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Isolation of bovine plasma albumin 
by liquid chromatography and its 
polymerization for use in 
immunohematology 

Abstract 

Divisao de Pesquisa e Desenvolvimento Industrial, 
Fundac;ao Pr6-Sangue Hemocentro de Sao Paulo, 
Sao Paulo, SP, Brasil 

The aim of the method described here is to remove hemoglobin, the 
major contaminant in the bovine plasma obtained from slaughter­
houses, by adding a mixture of 19% cold ethanol and 0.6% chloro­
fonn, followed by fibrinogen and globulin precipitation by the Cohn 
method and nonspecific hemagglutinin by thennocoagulation. The 
experimental volume of bovine plasma was 2,000 ml per batch. Final 
purification was perfonned by liquid chromatography using the ion­
exchange gel DEAE-Sepharose FF. The bovine albumin thus obtained 
presented ~99% purity, a yield of 25.0 ± 12 g/1 plasma and >71.5% 
recovery. N-acetyl-DL-tryptophan (0.04 mmol/g protein) and sodium 
caprylate (0.04 mmol/g protein) were used as stabilizers and the final 
concentration of albumin was adjusted to 22.0% (w/v), pH 7.2 to 7.3. 
Viral inactivation was performed by pasteurization for IO h at 60°C. 
The bovine albumin for the hemagglutination tests used in immunohe­
matology was submitted to chemical treatment with 0.06% (w/v) 
glutaraldehyde and 0.1 % (w/v) formaldehyde at 37°C for 12 h to 
obtain polymerization. A change in molecular distribution was ob­
served after this treatment, with average contents of56.0% monomers, 
23 .6% dimers, 12.2% trimers and 8.2% polymers. The tests performed 
demonstrated that this polymerized albumin enhances the agglutina­
tion ofRho(D)-positive red celJs by anti-Rho(D) serum, permitting 
and improving visualization of the results. 
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Introduction spherical configuration (1-3 ). 

Bovine albumin is very similar to human 
albumin in terms of structure and physico­
chemical properties. lts molecular weight is 
66,300 to 69,000 Dalton, and the molecule 
consists of a single and quite long, com­
pactly folded polypeptide chain of about 582 
amino acid residues in length with an almost 

Bovine albumin plays a prevalent role as 
a basic component of several biological re­
agents for diagnostic use, mainly for immu­
nohematological tests, such as the antisera 
used in reactions for in vitro detection of 
erythrocyte antigens or of specific antibod­
ies in blood recipients or donors. Bovine 
albumin was first used as a diluent ofanti-Rh 
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Bovine plasma albwnln for tmmunohematologtcal use 

was then cooled to 20°C, with pH adjusted to 
4.5 with 1.0 M HCI, and kept at 4°C over­
night to precipitate fatty acids, nonspecific 
hemagglutinin and residual globulin. The 
precipitates were removed by centrifugation 
at 2,500 g for IO min at 4°C and discarded. 
Supernatant ill (Figure 1) was clarified with 
a 60-S deep filter (Zeta plus, Cuno, Meriden, 
CT, USA) in a cold room at +4°C. After 
filtration, the operating temperature was 
22°C, the filtrate pH was adjusted to 5.4 with 
1.0 M NaOH, and conductivity was adjusted 
to 1.40 mS/cm by the addition of deionized 
water. The filtrate volume, which became 
7,000 ml at this step, was reduced to 2,000 
ml with a 10-kDa Pellicon cassette system. 
The preparation was then applied to an XK-
50/30 chromatographic column packed with 
320 ml of ion-exchange gel, DEAE-Sepha­
rose FF, previously equilibrated with acetate 
buffer, pH 5.4 (20 mM sodium acetate, 1.40 
mS/cm conductivity), and processed in 4 
cycles with a linear flow of 65 cm/h. 

After sample application, corresponding 
to the first cycle, the chromatographic col­
umn was washed with 2 total gel volumes 
(TV) of the equilibrating buffer solution to 
remove proteins not adsorbed on the gel. 
The adsorbed albumin was eluted with 2 TV 
of buffer solution, pH 4.5 (2 mM sodium 
acetate and 1.75 mS/cm conductivity), and 
the other proteins which were still adsorbed 
on the gel were removed with 2 TV of buffer 
solution, pH 4.0 (I 50 mM sodium acetate 
and 8.0 mS/cm conductivity). 

For the subsequent cycle, the chromato­
graphic column with the gel was re-equili­
brated according to the step described above 
until the fourth cycle was completed. The gel 
was regenerated with 2 TV 0.5 M NaOH and 
stored in 10 mM N aOH, as recommended by 
Pharmacia. The albumin eluted from the 
DEAE-Sepharose FF gel was concentrated 
to 25% (w/v) and formulated by the addition 
of 0.04 mmol sodium caprylate/g albumin, 
0.04 mmol N-acetyl-DL-tryptophan/g albu­
min (14), and 0.1 % sodium azide as stabiliz-
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Bovine plasma 

-pH 7.2 
-Ethanol 19% 
-Chloroform 0.6% 
-Temperature 4°C 

------1 -Kept overnight at -5°C 
-Centrifugation 

Ppt 
Hemoglobin 
y-Globulin 

Ppt 
cx.B-Globulln 

Supernatant I 

-pH 6.0 
-Temperature -5oC 
-Kept for 6 h 
-Centrifugation 

Supernatant II 

-Removal of ethanol and 
chloroform 
-Concentration 7% (w/v) 

Ppt -pH 6.6 
Fatty acid -Thermocoagulation 700C 
Hemaggll.ltl -Centrifugation 
Residual globulin 

Supernatant Ill 

]

-pH 5.4 
-Conductivity 1.4 mS/cm 

I DEAE-Sepharose FF I 
Albumin eluted 

]

-Concentration 25% (w/v) 
-Formulation 
-Vral inactivation (60"C/1 O h) 
-Sterilizing filtration 

Pure bovine albumin (22%, w/v) 

ers, pH 7.2, with a conductivity of 6.0 mS/ 
cm. After formulation, bulk viral inactiva­
tion was performed by pasteurization at 600C 
for 10 h and the preparation was filtered 
through a sterilizing 022-µm Millipore mem­
brane. The final concentration of bovine al­
bumin after the formulation was adjusted to 
22% (w/v) (Figure 1 ). 

In order to obtain proper polymerization 
for the hemagglutination tests, prior to the 
above formulation step part of the 25% bo­
vine albumin was submitted to a treatment 
with 0.06% glutaraldehyde (15) and 0.1 % 
formaldehyde, pH 7 .4, and 9.0 mS/cm con­
ductivity at 37°C for 12 h. After treatment, 
glutaraldehyde and formaldehyde were re­
moved by diafiltration and the product was 
concentrated to 25% (w/v). The formulation 

979 

Figure 1. Schematic presenta­
tion of bovine albumin purifica­
tion. Ppt = precipitate. 
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Figure 2. Schematic presenta­
tion of the polymerization of bo­
vine albumin for use in hemag­
glutination tests. 

25% Bovine albumin 

-pH 7.4 
-Conductivity 9.0 mS/cm 
-0.06% glutaraldehyde + 0.1 % 
formaldehyde 

-Incubation at 37"C/l 2 h 

Polymerized bovine albumin 

j
-Diafiltration 
-Concentration 25% (w/v) 
-Formulation 
-Viral inactivation 60°C/10 h 
-Sterilizing filtration 

22% Polymerized bovine albumin 

Table 1. Characteristics of 22% (w/v) bovine albumin (N = 12). 

Albumin in the plasma pool 
Yield 

Recovery 
Protein 
Purity (electrophoresis) 
Molecular size distribution 

Monomer 

Dimer 
Polymer 

pH 
Molecular size distribution after treatment with 
0.06% glutaraldehyde and 0.1 % formaldehyde 

~ 

·c 
:::, 
<I) 
u 
C 

Monomer 
Dimer 

Trimer 
Polymer 

0.10 

£ 0.05 
~ 
.0 
~ 

0.00 

0 

d 

C 

___,/ 

100 200 
m l 

300 

35.o gn 
25.0 ± 1.2 g/I plasma 

71 .5 ± 1.5% 
22.0 ± 0.5 gldl 

>99.0% 

94.4 ± 1.5% 

4.8 ± 0.05% 
0.8 ± 0.5% 
7.2 to 7.3 

56.0 ± 1.2% 
23.6 ± 0 .6% 
12.2 ± 0.4% 
8.2 ± 0.3% 

400 

Figure 3. Molecular size d istribution of bovine albumin treated w ith 0.06% glutaraldehyde/ 
0.1 % formaldehyde, determined by gel filtration using two Superdex 200 HR XK-16/60 
columns in series. a, polymer; b, trimer; c. dimer; d, monomer. Absorbance at 280 nm. 
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and viral inactivation by pasteurization were 
performed as already described. The final 
concentration was adjusted to 22% (w/v), 
pH 7.2 to 7.3, at 6.0 mS/crn conductivity 
(Figure 2). Using the proposed method we 
produced 20 lots of high-quality bovine al­
bumin. 

Analytical methods 

Protein concentration was determined by 
the biuret method. Albumin purity was de­
termined by electrophoresis on a cellulose 
acetate membrane and concentration was 
measured with a Helena H. Junior 24 densi­
tometer (France S.A., Saint Leu la Foret, 
France). Immunoelectrophoresis was per­
formed on 1 % agarose gel (16), using the 
rabbit anti-total bovine plasma serum (Sigma, 
St. Louis, MO, USA). The relative content of 
polymers, dimers and monomers was deter­
mined on an XK-16/60 column packed with 
Superdex 200 HR gel (Pharmacia), and na­
tive polyacrylamide gel electrophoresis was 
carried out on 5 to 15% gradient gels at 110 
V for 1 :20 h in 25 mM Tris to 0. 192 M 
glycine buffer, pH 8.3. The plasma hemo­
globin-free content was determined by the 
peroxidase method (I 7). The bemagglutina­
tion enhancement by polymerized bovine 
albumin was tested by standard antibody 
screening tests. Anti-Rho(D) antisera were 
serially diluted and Rho(D)-positive and 
Rho(D)-negative ery1hrocytes were used. The 

color intensity of albumin was determined 
with a Beckman Du-65 spectrophotometer 
at 403 nm absorbance. 

The characteristics of22% (w/v) bovine 
albumin are presented in Table I. 

Results and Discussion 

The major objective oftbe present study 
was to remove hemoglobin and to adapt the 
process of human albumin fractionation for 
bovine albumin production, in view of the 
Jack of scientific publications of technolo-



981

Braz J Med Biol Res 34(8) 2001

Bovine plasma albumin for immunohematological use

�������������	��������	������������	�������
��������	�����������������������	���	�����
�������

�������������������������	��������������
�������������	��������	�������	����������
������	��������������������������	��������	�
������	��-�	�������	��������������	�������
������������������	���	�������	�����	������	�
��������� ���������!
����C����������������
��	��	�������"������������������������������
���������	� ��� ���� ����� ����		�	�� ��� ���
���������������������������������������������
��	��������������	�����	��������������������
��������(�����	��������������	���������������
�����������	������	�����������3	���������	�
��� ��	������ ��� ���� �����	��� ��� 	�	��������
����������	�	� ��������� �	� ����	�� �������
������ ������ �������� ������� ��� 
D
.0�� ���
�	���3��	��
D0
$������	���:����������	����

kDa

669
440

232

140

66

A B C
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Table 2. Treatment of bovine albumin with different concentrations of glutaraldehyde/formaldehyde.

Glut/form con- Monomer (%) Dimer (%) Trimer (%) Polymer (%) Color intensity of albumin
centration (%) (absorbance  at 403 nm)

0.00/0.00 94.40 ± 1.53 4.81 ± 1.05 - 0.78 ± 0.56 0.279
0.02/0.00 86.25 ± 1.37 8.46 ± 0.85 3.86 ± 0.48 1.44 ± 0.35 0.440
0.02/0.05 86.27 ± 1.21 8.70 ± 0.94 3.55 ± 0.42 1.48 ± 0.31 0.280
0.04/0.00 76.90 ± 1.06 15.87 ± 0.43 4.86 ± 0.45 2.38 ± 0.40 0.973
0.04/0.05 77.50 ± 1.20 15.85 ± 1.05 4.60 ± 0.52 2.05 ± 0.43 0.683
0.06/0.00 55.42 ± 1.46 23.54 ± 0.48 12.27 ± 0.57 8.29 ± 0.54 1.350
0.06/0.10 55.96 ± 1.25 23.63 ± 0.57 12.21 ± 0.44 8.23 ± 0.37 0.285
0.08/0.10 43.83 ± 1.58 26.99 ± 0.91 17.10 ± 0.61 12.13 ± 0.56 0.685
0.08/0.15 42.49 ± 1.37 27.24 ± 0.76 17.85 ± 0.64 12.42 ± 0.59 0.288

Intensity of the normal color of albumin: absorbance at 403 nm = 0.279. Intensity of the darker color of
albumin: absorbance at 403 nm = 1.350. N = 5. glut = glutaraldehyde; form = formaldehyde.

Table 3. Anti-Rho(D) titration using bovine albumin treated with glutaraldehyde/formaldehyde.

Anti-Rho(D) titer

1 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 Negative control

Sigma albumin 10 8 5 5 3 3 - - - - -
Untreated albumin 10 8 5 5 3 3 - - - - -
Albumin with 0.02% glut 10 8 8 5 3 3 - - - - -
Albumin with 0.04% glut 10 10 8 8 5 5 3 - - - -
Albumin with 0.06% glut 12 10 10 8 8 5 5 3 - - -
Albumin with 0.08% glut 12 12 10 8 8 5 5 3 2 2 2

Polymerized bovine albumin at 22% concentration (w/v). The intensity of red blood cell agglutination was read
by the scoring titration method (19). glut = glutaraldehyde.
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