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Fusion Protein of Salmonella typhi Flagellin as 
Antigen for Diagnosis of Typhoid Fever 

Tassanee Sukosol1 , Suttipant Sarasombath 1, S irirurg Songsivilai1 , Pattama Ekpo 1, 
Benjawan Rungpitarangsi2 and Tlkki Pang3 

Salmonella typhi infection or 
typhoid fever remains a public 
health problem in many developing 
countries, but the rapid and accurate 
laboratory diagnosis of typhoid 
fever remains unsatisfactory. The 
currently available methods to diag
nose typhoid fever are the isolation 
of the causative organism, Salmo
nella typhi, from clinical specimens , 
mainly by haemoculture; and the 
demonstration of 4 folds rising 
antibody titres to the 0 and H 
antigens of S.typhi from the paired 
acute and convalescent sera from 
patients by the Widal test. An ideal 
diagnostic test for typhoid fever 
should be sensitive, specific and 
rapid for early diagnosis. Neither 
of the above two methods fulfill 
these requirements. Thus, there is 
a need to develop a rapid and specific 
test . 

Our group has produced and 
characterized monoclonal antibodies 
(MAbs) specific to the S.typhi 52 
kDa antigen . These antibodies do 
not cross-react with related protein 
antigens from 11 bacteria causing 
enteric fever and enteric fever-like 
illness (S.paratyphi A, S.paratyphi 
B, S.paratyphi (., S. cholerae-suis, S. 
enteritidis, S. krl!feld, S.panama, S. 

SUMMARY We previously established the specific 52 kDa antigen of Salmonella 

Iyphi, detected by our monoclonal antibodies, which was a flagellln protein. Com· 
parison of the nucleotide sequences of phase-1 flagellin of Salmonella species available 
through GenBank database showed high homology at both ends of the genes with 
lower degree of homology in the middle portion which contained the antigenically 
variable regions. Thus, proteins from the central regions of flagellin genes should be 
species specific and could be used as specific antigens for the Immunodiagnostic tests. 
In this report, recombinant protein derived from the central region of S.lyphi flagellln 
was produced as a fuSion protein with glutathlone-5-transferase. This fusion protein 
was used as specific S. lyphi antigen for the Irrmunodiagn ostlc test to detect IgM 
antibodies in sera using enzyme-linked immunosorbent assay. The sensitivity, speci
ficity, accuracy, positive predictive value and negative predictive value of this test 
were 53 .5, 98.0, 91.5, 82.1 and 92.4%, respectively. 

typhimurium, Escherichia coli, 
Pseudomonas pseudomallei and 
Yersinia enterocolitica}. I We also 
demonstrated by SDS-PAGE and 
Western blot using S. typhi whole 
cell antigen to show the presence 
of specific IgM antibody to the 52 
kDa protein in sera from patients 
with acute typhoid infection. The 
result suggested that the 52 kDa 
protein of S. typhi was a strong 
immunogen and could be used to 
diagnose the speci fic antibodies in 
sera . Because of this evidence, we 
tried to develop a diagnostic test 
detecting JgM antibodies against 
S. typhi specific antigen(s) from sera 
of the patients. 

A genomic library of S. typhi 
was constructed2 and screened for 
the recombinant clones expressing 
specific S. typhi antigens by using 
the specific MAbs. The gene in the 
selected clone was sequenced3 and 
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analysed by comparing the nucleo
tide sequence with those in the bac
terial libraries of GenBank. The 
result showed a high homology with 
the phase I-d flagellin gene of S. 
muenchen (98070 similarity) and the 
227 bp sequence of part of S. typhi 
flageJlin gene (99.56% similarity) . 
Thus, specific 52 kDa antigen of 
S. typhi detected by our MAbs was 
S. typhi flagellin. Comparison of 
the S.typhi 52 kDa antigenic gene 
and five published phase I flageJlin 
sequences from Salmonella3-6 showed 
high homology at both ends; 400 
bp at the 5' ends and 200 bp at the 
3' ends were almost identical. The 
nucleotide sequences showed de
creasing homology towards the 
middle portion which contained the 
antigenically variable regions .4 

Therefore, proteins from the central 
regions of f1agellin genes should 
be species specific and could be 
used as speci fic antigens for the 
immunodiagnostic tests. 

The central region of S.typhi 
flagellin DNA was amplified using 
polymerase chain reaction (PCR) 
technique and cloned in the pGEX 
expression system (Pharmacia). The 
central region of flagellin protein 
was expressed as a fusion protein 
with glutathione-S-transferase 
(GST). This fusion protein was used 
as the specific S.typhi antigen for 
the immunodiagnostic test to detect 
specific IgM antibodies in sera using 
enzyme-linked immunosorbent 
assay (ELISA) . The sensitivity, 
specificity, accuracy, positive pre
dictive value and negative predictive 
value of this test were 53.5, 98.0, 
91.5, 82.1 and 92.4% respectively. 

MATERIALS AND METHODS 

Serum samples 

Serum specimens used in this 
study were obtained from 3 groups 
of patients during admission in the 
hospital: 43 were collected from 
patients whose haemocultures were 
positive for S.typhi, 27 were from 
patients with positive for non

typhoidal Salmonella (S.paratyphi 
A, Salmonella gr. B and Salmonella 
gr. C) and 34 were from patients 
with positive for gram positive cocci 
(Staphylococcus aureus, Strepto
coccus pneumonia, Proteus mirabilis) 
and other gram negative bacilli 
(Pseudomonas aeruginosa, Aero
monas hydrophila, Enterobacter 
aerogenes) by haemoculture results. 
The other 189 serum samples were 
from normal healthy individuals. 

Bacteria and cloning vectors 

The pGEX expression system 
(Pharmacia) allowed production of 
recombinant protein as fusion with 
glutathione- S-transferase (GST). 
Escherichia coli JM 101 was used 
for the cloning and production of 
GST fusion protein. 

The S2 kDa flagellin gene and DN A 
amplification 

The pSKM-T7 containing the 
specific 52 kDa antigen gene of S. 
typhi and its DNA sequencing of 
the pSKM-T7 have been described 
previously.3 Because of the homo
logy with other fiagellin genes at 
both ends, the middle region of 
S.typhi flagellin was amplified using 
the primer sequences designed ac
cording to the S.typhi 52 kDa anti
genic gene and the published phase 
I flagellin sequences from Salmo
nella. The modified primer sequences 
were 5' GAGGATCCAGGTTGG
TGCCA 3' with Bam HI site and 5' 
GTGAATTCGGAGTTGAAACG 
3' with Eco RI site. DNA amplifi
cation was accomplished in the pre
sence of 20 ng of pSKM-T7 tem
plate, 5 x 10- 3 mM of each oligo
nucleotide. primer and 2 units of 
Taq DNA polymerase (Pharmacia) 
in a final volume of 100 pi in the 
following solution: 50 mM KCl, 

10 mM Tris-HCl pH 8.3, 1.5 mM 
MgC12, 0.01 % gelatin, and dNTPs 
(200 mM final concentration of each 
nucleotide). Amplification was 
carried out for 35 cycles : each 
consisted of 94°C for I minute, 
50°C for I minute and n oc for 2 

minutes. The PCR amplified product 
was approximately 900 bp in length 
containing the gene coding nucleo
tide number 436-1339 of S. typhi 
flagellin sequence. The reaction 
mixture was subjected to electro
phoresis on 0.8% agarose gel to 
analyze and purify the PCR product. 

Cloning of peR-amplified product 

Cloning and DNA techniques 
were as described by Sambrook et 
al. 7 Briefly, the PCR product was 
digested with Bam HI and Eco RI 
at 37°C for 3 hours. After complete 
digestion, the PCR product was 
purified and ligated into the Bam 
HI and Eco RI sites of the pGEX-3X 
vector (Pharmacia) at 3: I propor
tion. Plasmid DNA was introduced 
into competent E.coli JM 101 pre
pared by DMSO method. 8 The 
recombinant E.coli contaIning 
central region of S.typhi flagellin 
DNA was identified by immuno
enzyme assay9 using specific MAbs . 

Production and purification of 
glutathione-S-transferase fusion 
protein lO 

Overnight culture of E.coli JM 
101 containing recombinant pGEX 
plasmid containing S. typhi gene 
was diluted 1/100 in Luria broth 
and grown at 37°C with vigorous 
shaking to an approximate absor
bance at 600 nm (A600) of 0.5. 
IsopropyI- i$-D-thiogalactoslde 
(IPTG) was added to a final con
centration of 0.2 mM to induce the 
production of fusion protein and 
the culture was incubated for further 
3 hours. Cells were harvested by 
centrifugation at 3,000 x g and 
resuspended in 1150 of the original 
volume in phosphate-buffer saline 
(PBS). The cells were then lysed 
by sonication and discarded debris 
by centrifugation at 10,000 x g. 
Culture supernatant was applied to 
glutathione Sepharose 4B column 
(Pharmacia). The column was 
washed with PBS prior to the elution 
of the fusion protein. Fusion protein 
was eluted by competition with free 



23 S. TYPHI FlAGELLIN RJSION PROTEIN 

glutathione (SmM reduced gluta
thione (Sigma) in SO mM Tris-HCI 
pH 8.0). Protein concentration was 
calculated from the absorbance at 
280 nm.11 

Immunoblotting 

Sodium dodecyJ sulfate polya
crylamide geJ electrophoresis (SDS
PAGE) was performed as described 
by Laemmljl2 and the separated 
antigens were transferred from the 
gels to nitrocellulose mem brane 
using a Bio-Rad blotting apparatus 
according to the manufacturer's 
instructions and stained by the 
immunoenzyme staining method9 

using MAbs speci fic to the S. typhi 
S2 kDa antigen and alkaline phos
phatase conjugated rabbit anti
mouse immunoglobulins. 

ELISA for detecting IgM antibodies 

ELISA for the detection of 
IgM antibodies in the serum speci
mens was carried out by the stan
dardization of various conditions, 
e.g . antigen concentration, conju
gate concentration and serum dilu
tion. Optimal conditions chosen 
were then used to assay serum speci
mens. Briefly, fusion protein antigen 
in O.OS M carbonate buffer pH 9.8, 
was used at a concentration of 20 

.pg/ml 	for coating each well of a 
Microelisa Immunol® plate (Dyna
tech Produkta AG, Klonten, Swit
zerland) at 4°C overnight. Sera 
were assayed at a dilution of 1:200 
in 0.01 M phosphate buffer saline 
pH 7.1 containing 0.1070 Tween 20 
(PBST) and 1% bovine serum al
bumin (BSA). The incubation at 
this step was at 3rc for 3 hours. 
The conjugate used was 1: 1000 
dilution of alkaline phosphatase 
conjugated anti-human IgM F(ab')2 
fragment (Sigma) and it was in
cubated at 37° C for 1 hour. The 
substrate used was p-nitrophenyl 
phosphate at a concentration of 1 
mg/ml (Sigma) dissolved in O.OS M 
carbonate buffer pH 9.8, containing 
O.OOS M MgCI2.6H20. The sub
strate incubation was 37°C for I 

hour . Positive result exhibited 
yellow color whereas negative result 
was clear. Weak positive or bor
derline results were con firmed by 
reading the absorbances at 40S nm 
(Titertek Multiskan; Flow Labora
tories Ltd., Ayrshire, Scotland) and 
the samples considered positive 
when the absorbance was > 0.2. 

Statistical methods 

The indices of sensitivity, 
speci ficity, accuracy, positive pre
dictive value and negative predictive 
value were calculated as follows: 
sensitivity, [a/(a + c)] x 100; speci
ficity, [d/(b + d)] x 100; accuracy, 
[(a + d)/(a + b + c + d)] x 100; posi
tive predictive value [a/(a + b)] x 
100; negative predictive value [d / 
(c + d)] x 100; where a was the 
number of true-positive samples, b 
was the number of false positive 
samples, c was the number of false 

negative samples and d was the 
number of true-negative samples. 13 

Only positive results obtained from 
the group of typhoid patients with 
haemocultures positive for S.typhi 
were considered as true positives. 
The positive results obtained from 
all other of subjects were considered 
false positive results. 

RESULTS 

Amplification of DNA from variable 
central region of S.typhi flagellin 

To produce the specific protein 
antigen for the immunodiagnosis, 
the central region of S. typhi fIagel
lin DNA was amplified using poly
merase chain reaction (PCR) tech
nique. The peR amplified product 
yielded approximately SOO ng with 
900 bp in length containing the gene 
coding nucleotide number 436-1339 
of S. typhi fIagellin sequence. 

.. ., 

Fig. 1 	 Production of fusion protein was purified by affinity chromatography 

and detected by immunoblottlng technique using monoclonal anti· 
bodies specific to the 52 kDa protein. The result showed positive 

band at 60 kDa position. 
Lane 1 = Standard protein marker 
Lane 2-1 0 = 2nd-10 th fusion protein fraction eluted from the column. 
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Cloning and characterization of cen
tral region gene of S.lyphi f1agellin 

A recombinant clone (pTST-I) 
was obtained with 900 bp inserted 
DNA fragment from the PCR am
plified product into the Bam HI and 
Eco RI site of the pGEX-3X vector. 
The recombinant clone was induced 
with isoprophyl- ~ -D-thiogalacto
side (I PTG) to increase the protein 
production . The cells were lysed 
and soluble GST fusion protein 
was purified by affinity chromato
graphy on immobilised glutathione 
followed by competitive-elution 
with excess reduced glutathione. 
The fusion protein fractions eluted 
from the column were analysed 
into 2 sets by SDS-PAGE, one 
set was stained with Coomassie blue 
and shown only one protein band at 
60 kDa (data not shown), another 
set was transferred to nitrocellulose 
membrane and stained by immuno
enzyme staining assay using MAbs 
specific to the 52 kDa protein . The 
result showed position red purple 
band at 60 kDa positive which con
tained GST (26 kDa) fused with 900 
bp fiagellin protein (34 kDa) as 
expected (Fig. I). In this synthesis, 
the fusion protein was purified with 
yield of 2 iJg/ ml of culture. 

Analysis of ELISA 

The ELISA was used to detect 
IgM antibodies in serum samples. 
Positive results exhibited yellow 
color with the absorbance at 405 
nm > 0.2. Of the 43 ~amples for 
patients whose haemocultures were 
positive from S./yphi, 23 (53.5%) 
had detectable levels of IgM anti
bodies in the sera (Table I). Two 
(7.4070) of 27 samples from non
typhoidal Salmonella, 1 (2.9%) of 
34 samples from other bacteria and 
2 (1.1 %) of 189 samples from healthy 
individuals from an endemic area 
gave positive results. Therefore, the 
sensitivity, specificity, accuracy, 
positive predictive value and negative 
predictive value of this assay were 
53.5, 98 .0, 91.5, 82.1 and 92.4%, 
respectively. 

Table 1 	 Enzyme -linked immunosorbent assay for the detection 

of IgM antibodies in typhoid patients, non-typhoidal Salm o· 

nella patients and normal controls. 

S. typhi 43 23 (53 .5) 20 (46.5) 

Non- typhoidal Salmonella 27 2 ( 7.4) 25 (92.6) 

Other bacteria 34 1 ( 2.9) 33 (97 .1) 

Normal 189 2 ( 1.1) 187 (98 .9) 

DISCUSSION 

Because haemoculture and the 
Widal test, which are currently used 
as standard methods for the diag
nosis of typhoid fever, still possess 
some disadvantages, many alter
native methods to detect antigens or 
antibodies have been proposed to 
achieve quick, sensitive and reliable 
results. In the present study, fusion 
protein containing the central region 
of S./yphi flagellin protein was 
produced and used as specific antigen 
for detecting IgM antibodies for the 
diagnDsis of typhoid fever. The 
DNA from the central region of 
S. typhi flagellin which determined 
its .~ntigen character was amplified 
and cloned .in the pGEX expression 
system. The protein product was 
expressed as fusion protein with 
GST. Purification of this fusion 
pr~te.in was achieved by one step 
affinIty chromatography on immo
bilized glutathione using competitive 
elution . This provided a readily 
available purified antigen which 
was found to be suitable for ELISA . 
Background reactivity to the GST, 
the fusion partner, was tested by 
Thomas e/ afl4 and found that it 
could be negligible. 

Since the d flagellin antigen of 
S./yphi was present as a phase-I 
antigen similar to those of some 
members of Salmonella genus lS and 
showed 98% similar to S.muenchen, 

Group Total ELISA 


positive (%) negative (%) 


thus the ELISA using central region 
of S./yphi flagellin-GST fusion 
protein as antigen could give positive 
result with S.muenchen. This cross
reactivity is of relatively little im
portance since S.muenchen infection 
is infrequent and usually is not a 
problem for the differential diag
nosis of typhoid fever. 16 

For the serodiagnosis of typhoid 
fever, the ELISA for detecting IgM 
antibodies was performed using the 
fusion protein derived from only 
the central region of S./yphi flagel
lin as specific antigen. The sensi
tivity, speci ficity, accuracy, positive 
predictive value and negative predic
tive value of this test were 53.5, 
98.0, 91.5, 82.1 and 92.4%, respec
tively . The result showed high 
specificity which indicated that the 
fusion protein antigen used in this 
test was specific to Salmonella /yphi. 
However, the sensitivity was only 
53.5% as compared to haemoculture. 
Several factors could possibly affect 
the sensitivity of this assay. The 
limitation of the assay itself, the 
time of sample collection and the 
factors that interfered with it might 
affect its sensitivity as well. It may 
be able to increase the sensitivity by 
using other technique such as nitro
cellulose membrane slot blot ELISA 
or IgM capture ELISA. The slot 
blot ELISA using nitrocellulose 
membrane would increase the sensi

http:pr~te.in
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tivity since the nitrocellulose mem
brane had a high binding capacity, 
approximately 1,000 times more 
protein per surface area than the 
microplate. 17 All of samples which 
were positive S.typhi haemocultures 
but could not detect IgM antibodies 
by ELISA, specific IgG antibodies 
to the fusion protein antigen were 
detected (data not shown). The IgM 
antibodies might be competitive 
binding to the specific antigen by 
these IgG antibodies and gave low 
sensitive result. Thus, IgM capture 
ELISA would overcome this pro
blem. 

In this paper, we had produced 
a specific recombinant protein anti
gen of Salmonella typhi and used in 
an ELISA to determine specific 
IgM antibodies S.typhi. The high 
specificity of this fusion protein 
antigen allowed a possible technique 
for diagnosis of S.typhi. 
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12TH ASIA PACIFIC CANCER CONFERENCE 
Towards Total Cancer Control 

DID YOU KNOWN ... 

... that the next Asia Pacific Cancer Conference will be held in sunny Singapore in 


1995 ? 


AND DID YOU KNOW ... 

... that this will be an exciting international gathering of practitioners, scientists, 


nurses as well as para-medical people? 


... that we have organised an interesting Scientific Programme that will cater to your 


interests, and of course, a list of internationally renowned seakers. 


IF... 

...you are in the midst of an interesting research which you cannot wait to sharewith 


your counterparts, make it a point to be in Singapore to present your findings at the 

Scientific forum. 


OR... 


... i f you just want to know more about the latest a nd current thinking on cancer 


control and treatment, come to Singapore to attend the Conference. 


MORE INFORMATION NOW THAT YOU ARE INTERESTED? 

Simple . Just write or fax to the Singapore Cancer Society at : 


15 Enggor Street 
Realty Centre #04-01 to 04 
Singapore 0207 
Tel: (65) 221-9577 
Fax: (65) 222-7424 

and we will send you the registration form and a brochure on this meeting. 


REMEMBER THE DATES ... 
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comforts of modern living and yet Asian enough to provide the thrills of many 

cultures existing side by side. 


SEE YOU THERE! 



