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Background: Leptospirosis is a worldwide zoonosis caused by pathogenic Leptospira species. A major challenge of this disease is the
application of basic research to improve diagnostic methods and related vaccine development. Outer membrane proteins of Leptospira
are potential candidates that may be useful as diagnostic or immunogenic factors in treatment and analysis of the disease.

Objectives: To develop an effective subunit vaccine against prevalent pathogenic Leptospira species, we sequenced and analyzed the
LipL32 gene from three different Leptospira interrogans (L.interrogans) vaccinal serovars in Iran.

Materials and Methods: Following DNA extraction from these three serovars, the related LipL32 genes were amplified and cloned in
the pTZ57R/T vector. Recombinant clones were confirmed by colony- PCR and DNA sequencing. The related sequences were subjected to
homology analysis by comparing them to sequences in the Genbank database.

Results: The LipL32 sequences were >94% homologous among the vaccinal and other pathogenic Leptospira serovars in GenBank. This
result indicates the conservation of this gene within the pathogenic Leptospires.

Conclusions: The cloned gene in this study may provide a potentially suitable platform for development of a variety of applications such
as serological diagnostic tests or recombinant vaccines against leptospirosis.
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1. Background

Leptospirosis is recognized as the most widespread
zoonosis with a global distribution, and is caused by

renal infection (7). The related clinical presentation in
humans is difficult to distinguish from dengue, malaria,

Leptospira, a genus of spirochetal bacteria, spread either
through direct contact of infected animals or through
urine of hosts (1). Nearly 250 Leptospira serovars are
classified into 24 serogroups (2) based on the expres-
sion of surface-exposed lipopolysaccharides (LPS) (3).
Genetic categorization of Leptospira through DNA hy-
bridization analyses indicates 13 pathogenic and six sap-
rophytic species (1, 3-5). Seven of these species, including
L.interrogans, L.borgpetersenii, L.santarosai, L.noguchii,
L.weilli, Lkirschneri, and L.alexanderi, are the main
causes of leptospirosis (6). Leptospirosis in humans is
transmitted by either direct contact with infected ani-
mals or indirect contact with water, moist soil, or vegeta-
tion contaminated with urine from a host with chronic

influenza, and many other diseases characterized by fe-
ver, headache, and myalgia (1, 8).

Protective immunity elicited by leptospiral lipopolysac-
charide is generally serovar-specific (7). More than 250
different Leptospira serovars are known to exist and
current available whole cell vaccines cannot protect
against all of them (8, 9). Therefore, identification of
a conserved molecule within all serovars that can be
readily detected by the immune system may aid in the
development of a subunit vaccine. Proteins expressed
during infection may serve as determinants in lepto-
spiral pathogenesis and as targets for the host immune
response. The identification of leptospiral antigens
expressed during infection has potentially important
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implications for the development of new serodiagnos-
tic and immunoprotective strategies (7). In obligate in-
tracellular bacteria, outer membrane proteins (OMPs)
play crucial roles in the adaptation process by facilitat-
ing interactions between bacterial cells and their hosts
(9). Therefore, identification and characterization of
OMP components is not only essential in developing
new subunit vaccines, but can also help to characterize
suitable antigens for early diagnosis of the disease (10).

LipL32 is a major outer membrane lipoprotein that is
highly conserved among pathogenic Leptospira species
(10-12). Furthermore, this protein is the immunodomi-
nant antigen recognized during the humoral immune
response to leptospirosis in humans (13).

2. Objectives

Molecular cloning techniques provide a tool for produc-
ing bulk quantities of antigens. With the long-term goal
of developing an effective subunit vaccine against preva-
lent pathogenic Leptospira species, our aim in this study
was to elucidate nucleotide variations and analyze the
LipL32 gene sequences from three different L.interrogans
vaccinal serovars in Iran, to make a pilot step towards the
utilization of this gene for the production of recombi-
nant antigen and its subsequent use in the diagnosis of
leptospirosis.

3. Materials and Methods

3.1. Leptospira Isolates and Culture Conditions

Three vaccinal serovars of Linterrogans, including
serovars Grippotyphosa (RTCC2808), Sejroe Hardjo
(RTCC2821), Canicola (RTCC2805), and a saprophytic se-
rovar biflexa (RTCC2819) were utilized in this study. All
strains were obtained from the Leptospira Reference
Laboratory of Microbiology Department, Razi Vaccine
and Serum Research Institute, Karaj, Iran. The leptospiral
serovars were cultivated separately in Ellinghausen-Mc-
Cullough-Johnson-Harris (EMJH) semisolid medium (Dif-
co, Sparks, USA) containing 1% bovine serum albumin, 2%
rabbit serum, 0.1% sodium pyruvate, and 100 pg/mL 5-flu-
rouracil in aerobic condition at 28°C. After 5-6 days, the
isolates were harvested by centrifugation (Eppendorf,
Germany) at 15000 x g for 20 minutes at 4°C.

3.2. Extraction of Genomic DNA

Genomic DNA was extracted by the standard phenol-
chloroform method described by Sambrook and Russell
(14). The quality of the extracted DNA was checked by
ethidium bromide (EtBr) staining on agarose gel electro-
phoresis and analyzed spectrophotometrically using the
Epoch system (BioTek, New York, USA).

3.3. PCR Amplification

To amplify the 835 bp LipL32 coding sequence we devel-
oped a specific primer pair (Table 1).

Table 1. PCR Primer Sequences Used to Amplify LipL32 Genes
Studied in This Work

Primer Oligonucleotide Sequence

LipL32F? 5" CCTAACTAAGGAGAGTC-
TATG3~

LipL32R? 5" TTACTTAGTCGCGT-
CAGAAGC3~

a Abbreviations: F, forward primer; R, reverse primer

The PCR mixture contained 100 ng of template DNA, 10
pM of each primer, 200 yM mix of dNTPs, 1.5 mM MgSO,,,
1xPCR buffer, and 0.25 U Pfu DNA polymerase (Fermentas,
Lithuania) in a total volume of 50 pL PCR was performed
under the following thermal profile: heat denaturation at
93°C for 4 minutes, 35 cycles of 93°C for 1 minute, 52°C for
1minute, and 72°C for 1 minute, and the final extension at
72°C for 10 minutes, on a thermal cycler (Eppendorf, Ger-
many). PCR products were electrophoresed on 1% agarose
gels and stained with EtBr. Gels were photographed us-
ing a gel documentation system (Bio-Rad Chemi XRS Gel
Documentation system, UAS). The specificity of the PCR
was evaluated using DNA from non-pathogenic serovars
as templates.

3.4. Gel purification and Cloning of PCR Products

The PCR products were purified from the gel using a DNA
purification kit (Roche, Germany) and ligated into the
pTZ57R|T vector (Fermentas, Lithuania) according to the
manufacturer’s instructions. Briefly, the ligation reaction
was incubated overnight at 4 °C following 10 minutes at 22
°Cand the mixture was transformed into E.coli JM107 com-
petent cells (obtained from the microbial culture collec-
tion of Leptospira Department of Microbiology, Razi Vac-
cine and Serum Research Institute, Karaj) using a chemical
transformation protocol (14). The cells were then plated
onto LB agar containing ampicillin, IPTG, and X-gal and
incubated at 37 °C overnight. Following bluefwhite colony
screening, recombinant colonies were confirmed by colo-
ny PCR and related plasmids were isolated from bacterial
cells using the DNA plasmid Mini extraction kit (Roche,
Germany) according to the manufacturer’s instructions.

3.5. Nucleotide Sequencing and Homology Analysis

The recombinant plasmids were sequenced. (Mille-
gen Company, France). Nucleotide sequences have been
deposited in the GenBank database of NCBI with the ac-
cession numbers JN831363, JN886739, and JN886738. The
percentage of homology and divergence among exam-
ined leptospiral serovars was deduced using the MegA-
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lign programme of Lasergene software DNASTAR. Based
on the homology analysis, a phylogenetic tree was con-
structed using the Clustal method. Available sequences
of L.interrogans serovars Sejroe Hardjo, Canicola, and
Grippotyphosa were obtained from GenBank at the Na-
tional Centre for Biotechnology Information (NCBI) web-
site. Homology searches with the LipL32 sequences of dif-
ferent epidemic Leptospira serovars were accomplished
using the BLAST program against sequences in the Gen-
Bank/NCBI nucleic acid sequence database.

4. Results

4.1. PCR Amplification and Cloning of LipL32 Gene

We amplified the LipL32 coding sequence from three
different Leptospira serovars using a specific primer
pair. The PCR amplified an 835 bp LipL32 product from
all three pathogenic vaccinal serovars, but not from the
non-pathogenic L.biflexa. This result confirmed the speci-
ficity of the designed primer pair to amplify LipL32 from
pathogenic serovars (Figure 1).

DNA ladder Positive Negative
100bp  control 1 2 3 4 control
v v v v v v v

835bp -+

500 bp —+»

Figure 1. PCR amplification of the 835 bp LipL32 gene of L.interrogans
serovars: 100 bp DNA ladder, Positive control: serovar Pomona, Lanel: se-
rovar Grippotyphosa, Lane 2: serovar Sejroe Hardjo, Lane3: serovar Cani-
cola, Lane 4: saprophytic serovar Biflexa, and negative control.

This result is consistent with previous studies (11, 13).
Following gel purification, the PCR products were cloned
into the pTZ57R|T vector and transformed into E.coli
JM107 cells. Recombinants were confirmed by picking

white colonies and carrying out colony PCR amplifica-
tion of the LipL32 gene.

4.2. Homology Search and Sequence Analysis

The LipL32 gene sequences of L.interrogans serovars Se-
jroe Hardjo, Canicola, and Grippotyphosa were obtained
from GenBank. The features of the sequences are shown
in Table 2. Homology searches with the LipL32 sequences
of vaccinal serovars were accomplished using the BLAST
program against the GenBank database. Homology
analyses of the LipL32 sequences showed >94% similar-
ity among the vaccinal leptospiral serovars (Figure 2). In
this study, we found that sequences of the LipL32 gene in
three examined vaccinal leptospiral serovars are identical
with reference sequences previously submitted in Gen-
Bank (Figure 2 and 3) (15). Sequence analysis of the LipL32
gene of the vaccinal serovars revealed that serovar Sejroe
(RTCC2821) is most closely related to Canicola (RTCC2805),
while it is more distantly related to serovar Grippotyphosa
(RTCC2808) with 99.8% and 99.2% homology, respectively
(Figure 2 and 3). Moreover, this serovar is closely related
to Linterrogans serovars Hardjo prajitno (AY461905,
AY442332) and Sejroe (DQ149595) with > 98% homology. All
three serovar (Hardjo prajitno (AY461905, AY442332) and
Sejroe (DQ149595) serovars have been classified as belong-
ing to a single genomospecies of L.interrogans (16). How-
ever, the results showed that L.borgpetersenii serovars
Hardjo-bovis (NC_008510, NC_008508, CP000350, and
CP000348) has minimal homology with our serovar Sejroe
(RTCC2821) (Figure 3). Furthermore, L.interrogans serovar
Canicola (RTCC2805) is most closely related to serovar Ca-
nicola (AB094434, DQ092412) isolated from Japan and In-
dia with 99.9% identity, while it is more distantly related
(95.4% identity) to serovar Canicola (AY763509) isolated
in China. The LipL32 sequence in Figure 2 shows that vac-
cinal serovar Grippotyphosa of L.interrogans (RTCC2808)
is 100% identical to serovar Grippotyphosa in Malaysia
(EU871723), forming a similar cluster.

Table 2. BLAST Search Results of LipL32 Genes of Leptospira Spp Used for Phylogenetic Analysis

Organism Serovar Strain Accession No. Country
L. interrogans Grippotyphosa Lin 6 AY609327 China
L.interrogans Grippotyphosa Moskva V major EU871723 Malaysia
L. interrogans Canicola Lin AY609321 China
L. interrogans Canicola HMO026175 India
L.interrogans Canicola - DQ092412 India
L. interrogans Canicola Hond Utrecht IV AJ580493 India
L. interrogans Canicola Hond Utrecht IV AB094434 Japan
L. interrogans Hardjo Hardjoprajitno AY461905 USA
L.interrogans Hardjo - AY442332 India
L.interrogans Sejroe = DQ149595 India
L. borgpetersenii Hardjo-bovis JB197 NC_008510 USA
L. borgpetersenii Hardjo-bovis L550 NC_008508 USA
L. borgpetersenii Hardjo-bovis L550 CP000348 Australia
L. borgpetersenii Hardjo-bovis JB197 CP000350 USA
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Figure 2. Sequence Pair Distances of LipL32 Gene Sequences of Different
Leptospiral Serovars
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Figure 3. Phylogenetic Tree Analysis of LipL32 Gene

5. Discussion

Leptospirosis, caused by different Leptospira species, is
one of the most widespread zoonotic infections world-
wide (1, 15). A major challenge in combating this disease
is the application of basic research to improve diagnos-
tics and vaccine development. Diagnosis is complicated
because, on one hand, the available diagnostic tests are
not always serovar-specific due to cross-reactivity against
different serovars that may occur between organisms
in the same serogroup. On the other hand, protein ex-
pression of pathogenic leptospires differs when grown
outside vs. inside the host. For these and other reasons,
the molecular mechanisms of the pathogenesis of lep-
tospirosis remain unclear. Several candidate virulence
factors have been identified that may contribute to the
pathogenesis of Leptospira infections. These include LPS,
outer membrane proteins (OMPs) and other surface pro-
teins, and adhesion molecules. Among these, OMPs may
be potential targets to induce and enhance immune re-
sponses against the disease. One of the most important
OMPs expressed during human infection is LipL32, a 32-
kDa lipoprotein that is highly conserved in pathogenic
species but absent in non-pathogens (11). LipL32 binds to
different extracellular matrix proteins such as collagens
[, IV, and V, as well as laminin (11, 16). Furthermore, LipL32

demonstrated a calcium-dependent fibronectin bind-
ing activity (16, 17). Therefore, due to LipL32’s important
roles in pathogenesis, its conserved sequence among
different pathogenic species may present an ideal tar-
get for vaccine production, especially considering that
there are currently no widely available vaccines against
leptospirosis for use in humans. Nonetheless, virulence
factors such as LigA and LigB are being considered as
possible vaccine targets. In this study, having consid-
ered OMPs as important immunogenic components to
develop subunit vaccines against the Leptospira patho-
gens, we analyzed the LipL32 sequences from different
domestic pathogenic Leptospira species and compared
them to related sequences from other species. LipL32
from the examined species had not been sequenced pre-
viously in Iran and our study is the first report focusing
on domestic prevalent pathogenic Leptospira. Our re-
sults showed that the LipL32 sequence of L.interrogans
is highly similar to that of L.borgpetersenii. This result
agrees with other studies that found the LipL32 sequence
of the L.interrogans strain was identical to the related se-
quence L.borgpetersenii strains. Our results also indicate
that LipL32 is strictly conserved among the pathogenic
Leptospires, in accordance with previous studies (10, 11,
18, 19). In humans, resistance to leptospirosis is largely
achieved through humoral immunity in which the main
target of produced antibodies is leptospiral LPS (1, 2, 20).
However, immunity induced by anti-LPS antibodies is
relatively serovars-specific, and therefore efficient only
against disease caused by homologous, or antigenically
similar, serovars. Unlike anti-LPS antibodies, whole lep-
tospiral protein preparations are also used to induce
immunity against Leptospira species. Such preparations
illustrated remarkable protection against challenge with
either homologous or heterologous Leptospira serovars,
although side effects are inevitable (2). In addition, com-
binational use of leptospiral OMPs such as OmpLi and
LipL41 were introduced as protective immunogens (21),
which is promising in the development of protective sub-
unit vaccines with few side-effects. Here we analyzed the
LipL32 sequence from different pathogenic Leptospira
and showed its high similarity among the species. These
results may shed light on the use of this gene to produce
a subunit vaccine with widely protective immunity. In
addition, the presented data and the results may serve
an acceptable platform to produce recombinant LipL32
protein, which can further be used as an antigen either
in serologically ELISA-based tests or in the production of
related specific antibody using invivo systems. Because
of similarities in symptoms, leptospirosis is often mis-
diagnosed as influenza, aseptic meningitis, encephalitis,
dengue fever, hepatitis, or gastroenteritis. However, there
are ways to detect and inhibit the progress of infection.
The most important issue is timely diagnosis, because
prompt and specific treatment early as early as possible
in the illness is critical to ensure a favorable clinical out-
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come. Various serological tests are available to detect
the infection. The standard reference test for the detec-
tion of leptospiral-specific antibodies is the microscopic
agglutination test (MAT). Although the MAT is specific,
it is also laborious and uses live leptospires as antigens,
causing problems in antigen standardization and posing
potential danger to laboratory personnel (22). Recombi-
nant protein-based ELISA is a suitable and safe serologi-
cal procedure for the examination of a large number of
sera as it involves an immunodominant antigen and
lacks nonspecific moieties present in whole-cell prepara-
tions (23). Because the LipL32 protein is highly conserved
among the pathogenic serovars of Leptospira (11). It can
serve not only as a specific antigen with high sensitivity
for different serological tests, but it also offers promise
as a possible immunogenic antigen to develop a subunit
vaccine against Leptospira infections. Here we analyzed
the LipL32 coding sequence from three L.interrogans vac-
cinal serovars (Grippotyphosa, Sejroe Hardjo, Canicola).
In agreement with other reports that described similar
findings (10, 11, 24), our results showed more than 94%
similarity within the three pathogenic Leptospira strains.
Therefore the LipL32 protein could be a useful diagnostic
tool for detection of leptospirosis in animals. In conclu-
sion, this study showed high similarity of the LipL32 gene
sequences between our vaccinal serovars and reference
sequences in GenBank. This indicates that the LipL32
gene is highly conserved among different pathogenic
leptospiral serovars. The cloned gene in this study offers a
potentially suitable platform for the development of a va-
riety of applications, such as serological diagnostic tests
or recombinant vaccines against leptospirosis.
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