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Abstract. Symptoms of the early phase leptospirosis often are non-specific and 
can be a major problem in making a diagnosis of febrile illnesses. Rapid diagnosis 
of leptospirosis is of extreme importance, because antibiotic treatment provides 
greatest benefit when administered in early stage of the disease. Recombinant 
flagellin B (FlaB) gene (flaB) of Leptospira interrogans serovar Autumnalis strain 
Akiyami A was heterologously expressed and purified. The 35 kDa recombinant 
FlaB was 99% similar to the reference strain in GenBank. Rabbit polyclonal anti-
recombinant FlaB antibodies recognized using immunoblotting yeilded 35-36 kDa 
doublet from one saprophytic and eight pathogenic Leptospira serovars. Western 
blot assay showed that recombinant FlaB could distinguish leptospirosis from 
non-leptospirosis sera. This recombinant FlaB can be used in serodiagnosis of 
leptospirosis and identification of Leptospira spp.
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nonspecific, it is difficult to distinguish 
leptospirosis from other undifferenti-
ated febrile illnesses, such as dengue, 
influenza, hantavirus, Nipah or Hendra 
virus infection, malaria, rickettsioses, and 
plague. Leptospirosis can become espe-
cially dangerous if not properly treated, 
potentially leading to kidney damage, 
meningitis, liver failure, and respiratory 
problems, with pulmonary hemorrhage as 
the major lethal outcome. Early diagnosis 
is the most important factor in treatment 
of patients with the severe form of lepto-
spirosis because leptospires are usually 
sensitive to antimicrobial agents (Ressner 
et al, 2008) and as demonstrated in a previ-
ous report (Murray and Hospenthal, 2004) 
that most of 24 antimicrobial agents have 
excellent in vitro activity against 26 Lepto-
spira serovars. In addition, antimicrobial 
agents are widely used in treatment in 

INTRODUCTION

Leptospirosis is a zoonosis encoun-
tered worldwide and is caused by infec-
tion with pathogenic Leptospira species. 
Humans become infected through either 
direct or indirect contact with urine of an 
infected animal (Faine, 1988; Levett, 2001). 
Symptoms of infection vary from subclini-
cal to potentially fatal with multiorgan 
involvement. Although leptospirosis is a 
self-limiting disease in 85%-90% of cases, 
mortality remains significant (Trevejo  
et al, 1998). In the early phases of the dis-
ease, because the symptoms are usually 
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clinical practice (Suputtamongkol et al, 
2004). 

Laboratory diagnosis of leptospirosis 
has been performed conventionally by 
demonstration of antibodies to lepto-
spires. However, the traditional microag-
glutination test (MAT), has the disadvan-
tage that it is tedious to test against a large 
battery of serovars (Faine, 1988; Levett, 
2001). Other serologic tests have been 
performed to diagnose leptospirosis, such 
as IgM-specific dot enzyme-linked immu-
nosorbent assay and immunofluorescence 
antibody test (Pappas et al, 1985; Watt et al,  
1988; Appassakij et al, 1995). Dark field 
microscopy is not recommended because 
it requires more than 104 cells/ml (Turner, 
1970) and technical skill to exclude con-
taminating fibrin proteins. Leptospiral 
isolation is difficult, time consuming, and 
potentially biohazardous (Faine, 1988). 
PCR-based methods have been developed 
for the specific diagnosis of leptospirosis 
(Merien et al, 1992; Zuerner et al, 1995; 
Smythe et al, 2002; Levett et al, 2005; 
Kositanont et al, 2007a), but serological 
diagnosis is still the conventional method. 

Recently, recombinant leptospires 
proteins have been utilized as alternative 
reagent for detecting specific antilepto-
spires antibodies in the diagnosis of lepto-
spirosis. Recombinant proteins with high 
diagnostic potentials include the outer 
membrane lipoproteins LipL21 (Cullen  
et al, 2003; Joseph et al, 2012), LipL32 
(Bomfim et al, 2005), and LipL41 (Mariya 
et al, 2006); porin OmpL1 (Haake et al, 
1993), heat shock proteins DnaK (Ballard 
et al, 1998) and GroEL (Ballard et al, 1993) 
and flagellin (Lin et al, 1999). 

Leptospiral motility is mediated 
by two periplasmic flagella composed 
of a basal body, hook and filament. The 
filament comprises two distinct proteins, 

FlaA and FlaB (Goldstein and Charon, 
1988).  Monoclonal antibodies have iden-
tified a strong immunoreactive 35 kDa 
protein of L. interrogans serovar Pomona, 
subsequently identified as a flagellin, 
a class B polypeptide subunit (FlaB) of 
the periplasmic flagella (Lin et al, 1997). 
Recombinant FlaB has been used in se-
rodiagnosis of leptospirosis employing 
fluorescence polarization assay (Bughio 
et al, 1999; Lin et al, 1999). Among the im-
munoreactive proteins reacting with IgM 
and IgG from patients with leptospiro-
sis, FlaB proteins (flagellin and flagellar 
core proteins) have been shown to have 
potential roles in clinical diagnostics and 
vaccine development (Kositanont et al, 
2007b). Recombinant LipL32 antigen has 
been used for detecting leptospiral anti-
bodies from human and dog samples by 
a rapid recombinant antigen-based latex 
agglutination test (Dey et al, 2007). Recom-
binant antigen-based serological tests may 
achieve higher sensitivity and specificity 
than other tests because of the purity of 
the immunodominant antigens and the 
lack of non-specific moieties present in 
whole-cell preparations (Dey et al, 2007).

In this study, recombinant flagellin B 
from L. interrogans serovar Autumnalis, 
heterologously expressed in Escherichia 
coli, was determined for its antigenic 
characteristics using western blot analysis 
for use in serodiagnosis of leptospirosis. 

MATERIALS AND METHODS

Leptospiral strains and culture conditions
Nine serovars (Autumnalis, Australis, 

Bataviae, Bratislava, Copenhageni, Ictero-
heamorrhagiae, Pomona, Patoc and Za-
noni) of Leptospira reference strains were 
obtained from the National Institute of 
Health and the National Institute of Ani-
mal Health, Thailand. Leptospires were 
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grown for 7 days at 29°C in Ellinghausen-
McCullough-Johnson-Harris (EMJH) 
medium (BD Biosciences, San Diego, CA).
Heterologous expression of the recombi-
nant flaB of L. interrogans serovar Autum-
nalis

Genomic DNA of L. interrogans se-
rovar Autumnalis in culture was isolated 
using QIAamp® DNA mini kit (Qiagen, 
Valencia, CA). Primers specific for flaB of 
L. interrogans serovar Autumnalis strain 
Akiyaki A (GenBank accession number 
AF064055) were Up flaB (5’ CACCAT-
GATTATCAAYCAYGAYC 3’) containing 
CACC at 5’ end for use in directional 
cloning and Down flaB (5’ TCAGA RT-
GCTGCAGAAG YTTG 3’) (R = puRine: 
A or G and Y = pYrimidine: C or T). PCR 
amplicon of flaB was inserted into the 
expression pET200/D TOPO® vector (In-
vitrogen, Carlsbad, CA), named pAN and 
then was preceded to transform into One 
Shot® TOP10 chemically competent E. coli 
(Invitrogen, Carlsbad, CA). Transformants 
were selected on LB medium containing 
50 µg/ml of kanamycin. Presence of pAN 
plasmid was confirmed by digestion with 
EcoRV. Correct insertion and orientation of 
the flaB gene sequence was confirmed by 
DNA sequence analysis using T7 forward 
primer (5’-TAA TAC GAC TCA CTA TAG 
GG-3’) and T7 reverse primer (5’-CTA 
GTT ATT GCT CAG CG T3’) (1st BASE 
DNA Sequencing Division, Selangor, 
Malaysia). The purified pAN plasmid was 
transformed into E. coli strain BL21 Startm 
(DE3) One Shot® (Invitrogen, Carlsbad, 
CA). After the pAN plasmid established 
in BL21 Startm (DE3) expression E. coli, 
expression of flaB gene was induced by 
the addition 0.5 mM of isopropyl-β-D-
thiogalactoside (IPTG) at 37ºC for 3 hours. 
After centrifugation of the induced culture 
at 8,000g for 10 minutes, the cells were 
lyzed using ultrasonic sonication and then 

centrifuged at 13,000g for 20 minutes. The 
pellet and supernatant were analyzed 
by 12% SDS-PAGE with Coomassie bril-
liant blue R-250 staining. The expressed 
protein expected to be recombinant FlaB 
protein was compared with the Rainbow 
molecular weight marker (Amersham 
Biosciences, Buckinghamshire, England). 
The recombinant FlaB protein expressed 
as inclusion bodies form was solubilzed 
with solubilization buffer containing 6 M 
urea prior to SDS-PAGE analysis.
Purification of recombinant FlaB protein

Recombinant FlaB protein was puri-
fied using HisTraptm HP Kit (Amersham 
Biosciences, Buckinghamshire, England). 
The recombinant FlaB protein was ana-
lyzed by SDS-PAGE as described above 
and subjected to MALDI-TOF mass spec-
trometry (BioService Unit, National Cen-
ter for Genetic Engineering and Biotech-
nology, Pathum Thani, Thailand). Protein 
fingerprinting was analyzed using Mascot 
software (Matrix Science, London, UK). 
Antigenic characterization of recombinant 
FlaB protein

Antigenic characterization of the 
recombinant FlaB protein was deter-
mined by western blotting using rabbit 
polyclonal antibodies against recombi-
nant FlaB protein prepared as previously 
described (Haake et al, 2000) at dilutions 
of 1:10,000, 1: 20,000 and 1: 40,000, and 
secondary horseradish peroxidase-conju-
gated goat anti-rabbit IgG antibodies (Da-
koCytomation, Copenhagen, Denmark) 
at 1:2,000 dilution. The reactive protein 
band was visualized by reaction for 5-10  
minutes with chromogenic substrate 3, 3-di-
aminobenzidine (DAB) (Sigma-Aldrich,  
St Louis, MO). In addition, a total of ar-
chival 30 serum samples consisting of 10 
serum samples from patients who were 
clinically and laboratory confirmed to be 
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leptospirosis cases using MAT and IgM 
immunoblot (IgM-IB) test (Duangchawee 
et al, 2008), 10 serum samples from pa-
tients with other non-leptospirosis febrile 
illnesses, such as or malaria, dengue 
or hepatitis B infection, and 10 serum 
samples from healthy subjects were used 
in the western blot analysis at 1:20 dilu-
tion. All archival samples were obtained 
with permission from Dr Galayanee 
Duangchawee, to be used only for the 
development of diagnostic test. 

Reactivity of polyclonal anti-recombinant 
FlaB protein antibodies against native FlaB 
protein from leptospiral strains

Native FlaB proteins from nine 
serovars of Leptospira (Autumnalis, 
Australis, Bataviae, Bratislava, Copen-
hageni, Icteroheamorrhagiae, Pomona, 
Patoc and Zanoni) were determined for 
immunoreactivity against polyclonal 
anti-recombinant FlaB protein antibodies 
using western blotting. One ml aliquot of 
each leptospiral culture was centrifuged 
at 8,000g for 10 minutes and the pellet 
was heated at 95oC for 5 minutes before 
being subjected to western blotting using 
rabbit polyclonal anti-recombinant FlaB 
protein antibodies as described above. 
Recombinant FlaB protein was used as 
positive control. 

RESULTS

PCR amplicon of 856 base pairs (bp) 
of L. interrogens serovar Autumnalis flaB 
was cloned in pET200/D TOPO® vector 
named recombinant pAN. After digestion 
with EcoRV, digested products of 2,390 
and 4,207 bp were obtained compared 
with 1,534 and 4,207 bp of similarly digest-
ed empty pET200/D TOPO® expression 
vector. DNA sequence of pAN showed the 
correct orientation and in-frame insertion 
of the complete flaB insertion with 94% 

identity when compared with flaB gene 
L. interrogans serovar Autumnalis (Fig 
1A). The deduced amino acid sequence 
of FlaB was of a 283 amino acid protein 
with a calculated molecular mass of 31.23 
kDa and a predicted pI of 8.71. When 
compared with the sequence of reference 
L. interrogans serovar Autumnalis, the 
cloned FlaB showed 99% identity (Fig 
1B). Nine different base positions of pAN 
were compared with the reference strain. 
However, only three positions showed dif-
ferent amino acids as I90V (ATC > GTC), 
N104S (AGT > AAT) and W218R (TGG > 
AGG) were observed.  

Affinity purification of heterologously 
expressed His-tagged FlaB protein yielded 
a protein of 35 kDa as determined by SDS-
PAGE (data not shown). Fingerprint of the 
purified recombinant protein obtained 
from MALDI-TOF mass spectrometry 
matched flagellin protein of Leptospira spp 
with score of 80 and coverage 67% for the 
whole sequence (data not shown).

Western blotting of 1µg of purified 
recombinant FlaB protein with in-house 
rabbit polyclonal antibodies demon-
strated immunoreactivity even at 1: 40,000 
dilution of antibody (Fig 2A). The rabbit 
anti-recombinant FlaB antibodies also re-
acted specifically with native FlaB protein 
antigens prepared from whole cells of 
nine Leptospira serovars as determined by 
immunoblotting (Fig 2B). However, im-
munoreactive doublet of 35-36 kDa bands 
were observed for serovars of both patho-
genic and saprophytic Leptospira spp. 

The antigenicity of recombinant FlaB 
protein was examined by western blotting 
against  10 serum samples from patients 
with leptospirosis, from patients with non 
leptospirosis with   febrile illnesses (such 
as malaria, dengue, hepatitis B infection 
and syphilis) and from healthy subjects, 
respectively. Recombinant FlaB protein 
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flaB    ------------------------------------------------ATGATTATCAAC  
pAN     ATGGGTCGGGATCTGTACGACGATGACGATAAGGATCATCCCTTCACCATGATTATCAAC  
                                                       ************ 
flaB    CATAATCTGAGTGCGGTGAATGCTCACCGTTCTCTAAAGTTCAACGAACTTGCTGTGGAC  
pAN     CACAACCTGAGTGCGGTGAATGCTCACCGTTCTCTAAAGTTCAACGAACTTGCTGTGGAC  
        ** ** ******************************************************  
flaB    AAGACGATGAAAGCTCTGTCTTCCGGTATGCGGATTAATTCTGCTGCGGACGACGCTTCC  
pAN     AAGACGATGAAAGCTCTGTCTTCCGGTATGCGGATTAATTCTGCTGCGGACGACGCTTCC  
        ************************************************************  
flaB    GGACTTGCAGTTTCCGAAAAGCTTAGAACGCAAGTAAACGGTTTGCGTCAAGCGGAAAGG  
pAN     GGACTTGCAGTTTCCGAAAAGCTTAGAACGCAAGTAAACGGTTTGCGTCAAGCGGAAAGG  
        ************************************************************  
flaB    AATACTGAGGACGGAATGAGTTTTATTCAAACTGCCGAAGGATTTCTGGAGCAGACGTCT  
pAN     AATACTGAAGACGGAATGAGTTTTATTCAAACTGCCGAAGGATTTCTGGAGCAGACGTCT  

******** ***************************************************  
flaB    AACATCATTCAAAGAATCCGGGTGCTCGCCATCCAGACTTCGAATGGTATCTACAGTAAT  
pAN     AACATCATTCAAAGAGTCCGGGTGCTCGCCATCCAGACTTCGAATGGTATCTACAGTAGT  
        *************** ****************************************** *  
flaB    GAAGATAGGCAGCTCGTGCAGGTGGAAGTATCTGCGCTGGTGGATGAAGTCGATCGAATT  
pAN     GAAGATAGGCAGCTCGTGCAGGTAGAAGTATCTGCGCTGGTGGATGAAGTCGATCGAATT  
        *********************** ************************************  
flaB    GCTTCTCAGGCTGAATTTAATAAGTTCAAACTTTTTGAAGGCCAATTCGCTAGAGGTTCC  
pAN     GCTTCTCAGGCTGAATTTAATAAGTTCAAACTTTTTGAAGGCCAATTCGCTAGAGGTTCC  
        ************************************************************  
flaB    AGGGTTGCATCCATGTGGTTTCATATGGGTCCAAACCAAAATCAGCGTGAAAGATTTTAC  
pAN     AGGGTTGCATCCATGTGGTTTCATATGGGTCCAAACCAAAATCAGCGTGAAAGATTTTAC  
        ************************************************************  
flaB    ATAGGCACGATGACTTCAAAGGCTCTGAAGCTTGTAAAAGCGGACGGGAGGCCGATCGCG  
pAN     ATAGGCACGATGACTTCAAAGGCTCTGAAGCTTGTAAAAGCGGACGGGAGGCCGATCGCG  
        ************************************************************  
flaB    ATCTCTTCTCCGGGAGAGGCTAACGACGTGATCGGTCTGGCAGATGCTGCCCTTACGAAG  
pAN     ATCTCTTCTCCGGGAGAGGCTAACGACGTGATCGGTCTGGCAGATGCTGCCCTTACGAAG  
        ************************************************************  
flaB    ATCATGAAGCAGAGAGCGGATATGGGAGCTTATTATAATTGGCTTGAATATACCGCAAAG  
pAN     ATCATGAAGCAAAGAGCGGATATGGGAGCTTATTATAATAGGCTTGAATATACCGCAAAG  
        *********** *************************** ********************  
flaB    GGTCTGATGGGTGCGTATGAAAATATGCAGGCATCTGAATCTAGAATTCGAGACGCCGAT  
pAN     GGTCTGATGGGTGCGTATGAAAATATGCAGGCATCTGAATCTAGAATTCGAGACGCCGAT  
        ************************************************************  
flaB    ATGGCGGAAGAAGTTGTCTCGCTGACCACAAAACAAATACTTGTACAGAGTGGTACGGCA  
pAN     ATGGCGGAAGAAGTTGTCTCGCTGACCACAAAACAAATACTTGTACAGAGTGGTACGGCA  
        ************************************************************  
 
flaB    ATGTTGGCGCAGGCAAATATGAAACCGAATTCAGTTCTCAAACTTCTGCAGCATATCTGA  
pAN     ATGTTGGCGCAGGCAAATATGAAACCGAATTCAGTTCTCAAGCTTCTGCAGCACATCTGA  
        ***************************************** *********** ******  

Stop codon 

Inserted flaB gene  

A
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Autumnalis       MIINHNLSAVNAHRSLKFNELAVDKTMKALSSGMRINSAADDASGLAVSE  
pAN(this study)  MIINHNLSAVNAHRSLKFNELAVDKTMKALSSGMRINSAADDASGLAVSE  
                 **************************************************  
Autumnalis       KLRTQVNGLRQAERNTEDGMSFIQTAEGFLEQTSNIIQRIRVLAIQTSNG  
pAN(this study)  KLRTQVNGLRQAERNTEDGMSFIQTAEGFLEQTSNIIQRVRVLAIQTSNG  
                 *************************************** **********  
Autumnalis       IYSNEDRQLVQVEVSALVDEVDRIASQAEFNKFKLFEGQFARGSRVASMW  
pAN(this study)  IYSSEDRQLVQVEVSALVDEVDRIASQAEFNKFKLFEGQFARGSRVASMW  
                 *** **********************************************  
Autumnalis       FHMGPNQNQRERFYIGTMTSKALKLVKADGRPIAISSPGEANDVIGLADA  
pAN(this study)  FHMGPNQNQRERFYIGTMTSKALKLVKADGRPIAISSPGEANDVIGLADA  
                 **************************************************  
Autumnalis       ALTKIMKQRADMGAYYNWLEYTAKGLMGAYENMQASESRIRDADMAEEVV  
pAN(this study)  ALTKIMKQRADMGAYYNRLEYTAKGLMGAYENMQASESRIRDADMAEEVV  
                 ***************** ********************************  
Autumnalis       SLTTKQILVQSGTAMLAQANMKPNSVLKLLQHI 
pAN(this study)  SLTTKQILVQSGTAMLAQANMKPNSVLKLLQHI 
                 ********************************* 

Fig 1–Pair wise base sequence alignment (A) and deduced amino acid sequence (B) of Leptospira 
interrogans serovar Autumnalis strain Akiyami A flaB in pAN plasmid and flaB of reference 
L. interrogans serovar Autumnalis (GenBank accession no. AF064055). A. *, identical base. B. 
*, identical amino acid. 

B Position of  Position of  Amino acid Change of
base difference amino acid (aa) amino acid

T15C 5 H no
T18C 6 N no
G201A 67 E no
A268G 90  I to V
A311G 104  N to S
G336A 112 V no
G624A 208 G no
T652A 218  W to R
A834G 278 K no
   

E, Glutamic acid; G, Glycine; H, Histidine; I, Isoleucine; K, Lysine; N, Aspara-
gine; R, Arginine; S, Serine; V, Valine; W, Tryptophan 

recognized specific antibodies in lepto-
spirosis sera only (Fig 3). 

DISCUSSION

In the present study, immunoreac-
tive heterologously expressed and af-

finity purified recombinant periplasmic 
flagllin (FlaB) from L. interrogans serovar 
Autumnalis strain Akiyami A specifically 
recognized  antibodies from leptospirosis 
human sera and not those from sera of 
other non-leptosporosis diseases or of 
healthy controls. The recombinant FlaB 
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Fig 2–Western blot analysis of rabbit polyclonal anti-recombinant FlaB protein antibodies. Western 
blotting was conducted as described in Materials and Methods. A. Recombinant FlaB (1µg). 
Lane M, Rainbow (Amersham Biosciences) molecular weight markers; lane 1, 1: 10,000 dilution; 
lane 2, 1: 20,000 dilutions; lane 3, 1: 40,000 dilutions. B. Whole cell extracts from nine Lepto-
spira serovars. Lanes 1-8, L. interrogans serovars Autumnalis, Australis, Bataviae, Bratislava, 
Copenhageni, Icterohaemorrhagiae, Pomona and Zanoni; lane 9, L. biflexa serovar Patoc; lane 
P, positive control (recombinant FlaB). 
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Fig 3–Western blot assay of immunoreactivity of recombinant FlaB against human sera. Western 
blotting was conducted as described in Materials and Methods. A. Lanes 1-6, individual lep-
tospirosis serum samples; lane P, positive control (rabbit polyclonal anti-recombinant FlaB 
antibodies). B. Lanes 1-2, sera from malaria infection; lanes 3-4, sera from dengue infection; lanes 
5-6, sera from hepatitis B infection; lanes 7-8, sera from syphilis infection; lanes 9-10, sera from 
healthy controls; lane P, positive control (rabbit polyclonal anti-recombinant FlaB antibodies). 

A B

(35 kDa based on SDS-PAGE) is larger 
than the predicted size (31.23 kDa based 
on the deduced sequence of the cloned 
FlaB). However, the strong band of 35 
kDa in this study was consistent with the 
strong immunoreactive protein of 35 kDa 

of FlaB protein in L. interrogans serovar 
Pomona (Lin et al, 1997). This may be 
attributed to the presence of the His-tag 
with 840.85 Da in recombinant FlaB. In 
vivo FlaB of serovar Autumnalis flagellin 
as well as other serovars is N-glycosylated 
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at Asn-X-Ser/Thr site located 6-8 amino 
acid residues from the N-terminus (Lech-
ner and Wieland, 1989; Mitchison et al, 
1991; Lin et al, 1997).

In-house rabbit polyclonal anti-re-
combinant FlaB reacted with native FlaB 
proteins from both pathogenic (serovars 
Autumnalis, Australis, Bataviae, Bratisla-
va, Copenhageni, Icterohaemorrhagiae, 
Pomona and Zanoni) and saprophytic 
(serovar Patoc) Leptospira spp. Western 
blot analysis coupled with immunoblot-
ting showed immunoreactive 35-36 kDa 
doublet bands from all nine Leptospira 
serovars. The data here were consistent 
with those reported of IgM reactivity 
showing 35-36 kDa doublet in human lep-
tospirosis sera with L. interrogans serovars 
Pomona, Hardjo, Copenhageni, Illini and 
Patoc (Kelson et al, 1988). Immunoblotting 
sera from leptospirosis patients with L. 
interrogans serovar Hardjo (Chapman et 
al, 1988), serovar Copenhageni (Chapman 
et al, 1991) and serovar Pomona (Lin et al, 
1997) showed that IgM antibody reacted 
strongly with a 34.5-35 kDa doublet as 
previously reported as flagellar protein. 
The p35-p36 doublet might include at 
least two antigen moieties that could not 
be consistently distinguished in the SDS-
PAGE and immunoblotting analyses. This 
observation demonstrated that the recom-
binant FlaB protein was similar to native 
proteins conserved among all leptospiral 
species and serovars. In this study, only 
one immunoreactive band of 35 kDa from 
recombinant FlaB with leptospirosis sera 
suggested that recombinant FlaB had high 
purity with strong antigenicity to react 
with specific antibodies. 

In summary, recombinant periplasmic 
flagllin (FlaB) from L. interrogans serovar 
Autumnalis strain Akiyami A was hetero- 
logously expressed and purified. Anti-
genic characterization of this recombinant 

FlaB suggests that it can be useful for 
serodiagnosis of leptospirosis. 

ACKNOWLEDGEMENTS

This work was partly supported 
by a thesis grant, Faculty of Graduate 
Studies, Siriraj Graduate Thesis Schol-
arship and the Chalermphrakiat Grant, 
Faculty of Medicine Siriraj Hospital, 
Mahidol University. The authors grate-
fully acknowledge Prof Paul N Levett, 
Ms Renee L Galloway, and Dr Roger E 
Morey, Centers for Disease Control and 
Prevention, Atlanta, Georgia, USA for 
providing technical training, Dr Lee D 
Smythe, WHO/FAO/OIE Collaborating 
Centre for Reference and Research on 
Leptospirosis, Centre for Public Health 
Sciences, Queensland Health Scientific 
Services, Australia for serotyping  Lepto-
spira isolates, Mrs Pimjai Naigowit and 
Dr Duangchai Suwanchareon, National 
Institute of Health and National Institute 
of Animal Health, Thailand for providing 
reference Leptospira strains, Mrs Montana 
Suksuwan, Department of Immunology, 
Faculty of Medicine Siriraj Hospital, Ma-
hidol University for technical assistance, 
and Mr Surachai Amornchaloemwit, 
Medical Education Technology Center, 
Thailand for assistance in preparing the 
figures. 

REFERENCES

Appassakij H, Silpapojakul K, Wansit R, Wood-
tayakorn J. Evaluation of the immunofluo-
rescent antibody test for the diagnosis of 
human leptospirosis. Am J Trop Med Hyg 
1995; 52: 340-3.

Ballard SA, Go M, Segers RP, Adler B. Molecu-
lar analysis of the dnaK locus of Leptospira 
interrogans serovar Copenhageni. Gene 
1998; 216: 21-9.

Ballard SA, Segers RPAM, Bleumink-Pluym N, 



SoutheaSt aSian J trop Med public health

1088 Vol  45  No. 5  September  2014

Fyfe J, Faine S, Adler B. Molecular analysis 
of the hsp (groE) operon of Leptospira inter-
rogans serovar Copenhageni. Mol Microbiol 
1993; 8: 739-51.

Bomfim MR, Ko A, Koury MC. Evaluation of 
the recombinant LipL32 in enzyme-linked 
immunosorbent assay for the serodiagno-
sis of bovine leptospirosis. Vet Microbiol 
2005; 109: 89-94.

Bughio NI, Lin M, Surujballi OP. Use of recom-
binant flagellin protein as a tracer antigen 
in a fluorescence polarization assay for 
diagnosis of leptospirosis. Clin Diagn Lab 
Immunol 1999; 6: 599-605.

Chapman AJ, Adler B, Faine S. Antigens recog- 
nised by the human immune response 
to infection with Leptospira interrogans 
serovar Hardjo. J Med Microbiol 1988; 25: 
269-78.

Chapman AJ, Everard COR, Faine S. Adler B. 
Antigens recognized by the human im-
mune response to severe leptospirosis 
in Barbados. Epidemiol. Infect 1991; 107: 
143-55.

Cullen PA, Cordwell SJ, Bulach DM, Haake DA, 
Adler B. Global analysis of outer mem-
brane proteins from Leptospira interrogans 
serovar Lai. Infect Immun 2002; 70: 2311-8.

Cullen PA, Haake DA, Bulach DM, Zuerner RL, 
Adler B. LipL21 is a novel surface-exposed 
lipoprotein of pathogenic Leptospira spe-
cies. Infect Immun 2003; 71: 2414-21.

Dey S, Madhan Mohan C, Ramadass P, Nachi-
muthu K. Recombinant antigen-based 
latex agglutination test for rapid serodi-
agnosis of leptospirosis. Vet Res Commun 
2007; 31: 9-15.

Duangchawee G, Kositanont U, Niwetpathom-
wat A, Inwisai T, Sagarasaeranee P, Haake 
DA. Early diagnosis of leptospirosis by 
immunoglobulin M immunoblot testing. 
Clin Vaccine Immunol 2008; 15: 492-8.

Faine S. Leptospirosis. In: Balows A, Hausler 
WJ, Ohashi M, and Turano A, eds. Labora-
tory diagnosis of infectious diseases. Prin-
ciples and practice. New York: Springer-
Verlag, 1988: 344-52.

Goldstein SF, Charon NW. Motility of the spi-
rochete Leptospira. Cell Motil Cytoskeleton 
1988; 9: 101-10.

Haake DA, Champion CI, Martinich C, et al. 
Molecular cloning and sequence analysis 
of the gene encoding OmpL1, a trans-
membrane outer membrane protein of 
pathogenic Leptospira spp. J Bacteriol 1993; 
175: 4225-34.

Haake DA, Chao G, Zuerner RL, et al. The 
leptospiral major outer membrane protein 
LipL32 is a lipoprotein expressed during 
mammalian infection. Infect Immun 2000; 
68: 2276-85.

Joseph S, Thomas N, Thangapandian E, Singh 
VP, Verma R, Srivastava SK. Evaluation 
and comparison of native and recombinant 
LipL21 protein-based ELISAs for diagnosis 
of bovine leptospirosis. J Vet Sci 2012; 13: 
99-101.

Kelson JS, Adler B, Chapman AJ, Faine S. Identi-
fication of leptospiral flagellar antigens by 
gel electrophoresis and immunoblotting. J 
Med Microbiol 1988; 26: 47-53.

Kositanont U, Rugsasuk S, Leelaporn A, Phul-
suksombati D, Tantitanawat S, Naigowit 
P. Detection and differentiation between 
pathogenic and saprophytic Leptospira spp. 
by multiplex polymerase chain reaction. 
Diagn Microbiol Infect Dis 2007a; 57: 117-22.

Kositanont U, Saetun P, Krittanai C, Duangcha- 
wee G, Tribuddharat C, Thongboonkerd 
V. Application of immunoproteomics to 
leptospirosis: towards clinical diagnostics 
and vaccine discovery. Proteomics Clin Appl 
2007b; 1: 400-9.

Lechner J, Wieland F. Structure and biosynthe-
sis of prokaryotic glycoproteins. Annu Rev 
Biochem 1989; 58: 173-94.

Levett PN. Leptospirosis. Clin Microbiol Rev 
2001; 14: 296-326.

Levett PN, Morey RE, Galloway RL, Turner DE, 
Steigerwalt AG, Mayer LW. Detection of 
pathogenic leptospires by real-time quan-
titative PCR. J Med Microbiol 2005; 54: 45-9.

Lin M, Surujballi O, Nielsen K, Nadin-Davis 



CharaCterization of L. interrogans reCombinant flagellin b

Vol  45  No. 5  September  2014 1089

S, Randall G. Identification of a 35-kilo-
dalton serovar-cross-reactive flagellar 
protein, FlaB, from Leptospira interrogans 
by N-terminal sequencing, gene cloning, 
and sequence analysis. Infect Immun 1997; 
65: 4355-9.

Lin M, Bughio N, Surujballi O. Expression in 
Escherichia coli of flaB, the gene coding for 
a periplasmic flagellin of Leptospira inter-
rogans serovar Pomona. J Med Microbiol 
1999; 48: 977-82.

Mariya R, Chaudhary P, Kumar AA, Thanga-
pandian E, Amutha R, Srivastava SK. Eval-
uation of a recombinant LipL41 antigen of 
Leptospira interrogans serovar Canicola in 
ELISA for serodiagnosis of bovine lepto-
spirosis. Comp Immunol Microbiol Infect Dis 
2006; 29: 269-77.

Merien F, Amouriaux P, Perolat P, Baranton G, 
Saint Girons I. Polymerase chain reaction 
for detection of Leptospira spp in clinical 
samples. J Clin Microbiol 1992; 30: 2219-24.

Mitchison M, Rood JI, Faine S, Adler B. Molecu-
lar analysis of a Leptospira borgpetersenii 
gene encoding an endoflagellar subunit 
protein. J Gen Microbiol 1991; 137: 1529-36.

Murray CK, Hospenthal DR. Determination of 
susceptibilities of 26 Leptospira sp serovars 
to 24 antimicrobial agents by a broth mi-
crodilution technique. Antimicrob Agents 
Chemother 2004; 48: 4002-5.

Pappas MG, Ballou R, Gray MR, Takafuji ET, 
Miller RN, Hockmeyer WT. Rapid sero-
diagnosis of leptospirosis using the IgM-

specific dot-ELISA: comparison with the 
microscopic agglutination test. Am J Trop 
Med Hyg 1985; 34: 346-54.

Ressner RA, Griffith ME, Beckius ML, et al. An-
timicrobial susceptibilities of geographi-
cally diverse clinical human isolates of 
Leptospira. Antimicrob Agents Chemother  
2008; 52: 2750-4. 

Smythe LD, Smith IL, Smith GA, et al. A quanti-
tative PCR (TaqMan) assay for pathogenic 
Leptospira spp. BMC Infect Dis 2002; 8: 2-13.

Suputtamongkol Y, Niwattayakul K, Suttinont 
C, et al. An open, randomized, controlled 
trial of penicillin, doxycycline, and cefotax-
ime for patients with severe leptospirosis. 
Clin Infect Dis 2004; 39: 1417-24.

Trevejo RT, Rigau-Perez JG, Ashford DA, et al. 
Epidemic leptospirosis associated with 
pulmonary hemorrhage-Nicaragua, 1995. 
J Infect Dis 1998; 178: 1457-63.

Turner LH. Leptospirosis. 3. Maintenance, iso-
lation and demonstration of leptospires. 
Trans R Soc Trop Med Hyg 1970; 64: 623-46.

Watt G, Alquiza LM, Padre LP, Tuazon ML, 
Laughlin LW. The rapid diagnosis of lep-
tospirosis: a prospective comparison of 
the dot enzyme-linked immunosorbent 
assay and the genus-specific microscopic 
agglutination test at different stages of ill-
ness. J Infect Dis 1988; 157: 840-2.

Zuerner RL, Alt D, Bolin CA. IS1533-based 
PCR assay for identification of Leptospira 
interrogans sensu lato. J Clin Microbiol 1995; 
33: 3284-9.


