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SUMMARY. Immunoaffinity chromatography (IAC) has a wide application in protein purification. The
aim of the study was to investigate the influence of five operational factors on an IAC procedure to purify
a yeast derived-Hepatitis B surface antigen (rHBsAg) for pharmaceutical use. The immunosorbent ad-
sorption capacity of the rHBsAg is affected at 4 °C. The applied antigen concentration, 100-1000 μg mL–1,
does not have influence on this IAC efficiency. The residence time, applied antigen amount and column ge-
ometry have a significant influence on the adsorption and elution capacity, and recovery of the rHBsAg.
There is a marked retention of the rHBsAg into the matrix, which is reduced at residence times higher
than 2 h. A high height/diameter ratio of the column, 3.75, reduces the antigen adsorption to the matrix
but increases the recovery and the productivity for this high molecular weight (multiple chemical forms)
antigen and a high affinity constant ligand. The solution of the rHBsAg retention into the matrix could in-
crease by 30% the active pharmaceutical ingredient purification and the Hepatitis B vaccine production. 

INTRODUCCION
The envelope of the Hepatitis B virus (HBV)

is a macromolecular structure composed by pro-
teins, carbohydrates and host-derived lipids. The
main protein of the HBV envelope is the Hep-
atitis B surface antigen (HBsAg) 1. Due to its
high immunogenicity, this protein is used as the
active pharmaceutical ingredient of many re-
combinant vaccines for human use 2,3.

A large scale purification process for the iso-
lation of the recombinant Hepatitis B surface
antigen (rHBsAg) from P. pastoris yeast fermen-
tation has been previously described 4. This pu-
rification process employs as main purification
step the immunoaffinity chromatography (IAC),
a very specific method 5,6 which uses the

exquisite specificity of the antibody’s comple-
mentarity determining regions (CDRs) 7. These
highly selective regions on the antibody surface
capture the antigen with high affinity and almost
without interactions with impurities or contami-
nants.

The CB.Hep-1 monoclonal antibody (mAb) is
a mouse mAb secreted by the hybridoma
48/1/5/4. This mAb was obtained by fusion of
Sp2/0-Ag14 myeloma cells and spleen cells of a
BALB/c mouse immunized with the HBsAg puri-
fied from a chronically infected Hepatitis B hu-
man serum 8. The CB.Hep-1 is an IgG-2b kappa
light chain mAb, specific for the “a” determinant
of the HBsAg. This molecule specifically inter-
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acts with the Cys-Lys-Thr-Cyst-Thr-Thr sequence
within the “a” determinant of the HBsAg and it
is routinely used in the chromatographic purifi-
cation, IAC, process of the rHBsAg for the pro-
duction of the commercial available vaccine
HeberbiovacTM HB 9,10.

Several papers have been published on the
manufacture of this specific immunosorbent, but
these papers only focused on the study of the
ligand density, immunosorbent manufacture
procedures and antigen elution conditions 11-14.
Nevertheless, the best behavior of a given im-
munosorbent also depends on other operational
factors such as: applied antigen concentration,
applied antigen amount, residence time, temper-
ature and column geometry 6,15. 

The aim of the present study was to investi-
gate the influence of these operational factors
on the adsorption capacity, elution capacity and
antigen recovery of the CB.Hep-1 immunosor-
bent to make a contribution to the understand-
ing of the purification of this pharmaceutical
protein. An important variable that characterize
the immunopurification, ligand leakage, was ex-
cluded from this study because we have not ob-
served influence of the ligand leakage on the
IAC behavior.

MATERIALS AND METHODS
CB.Hep-1 mAb manufacturing 

Cells were cultivated in 1L spinner flasks,
starting from 3x105 cells mL–1, using RPMI-1640
(GIBCO-BRL, Gaithersburg, USA) supplemented
with 8% of foetal bovine serum (GIBCO-BRL,
Gaithersburg, USA), 2 mM L-glutamine, 1 mM
sodium piruvate and 17 mM sodium bicarbon-
ate. Cells were always maintained at 37 °C in 5

% CO2 atmosphere and the medium was
changed every 48 h up to reach a maximal cell
density. BALB/c males and females mice of 24 ±
2 g of weigh were used for ascites production.
Animals were primed with 0.5 mL of mineral oil
into the abdominal cavity 10 days before cell in-
oculation. The ascites was harvested under
aseptic conditions inside of a sterile hood by ab-
dominal paracentesis and centrifuged at 2000
rpm to separate cells from the liquid phase. The
ascites was filtered and underwent to two am-
monium sulfate precipitations. In both precipita-
tions, the material was centrifuged at 4800 x g
for 20 min at 4 °C. The dissolved pellet was de-
salted by size-exclusion chromatography in
Sephadex G-25 coarse (Amersham-Biosciences,
Uppsala, Sweden) using a BP113/60 column
(Amersham-Biosciences, Uppsala, Sweden) at
130 cm h–1 of linear flow-rate and 150 mM
phosphate buffered saline solution (PBS) pH 8.0
as mobil phase. Then the desalted material was
purified by Protein A-Sepharose fast flow affinity
chromatography using 150 mM PBS pH 8.0 ad-
sorption buffer and 100 mM citric acid, pH 3.0
as elution buffer. The column used was a
BPG100/50 (Amersham-Biosciences, Uppsala,
Sweden) at a linear flow rate of 100 cm h–1.
Subsequently, incubation in 100 mM citric acid
pH 3.0 at 4 °C was carried out as virus inactiva-
tion step. Immediately after, the buffer of the
sample was exchanged to 20 mM Tris/150 mM
NaCl, pH 7.6 by size-exclusion chromatography
in Sephadex G-25 coarse using a BP113/60 col-
umn (Amersham-Biosciences, Uppsala, Sweden)
at a linear flow rate of 130 cm h–1. The SDS-
PAGE purity of mAb CB.Hep-1 was always
higher than 95% (Fig. 1).

Figure 1. Coomassie blue stained SDS–PAGE under reducing conditions of the purified CB.Hep-1 mAb. (A)
Lines 1 and 2, purified CB.Hep-1 mAb. Line 3, inner IgG control. Line 4, molecular weight markers. Selected
proteins as molecular markers (Sigma-Aldrich ,St. Louis, MO, USA) were: Bovine serum albumin, 66 kDa; Glyc-
eraldehyde-3-phosphate dehydrogenase, 36 kDa, Triosephosphate isomerase, 26.6 kDa, α-Lactalbumin,  14.2
kDa. (B) Coomassie blue stained SDS–PAGE under no reducing conditions of the purified CB.Hep-1 mAb. A.
Lines 1 and 2, purified CB.Hep-1 mAb; Line 3 inner IgG control. 
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Source of the rHBsAg
The purified rHBsAg used as chromatograph-

ic column application material was obtained
from a recombinant P. pastoris yeast strain culti-
vated in a bioreactor using a mixture of com-
mon inorganic salts such as: (NH4)2SO4,
KH2PO4, and MgSO4. The size- exclusion- high
performance liquid chromatography purity of
the rHBsAg was higher than 99% 16.

Protein quantification and CB.Hep-1 mAb
estimation by an enzyme-linked
immunosorbent assay (ELISA)

Protein concentration was quantified accord-
ing to Lowry et al. 17 using bovine serum albu-
min as standard material. The range of the cali-
bration curve was 100-500 µg mL–1. The
CB.Hep-1 mAb concentration was estimated as
follow. A polystyrene microplate (Costar, Cam-
bridge, USA) was coated with 10 µg per well of
the rHBsAg in 100 mM NaHCO3 buffer for 20
min at 50 °C. Then, samples were added to the
plate in 0.05 % Tween 20/150 mM PBS and in-
cubated for 1 h at 37 °C. Several washes with
0.05 % Tween 20/150 mM PBS were done and
subsequently plate was incubated for 1 h at 37
°C with a horseradish peroxidase conjugate (Sig-
ma Chemical, St. Louis, USA). The reaction was
then revealed using 100 µL per well of 0.05 % o-
phenylenediamine and 0.015% H2O2 in citrate
buffer; pH 5.0, and stopped with 50 µL per well
of 1.25M H2SO4. Absorbance was measured by
a Multiskan ELISA Reader (Labsystems, Helsinki,
Finland) using a 492-nm filter 18. The range of
the calibration curve was 3.13-50 ng mL–1. The
inner standard mAb used was the IgG2B070305
supplied by the Center for Genetic Engineering
and Biotechnology, Havana, Cuba. The eluted
antigen concentration was determined by UV
measurement [A280 (1 cm, 1mg mL–1) = 5]. This
molar absorption coefficient was determined by
the Pace’s procedure 19.

Immunosorbent manufacturing
The Sepharose CL-4B (Amersham-Bio-

scences, Uppsala, Sweden) was moderately acti-
vated with CNBr (Merck, Darmstadt, Germany)
according to Wilcheck classification (6-12 µmol
cyanate esters mL–1 of matrix) 20. The activation
reaction was made as Axen, Porath and Ern-
back´s work 21. Concentration of cyanate esters
was determined by a modified König reaction 22.
The CB.Hep-1 mAb coupling to the matrix was
performed according to a previously described
procedure 13 and the selected ligand density was

3.7 mg mL–1 of matrix. This ligand density value
is within the parameter optimal range of the im-
munosorbent 13. 

Immunoaffinity chromatography common
aspects 

The IAC was performed in PD-10 columns
(Amersham-Bioscences, Uppsala, Sweden)
packed with 12.1 mL of immunosorbents under
hydrostatic pressure. Inmunosorbents were
equilibrated with 60 mL of 20 mM Tris–3 mM
EDTA–1M NaCl, pH 7.0. Columns were directly
loaded with the purified rHBsAg in the same
buffer. Columns were washed with the equilibri-
um buffer and the elution was performed using
20 mM Tris–3 mM EDTA–1M NaCl–3M KSCN,
pH 7.0. The flow rate was the same for all steps
and its value depended on the specific condi-
tions for each experiment. 

Chromatography conditions for control
experiment

Values of residence time (1 h), applied anti-
gen concentration (100 µg mL–1), applied anti-
gen amount (0.58 mg mL–1 of matrix), tempera-
ture (25 °C) and column geometry (3.75 h/d)
used at the rHBsAg industrial-scale purification
process served as control during experiments.

Temperature influence experiment 
In order to know the influence of the tem-

perature on the rHBsAg immunopurification ca-
pacity, three temperatures were studied: 4, 25
and 33 °C. Immunoaffinity systems were placed
into an oven WTBbinder type 78532 (Tuttlingen,
Germany) to guarantee the specific temperature
in all parts of the systems and buffers.

Applied antigen concentration influence
experiment

Experiments developed to study this variable
were performed using the same control chro-
matography conditions except for the applied
antigen concentration, which was also evaluated
at 200, 400 and 1000 µg rHBsAg mL–1.

Residence time influence experiment 
The studied residence times were 1, 2 and 3

h. The rest of the chromatographic variables
were similar to the control experiment. 

Applied antigen amount influence
experiment 

This variable was explored at four levels,
0.58, 1.24, 1.65 and 2.31 mg rHBsAg mL–1 of
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matrix, like other variables mentioned above.
The rest of the chromatographic parameters
were invariable respect to the control experi-
ment. 

Column geometry influence experiment
To evaluate the influence of the column ge-

ometry on IAC efficiency; a column with an un-
usual diameter, 2.5 cm, was used. The packed
matrix volume was different to the control while
the rest of the factors were kept constant. The
evaluated height/diameter ratios were 0.48 (5.9
mL of matrix), 0.96 (11.8 mL of matrix) and 3.75
(control). The control experiment was per-
formed in a PD-10 column.

Statistical analysis
The Statgraphics Plus version 5.0 (2000) from

Statistical Graphics Corp. and Microsoft Excel
programs were use as tools for the statistical
analysis. The Kruskall-Wallis test was employed
in all multiple sample comparisons for different
analyzed variables. This statistical test is a non-
parametric test recommended for independent
samples 23,24. The significance level used was
0.05 and the experimental groups were statisti-
cally compared in terms of adsorption capacity,
elution capacity and antigen recovery. All exper-
iments were made in triplicate.

RESULTS AND DISCUSSION
The infection with HBV leads to the produc-

tion of large virus particles of about 42-nm to-
gether with surface-antigen particles of 22-nm
average size (HBsAg). For the production of this
recombinant molecule as active pharmaceutical
ingredient of the Hepatitis B vaccine, the HBsAg
gene was integrated by homologous recombina-
tion to the genome of the P. pastoris strain MP-
36 (his 3). The downstream process for purify-
ing the rHBsAg was established first at laborato-
ry scale 25-28 and further scaled-up to 500-fold 25.
However, the effectiveness of some key steps
for the large-scale production of P. pastoris-de-
rived HBsAg was described in details in the year
2000 16.

This purification process employs as main
purification step the IAC, using as ligand the
CB.Hep-1 mAb. Therefore, the aim of the pre-
sent study was to investigate the influence of
several variables on the adsorption capacity,
elution capacity and antigen recovery of the
CB.Hep-1 mAb immunosorbent to make another
contribution to the understanding of the purifi-
cation of this pharmaceutical protein by IAC.

Temperature influence
The temperature has an important influence

on the antigen adsorption, antigen dissociation
and ligand stability 29-31. Results demonstrated
significant differences in the adsorption capacity
at 4 °C, which was confirmed by the Kruskall-
Wallis test (p = 0.039). This parameter was
about 25% lesser than those values observed at
25 and 33 °C respectively (Table 1). Neverthe-
less, the elution capacity did not show relevant
significant differences among assessed tempera-
tures (p=0.491) and the rHBsAg retention into
de matrix was similar: 30.2 (4 °C), 35.9 (25 °C),
and 36.7 (37 °C). Therefore it suggests that the
association probability in the loading buffer be-
tween the CB.Hep-1 mAb and the rHBsAg is
higher at 25 and 33 °C and the antigen-antibody
dissociation was not affected in the range of
temperature. Thus, we confirmed that the only
parameter affected by the temperature was the
adsorption capacity of the antigen during this
IAC.

Applied antigen concentration influence
The antigen concentration during the appli-

cation step must be correctly selected. The ap-
plication of diluted samples could increase the
processing time without allowing an appreciable
increment of the process efficiency of the ICA.
True adsorption capacity values (Fig. 2) for each
applied antigen concentration were not statisti-
cally different (p = 0.103). This result is notable
because the chromatography time could be re-
duced up to 10 fold compared to the control
conditions, 100 µ mL–1, without any important
antigen lost. The elution capacity showed a sim-
ilar behavior to the adsorption capacity (p =
0.237, Fig. 2) and the average recovery for all
experiments was 51.59%, which is within the

Figure 2. Results of the CB.Hep-1 mAb immunosor-
bent adsorption and elution capacity using different
applied antigen concentrations. The figure shows the
average and 95% confidence intervals for each exper-
iment.
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range of values for other previously reports 32,33.
Concluding this set of experiments, the concen-
tration of the applied antigen does not have in-
fluence on the recovery of the antigen. 

Residence time influence
Usually the residence time is considered as

the most important parameter in the affinity
chromatography. In this study, three residence
times were studied. Statistical differences were
not observed among adsorption capacities (p =
0.836) and among elution capacities (p = 0.061).
However, we observed an increment about 20
and 22 % in the elution capacity at 2 and 3 h of
the residence time respectively (Table 2). Per-
haps, these non-significant differences observed
could be explained by value dispersions. The
recovery increase could be produced by an aug-
ment in the chromatography radial diffusion co-
efficient at higher residence times. Thus, we rec-
ommend 2 h of residence time. Nevertheless, 3
h of residence time allowing for 2.3 fold more

Temperature Adsorption Capacity Elution Capacity Recovery
(°C) (µg rHBsAg mL–1 of matrix) (µg rHBsAg  mL–1 of matrix) (%)

4 358.69 ± 28.41 250.27 ± 32.49 43.26 ± 5.62

25 480.33 ± 4.64 308.07 ± 62.79 53.25 ± 10.85

33 440.63 ± 51.00 278.86 ± 23.39 48.20  ± 4.04

Table 1. Results of the influence of the temperature on the CB.Hep-1 mAb immunosorbent adsorption capacity,
elution capacity and recovery. Reported values are averages and standard deviations.

Residence time Adsorption Capacity Elution Capacity Recovery
(h) (µg rHBsAg mL–1 of matrix) (µg rHBsAg mL–1 of matrix) (%)

1 480.33 ± 4.64 308.07 ± 62.79 53.25 ± 10.85

2 482.97 ± 218.79 427.00 ± 206.47 73.81 ± 12.15

3 475.21 ± 93.59 437.47 ± 74.09 75.61 ± 12.82

Table 2. Results of the influence of the residence time on the CB.Hep-1 mAb immunosorbent adsorption capaci-
ty, elution capacity and recovery. Reported values are averages and standard deviations.

concentrated the eluted antigen, which could be
convenient for further antigen processing. An
additional interesting and important finding is
that the rHBsAg retention into the matrix (per-
centage of the eluted antigen respect to the ad-
sorbed antigen) decreased with the increment of
the residence time (Table 2).

Applied antigen amount influence
The adsorption efficiency decreased with the

increase of the applied antigen amount to the
columns (Fig. 3a). However, significant differ-
ences were not observed from 0.58 to 1.65 mg
rHBsAg mL–1 of matrix (p = 0.193). A drastic re-
duction in this parameter was detected when
the applied amount of antigen was 2.31 mg
rHBsAg mL–1 of matrix, especially during the
second and the third purification cycles, where
the adsorption capacity was about 27% of the
first purification cycle. The best elution capacity
was reached at 1.24 and 1.65 mg rHBsAg mL–1

of matrix while a substantial decrease was ob-

Figure 3. A) Results of the comparison of the CB.Hep-1 mAb immunosorbent adsorption capacity and efficiency
using different applied antigen amounts. B) Results of the comparison of the CB.Hep-1 mAb immunosorbent
elution capacity and recovery using different applied rHBsAg amounts.
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served at 0.58 and 2.31 mg rHBsAg mL–1 of ma-
trix (Fig. 3b). The recovery was similar in the
range between 0.58 to 1.65 mg rHBsAg mL–1 of
matrix (p = 0.430). These results also allow the
confirmation that the amount of the applied
antigen 1.65 mg rHBsAg mL–1 of matrix is the
best condition for this chromatography. 

Column geometry influence
Previous papers have reported the poor

mass transfer of rHBsAg into the Sepharose CL-
4B matrix 14,28. Experiments of this study
demonstrated the highest antigen adsorption for
the lowest height/diameter ratio, 0.48 (Table 3).
These differences were statistically significant (p
= 0.027) at 95% confidence level. Height/diame-
ter ratios of 0.96 and 3.75 provoked a decrease
by 58 and 48% respectively in the rHBsAg ad-
sorption capacity. These results suggest better
antigen diffusion inside of matrix bead during
the loading stage at low height/diameter ratio.
Conversely, the elution capacity increased in
proportion with the increment of the height/di-
ameter ratio. For instance, the elution capacity
of the CB.Hep-1 mAb immunosorbents packed
at 0.96 and 3.75 column geometry ratios were
1.58 and 9.11 fold higher respectively than the
elution capacity obtained at 0.48 column geom-
etry ratio (p = 0.028, Table 3). This phe-
nomenon is the most interesting finding of this
study and contradictory with the hypothesis that
small height/diameter ratio is more convenient
for affinity chromatography. Thus, an exception-
al consideration should be done for a system,
which involve an antigen with multiple chemi-
cal forms and high molecular weight such as:
the rHBsAg (particle of ~2x106 Da), relative
small pore size of the matrix (antigen diffusion
problems) and a ligand with high association
constant (108-109 M–1). Because the deep pene-
tration of the antigen inside the matrix during
adsorption stage would make difficult the anti-
gen releases during the elution stage. This gen-
eralization could be applied to any purification
of antigens with high molecular weigh by IAC. 

Height/Diameter Adsorption Capacity Elution Capacity Recovery
Ratio (µg rHBsAg mL–1 of matrix) (µg rHBsAg mL–1 of matrix) (%)

0.48 996.67 ± 80.07 33.82 ± 5.69 5.80 ± 0.98

0.96 418.33 ± 71.26 53.50 ± 67.13 9.17 ± 11.51

3.75 480.33 ± 4.64 308.07 ± 62.79 53.25 ± 10.85

Table 3. Results of the influence of the column geometry on the CB.Hep-1 mAb immunosorbent adsorption ca-
pacity, elution capacity and recovery. Reported values are averages and standard deviations.

CONCLUSIONS
The immunosorbent adsorption capacity of

the rHBsAg is affected at 4 °C. The applied anti-
gen concentration, 100-1000 µg mL–1, does not
have influence on this IAC efficiency. The resi-
dence time, applied antigen amount and col-
umn geometry have a significant influence on
the adsorption capacity, elution capacity and re-
covery of the rHBsAg. There is a marked reten-
tion of the rHBsAg into the matrix, which is re-
duced at residence times higher than 2 h. A
high height/diameter ratio of the column re-
duces the antigen adsorption to the matrix but
increases the recovery and the productivity for
this high molecular weight antigens (multiple
chemical forms) and a high affinity constant lig-
and. The solution of the rHBsAg retention into
the matrix could increase by 30% the active
pharmaceutical ingredient purification and the
Hepatitis B vaccine production. 
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