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Abstract

An immunoaffinity chromatographic method was developed using a mAb immunosorbent to purify recombinant hepatitis
B surface antigen (r-HBsAQ) from yeast. Elution conditions using a mAb-coated ELISA were improved to select the best
conditions to purify r-HBsAg. The optimum results in terms of total quantitative recovery were obtained using 20 mM Tris
pH 11.6. An increase in the CB.Hep-1 mAb (anti-HBsAg) useful immunosorbents half-life and in its yield per cycle was
obtained when akaline elution conditions were used. Moreover, the basic conditions do not affect either the antigenic
characteristics or the purity or the molecular integrity of r-HBsAg. [ 1999 Published by Elsevier Science BV. All rights

reserved.
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1. Introduction

Hepatitis B surface antigen (HBsAQ), the envelope
of the hepatitis B virus (HBV), is a macromolecular
structure composed of proteins, carbohydrates and
host-derived lipids [1]. A sequence of steps to purify
r-HBsAg has been previously described [2]. Because
of the excellent immunogenicity of these particles,
they have become the basis of the first human
recombinant vaccine licensed for widespread use
[3,4]. Isolation and purification of HBSAg with
specific monoclona antibodies (mAbs) has also been
described [5-8].

Immunoaffinity chromatography (IAC) is a sepa-
ration method based on specific and reversible
interactions between an antigen and a matrix bound
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antibody [9]. This method has proved to be an
extremely powerful technique and has been increas-
ingly successful since the advent of mAbs [10].

The limitations for this otherwise ideal process are
generally centered around the dissociation stage,
after the ligand has bound onto the affinity matrix.
All variables in the association stage and affinity
matrix are controllable and well understood. How-
ever, the same can not be claimed for the dissocia-
tion stage. In general, the efficiency of dissociation
and recovery of immunoaffinity-bound ligands de-
pends on the balance between specific activity
(SpAct) and total recovery of the product. A gentle
dissociating agent may give a high yield but, because
of partial denaturation, a low SpAct.

Various reagents and conditions for elution im-
munoaffinity-bound ligands have been reported [11—
15]. With a few exceptions, selection of elution
conditions has been empirical, balancing the stability
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of the antigen and the antibody against those con-
ditions, which provides effective elution.

The aim of the present work was to select the
optimum dissociating reagent to immunopurify r-
HBsAQg.

2. Experimental
2.1. Source of r-HBsAg

A recombinant strain of Pichia pastoris (C-226)
was fermented in a saine medium supplemented
with glycerol and its expression was induced with
methanol [16]. The r-HBsAg was recovered and
submitted to initial purification steps as previously
described [17]. A material with 10-25% purity was
used as a starting material for immunoaffinity experi-
ments.

2.2. Monoclonal antibody

The CB.Hep-1 mAb (IgG2b) was generated by
standard fusion procedures after immunization of
Balb/c mice with purified HBsAg, obtained from
plasma of chronic HBV carriers [18]. The antibodies
were purified from ascitic fluid by Protein A affinity
chromatography [19].

2.3, Immunoassay with analyte recovery

A polystyrene (PE) microplate (Costar, Cam-
bridge, USA) was coated with 1 ug per well of
CB.Hep-1 mAb in 0.1 M sodium hydrogencarbonate
buffer overnight at 4°C. The wells were washed
using 0.05% Tween 20 in 10 mM phosphate-buffered
saline solution (PBS-T), and after blocking for 1 h at
37°C with 1% non-fat milk, 0.5 pg/well of purified
r-HBsAg was added and the plate was incubated for
1 hat 37°C.

After three washings with PBS-T the plate was
incubated for 15 min at 37°C with the following
elution reagents: (@) 20 mM Tris pH 11.6; (b) 1.0 M
Na,CO,/0.5 M NaCl pH 11.6; (c) 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0; (d) 0.2 M glycine pH
3.5; (6) 4.5 M MgCl,. (f) 8 M UreapH 7.0 (positive
control) and (g) PBS pH 7.0 (negative control). The

plate was washed thrice and was incubated for 1 h at
37°C with the biotin-labeled CB.Hep-1 mAb.

After three washings the wells were incubated
with 100 pl of horseradish peroxidase (HRP)-strep-
tavidin conjugate (Sigma Chemical Co., St. Louis,
USA). The reaction was revealed using 100 wl/well
of 0.05% orto-phenylenediamine (OPD) and 0.015%
hydrogen peroxide (H,O,) in citrate buffer (pH 5.0).
After 20 min the reaction was stopped with 50
pl/well of 1.25 M H,SO,. The absorbance was
measured in a Multiskan ELISA reader (Labsystems,
Helsinki, Finland) using a 492 nm filter. The elution
percentages (P) were evaluated according to the
following formula:

P=[100— (O — Q/R — Q)] X 100

where O is the absorbance at 492 nm, Q is the
absorbance without r-HBsAg and R is the absor-
bance of the negative control (wells eluted with
PBS).

2.4. Column immunoaffinity chromatography

Sepharose CL-4B (PharmaciaLKB, Uppsala,
Sweden) was activated by the CNBr method [20] and
supplied by Dr. Rodés (Department of Solid Surface
Chemistry, CIGB). The CB.Hep-1 mAb was coupled
as recommended by the manufacturer [21]. The
amount of coupled antibody was determined measur-
ing the total protein before and after the coupling
reaction (about 5 mg/ml of gel for each immunoge!).
The final products were washed with PBS and stored
a 4°C. Packed gel volumes were determined by
low-speed centrifugation (250 g for 1 min). Gels
were packed into analytical columns (5X0.7 cm I.D.,
Pierce, Rockford, USA) and equilibrated with 20
mM Tris—HCI/3 mM EDTA/1 M NaCl pH 7.8. The
flow-rates were 20 cm/h and 35 cm/h for adsorption
and elution, respectively.

The columns were loaded with an excess of a
partially purified r-HBsAg preparation according to
the previously standardized conditions (2 mg r-
HBsAg/5 mg mAb) [22] in the equilibrium buffer
containing 1 M NaCl. After washing, the bound
r-HBsAg was eluted with the following reagents: (a)
20 mM Tris pH 11.6 and (b) 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0 (positive control).
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Ligand leakage was determined by a sandwich
ELISA. Briefly, a plate was coated with a sheep
anti-mouse polyclonal immunoglobulin overnight at
4°C, the plate was blocked 30 min at 37°C, the wells
were washed and the eluted samples from the
immunosorbents were added, the plate was incubated
during 3 h at 37°C with 1% non-fat milk in PBS.
After washings the plate was incubated with 100
wl/well of a sheep anti-mouse polyclonal immuno-
globulin-HRP conjugate (Sigma Chemical Co., St
Louis, USA). The reaction was revealed and stopped
as described in Section 2.3.

2.5. High performance size exclusion liquid
chromatography (HPLC-SEC).

An analytical column TSK gel-5000 PW (600
mmXx7.5 mm I.D., Toso Haas, Japan) with 17 pm
pore size was used for characterizing r-HBsAg eluted
from the affinity columns. The isocratic chromato-
graphic mobile phase was phosphate buffer adjusted
to pH 7.0. The r-HBsAg samples dissolved in PBS,
were directly applied into the system. The flow-rate
was 0.2 ml/min and the chromatograms were re-
corded and analyzed by a Biocrom interface board
(CIGB, Havana, Cuba).

2.6. DS-PAGE and Western blot

The r-HBsAg eluted from the immunoaffinity
matrixes was electrophoresed in a 12.5% sodium
dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) under reducing conditions [23]. The
proteins were transferred by a semi-dry electropho-
retic transfer with the transfer buffer (25 mM Tris,
192 mM glycine, 20% methanol) at 25 V for 20 min
onto a nitrocellulose membrane (Schleicher &
Schuell, Daseel, Germany) [24,25]. After incubating
with 1% non-fat milk in PBS for 1 h at 37°C, the
membrane was incubated with a CB.Hep-1 mAb
solution (10 pg/ml) for another hour at 37°C.

The membrane was washed three times in PBS-T,
and incubated for 1 h at room temperature with 100
wl of sheep anti-mouse 1gG conjugated to HRP
(Sigma Chemical Co., St. Louis, USA).

Bands were visualized by reacting with the sub-
strate solution (5 mg 3,3' diaminobenzidine, 10 wl

30% H,O, and 10 ml PBS). The reaction was
stopped with deionized water.

2.7. Determination of r-HBsAg concentrations

The active r-HBsAg eluted from the CB.Hep-1
mADb immunosorbents was measured by a sandwich
ELISA using a sheep anti-mouse polyclonal im-
munoglobulin against r-HBsAg, both as capture
antibody and as an HRP conjugate.

2.8. Determination of protein concentrations

Protein concentrations were determined according
to the procedure of Lowry et a. [26].

2.9. Sability of CB-Hep-1 mAb in elution buffers

The stability of the CB.Hep-1 mAb in both
reagents, 20 mM Tris pH 11.6 and 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0 was analyzed every
hour during 24 h at room temperature. We measured
the specific activity of mAb by a direct ELISA.
Briefly, a plate was coated with r-HBsAg (10 ng/
ml) overnight at 4°C, the wells were washed and the
samples of CB.Hep-1 mAb were added, the plate
was incubated during 30 min at 37°C. The wells
were incubated with 100 pl of a sheep anti-mouse
polyclonal immunoglobulin-HRP conjugate. After
washings, the reaction was revealed and stopped as
described Section 2.3.

3. Results and discussion
3.1. Microtiter plate elution

The total quantitative yield of six dissociating
reagents was initially evaluated in a PE support, the
versatility of this method as an aternative to CNBr-
activated Sepharose for affinity chromatography in
order to evaluate several elution conditions has been
demonstrated [27,28]. Table 1 shows the total protein
recovered using various dissociation reagents. From
the data we conclude that 20 mM Tris pH 11.6, 1.0
M Na,CO,, 0.5 M NaCl pH 11.6, 20 mM Tris/3 M
KSCN/3 mM EDTA and 8 M urea pH 7.0 are the
most stripping reagents for bound r-HBsAg with
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Table 1

Immunoassay analyte recovery. A sandwich ELISA was per-
formed using PE Microplates which were coated with CB.Hep-1
mADb, the r-HBsAg was added and the plates were incubated with
the elution reagents, the plates were incubated with the biotyni-
lated CB.Hep-1 mAb and finally the horseradish peroxidase-
streptavidin conjugate was added. The reaction was revealed using
OPD and H,0, in citrate buffer

Elution agent Recovery (%)
20 mM Tris/3 M KSCN/3 mM EDTA 7!
45 M MgCl, 17
Glycine pH 3.5 41
8 M Urea 94
1 M Na,CO,/0.5 M NaCl pH 11.6 %4
Tris pH 11.6 94
PBS pH 7.2 0

more than 90% of recovered antigen. Moreover, 4.5
M MgCI, pH 7.0 and 0.2 M glycine pH 3.5 showed
the lowest elution strength, recovering 19% and 40%
respectively. In contrast to the results obtained by
other authors [8], the interaction CB.Hep-1 mAb/r-
HBsAg seems to be more sensitive to basic pH than
to chaotropic conditions and ionic strength. We
selected 20 mM Tris pH 11.6 and 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0 as elution conditions
for the immunosorbent assays.

3.2 Sability of CB.Hep-1 mAb in immunosorbent
elution conditions

The performance of CB.Hep-1 mAb for the im-
munogel elution conditions was monitored during 24
h. Asthe Fig. 1 shows, for the antibody treated with
20 mM Tris pH 11.6, the recognition capacity was
not reduced and the purity was higher than 95%.
Conversely for mAb treated with 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0 the purity was aso
higher than 95%, but the recognition capacity for
r-HBsAg diminished to minima values from the
third hour on. It could be due to the ability of the
SCN ™ ion for partly unfolding protein structures, at
high concentration (3 M) [29].

3.3 Column elution of bound antigen using two
different reagents

The ability/advantages of the CB.Hep-1 mAb
immunoaffinity chromatography system to purify r-
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Fig. 1. Specific activity profile of CB.Hep-1 mAb under different
conditions. The mAb was incubated at room temperature during
24 h with 3 M KSCN/20 mM Tris/3 mM EDTA pH 7.0, 20 mM
Tris pH 11.6 and 0.01 M Tris/NaCl pH 7.6. A classica ELISA
was performed to determine the specific activity of CB.Hep-1
mADb.

HBsAg from semi-purified starting material (10—
25% purity) has been demonstrated [8,22].

Once the optimum elution conditions to PE sup-
port were selected, we assayed the CNBr-activated
Sepharose CL-4B immunogel. The Fig. 2 shows a
comparison between basic and chaotropic conditions
during 15 cycles. The amount of eluted antigens per
milliliter of gel, for both reagents, decreased with the
increment of the cycles. In contrast to earlier work
[8], the amount of r-HBsAg eluted from the matrix
using 20 mM Tris pH 11.6 was 1.7-fold higher than
using 20 mM Tris/3 M KSCN/3 mM EDTA pH 7.0.

It has been known that the mAb leakage from IAC
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Fig. 2. Elution profile during 15 cycles using two different agents.
We used a 2-ml column (5 mg of CB.Hep-1 mAb was covalently
coupled to each ml of Sepharose CL-4B). A sample size of 40 ml
of semi-purified r-HBsAg was applied to each immunosorbent.
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matrices is potentially a serious drawback to the use
of such matrices. Leakage of mAbs may also limit
the useful immunosorbents haf-life thereby ren-
dering the process uneconomic. Taking into consid-
eration that the antigen eluted from the columns is
intended for therapeutic use, this parameter raise a
great role because leakage of mAb can lead to
contamination of the product which could compro-
mise its safety for therapeutic use. We measured the
ligand leakage in each cycle and it was below 3 ng
1gG/pg r-HBsAg in al cases.

The best performance obtained with the matrix
treated with the alkaline solution might be a conse-
guence of two possible factors: firstly, for a rapid
diminishing of the binding constant at high pH
conditions, it has been previously reported [30], such
behavior has not been seen using the SCN ™ ion;
secondly, the loss of recognition capacity for r-
HBsAg showed by CB.Hep-1 mAb under chaotropic
conditions. The loss of antibody function has been
found to be the major contributor to the degradation
of immunosorbents performance [29].

The estimated immunosorbent longevity in the
literature varies widely. Reports on immunosorbent
reuse range from five to hundreds of cycles, with
capacity loss ranging from *‘negligible” to 75% of
its initial capacity [31]. One of the possible explana-
tions for the column degradation following two
cycles could be by the poor mass transfer of r-
HBsAg into the Sepharose CL-4B gel. The frac-
tionation range reported for Sepharose-4B extends up
to M, 2.0x10" and the average molecular mass of
r-HBsAg is about 2.4 10°. The ratio between these
values is less than 10, which suggests that some
restriction to the free diffusion of r-HBsAg exists in
this system [8]. The use of Sepharose CL-2B should
solve this limitation.

34. Analysis of eluted antigens

It has been known that after treatment with 20 mM
Tris/3 M KSCN/3 mM EDTA, r-HBsAQ particles
are stabilized [5], therefore we compared the antigen
trested using the selected elution agent with the
antigen treated with 20 mM Tris/3 M KSCN/3 mM
EDTA. The eluted antigens were analyzed by SDS—
PAGE (Fig. 3a). High purity levels were obtained in
all cases (about 95%). This result suggests that the

Fig. 3. Analysis of r-HBsAg eluted from the immunosorbents. ()
SDS-PAGE: Samples of r-HBsAg were electrophoresed under
reducing conditions (12.5% polyacrylamide gel). (b) Western blot:
Samples of r-HBsAg were transferred by a semi-dry electro-
phoretic transfer onto a nitrocellulose membrane. Line 1: Control
sample (r-HBsAg in PBS); Lines 2, 3 and 4: Samples of r-HBsAg
eluted using 20 mM Tris pH 11.6 from the runs 1, 5 and 15,
respectively: Lines 5, 6 and 7: Samples of r-HBsAg eluted using
20 mM Tris/3 mM EDTA/3 M KSCN from the runs 1, 5 and 15,
respectively.

new elution procedure is not only more efficient in
terms of total quantitative recovery but is aso similar
to chaotropic conditions in terms of antigen purity
levels.

We also compared the eluted antigens by Western
blot (Fig. 3b) and ELISA. In Western blot analysis,
we obtained the same band pattern in all cases,
which suggests that the same antigenic population
was selected from both matrixes. Likewise the
recognition capacity determined by ELISA was
higher than 90%. The r-HBsAg eluted from the
immunosorbent treated with 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0, showed the same
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Fig. 4. HPLC-gel filtration analysis of r-HBsAg eluted from the
immunogels. (8 r-HBsAg eluted from the matrix treated with 20
mM Tris pH 11.6, (b) r-HBsAg eluted from the matrix treated
with 20 mM Tris/3 M KSCN/3 mM EDTA.

recognition pattern for the CB.Hep-1 mAb, than for
r-HBsAg treated with 20 mM Tris pH 11.6.
Finaly, as shown in Fig. 4 the eluted antigens
were analyzed by HPLC-gdl filtration. We compared
the retention time for every case (antigen obtained
from the matrix treated using 20 mM Tris/3 M
KSCN/3 mM EDTA pH 7.0 and using 20 mM Tris
pH 11.6 respectively) the retention times were
similar in both cases. This suggests a molecular
similarity between both group of antigens.

4. Conclusions

A new method has been developed to elute r-
HBsAg from immunosorbents. This opens the possi-
bility to increase the useful immunosorbents half-life
and aso its yield.
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