Available online at www.scholarsresearchlibrary.com

.0‘0 o
é%\ glce

4
. 7
. S i
Scholars Research Scholars Research Library % <
N
A 0
Annals of Biological Research, 2013, 4 (1):107-117 e
(http://scholarsresearchlibrary.convarchive.html) Library

ISSN 0976-1233
CODEN (USA): ABRNBW

High Level Expression of 49kDa Outer Membrane Protim of Salmonella enterica serovar
Typhi

Jasmine Kaur and Swatantra K. Jairf

Department of Biotechnology, Hamdard University, New Delhi, 110062, India.

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 TyphB(Typhi) is a human-restricted pathogen that is theary cause of enteric
fever [1, 2]. The organisms are noncapsulated, pamtating, Gram-negative anaerobic bacilli, whichve
characteristic flagellar, somatic, and outer cadigans [3] (Shahane et al. 2007). Typhoid remaimsajor health
problem, especially in developing world where thisreubstandard water supply and lack of sanitddoB]. It is a
multi-organ parasite that inhabits the lymphatssties of small intestine, liver, spleen and bloedst of infected
individuals [6]. It is estimated each year ti&fTyphi infects over 20 million individuals and kills appimately
600,000 people globally [4, 7]. The risk of acquityphoid fever is increased in individuals livingnder
unhygienic conditions particularly in areas witheapsewage and unclean drinking water, among clinica
microbiologists and travellers to regions wheredisease is endemic [8].

With the rapid emergence of widespreadSofTyphi serotypes, multi drug-resistant strains Safmonella, and
changing modes of bacterial presentation, typheieif is becoming increasingly difficult to diagnassd treat [9-
11], which has added a sense of urgency to develoge effective typhoid vaccines [8]. None of therently
available typhoid vaccines is ideal. Currently tlicensed vaccines against Salmonella are in uskatijo Vi
polysaccharide vaccine (Typhim-Vi®) and Ty21la lattenuated vaccine (Vivotif Berna®) [12, 13]. Thbautpese
two vaccines are well tolerable, they provide onigderate protection against typhoid [11]. Many msidare
undergoing to develop Vi conjugated vaccines [1}al@l a number of new genetically defined atterthateains of

S. Typhi have been constructed as candidate live oral ves{iti-20]. However, the emergence of MDR strains o
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S Typhi and less than desired efficacy of currently avd@alaccines have stirred an urgent need to evathate
efficacy of other immunogens for developing betted efficient typhoid vaccines.

Many studies have documented, the ability of OMP®tluce a protective immunity in infection caudsddiverse
Gram-negative bacteria, such 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 imtyuagainstSalmonella in animal models [26-28]. Vaccination
with an attenuated live strain, as well as thegmasi with typhoid fever elicits immune responsétdPs [29-30]
and the detection of specific antibodies againstReNh sera of patients has been useful for diagrafstyphoid
[31]. Singh et al, [32] reported the monoclonalilaodies (MAbs) againsalmonella OmpA and showed that a
single, highly conserved, sequential epitopghe C-terminal domain of OmpA was immunodomiriarthe mouse
response to infection by serovar Typhimurium. Thieo membrane proteins (OMPSs) of Salmonella seehate
strong immunogenic potential and have been im@itas possible candidates for conferring protectigainst
typhoid [33].However, only limited success has been achievathysorins as the immunizing agent [26]. Studies
have shown that some non-porin OMPs may evoke gtramune response in animals and some of theseipsot
have very strong potential for the development sfilaunit vaccine against typhoid [34].

In previous a study done in our laboratory, a profeom outer membrane @& Typhimurium was identified that
elicited protective immunity againSt Typhimurium infection. Later, an identical 49 k&P was identified irS.
Typhi that is immunogenic and evoked both cell mediatetifaumoral immune responses [3bhe 1.3 kb gene for
this was cloned in pQEG60 plasmid, expresseH.icoli SG13009 cells and purification of r49 kDa OMP wiase

by Ni-NTA affinity chromatography under differenHpconditions. The yield of expressed protein of #2§/L was
obtained [36].Therefore, present study was undertaken to clodétigene in different expression vector pET28a,
its high level expression iB. coli BL21 and purification by Ni-NTA affinity chromatogphy using imidazole under
denaturing conditions to obtain a higher yield adtpin.

MATERIALS AND METHODS

Bacterial strains, enzymes, vectors and reagents

Salmonella enterica serovar Typhi $. Typhi) strain (MTCC No-733) (wildobtained from thestitute of Microbial
Technology (IMTECH), Chandigarh, India, was usedisolation of genomic DNA. Plasmid pET28&a,coli BL-21
and E. coli DHo were obtained from International Center for Geng&tigineering and Biotechnology, New Delhi,
India. PCR amplification kit, Taqg DNA polymerase4 TDNA Ligase, isopropylthiogalactoside (IPTG) were
procured from Bangalore Genei, India. Restrictinayenes were obtained from MBI Fermentas. PVDF mamés,
Anti rabbit polyclonal anti His probe peroxidaseypmated secondary antibody were obtained from egamr
Biotechnology, USA. Primers for amplification ofkd9a gene, DAB (3,3,9-diaminobenzidine tetrahydrodhle)
were obtained from Sigma, USA.

Bacterial cultivation and DNA purification

The bacterial strains were grown in Luria BertdBY medium at 37 °C. The recombinants were growrn.ih
broth/ LB agar supplemented with ampicillin (1@0ml) and kanamycin (3@/ml). Genomic DNA was isolated by
method of Sambrooét al. [37] and plasmid DNA was isolated by alkali lysigtfmod as described by Birnboim and
Doly [38].

The cloning of 1.3 kb gene for 49kDa OMP o$. Typhi

The full-length coding region i.e 1.3 kb gene of KBa OMP ofS. Typhi was amplified by polymerase chain
reaction (PCR) using the following sets of primeForward primer: 5° CATGCATGG GAGACGCATCGATAA

3" and Reverse primes; CGAGGATCCTT GAGAGGAATTCATT 3. The PCR reaction was performed in aul25
reaction volume with 100ng genomic DNA, 2.5mM dNTE8 micromols primer and 1.5U Taq DNA polymerase
using the following conditions: 94 °C for 5 mini(ial denaturation), 94 °C for 45 sec (denaturdti&8 °C for 45
sec (annealing), 72 °C for 1 min 30 s (extensiow) a2°C for 7 min (final extension). The reactioasicarried out
for a total of 30 cycles. The primers were desigitedenerate amplification products containing Naod BamH1
restriction sites at the 5° end of the forward aenvkrse primers respectively. The sequence of celanel purified
single fragment of 1.3kb size was confirmed by DsEgfuencing at TCGA (The Centre for Genomic Appiicgt
from both the ends using forward and reverse psmer

The 1.3 kb PCR product was inserted into expresgmtor pET 28a in frame with Histidine 6 tag sewmpeeat C-
terminal end (5.3 kb, having Ncol and BamHI sitesh® MCS region) under the control of the IPTGtioithle
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PT7/lacl promoter. The derivative named pJJ-6.6 iwasduced into E. coli DHb by CaC} transformation and
plasmid isolation was done. The presence of rigeeiit was confirmed by double digestion, plasmiRPC

Expression of 49kDa OMP ofS. Typhi

The plasmid DNA from positive clones was used &ms$form theE. coli expression host strain BL21. To express
the recombinant protein, transformgdcoli BL21 cells were grown in LB medium (500 ml) comiag ampicillin
(200 pg/ml) and kanamycin (5@g/ml) and allowed to grow at 37°C in a shaker ad 20m. The cultures (in
logarithmic growth phase, corresponding to an ODOd - 0.6 at 600 nm) were induced with 0.8 mM
isopropylthiogalactoside (IPTG). The expressed B8 OMP ofS. Typhi was analyzed by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE).

Purification of Recombinant 49kDa OMP ofS. Typhi

The insoluble pellet fraction (of 500 ml inducedtate) was resuspended in 30 ml lysis buffer coritgj 50 mM
Tris—ClI (pH 8), 300 mM NacCl, 8 M urea, 10 mM imidde and 1mM PMSF and lysed by sonication of 15eydf
30seconds (pulse-1 sec on/ 1 sec off) at 65% Anffer Aonication, the lysate was stirred for 3-4thr@om
temperature, the contents were clarified by camggfion at 8000 rpm for 30 min and the recombipaatein in the
supernatant was purified by Ni-NTA chromatographger denaturing conditions.

The resulting ~15ml supernatant was mixed withzanl Ni- NTA super flow resin that had been presiégrated
with the equilibration/binding buffer (20 mM phosgib buffer, 10 mM imidazole and 0.5 M NaCl). Thisgension
was gently rocked for 2-3 hrs at room temperaturd then packed into a column. The 6xHis taggedeprot
remained bound while other proteins passed thrdlighmatrix. After collecting the flow through, tkelumn was
washed extensively with wash buffer | (20 mM phcaptbuffer, 20 mM imidazole and 0.5 M NaCl, 6 Majrand
wash buffer 1l (20 mM phosphate buffer, 50 mM ingdke and 0.5 M NaCl, 3 M urea) and bound proteirs wa
eluted with elution buffer 11l (20 mM phosphate farf 150 mM imidazole and 0.5 M NaCl). Individuah¢tions
were collected from the affinity column and subgetto electrophoresis on a 12% SDS-PAGE along prithein
molecular mass marker. Proteins were visualizedilwer staining. The purified protein was dialyzadd then
refolded using 50mM each of arginine and glutamétd,aand concentrated using amicon filtration cahsm
(Millipore) and used for further use.

Western blot analysis

For western blotting, eluted protein fraction wadlected from the affinity column and subjectedetectrophoresis
on a 12% SDS-PAGE along with protein molecular nmaasker. Protein was transferred onto immunobloDPV
membranes (Santacruz Biotechnology, USA), by ptatire entire set up Trans Blot apparatus suchthieagel was
towards the negative terminal and membrane wasrtisahe positive terminal. Transblot was carried fou 50
minutes at 50 mAmpNestern blots were blocked in 3% Bovine Serum Albu(BSA). Blots were incubated with
primary Antibody (1: 1000; Anti rabbit polyclonaht His probe) for 2 hr at room temperature, folexvby
washing in PBS containing 0.5% Tween-20. Theredfterblot was incubated in Goat anti rabbit IgGropélase-
conjugated secondary antibody of 1:5000 dilutioant&cruz Biotechnology, USA) followed by washingRBS
containing 0.5% Tween-20 and detected by using DBB9-diaminobenzidine tetrahydrochloride, Bangalor
Genei; India) substrate or by chemiluminescenceeatiein (Santacruz Biotechnology, USA).DAB is 3-3’
diaminobenzidine tetrahydrochloride, a substratehfirseradish peroxidase, which yields a colorgubsgi¢, which

is insoluble in aqueous medium, alcohols, xylemeshould be immediately used after dissolving ahduld be
stored at 4C.

RESULTS

Molecular cloning of 1.3 kb gene for 49kDa proteirof S. Typhi in pET- 28a vector

The full-length coding region i.e 1.3 kb gene 0@ ida OMP ofS. Typhi was amplified (Figure 1) from genomic
DNA. The amplified fragment was eluted, purifieddansualized on 0.8% agarose gel (Figure 2). Thrieece of
eluted and purified single fragment of 1.3kb sizsweonfirmed by DNA sequencing at TCGA from boté émds
using forward and reverse primers. Sequence asabysithe purified PCR product revealed a 1300bp DNA
sequence that matched exactly the hypothetical 43éhe reported i Typhi and the homology analysis revealed
100% homology of the PCR amplified gene with thgoréed gene sequenceSnTyphi.
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Figure 1. PCR amplification of the 1.3-kb gene fothe 49kDa OMP ofS. Typhi. Lane 1 and 2 shows
amplification of 1.3kb band in S. Typhi showing the presence of 49 kDa encoding gene. Lavehas EcoR1
and Hind Ill double digested . DNA marker.

21.226bp

5148 bp4973 bp
£268%p
3530bp
027p
1904 bp
1384 bp

1.3 kb purified band

ve - 1374bp

947y
831bp

S6dbp

Figure 2: PCR amplified product of 49kDa OMP ofS. Typhi purified by gel elution method and run on 0.8%
agarose gel. Lane 1and 2 shows the 1.3kb purifiecafment. Lane M has EcoR1 and Hind Il double digeted
) DNA marker.

The eluted and purified single fragment of 1.3klesfS. Typhi was cloned in pET 28a expression vector (5.3kb)
under the control of IPTG inducible PT7/lac prommofehis system is designed for high-level expresb His-
tagged proteins. This vector contains the initimtamdon ATG upstream and 6xHis tag downstream ofSMC
(multiple cloning sites). The Ncol/ BamHI digestedctor (Figure 3) and PCR amplified 1.3kb fragmesetre
ligated using T4 DNA ligase and used to transfé&moli DH-5a cells.
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21.226bp

5148 bp/4973bp
4268bp
3530bp

2027bp
1904bp

1584bp
1374bp

947bp
831bp

564bp

Figure 3: Restriction of pET-28a double digested wh BamH1 and Ncol. Lane 1 and 2 has double digested
pPET-28a and Lane 3 has undigested pET-28a. Lane Mak EcoR1 and Hind Ill double digested. DNA
marker.

The presence of the insert in transformants wadirooed by restriction enzyme digestion analysigy(fFfe 4) and
also by PCR amplification screening using insepecdic primers (Figure 5).

L1 L2 ™M

«—— 21226bp

5148 bp/4973bp
«— 4268
«— 3330bp

— 2027hp
1%dbp
+«— 1384bp

—— |374bp

947bp
— 831bp

+«— 56dbp

Figure 4: Restriction digestion analysis of the plsmids of the colonies grown on kanamycin positiveA plates
using Ncol & Hind Ill. Lanes 1 shows restricted bad of 1.3kb and 5.3kb. Lane M has EcoR1 and Hind IlI
double digested. DNA marker.
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21.226bp

5148 bp/4973bp
1268bp
3530bp

2027bp
1504bp

1584bp
1374bp

947bp
831bp

$64bp

Figure 5: Colony PCR of the plasmids from transfornants using insert specific F1 and R1 primers. Lanes-
4 shows strong amplification of 1.3kb gene indicatg the insertion of the gene in plasmid vector. LaaaM has
EcoR1 and Hind Ill double digestedh, DNA marker.

The expression construct was used to transterooli expression host strain BL21. Recombinants weretsgleon

ampicillin (10Qug/ml) and kanamycin (5@/ml) plates, grown under selection pressure are wenfirmed byPCR
amplification screening using inserts specific im(Figure 6).

— 21226bp

3148 bpMe73tbp
4268 bp
«—— 3530bp

=:3ﬂ3? bp
1904 tp

Figure 6: Colony PCR of the expression plasmids dfie colonies grown on ampicillin and kanamycin posive
LA plates using insert specific F1 and R1 primers.Lanes 1, 2 and 3 shows strong amplification of kB gene
indicating the insertion of the gene in Expressionector. Lane M has EcoR1 and Hind Il double digestd A
DNA marker.
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Purification of induced 49kDa protein using Ni-NTA affinity chromatography
Transformed E. coli BL21 cells were induced witBrAM IPTG. Uninduced cultures were kept to serveasrols.

Total lysates (prepared by directly boiling thel pelllets in SDS-PAGE sample buffer) were analyagd 2% SDS-
PAGE gels (Figure 7).

— 974kDa

— ﬁﬁmﬂ
Induced

4%Da OMP
— 43kDa

«— 29kDa

Figure 7: SDS-PAGE profile depicting Expression othe r49 kDa OMP of S. Typhi in E. coli BL21 cells. The
cells were grown up to log phase and induced with®mM IPTG for 4 h at 37 °C Induction was obtained ly
0.8 MM IPTG. Lane 1 shows uninduced culture whiledne 2 shows induced cultured_ane 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 inseldildction and was purified by Ni-NTA metal chelatfinity
chromatography under denaturing conditions. Thetifvas collected during different steps of purifioa were
analyzed by 12 % SDS-PAGE gels as shown in (Figr& he purified recombinant protein was elutedrfrthe
column with 150 mM imidazole. SDS-PAGE analysistloé affinity purified protein revealed a single Haof
approximately 49 kDa.
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Lt 12 L3 E4 13 Les E7T L& I8 TI10 L1l E12

97.4 kDa

66kDa _
A I T | mmlC

49KDa

43kDa b

29kDa

Figure 8: SDS-PAGE profile depicting Single Step Pification of recombinant 6x His tag expressed r4%Da
OMP of S. Typhi using Ni-NTA affinity chromatography. Lane 1 has potein flow through, lane 2- wash
fraction, lane 3 has Protein mol. Wt Marker (Broadrange), lane 4 - lane 12 has purified protein witi50 mM
imidazole.

Immunoblot analysis of the His-tagged recombinant ptein (49kDa) of S. Typhi with anti His-tag antibody

To confirm that the over expressed band seen in-BBGE is recombinant protein with C-terminal Higita
Western blotting was performed with anti rabbit yotbnal anti His antibodyGenScript, USA) and HRPO
conjugated anti-mice IgG antibody (Sigma) as seapndntibody, thereby giving a single band of apprately 49
kDa (Figure 9).

The purified protein was dialyzed and then refoldsthg 50mM each of arginine and glutamic acid aseld for
further use.

M Lane 1

His-tagged
49kDa OMP

b B—

Figure 9: Western blot analysis of the purified r4A%Da OMP of S. Typhi detected with anti rabbit polyclonal
anti His antibody. Lane M has Protein mol. Wt Marker Lane 1 shows sink band of 49 kDa Protein.
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DISCUSSION

Salmonella has been around for long and a largebeuiof studies have been carried out in an eftfodambat its
infections. Salmonella has evolved a remarkableham@ism for adaptation to its intracellular envir@mh The
emergence of multidrug-resistant strainsSofyphi has added a sense of urgency to develop moreigé@égphoid
vaccines [8]. However, none of the current vaccaedidates are likely to be available for seveealryg [39]. Many
studies have documented antibody respons&s Tgphi proteins, and the major antigenic components irecling
somatic O antigen (endotoxin, lipopolysacchariflapellar H antigen, Vi antigen, and outer membrparatein [40-
43].

Salmonella OMPs plays a link between the cell and its exteemaironment and carries important virulence fator
that have importance in the bacterial pathobiolagg its adaptation. Due to the receptivity to liefense system,
such OMPs of gram-negative bacteria are immunotdigiégmportant. But there are only few reports #afalie
regarding the efficiency of OMPs in providing prctien against salmonellosis. In earlier studiesiedrout in our
laboratory, OMP ofS Typhimuriumwas identified which is highly immunological, stitates both humoral and
cell mediated immune responses [3&e later reported that, there is an identical 4@ KIMP inS. Typhi which is
also highly immunogenic and elicits humoral as vl cell mediated immune responses and confer gbiate
againstS Typhimurium lethal infection in mice [36].

The gene encoding for this 49 kDa OMP ®fTyphi was earlier cloned in pQE60 plasmid, expresseH. iooli
SG13009 cells and purification of r49 kDa OMP wasea by Ni-NTA affinity chromatography under diffetepH
conditions [36]. The yield of expressed protein-86 mg/L was obtained. We now report cloning of geae in a
different expression vector pET28a, its expressionE. coli BL21 and purification by Ni-NTA affinity
chromatography using imidazole under denaturinglitimms.

The 1.3 kb gene of 49 kDa OMP & Typhi was amplified by polymerase chain reaction (PCRngis
oligonucleotide primers which were designed frorari] 3'-end regions of this gene (Figure 1). Nb& | andBam

HI restriction sites were engineered into the H-ef forward and reverse primers respectively. aheplified
fragment was purified to remove free primers asé¢hmay reduce the efficiency of ligation of PCRduat to
vector during subsequent steps (Figure 2). Thetitgeof the PCR product was confirmed by sequentayais.
Sequence analysis of the purified PCR product tedea 1300-bp DNA sequence that matched exactly the
hypothetical 49kDa gene reported $n Typhi and the homology analysis revealed 100% homologthefPCR
amplified gene with the reported gene sequen& Tiyphi.

The 1.3kb PCR product was cloned in pET 28a vdmtorveen Nco | and Bam HI sites in MCS region imfeawith
Histidine 6 tag sequence at C terminal end undectmtrol of the IPTG-inducible promoter PT7/lathe pET-28a
expression system is designed for high-level exgimesof His-tagged proteins. The pET-28a is of b.8kd carries
an N-terminal HiseTag/thrombin/T7+Tag configuratimnaddition to an optional C-terminal HiseTag seqoe. The
positive transformants was confirmed by restrictarzyme digestion analysis (Figure 4) and PCR dimgitiion
screening using inserts specific primers (FigureThle recombinants were selected on ampicillin (&@®l) and
kanamycin (5Q0g/ml) plates, grown under selection pressure ang wenfirmed byPCR amplification screening
using inserts specific primers (Figure 6). The mbmant plasmids named pJJ, 6.6kb molecular wetlggtt gave
strong positive signals were selected for expressiodies.

The recombinant plasmids were expresseH. icoli expression host strain BL21. Induction of r-protekpression
was found to be optimal with the addition of 0.8mMRITG (Figure 7). It was evident from a comparisdrite
polypeptide profile®btained in the absence and presence of IBiaGinduction of gene expression results in the
appearancef a new (approximately 49kDa) band, which is cstesit withthe predicted size of recombinant
protein. IPTG, an inducer of lac repressor-regalgbeomoters was used to induce the lac operon becan
contrast to allolactose, which is the natural iretuaf the operon, IPTG cannot be hydrolyzed anddmralown by
the cell. The protein was present in the form alusion bodies, urea as denaturant were used fobilpation.
Solublization is a critical step towards obtainmgximal amount of the desired protein in solutiathaut inducing
any chemical or deleterious modifications to it.d&/ipanels of detergents are available for the &philon of
inclusion bodies including strong denaturants likea, guanidinium salts and detergents such asirsododecyl
[44], n-cety trimethylammonium bromide (CTAB) [4&hd sarkosyl [46]. In our study 6M urea as denatungere
used for solublization.

To obtain functionally active protein, 49kDa inddd®@MP was purified fronk. coli via the 6xHis tag expressed on
the carboxy (C) terminus of the protein using nigk& A chromatography with 150 mM imidazole and ®/5NacCl
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(Figure 8). As evidenced by the comparison of thagin profiles of the eluted material and the erlykate, it is
clearly evident that > 95% purity has been obtaitiegdeby giving a single band of approximately 48klt was
further confirmed by western analysis, as can lem $eom figure 9, a band was observed only in dldtaction
suggesting the presence of His tag protein.

Dialysis was performed for removal of excess demajuagent. Refolding of protein was accomplished b
controlled removal of the excess of denaturantss ttreating an appropriate environment where praten fold
spontaneously [47]. We used arginine (50 mM) amdaghic acid (50 mM) that inhibit intermolecularéndctions is
used for proper refolding of protein and to avomvanted aggregation [48].

Thus it became clear that tise Typhi gene for 49kDa protein was expressedircoli using an IPTG-inducible
vector and purified to near homogeneity by a single stagNNA affinity chromatography with a yielaf
approximately 39mg/liter of culture.

CONCLUSION

In conclusion, this study showed that an amplified-kb band of 49 kDa OMP & Typhi was purified and
sequenced to confirm its identity. This gene wadoreed in a bacterial plasmid pET28a and re-exprksn
Escherichia coli BL21 successfully. The r-49kDa OMP 8&f Typhi was purified to near homogeneity by Ni-NTA
metal chelate affinity chromatography using 150nMdiazole under denaturing conditions. Therefore,ahm of
the present study was successfully achieved ashighld of expressed of r49 kDa OMP ®fTyphi (~39 mg/L)
was achieved.
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