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The main objective of the research is enhanced production of Vi Antigen
by the modification of fermentation media. The optimized concentration
of Tryptophan is 0.5 g/100ml, Glucose concentration is 1g/100ml and
the optimized Temperature is 350C. With decrease in concentration of
Glucose, production of Vi antigen is enhanced. The quantification has
been done by Single Radial Immuno Diffusion Assay. The conc. of Vi
antigen is found to be 12µg in 0.6 mm diameter and 27 µg in 0.9 mm

diameter ring. For the determination of purity of Vi polysaccharide OD
at 215 nm is takenand the obtained values for crude broth, partially purified
Vi polysaccharide, purified Vi polysaccharide are 0.853, 2.190 and 3.104
respectively. Thus, the highest optical density in purified Vi
polysaccharide showed high Vi concentration. In purified Vi
polysaccharide,74% recovery has been obtained by Gel
filtrationchomatography. Thus,Vi polysaccharide yields good recovery
by Sephadex G200 at low cost.  2016 Trade Science Inc. - INDIA
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INTRODUCTION

Typhoid fever is a common serious disease in
many parts of the world and remain a major health
problem in developing country with an estimated 21
million cases and 2,00,000 death in 2000[1]. Typhoid
fever causing significant morbidity and mortality in
countries that have yet achieved satisfactory control
of drinking water,food and sewage disposal[2]. Con-
trol of typhoid fever may be aided by immunization,
but widespread protection by this method has not
been achieved for various reasons, including the

limitation and insufficient use of available vaccine[3].
The two well-tolerated vaccines in use in humans
provide partial and temporally limited protection and
are quite distinct[4-6]. One is a live attenuated typhoid
bacterium - strain Ty21a - and is administered orally.
How this attenuated bacterium confers protection is
not fully understood but antibody is likely to be im-
portant. This live vaccine lacks galE and so has an
impaired capacity to synthesize LPS O-chain and
also lacks the capsular polysaccharide (CP) Vi anti-
gen, both considered major targets of protective an-
tibody[7]. The importance of antibody to Vi is evi-
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denced by the use of purified Vi antigen as a stand-
alone vaccine. Vi antigen is made of repeating units
(1-4)-2-deoxy-2-N-acetyl galacturonic acid encoded
within the ViaB locus from ST[8]. Immunization pro-
vides protection against typhoid at levels compa-
rable to Ty21a in adults and older children in the
first two years post-immunization[4,5]. The protec-
tion conferred by immunization with Vi antigen is
likely to be mediated via systemic antibody as it has
not been found to induce pronounced mucosal anti-
body responses, nor have a requirement for T cell
involvement[9,10]. Therefore understanding the nature
of antibody responses to Vi antigen and other vac-
cines based on CP is likely to be important in under-
standing the basis of immunity to many pathogens
and improving vaccines that target them. Typhoid
fever is aseptocaemic disease caused by a capsuled
bacterium, Salmonella typhi,whose capsular
polysaccharide is called the Vi polysaccharide. Vi
is a linear homopolymer of Á (1-4)-D-GalpA N-acety-
lated at C-2 and O-acetylated at C-3[5-7]. The N and
Oacetyls dominate the surface and are essential for
both antigenicity and immunogenicity of Vi[7,8]. Vi
antigen is a Virulence factor which by itself is ca-
pable of conferring protection from infection with S
typhi and Vi is present in most isolates from blood
of patients with typhoid fever. The Vi antigen is im-
munogenic when injected intramuscularly or subcu-
taneously and confers protective immunity for at
least 3 years[9,11,12].

MATERIAL AND METHODS

Material

Salmonella enteric typhimurium (MTCC 98)
strain used in the experiment was purchased from
IMTECH, Chandigarh. All other chemicals used
were of analytical grade and procured from Hi me-
dia, SD-fine chemicals and Titan Biotech ltd.

Methods

Preparation of Media

The initial media used for the cultivation of bac-
teria was Nutrient Broth. The Base media composi-
tion selected for flask culture contained10 g yeast
extractl-1, 5 g Tryptophanl-1, 10 g glucosel-1, 2.5 g

MgSO
4
·7H

2
Ol-1, 4.1 g NaH

2
PO

4
·H

2
Ol-1 and 18.8 g

Na
2
HPO

4
·7H

2
Ol-1[13].

Inoculum development

For the development of inoculum, lyophilized
culture was inoculated in a 250 ml flask containing
100 ml Nutrient Broth in aseptic conditions. The
culture was then incubated at 37  for 12 h in shaker
cabinet at 110 x g. After keeping it for 24 h culture
growth of microorganism reach at stationary phase,
which was then estimated by taking OD at 600 nm
and refrigerated at 40C for further use.

Optimization of media components[13]

Optimization of tryptophan concentration

Concentration of Tryptophan was maintained at
0.25-2.0 g in each 100ml media in 5 different flasks,
inoculated with 5% of the refrigerated culture of
Salmonella enterica typhimuriuma and incubated
at 35 for 24h. Absorbance was then noted at 600nm
spectrophotometrically.

Optimization of glucose concentration

Concentration of glucose was maintained at 1-
5g in each 100ml media in 5 different flasks, inocu-
lated with 5% of the refrigerated culture of Salmo-
nella enterica typhimuriuma and incubated at 35
for 24h. Absorbance was then noted at 600nm spec-
trophotometrically.

Optimization of temperature

Five flaskswith 100ml of optimized media in-
oculated with microorganism at different tempera-
tures(25-450C) were taken. After 24 h of incubation
at different temperature, OD was taken at 600nm and
the highest OD showed better growth of microor-
ganism.

Optimization of maximum wavelength[14]

Culture broth was taken in Vivaspin tubes and
centrifuged at 4500 x g for 20 minutes. The superna-
tant was collected and measured at different wave-
length and the highest OD was taken.

Fermentation and culture conditions at flask level

Initial shake flask cultures was performed in a
500ml shake flask containing 100 ml of base media
previouslysterilized in autoclave at 15 psi, 121 and
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inoculated with 5% of inoculum of bacterial culture
under sterilized conditions which were then incu-
bated in a shaker cabinet at 150 x g, 35 °C for 12 h.

Post fermentation treatment[15]

Development of vaccine for typhoid fever has
been hindered because the causative agent,
S.typhimuriumcause infection and effectively patho-
genic in human. Vaccine was composed of whole
and inactivated S.typhimurium which was inacti-
vated by heat treatment method in which microor-
ganism was treated with 56 for 10 min.

Analysis of glucose concentration

Several reagents have been employed which as-
sayed sugar using their reducing properties. One of
such compound is 3,5-dinitrosalicyclic acid(DNS),
which in alkaline solution gets reduced to 3-amino-
5-nitrosalicylic acid. Six test tubes were taken and
marked 1-6. Glucose solution was added in range
of 0.0ml to 1ml with 0.2ml of intervals and the vol-
ume of each test tube was leveled to 1ml with dis-
tilled water and 3ml of DNS was added to each test
tube whichwasthen incubated at 100oC in water bath.
Absorbance was read at 540nm and a calibration
graph was plotted between absorbance and glucose
concentration. The unknown sample was run simi-
larly whose absorbance was plotted in calibration
graph and its concentration was determined[16].

Single radial immunodiffusion[17]

1.0 ml of culture broth was taken and centrifuged
at 4500 x g for 10 min at 4 °C. The supernatant was

collected and the pellet was discarded. The super-
natant was then assayed for Vi antigen content by
single radial immunodiffusion (SRD). Radial Immu-
nodiffusion (RID) Assay is a specialized form of
immunodiffusion in which antibody is incorporated
into molten agarose, which is poured into a petridish
and allowed to solidify. Small wells are cut into the
agarose gel and are filled with known concentra-
tions of antigen, which corresponds to the antibody
in the agarose.

Preparation of agarose gel

17 ml of 1.0% agarose (0.17 g) was prepared in
5X Assay buffer by heating slowly till agarose get

dissolved completely. Froth formation was avoided
in the solution. The molten agarose was allowed to
cool to about 55°C and 2 ml of molten agarose solu-

tion was kept for sealing the wells. 450 ìl of antise-
rum was added to 15 ml of agarose solution and it
was mixed by gentle swirling for uniform distribu-
tion of antibody. Agarose solution was poured con-
taining the antiserum onto a clean petridish and was
allowed to solidify for 15-20 minutes. After solidi-
fication, the gel appeared slightly opaque. The wells
were punched onto gel using gel puncture by main-
taining a proper distance between each well. The
wells were sealed with 20ìl of molten agarose so-
lution per well and ensured that the distribution was
uniform. They were allowed to solidify for 15-20
minutes.

Loading of sample

Before loading the wells were labelled 1 and 2
on plate1 and 1, 2, 3 and 4 on plate 2 with the help
of a marker. On plate 1, well 1 (30and well 2 (40of
Vi polysaccharide was loaded. On plate 2, well 1
(20well 2 (well 3 (40 and well 4 (50 was loaded of
standard sample. The plates were placed (do not
invert) inside the moist chamber (box containing wet
cotton) and incubated at 37°C for overnight.

The precipitate of cetyltrimethylammonium bro-
mide and polysaccharide were partially purified and
the material resulting from this preliminary purifi-
cation was referred to as intermediate product. This
product was stored at 20. The method of purifica-
tion had been approved by the National control
authority.500ml flask was taken which contained
100ml culture broth of Salmonellaenterica
typhimurium. Heat treatment was given at 58 for 10
min in water bath for inactivation of cell. After cool-
ing 1% cetyltrimethyl ammonium bromide was added
to the culture broth and centrifugation was carried
out at 10,000 x g for 20 min. The supernatant was
removed and 2 mol/100ml calcium chloride was
added to the sediment for the dissociation of deter-
gent-polysaccharide complex. The suspension was
stirred for 1h. In order to remove nucleic acid and
protein, 25 ml of 95% absolute ethanol was added
to the suspension. After 1 h of standing, the precipi-
tates weresedimented by centrifugation at 16,000 x
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g for 20 min and perfectly cleared supernatant was
retained. For the removal of complete nucleic acid
and protein 95% ethanol was added to final concen-
tration 75 ml/100ml. After agglomeration of precipi-
tate, the precipitated polysaccharide was collected
by centrifugation at approximate 3000 x g for 10
minute. The sediment was washed with 95% abso-
lute ethanol for removal of calcium chloride and
CTAB andthe final product was called intermediate
product.

The intermediate product, which contained ap-
proximate 50% by weight of the desired polysac-
charide was subjected to further purification. In this
purification step homogenization of an aqeous solu-
tion of the intermediate product was done with a
mixture of chloroform and n-Butanol(5:1). Centrifu-
gation was carried out at 10,000 x g for 10 minute
andthe clear aqueous supernatant was decanted and
homogenization of this layer was repeated until a
negligible interfacial precipitate forms in centrifu-
gation. After final purification the material was re-
ferred to as purified polysaccharide & stored at -20oC.

Gel Filtration chomatography[18]

Preparation of the column

2 g of Sephadex G -200 was dissolved in 50mM
of Buffer phosphate and its pH was maintained at
7.2 and kept it for overnight. Size of column was
made 10cm X 3cm. The slurry was added to the col-
umn by mixing with glass rod by keeping the funnel
at the top of the column. Matrix was uniformly added
to the column and the equilibration of the column
was done with the equilibration buffer.

Procedure

2ml of crude S. typhimurium culture was added
to the column. Mobile phase was 50mM of Phos-
phate buffer pH7.2. Fractions of 3ml were collected
with the help of gravity and OD was measured at
215 nm.

RESULTS

Growth curve forsalmonella enteric typhimurium

Growth curve (Figure 1) shows thatas the fer-
mentation time is increasing, the growth of microor-
ganism is also increasing, thus OD. at 600 nm is
continuously increasing but after a certain time (24
h),the growth is stop and stationary phase is attained
(i. e. fermentation is stopped) which is measured by

Figure 1: Growth curve of Salmonella enteric typhimurium MTCC 98

TABLE 1 : Optimization of tryptophan concentration

S.No. Glucose (g/100ml) Tryptophan (g/100ml) Y.E (g/100ml) Na2HPO4 (g/100ml) OD60 0 

1 1.0 0.25 1.0 1 .88 2.2 

2  1.0 0.5 1.0 1 .88 3.0 

3  1.0 1.0 1.0 1 .88 3.1 

4  1.0 1.5 1.0 1 .88 3.1 

5  1.0 2.0 1.0 1 .88 3.1 
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Figure 2 : Optimization of tryptophan conc.(0.25-2.0g/ml)

S.No. Glucose 
(g/100ml) 

Tryptophan concentration(g/100ml) Yeast extract (g/100ml) Na2HPO4 (g/100ml) OD600  

1 1 0.1 1.0 1.88 3.0 

2 2 0.2 1 1.88 2.2 

3 3 0.3 1 1.88 2.4 

4 4 0.4 1.0 1.88 1 .48 

5 5 0.5 1.0 1.88 0.6 

TABLE 2 : Optimization of glucose concentration

the OD and the highest OD shows Vi production.

Optimization of tryptophan concentration

There was no further change in OD even when
the concentration of Tryptophan was increased after

0.5 (TABLE 1, Figure 2). So the concentration of
Tryptophan was fixed to 0.5g/100ml for next opti-
mization of Glucose concentration.

Optimization of glucose concentration

In sample 1, OD was highest which was 1.0g/
100ml of Glucose which showed better growth of
microorganisms (TABLE 2).

Optimization of temperature

As shown in TABLE 3, at 350C, OD was found
to be highest i.e. 3.012, thus better growth of micro-
organisms.

S.No. Temperature(0C) OD.at 600 nm 

1 25 0 .813 

2 30 1 .871 

3 35 3 .012 

4 40 2.10 

5 45 1.80 

TABLE 3 : Optimization of temperature from 25-450C

Figure 3 : Curve showing optimization of glucose conc.(1-5%)
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Figure 4 : Curve showing optimization of temperature

S.No. Glucose(ml) Glucose (µg/ml) D.W(ml) DNS(ml)  OD AT 540nm 

1 0 0 10 30  0.00 

2 2 400 8 30  1.82 

3 4 800 6 30 

Incubation at 100ºC for 10 min 

2.23 

4 6 1200 4 30 2.50 

5 8 1600 3 30 2.84 

6 10 2000 0 30 3.03 

TABLE 4 : Standard glucose concentrationvs OD at 540nm by DNS method

Figure 5 : Calibration graph between OD at 540nm and concentration of glucose

S.No. 
Glucose(ml) 

2ml of fermentation 
D.W(ml) DNS(ml)  OD at 540nm 

1 0h 8 30 

IncubationAt 100 0C for 10 minute 

3.0 

2 12 h 8 30 2.3 

3 24 h 8 30 1.9 

TABLE 5 : Fermentation media glucose conc at (0h-12h-24 h) vs OD at 540nmby DNS method

The concentration of Glucose in fermentation
media was 2000ppm at the start of fermentation, af-
ter 12 h it was 830ppm and thereafter 24 h it dropped

to 450 ppm. It showed that as the concentration of
Glucose was depleting,Vi production was increas-
ing thus, to quantify Vi concentration, SRD Assay
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Figure 6 : SRD precipitation rings, (immuno-diffusion) between a) antibody and standard sample b) antibody and
Vi

Figure 7 : Graph between diameter on Y- axis and concentration on Y axis

was performed.

Quantification of Vi concentration

A single radial immunodiffusion (SRD) assay
was developed to measure Vi antigen content in liq-
uids containing a complex mixture of nutrients, buff-
ering components, and metabolites. The assay is an
immunoassay so is specific for Vi antigen and there-
fore other components in the fermentation culture
broth do not interfere with Quantification of the Vi.
The precipitation rings werevisible after 24 hours
(Figure 6). It was sure that Vi antigen was present in
solution.

The diameter (though the centers of the wells)
of the precipitation ring was measured in millime-
ters and plotted a graph of diameter of ring (on Y-
axis) versus concentration of antigen (on X-axis) as
shown in Figure 7 and the value of the unknown an-

tigen concentration was calculated from the graph
(TABLE 10). Diameter of test antigen was found to
be 0.6mm and 0.9mm and these values when plotted
in graph, the concentration of test antigen was found
to be 12 µg in 0.6mm diameter ring and 27 µg in

0.9mm ring.

Optimization of maximum wavelength

As the concentration of Vi is proportional to OD
at 215nm so highest OD shows highest Vi concen-
tration (TABLE 7).

Purification of Vi polysaccharide

For the determination of purity of Vi polysac-
charide OD at 215 nm was takenthice and the ob-
tained values for crude broth, partially purified Vi
polysaccharide, purified Vi polysaccharide were
0.853, 2.190 and 3.104 respectively. Thus, the high-
est OD in purifiedVi polysaccharide showed high
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Fractions OD at 215 nm 

1 N.D 

2 N.D 

3 N.D 

4 N.D 

5 2.951 

6 3.089 

7 2.876 

8 N.D 

9 N.D 

10 N.D 

TABLE 8 : OD of fractions of gel filtration
chomatography at 215nm

Concentration of standard 
antigen(µg) 

Diameter of precipitate 
ring(mm) 

STANDARD TEST 
0 0 0 

10 0.5 0 

20 0.7 0.6 

30 1.0 0.9 

40 1.3 0 

Wavelength OD 

200 1.941 

205 1.249 

210 2.546 

215 3.151 

220 1.543 

225 0.982 

230 0.584 

TABLE 6 : Measured results of diameter

TABLE 7 : Optimized wavelength of supernatant

Vi concentration.

Gel filtration chomatography

This method was used for purification of Vi
polysaccharide. Different fractions of 2 ml were
collected and the OD was measured at 215 nm
(TABLE 8). Fraction 5-7 showed highest OD at 215
nm, thus containing higher concentration of Vi
polysaccharide.
% Recovery = 8.9/12.74*100=74.1%.

CONCLUSION

Vi capsular polysaccharide is the major compo-
nent of Vi polysaccharide typhoid vaccines. A puri-
fication method was developed to separate the im-
purities from Vi along with the optimization of glu-
cose, tryptophan concentration and temperature op-
timization. Thus, it can be concluded that Vi antigen
can be purified by Sephadex G200 at very low cost
as it is an important vaccine for the cure of typhoid
fever and mass scale production of typhoid vaccine
can be done.
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ABBREVIATIONS

LPS- Lipopolysaccharide
CP- Capsular Polysaccharide
OD- Optical Density
DNS- Dinitrosalycilic acid
SRD- Single Radial Immunodiffusion
RD- Radial Immunodiffusion
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