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Abstract 

    The aim of this study was to produce 
monoclonal and polyclonal antibodies against 
cholera toxin (CT). Hyperimmune ICR mice 
produced polyclonal antibodies after injection 
with 0.5 ml pristane, and were injected with 
NS-1 myeloma cells two weeks later. 
Hyperimmune Balb/c mice were used for the 
production of monoclonal antibodies (MAbs). 
After these mice were immunized four times 
and given a final boost, their spleen cells were 
collected and fused with NS-1 myeloma cells 
under the presence of PEG 1500. The fused 
cells were then selected in the hypoxathine, 
aminopterine, and thymidine (HAT)-RPMIX 
medium. Anti-CT antibody-secreting 
hybridoma cell lines with high titer were cloned 
by enzyme-linked immunosorbent assay 
(ELISA) and then subcloned by limiting dilution 
in 15% fetal bovine serum (FBS) HT-RPMIX 
medium. Eleven murine hybridoma producing 
anti-CT MAbs were obtained and designated 
CT-A2, CT-B4, CT-B11, CT-C7, CT-D7, CT-E8, 
CT-F4, CT-F2, CT-F8, CT-E3, CT-E6. Isotypes 
of these MAbs were identified as IgG1 heavy 
chain and κ  light chain. Hitrap Protein A 
column was used for the purification of 
polyclonal and monoclonal antibodies.    
 
1. Introduction 

In cholera, the ability to produce cholera 
toxin (CT) by Vibrio cholerae is critical for 
pathogenesis. The diarrheal disease cholera 
currently affects over 100000 peoples 
worldwide each year. Ninety percent of 
persons who develop cholera experience only 
mild to moderate diarrhea; cholera is therefore 
often difficult to distinguish from other kinds of 
acute diarrhea. Whereas rehydration therapy 
may reduce cholera mortality to less than 1%, 
mortality rates can approach 50% if illness is 
left untreated. The toxin consisting of an 
enzymatic A subunit (27kDa) surrounded by 
five identical B subunits (approx. 12kDa each), 
which attach the toxin to ganglioside GM1 on 

the cell surface. The A subunit is responsible 
for toxicity, catalyzing ADP-ribosylation of Gsα, 
increasing cyclic AMP (cAMP) levels, and 
producing chloride efflux and fluid loss. The B 
subunits are arranged in a pentameric ring and 
contain five receptor-binding pockets for 
high-avidity association with cellular 
membranes containing GM1 ganglioside. The 
nontoxic B subunits, are also potent 
immunogens, avoiding tolerance induction 
when administered mucosally and generating 
strong secretory and systemic antibody 
responses. Formation of intrachain disulfide 
bonds within the A and B subunits is catalyzed 
by disulfide isomerase. (1-11)  

A crucial distinction to be made in 
identifying Vibrio cholerae is determination of 
whether the strain produces CT. Initial 
nonanimal assays to detect CT involved cell 
culture assays employing Chinese hamster 
ovary cells or Y-1 adrenal cells. These assay, 
which detect a characteristic change in cell 
morphology induced by CT, are available only 
in reference and research laboratories. Various 
modification of ELISA using purified GM1 
ganglioside receptor as the capture molecule 
are now more commonly used to assay CT. A 
highly sensitive bead ELISA, which uses 
polystyrene beads coated with anti-CT 
antibody as the solid phase, can detect CT 
directly in stool specimens. A latex 
agglutination assay to detect CT was reported 
to be less complicated and less 
time-consuming than ELISA. In addition to the 
above assays for detecting the phenotypic 
expression of CT, a number of DNA probes 
and PCR methods have been developed to 
detect the ctx genes. (12-17)        
    The aim of this study was to produce new 
anti-CT antibodies including polyclonal and 
monoclonal antibodies for application in the 
development of microbial toxin 
immunosensors. In this study, new polyclonal 
and monoclonal anti-CT antibodies were 
produced, characterized, and purified.  
2. Materials and Methods                        
2.1 Reagents 
1. Cholera toxin, CT (from Vibrio cholerae, 
Sigma Chem. Co., St. Louis, MO, U.S.A) 2. 
RPMIX: RPMI 1640 (Seromed, Berlin, 
Germany) was supplemented with fetal bovine 
serum (FBS) ( Hyclone, Logan, Utah, U.S.A.) 
12%, L-glutamine (200 mM, GibcoBRL, Grand 
island, NY, U.S.A.) 1%, Pen-Strep (10000 U 
penicillin G and 10 mg streptomycin/mL 
solution, 100X, GibcoBRL, Grand island, NY, 
U.S.A.) 1%, fungizon (250 μg/mL, GibcoBRL, 
Grand island, NY, U.S.A.) 1% and sodium 
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pyruvate (100 mM, GibcoBRL, Grand island, 
NY, U.S.A.) 1%.  3. Fruend's adjuvant 
(complete and incomplete, GibcoBRL, Grand 
island, NY, U.S.A.)  4. Peroxidase conjugated 
goat anti-mouse IgA, IgG, IgM (Capple, 
Malvern, PA, U.S.A.) 5. ABTS (2,2-azino-di- 
[3-ethyl-benzthiazoline sulfonate] diammonium 
salt) (Sigma, St. Louis, MO, U.S.A.)   6. 
PEG1500 (polyethylene glycol 1500) (Roche 
Diagnostics GmbH, Mannheim, Germany) 7. 
HAT (hypoxanthine 10 mM, thymidine 1.6 mM, 
aminopterin 1.76 mg/100mL) (GibcoBRL, 
Grand island, NY, U.S.A.)  8. HT 
(hypoxanthine 10 mM, thymidine 1.6 mM) 
(GibcoBRL, Grand island, NY, U.S.A.)  9. 
Hitrap rProtein A column (Amersham 
Pharmacia Biotech, Inc., Piscataway, NJ. 
U.S.A.)        
2.2 Materials 

 The NS-1 myeloma cell line was a gift from 
Dr. Rong Huay Juang in the Agriculture 
Chemistry Department of Taiwan University, 
Taiwan, R.O.C.. Balb/c mice and ICR mice (six 
to eight weeks old, male) were obtained from 
the Experimental Animal Center of the Medical 
College of National Taiwan University, R.O.C.. 
2.3 Immunization 
   All Balb/c and ICR mice were given an 
initial intraperitoneal (i.p.) immunization with 10 
μ g purified antigen in complete Freund's 
adjuvant (Gibco, Grand island, NY) and then 
boosted the antigen in incomplete Freund's 
adjuvant (Gibco) at 3-week intervals. After 
three months, the ICR mice could produce 
ascites and the spleens from the Balb/c mice 
were used in the production of hybridoma cells 

(18,19).  
2.4 Procedure of Enzyme-linked 
immunosorbent assay (ELISA)    
   Fifty micrograms per milliliter of antigen 
(CT) was adsorbed into a 96-well microtiter 
plate at 4℃ overnight. After coating, the plate 
was washed twice with phosphate buffered 
saline (PBS) (5 mM phosphate buffer, 0.15 M 
NaCl, pH 7.0). 0.2 ml of gelatin-NET solution 
(gelatin 0.5%, NaCl 0.15 M, EDTA‧2Na 5 mM. 
Tween 20 0.05%, Tris base 50 mM, pH 8.0) 
was then added to the plate for blocking at 
room temperature. After 1 hr, the plate was 
washed twice with PBST (NaH2PO4‧2H2O 10 
mM, NaCl 0.13 M, Tween 20 0.05%, pH 7.0).    
0.1 mL of antibody solution was added to the 
wells and incubated at 37℃ for 30 min, then 4
℃ for 30 min. After antibody-antigen reaction, 
the plate was washed three times with PBST 
and 0.1 mL of peroxidase conjugated goat 
anti-mouse antibody was added to the wells 
and incubated at 37℃ for 30 min, then at 4℃ 

for 30 min. After 1 hr of incubation with these 
antibodies, the plate was washed three times 
with PBST and the enzyme substrate, H2O2 
and ABTS was added. Absorbance at 405 nm 
of the colored reaction product was measured 
by an automated ELISA reader (MR5000, 
Dynatech) (18,19). 
2.5 Production of Polyclonal Antibodies 
   The hyperimmunized ICR mice were 
injected with 0.5 mL pristane 
(2,6,10,14-tetramethyldecanoic acid). Two 
weeks later, the mice were injected with 106 
NS-1 cells. The fluid was tapped when the 
mice were noticeably enlarged, but before the 
mice had difficulty moving. After centrifugation 
at 3000 × g for 10 min, supernatant was 
carefully removed and the oil layer discarded 

(19). 
2.6 Production of Monoclonal Antibodies 
(MAbs) 
2.6.1 Hybridization 
   Seven days before fusion, a 
hyperimmunized mouse was given a final 
boost of 10 μg antigen in PBS (pH 7.0) at 
least three weeks after the previous injection. 
The spleen was then removed and spleen 
cells (108) fused with NS-1 myeloma cells (107) 
using PEG 1500. Fused cells were selected in 
the hypoxathine, aminopterine, and thymidine 
(HAT)-RPMIX medium. Anti-CT 
antibody-secreting hybridoma cell lines with 
high titer were cloned by ELISA and then 
subcloned by limiting dilution in 15% FBS 
HT-RPMIX medium (18,19).       
2.6.2 Scale-up of MAbs Production 
   The production of MAbs was scaled up by 
tissue culture in flasks and ascitic fluid in mice. 
2.6.2.1 Collection of tissue culture 
supernatants  
   The cultures were allowed to grow until the 
hybridomas died, and the tissue culture 
supernatants were collected. Debris was 
removed by centrifugation (1000 × g, 10 min) 
and supernatants were decanted from the cell 
pellet (18,19). Supernatant titers were determined 
by ELISA. 
2.6.2.2 Collection of ascites 

  Prime Balb/c mice were injected i.p. with 
0.5 mL of pristane or incomplete Freund's 
adjuvant. After 7-14 days, the mice were 
injected i.p. with 5 × 105～5 × 106 hybridoma 
cells in 0.5 mL PBS. Ascitic fluid began to build 
up within 1-2 weeks and was tapped when the 
mouse was noticeably enlarged, but before the 
mouse had difficulty moving. The fluid was 
incubated at 37℃ for 1 hr and maintained at 4
℃ overnight. After centrifugation at 3000 × g, 
10 min, supernatant was carefully removed 
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and the oil layer discarded (18,19). 
2.7 Classification of MAbs  
   Monoclonal cell culture supernatant (0.1 
mL) was added to the ELISA plate that had 
adsorbed the antigen. After 1 hr of incubation 
at room temperature, the plate was washed 
three times with PBST. Eight kinds of isotype 
goat anti-mouse Ig-peroxidase conjugates 
were then added to the plate for 1 hr of 
incubation. The plate was washed three times 
with PBST and absorbance at 405 nm was 
measured. 

  2.8 Purification of Polyclonal and 
Monoclonal Antibodies Using Hitrap 
rProtein A column                  
    The sample was pretreated by the 
ammonium sulfate precipitation. The Hitrap 
rProtein A column was equilibrated with at 
least two column volumes of binding buffer 
(Buffer A) (20 mM sodium phosphate, pH 7.0). 
It was then applied to the sample by pumping 
it into the column, which was washed with 
Buffer A for 10 column volumes or until no 
material appeared in the effluent. It was eluted 
with elution buffer (Buffer B) (0.1 M citric acid 
buffer, pH 5.0) 1-3 column volumes. The 
purified IgG fraction could be desalted by 
dialysis. Flow rates of washing and 
equilibration were 4 mL/min, and rates of 
sample application and elution were 2 mL/min.   
3. Results  
3.1 Production and Purification of 
Polyclonal Antibodies 
    Ascites formation could be induced in 
hyperimmune ICR mice (serum titer 1:6500) 
when injected with pristane and then NS-1 
myeloma cells after two weeks. The highest 
dilution fold of the ascites determined by 
ELISA was 15625-fold. The ascites were 
purified using Hitrap rProtein A column. A 
single peak of protein fraction (OD280nm=3.9) 
was obtained when Buffer B was applied to the 
column (data not shown). 
3.2 Production and Classification of MAbs   
   In this experiment, the eleven high-titer 
MAbs-producing hybridoma cell lines selected 
and designated CT-A2, CT-B4, CT-B11, CT-C7, 
CT-D7, CT-E8, CT-F4, CT-F2, CT-F8, CT-E3, 
CT-E6 are shown in Fig. 1. The isotypes of 
MAbs secreted by the twelve hybridoma cell 
lines were classified as IgG1 heavy chain and 
κ  light chain using mouse-hybridoma 
subtyping kit. When high-titer hybridoma was 
injected i.p. into mice, a tumor formed locally 
or antibody-rich ascites developed. The titer 
curve of mouse anti-CT ascites produced with 
hybridoma cell line CT-A2 is shown in Fig. 2. 
The highest dilution fold of the hybridoma 

ascites determined by ELISA was 15625-fold. 
 3.3 Purification of MAbs 

   The ascites containing anti-CT MAbs 
CT-A2 was purified using Hitrap rProtein A 
column. An affinity chromatogram of anti-CT 
MAbs CT-A2 from Balb/c mice ascites using 
Hitrap rProtein A purification column is shown 
in Fig. 3. A single peak of protein fraction 
(OD280nm=3.5) was obtained when elution 
buffer (Buffer B) was applied to the column. 
4. Discussion 
   CT is a kind of complete antigens. This 
antigen mixed with Freund's adjuvant can 
stimulate a good response when injected into 
mice. A successful fusion procedure could 
bring cells together with an optimal frequency 
of interactions between the two "parent" cell 
types. Unfused myeloma cells were dying out 
as a result of the aminopterin block. Spleen 
cells were dying out, with the exception of 
macrophages and/or fibroblasts, which might 
be establishing themselves, and beginning to 
divide (11). It appeared to be a correlation 
between the appearance of such cells and 
subsequent good yields of hybrids. The cells 
were characteristically round with a clear 
membrane under phase contrast. When the 
medium in the culture turned yellow, the 
cultures were screened to determine antibody 
production and positive colonies by ELISA 
were selected for expansion and subcloning. 
In this study, limiting dilution was performed by 
adding 15% FBS HT-RPMIX medium to 
replace the conventional method that used 
feeder cells applied for hybridoma cells in the 
96-well microtiter plate. Maintenance and 
expansion of MAbs- producing hybridoma cell 
lines were important. The class and subclass 
should be determined on MAb prepared in 
culture, rather than in mice, to avoid other 
classes and subclasses, originating from the 
mouse model. 
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Figure legends: 

Fig.1. Selection for anti-CT MAb-secreting 
hybridoma cell lines with high titer 

Fig.2. Titer curve of anti-CT ascites 
produced by i.p. injection of mice 
with hybridoma cells CT-A2. The 
Balb/c mice were injected 0.5 mL 
pristane. After 7-14 days, the mice 
were injected i.p. with 105-106 
hybridoma cells in 0.5 mL PBS. The 
ascitic fluid built up within 1-2 weeks 
following the injection of the cells. 

Fig.3. Affinity chromatogram of Balb/c mice 
ascites producing monoclonal 
anti-CT antibodies CT-A2 using 
Hitrap rProtein A purification column. 
10 mL of the hybridoma ascites was 
applied into the column. The 
binding buffer (Buffer A) is a 
solution containing 0.05 M Tris-HCl, 
3 M NaCl (pH 7.8). The elution 
buffer (Buffer B) is a 0.1 M citrate 
buffer (pH 5.0). Flow rate of 
washing and equilibration is 4 
mL/min. Flow rate of sample 
application and elution is 1 mL/min 
(1 mL/fraction). 
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