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Description

FIELD OF THE INVENTION

[0001] The present invention relates to biotechnology,
and particularly to a method for isolating and purifying
recombinant human serum albumin (rHSA) from trans-
genic rice grain on a large scale.

BACKGROUNG OF THE INVENTION

[0002] Human serum albumin (HSA) is a single chain,
non-glycosylated protein consisting of 585 amino acids,
having a molecular weight of 66.5kD and an isoelectric
point between 4.7-4.9. It is the most abundant protein in
human blood plasma, making up about 60% of the total
plasma proteins. There is about 40g of HSA in per liter
of human blood. Besides being present in the plasma,
HSA is also found in tissues and body secretions, skins
and lymph cavities. Under normal physiological condi-
tions, HSA has an effect of maintaining plasma colloid
osmotic pressure, nourishing, accelerating concres-
cence of wounds, and as a carrier, participating in trans-
portation of many hydrophobic biological molecules such
as hormones, biological active substances and drugs in
the blood. Therefore, HSA is an important medical protein
that is mainly used clinically for treatment of hypopro-
teinemia caused by loss of blood, burn, scald, plastic
surgery and brain lesion, as well as for treatment of liver
cirrhosis, hydronephrosis and so on.
[0003] At present, HSA for clinical use is mainly pre-
pared by extracting and isolating from human plasma.
However, this preparation approach has the following
disadvantages: on one hand, the source of plasma is
insufficient, i.e. the limited blood supply is unable to meet
the demands of production of HSA and the relevant prep-
arations thereof; on the other hand, blood itself may po-
tentially be a risk factor, for example it may contain dan-
gerous infectious pathogens such as hepatitis virus, hu-
man immunodeficiency virus (HIV) and so on, which
causes enormously concerns about the application of
HSA extracted from plasma. Therefore, it is urgent to
develop an alternative process to produce HSA.
[0004] With the development of modem DNA recom-
binant and synthesis techniques, researchers take a pro-
found interest in the production and application of recom-
binant human serum albumin (rHSA). So far, various ex-
pression systems have been experimentally used for
mass production of rHSA. For example, prokaryotes such
as colon bacillus (Latta, M. et al., Bio/Technology,
5:1309-1314, (1987)), bacillus subtilis (Saunders, C. W.
et al, J. Bacteriol. 169: 2917-2925, (1987)), eukaryotes
such as yeasts (WO 00/44772, EP0683233A2, US
5612196) and also cultivation of animal cells have been
used for the production of rHSA. However, such ap-
proaches supra are not suitable for industrialized produc-
tion either due to low expression level or high production
cost.

[0005] Chinese patent application
No.200510019084.4 of the present inventors discloses
a method for producing rHSA using rice endosperm cells
as bioreactor, comprising: using promoters and signal
peptides specifically expressed in rice endosperm to me-
diate the entry of rHSA into endomembrane system of
the endosperm cells of rice and store rHSA in the protein
bodies of the rice endosperm, thus allowing rHSA to ac-
cumulate extensively in the rice grain and reach a higher
expression level finally. The expression level of the ob-
tained rHSA is at least above 0.3% based on the weight
of the rice grain. The method has the advantages of high
expression level and low cost, thereby it provides the
possibility to develop a novel strategy for the production
of protein drugs.
[0006] The rHSA produced by any expression system
should be purified before entering market. The purifica-
tion technique may affect the quality of the product as
well as production cost. The cost of purification process
makes up about 80∼90% of the total production cost. At
present, there is no purification process for separating
and purifying rHSA from rice grain. Therefore, it is tech-
nically difficult and economically risky to develop a simple
and cost-effective purification process to purify rHSA
from rice grain.
[0007] US 2008/0274501 describes a method for pu-
rification of acidic proteins expressed in tobacco cells by
hydrophobic interaction and ceramic hydroxyapatite
chromatography, and US 2008/0274501 discloses puri-
fication of recombinant beta-glucuronidase (rGUS). WO
2004/099405 describes expression and purification of
blood proteins and discloses how to express recombinant
protein in rice grain and protein extraction and concen-
tration by diafiltration.
[0008] At present, the techniques for extracting rHSA
from yeast and plant suspension cells have been report-
ed. For example, Chinese patent application
CN101768206A disclosed a process for purifying rHSA
expressed in Pichia pastoris, comprising: filtrating the fer-
mentation broth of rHSA with a ceramic membrane, and
sequentially subjecting the filtrate to cation exchange
chromatography, hydrophobic chromatography and
weak anion exchange chromatography to obtain purified
rHSA. However, due to the substantial differences of the
impurities among the rice grain, yeast and plant suspen-
sion cells, those prior art can not be directly used for
separating and purifying rHSA from rice grain. Therefore,
it is desirable to develop a simple and effective process
for separating and purifying rHSA from rice grain to pro-
duce rHSA with high yield and high purity, which would
provide a basis for future industrialized production.

SUMMARY OF THE INVENTION

[0009] The object of the present invention is to provide
a method for separating and purifying recombinant hu-
man serum albumin (rHSA) from rice grain on a large
scale.
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[0010] To achieve the above object, the present inven-
tion provides the following technical solutions: A method
for separating and purifying recombinant human serum
albumin from rice grain, sequentially comprising the
steps of:

1) subjecting crude extract of recombinant human
serum albumin to cation exchange chromatography
to obtain primary product I;

2) subjecting the primary product I to anion exchange
chromatography to obtain secondary product II;

3) subjecting the secondary product II to hydrophobic
chromatography to obtain purified recombinant hu-
man serum albumin;

wherein the method further comprises a step of subject-
ing the secondary product II to ceramic hydroxyapatite
chromatography prior to the hydrophobic chromatogra-
phy of step 3).
[0011] In step 1), the cation exchange chromatography
may be performed on a strong cation chromatography
resin as chromatography media, which is selected from
the group consisting of UNO Sphere S, Nuvia S, Capto
MMC, MacroPrep-CM. UNO Sphere S or Capto MMC is
preferred.
[0012] The cation exchange chromatography may em-
ploy pH gradient elution or NaCl concentration gradient
elution. The pH gradient elution is preferred.
[0013] In an embodiment, elution buffer for cation ex-
change chromatography comprises acetate buffer,
0.25M sodium chloride, with a pH of 5.2.
[0014] In step 2), the anion exchange chromatography
may be performed on a strong anion chromatography
resin as chromatography media, which is selected from
the group consisting of UNOsphere Q, Q Sepharose FF
and DEAE sepharose FF. Q Sepharose FF is preferred.
[0015] In an embodiment, elution buffer for anion ex-
change chromatography comprises phosphate buffer,
0.2M sodium chloride, with a pH of 7.5.
[0016] In step 3), the hydrophobic chromatography
may be performed on a chromatography media selected
from the group consisting of Phenyl sepharose HP, Phe-
nyl sepharose FF, macro-prep t-butyl and macro-prep
methyl. Phenyl sepharose HP is preferred.
[0017] The eluate containing the target protein from
hydrophobic chromatography column can be prepared
into finished product by known techniques such as ultra-
filtration concentration and freeze-drying.
[0018] Further, the method may comprise a step of
subjecting the secondary product II to Macro-prep ce-
ramic hydroxyapatite chromatography prior to the hydro-
phobic chromatography of said step 3). That is to say, in
such an embodiment, the secondary product containing
the target protein was subjected to Macro-prep ceramic
hydroxyapatite chromatography as step 3) and then hy-
drophobic chromatography to obtain purified target pro-

tein as step 4).
[0019] The ceramic hydroxyapatite chromatography
may be performed on a chromatography media selected
from the group consisting of Macro-prep ceramic hy-
droxyapatite Type I and Macro-prep ceramic hydroxya-
patite Type II. Macro-prep ceramic hydroxyapatite type
I is preferred.
[0020] In an embodiment, the loading buffer employed
in cation exchange chromatography comprises acetate
buffer, with a pH below 5.0; and the elution buffer for
eluting the target protein employed in cation exchange
chromatography may comprise either acetate buffer and
sodium chloride, or phosphate buffer and sodium chlo-
ride, with a pH of 5.0∼6.7. Preferably, the concentration
of sodium chloride is 0.25M and the pH of the elution
buffer is 5.2.
[0021] In one embodiment, the cation exchange chro-
matography is performed on UNO Sphere S orCapto
MMC, and the elution buffer comprising acetate buffer,
0.25M sodium chloride, with a pH of 5.2 or 6.7 is em-
ployed.
[0022] In one embodiment, the cation exchange chro-
matography is performed on nuvia S as chromatography
media, and an elution buffer comprising acetate buffer,
0.25M sodium chloride, with a pH of 5.0 or 5.2 is em-
ployed.
[0023] In one embodiment, the cation exchange chro-
matography is performed on Capto MMC as chromatog-
raphy media, and a washing buffer comprising acetate
buffer, 1M sodium chloride, with a pH of 4.7 is employed
to remove impurities; and an elution buffer comprising
phosphate buffer, 1M sodium chloride, with a pH of 6.7
is employed to elute the target protein.
[0024] In one embodiment, the cation exchange chro-
matography is performed on MacroPrep-CM as chroma-
tography media, and a washing buffer comprising acetate
buffer, 1M sodium chloride, with a pH of 4.7 is employed
to remove impurities; and an elution buffer comprising
phosphate buffer, 0.1M sodium chloride, with a pH of 6.5
is employed to elute the target protein.
[0025] In one embodiment, the anion exchange chro-
matography is performed on Q Sepharose FF as chro-
matography media, and an elution buffer comprising
phosphate buffer, 0.25M sodium chloride with a pH of
6.0∼7.0 is employed.
[0026] In one embodiment, the anion exchange chro-
matography is performed on DEAE sepharose FF as
chromatography media, and a washing buffer comprising
phosphate buffer, 0.1M sodium chloride with a pH of
6.0∼7.0 is employed to remove impurities; and an elution
buffer comprising phosphate buffer, 0.25M sodium chlo-
ride with a pH of 6.0∼7.0 is employed to elute the target
protein.
[0027] In one embodiment, the rHSA-containing frac-
tion to be purified by hydrophobic chromatography may
further comprise ammonia sulfate. The concentration of
ammonia sulfate may be from 0.1M to 1M.
[0028] In one embodiment, the hydrophobic chroma-
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tography is performed on Phenyl sepharose HP as chro-
matography media, and the concentration of ammonia
sulfate in the rHSA-containing fraction to be purified is
0.4M.
[0029] In one embodiment, the hydrophobic chroma-
tography is performed on Phenyl sepharose FF as chro-
matography media, and the concentration of ammonia
sulfate in the rHSA-containing fraction to be purified is
0.1M.
[0030] In one embodiment, the hydrophobic chroma-
tography is performed on MacroPrep-t-Butyl as chroma-
tography media, and the concentration of ammonia sul-
fate in the rHSA-containing fraction to be purified is from
0.6M to 1.0M.
[0031] In one embodiment, the Macro-prep ceramic
hydroxyapatite chromatography employs an elution buff-
er comprising phosphate buffer with a pH of 7.0∼7.5 to
elute the target protein.
[0032] Said rHSA of the present invention can be pre-
pared using endosperm cells of rice as bioreactor, which
is disclosed in Chinese patent application No.
200510019084.4 filed by the present applicant. The rH-
SA expressed in the transgenic rice can be extracted by
the method disclosed in Chinese patent application No.
201010597544.2 filed by the present applicant, which
preferably comprises the steps of:

i) mixing milled transgenic rice containing rHSA with
an extraction buffer in w/v (kg/l) ratio of 1:5, followed
by extracting for 1∼1.5 hours at 55∼60°C to obtain a
mixture I; the extraction buffer comprises 10∼30mM
phosphate buffer, 10∼20mM sodium acetate,
15∼30mM ammonia sulfate and 5∼20mM sodium
caprylate, with a pH of 6.5∼8;

ii) adjusting pH of the mixture I of step i) to 4.0∼4.5
and precipitating it for 3∼12 hours to obtain mixture II;

iii) filtrating the mixture II of step ii) to remove starch-
es or non-target proteins, and then collecting the fil-
trate to obtain a crude extract containing high con-
centration of rHSA.

[0033] In one embodiment, said filtrating comprising
steps of filtrating by pressure filtration with a filter cloth
type plate-frame filter, then filtrating by micro-filtration
with a polyethersulfone hollow fiber membrane. The hol-
low fiber membrane has a pore size of 0.20mm∼0.45mm,
preferably 0.22mm.
[0034] The technical solutions according to the present
invention have the following advantages:

1. In respect to relatively high content of pigments
and polysaccharides in rice grain, cation exchange
chromatography is used as the first step in the
present invention to effectively enhance the loading
capacity for capturing or binding rHSA, which in-
creases the chromatographic efficiency. In contrast,

if anion exchange chromatography is used as the
first step, the loading capacity for capturing rHSA is
only about 20% of the theoretical capacity. Mean-
while, both UNO Sphere S and Capto-MMC have
characters of excellent stability and a long lifetime
even in sodium hydroxide, which extends the depre-
ciation period of the chromatography media and sim-
plifies the sanitization operation in the present inven-
tion, and finally reduces the cost of the target product.

2. Anion exchange chromatography is used as the
second step in the present invention. After optimizing
the elution conditions, above 80% of the non-target
proteins in rice grain could be removed, thereby ef-
fectively eliminating the non-target proteins and re-
covering rHSA. Since the pigments and polysaccha-
rides have been removed from the rice grain in the
first step by cation exchange chromatography, their
influence on loading capacity and purification effi-
ciency in the anion exchange chromatography has
been eliminated.

3. Macro-prep ceramic hydroxyapatite chromatog-
raphy is used as the third step in the present inven-
tion to eliminate the dimer and polymers because of
more dimers or polymers could cause allergenic
when rHSA is used as injection medicine. This step
improves markedly the purity, which meets the re-
quirement of high purity for clinical application or
more.

4. Hydrophobic chromatography is used as the final
step in the present invention. After the three-step
chromatographic procedure, the HPLC purity of the
target product can reach about 99.0%.

DESCRIPTION OF DRAWINGS

[0035]

Fig.1 is an image of SDS-PAGE of fractions obtained
from cation exchange chromatography performed
on different chromatography media as primary puri-
fication, wherein A: UNOsphere S media, B: Nuvia
S media, C: Capto MMC media and D: MacroPrep-
CM media.

Fig.2 shows a comparison diagram of the loading
capacity (volume) for the rHSA extract between Nu-
via S media and UNO Sphere S media at different
flow rate (300cm/h, 600cm/h).

Fig.3 is an image of SDS-PAGE of fractions obtained
by anion exchange chromatography performed on
different chromatography media as primary purifica-
tion, wherein A: UNO Sphere Q media, B: Q Sepha-
rose FF media.
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Fig.4 is a change chart showing the loading capacity
for the rHSA extract of Q Sepharose FF media and
the content of polysaccharides in the rHSA extract
pre or after dialysis.

Fig.5 is an image of SDS-PAGE of fractions obtained
by anion exchange chromatography performed on
different chromatography media as secondary puri-
fication, wherein A: Q Sepharose FFmedia, B: DEAE
sepharose FF media.

Fig.6 is an image of SDS-PAGE of fractions obtained
by hydrophobic chromatography performed on dif-
ferent chromatography media as final purification,
wherein A: Phenyl Sepharose HP media, B: Phenyl
Sepharose FF media, C: Macro Prep-t-Butyl media.

Fig.7 is an image of SDS-PAGE of eluate fractions
obtained by sequentially subjecting crude rHSA ex-
tract to cation exchange chromatography, anion ex-
change chromatography and hydrophobic chroma-
tography, performed on UNOsphere S(A), Q Sepha-
rose FF(B) and Phenyl Sepharose HP(C) as chro-
matography media, respectively.

Fig.8 is an HPLC chromatogram of the purified rHSA
product (HPLC-SEC) obtained according to one em-
bodiment of the present invention.

Fig.9 is an image of SDS-PAGE of eluate fractions
obtained by performing ceramic hydroxyapatite
chromatography on Macro-prep Ceramic hydroxya-
patite Type I media.

Fig.10 is an HPLC chromatogram of the purified rH-
SA product obtained according to another embodi-
ment of the present invention.

Fig.11 is an image of SDS-PAGE of eluate fractions
obtained by sequentially performing ceramic hy-
droxyapatite chromatography on Macro-prep Ce-
ramic hydroxyapatite Type II media and hydrophobic
chromatography on Phenyl Sepharose HP media.

Fig. 12 is an HPLC chromatogram of the purified
rHSA product obtained according to another embod-
iment of the present invention.

[0036] In the above figures, S: loading sample, FT:
transmission fluid, Elu: the rHSA-containing eluate, Elu
1: non-target protein eluate, Elu 2: rHSA eluate, CIP:
cleaning-in-place fraction.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The features and advantages of the present in-
vention can be further understood from the following ex-
amples. The examples are illustrative only and should

not to be construed as limiting the invention in any way.

Selection of chromatography media and elution condi-
tions in cation exchange chromatography

[0038] The present invention defines the chromatog-
raphy media of a cation exchange resin as having a high
working flow rate, including UNO Sphere S, Nuvia S,
Capto MMC and etc. manufactured by Bio-RAD.
[0039] It is found by experiments that each of Capto
MMC, Nuvia S and UNO Sphere S can be used for pu-
rification of rHSA. Capto MMC has the best effect on the
protein purification, followed by UNO Sphere S and Nuvia
S. There are no significant difference between the effects
on protein purification of Nuvia S and UNO Sphere S.
However, under the same working flow rate conditions,
the loading capacity of UNO Sphere S is 1.5 times larger
than that of Capto MMC; UNO Sphere S has a same
working flow rate as Capto MMC; UNO Sphere S has
excellent stability even in high concentration of sodium
hydroxide and has better cleaning process, longer work-
ing lifetime and lower cost in comparison to Capto MMC.
[0040] Nuvia S and UNO Sphere S have similar prop-
erties but have difference in extention of ligands and ma-
trix particle sizes. Under their respective optimal working
flow rate, the loading capacity of Nuvia S is 1.4 times
larger than that of UNO Sphere S; however, the working
flow rate of Nuvia S is about a half smaller than that of
UNO Sphere S. Instead, UNO Sphere S has larger load-
ing capacity than Nuvia S at the same flow rate, and both
of them have almost equivalent purification capability.
[0041] In view of the various factors, UNO Sphere S is
preferably used as chromatography media for cation ex-
change chromatography.
[0042] The rHSA-containing extract is loaded on a col-
umn packing UNO Sphere S at a relatively low pH (pH =
4.4) to ensure that rHSA can be completely absorbed on
the media, and then eluted by pH gradient elution buffers
and NaCl gradient elution buffers respectively to learn
the basic elution conditions.
[0043] The results suggests that in pH gradient elution,
the rHSA absorbed on the UNO Sphere S column is
slightly desorbed when the pH of the elution buffer is
above 5.5, indicating that the pH of loading buffer should
not be higher than 5.5; when the pH of the elution buffer
is 5.68, rHSA is completely desorbed from the column.
Thus rHSA on the UNO Sphere S column is very sensitive
to pH gradient elution.
[0044] In NaCl concentration gradient elution, the tar-
get protein rHSA is desorbed when the concentration gra-
dient is from 35% to 60% 1M sodium chloride (NaCl),
thus indicating that rHSA on the UNO Sphere S column
is not sensitive to NaCl concentration gradient elution.
The results demonstrate that both pH gradient and NaCl
gradient can be used to elute the rHSA. Moreover, pH
gradient elutes rHSA with more sensitivity and smaller
volume of elution buffer. In contrast, NaCl gradient can
not easily elute the rHSA, and requires high concentra-
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tion of NaCl and larger volume of elution buffer.
[0045] Considering from purification efficiency and re-
covery rate, the preferred elution buffer is a phosphate
buffer (pH 5.2) containing 0.25M NaCl.

Selection of chromatography media and elution condi-
tions for anion exchange chromatography

[0046] Like a cation exchange resin, an anion ex-
change resin can also be used for purification of rHSA.
The present invention defines the chromatography me-
dia of an anion exchange resin as having a high flow rate
and a high loading capacity, including UNOsphere Q, Q
Sepharose FF, DEAE sepharose FF and etc.
[0047] It is found by experiments that each of UNO-
sphere Q, Q Sepharose FF and DEAE sepharose FF can
be used for purification of rHSA. UNOsphere Q has a
faster flow rate than Q Sepharose FF, but Q Sepharose
FF has better purification efficiency than UNOsphere Q;
while DEAE Sepharose FF has similar purification effi-
ciency but a slower flow rate compared to Q Sepharose
FF.
[0048] As described above, as a chromatography me-
dia for cation exchange chromatography, UNO-sphere
S has a slightly poorer purification capability than Capto
MMC. However, it is demonstrated by experiments that
this adverse effect can be eliminated by the improvement
of systematic purification capability. UNO-sphere S will
not cause adverse effect on the subsequent anion ex-
change chromatography. In a preferred embodiment, Q
sepharose FF is preferably used as the chromatography
media for anion exchange chromatography and the elu-
tion buffer for eluting target protein comprises phosphate
buffer and 0.2MNaCl, with a pH of 6.8.

Determination of the order of anion- and cation- ex-
change chromatography

[0049] Both anion- and cation- exchange chromatog-
raphy can be used as the primary purification of rHSA,
however, it is found by experiments that when Q Sepha-
rose FF anion exchange resin is used in the primary pu-
rification step, its loading capacity is far lower than the
theoretical capacity. It may be associated with the soluble
polysaccharides and nucleic acids largely present in rice
grain. Because the soluble polysaccharides and nucleic
acids contain negative charges may bind to Q Sepharose
FF to reduce its loading capacity. It is demonstrated by
experiments that the content of the soluble polysaccha-
rides in rHSA extract can be reduced by dialysis, thereby
increasing the loading capacity of Q Sepharose FF.
[0050] In contrast, cation exchange chromatography
media such as UNO sphere S, Nuvia S and Capto MMC
does not bind to the soluble polysaccharides or nucleic
acids, avoid causing a decrease in the loading capacity.
Therefore, cation exchange chromatography is deter-
mined as the primary purification and anion exchange
chromatography is determined as the secondary purifi-

cation in the present invention.

Selection of chromatography media for hydrophobic 
chromatography

[0051] The present invention employs various hydro-
phobic chromatography media with the similar properties
for the purification step, including Phenyl sepharose HP,
Phenyl sepharose FF (LS), macro-prep t-butyl and mac-
ro-prep methyl.
[0052] Phenyl sepharose HP has a strong hydrophobic
property and excellent purification capability. The capa-
bility to remove the most non-target proteins and other
impurities from the crude extract is critical to the purifi-
cation efficiency; however, there is some inconvenience
in the application of this chromatography media due to
its fine particle size, low flow rate and special working
mode.
[0053] Compared to Phenyl sepharose HP, Phenyl
sepharose FF (LS) has the same ligand and matrix, but
different diameter of the spherical matrix and different
density of the ligand. The average particle size of the
matrix of Phenyl sepharose FF (LS) is 3 times larger than
that of Phenyl sepharose HP, and thus the former has a
higher working flow rate. When used in the production of
rHSA, it can shorten the production period. MacroPrep-
Butyl has a weaker hydrophobicity than both Phenyl
sepharose FF and Phenyl sepharose HP, while Macro-
prep methyl has an even weaker hydrophobicity than
MacroPrep-Butyl.
[0054] Phenyl sepharose FF is performed experimen-
tally at the same working mode as Phenyl sepharose HP
to collect transmission fluid. In the selection of the con-
centration of salt in the loading sample, when the sample
is loaded with an equilibration buffer (25mM PB, 0.5M
(NH4)2SO4, pH 6.8) and eluted with 100% water, it is
found that more than 50% of rHSA are retained on the
column. As a result the salt concentration of the equili-
bration buffer should be reduced.
[0055] The samples filtrated by UNO sphere S and Q
sepharose FF column are added with ammonia sulfate
to adjust the concentration of ammonia sulfate to 0.2M
and 0.1M, respectively prior to loading on a Phenyl
sepharose FF (LS) column. The transmission fluid and
pure water eluate are collected to perform SDS-PAGE
detection. The results show that Phenyl sepharose FF
(LS) has stronger hydrophobicity than Phenyl sepharose
HP and has better effect to eliminate the non-target pro-
teins in the sample even when the concentration of am-
monia sulfate in the loading sample is as low as 0.1M.
The product obtained by Phenyl sepharose FF (LS) has
a purity of 93.5%. However, still 30% of rHSA is lost on
the Phenyl sepharose FF(LS) column. The above exper-
iment is performed using sodium chloride instead of am-
monium sulphate, the similar results are obtained.
Though the loss of rHSA on the column is reduced, the
HPLC purity of the product is still about 93%.
[0056] The samples filtrated by UNO sphere S and Q
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sepharose FF column are added with ammonia sulfate
to adjust the concentration of ammonia sulfate to 1M,
0.8M or 0.6M respectively, prior to loading on a macro-
prep t-butyl and macro-prep methyl column. The trans-
mission fluid and pure water eluate are collected to per-
form SDS-PAGE detection. The results show that macro-
prep t-butyl and macro-prep methyl has poor hydropho-
bicity. Both of them have poor purification capability on
rHSA, and the obtained rHSA has a purity of 90% by
HPLC.
[0057] To select which Macro-prep ceramic hydroxya-
patite Type I or Type II, we compared two types of Macro-
prep ceramic hydroxyapatite from Bio Rad. We found the
Macro-prep ceramic hydroxyapatite type I is much better
than type II. After Macro-prep ceramic hydroxyapatite
type I chromatpgraphy, the monomer content can reach
up to 98.998%.
[0058] As described above, though the other chroma-
tography media has the advantage of fast working flow
rate over Phenyl sepharose HP, they could not achieve
the comparable purification efficiency to Phenyl sepha-
rose HP. Phenyl sepharose HP has a relative low working
rate, but can ensure that the target protein has a purity
of more than 98%. Thus Phenyl sepharose HP is prefer-
ably used as the media for hydrophobic chromatography.

Examples

Materials and instruments

[0059] Filter cloth type plate-frame filter press, type:
XMS4/500-UB, manufactured by Shanghai Tianli Filter
Press Co., Ltd (China); 0.20mm hollow fiber column,
available from Huzhou Kelu Membrane Technology Co.,
Ltd. (China);
UNO Sphere S, nuvia S, Capto MMC, MacroPrep-CM,
MacroPrep-methyl, MacroPrep-Butyl media, available
from BIO-RAD (US) ;
Q sepharose, Phenyl sepharose HP, Phenyl sepharose
FF, DEAE-sepharose FF media, available from GE
Healthcare (US);
C10/10, XK16/20 chromatography column, available
from GE Healthcare (US)
Biological 15/200 chromatography column, available
from BIO-RAD (US)

Example 1: Extraction of rHSA from transgenic rice 
grain

[0060] Transgenic rice could be prepared according to
the method disclosed in Chinese patent application No.
200510019084 of the present inventors. The paddy rice
was hulled to obtain half-polished rice and then grinded
to obtain milled rice with a fineness of 80∼100 mesh. The
milled rice was mixed with an extraction buffer in a ratio
of 1:5 (w/v, kg/L) and extracted for 1.5 hours at 60°C.
The extraction buffer comprises 25mM phosphate buffer,
20mM sodium acetate, 10mM ammonium sulfate, 10mM

sodium caprylate, and has a pH of 7.5. The resultant
mixture was adjusted to pH 4.5 with acetic acid and
placed for at least 3 hours to precipitate non-target pro-
teins. Then the resultant mixture was sequentially sub-
jected to pressure filtration using a plate-frame press filter
(filter cloth type) and micro-filtration by hollow fiber col-
umn with a pore size of 0.22mm, to obtain supernatant
containing rHSA. The concentration of rHSA was about
0.66 mg/mL.

Example 2: Cation exchange chromatography as pri-
mary purification

1. Cation exchange chromatography performed on UNO 
Sphere S media

[0061] A XK16/100 column was packed with about 8.7
ml of UNO Sphere S media and equilibrated with 200ml
of equilibration buffer (anhydrous sodium acetate 2g/L,
acetic acid was added to adjust the pH to 4.5) at a flow
rate of 300cm/h until the pH of the effluent was stable.
250ml of the rHSA extract sample obtained in example
1 was loaded on the column at a flow rate of 600cm/h.
The sample has a conductivity of 6.1ms/cm and a pH of
4.53. After loading, the sample was eluted with an elution
buffer (sodium acetate 2g/L, acetic acid, pH 5.2, sodium
chloride 14.61g/L) at a flow rate of 300cm/h. The eluate
was collected and viewed by SDS-PAGE to obtain the
fractions containing rHSA. The electrophoretogram was
shown in Fig. 1A.

2. Cation exchange chromatography performed on Nuvia 
S media

[0062] A XK16/100 column was packed with about 9.3
ml of Nuvia S media and equilibrated with 200ml of equi-
libration buffer (anhydrous sodium acetate 2g/L, acetic
acid was added to adjust the pH to 4.5) at a flow rate of
300cm/h until the pH of the effluent was stable. 250ml of
the rHSA extract sample obtained in example 1 was load-
ed on the column at a flow rate of 300cm/h. The sample
has a conductivity of 6.3ms/cm and a pH of 4.56. After
loading, the sample was eluted with an elution buffer (so-
dium acetate 2g/L, acetic acid, pH 5.0, sodium chloride
14.61g/L) at a flow rate of 300cm/h. The eluate were col-
lected and viewed by SDS-PAGE to obtain the fractions
containing rHSA. The electrophoretogram was shown in
Fig. 1B.

3. Cation exchange chromatography performed on Cap-
to MMC media

[0063] A XK16/100 column was packed with about
15.1 ml of Capto MMC media and equilibrated with 200ml
of equilibration buffer (anhydrous sodium acetate 2g/L,
acetic acid was added to adjust the pH to 4.5) at a flow
rate of 300cm/h until the pH of the effluent was 4.5 and
stable. 250ml of the rHSA extract sample obtained in
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example 1 was loaded on the column at a flow rate of
600cm/h. The sample has a conductivity of 6.3ms/cm
and a pH of 4.56. After loading , the sample was eluted
with elution buffer (sodium acetate 2g/L, acetic acid, pH
4.7, sodium chloride 58.44g/L) at a flow rate of 300cm/h
to remove impurities and then eluted with elution buffer
(sodium dihydrogen phosphate 0.3g/L, disodium hydro-
gen phosphate 3.5g/L, sodium chloride 58. 44g/L, pH
6.7) to obtain the rHSA-containing fractions. The electro-
phoretogram was shown in Fig. 1C.

4. Cation exchange chromatography performed on Mac-
roPrep-CM media

[0064] A XK16/100 column was packed with about 10
ml of MacroPrep-CM media and equilibrated with 300ml
of equilibration buffer (anhydrous sodium acetate 2g/L,
acetic acid was added to adjust the pH to 4.5) at a flow
rate of 200cm/h until the pH of the effluent was 4.5 and
stable. 250ml of the rHSA extract sample obtained in
example 1 was loaded on the column at a flow rate of
300cm/h. The sample has a conductivity of 6.3ms/cm
and a pH of 4.56. After loading, the sample was washed
with washing buffer (sodium acetate 2g/L, acetic acid,
pH 4.7, sodium chloride 58.44g/L) at a flow rate of
200cm/h to remove impurities and then eluted with elu-
tion buffer (sodium dihydrogen phosphate 0.3g/L, diso-
dium hydrogen phosphate 3.5g/L, sodium chloride
5.84g/L, pH 6.5) to obtain the rHSA-containing fractions.
The electrophoretogram was shown in Fig. 1D.

5. Comparison of the loading capacity between Nuvia S 
media and UNO Sphere S media

[0065] Two XK16/100 columns were packed with
about 5ml of Nuvia S and UNO Sphere S media respec-
tively and equilibrated with 200ml of equilibration buffer
(anhydrous sodium acetate 2g/L, acetic acid was added
to adjust the pH to 4.5) at a flow rate of 300cm/h until the
pH of the effluent was 4.5. The rHSA extract sample ob-
tained in example 1 was loaded on the Nuvia S column
and UNO Sphere S column at a flow rate of 300cm/h,
respectively. Absorption value of UV280 during the sam-
ple loading was recorded until the absorption value be-
yond plateau by 10%. The sample volume was recorded
and the actual loading capacity per milliliter of Nuvia S
or UNO Sphere S at a flow rate of 300cm/h was calcu-
lated, respectively.
[0066] Further, the UNO Sphere S column was equil-
ibrated with equilibration buffer (anhydrous sodium ace-
tate 2g/L, acetic acid was added to adjust the pH to 4.5)
at a flow rate of 300cm/h until the pH of the effluent was
4.5. The rHSA extract obtained in example 1 was loaded
on the UNO Sphere S column at a flow rate of 600cm/h
and absorption value of UV280 during the sample loading
was recorded until the absorption value beyond plateau
by 10%. The sample volume was recorded and the actual
loading capacity per milliliter of UNO Sphere S at a flow

rate of 600cm/h was calculated. The comparison of load-
ing capacity was shown in Fig. 2.

Example 3: Anion exchange chromatography as pri-
mary purification

1. Anion exchange chromatography performed on UNO 
Sphere Q media

[0067] A Biological 15/200 column was packed with a
bout 10 ml of UNO Sphere Q media and equilibrated with
200ml of equilibration buffer (sodium dihydrogen phos-
phate 0.3g/L, disodium hydrogen phosphate 3.5g/L, so-
dium hydroxide or hydrochloric acid was added to adjust
the pH to 7.5) at a flow rate of 300cm/h until the pH of
the effluent was 7.5. 250ml of the rHSA extract sample
obtained in example 1 was adjusted to pH 7.5 and diluted
with the buffer until the conductivity was less than 10.0
ms, and then loaded on the UNO Sphere Q column at a
flow rate of 300cm/h. The sample was washed with wash-
ing buffer (sodium dihydrogen phosphate 0.3g/L, diso-
dium hydrogen phosphate 3.5g/L, sodium chloride
11.68g/L) to remove impurities and then eluted with elu-
tion buffer (sodium dihydrogen phosphate 0.3g/L, diso-
dium hydrogen phosphate 3.5g/L, sodium chloride
23.36g/L) to collect the rHSA-containing fractions. The
electrophoretogram was shown in Fig. 3A.

2. Anion exchange chromatography performed on Q 
Sepharose FF media

[0068] A Biological 15/200 column was packed with
about 10 ml of Q Sepharose FF media and equilibrated
with 200ml of equilibration buffer (sodium dihydrogen
phosphate 0.3g/L, disodium hydrogen phosphate 3.5g/L,
sodium hydroxide or hydrochloric acid was added to ad-
just the pH to 7.0) at a flow rate of 300cm/h until the pH
of the effluent was 7.0. 250ml of the rHSA extract sample
obtained in example 1 was adjusted to pH 6.8 and diluted
with the buffer until the conductivity was less than 10.0
ms/cm, and then loaded on the Q Sepharose FF column
at a flow rate of 300cm/h. The sample was eluted with
elution buffer (sodium dihydrogen phosphate 0.3g/L, dis-
odium hydrogen phosphate 3.5g/L, sodium chloride
5.84g/L) to collect the rHSA-containing fractions. The
electrophoretogram was shown in Fig. 3B.

3. Testing for actual loading capacity of Q Sepharose FF

[0069] A 10/100 column was packed with about 5ml of
Q Sepharose FF media and equilibrated with 200ml of
equilibration buffer (sodium dihydrogen phosphate
0.3g/L, disodium hydrogen phosphate 3.5g/L, sodium hy-
droxide or hydrochloric acid was added to adjust the pH
to 7.0) at a flow rate of 300cm/h until the pH of the effluent
was 7.0 and stable. 250ml of the rHSA extract sample
obtained in example 1 was adjusted to pH 7.5 and diluted
with the buffer until the conductivity was less than 10.0
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ms/cm and the total volume was 1000ml. The sample
was loaded on the Q Sepharose FF column at a flow rate
of 300cm/h. Absorption value of UV280 during the sam-
ple loading was recorded until the absorption value be-
yond plateau by 10%. The sample volume was recorded
and the actual loading capacity per milliliter of Q Sepha-
rose FF at a flow rate of 300cm/h was calculated. Then
the resin was regenerated.
[0070] The rHSA extract sample obtained in example
1 was adjusted to pH 7.0 and diluted with the buffer until
the conductivity was less than 10.0 ms and then concen-
trated to 400ml via GE 30KD membrane cassette. Sul-
phuric acid-phenol method was used to determine the
content of polysaccharides before and after dialysis.
Then the sample was loaded on an equilibrated Q Sepha-
rose FF column. Absorption value of UV280 during the
sample loading was recorded until the absorption value
beyond plateau by 10%. The sample volume was record-
ed and the actual loading capacity per milliliter of Q
Sepharose FF at a flow rate of 300cm/h was calculated.
The change of loading capacity and the change of the
content of polysaccharides were shown in Fig.4.

Example 4: Anion exchange chromatography as sec-
ondary purification

[0071] The rHSA-containing fraction obtained in exam-
ple 2 was divided into two equal parts for use in the fol-
lowing experiments.

1. Anion exchange chromatography performed on Q 
Sepharose FF media

[0072] A 15/200 column was packed with about 7ml of
Q Sepharose FF and equilibrated with 200ml of equilib-
tration buffer (sodium dihydrogen phosphate 0.3g/L, dis-
odium hydrogen phosphate 3.5g/L, sodium hydroxide or
hydrochloric acid was added to adjust the pH to 7.0) at
a flow rate of 300cm/h until the pH of the effluent was
7.0. One part of the above fraction was adjusted to pH
7.0 and diluted with the buffer until the conductivity was
less than 10.0ms,. The sample was loaded on the Q
Sepharose FF column at a flow rate of 300cm/h and then
eluted with elution buffer (sodium dihydrogen phosphate
0.3g/L, disodium hydrogen phosphate 3.5g/L, sodium
chloride 11.68g/L) to collect the rHSA-containing frac-
tions. The electrophoretogram was shown in Fig. 5A.

2. Anion exchange chromatography performed on DEAE 
Sepharose FF media

[0073] A Biological15/200 column was packed with
about 8ml of DEAE Sepharose FF and equilibrated with
200ml of equilibration buffer (sodium dihydrogen phos-
phate 0.3g/L, disodium hydrogen phosphate 3.5g/L, with
sodium hydroxide or hydrochloric acid added to adjust
the pH to 7.0) at a flow rate of 300cm/h until the pH of
the effluent was 7.0. Another part of the above fraction

was adjusted to pH 7.5 and diluted with the buffer until
the conductivity was less than 10.0 ms. The sample was
loaded on to the DEAE Sepharose FF column at a flow
rate of 300cm/h and then eluted with elution buffer (so-
dium dihydrogen phosphate 0.3g/L, disodium hydrogen
phosphate 3.5g/L, sodium chloride 11.68g/L) to collect
the rHSA-containing fractions. The electrophoretogram
was shown in Fig. 5B.

Example 5: Hydrophobic chromatography as final 
purification

1. Hydrophobic chromatography performed on Phenyl 
sepharose HP media

[0074] A XK16/100 column was packed with about 8ml
of Phenyl sepharose HP and equilibrated with 200ml of
equilibration buffer (anhydrous sodium acetate 2.32g/L,
sodium dihydrogen phosphate 2.81g/L, ammonium sul-
fate 66g/L) at a flow rate of 100cm/h. 20ml of the rHSA-
containing fraction obtained in example 4 (Q Sepharose
FF) was added with ammonium sulfate (0.4M) to make
the conductivity be 80.0ms. Then the sample was loaded
on the column at a flow rate of 100cm/h. The transmission
fluid was collected to obtain the rHSA-containing frac-
tions. The electrophoretogram was shown in Fig. 6A.

2. Hydrophobic chromatography performed on Phenyl 
sepharose FF media

[0075] A XK16/100 column was packed with about
10ml of Phenyl sepharose FF and equilibrated with 200ml
of equilibration buffer (anhydrous sodium acetate
2.32g/L, sodium dihydrogen phosphate 2.81g/L, ammo-
nium sulfate 13.2g/L) at a flow rate of 150cm/h. 20ml of
the rHSA-containing fraction obtained in example 4 (Q
Sepharose FF) was added with ammonium sulfate
(0.1M) to make the conductivity be 80.0ms. Then the
sample was applied to the column at a flow rate of
150cm/h. The transmission fluid was collected to obtain
the rHSA-containing fractions. The electrophoretogram
was shown in Fig. 6B.

3. Hydrophobic chromatography performed on Macro-
Prep-t-Butyl media

[0076] A 15/200 column was packed with about 6ml of
MacroPrep-t-Butyl and equilibrated with 200ml of equili-
bration buffer (anhydrous sodium acetate 2.32g/L, sodi-
um dihydrogen phosphate 2.81g/L, ammonium sulfate
13.2g/L) at a flow rate of 150cm/h. 20ml of the rHSA-
containing fraction obtained in example 3 (Q Sepharose
FF) was added with ammonium sulfate (1.0 M, 0.8 M,
0.6M, respectively) to make the conductivity be 130.0ms,
90.0ms, 70.0 ms, respectively. Then the samples were
applied to the columns at a flow rate of 150cm/h. The
transmission fluid was collected to obtain the rHSA-con-
taining fractions. The electrophoretogram was shown in
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Fig. 6C.

Example 6: Separation and purification of rHSA from 
the rHSA-containing extract

Step 1): Cation exchange chromatography performed on 
UNO Sphere S as primary purification

[0077] An XK16/20 column was packed with about 12
ml of UNO Sphere S media and equilibrated with 500ml
of equilibration buffer (anhydrous sodium acetate 2g/L,
acetic acid, pH 4.5) at a flow rate of 300cm/h. 300ml of
the rHSA-containing extract sample obtained in example
1 was loaded on the column at a flow rate of 600cm/h.
The sample has a conductivity of 6.5ms/cm and a pH of
4.5. After loading, the sample was eluted with elution
buffer (sodium acetate 2g/L, acetic acid, pH 5.0, sodium
chloride 14.61g/L) at a flow rate of 200cm/h. The eluate
were collected and observed by SDS-PAGE to obtain
the fractions containing rHSA. The electrophoretogram
was shown in Fig. 7A.

Step 2): Anion exchange chromatography performed on 
Q Sepharose FF as secondary purification

[0078] An XK16/100 column was packed with about
13 ml of Q Sepharose FF media and equilibrated with
400ml of equilibration buffer (anhydrous sodium acetate
6.51g/L, sodium dihydrogen phosphate 0.72g/L, pH 6.8)
at a flow rate of 300cm/h. The rHSA-containing fraction
obtained in the previous step was diluted to about 200ml
with a conductivity of less than 10.0ms and then loaded
on the column at a flow rate of 300cm/h. The sample had
a conductivity of 8.3ms/cm and a pH of 6.8. After loading,
the sample was eluted with elution buffer (disodium hy-
drogen phosphate 6.51g/L, sodium dihydrogen phos-
phate 0.72g/L, sodium chloride 11.69g/L) at a flow rate
of 100cm/h. The eluate were collected and observed by
SDS-PAGE. The rHSA-containing fractions were collect-
ed. The electrophoretogram was shown in Fig. 7B.

Step 3): Hydrophobic chromatography performed on 
Phenyl sepharose HP as final purification

[0079] An XK16/100 column was packed with about
12ml of Phenyl sepharose HP and equilibrated with
200ml of equilibration buffer (anhydrous sodium acetate
2.32g/L, sodium dihydrogen phosphate 2.81g/L, ammo-
nium sulfate 66g/L) at a flow rate of 100cm/h. 20ml of the
rHSA-containing fraction obtained in the previous step
was added with ammonium sulfate to make the conduc-
tivity be 90.0ms. Then the sample was loaded on the
column at a flow rate of 100cm/h. The transmission fluid
was collected to obtain the rHSA-containing fractions.
The electrophoretogram was shown in Fig. 7C. The
HPLC chromatogram of the purified rHSA product was
shown in Fig. 8. The rHSA has a purity of more than 99%
(monomer plus dimer and polymer) by HPLC.

Example 7: Separation and purification of rHSA from 
the rHSA-containing extract

[0080] This example employs a four-step method to
separate and purify rHSA by sequentially subjecting
crude rHSA extract from Example 1 to cation exchange
chromatography, anion exchange chromatography, ce-
ramic hydroxyapatite chromatography and hydrophobic
chromatography, performed on UNOsphere S, Q Sepha-
rose FF, Macro-prep Ceramic hydroxyapatite Type I and
Phenyl Sepharose HP as chromatography media, re-
spectively. The cation exchange chromatography and
anion exchange chromatography herein are the same as
that of Example 6.
[0081] A CHT column was packed with about 15 ml of
Macro-prep ceramic hydroxyapatite type I media and
equilibrated with 200 ml of equilibration buffer (20mM
sodium phosphate + 50mM sodium chloride, pH 7.5) at
a flow rate of 100 cm/h. The rHSA-containing fraction
obtained from anion exchange chromatography was di-
rectly loaded onto the column at a flow rate of 100cm/h.
The sample had a conductivity of 26ms/cm and a pH of
7.4∼7.6. After loading, the sample was eluted with an
elution buffer (500mM sodium phosphate, pH 7.5). The
transmission fluid was collected to obtain the rHSA-con-
taining fraction. The rHSA purification capacity was es-
timated to be ≤30mg/g CHT I and the recovery rate of
rHSA was up to ≥80%. Lastly, the CHT ceramic hydroxya-
patite column should be regenerated with 3-5 column
volume of 500mM sodium ohosphate buffer at pH 7.0.
The column can be sanitized in 1-2N NaOH and stored
in 0.1N NaOH if desired. The electrophoretogram was
shown in Fig. 9.
[0082] Then, the rHSA-containing fraction obtained
above was subjected to hydrophobic chromatography
according to the procedure similar to Example 6. The
transmission fluid was collected to obtain the rHSA-con-
taining fraction. The HPLC chromatogram of the purified
rHSA product was shown in Fig. 10. The rHSA has a
purity of about 99% (only monomer) by HPLC.

Example 8: Separation and purification of rHSA from 
the rHSA-containing extract

[0083] The example was carried out by the same meth-
od as Example 7 except that the ceramic hydroxyapatite
chromatography was performed on Macro-prep Ceramic
hydroxyapatite Type II as chromatography media.
[0084] A CHT column was packed with about 15 ml of
Macro-prep ceramic hydroxyapatite type II media and
equilibrated with 200 ml of equilibration buffer (20mM
sodium phosphate + 50mM sodium chloride, pH 7.0) at
a flow rate of 100 cm/h. The rHSA-containing fraction
obtained from anion exchange chromatography was di-
rectly loaded onto the column at a flow rate of 100cm/h.
The sample had a conductivity of 26ms/cm and a pH of
7.4∼7.6. After loading, the sample was eluted with an
elution buffer (500mM sodium phosphate, pH 7.0). The
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transmission fluid was collected to obtain the rHSA-con-
taining fraction. The rHSA purification capacity was es-
timated to be ≤25mg/g CHT II and the recovery rate of
rHSA was up to ≥85%. Lastly, the CHT ceramic hydroxya-
patite column should be regenerated with 3∼5 column
volume of 500mM sodium ohosphate buffer at pH 7.0.
The column can be sanitized in 1-2N NaOH and stored
in 0.1N NaOH if desired.
[0085] Then, the rHSA-containing fraction obtained
from the previous step was subjected to hydrophobic
chromatography according to the procedure similar to
Example 7. The transmission fluid was collected to obtain
the rHSA-containing fraction. The electrophoretogram
was shown in Fig. 11. The HPLC chromatogram of the
purified rHSA product was shown in Fig. 12. The rHSA
has a purity of about 99% (only monomer) by HPLC.
[0086] It can be seen from the results of Examples 6∼8
that the ceramic hydroxyapatite chromatography in-
creases the monomer contents in final rHSA product ef-
fectively, allowing it to be up to about 99% purity. Further,
the ceramic hydroxyapatite chromatography is simply
operated because it used the flow-through way for further
purified rHSA as the same as the way used in Phenyl
sepharose HP step and the elutant solution is compatible
without adjusting salt concentration and pH value. By ce-
ramic hydroxyapatite chromatography, the purified rHSA
can meet requirements for clinical application.

Claims

1. A method for isolating and purifying recombinant hu-
man serum albumin from transgenic rice grain, se-
quentially comprising the steps of :

1) subjecting crude extract of recombinant hu-
man serum albumin to cation exchange chro-
matography to obtain primary product I;
2) subjecting the primary product I to anion ex-
change chromatography to obtain secondary
product II;
3) subjecting the secondary product II to hydro-
phobic chromatography to obtain purified re-
combinant human serum albumin;

wherein the method further comprising a step of sub-
jecting the secondary product II to ceramic hydroxya-
patite chromatography prior to the hydrophobic chro-
matography of step 3).

2. The method according to claim 1, wherein the cation
exchange chromatography is performed on a chro-
matography media selected from the group consist-
ing of UNO Sphere S, Capto MMC, Nuvia S and Mac-
roPrep-CM.

3. The method according to claim 2, wherein the cation
exchange chromatography is performed on UNO

Sphere S or Capto MMC.

4. The method according to claim 1, wherein the anion
exchange chromatography is performed on a chro-
matography media selected from the group consist-
ing of Q Sepharose FF, UNO Sphere Q and DEAE
sepharose FF.

5. The method according to claim 4, wherein the anion
exchange chromatography is performed on Q
Sepharose FF.

6. The method according to claim 1, wherein the hy-
drophobic chromatography is performed on a chro-
matography media selected from the group consist-
ing of Phenyl sepharose HP, Phenyl sepharose FF,
macro-prep t-butyl and macro-prep methyl.

7. The method according to claim 6, wherein the hy-
drophobic chromatography is performed on Phenyl
sepharose HP.

8. The method according to claim 1, wherein the ce-
ramic hydroxyapatite chromatography is performed
on a chromatography media selected from Macro-
prep Ceramic hydroxyapatite Type I and Type II me-
dia.

9. The method according to claim 1, wherein said crude
extract of the recombinant human serum albumin is
prepared by a method comprising the steps of:

i) mixing milled transgenic rice grain containing
recombinant human serum albumin with an ex-
traction buffer in a w/v (kg/L) ratio of 1:5 and
extracting at 55∼60°C for 1∼1.5 hours to obtain
mixture I; said extraction buffer comprising
10∼30mM phosphate buffer, 10∼20mM sodium
acetate, 15∼30mM ammonia sulfate and
5∼20mM sodium caprylate , with a pH of 6.5∼8;
ii) adjusting the pH of mixture I of step i) to
4.0∼4.5 and precipitating it for 3-12 hours to ob-
tain mixture II;
iii) filtrating the mixture II of step ii) and collecting
the filtrate to obtain a crude extract containing
high concentration of recombinant human se-
rum albumin; said filtrating comprising steps of
filtrating by pressure filtration with a filter cloth
type plate-frame filter, then filtrating by micro-
filtration with a polyethersulfone hollow fiber
membrane with a pore size of 0.20mm∼0.45mm.

10. The method according to claim 1, wherein the cation
exchange chromatography employs a loading buffer
comprising acetate buffer with a pH less than 5.0;
and
the cation exchange chromatography employs an
elution buffer comprising acetate buffer and sodium
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chloride, or phosphate buffer and sodium chloride;
with a pH of 5.0∼6.7.

11. The method according to claim 2, wherein the cation
exchange chromatography is performed on:

i) UNO Sphere S and employs an elution buffer
comprising acetate buffer, 0.25M sodium chlo-
ride, with a pH of 5.2; or
ii) Nuvia S and employs an elution buffer com-
prising acetate buffer, 0.25M sodium chloride,
with a pH of 5.0; or
iii) Capto MMC, and employs a washing buffer
comprising acetate buffer, 1M sodium chloride,
with a pH of 4.7 to remove non-target proteins,
and an elution buffer comprising acetate buffer,
1M sodium chloride, with a of pH 6.7 to elute
recombinant human serum albumin; or
iv) MacroPrep-CM, and employs a washing buff-
er comprising acetate buffer, 1M sodium chlo-
ride, with a pH of 4.7 to remove non-target pro-
teins, and an elution buffer comprising acetate
buffer, 1M sodium chloride, with a pH of 6.5 to
elute recombinant human serum albumin.

12. The method according to claim 1, wherein the anion
exchange chromatography is performed on Q
Sepharose FF and employs an elution buffer com-
prising phosphate buffer, 0.25M sodium chloride,
with a pH of 6.0∼7.0.

13. The method according to claim 4, wherein the anion
exchange chromatography is performed on DEAE
sepharose FF, and employs a washing buffer com-
prising phosphate buffer, 0.1M sodium chloride with
a pH of 6.0∼7.0 to remove non-target proteins, and
an elution buffer comprising phosphate buffer,
0.25M sodium chloride, with a pH of 6.0∼7.0 to elute
recombinant human serum albumin.

14. The method according to claim 6, wherein in the hy-
drophobic chromatography, the secondary product
II to be purified further comprises ammonia sulfate
at a concentration from 0.1M to 1M.

15. The method according to claim 6, wherein the hy-
drophobic chromatography is performed on Phenyl
sepharose HP, and the secondary product II to be
purified further comprises ammonia sulfate at a con-
centration of 0.4M ; or
the hydrophobic chromatography is performed on
Phenyl sepharose FF, and the secondary product II
to be purified further comprises ammonia sulfate at
a concentration of 0.1M; or
the hydrophobic chromatography is performed on
MacroPrep-t- Butyl, and the secondary product II to
be purified further comprises ammonia sulfate at a
concentration from 0.6M to 1.0M.

16. The method according to claim 8, wherein the ce-
ramic hydroxyapatite chromatography employs an
elution buffer comprising phosphate buffer with a pH
of 7.0∼7.5.

Patentansprüche

1. Verfahren zum Isolieren und Reinigen von rekombi-
nantem menschlichem Serumalbumin aus transge-
nem Reiskorn, umfassend die aufeinanderfolgen-
den Schritte:

1) Unterziehen eines Rohextrakts von rekombi-
nantem menschlichem Serumalbumin einer
Kationenaustauschchromatografie zum Erhalt
eines ersten Produkts I;
2) Unterziehen des ersten Produkts I einer An-
ionenaustauschchromatografie zum Erhalt ei-
nes zweiten Produkts II;
3) Unterziehen des zweiten Produkts II einer hy-
drophoben Chromatografie zum Erhalt von ge-
reinigtem rekombinantem menschlichem Se-
rumalbumin;

wobei das Verfahren ferner einen Schritt des Unter-
ziehens des zweiten Produkts II vor der hydropho-
ben Chromatografie von Schritt 3) einer Keramikhy-
droxyapatitchromatografie umfasst.

2. Verfahren nach Anspruch 1, wobei die Kationenaus-
tauschchromatografie auf einem Chromatografie-
medium durchgeführt wird, das ausgewählt ist aus
der Gruppe bestehend aus UNO Sphere C, Capto
MMC, Nuvia S und MacroPrep-CM.

3. Verfahren nach Anspruch 2, wobei die Kationenaus-
tauschchromatografie auf UNO Sphere S oder Cap-
to MMC durchgeführt wird.

4. Verfahren nach Anspruch 1, wobei die Anionenaus-
tauschchromatografie auf einem Chromatografie-
medium durchgeführt wird, das ausgewählt ist aus
der Gruppe bestehend aus Q Sepharose FF, UNO
Sphere Q und DEAE Sepharose FF.

5. Verfahren nach Anspruch 4, wobei die Anionenaus-
tauschchromatografie auf Q Sepharose FF durch-
geführt wird.

6. Verfahren nach Anspruch 1, wobei die hydrophobe
Chromatografie auf einem Chromatografiemedium
durchgeführt wird, das ausgewählt ist aus der Grup-
pe bestehend aus Phenylsepharose HP, Phenylse-
pharose FF, MacroPrep-t-Butyl und MacroPrep-Me-
thyl.

7. Verfahren nach Anspruch 6, wobei die hydrophobe
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Chromatografie auf Phenylsepharose HP durchge-
führt wird.

8. Verfahren nach Anspruch 1, wobei die Keramikhy-
droxyapatitchromatografie auf einem Chromatogra-
fiemedium durchgeführt wird, das ausgewählt ist aus
Medien des Typs MacroPrep-Keramikhydroxyapatit
Typ I und Typ II.

9. Verfahren nach Anspruch 1, wobei das Rohextrakt
des rekombinanten menschlichen Serumalbumins
durch ein Verfahren hergestellt wird, umfassend die
Schritte:

i) Mischen von gemahlenem transgenem Reis-
korn, enthaltend rekombinantes menschliches
Serumalbumin, mit einem Extraktionspuffer in
einem Gew./Vol.- (kg/l- -Verhältnis von 1:5 und
1∼1,5-stündiges Extrahieren bei 55-60 °C zum
Erhalt eines Gemischs I; wobei der Extraktions-
puffer 10-30 mM Phosphatpuffer, 10-20 mM Na-
triumacetat, 15-30 mM Ammoniumsulfat und
5-20 mM Natriumcaprylat umfasst und einen
pH-Wert von 6,5∼8 aufweist.
ii) Einstellen des pH-Werts von Gemisch I aus
Schritt i) auf 4,0∼4,5 und 3∼12-stündiges Aus-
fällen dessen zum Erhalt von Gemisch II;
iii) Filtrieren des Gemischs II aus Schritt ii) und
Auffangen des Filtrats zum Erhalt eines eine ho-
he Konzentration an rekombinantem menschli-
chem Serumalbumin enthaltenden Rohext-
rakts; wobei das Filtrieren Schritte des Filtrie-
rens durch Druckfiltration mit einem Filtertuch-
Platten- und Rahmenfilter, dann Filtrieren durch
Mikrofiltration mit einer Polyethersulfonhohlfa-
sermembran mit einer Porengröße von 0,20 mm
∼ 0,45 mm umfasst.

10. Verfahren nach Anspruch 1, wobei die Kationenaus-
tauschchromatografie einen Acetatpuffer mit einem
pH-Wert von weniger als 5,0 umfassenden Bela-
dungspuffer einsetzt; und
die Kationenaustauschchromatografie einen Acetat-
puffer und Natriumchlorid oder Phosphatpuffer und
Natriumchlorid umfassenden Elutionspuffer mit ei-
nem pH-Wert von 5,0∼6,7 einsetzt.

11. Verfahren nach Anspruch 2, wobei die Kationenaus-
tauschchromatografie durchgeführt wird auf:

i) UNO Sphere S und einen Acetatpuffer, 0,25
M Natriumchlorid umfassenden Elutionspuffer
mit einem pH-Wert von 5,2 einsetzt; oder
ii) Nuvia S und einen Acetatpuffer, 0,25 M Nat-
riumchlorid umfassenden Elutionspuffer mit ei-
nem pH-Wert von 5,0 einsetzt; oder
iii) Capto MMC und einen Acetatpuffer, 1 M Na-
triumchlorid umfassenden Elutionspuffer mit ei-

nem pH-Wert von 4,7 zum Entfernen von nicht
angezielten Proteinen und einen Acetatpuffer,
1 M Natriumchlorid umfassenden Elutionspuffer
mit einem pH-Wert von 6,7 zum Eluieren von
rekombinantem menschlichem Serumalbumin
einsetzt; oder
iv) MacroPrep-CM und einen Acetatpuffer, 1 M
Natriumchlorid umfassenden Waschpuffer mit
einem pH-Wert von 4,7 zum Entfernen von nicht
angezielten Proteinen und einen Acetatpuffer,
1 M Natriumchlorid umfassenden Elutionspuffer
mit einem pH-Wert von 6,5 zum Eluieren von
rekombinantem menschlichem Serumalbumin
einsetzt.

12. Verfahren nach Anspruch 1, wobei die Anionenaus-
tauschchromatografie auf Q Sepharose FF durch-
geführt wird und einen Phosphatpuffer, 0,25 M Na-
triumchlorid umfassenden Elutionspuffer mit einem
pH-Wert von 6,0∼7,0 einsetzt.

13. Verfahren nach Anspruch 4, wobei die Anionenaus-
tauschchromatografie auf DEAE Sepharose FF
durchgeführt wird und einen Phosphatpuffer, 0,1 M
Natriumchlorid umfassenden Waschpuffer mit ei-
nem pH-Wert von 6,0∼7,0 zum Entfernen von nicht
angezielten Proteinen und einen Phosphatpuffer,
0,25 M Natriumchlorid umfassenden Elutionspuffer
mit einem pH-Wert von 6,0∼7,0 zum Eluieren von
rekombinantem menschlichem Serumalbumin ein-
setzt.

14. Verfahren nach Anspruch 6, wobei bei der hydro-
phoben Chromatografie das zweite zu reinigende
Produkt II ferner Ammoniumsulfat mit einer Konzen-
tration von 0,1 M bis 1 M umfasst.

15. Verfahren nach Anspruch 6, wobei die hydrophobe
Chromatografie auf Phenylsepharose HP durchge-
führt wird, und das zweite zu reinigende Produkt II
ferner Ammoniumsulfat mit einer Konzentration von
0,4 M umfasst; oder
die hydrophobe Chromatografie auf Phenylsepha-
rose FF durchgeführt wird, und das zweite zu reini-
gende Produkt II ferner Ammoniumsulfat mit einer
Konzentration von 0,1 M umfasst; oder
die hydrophobe Chromatografie auf MacroPrep-t-
Butyl durchgeführt wird, und das zweite zu reinigen-
de Produkt II ferner Ammoniumsulfat mit einer Kon-
zentration von 0,6 M bis 1,0 M umfasst.

16. Verfahren nach Anspruch 8, wobei die Keramikhy-
droxyapatitchromatografie einen Phosphatpuffer
umfassenden Elutionspuffer mit einem pH-Wert von
7,0∼7,5 einsetzt.
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Revendications

1. Procédé d’isolation et de purification d’albumine de
sérum humain recombinante provenant de grains de
riz transgéniques, comprenant les étapes successi-
ves suivantes :

1) soumettre l’extrait brut d’albumine de sérum
humain recombinante en chromatographie
d’échange de cations pour obtenir le produit pri-
maire I ;
2) soumettre le produit primaire I à une chroma-
tographie d’échange d’anions pour obtenir le
produit secondaire II ;
3) soumettre le produit secondaire II à une chro-
matographie hydrophobe pour obtenir de l’albu-
mine de sérum humain recombinante ;

le procédé comprenant en outre une étape de sou-
mission du produit secondaire II à une chromatogra-
phie d’hydroxyapatite céramique avant la chromato-
graphie hydrophobe de l’étape 3).

2. Procédé selon la revendication 1, dans lequel la
chromatographie d’échange de cations a lieu sur un
support de chromatographie choisi dans l’ensemble
constitué de l’UNO Sphere S, du Capto MMC, du
Nuvia S et du MacroPrep-CM.

3. Procédé selon la revendication 2, dans lequel la
chromatographie d’échange de cations a lieu sur
UNO Sphere S ou sur Capto MMC.

4. Procédé selon la revendication 1, dans lequel la
chromatographie d’échange d’anions a lieu sur un
support de chromatographie choisi dans l’ensemble
constitué du Q Sepharose FF, de l’UNO Sphere Q
et du DEAE Sepharose FF.

5. Procédé selon la revendication 4, dans lequel la
chromatographie d’échange d’anions a lieu sur Q
Sepharose FF.

6. Procédé selon la revendication 1, dans lequel la
chromatographie hydrophobe a lieu sur un support
de chromatographie choisi dans l’ensemble consti-
tué du Phenyl Sepharose HP, du Phenyl Sepharose
FF, du macro-prep t-butyle et du macro-prep méthy-
le.

7. Procédé selon la revendication 6, dans lequel la
chromatographie hydrophobe a lieu sur Phenyl Se-
pharose HP.

8. Procédé selon la revendication 1, dans lequel la
chromatographie d’hydroxyapatite a lieu sur un sup-
port de chromatographie choisi parmi les supports
d’hydroxyapatite céramique Macro-pep de type I et

de type II.

9. Procédé selon la revendication 1, dans lequel ledit
extrait brut de l’albumine de sérum humain recom-
binante est préparé selon un procédé comprenant
les étapes suivantes :

i) mélange du grain de riz transgénique moulu
contenant l’albumine de sérum humain recom-
binante avec un tampon d’extraction selon un
rapport poids/volume (kg/L) de 1:5 et extraction
à 55 à 60 °C pendant 1 à 1,5 h pour obtenir le
mélange I ; ledit tampon d’extraction compre-
nant 10 à 30 mM de tampon de phosphate, 10
à 20 mM d’acétate de sodium, 15 à 30 mM de
sulfate d’ammonium et 5 à 20 mM de caprylate
de sodium de pH compris entre 6,5 et 8 ;
ii) ajustement du pH du mélange I de l’étape i)
à 4,0 à 4,5 et sa précipitation pendant 3 à 12 h
pour obtenir le mélange II ;
iii) filtration du mélange II de l’étape ii) et collecte
du filtrat pour obtenir un extrait brut contenant
une concentration élevée d’albumine de sérum
humain recombinante ; ladite filtration conte-
nant les étapes de filtration par filtration sous
pression avec un filtre -presse de type tissu de
filtre, puis filtration par microfiltration avec une
membrane à fibres creuses de polyéthersulfone
avec une taille de pores de 0,20 à 0,45 mm.

10. Procédé selon la revendication 1, dans lequel la
chromatographie d’échange de cations emploie un
tampon de charge comprenant un tampon d’acétate
de pH inférieur à 5,0 ; et
la chromatographie d’échange de cations emploie
un tampon d’élution comprenant un tampon d’acé-
tate et du chlorure de sodium, ou un tampon de phos-
phate et du chlorure de sodium ; avec un pH de 5,0
à 6, 7 .

11. Procédé selon la revendication 2, dans lequel la
chromatographie d’échange de cations a lieu sur :

i) de l’UNO Sphere S avec un tampon d’élution
contenant un tampon d’acétate, du chlorure de
sodium à 0,25 M de pH 5,2 ; ou
ii) du Nuvia S avec un tampon d’élution conte-
nant un tampon d’acétate, du chlorure de so-
dium à 0,25 M de pH de 5,0 ; ou
iii) du Capto MMC avec un tampon de lavage
contenant un tampon d’acétate, du chlorure de
sodium à 1 M de pH de 4,7 pour éliminer les
protéines non cibles et un tampon d’élution con-
tenant un tampon d’acétate, du chlorure de so-
dium à 1M de pH de 6,7 pour éluer l’alumine de
sérum humain recombinante ; ou
iv) du MacroPrep-CM, avec un tampon de lava-
ge contenant un tampon d’acétate, du chlorure
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de sodium à 1 M de pH de 4,7 pour éliminer les
protéines non cibles et un tampon d’élution con-
tenant un tampon d’acétate, du chlorure de so-
dium 1 M de pH 6,5 pour éluer l’albumine de
sérum humain recombinante.

12. Procédé selon la revendication 1, dans lequel la
chromatographie d’échange d’anions a lieu sur Q
Sepharose FF et emploie un tampon d’élution con-
tenant le tampon de phosphate, du chlorure de so-
dium à 0,25 M avec un pH compris entre 6,0 et 7,0.

13. Procédé selon la revendication 4, dans lequel la
chromatographie d’échange d’anions a lieu sur
DEAE Sepharose FF, et emploie un tampon de la-
vage contenant un tampon de phosphate, du chlo-
rure de sodium à 0,1 M avec un pH de 6,0 à 7,0 pour
éliminer les protéines non cibles et un tampon d’élu-
tion contenant le tampon de phosphate, du chlorure
de sodium à 0,25 M avec un pH de 6,0 à 7,0 pour
éluer l’albumine de sérum humain recombinante.

14. Procédé selon la revendication 6, dans lequel dans
la chromatographie hydrophobe, le produit secon-
daire II à purifier contient en outre du sulfate d’am-
monium à une concentration comprise entre 0,1 M
et 1 M.

15. Procédé selon la revendication 6, dans lequel la
chromatographie hydrophobe a lieu sur Phenyl Se-
pharose HP et où le produit secondaire II à purifier
contient en outre du sulfate d’ammonium à une con-
centration de 0,4 M ; ou
la chromatographie hydrophobe a lieu sur du Phenyl
Sepharose FF et le produit secondaire II à purifier
contient en outre du sulfate d’ammonium à une con-
centration de 0,1 M ; ou
la chromatographie hydrophobe a lieu sur du Macro-
Prep-t-butyle et le produit secondaire II à purifier con-
tient en outre du sulfate d’ammonium à une concen-
tration comprise entre 0,6 M et 1,0 M.

16. Procédé selon la revendication 8, dans lequel la
chromatographie d’hydroxyapatite emploie un tam-
pon d’élution contenant un tampon de phosphate de
pH compris entre 7,0 et 7,5.
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