
Abstract : In this study, the results of anti-
ovalbumin (OVA) monoclonal antibody
production and characterization are reported.
Splenocytes from OVA-hyperimmune Balb/C
mouse were fused with F0 myeloma cells and
resulting hybridoma cells were selected in
hypoxanthine-aminopterine-thymidine
containing medium. A total of 37 HAT
resistant hybridomas were obtained. Upon
testing the hybridoma supernatants in OVA
and mouse immunoglobulin G specific
enzyme-linked immunosorbent assays, we
observed that two of the hybridomas secreted

OVA specific antibodies. The hybridomas
produced IgG class antibodies. The
hybridomas were grown and the supernatants
from the cultures were also tested in a
Western Blot assay. The results of ELISA were
confirmed with Western Blot assays.  The
results indicate that the mAbs produced in this
study reacted with the continuous (non-
conformational) epitopes present on OVA. 
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Introduction

Monoclonal antibodies (mAb) have proven to be
invaluable tools in various fields of biology (1). Since their
first production in 1975 (2), mAbs have been used in
research, medicine and industry (3). In diagnostic
microbiology, almost all radioimmunoassays (RIA),
enzyme linked immunosorbent assays (ELISA), and
immunofluorescence assays are generated with the help
of a specific mAb (4). In clinical microbiology laboratories,
commercial or house-made diagnostic kits produced for
almost all viral, bacterial or parasitological agents use
mAb to identify antibodies or microbial antigens in clinical
materials (5, 6). In clinical biochemistry and physiology
laboratories, similar diagnostic kits are used to determine
hormones and other clinically important molecules (5, 6).
In the field of biological and biomedical research, mAbs
are produced against many biologically important
proteins, or to non-protein entities (7-9). These mAbs are
used to investigate the structural and functional features
of protein or non-protein molecules. There have been
studies focusing on producing catalytic mAbs which might
function as enzymes (10, 11). When such mAbs are

available in large quantities, many chemical reactions
currently performed in various industrial fields will
probably be catalyzed by mAbs. 

The classical method for production of mAb relies on
combining desirable features of a myeloma and a specific
antibody-producing plasma cell (2). For this, membrane
fusion of these cells is necessary. Newer methods of mAb
production are based upon bacterial or eucaryotic
expression of mAb-encoding genes (10, 11).
Consequently, with the utilization of new methods, the
immortality of myeloma cells is no longer needed. 

Despite these new technological improvements, the
advantages of mAb technology are not adequately used in
Turkey. Almost all test kits used in clinical laboratories
and mAbs needed in research laboratories are provided by
outside sources. The main reason for the very limited
development of mAb technology in Turkey is the fact that
in vitro cell culturing requires expensive and laborious
methodology. Currently, at FÝrat University, cell cultures
for various cell lines are performed. Since working cell-
culture conditions exist, in this study, the production and
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characterization of mAb against OVA was attempted. The
reason behind the use of OVA as an antigen is the fact
that OVA is a good antigen in rodents and easily available
in many laboratories. This report, to our knowledge,
describes one of the first studies on the production of
mAb in Turkey. Similar approaches will be followed for
microbiologically important agents and other molecules.
The results are presented below and the implications are
discussed. 

Materials and Methods

Cells: F0 myeloma cells (kindly provided by the
Institute for Molecular Biology and Genetic Engineering,
T�BÜTAK, Gebze, Kocaeli) were grown in Dulbecco's
Modified Eagles Medium (DMEM, Sigma Chemical Co. St.
Louis, MO. USA) containing 50% nutrient mixture F-12
HAM, 10% fetal calf serum (FCS, SERVA, Feinbiochemica
GmbH, Heidelberg, Germany), penicillin (100 IU/ml,
Sigma), streptomycin (100µg/ml, Sigma), and HEPES
(0.1 M, Sigma).

Immunizations: Five 6-week-old male Balb/C mice
(Institute for Molecular Biology and Genetic Engineering,
T�BÜTAK, Gebze, Kocaeli) were immunized
intraperitoneally (ip) with 250 mg ovalbumin (Merck,
Darmstadt, Germany) in Freund's Complete Adjuvant.
Two weeks later, the immunizations were repeated. In
the second immunization, Freund's incomplete adjuvant
was used as adjuvant. Three days prior to fusion, 250 µg
OVA in 0.01M phosphate buffered saline (PBS) was given
ip as the final boost. 

Fusion: On the day of fusion, single-cell suspensions
of spleenocytes from one of the hyperimmune mice were
prepared and fused with FO cells as previously described
(12-14). As the selective agent, hypoxhanthine (5x10-3

M)-aminopterine (2x10-5M)-thymidine (8x10-4M) was
included in the media during the post-fusion culture. In
addition, oxalate (0.15 mg/ml), pyruvic acid (0.05
mg/ml) and insulin (0.2 IU/ml)-containing supplement
was added to the culture medium. Selection was applied
until HAT resistant colonies appeared. The first colonies
started to appear at around day 3 of the post-fusion
period. The colonies were fed with the above-mentioned
complete culture medium every 4 days. The culture
supernatant of the hybridomas was tested an enzyme-
linked immunosorbent assay on the 15th day (14).

Positive hybridomas were first transferred to 24-well
plates and then to 25 cm2 flasks. No cloning of the
hyridomas was performed, because on each 96-well
plate, less than 60 hybridomas were obtained. 

Enzyme-Linked Immunosorbent Assay (ELISA):
The assay procedure was similar to that described
previously (15). Each well of the ELISA plates (Greiner
GmbH, Frickenhausen, Germany) was first coated with
50 µl of 30 µg/ml ovalbumin dissolved in 0.05 M
carbonate/bicarbonate buffer, pH 9.6, by incubating the
plate at 4¡C overnight. Unbound OVA was removed by
washing the wells with 50 µl 0.01M phosphate buffered
saline pH 7.2 (PBS) containing 0.05% Tween-20. The
washing was repeated four times for each well.
Afterwards, the wells were blocked with 3% horse serum
(Sigma) to prevent non-specific binding. For blocking, 50
µl horse serum was added into the wells and plates were
incubated at 37¡C for 1hr. After incubation, the horse
serum was removed from the wells and, without
washing, test samples were added to the wells. The test
samples contained immune/non-immune mouse sera,
complete hybridoma medium and hybridoma
supernatants. The serum samples were diluted 400-fold
and the culture supernatants were used undiluted. All
dilutions were made in 0.01M PBS, pH 7.2. The
incubation and washing steps were repeated. As the
reporter molecule, 1/500 diluted horseradish peroxidase
conjugated goat anti-mouse immunoglobulin G (Sigma, St
Louis, MO, USA) was used, and the plates were incubated
and washed as described in the previous steps. The
substrate solution containing o-phenylene diamine
(Sigma) at 1mg/ml concentration in 0.05M sodium
phosphate dibasic, 0.025 M citrate buffer (pH 6.0),
which also included 0.03% H2O2, was prepared and 50 µl
substrate solution was added to each well. After 15 min
incubation at room temperature, the reaction was
stopped by the addition of 50 µl 1N H2SO4. The color
development was determined spectrophotometrically at
490 nm. The optical densities of each reaction were
expressed. Along with OVA, goat anti-mouse-IgG (Sigma,
St Louis, MO. U.S.A.) was also used as the solid phase
antigen. Another control in the test was a negative
control in which no solid phase antigen was added to the
wells and the initial incubation was performed only with
carbonate buffer. On each plate, positive and negative
controls were included. 
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Sodium Dodecyl Sulphate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) and Western Blot Assay:
Ten percent SDS-PAGE was carried out as described
previously (12, 16). Five µl samples (mouse serum and
hybridoma supernatants from BG11 hybridoma and 1
mg/ml OVA in 0.01 M PBS) were boiled for two minutes
in 2x sample buffer and placed in the wells.
Electrophoresis was carried out in a vertical gel apparatus
(OWL Sci. Inc. Cambridge, MA. U.S.A.) at 150V for 4 hr
at 4¡C. After the electrophoresis, one panel of the gel was
stained with Coomassie Brilliant Blue as described
elsewhere (16). In transferring proteins to nitrocellulose,
a semi-dry blotting apparatus was used (The Wep
Company, Seattle, WA. U.S.A.). Proteins were
transferred under 2.5 mA/cm2 for 1 hr and the
nitrocellulose paper was blocked in 10 ml 5% (w/v) fat-
free milk powder in 0.01M PBS for 2 hr at room
temperature (12, 16). Afterwards, in one panel 1/2000
diluted OVA-immune mouse serum was used as the
primary antibody. In the second panel, the primary
antibody was 10 ml neat BG11 supernatant. Incubations
were performed overnight at 4¡C. Nitrocellulose papers
were washed four times in 10 ml 0.01M PBS pH 7.2
containing 0.05% Tween-20. As the secondary antibody,
10 ml 1/1000 diluted biotinylated goat anti-mouse IgG
(DAKO Corp. Carpintera, CA. U.S.A.) in PBS was added
and the paper was incubated at room temperature for 30
minutes. After washing, the paper was immersed in 10
ml 1/1000 diluted streptavidin-conjugated horseradish
peroxidase. In the third panel, 10 ml 1/1000 diluted
horseradish-conjugated rabbit anti-mouse IgG (Sigma)
was used as the primary antibody. Incubation and
washing were carried out as described above. Reactions
in all the panels were developed in 10 ml 0.05M Tris-HCL
pH 7.6 containing 0.6mg/ml diaminobenzidine (DAB) and
0.3%H2O2.

Results

Following the fusion, on day 3 the first colonies
started to appear (Figure 1A) and at around day 10 the
number of hybridoma cells increased (Figure 1B). The
culture medium was replaced with fresh medium. The
hybridomas were refed every three days and on day 15
the number of wells with hybridomas was determined.
Accordingly, a total of 37 hybridoma colonies were
observed on two 96-well plates. On one plate, a total of

22 and on the other plate a total of 15 colonies were
present. The hybridoma supernatants were tested in
ELISA. The results are shown in Figure 2. Accordingly,
two of the hybridomas were positive both in OVA and

Figure 1. Light microscopic image of hybridoma colonies 3 (A) and
10 (B) days after fusion. Magnification 200x.

Figure 1A.

Figure 1B.



anti-mouse IgG ELISA. Even though the positive
hybridomas were evident even to the naked eye, the
optical density of the reactions was determined

spectrophotometrically. One of the hybridomas (AE3) did
not prove to be a stable cell line. After several in vitro
passages, replication of the cells ceased and the
hybridoma was lost. To confirm the ELISA results, the
supernatant from the other hyridoma was tested in
Western blot assays. The location of OVA on the gel was
determined with Coomassie Brilliant Blue staining (Figure
3A). In the Western blot assay, 1/2000 diluted mouse
anti-OVA serum was used as primary antibodies (Figure
3B). Ovalbumin specific mouse serum was tested in order
to demonstrate the exact position of OVA on the paper.
Thus, this assay served as a positive control to the BG11
supernatants. In a second panel, OVA specific antibodies
were determined in the BG11 supernatants (Figure 3C).
Since streptavidin conjugated-goat anti-mouse IgG
antibodies were used as the labelling agent, naive mouse
serum samples were run along with OVA (Figure 3B and
C). Thus, mouse IgG present in the mouse serum served
as another positive control in the Western blot assays. In
Figure 3D, the presence of mouse IgG in the BG11
supernatants was determined. Here again, naive mouse
serum was used as a positive control. Both the naive
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Figure 2. ELISA results of mouse anti-OVA serum and hybridoma
supernatants.

Figure 3. SDS-PAGE and Western Blot analysis of hybridoma supernatants.
(A) Brilliant blue staining of the gel following SDS-PAGE showing molecular weight markers (Lane 1) and OVA (Lane 2). 
(B) Western Blot analysis of OVA-immune mouse serum. The naive mouse serum (Lane 1) and OVA (Lane 2) samples were electrophoresed
in 10% SDS-PAGE and transferred to nitrocellulose as described in Materials and Methods. Nitrocellulose paper was incubated with OVA-
immune mouse serum. Since biotinylated goat anti-mouse IgG antibodies were used as secondary reagents, naive mouse serum containing
mouse IgG was also included in the assay. Streptavidin-conjugated horseradish peroxidase was used as the labeling reagent and the reaction
was developed with DAB. 
(C) Western Blot analysis of BG11 supernatant. The naive mouse serum (Lane 1) and OVA (Lane 2) samples were electrophoresed in 10%
SDS-PAGE and transferred to nitrocellulose as described in Materials and Methods. Nitrocellulose paper was incubated with BG11
supernatant and the reaction was developed as described in the legend for Figure 3B. 
(D) The presence of mouse IgG in BG11 supernatant. The naive mouse serum (Lane 1) and BG11 supernatant (Lane 2) samples were
electrophoresed in 10% SDS-PAGE and transferred to nitrocellulose and horseradish peroxidase conjugated rabbit anti-mouse antibodies
were used as the labeling reagent. The reaction was developed as described in Materials and Methods.



mouse serum and BG11 supernatant samples were
electrophoresed on 10% SDS-PAGE, transferred to
nitrocellulose and detected with horseradish-peroxidase-
conjugated anti-mouse IgG. This assay also confirmed the
presence of mouse IgG in the BG11 supernatant (Figure
3D).

Discussion

Hybridoma technology has made the production of
mono-specific antibodies possible in large quantitites (1).
A fusion event between an immortal myeloma cell and
specific antibody-secreting plasma cell, when an
appropriate selection is exerted, produces a hybridoma
cell which has the advantages of both parents (12, 13).
Thus, the hybridoma secretes specific antibodies and is
immortal (13). This technology has revolutionized many
disciplines in medical and biological sciences (4, 5, 8, 9).

Despite the tremendous benefits of hybridoma
technology, in Turkey, researchers have been slow in
applying the technology. In most studies conducted with
mAb, commercial sources are used. In recent years,
however, several reports on the production of mAbs have
appeared in the literature (17-20). These mAbs are
mostly raised against viral antigens (17-19). It is likely
that similar studies from various laboratories will be
published in the near future and commercial applications
for these reagents will soon follow.

In this study, we produced and characterized mAb
against a well-known protein, OVA. Ovalbumin induces a
strong immune response in mouse and is available in pure
form and in bulk. In order to establish the technology
first, we chose OVA as the antigen. According to the

results, two OVA-specific antibody-secreting hybridomas
were obtained. Since the mAb reacted with OVA both in
ELISA and Western Blot assays, it is reasonable to assume
that the epitopes recognized by the antibodies were non-
conformational (21). Sodium dodecyl sulphate-PAGE is
known to alter the native conformations of proteins (21).
Thus, after SDS-PAGE, only linear epitopes could still be
recognized. Monoclonal antibodies produced by the
hybridomas were in the IgG class because in ELISA for
mouse IgG, the mAbs were found to be positive. 

Since secondary antibodies were specific for mouse
immunoglobulins, in Western Blottings, non-immune
mouse serum was included in the assay in order to
provide positive controls for mouse IgG. Thus, with two
panels, the presence of mouse IgG in BG11 supernatant,
OVA specificity of BG11 supernatant and the exact
positions of mouse IgG and OVA on each panel were
demonstrated. These results were in agreement with the
ELISA results, that BG11 hybridoma secreted OVA-
specific mouse IgG antibodies. Further cloning for
hybridomas was not attempted because only 37 colonies
were present on two 96-well fusion plates. Accordingly,
in cases where only one cell is plated into each well, 37%
of the wells should have no growth (14). In other words,
if less than 60 wells have colonies growing, there is no
need to reclone the hybridomas. In this case, cells in each
well originate from a single parent. Thus, they represent
a monoclonal cell (14). Consequently, in this study,
further cloning of hybridomas was not performed. 

In future studies, mAbs against a variety of cellular or
viral proteins are planned. Thus, it will be possible to use
these mAbs both in clinical applications and in basic
studies.
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