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MONOCLONAL ANTIBODIES AGAINST TWO DISCRETE DETERMINANTS ON Vi 
CAPSULAR POLYSACCIIARIDE. 

Ayub Qadii, Souravi Ghosh and Gursaran P.Talwar 
National Institute of Immunology, 

New Delhi-110067 
INDIA 

ABSTRACT 

Vi is a linear homopolymer of 1,4 N-acetyi 
gaiactosaminuronic acid. It is present in S.tvphi and some 
other members of Enterobacteriaceae. Vi antigen of S.tvnhi 
has been associated with the virulence of the organism and a 
vaccine based upon this antigen has been found to confer 
immunity against typhoid. In this paper, we report production 
and characterization of four hybrid cell clones secreting 
monoclonal antibodies against Vi capsular polysaccharide. 
Binding analysis using different derivatives of Vi showed 
that three monoclonal antibodies reacted with the antigenic 
determinant constituted by 0-acetyl group and one recocjnised 
the epitope constituted by N-acetyl and carboxyl groups 
together. All the antibodies bound to Vi positive strains of 
S.tvRhi and did not show any significant reactivity with Vi 
negative strains of S.tvphi, S.~aratv~hi li, S.paratvphi B and 
E-coli. Besides their utility in studying the sub-specificity 
of antibodies produced after vaccination with Vi, these 
antibodies would be helpful in the diagnosis of typhoid 
fever. (KEY WORDS : Capsular polysaccharide - CPS, 
polygalacturonic acid - P G U A ,  enzyme linked immunosorbent 
assay - ELISA, monoclonal antibody - MoAb). 

INTRODUCTION 

The capsular polysaccharide (Vi) of Salmonella tvphi is a 

linear homopolymer of W. 1,4 N-acetyl gaiactosaminuronic acid, 

variably 0-acetylated to about 90% at the C-3 position and is 
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236 Q A D R I ,  GHOSH,  AND TALWAR 

structurally identical to the CPS of Citrobacter freundii (1- 

5). Whiteside and Baker (6) have found that purified Vi 

antigen preparations from Citrobacter ballerup, S.tv~hi and 

Escherichia freundii were serologically identical. However, 

after 0-deacetylation minor serological difference between 

the antigen of S.tv~hi and C.ballerup was observed (7). 

Recently Szu et al. (8) have shown by FTIR spectroscopy and 

13C.Nuclear Magnetic Resonance that the structures of Vi from 

WR7011 strain of C.freundii and the Ty2 strain of S.typhi 

were indistinguishable. Capsular polysaccharides are 

essential for the invasiveness of capsulated bacteria (9) and 

vaccines based upon these antigens have been found to induce 

immunity by eliciting serum antibodies (10-1G). The Vi 

capsular polysaccharide has been found to confer immunity 

against typhoid fever in 70% of subjects in two clinical 

trials in areas with high rate of typhoid (17,18). Vi-protein 

conjugates have been synthesized in order to both enhance the 

immunogenecity and confer T-dependent properties to Vi ( 8 ) .  

This antigen has also been found to be a good candidate for 

diagnosis of typhoid fever. Patients with typhoid fever are 

reported to excrete Vi antigen in the urine for which an 

assay has been proposed (19,20). However, attempts to use Vi- 

based assays for diagnosis have not been successful mainly 

due to lack of specific antibodies (21). We report here four 

hybrid cell clones secreting monoclonal antibodies highly 

specific for Vi. Their binding pattern further confirms the 

presence of two antigenic determinants on Vi. The antibodies 

will be u s e f u l  in analysing the sub-specificity of protective 
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237 MONOCLONAL ANTIBODIES 

antibodies induced by the Vi vaccine and also in the 

diagnosis of typhoid fever. 

MATERIALS AND METHODS 

Bacteria 

Bacterial strains of S.typhi, S.paratvphi & S-paratvphi 

and E.coli were obtained from the Microbiology departments 

of Lady Hardinge Medical College and All India Institute of 

Medical Sciences,New Delhi. The microorganisms were well 

characterized by biochemical and serological traits. They 

were grown in trypton-yeast extract ( Difco Labs ,Detroit 

Michigan, USA) -saline broth overnight at 37'C. Bacterial 

cells were heat inactivated at GO'C for 3 0  min., harvested 

and washed with saline. 

Antiqens 

Purified Vi antigen was 3 kind gift of Dr.John B. Robbins, 

National Institutes of Health,Bethesda. It was prepared from 

Citrobacter freundii. Polygalacturonic acid (Sodium salt) 

was obtained from Sigma Chemical Company. Lipopolysaccharide 

isolated from S.enteritidis was from Difco Labs. 

Chemical modifications of Vi and PGUA 

Carboxyl-reduced Vi antigen was prepared by the method of 

Taylor and Conrad ( 2 2 ) .  Deacetylated derivatives of this 

compound and the native Vi were prepared by treatment with 

sodium methoxide and methanol as described by Thompson et al. 

(23). Polygalacturonic acid was acetylated by the method 

described by Szewczyk ti Taylor ( 2 4 ) .  
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238 QADRI, GHOSH, AND TALWAR 

Antiserum : 

Commercially available monospecific rabbit anti-S.tvphi Vi 

antiserum was obtained from Central Research Institute, 

Kasauli, India. 

Production _and Characterization of Monoclonal Antibodies: 

BALB/c By 3.Nii mice were immunized subcutaneously with 

1 pg of Vi antigen emulsified with complete Freund's 

adjuvant. After 4 weeks, mice were boosted intravenously 

with 1-2 pg of Vi in saline on three consecutive days before 

fusion with SP-2/0 Ag 14 myeloma cells, essentially by the 

method of Kohler and Milstein (25). Hybrids secreting 

antibodies were cloned repeatedly by limiting dilution. 

Hybrid cells were grown as ascites in the peritoneal cavity 

of Pristane (Aldrich Chemicals) primed mice. 

Enzvme linked immunosorbent assay 

The reactivity of the monoclonal antibodies was determined by 

an enzyme linked immunosorbent assay. Briefly 96-well 

polyvinyl microtitration plates (Flow labs.,Irvine, Scotland, 

U.K) were coated with 10 pg/ml of Vi, 50 pg/ml of PGUA and 

Ac-PGUA and 10 ,ug/ml LPS, all diluted in carbonate buffer 

(50mM; pH9.6). Different derivatives of Vi were also coated 

at a concentration of 10 pg/ml. Antigen coating was performed 

at 37OC overnight. Pn another protocol plates were coated 

with whole bacteria at a concentration of 15x10G/well and 

dried at 37OC. Plates were washed with PSS-Tween (50mM 

Phosphate buffer pH 7.4, containing 0.05% Tween 20) and the 
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MONOCLONAL ANTIBODIES 239 

non-specific sites were saturated with 1% bovine serun 

albumin (BSA). In the case of whole cell-ELISA, BSA was added 

without prior washing. After subsequent washing, plates were 

incubated with tissue culture supernatants for lhr at 

37OC. Control wells had supernatants either from SP2/0 or 

from unrelated hybrid cell clone. Rabbit anti-vi antibody 

obtained from Central Research Institute, Kasauli, India, was 

used as a positive control. Plates were washed with PBS-Tween 

and incubated with sheep anti-mouse Ig (H+L) coupled to horse 

radish peroxidase (goat anti-rabbit 1gG.HRP was used for 

rabbit antibody) for lhr at 37'C. After washing, the enzyme 

activity was determined by adding freshly prepared substrate 

solution (O.5mg/ml orthophenylene diamine dissolved in 

citrate phosphate buffer, p H  5.6, containing 0.03% hydrogen 

peroxide). The reaction was stopped with 5N H2S04 and the 

absorbance was read at 490nm in a Biotek ELISA Reader. 

Competitive E L I S A  

Monoclonal antibodies were competed with monospecific rabbit 

anti-Vi antibody €or binding to Vi antigen. Vi was coated on 

the plate. Ascitic fluids of M o A b s  were taken at a dilution 

of 1:200 and the rabbit antibody at 1~400. The antibodies 

were coincubated in the antigen coated plate for 1 hr a t  

37'C. Control wells had ascitic fluid from an unrelated 

monoclonal antibody. After washing with PBS-Tween, plates 

were incubated with goat anti-rabbit IgG.HRP and enzyme 

reaction revealed as described above. 
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2 40 QADRI, GHOSH, AND TALWAR 

1 sot YD i nq : 

Heavy chain specificity of the antibodies was determined by 

double immunodiffusion (Ouchterlony) using goat anti-mouse p, 
G1, G2a, G2b and G3 antibodies obtained from Sigma Chemical 

co I 

RESULTS 

Four stable hybrid cell clones secreting antibodies to Vi 

were obtained from a single fusion. Three of them P6D6A3/D3, 

P2C2D5/H5 and P5B2D8/A9 were IgM type and the fourth 

P2BlG2/A9 was IgG1. Table 1 gives the reactivities of these 

antibodies with Vi and its different analogs. Three 

monoclonal antibodies reacted equally well with the carboxyl 

reduced derivative of Vi. However, when this derivative was 

deacetylated, none of them exhibited reactivity. These three 

MoAbs also reacted with 0-acetylated polygalacturonic acid. 

P5B2D8/A9 on the other hand had negligible reactivity 

with carboxyl reduced Vi and its deacetylated derivative and 

did not bind to Ac-PGUA. None of the four MoAbs reacted with 

PGUA . 
The binding of these antibodies with various bacteria was 

investigated by ELISA in which intact bacteria were coated on 

the solid support. Results are given in Table 2. All MoAbs 

reacted with S.typhi.They were devoid of significant cross 

reaction with Vi negative strains of S.typhL S.paratvohi & 

S.paratvwhi B and E.coli. 

The specificity of the antibodies was further studied by a 

competitive ELISA. MoAbs were allowed to compete with a well 
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MONOCLONAL ANTIBODIES 243 

TABLE 3 

Competitive enzyme linked immunosorbent assaya using rabbit anti- 
Vi and monoclonal antibodies. 

Ant i body Percent 
inhibition *490 

Rabbit anti- 
serum alone 0 . 5 7 1  

Rabbit anti-Vi 
plus P6D6A3/D3 0.117 

Rabbit anti-Vi 
plus P2BlG2/A9 0 . 1 3 5  

Rabbit anti-Vi 
plus P2C2D5/H5 0.191 

Rabbit anti-Vi 
plus P5B2D8/A9 0.585 

Rabbit anti-Vi 
p l u s  unrelated 0 . 5 7 7  
MoAb 

7 9 . 5  

76.3 

67.0 

0 

0 

aThe assay is described in Materials and Methods. Values are 
the averages of three sets of duplicate determinations. 

defined commercially available rabbit anti-S.tvDhiVi 

antibody. One MoAb did not compete with the polyclonal 

antibody. An unrelated antibody a150 did not show any 

inhibition (Table 3 ) .  

DISCUSSION 

The data presented here show that at least two types of 

monoclonal antibodies were produced against the Vi antigen. 

Vi is a linear homopolysaccharide of galactosaminuronic acid 
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2 44 QADRI, GHOSH, AND TALWAR 

with an N-acetyl at carbon-2 and 0-acetyl at carbon-3 (Fig 

1). The presence of two antigenic determinants on this 

antigen has been suggested by Szewczyk and Taylor (24). One 

determinant is constituted by the 0-acetyl group and the 

other by N-acetyl and carboxyl groups together. In the 

present study three out of four monoclonal antibodies reacted 

with Vi as well as 0-acetylated polygalacturonic acid. The 

fourth one did not bind to Ac-PGUA. The latter antibody did 

not also react with carboxyl-reduced Vi or its deacetylated 

derivative, thereby suggesting that carboxyl as well as N- 

acetyl groups are involved in the binding of this antibody 

to Vi. The three MoAbs reacted with the carboxyl reduced Vi 

but not with its deacetylated derivative or deacetylated 

native Vi. Thus this set of antibodies is recognizing 

antigenic determinant zonstituted by the 0-acetyl group. The 

reactivity of the antibodies is shown diagrammatically in Fig 

1. The predominant I g M  response could be due to short term 

immunization schedule or to the carbohydrate nature of the 

antigen. 

The data given in Table 2 show that all the monoclonal 

antibodies raised against Vi extracted and purified from 

C.freundii react with S.tvphi,demonstrating that Vi antigens 

isolated from these two bacteria had similar immunologic 

properties. This is in agreement with earlier studies of 

Whiteside and Baker ( 6 , 7 ) .  The weak reaction of P6DGA3/D3 

with Vi negative bacteria seems to be a non-specific 

interaction, since at high antibody concentration P2C2D5/H5 
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+? 

c-0 

0 In 

FIGURE 1: Schematic representation of reactivity of anti-Vi 

monoclonal antibodies. 

- Antibodies reacting with the antigenic 

determinant constituted by 0-acetyl group. 

ye - Antibody binding to the determinant 

constituted by Pi-acetyl and carboxyl groups 

together. 

had similar properties (less than 10% binding with Vi 

negative bacteria). 

In the competitive E L I S A ,  only three of the four antibodies 

could inhibit the binding of a well defined rabbit anti-Vi 

to Vi. This correlates well with the direct binding ELISA.The 

MoAb which does not compete with rabbit anti-vi recognizes 

the antigenic determinant constituted by N-acetyl and 

carboxyl groups together. A s  can be seen from Table 1, the 

reactivity of polyclonal anti-Vi is not drastically changed 
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246 Q A D R I ,  GHOSH,  AND TALWAR 

when the carboxyl group of Vi is reduced, thereby suggesting 

that the antiserum has either very little or no antibodies 

directed against the determinant constituted by N-acetyl and 

carboxyl. Furthermore low binding of rabbit antiserum with 

Ac-PGUA as compared to the whole Vi is suggestive of antibody 

response against determinants other than the two major ones 

described above. Antibody response to Vi antigen has been 

found to vary with the antiyenic preparation used €or 

immunization. Felix and Bhatnaqar (26) have presented 

evidence which could be interpreted to mean that treatment of 

Vi antigen with formalin inactivated the part responsible for 

protective antibodies. Differences in the antibody response 

to Vi in rabbits immunized either with S.tv~hi or C.ballerur, 

has been demonstrated by szewczyk and Taylor ( 2 4 ) .  Tsang and 

Chau (27) have shown that in nice Vi antigen present on whole 

bacterial cells is less immunogenic as compared to the 

purified one which seems to be in conformity with the fact 

that only a small percentage of typhoid patients elicit 

antibodies to Vi during illness ( 2 8 , 2 9 ) .  

The data suggests that the antigenic determinants constituted 

by 0-acetyl and N-acetyl-carboxyl groups together,are the 

immunodominant epitopes on the Vi antigen. While Tsang and 

Chau ( 2 7 )  have raised monoclonal antibodies against Vi , all 
of them seem to be recognizing the same determinant. The 

present study is thus the first report where monoclonal 

antibodies have been obtained against two discrete 

determinants present on Vi. With the help of these antibodies 

it should be possible to study the fine specificity of 
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MONOCLONAL ANTIBODIES 247 

protective antibodies induced by Vi. This has importance in 

view of the fact that Vi is undergoing clinical trials as a 

vaccine (17). These antibodies will also be highly useful 

for developing an assay for the detection of Vi antigen and 

alongwith anti-0 (30) and anti-H (31) M o R b s ,  for the 

detection of S.typhi in clinical specimens (32). 
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