrate the column prior to loading the column With 
S200 eluate. Alinear ?oW rate of 1.0-8.0 cm/min, preferably 
3.0-7.0 cm/min, in this example 4.4 cm min_1, can be used. 
When loading is complete, the column is Washed With a 
solution of sodium tetraborate in the range 5-30 mM, 
preferably 15-25 mM, for example CS10. This causes any 
carbohydrate-containing contaminants to adhere to the col 
umn more strongly prior to elution of the album in fraction. 
Elution can be effected by any high ionic strength solution 
in the range 10-20 mScm_1, preferably With CS06. The 
eluate is collected When the A28O/cm reaches 0.4, and 
continues until the peak falls through 0.8. 

[0097] Hence, in this example, the sequence of puri?ca 
tion steps is: cation exchange, affinity chromatography, 
ultra?ltration, gel permeation (With ultra?ltration of recycle 
fraction) and anion exchange. 

[0098] The eluate from the DE-FF column has been found 
to have less than 0.1% (W/W) albumin dimer and an unde 
tectable level of albumin polymers or aggregates as analysed 
by GP HPLC using a TSK SW3000XL column, loaded With 
25.0 pl of eluate containing 10.0 mg/ml of albumin. 

EXAMPLE 3 

[0099] Formulation of Puri?ed Albumin into a Final Prod 
uct 

[0100] This Example illustrates the concentration, dia?l 
tration and formulation of the highly puri?ed albumin into a 
suitable product, in this instance 25% (W/v) albumin. This 
procedure is carried out in tWo stages, namely ?nal ultra 
?ltration (UF) and formulation. Final UF begins With trans 
fer of the DEAE eluate (adjusted to pH 7.0103 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 sequentially subjected to primary concentration, dia?ltra 
tion and secondary concentration in an ultra?ltration system 
?tted With 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 100 g.L_1 and is immedi 
ately folloWed by the continuous dia?ltration phase Where 
the albumin is dia?ltered against at least 5, preferably at 
least 7, retentate volume equivalents of Water-for-injection. 

[0101] In some puri?cation 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 dia?ltration against Water. We have 
found that dia?ltration against a salt solution is effective. A 
ratio of 0.5 to 10% W/W of sodium chloride to albumin, for 
example 1.0 to 5.0% or about 3%, may be used. The salt may 
be added to the albumin retentate or, more usually, Will be 
added to the dia?ltration Water. For an ultimate 5% (W/v) 
formulation, a solution of approx 100 g/l may be recovered 
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directly from the dia?ltration step. For an ultimate 25% 
(W/v) formulation, a solution of approx 275-325 g/l is 

obtained following a further concentration step Finally, the solution is transferred to the bulk product 

formulation vessel. 

[0102] The formulation step produces albumin in an 
appropriate chemical environment and at an appropriate 
concentration suitable for bulk product sterile ?ltration (0.22 
pm hydrophilic polyvinylidene-di?uoride) and ?lling. The 
transferred solution is analysed to determine concentrations 
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EXAMPLE 4 

[0104] Cation Exchange FolloWed Directly by Anion 
Exchange 

[0105] In a variation of the process of Example 2, the 
order of the steps Was altered and some changes Were made 
in the process conditions. Afurther table of chromatographic 
solutions is therefore provided, as Table 3. In addition, all of 
the chromatographic columns except the gel permeation step 
are radial ?oW. 

TABLE 3 

CHROMATOGRAPHY SOLUTIONS FOR EXAMPLE 4 

Solution 

No. Name Constituent Concentration (g.L’1) pH (mS.cm’1) 

C520 5P-FF Equilibrant/Wash/ CH3COOH 1.85 5.45-5.65 1.9-2.2 
DE-FF Equilibrant NaOH (27% (W/W)) 4.00 

C523 5P-FF Eluent/ CH3COOH 5.13 5.4-5.6 5.0—6.0 
DE-FF Pre-Equilibrant NaOH (27% (W/W)) 11.5 

Octanoic Acid 0.721 

C524 5P-FF/DE-FF 5alt Clean NaCl 58.4 5-9 75-95 
TWeen 80 5.00 

CS25 0.5 M NaOH (UF membrane NaOH (27% (W/W)) 74.1 >12 80-120 

clean) 
C526 20 mM NaOH NaOH (27% (w/w)) 2.96 >12 3.5-5.5 
cs27 DE-FF Wash K2B4O7.4H2O 4.80 9.0-9.4 2.5-3.5 

C529 DBA Equilibrant/Wash CH3COONH4 19.3 
NaOH (27% (w/w)) 593 8.7-9.1 18-22 

C530 DBA Eluent NaCl 117 6.7-7.1 125-165 

NaOH (27% (w/w)) 14.1 
H3PO4 (85% (w/w)) 5.79 

CS32 0.1 M NaOH (UF membrane NaOH (27% (W/W)) 14.8 >12 16-24 
storage) 

C533 2 M Sodium Octanoate NaOH (27% (W/W)) 281 7.8-8.4 — 
Octanoic Acid 288 

C534 Acetic Acid CH3COOH 1045 — — 

CS35 0.5 M Phosphoric Acid H3PO4 (85% (W/W)) 59.0 <1 — 

All Weight tolerances to V 0.5%. 

of albumin, sodium and octanoate. These quantities are 
taken into account and any necessary further amounts of 
stock sodium chloride and sodium octanoate excipient solu 
tions and appropriate grade Water added to achieve the bulk 
formulation speci?cation. The ?nal albumin concentration 
may be 235-265 g.L_1 (ie about 25%), With a sodium 
concentration of 130-160 mM. Any other feasible albumin 

concentration may be made, hoWever, With, for example, a 
minimum concentration of at least 4% (W/v), preferably 
4-25% (W/v). Formulation is complete folloWing addition of 
appropriate pharmaceutically acceptable 
excipients, such as those speci?ed in the US or European 
Pharmacopoeias for human albumin, and diluting Water. 

conventional 

[0103] A ?nal concentration of 0.08 mmoles sodium 
octanoate per gram of albumin may be desirable. The 
product is sterile and non-pyrogenic. There may be about 
1% (W/W) dimeric albumin but no larger polymers or aggre 
gates are detectable as analysed by GP HPLC using a TSK 
SW3000XL column. 

[0106] The initial cation exchanger step Was essentially 
the same as in Example 2, but With the folloWing variations. 
The bed ?oW path length Was 11.0 V 1.0 cm . The chroma 
tography Was then carried out as folloWs. 

[0107] An SP-FF (Pharmacia) column Was equilibrated in 
four volumes of 10-100 mM acetate, preferably 20-40 mM, 
for example 30 mM as in CS20, and the albumin solution 
Was loaded at a How rate of 0.07 to 0.75 bed volumes per 
min, preferably 0.3-0.6, in this example 0.5 bed volumes per 
minute. The column Was Washed With eight volumes of 
10-100 mM, preferably 30-70, for example 50 mM acetate 
(CS21) and then ten volumes of C520 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 A254/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 stored in dilute (10-50 mM) caustic (CS26). In 
this example, the How rate for the equilibration, loading and 
Washing steps is 0.5 bed volumes per minute. For elution of 
the albumin, a How rate of 004-06 bed vol/min, preferably 
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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%. 

[0108] The albumin Was therefore eluted from the cation 
exchange column With a solution of octanoate, achieving a 
novel biospeci?c elution of rHA from a cation exchanger. 
The pH is close to the pI of the albumin so that the binding 
of the octanoate causes a signi?cant overall charge differ 
ence; for example, the pH is at least 4.5, preferably about pH 
5.5. 

[0109] 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 dilu 
tion) onto the anion exchange resin at a pH of 4.5-6.5, 
preferably about 5.5, and a conductivity preferably in the 
range 1.5 to 5.0 mS.cm_1, for example 2.5 V 0.5 mS.cm_1. 
This has been found to result in any dimeric albumin that 
Was formed during the cation exchange chromatography 
being converted back to monomeric albumin under the 
conditions of the anion exchange chromatography. Ayield of 
approximately 110% for albumin monomer has been 
achieved over this step. 

[0110] In more detail, an 11011.0 cm bed ?oW path length 
column of DEAE-Sepharose Fast How (Pharmacia) is pre 
equilibrated With the cation exchange elution buffer (C523) 
and then equilibrated With an acetate buffer (for example 
CS20) before being loaded With 30.0 V 10.0 g monomeric 
albumin per litre of matrix. 

[0111] 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 (C525) and 
stored in dilute caustic (CS26) all as for the cation exchange 
column. The How rate 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. 

[0112] The eluate 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 
Example 2). The bed height Was reduced from 25 cm in 
Example 2 to 11011.0 cm Which alloWed a higher ?oW rate 
Within normal operating pressure. Therefore, a bed height of 
11.0 cm Was preferred and does not adversely affect recov 
ery of albumin or albumin purity. The column Was equili 
brated in ammonium acetate (100-300 mM, preferably 200 
275, for example 250 mM as in C529) and the albumin Was 
applied at 7.0-140 g/l, preferably 80-120 g/l, in this 
example 10011.0 g per litre of matrix. Equilibration, load 
and Wash steps Were performed at How rates of 0.05-0.30 
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, pref 
erably 01-025, and in this example, 0.20 bed vol/min. The 
increased ?oW-rate, facilitated by the reduced bed height, 
improved the throughput by a factor of four Which is 
advantageous to the large scale plant design and Was close 
to the maximum operating capability of the DBA. Since this 
increased ?oW rate did not appear to adversely affect recov 
ery of albumin or albumin purity, it is preferred to utilise 
such a higher ?oW rate. 

[0113] The column Was Washed With 5 column volumes of 
the ammonium acetate buffer (C529), and the albumin Was 
eluted With strong salt and phosphate solution (1.0-3.0 M 
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NaCl, for example 1.5-2.5 M or 2.0 M NaCl, and 5-100 mM, 
eg 50 mM phosphate, as in C530). 

[0114] 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 buff 
ering at pH7.0, and its relative cost. The loWer pH eluant Was 
responsible for an increase in DBA eluate albumin monomer 

recovery. ApH 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 55-90, is 
therefore preferably pH70. The column Was cleaned and 
stored in caustic (C525, C526) as above. 

[0115] The DBA eluate (optionally after ultra?ltration 
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 The S-200 
running buffer Was changed to 40 mM sodium phosphate 
pH7.0. The sodium octanoate Was omitted from this buffer 
for cost reasons, and instead Was added to the solution prior 
to dia?ltration (added to a concentration of 1-20 mM, 
preferably 5 mM). The phosphate conferred a higher con 
ductivity 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. 

[0116] Hence, in this example, the sequence of puri?cation 
steps is: cation exchange (eluting With a molecule speci? 
cally bound by albumin), anion exchange, affinity chroma 
tography and gel permeation. 

[0117] The dia?ltration step prior to formulation may be 
assisted by starting With albumin at pH70. The albumin Was 
more concentrated at the ?nal eluate than With the process of 
Example 2, assisting the ?nal ultra?ltration step prior to 
formulation (Example 3). 

EXAMPLE 5 

[0118] High Salt Wash on Cation Exchanger 

[0119] 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 C521 (50 mM sodium acetate, pH 3.9-4.1, 
0.6-0.8 mS.cm_1), then further Washed With a high salt 
buffer containing 1-3M NaCl, preferably 2M NaCl, in 
sodium acetate buffer (for example 10-50 mM sodium 
acetate, preferably about 27 mM, pH 3.5-4.5, preferably 
pH4.0) before the ?nal 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 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 ?nal Wash 
also maximises albumin recovery. It is probable that neither 
step has a major effect on the purity of the albumin recov 
ered. 
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EXAMPLE 6 

[0120] Concentrated Borate Elution from Anion 
Exchanger 
[0121] 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 10 m5.cm_1, preferably less than 5 m5.cm_ 
1, and then loaded on to an anion exchange matrix (for 
example DEAE 5epharose FF, Pharmacia). The anion 
exchange matrix Was then Washed With dilute tetraborate 
buffer (for example 15-25 mM 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 80-150 
mM potassium tetraborate, preferably 110 mM potassium 
tetraborate). In Examples 2 and 4, the albumin Was eluted 
With 20 mM tetraborate, 100 mM NaCl; elution With 80-150 
mM 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 af?nity 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 af?nity matrix, 
eg Delta Blue Agarose (DBA), Which Was run as described 
in Example 4. 

[0122] A gel permeation step is then carried out as in 
Example 2 or 4. 

EXAMPLE 7 

[0123] 
[0124] The eluate from the DBA matrix may be applied to 
a gel permeation medium, for example 5ephacryl 5-200 
(HR) (Pharmacia), equilibrated in an ammonium acetate 
buffer (for example 10-100 mM, preferably about 30 mM), 
containing sodium chloride (20-2000 mM, preferably about 
100 mM) and octanoate (1-20 mM, preferably about 5 mM 
octanoate at pH 9.0-9.5, preferably 9.2). This buffer effec 
tively exchanges the albumin into a suitable solution for the 
?nal chromatographic step, set out in more detail beloW. 

[0125] The 5-200 step is run as folloWs. The 5-200 is run 
at a minimum bed height of 90.013 cm (eg 3><30 cm in 
series). (a) The retentate from intermediate ultra?ltration is 
loaded onto the column. Recycle and product fractions are 
collected. This step is repeated until all the material has been 
loaded onto the column. (b) The pooled recycle fractions are 
concentrated to 80-110 g rHA/L by ultra?ltration as above. 
(c) The retentate from recycle ultra?ltration is loaded onto 
the same column and a product fraction collected from each 
peak. This step is repeated until all the material has been 
loaded onto the column. (d) The product fractions from the 
primary and secondary gel permeation chromatography 
steps ((a) and are pooled as the 5-200 eluate. 

Immobilised Aminophenylboronate 

[0126] The ?nal step consists of an af?nity step to remove 
glycoconjugates, such as glycoproteins and glycolipids, and 
poly-, oligo- and monosaccharides. This step uses immobi 
lised aminophenylboronic acid (PBA) as the ligand. US. 
Pat. No. 4 562 251 (incorporated herein by reference) 
describes suitable methods for making diborotriaZine agar 
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ose or monoborotriaZine agarose: (1) TriaZine is O-linked to 
agarose ?rst 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 is pro 
duced. (2) TriaZine is reacted With APBA ?rst to produce 
either mono or diborotriaZine. These are then O-linked via 
the free chlorine on the triaZine to the —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. 

[0127] An earlier patent US. Pat. No. 4,269,605 contem 
plates a variety of matrix activation methods, including 
epichlorohydrin activation of agarose, preferred herein. 
Commercially available matrices include Amicon’s PBA30 
and 5igma’s acrylic beaded aminophenylboronate. 

[0128] The albumin collected from the 5-200 column Was 
chromatographed through the PBA matrix, having been 
pre-equilibrated in 5-200 running buffer (see above); under 
these conditions, the albumin does not bind appreciably to 
the matrix, Whereas the carbohydrate-based contaminants 
are retarded suf?ciently to separate them from the albumin 
as it passes through the column. The chromatography is thus 
in the negative mode With respect to the albumin. Further 
details Were as folloWs: 

[0129] The phenyl boronate matrix had a How path length 
of 110110 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 C536—see table beloW). The 
column Was then loaded at 35115 g of rHA/L matrix. The 
PBA is run as a negative step and therefore the product 
collected is the How through during loading and the subse 
quent Wash With the equilibration buffer. All chromato 
graphic steps can be performed at How rates in the range 
0.005 -0.3 bed vol/min. Preferably equilibration and cleaning 
of the column are carried out at a higher ?oW rate, eg 0.19 
bed vol/min, than load and collection of the albumin solu 
tion, Which is preferably carried out at a How rate of 
0.01-0.05, preferably 0.025 bed vol/min. The column is then 
cleaned With a borate buffer (as in C537), salt (C538) and 
caustic (C525) and then stored in the borate buffer (C537). 

[0130] The pH of the collected ?oW through and Wash is 
adjusted to 7.0101 With phosphoric acid solution (C535). 

[0131] The buffers used are as folloWs: 

TABLE 4 

Chromatography solutions for Example 7 

Solution Concn Conductivity 

No. Name Constituent (g/l) pH (m5.cm’1) 

C536 PBA CH3COONH4 2.31 9.0-9.4 12.0-15.0 
equil- NaOH 2.55 
ibration/ (27% W/W) 
Wash NaCl 5.84 

Octanoic acid 0.721 
c537 Borate K2B4O7.4H2O 33.6 9.2-9.5 15.0-18.0 

clean 
C538 Salt clean CH3COOH 1.62 3.9-4.1 125.0—165.0 

NaOH 1.19 

(27% W/W) 
NaCl 117.0 
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[0132] Because of the use of ammonium ions in the PBA 
buffer, it is advantageous to use salt in the ?nal ultra?ltration 
step, as explained in Example 3 above. 

[0133] In a particularly preferred process, the sequence of 
steps is as folloWs: 

[0134] (1) Yeast fermentation as in Example 1. 

[0135] (2) Centrate conditioning as in Example 2. 

[0136] (3) Cation exchange (SP-FF) With high salt 
Wash, as in Example 5, and elution With albumin 
speci?c compound, as in Example 4. 

[0137] (4) Dilution and anion exchange With concen 
trated tetraborate elution as in Example 6. 

[0138] (5) Af?nity chromatography (DBA) as in 
Example 4. 

[0139] (6) Intermediate ultra?ltration and then gel per 
meation (S-200), With recycle ultra?ltration, as in 
Example 7. 

[0140] (7) Chromatography on immobilised borate as in 
Example 7. 

[0141] (8) Final ultra?ltration and formulation as in 
Example 3. 

EXAMPLE 8 

[0142] Earlier use of Immobilised Phenylboronate 

[0143] The step involving immobilised phenylboronate 
may be used earlier in the process, for instance in a process 
in Which the steps are ordered: cation exchanger—anion 
exchanger—af?nity material—ultra?ltration/dia?ltration— 
immobilised phenylboronate—gel permeation. 

[0144] The conditions for each step are as in Examples 4 
to 7, except as folloWs. The DBA eluate is concentrated to 
80-110 g/l albumin and the pH is adjusted to 9.2 by 
dia?ltering (5 volumes) against an ammonium acetate of the 
kind used in Example 7. The concentrated DBA eluate is 
then chromatographed on PBA and the ?oWthrough 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. 

EXAMPLE 9 

[0145] Characterisation of the Albumin Produced Accord 
ing to the Invention 

[0146] This Example illustrates the analysis that is carried 
out to establish the purity of albumin puri?ed 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 ?nal product. 

[0147] Glycation of rHA 

[0148] A microassay for glycated protein has shoWn that 
(rHA) puri?ed in accordance With the invention is not 
modi?ed by non-enZymic glycosylation (glycation). The 
microassay measures the stable Amadori product form 
of glycated protein, by oxidation of the C-1 hydroxyl groups 
of AP With periodate. The formaldehyde released by perio 
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date oxidation is quantitated by conversion to a chro 
mophore, diacetyldihydrolutidine (DDL), by reaction With 
acetylacetone in ammonia. DDL is then detected colori 
metrically at 405 nm. 

Albumin batch Mole hexose/mole protein 

0.092 

0.116 
0.090 
0.132 

0.060 
0.04 
0.01 

0.07 

0.07 

0.05 
0.740 

0.70 

0.96 

0.78 

ozgrw-mowoow> 
[0149] Batches A-K Were rHA puri?ed according to 
Example 2. Batches L-O Were samples of commercially 
available human serum albumin from differing sources. 

Eight batches of rHA puri?ed according to Example 7 had 
a negligible level of glycation (004210.018 moles/mole) 
compared to HSA (038710.012). 

[0150] LoW Molecular Weight Contaminant Assay 

[0151] 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 “?ngerprint” chromatogram can then be produced for 
comparison of samples. 

[0152] Method—To 100 pl of ?nal product (20 mg; rHA 
or HSA) is added sequentially 50 pl formic acid (98% v/v), 
100 pl chloroform and 50 pl ethanol With vortexing after 
each addition. The samples are kept at room temperature for 
5 mins With regular mixing. Protein is then precipitated by 
the addition of 1 ml acetone (30 mins, —20EC). The protein 
samples are pelleted by centrifugation and the supernatants 
are decanted off and dried by rotary evaporation under 
vacuum. The dried samples are resuspended in 25% aceto 
nitrile/0.1% tri?uoroacetic acid. LMCs are then separated on 

an ABI PTH C18 reverse phase column (220><2.1 mm) using 
a linear 10%-90% acetonitrile gradient in 0.1% tri?uoro 
acetic acid (?oW rate=300 pal/min). The samples Were moni 
tored at 214 nm using a ShimadZu UV monitor. 

[0153] Results—A comparison Was made betWeen a com 
mercially available batch of human serum albumin and a 
batch of rHA puri?ed according to the invention. TWo main 
signi?cant A214 nm peaks are seen in the sample of the 
invention (Rt=31.1 and 42.8 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 present in the 
trace of a Water blank and thus is regarded as an artefact. 


















