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ABSTRACT  
 
Salmonella enterica serovar Typhi (S. Typhi) is a facultative intracellular pathogen that causes typhoid fever in 
humans. The emergence of multidrug-resistant strains of S. Typhi and certain drawbacks in presently available 
vaccines against typhoid, has added a sense of urgency to develop more effective typhoid vaccines. Outer membrane 
protein (OMPs) has been reported to be immunogens for eliciting active/protective immunity against Salmonella 
and thus, have great potential for use in vaccination. Earlier, in a study done in our laboratory, a protein from an 
outer membrane protein (OMP) of S. Typhi with apparent molecular weight of 49kDa was identified in S. Typhi. The 
1.3 kb gene for this was cloned in pQE60 plasmid, expressed in E. coli SG13009 cells and purification of r49 kDa 
OMP was done by Ni-NTA affinity chromatography under different pH conditions. The yield of expressed protein of 
~26 mg/L was obtained. We now report the expression of this protein in E. coli BL21 cells using the expression 
vector pET28a. The r-49kDa OMP was purified by Ni-NTA metal chelate affinity chromatography using 150mM 
imidazole under denaturing conditions and a yield of ~39 mg/L was achieved. 
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INTRODUCTION 
 
Salmonella enterica serotype Typhi (S. Typhi) is a human-restricted pathogen that is the primary cause of enteric 
fever [1, 2]. The organisms are noncapsulated, nonsporulating, Gram-negative anaerobic bacilli, which have 
characteristic flagellar, somatic, and outer coat antigens [3] (Shahane et al. 2007). Typhoid remains a major health 
problem, especially in developing world where there is substandard water supply and lack of sanitation [4, 5]. It is a 
multi-organ parasite that inhabits the lymphatic tissues of small intestine, liver, spleen and bloodstream of infected 
individuals [6]. It is estimated each year that S. Typhi infects over 20 million individuals and kills approximately 
600,000 people globally [4, 7]. The risk of acquiring typhoid fever is increased in individuals living under 
unhygienic conditions particularly in areas with open sewage and unclean drinking water, among clinical 
microbiologists and travellers to regions where the disease is endemic [8].  
 
With the rapid emergence of widespread of S. Typhi serotypes, multi drug-resistant strains of Salmonella, and 
changing modes of bacterial presentation, typhoid fever is becoming increasingly difficult to diagnose and treat [9-
11], which has added a sense of urgency to develop more effective typhoid vaccines [8]. None of the currently 
available typhoid vaccines is ideal. Currently two licensed vaccines against Salmonella are in use globally, Vi 
polysaccharide vaccine (Typhim-Vi®) and Ty21a live attenuated vaccine (Vivotif Berna®) [12, 13]. Though these 
two vaccines are well tolerable, they provide only moderate protection against typhoid [11]. Many studies are 
undergoing to develop Vi conjugated vaccines [14-16] and a number of new genetically defined attenuated strains of 
S. Typhi have been constructed as candidate live oral vaccines [17-20]. However, the emergence of MDR strains of 
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S. Typhi and less than desired efficacy of currently available vaccines have stirred an urgent need to evaluate the 
efficacy of other immunogens for developing better and efficient typhoid vaccines.  
 
Many studies have documented, the ability of OMPs to induce a protective immunity in infection caused by diverse 
Gram-negative bacteria, such as Haemophilus influenza type b [21], Pseudomonas aeruginosa [22], Neisseria 
meningitides group B [23], S. typhimurium [24] and Bordetella bronchiseptica [25]. Crude OMP preparations have 
been used as immunogens for eliciting active immunity against Salmonella in animal models [26-28]. Vaccination 
with an attenuated live strain, as well as the patients with typhoid fever elicits immune response to OMPs [29-30] 
and the detection of specific antibodies against OMPs in sera of patients has been useful for diagnosis of typhoid 
[31]. Singh et al, [32] reported the monoclonal antibodies (MAbs) against Salmonella OmpA and showed that a 
single, highly conserved, sequential epitope on the C-terminal domain of OmpA was immunodominant in the mouse 

response to infection by serovar Typhimurium. The outer membrane proteins (OMPs) of Salmonella seem to have 
strong immunogenic potential and have been implicated as possible candidates for conferring protection against 
typhoid [33]. However, only limited success has been achieved using porins as the immunizing agent [26]. Studies 
have shown that some non-porin OMPs may evoke strong immune response in animals and some of these proteins 
have very strong potential for the development of a subunit vaccine against typhoid [34].  
 
In previous a study done in our laboratory, a protein from outer membrane of S. Typhimurium was identified that 
elicited protective immunity against S. Typhimurium infection. Later, an identical 49 kDa OMP was identified in S. 
Typhi that is immunogenic and evoked both cell mediated and humoral immune responses [35]. The 1.3 kb gene for 
this was cloned in pQE60 plasmid, expressed in E. coli SG13009 cells and purification of r49 kDa OMP was done 
by Ni-NTA affinity chromatography under different pH conditions. The yield of expressed protein of ~26 mg/L was 
obtained [36]. Therefore, present study was undertaken to clone 1.3 kb gene in different expression vector pET28a, 
its high level expression in E. coli BL21 and purification by Ni-NTA affinity chromatography using imidazole under 
denaturing conditions to obtain a higher yield of protein. 
 

MATERIALS AND METHODS 
 

Bacterial strains, enzymes, vectors and reagents 
Salmonella enterica serovar Typhi (S. Typhi) strain (MTCC No-733) (wildobtained from the Institute of Microbial 
Technology (IMTECH), Chandigarh, India, was used for isolation of genomic DNA. Plasmid pET28a, E. coli BL-21 
and E. coli DH5α were obtained from International Center for Genetic Engineering and Biotechnology, New Delhi, 
India. PCR amplification kit, Taq DNA polymerase, T4 DNA Ligase, isopropylthiogalactoside (IPTG) were 
procured from Bangalore Genei, India. Restriction enzymes were obtained from MBI Fermentas. PVDF membranes, 
Anti rabbit polyclonal anti His probe peroxidase-conjugated secondary antibody were obtained from Santacruz 
Biotechnology, USA. Primers for amplification of 49kDa gene, DAB (3,3,9-diaminobenzidine tetrahydrochloride) 
were obtained from Sigma, USA. 
 
Bacterial cultivation and DNA purification 
The bacterial strains were grown in Luria Bertani (LB) medium at 37 °C. The recombinants were grown in LB 
broth/ LB agar supplemented with ampicillin (100µg/ml) and kanamycin (50µg/ml). Genomic DNA was isolated by 
method of Sambrook et al. [37] and plasmid DNA was isolated by alkali lysis method as described by Birnboim and 
Doly [38].  
 
The cloning of 1.3 kb gene for 49kDa OMP of S. Typhi  
The full-length coding region i.e 1.3 kb gene of 49 kDa OMP of S. Typhi was amplified by polymerase chain 
reaction (PCR) using the following sets of primers - Forward primer: 5` CATGCCATGGGAGACGCATCGATAA 
3` and Reverse primer: 5`CGCGGATCCTT GAGAGGAATTCATT 3 .̀ The PCR reaction was performed in a 25µl 
reaction volume with 100ng genomic DNA, 2.5mM dNTPs, 10 micromols primer and 1.5U Taq DNA polymerase 
using the following conditions: 94 °C for 5 min (initial denaturation), 94 °C for 45 sec (denaturation), 58 °C for 45 
sec (annealing), 72 °C for 1 min 30 s (extension) and 72˚C for 7 min (final extension). The reaction was carried out 
for a total of 30 cycles. The primers were designed to generate amplification products containing NcoI and BamH1 
restriction sites at the 5` end of the forward and reverse primers respectively. The sequence of eluted and purified 
single fragment of 1.3kb size was confirmed by DNA sequencing at TCGA (The Centre for Genomic Application) 
from both the ends using forward and reverse primers.  
 
The 1.3 kb PCR product was inserted into expression vector pET 28a in frame with Histidine 6 tag sequence at C- 
terminal end (5.3 kb, having NcoI and BamHI sites at the MCS region) under the control of the IPTG-inducible 
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PT7/lacI promoter. The derivative named pJJ-6.6 was introduced into E. coli DH5α by CaCl2 transformation and 
plasmid isolation was done. The presence of right insert was confirmed by double digestion, plasmid PCR. 
 
Expression of 49kDa OMP of S. Typhi  
The plasmid DNA from positive clones was used to transform the E. coli expression host strain BL21. To express 
the recombinant protein, transformed E. coli BL21 cells were grown in LB medium (500 ml) containing ampicillin 
(100 µg/ml) and kanamycin (50 µg/ml) and allowed to grow at 37°C in a shaker at 200 rpm. The cultures (in 
logarithmic growth phase, corresponding to an OD of 0.5 - 0.6 at 600 nm) were induced with 0.8 mM 
isopropylthiogalactoside (IPTG). The expressed 49 kDa OMP of S. Typhi was analyzed by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE).  
 
Purification of Recombinant 49kDa OMP of S. Typhi  
The insoluble pellet fraction (of 500 ml induced culture) was resuspended in 30 ml lysis buffer containing 50 mM 
Tris–Cl (pH 8), 300 mM NaCl, 8 M urea, 10 mM imidazole and 1mM PMSF and lysed by sonication of 15 cycles of 
30seconds (pulse-1 sec on/ 1 sec off) at 65% Amp. After sonication, the lysate was stirred for 3-4 h at room 
temperature, the contents were clarified by centrifugation at 8000 rpm for 30 min and the recombinant protein in the 
supernatant was purified by Ni-NTA chromatography under denaturing conditions. 
 
The resulting ~15ml  supernatant was mixed with a 1-2 ml Ni- NTA super flow resin that had been pre-equilibrated 
with the equilibration/binding buffer (20 mM phosphate buffer, 10 mM imidazole and 0.5 M NaCl). This suspension 
was gently rocked for 2-3 hrs at room temperature and then packed into a column. The 6xHis tagged protein 
remained bound while other proteins passed through the matrix. After collecting the flow through, the column was 
washed extensively with wash buffer I (20 mM phosphate buffer, 20 mM imidazole and 0.5 M NaCl, 6 M urea) and 
wash buffer II (20 mM phosphate buffer, 50 mM imidazole and 0.5 M NaCl, 3 M urea) and bound protein was 
eluted with elution buffer III (20 mM phosphate buffer, 150 mM imidazole and 0.5 M NaCl). Individual fractions 
were collected from the affinity column and subjected to electrophoresis on a 12% SDS-PAGE along with protein 
molecular mass marker. Proteins were visualized by silver staining. The purified protein was dialyzed and then 
refolded using 50mM each of arginine and glutamic acid, and concentrated using amicon filtration columns 
(Millipore) and used for further use. 
 
Western blot analysis 
For western blotting, eluted protein fraction was collected from the affinity column and subjected to electrophoresis 
on a 12% SDS-PAGE along with protein molecular mass marker. Protein was transferred onto immunoblot-PVDF 
membranes (Santacruz Biotechnology, USA), by placing the entire set up Trans Blot apparatus such that the gel was 
towards the negative terminal and membrane was towards the positive terminal. Transblot was carried out for 50 
minutes at 50 mAmp. Western blots were blocked in 3% Bovine Serum Albumin (BSA). Blots were incubated with 
primary Antibody (1: 1000; Anti rabbit polyclonal anti His probe) for 2 hr at room temperature, followed by 
washing in PBS containing 0.5% Tween-20. Thereafter the blot was incubated in Goat anti rabbit IgG- peroxidase-
conjugated secondary antibody of 1:5000 dilution (Santacruz Biotechnology, USA) followed by washing in PBS 
containing 0.5% Tween-20 and detected by using DAB (3,39-diaminobenzidine tetrahydrochloride, Bangalore 
Genei; India) substrate or by chemiluminescence detection (Santacruz Biotechnology, USA).DAB is 3-3’ 
diaminobenzidine tetrahydrochloride, a substrate for horseradish peroxidase, which yields a colored deposit, which 
is insoluble in aqueous medium, alcohols, xylenes. It should be immediately used after dissolving and should be 
stored at 4°C. 
 

RESULTS 
 
Molecular cloning of 1.3 kb gene for 49kDa protein of S. Typhi in pET- 28a vector 
The full-length coding region i.e 1.3 kb gene of r49 kDa OMP of S. Typhi was amplified (Figure 1) from genomic 
DNA. The amplified fragment was eluted, purified and visualized on 0.8% agarose gel (Figure 2). The sequence of 
eluted and purified single fragment of 1.3kb size was confirmed by DNA sequencing at TCGA from both the ends 
using forward and reverse primers. Sequence analysis of the purified PCR product revealed a 1300bp DNA 
sequence that matched exactly the hypothetical 49kDa gene reported in S. Typhi and the homology analysis revealed 
100% homology of the PCR amplified gene with the reported gene sequence in S. Typhi. 
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Figure 1: PCR amplification of the 1.3-kb gene for the 49kDa OMP of S. Typhi. Lane 1 and 2 shows 

amplification of 1.3kb band in S. Typhi showing the presence of 49 kDa encoding gene. Lane M has EcoR1 
and Hind III double digested λ DNA marker. 

 

 
 

Figure 2: PCR amplified product of 49kDa OMP of S. Typhi purified by gel elution method and run on 0.8% 
agarose gel. Lane 1and 2 shows the 1.3kb purified fragment. Lane M has EcoR1 and Hind III double digested 

λ DNA marker. 
 
The eluted and purified single fragment of 1.3kb size of S. Typhi was cloned in pET 28a expression vector (5.3kb) 
under the control of IPTG inducible PT7/lac promoter. This system is designed for high-level expression of His-
tagged proteins. This vector contains the initiation codon ATG upstream and 6xHis tag downstream of MCS 
(multiple cloning sites). The NcoI/ BamHI digested vector (Figure 3) and PCR amplified 1.3kb fragment were 
ligated using T4 DNA ligase and used to transform E. coli DH-5α cells.  
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Figure 3: Restriction of pET-28a double digested with BamH1 and Nco1. Lane 1 and 2 has double digested 

pET-28a and Lane 3 has undigested pET-28a. Lane M has EcoR1 and Hind III double digested λ DNA 
marker. 

 
The presence of the insert in transformants was confirmed by restriction enzyme digestion analysis (Figure 4) and 
also by PCR amplification screening using inserts specific primers (Figure 5).  
 

 
 
Figure 4: Restriction digestion analysis of the plasmids of the colonies grown on kanamycin positive LA plates 

using Nco1 & Hind III. Lanes 1 shows restricted band of 1.3kb and 5.3kb. Lane M has EcoR1 and Hind III 
double digested λ DNA marker. 
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Figure 5: Colony PCR of the plasmids from transformants using insert specific F1 and R1 primers. Lanes 1- 
4 shows strong amplification of 1.3kb gene indicating the insertion of the gene in plasmid vector. Lane M has 

EcoR1 and Hind III double digested λ DNA marker. 
 

The expression construct was used to transform E. coli expression host strain BL21. Recombinants were selected on 
ampicillin (100µg/ml) and kanamycin (50µg/ml) plates, grown under selection pressure and were confirmed by PCR 
amplification screening using inserts specific primers (Figure 6). 
 

 
 
Figure 6: Colony PCR of the expression plasmids of the colonies grown on ampicillin and kanamycin positive 
LA plates using insert specific F1 and R1 primers.  Lanes 1, 2 and 3 shows strong amplification of 1.3kb gene 
indicating the insertion of the gene in Expression vector. Lane M has EcoR1 and Hind III double digested λ 

DNA marker. 
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Purification of induced 49kDa protein using Ni-NTA affinity chromatography  
Transformed E. coli BL21 cells were induced with 0.8mM IPTG. Uninduced cultures were kept to serve as controls. 
Total lysates (prepared by directly boiling the cell pellets in SDS-PAGE sample buffer) were analyzed by 12% SDS-
PAGE gels (Figure 7).  

 
 

Figure 7: SDS-PAGE profile depicting Expression of the r49 kDa OMP of S. Typhi in E. coli BL21 cells. The 
cells were grown up to log phase and induced with 0.8mM IPTG for 4 h at 37 °C Induction was obtained by 
0.8 mM IPTG. Lane 1 shows uninduced culture while lane 2 shows induced cultures. Lane M has Protein 
mol. Wt Marker (Broad range). The figure clearly shows increased expression of r49kDa OMP in induced 

culture of BL21 cells. 
 

The protein was predominantly expressed in insoluble fraction and was purified by Ni-NTA metal chelate affinity 
chromatography under denaturing conditions. The fractions collected during different steps of purification were 
analyzed by 12 % SDS-PAGE gels as shown in (Figure 8). The purified recombinant protein was eluted from the 
column with 150 mM imidazole. SDS-PAGE analysis of the affinity purified protein revealed a single band of 
approximately 49 kDa.  
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Figure 8: SDS-PAGE profile depicting Single Step Purification of recombinant 6x His tag expressed r49 kDa 
OMP of S. Typhi using Ni-NTA affinity chromatography. Lane 1 has protein flow through, lane 2- wash 

fraction, lane 3 has Protein mol. Wt Marker (Broad range), lane 4 - lane 12 has purified protein with 150 mM 
imidazole. 

 
Immunoblot analysis of the His-tagged recombinant protein (49kDa) of S. Typhi with anti His-tag antibody  
To confirm that the over expressed band seen in SDS-PAGE is recombinant protein with C-terminal His-tag, 
Western blotting was performed with anti rabbit polyclonal anti His antibody (GenScript, USA) and HRPO 
conjugated anti-mice IgG antibody (Sigma) as secondary antibody, thereby giving a single band of approximately 49 
kDa (Figure 9). 
 
The purified protein was dialyzed and then refolded using 50mM each of arginine and glutamic acid and used for 
further use. 

 
 
Figure 9: Western blot analysis of the purified r49 kDa OMP of S. Typhi detected with anti rabbit polyclonal 

anti His antibody. Lane M has Protein mol. Wt Marker Lane 1 shows single band of 49 kDa Protein. 
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DISCUSSION 
 

Salmonella has been around for long and a large number of studies have been carried out in an effort to combat its 
infections. Salmonella has evolved a remarkable mechanism for adaptation to its intracellular environment. The 
emergence of multidrug-resistant strains of S. Typhi has added a sense of urgency to develop more effective typhoid 
vaccines [8]. However, none of the current vaccine candidates are likely to be available for several years [39]. Many 
studies have documented antibody responses to S. Typhi proteins, and the major antigenic components include the 
somatic O antigen (endotoxin, lipopolysaccharide), flagellar H antigen, Vi antigen, and outer membrane protein [40-
43].   
 
Salmonella OMPs plays a link between the cell and its external environment and carries important virulence factors 
that have importance in the bacterial pathobiology and its adaptation. Due to the receptivity to host defense system, 
such OMPs of gram-negative bacteria are immunologically important. But there are only few reports available 
regarding the efficiency of OMPs in providing protection against salmonellosis. In earlier studies carried out in our 
laboratory, OMP of S. Typhimurium was identified which is highly immunological, stimulates both humoral and 
cell mediated immune responses [35]. We later reported that, there is an identical 49 kDa OMP in S. Typhi which is 
also highly immunogenic and elicits humoral as well as cell mediated immune responses and confer protection 
against S. Typhimurium lethal infection in mice [36]. 
 
The gene encoding for this 49 kDa OMP of S. Typhi was earlier cloned in pQE60 plasmid, expressed in E. coli 
SG13009 cells and purification of r49 kDa OMP was done by Ni-NTA affinity chromatography under different pH 
conditions [36]. The yield of expressed protein of ~26 mg/L was obtained. We now report cloning of the gene in a 
different expression vector pET28a, its expression in E. coli BL21 and purification by Ni-NTA affinity 
chromatography using imidazole under denaturing conditions.  
 
The 1.3 kb gene of 49 kDa OMP of S. Typhi was amplified by polymerase chain reaction (PCR) using 
oligonucleotide primers which were designed from 5' and 3'-end regions of this gene (Figure 1). The Nco I and Bam 
HI restriction sites were engineered into the 5'-end of forward and reverse primers respectively. The amplified 
fragment was purified to remove free primers as these may reduce the efficiency of ligation of PCR product to 
vector during subsequent steps (Figure 2). The identity of the PCR product was confirmed by sequence analysis. 
Sequence analysis of the purified PCR product revealed a 1300-bp DNA sequence that matched exactly the 
hypothetical 49kDa gene reported in S. Typhi and the homology analysis revealed 100% homology of the PCR 
amplified gene with the reported gene sequence in S. Typhi. 
 
The 1.3kb PCR product was cloned in pET 28a vector between Nco I and Bam HI sites in MCS region in frame with 
Histidine 6 tag sequence at C terminal end under the control of the IPTG-inducible promoter PT7/lacI. The pET-28a 
expression system is designed for high-level expression of His-tagged proteins. The pET-28a is of 5.3kb and carries 
an N-terminal His•Tag/thrombin/T7•Tag configuration in addition to an optional C-terminal His•Tag sequence. The 
positive transformants was confirmed by restriction enzyme digestion analysis (Figure 4) and PCR amplification 
screening using inserts specific primers (Figure 5). The recombinants were selected on ampicillin (100µg/ml) and 
kanamycin (50µg/ml) plates, grown under selection pressure and were confirmed by PCR amplification screening 
using inserts specific primers (Figure 6). The recombinant plasmids named pJJ, 6.6kb molecular weight that gave 
strong positive signals were selected for expression studies.  
 
The recombinant plasmids were expressed in E. coli expression host strain BL21. Induction of r-protein expression 
was found to be optimal with the addition of 0.8mM IPTG (Figure 7). It was evident from a comparison of the 
polypeptide profiles obtained in the absence and presence of IPTG that induction of gene expression results in the 
appearance of a new (approximately 49kDa) band, which is consistent with the predicted size of recombinant 
protein. IPTG, an inducer of lac repressor-regulated promoters was used to induce the lac operon because, in 
contrast to allolactose, which is the natural inducer of the operon, IPTG cannot be hydrolyzed and broken down by 
the cell. The protein was present in the form of inclusion bodies, urea as denaturant were used for solubilization. 
Solublization is a critical step towards obtaining maximal amount of the desired protein in solution without inducing 
any chemical or deleterious modifications to it. Wide panels of detergents are available for the solublization of 
inclusion bodies including strong denaturants like urea, guanidinium salts and detergents such as sodium dodecyl 
[44], n-cety trimethylammonium bromide (CTAB) [45] and sarkosyl [46]. In our study 6M urea as denaturant were 
used for solublization.  
 
To obtain functionally active protein, 49kDa induced OMP was purified from E. coli via the 6xHis tag expressed on 
the carboxy (C) terminus of the protein using nickel-NTA chromatography with 150 mM imidazole and 0.5 M NaCl 
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(Figure 8). As evidenced by the comparison of the protein profiles of the eluted material and the crude lysate, it is 
clearly evident that > 95% purity has been obtained thereby giving a single band of approximately 49 kDa. It was 
further confirmed by western analysis, as can be seen from figure 9, a band was observed only in eluted fraction 
suggesting the presence of His tag protein. 
 
Dialysis was performed for removal of excess denaturing agent. Refolding of protein was accomplished by 
controlled removal of the excess of denaturants, thus creating an appropriate environment where protein can fold 
spontaneously [47]. We used arginine (50 mM) and glutamic acid (50 mM) that inhibit intermolecular interactions is 
used for proper refolding of protein and to avoid unwanted aggregation [48].  
 
Thus it became clear that the S. Typhi gene for 49kDa protein was expressed in E. coli using an IPTG-inducible 
vector and purified to near homogeneity by a single step Ni-NTA affinity chromatography with a yield of 
approximately 39mg/liter of culture. 
 

CONCLUSION 
 

In conclusion, this study showed that an amplified 1.3-kb band of 49 kDa OMP of S. Typhi was purified and 
sequenced to confirm its identity. This gene was recloned in a bacterial plasmid pET28a and re-expressed in 
Escherichia coli BL21 successfully. The r-49kDa OMP of S. Typhi was purified to near homogeneity by Ni-NTA 
metal chelate affinity chromatography using 150mM imidazole under denaturing conditions. Therefore, the aim of 
the present study was successfully achieved as higher yield of expressed of r49 kDa OMP of S. Typhi (~39 mg/L) 
was achieved. 
 
Acknowledgement 
These studies were supported by a grant from Department of Science and Technology (DST), Govt. of India to SKJ 
and Senior Research Fellowship to JK from Indian Council of Medical Research (ICMR). 
 

REFERENCES 
 
[1] E Mweu; M English. Trop Med Int Health, 2008, 13, 532–40. 
[2] J Kaur; SK Jain. Microbiol Res, 2012, 167, 199-210. 
[3] V Shahane; V Muley; A Kagal; R Bharadwaj. Indian J Med Microbiol, 2007, 25, 173–4. 
[4] JA Crump; ED Mintz. Clin Infect Dis, 2010, 50, 241–246. 
[5] G Dougan; V John; S Palmer; P Mastroeni. Immunological Reviews, 2011, 240, 196–210. 
[6] RC Charles; A Sheikh; B Krastins; JB Harris; MS Bhuiyan; RC LaRocque et al. Clinical and Vaccine 
Immunology, 2010, 1188–1195. 
[7] JA Crump; SP Luby; ED Mintz. Bull World Health Organ, 2004, 82, 346-353. 
[8] MM Levine; JE Galen; CO Tacket; EM Barry; MF Pasetti; MB Sztein. In: MM Levine; JB Kaper; R Rappuoli; 
M Liu; M Good (Ed.), New generation vaccines, 3rd edn, (Marcel Dekker, New York, 2004), 479–86. 
[9] K Akinyemi; S Smith; A Oyefolu; A Coker. Public Health, 2005, 119, 321–327. 
[10] B Yang; D Qu; X Zhang; J Shen; S Cui; Y Shi; M Xi et al. International Journal of Food Microbiology, 2010, 
141, 63-72. 
[11] US Allam; MG Krishna; A Lahiri; O Joy; D Chakravortty. PLoS ONE, 2011, doi:10 1371/journal pone 
0016667. 
[12] WA Keitel; NL Bond; JM Zahradnik; TA Cramton; JB Robbins. Vaccine, 1994, 12, 195–199. 
[13] C Cheminay; M Hensel. Int J Med Microbiol, 2008, 298, 87–98. 
[14] SC Szu; DN Taylor; AC Trofa; JD Clements; J Shiloach; JC Sadoff  et al. Infect Immun, 1994, 62, 4440–4444. 
[15] Z Kossaczka; FC Lin; VA Ho; NTT Thuy; PV Bay; TC Thanh et al. Infect Immun, 1999, 67, 5806–5810. 
[16] SC Szu; JB Robbins; R Schneerson; FY Lin. In: MM Levine; G Dougan; MF Good; MA Liu; GJ Nabel; JP 
Nataro et al., (Ed.), New generation vaccines, 4th edn, (Informa Healthcare USA, Inc; New York, 2009), 1040. 
[17] GK Paterson; DJ Maskell. Human Vaccines, 2010, 6, 379-384. 
[18] HS Garmony; KB Brown; RW Titball. FEMS Microbiol Rev, 2002, 26, 339-353. 
[19] SK Jain. M-01ZH09. Curr Opin Mol Ther, 2009, 11, 565–571. 
[20] SA Marathe; A Lahiri; VD Negi; D Chakravortty. Ty Indian J Med Res, 2012, 135,161-169. 
[21] DM Granoif; RS Munson Jr. J Infect Dis, 1986, 153, 448-461. 
[22] HE Gilleland; MG Parker; JW Matthews; RD Berg. Infect Immun, 1984, 44, 49-54. 
[23] LI Wang; CE Frash. Infect Immun, 1984, 46, 408-414. 
[24] N Kuusi; M Nurminen; H Saxen; M Valtonen; PH Makela. Infect Immun, 1979, 25, 857-862. 
[25] JA Montaraz; P Novotny; J Ivanyi. Infect Immun, 1985, 47, 744-751. 



Swatantra K. Jain et al                                Annals of Biological Research, 2013, 4 (1):107-117 
 _____________________________________________________________________________ 

117 

Scholars Research Library 

[26] N Kussi; M Nurminen; M Sravas. Infect Immun, 1981, 33, 750-757. 
[27] V Udhayakumar; VR Muthukkaruppan. Infect Immun, 1987, 55, 822-824. 
[28] A Isibasi; V Ortiz; M Vargas; J Paniagua; C Gonzalez; J Moreno et al.  Infect Immun, 1988, 56, 2953- 2959. 
[29] MR Loeb; DH Smith. Infect Immun. 1982, 37, 1032-1036. 
[30] F Blanco; A Isibasi; CR Gonzalez; V Ortiz; J Paniagua; C Arregnin et al. Scand J Infect Dis, 1993, 25, 73-80. 
[31] A Verdugo-Roudriguez; LH Gam; S Devi. Asian Pacific Allerg Immunol, 1993, 11, 45-52. 
[32] SP Singh; YU Williams; S Miller; H Nikaido. Infect Immun, 2003, 71, 3937-3946. 
[33] S Muthukkumar; VR Muthukkaruppan. Infect Immun, 1993, 61, 3017 – 3925. 
[34] SN Chatfield; CJ Dorman; C Hayward; G Dougan. Infect Immun, 1991, 59, 449-452. 
[35] N Hamid; SK Jain. Clin Vaccine Immunol, 2008, 9, 1461–71. 
[36] N Hamid; SK Jain. J Infect Dis Immun, 2010, 2, 30–40. 
[37] J Sambrook; EF Fritsch; T Maniatis. Molecular cloning: A laboratory manual, 2nd ed. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989. 
[38] HC Bimboim; J Doly. Nucleic Acid Res, 1979, 7, 1513-1523. 
[39] E Meltzer; E Schwartz. Curr Opin Infect Dis, 2010, 23, 432-437. 
[40] Singh; NK Ganguly; L Kumar; H Vohra. Microbiol Immunol, 1999, 43, 535–542. 
[41] S Chibber; SB Bhardwaj. J Med Microbiol, 2004, 53, 705–709. 
[42] I Secundino; C Lopez-Macias; LC Barragan; C Gil-Cruz; N Rios- Sarabia; RP Palacios. Immunology, 2005, 
117, 59–70. 
[43] S Sood; P Rishi; H Vohra; S Sharma; NK Ganguly. J Med Microbiol, 2005, 54, 815–821. 
[44] J Stockel; K Doring; J Malkota; F Jahnig; K Dornmair. Eur J Biochem 1997, 248, 684-691. 
[45] M Cardamone; NK Puri; MR Brandon. Biochemistry, 1995, 34, 5773-5794. 
[46] RR Burgess. Methods Enzymol, 1996, 273, 145-149. 
[47] SM Singh; AK Panda. J Biosci Bioeng, 2005, 99, 303-310. 
[48] K Tsumato; D Ejima; I Kumagai; T Arakawa. Protein Expr Purif, 2003, 28, 1-8. 
 
 


