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Article Info Abstract

Article history: Leptospirosis is a worldwide zoonotic disease caused by pathogenic Leptospira spp., often
occurring in tropical and subtropical regions. Focusing on development of rapid diagnostic
methods to facilitate early diagnosis and a universal vaccine are the main critical issues to
overcome the burden of leptospirosis. Here, we have studied the immunogenic potential of
prepared recombinant Loa22 protein (rLoa22) of local pathogenic Leptospira species in mice
and its ability to induce humoral and cellular immunity, being further evaluated by analyzing
the immunoglobulin G (IgG) subclasses and cytokines produced through immunization. Based
on the results, mice immunized with rLoa22/adjuvant and a trivalent vaccine, induced high
titers of total IgG. All immunized groups increased IgG1l almost on the same level; but, IgG2a
level was significantly higher in the vaccine and rLoa22/adjuvant groups than rLoa22 alone
group. Animals immunized with the vaccine produced more interleukin 4 than rLoa22/
adjuvant group. The results of evaluating interferon gamma level showed that the
rLoa22/adjuvant and vaccine groups had a significant increase compared to the rLoa22 alone
group. The results also demonstrated that the rLoa22 protein, in indirect enzyme-linked
immunosorbent assay, was able to detect the anti-Leptospira antibodies in mice serum that can
be used as a marker in assessing the seroprevalence of leptospirosis and/or in combination
with other leptospiral antigens in development of an effective vaccine against leptospirosis.
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Introduction

Leptospirosis is a widespread bacterial zoonotic
disease and a significant global human and animal health
problem. Pathogenic Leptospira spp. are the etiological
agents of leptospirosis encountered in all geographical
areas, particularly in tropical and subtropical regions with
high rainfall! Epidemiological investigations have
demonstrated that Leptospira serovars, including Ictero-
haemorrhagiae, Canicola, Hardjo-bovis, Pomona, and
Grippotyphosa, are the most prevalent causes of human
and animal leptospirosis in Iran.2

The disease spreads by the contact of mucous
membranes, lesions, or abrasions with water or soil being
contaminated through the infected urine of animals or
direct contact with the urine of carriers.! In humans,
symptoms range from a mild influenza-like illness to a
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severe infection with fever, jaundice, and renal failure
(Weil disease), leading to death in 5.00 - 10.00% of all
patients or leptospirosis-associated pulmonary hemorrhage
syndrome, with a fatality rate of more than 50.00%.3
Leptospirosis can be diagnosed wusing culture
(isolation), direct microscopy, serology, and polymerase
chain reaction. However, fast and reliable diagnosis of the
causative agent is often difficult due to the low rate of
isolation of microorganisms from cultures and non-
specific clinical manifestations in the early stage of the
disease. Therefore, serological diagnosis methods are of
great importance.*5 Serological diagnosis of leptospirosis,
like microscopic agglutination test (MAT) and enzyme-
linked immune sorbent assay (ELISA), is the most suitable
method for diagnosing leptospirosis.>¢ The MAT is
complicated and time-consuming and because uses live
leptospires as antigens, antigen standardization may not
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be consistent, and requires biohazard considerations. In
contrast, using the ELISA, several samples can be analyzed
simultaneously with minimal time and training.4-6

Most available ELISA kits utilize antigens derived from
a saprophyte serovar (eg., Leptospira biflexa) and have
generally been found to have lower sensitivity than MAT
because the ELISA antigens do not cover the detection of
all infecting serovars and problems of cross-reactivity
could not be resolved.” To overcome these problems,
studies are focused on the development of recombinant
outer membrane proteins (OMPs) of pathogenic
Leptospira serovars that can be potentially useful for a
cost-effective, safe, and efficient diagnosis of leptospirosis
during the early stage of disease.8° The OMPs are also
potential targets capable of stimulating immune defense
mechanisms and possess essential epitopes for binding to
B and T lymphocytes.1011 Evaluating the immune response
by measuring the level of antibodies and cytokines
following stimulation with the surface antigens can render
them ideal recombinant vaccine candidates or the target
antigens for serological tests such as ELISA.8 The immunity
to leptospirosis is predominantly humoral when the host
immune system triggers an inflammatory response,
primarily through the production of cytokines. The T
helper (Th) 1 cell-related cytokines like interferon gamma
(IFN-y) stimulate the production of immuno-globulin G
(IgG)2a, having a role in the prevention of bacterial spread,
and the Th2-dependent cytokines like interleukin 4 (IL-4)
induce the expression of IgG1 antibodies, mainly inducing
antibody production from B cells.1213 The leptospiral
Loa22 lipoprotein, formerly known as Lp0222, is among
the most abundant surface-exposed OMPs, playing an
essential role in pathogenicity being conserved amongst the
pathogenic Leptospira serovars.1416 Therefore, in this
study, immunological responses against the prepared
recombinant Loa22 (rLoa22) protein were detected,
which could serve as a potential vaccine candidate and/or
serodiagnostic marker to be tested for leptospirosis.

Materials and Methods

Analysis of the loa22 sequences. The loa22 gene
sequences were retrieved from 18 Iranian pathogenic
serovars of Leptospira (GenBank Accession No. 0L689841,
0M913536-38, and OP038304-17) and compared with the
sequences available in NCBI (Accession No. KC311551).
The multiple sequence alignment program of MEGA
Software (version 7.0; Biodesign Institute, Tempe, USA)
was used for the conservation, amino acid substitutions,
and other polymorphisms among the serovars. The
SignalP 5.0 Server (http://www. cbs.dtu.dk/services/
SignalP/) was used to predict the signal peptides.l”
According to phylogeny and bioinformatics studies of the
local sequences, a single-stranded oligonucleotide
encoding Loa22 protein with maximum coverage having

all pathogenic serovars was considered for rloa22 gene
construction using Gene Designer software (V 2.0; ATUM;
Newark, USA).

Prediction of B cell epitopes. Linear B cell epitopes of
the Loa22 protein were predicted by BepiPred Linear
Epitope Prediction 3.0 running under DTU Health Teach
(https://www.healthtech.dtu.dk/) web server using the
LM method for prediction of full-length epitopes.18

Prediction of T cell epitopes. The prediction of
murine T cell epitopes of the Loa22 protein was analyzed
by Immune Epitope Database (https://www.iedb.org/)
server. For prediction of major histocompatibility complex
(MHC)-I epitopes, six different MHC-I alleles (H-2-Db, H-2-
Dd, H-2-Kb, H-2-Kd, H-2-Kk, and H-2-Ld), being H-2 super-
type representatives, were utilized in the analysis.

To predict the binding of 15-mer epitopes in the
binding groove of MHC-II, three different alleles (H2-1Ab,
H2-1Ad, and H2-IEd) were used in the analysis by SMM
method. Epitopes with half maximal inhibitory
concentration (ICso) value of MHC-I lower than 200 nM
and percentile rank of MHC-II >1 were chosen.!?

Codon-optimized loa22 gene synthesis. The
synthetic gene, lacking signal peptide, codon-optimized for
Escherichia coli expression (https://www.genscript.com/
gensmart-free-gene-codon-optimization) was then
inserted into Ncol and Xhol restriction sites of pET-32a (+)
generating loaZ2-pET32.

Expression and purification of rLoa22 protein. To
achieve a high level of the purified recombinant antigen,
the expression and purification of the rLoa22 protein were
performed as previously described.2 The BL21 (pLysS)
was used as an expression host for transformation. The
transformed clones were incubated at 37.00 °C, with
shacking (200 rpm). Isopropyl -D-thiogalactopyronoside
(IPTG; Sigma-Aldrich, St. Louis, USA) was added when the
culture reached an absorbance (Epoch2; BioTek,
Winooski, USA) of 0.70 + 0.10 at 600 nm for expression of
6His fusion protein at 37.00 °C. After 5 hr of induction, the
bacterial cell pellet was harvested and re-suspended in
1.00 mL of 1X phosphate-buffered saline (PBS) per 1.00 g
pellet. The suspension was sonicated (Hielscher Ultra-
sound Technology, Brandenburg, Germany) on ice five
times for 1 min at intervals of 1 min in the presence of
phenyl methyl sulfonyl fluoride (Merck, Darmstadt,
Germany) to inhibit protease activity. Production of the
recombinant protein, either in solubilized or insolubilized
form, was analyzed by 12.00% sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE; Hercules,
USA). The 6xHis-tagged rLoa22 protein was purified from
the soluble fraction by Ni-NTA affinity chromatography
under native conditions according to the manufacturer's
protocol?! To confirm the correct expression, the cell
lysates and purified rLoa22 protein were subjected to
western blot analysis with a horseradish peroxidase
(HRP) conjugated anti-His antibody (Sigma-Aldrich).
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Purified protein concentration determination. The
concentration of purified rLoa22 protein was measured at
595 nm (25.00 °C) using the colorimetric Bradford assay.
The bovine serum albumin (BSA; Sigma-Aldrich) standard
curve was constructed with a serial dilution from 0.00 to
20.00 mg mL! on GraphPad online server regression tools
(www.graphpad.com) by linear regression calculator and
plotted versus BSA.

Mice immunization. The 6- to 8-week-old (20.00 -
25.00 g) female inbred BALB/c mice were obtained from
the Razi Vaccine and Serum Research Institute, Karaj, Iran,
randomly divided into five groups of 8 mice each, and
given a week to adapt to the new housing conditions. The
Research Ethics Committees of Islamic Azad University,
Rasht Branch, Iran, approved (ID: IRIAU.RASHT.REC.
1401.042) the animal use. To evaluate rLoa22 immuno-
genicity, the mice were subcutaneously immunized with
10.00 pg rLoa22 protein formulated with and without
Freund's incomplete adjuvant. Immunization of mice was
performed in three administrations at 2-week intervals. As
a positive control, a group of mice was received Trivalent
Leptospiral Vaccine (Razi) adjuvanted with alum,
containing inactivated local pathogenic Leptospira
serovars (Canicola, Icterohaemorrhagiae, and
Grippotyphosa), with one booster dose. The negative
control animals were inoculated with an equal amount of
the adjuvant and PBS. The blood samples were collected
via the retro-orbital venous sinus on day 0 (prior to
immunization) and every ten days for two months. The
sera were separated by centrifugation (Sigma, Osterode
am Harz, Germany) in 4.00 °C (5,000 g for 10 min) and
stored in small aliquots at - 20.00 °C.

Recombinant Loa22 protein-specific IgG and its
subclasses. The collected sera were evaluated for
recombinant Loa22 protein-specific total IgG and its
isotypes (IgG1 and IgG2a) using an indirect ELISA. The
optimal dilution for both the antigen coating and anti-
serum was determined by checkerboard titration. The
ELISA microplate (Jet Biofil, Guangzhou, China) was coated
with 10.00 mg mL! of the rLoa22 protein diluted in
coating buffer including 0.05 M carbonate-bicarbonate
(pH: 9.60; Merck) and incubated at 4.00 °C overnight. After
three times washing with 1.00x PBS containing 0.05%
Tween20 (PBST; Merck), the non-specific sites were
blocked with 5.00% BSA at 37.00 °C for 1 hr. A volume of
100 pL of diluted sera (1:50 dilution) were added to wells,
incubated at 37.00 °C for 1 hr, and washed three times
with PBST. Horseradish peroxidase-conjugated anti-
mouse IgG (Sigma), at a dilution of 1:5000, was
subsequently added to incubate at 37.00 °C for 1 hr. For
measuring IgG isotypes, the detection of bound antibodies
was determined using either anti-mouse IgG1-HRP or
IgG2a-HRP conjugates (1:1,000 dilution; Abcam, Waltham,
USA). After three times additional washing of wells with
PBST, 50.00 pL of the tetramethylbenzidine substrate

(Sigma Aldrich) was added to each well and incubated for
10 - 15 min in the dark at room temperature. The reaction
was stopped by adding 50.00 pL of 2.00 M HzSo4 (Merck),
and the optical absorbance of samples was read using an
ELISA plate reader (BioTek) at a wavelength of 450 nm.
Biological replicates of samples from each experimental
group were performed at least in triplicates.

Lymphocyte proliferation and cytokine assays. Two
weeks after the last immunization, three mice from each
group were euthanized, and their spleens were isolated
aseptically. A single-cell suspension of splenocytes was
prepared by pressing the homogenized spleens through a
fine nylon mesh, washed in complete RPMI 1640 (Merck)
having 10.00% fetal bovine serum, 0.10% 0.05 M 2-
mercaptoethanol, and 2.00% 0.20 M glutamine without
antibiotics, and harvested at 300 g for 3 min at laboratory
temperature. The supernatant fluid was discarded by
centrifugation, and the pellet was re-suspended in 1.00 mL
of CRPMI containing 10.00 mg mL?! of streptomycin
penicillin (Hayyan Pharmaceutical Co., Tehran, Iran) and
100 U mL! of penicillin (Hayyan Pharmaceutical Co.) and
treated for 5 min with 5.00 mL of erythrocyte lysing buffer
(0.15 M NH4Cl, 10.00 mM KHCOs, and 0.10 mM NazEDTA)
purchased from Merck. The cells were then washed twice
before being re-suspended in CRPMI and counted. The
number of each cell suspension was adjusted to 3 x 106
cells mL! and dispensed in 24-well plates (200 pL per
well). During the process, three wells were set up for each
sample. The antigen (2.00 pg per well) was added in two
wells, and another well was used as a control treated with
an equal volume of CRPM], being incubated in a humidified
37.00 °C, 5.00% CO2z incubator. The supernatants were
aspirated after 60-hr culture and tested for IL-4 and IFN-y
concentrations using commercial ELISA kits according to
the manufacturer's instructions (R&D Systems Inc,
Minneapolis, USA).22

Statistical analysis. Statistical analysis was performed
using GraphPad Prism (version 7.0; GraphPad Software
Inc, San Diego, USA). One-way ANOVA was used to
evaluate differences between variations in antibody titers.
Analysis of variance and Tukey’s test were used to
compare cytokine production levels. A p value less than
0.05 was considered statistically significant.

Results

Sequence analysis. After a comprehensive study of
the sequences of loaZ2 gene, a dominant pattern with
maximum coverage of high-prevalence pathogenic
serovars in Iran was selected as a prime sequence. The
reference sequence was optimized to the preferred
codon usage in E. coli and its signal peptide sequence
was subtracted. The redesigned sequence (539 bp) was
submitted to GenBank® with the accession number
of OR134515.
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B cell epitopes. Five top linear B cell epitopes and
their residue candidates were predicted by the
BepiPred default threshold (0.1512) for the complete
coding sequence of Loa22 protein in several different
positions (Fig. 1).

T cell epitopes. Several MHC-I epitopes were
predicted as probable antigens. Among all predicted
epitopes by the Immune Epitope Database server,
AEGAKKGNI, PEAIADSLN, and AANRNVDVN epitopes had
lower ICso (> 200) and percentile rank (> 1.00) values,
indicating a solid binding among the epitope and murine
MHC-I alleles (Table 1). Similarly, among all predicted core
peptides (9-mer) interacted with MHC-II alleles in the
complete coding sequence of Loa22 protein,the VKKILNLIL
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three, and VTFRFATSA and IFYSELRAN core peptides with
one potential primary anchor, based on the least
percentile rank (> 1.00), had the highest probability of
binding to the murine MHC-II alleles (Table 2).

Expression vector construction. The designed
sequence was used to construct an expression vector,
loa22-pET32a (+), by insertion into the Ncol and Xhol
restriction sites in a frame with Trx and six-His Tags at the
N-terminal end. A protein with a molecular weight of
about 38.00 kDa (200 residues) consisting of Trx and six-
His Tags (18.50 kDa) and rLoa22 (19.30 kDa) was
expected to be expressed. General Biosystems Company
(Durham, USA) synthesized the designed gene construct.
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Fig. 1. Graphicalresults of predicted linear Bcell epitopes of the full lengths Loa22 protein predicted by BepiPred Linear Epitope Prediction 3.0
running using the LM method. The X-axis and Y-axis show antigen sequence position and orientation, respectively. The threshold value is
0.1512. Areas above the threshold (dashed line) predicted as B cell epitopes. Residues with a higher score are shown in yellow.

Table 1. Predicted MHC-I epitopes for Loa22 using Immune Epitope Database server (ICso < 200).

Alleles Start End Length Peptide ICso (nM) Percentile rank
H-2-Kk 111 119 9 AEGAKKGNI 89.83 0.90
H-2-Kk 36 44 9 PEAIADSLN 92.14 0.90
H-2-Kk 74 82 9 SEWSKTNAP 155.04 1.40
H-2-Kk 122 130 9 SELRANAVK 176.78 1.60
H-2-Kk 11 19 9 EESAAPEPS 186.39 1.70
H-2-Db 26 34 9 AANRNVDVN 190.38 0.30

ICso: Half maximal inhibitory concentration.

Table 2. Predicted MHC-II epitopes for Loa22 using Immune Epitope Database server (adjusted rank < 1).

Alleles Start End Length Core sequence Peptide sequence ICso (nM) Percentile rank
H2-1Ab 165 179 15 FRFATSAPQ RRVTFRFATSAPQQL 189.00 0.55
H2-1Ab 166 180 15 RVTFRFATSAPQQLE 195.00 0.64
H2-1Ab 164 178 15 NRRVTFRFATSAPQQ 201.00 0.65
H2-1Ab 116 130 15 KGNIFYSELRANAVK 230.00 0.81
H2-1Ab 117 131 15 YSELRANAV GNIFYSELRANAVKQ 231.00 0.83
H2-1Ab 119 133 15 IFYSELRANAVKQAL 231.00 0.83
H2-1Ab 118 132 15 NIFYSELRANAVKQA 236.00 0.86
H2-1Ab 163 177 15 VTFRFATSA KNRRVTFRFATSAPQ 207.00 0.66
H2-1Ab 115 129 15 IFYSELRAN KKGNIFYSELRANAV 232.00 0.83

ICso: Half maximal inhibitory concentration.
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Expression and purification of rLoa22 protein.
The cells induced with 0.10 mM IPTG for 5 hr at 37.00 °C
expressed a significant fraction of the protein in the
soluble form rather than sonicated precipitates (Figs. 2A
and 2B). The best conditions for purification of the
rLoa22 protein by affinity chromatography with Ni-
NTA agarose included a three-time binding process, five
times washing in the presence of 25.00 mM imidazole to
remove non-specific contaminants, and elution buffer
with a pH of 7.40 and a 0.30 M imidazole concentration
for maximum efficiency.

Purified rLoa22 protein concentration. The
known line equation based on the BSA standard
solution curve was y = 0.0375x + 0.0161 with a
regression of 0.9911. The concentration of purified
rLoa22 protein in the best conditions was approximately
1.00 mg mL! by Bradford assay.

Western blotting analysis and SDS-PAGE. The
results of SDS-PAGE showed a distinct band at the
expected position in the induced cells and purified rLoa22
(Fig. 2C). The result of western blotting with anti-His tag
HRP conjugated antibody also showed that the rLoa22-
His-tag fusion protein had a clear band of approximately
38 kDa (Fig. 2D).
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Fig. 2. Expression and purification of rLoa22 protein, sodium
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and western blotting analysis. A) Expression of
recombinant Loa22 (rLoa22) protein using optimized
expression parameters such as 0.10 M IPTG, 37.00 °C pre- and
post-induction temperatures and 5 hr post-induction
incubations. Lane 1: Over-expressed rLoa22 band was at the
expected size (~38.00 kDa); M: Pre-stained protein size
marker (Thermo Fisher Scientific, Vilnius, Lithuania). B) The
SDS-PAGE analysis of the total cell lysate. Lane 1: Pellet; Lane
2: Supernatant; M: Pre-stained protein size marker (Thermo
Fisher Scientific, Vilnius, Lithuania). C) The SDS-PAGE analysis
of affinity purification of the His-tagged protein from
Escherichia coli cell lysates under optimized conditions. Lane
1: High pure rLoa22 eluted with 0.30 M imidazole (pH: 7.40);
M: Pre-stained protein size marker (Thermo Fisher Scientific,
Vilnius, Lithuania). D) Western blot analysis. Lane 1: The E.
coli total protein extract after induction; Lane 2: Specific band
of purified rLoa22 protein; M: Pre-stained protein size marker
(Thermo Fisher Scientific, Vilnius, Lithuania). The arrows
indicate the position of 6xHis-rLoa22.

Evaluation of specific IgG and its subclasses against
rLoa22 protein. Using checkerboard titration tests, the
final concentration of rLoa22 based on antigen capture
ELISA was adjusted on 0.850 mg mL+, and optimum
dilutions of the serum and HRP IgG conjugates were
calculated as 1:50 and 1:5000, respectively. For all
immunized groups, there was no detectable antigen-
specific IgG antibody before the 15t immunization. Also, the
levels of specific antibodies of rLoa22 /adjuvant immunized
mice were recorded higher than the group immunized
with rLoa22 alone. All animals had no anti-rLoa22 specific
antibody at the beginning of the study. Nevertheless, after
antigen administration, the rLoa22 specific antibody
response was enhanced in the respective groups and, as
expected, reached its highest levels in the animals
immunized with rLoa22/adjuvant, having a significant
difference with the others immunized with rLoa22 alone
(p < 0.05). However, the results showed that the rLoa22
could detect high levels of antibodies in immunized mice
by trivalent vaccine. Because there were no differences in
any immune response between the adjuvant and PBS
groups at all times, data from the adjuvant group are not
shown (p > 0.05). The level of anti-Loa22 antibodies
increased after the administration of recombinant antigen.
This was greater in the group receiving antigen with
adjuvant compared to ones received antigen without
adjuvant. High levels of antibodies were also seen in the
group received the trivalent vaccine (Fig. 3).

4.00 -

—o—Ag —o—Ag/Adj. Vaccine PBS —&—Adj.
3.50
=
F 3.00
o
£ 250
b
2 200 P o SN
=] -
% 150 o
S 100 //“/
= P
050 4 e =
e —e —% ——
0.00 < T T T T T "
0 10 20 30 40 50 60
Days

Fig. 3. Indirect enzyme-linked immunosorbent assay detected
levels of anti-rLoa22 antibody production in BALB/c mice. The
mice were immunized subcutaneously using phosphate-buffered
saline (control), Freund adjuvant (adj; control), inactivated
trivalent Leptospira vaccine and the recombinant Loa22 with and
without adjuvant. The blood samples were collected via retro-
orbital venous sinus on day 0 (prior to immunization) and every
ten days for two months to determine the antigen (Ag)-specific
total response in the sera of control and vaccinated groups.

The IgG response in immunized mice was further
characterized to determine the IgG1 and IgG2a subclasses.
The administration of the recombinant antigen resulted in
an increase in anti-Loa22 specific IgG1 levels. This increase
was more pronounced in the group that received the
antigen with adjuvant compared to the group that
received the antigen without adjuvant (p < 0.05).
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Additionally, high levels of anti-Loa22 specific IgG1
were observed in the group that received the trivalent
vaccine. However, in the IgG2a subclass, the antibody
levels were significantly higher in rLoa22/adjuvant
group followed by trivalent vaccine group in comparison
with the mice received rLoa22 without adjuvant (p < 0.01
and p < 0.05, respectively; Fig. 4).
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Fig. 4. The levels of recombinant Loa22 (rLoa22)-specific
total immunoglobulin G (IgG) and subclasses. Sera were
tested for the rLoa22-specific total IgG and rLoa22-specific
IgG subclasses (IgG1l and IgG2a) 2 weeks after the 2nd
immunization antibodies by indirect enzyme-linked
immunosorbent assay using rLoa22 as a coating antigen.
Antibody titers are presented as optical density. All
experiments were conducted at least twice, and the data
are presented as mean * SD. PBS: Phosphate-buffered
saline; Adj: Adjuvant.

Statistically significant differences (p < 0.05) are indicated
by * (compared with rLoa22/Adj. and Vaccine groups),
** (compared with rLoa22 and Vaccine groups), and
*** (compared with rLoa22 groups).

Lymphocyte proliferation and cytokine assays. To
evaluate the cytokine profile, the production of IFN-y and
IL-4 was measured in the culture supernatants of
spleen cells stimulated with the rLoa22 protein and
trivalent vaccine (Fig. 5). Production of IL-4 from
stimulated splenocytes was detectable for all groups
compared to the control group. However, the mice
immunized with the trivalent vaccine produced more IL-4
than recombinant groups (p < 0.05). On the other hand, no
significant difference was observed between the rLoa22
with and without adjuvant groups regarding the induction
of IL-4 expression (p > 0.05). The comparison between the
levels of IFN-y produced from the spleen cells of
immunized animals showed that the administration of
rLoa22 antigen stimulated the production of IFN-y.
However, this increase was substantially higher in the
presence of adjuvant (p < 0.01). Interestingly, the animals
received vaccine were also able to produce a large amount
of IFN-y; although, this was also lower than rLoa22/
adjuvant group (p < 0.05).
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Fig. 5. Evaluation of A) interleukin 4, and B) interferon
gamma levels produced by splenocytes from different
immunized mice. After the 14% day of the last
immunization, the splenocytes were isolated from mice
and cultured in either the absence (unstimulated) or
presence of recombinant Loa22 for 60 hr in Coz incubator
at 37.00 °C. The absorbance was measured by indirect
enzyme-linked immunosorbent assay at 450 nm. All
mentioned experiments were performed at least in
triplicates, and the data presented were the mean
measurements * SD. Statistically significant differences are
indicated by * (compared with rLoa22 group),
** (compared with rLoa22 and rLoa22/Adj groups).

Discussion

Leptospirosis is believed to be the most prevalent
zoonosis in the world.4#23 Currently, Leptospira vaccines
provide only short-term immunity and afford little cross-
protection against different Leptospira serovars.2* In
addition, vaccination with the multi-valent whole-cell
leptospiral vaccine mainly results in serious side effects
being considered to be caused by lipopolysaccharide.?
Serological tests based on serogroup and serovar-specific
antigens with low cross-reactivity complicate prevention
and laboratory diagnosis of leptospirosis.26 Due to rapid
advances in genomic technologies and bioinformatics,
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studies made it possible to explore protective antigens for
bacterial pathogens. Hence, the identification of leptospiral
antigens being exclusively expressed during infection may
not only contribute to the development of an ideal vaccine
but also helps studies on the rapid and reliable diagnostic
methods of leptospirosis.?’28 Therefore, the efforts to
develop recombinant vaccines based on the OMPs of
bacteria, given their exposed location at the interface
between pathogen and host, have been promising.81629 It
was predicted that potential protective B-cell epitopes can
also be found exclusively among portions located in the
outer loops, being involved in dynamic interactions with
the host immune system.1°

The OMPs and lipoproteins are the main components
of the leptospiral surface.” These proteins have been
focused with utmost interest due to their distribution,
conservation, functional relevance, and decisive role in
virulence.825> The OMPs of bacteria can trigger a strong
antibody response.28

The protein antigens LipL32, LipL21, Lipl41, OmpL1,
and Loa22 are generally found in all pathogenic Leptospira
spp. Of these, leptospiral immunoglobulin-like domain
proteins, OmpL1, LipL41, and LipL32 are the most
protein-based antigens evaluated for their potential use as
vaccine candidates.10-22

The loa22 gene encodes a protein of 195 amino acid
residues that could induce a protective response against
broad serovars because it is conserved among
pathogenic serovars of Leptospira.3931 It exhibits a
bipartite structure with a C-terminus OmpA domain,
including a predicted peptidoglycan-binding motif.30 It is
confirmed by a mutagenesis study to be a known
virulence factor and expressed at high levels both during
cultivation and infection.30 Therefore, the protein
appears to play an essential role in pathogenesis and host
immune response.3?

The Loa22 protein was previously identified as an
adhesion associated with plasma fibronectin and
collagen-binding protein in an in vitro assay.32 A recent
study by Hsu et al3? has suggested that Loa22, like
LipL32, is a potential toll-like receptor 2 (TLR2) binding
candidate in pathogenic Leptospira serovars.!>33 The
TLR2, in association with TLR1 or TLR6, is essential for
sensing bacterial lipopeptides and lipoproteins, and it
has proven that the interactions of the innate immune
system cell receptors with Loa22, can induce
inflammatory responses.32

Serological methods based on Loa22 recombinant
antigen have been used in several studies for diagnosing
Leptospira infection and epidemic analysis due to their
convenience, sensitivity, and relatively low cost. In the
study by Balamurugan et al,, ELISAs based on the rLoa22
protein to detect anti-Leptospira antibodies in the sera of
animals resulted in high sensitivity and accuracy (94.30
and 93.30%, respectively).2’

The other studies demonstrated that the rLoa22, alone
or in combination with other antigens, especially rLipL32,
had an acceptable sensitivity and specificity in diagnosing
leptospirosis in equine and canine, in agreement with the
MAT results.3435 However, there is no report relating to the
use of synthetic genes encoding the Loa22 protein to
evaluate the efficiency of the expression of the protein and
its immunogenicity. In the present study, the immunogenic
potential of prepared rLoa22 protein of local pathogenic
Leptospira species in a murine model was studied. The
protein of approximately 38.00 kDa purified from the
soluble fraction, and its ability to induce humoral and
cellular immunity were further evaluated by the IgG1 and
IgG2a subclasses produced through immunization.

Based on the results, mice immunized with rLoa22
induced high titers of total IgG antibodies, indicating that
the protein had good immunogenic attributes. High levels
of IgG1, in this study, confirmed previous findings based
on the role of humoral immune response in clearing the
Leptospira via production of antibodies.3® However,
immunizations with rLoa22 emulsified in Freund
adjuvant, induced strong IgGl production followed by
IgG2a, indicating that Loa22 could induce both Th1l and
Th2 types of immune responses, according to the study by
Yan et al, and Umthong et al. 2937 These results confirmed
by evaluating the production of IL-4 and IFN-y by
spleencells ofmice immunized with the antigen,
compared to control. The level of IL-4 was only slightly
higher in the group received the rLoa22/adjuvant than
rLoa22 group. However, it was significantly higher in the
group receiving the trivalent vaccine. The levels of IFN-y
showed a significant increase in the groups immunized
with rLoa22/adjuvant compared to the other groups.
However, the IFN-y level in the group immunized with the
vaccine was also high and insignificant. The relatively high
level of IFN-y in the vaccine group is probably due to the
synergistic effects of other antigens in its composition.

Conversely, in addition to the effect of the type of
adjuvant in the redirection of IgG subclass response,
BALB/c mice typically respond to protein as an antigen
with a Thl-type immune response.3® However, the
principal antibody response to soluble protein antigens
and membrane proteins is IgG2a isotype.1213 Based on
the immunoinformatics studies, we predicted a
combination of T and B cell epitopes from the conserved
Loa22 protein with high binding affinity. Hence,
demonstrating the high capacity to induce Th1 responses
in BALB/C mice, caused by the combined epitopes of B
and T cells in the conserved regions of LipL41 and
OmpL1 proteins, could be another evidence to justify the
significant IgG2a production in our study.3940

Furthermore, the ELISA results indicated that the
rLoa22 protein could recognize Leptospira antibody in
serum of mice immunized with trivalent vaccine,
confirming the presence of protein in the structure of
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serovars used in the formulation of this vaccine. Similar
results have been observed in the studies conducted by
Ghalani et al, and Lin et al.4142

Therefore, the rLoa22 protein can be used as a
promising antigen to develop a reliable test for diagnosis
of leptospirosis or potential vaccine candidate to
overcome the drawbacks of whole-cell vaccines.
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