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Abstract

Leptospirosis is a widespread zoonotic disease caused by Leptospira interrogans. The conventional vaccines have some major prob-
lems. Therefore, recombinant vaccines such as multiple-epitope vaccine are suggested. OmpL1 and lipL32 are the most important
proteins of Leptospira interrogans bacteria that can be used in epitope prediction process to design a multiple-epitope vaccine. Hence,
in this study, the most reliable and accurate online servers were applied to predict B cell and T cell epitopes, the secondary and ter-
tiary structures, enzyme digestion, and antigenicity score of ompL1 and lipL32. The results showed that epitopes located at 103 - 122,
210 - 232, and 272 - 291 amino acid residues are the common epitopes between T cell (MHCI) and B cell. 288 - 308 amino acid residues
were introduced as common epitopes to stimulate both T cell (MHCI and MHCII) and B cell of ompL1 protein. In the case of LipL32
protein, 80 - 96 amino acid residues are recommended for T cell epitopes and 63-81 amino acid residues for stimulation of both B
and T cells. All the mentioned epitopes can be considered as linear epitopes in designing a recombinant vaccine based on chimeric
epitopes. It appears that these epitopes can be applied to design recombinant multiple-epitope vaccines against leptospirosis.
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1. Background

Leptospirosis is a widespread zoonotic disease that
could be found in both developed and developing coun-
tries. This disease is usually seen among mammalians (in
particular, human, and livestock) that are in contact with
rodents or living in polluted areas. There are more reports
of this disease during unforeseen events such as floods,
earthquakes, etc. (1-3). Leptospirosis is a bacterial dis-
ease caused by Leptospira interrogans. In fact, Leptospira
genus is classified into Leptospira biflexa, which comprises
all non-pathogenic strains, and Leptospira interrogans that
consists of all pathogenic strains (4). Leptospirosis can
be transferred through direct or indirect contact with the
infected cases (5). The most prevalent symptoms of this
disease are meningitis, hepatitis, and nephritis and some-
times, it leads to death (6, 7). Conventional vaccines (Bac-
terin -type) used to prevent Leptospirosis have some side

effects (fever, pain), short-term immunity and serovar- re-
sisted protection (4); hence, it is necessary to apply new
strategies to solve these problems. One of the most recent
strategies for preventing leptospirosis is to use recombi-
nant vaccines that are epitope-based or protein vaccines
with a vital role in antigenicity of a pathogen (8-10). Outer
membrane proteins (OMPs) are the most important pro-
teins diagnosed by the immune system in different bac-
terial infections. OMPs are widely applied to design re-
combinant vaccines such as subunit and epitope vaccines
(4). There are three classes of OMPs in Leptospira: Lip
(lipoprotein) that includes lipL32, lipL42, and lipL24; trans-
membrane proteins that include ompL1s, and finally pe-
ripheral proteins that include lipl42 (11-15). Many studies
have shown that ompL1 and lipL32 are the most conserved
OMPs in most pathogenic strains of Leptospira and they
can be applied to design recombinant vaccines to prevent
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leptospirosis (16). Studies also showed that the applica-
tion of an OMP as a subunit recombinant vaccine could not
successfully prevent leptospirosis since it is not antigenic
enough to stimulate the immune system. Consequently, it
seems that applying multi-epitope vaccines, which use epi-
topes of several OMPs, is the solution to vaccine antigenic-
ity (9, 17). Epitopes are amino acid sequences of OMPs rec-
ognized by antibodies of the immune system. In general,
epitopes are divided into B cells (continuous and discon-
tinuous) and T cells (MHCI and MHCII) (18, 19). Nowadays,
by the progress in biological data, researchers are widely
using intelligent methods such as machine learning for
data analysis. Such methods not only are affordable, but
also provide reliable data for the experiment (20). There-
fore, in the present study, the most reliable and appropri-
ate online tools and servers were applied to predict B cell
and T cell epitopes of ompL1 and LipL32 (as the most im-
portant leptospirosis’ OMPs) (20).

2. Methods

To predict B and T cell epitopes of ompL1 (acces-
sion number: JX532100.1) and LipL32 (accession number:
JN886739.1), their amino acid sequences were collected
from the National Center for Biotechnology Information
(NCBI).

2.1. B Cell Epitopes Prediction of Ompl1 and Lip32

In order to predict B cell epitopes of ompL1 and LipL32
using their primary amino acid sequences, the most re-
liable and accurate online servers were employed. These
online servers include IEDB, ABCpred, BepiPred, BCPREDS,
and SVMTrip. It must be noted that all servers have been de-
signed to predict discontinuous B cell epitopes. Required
parameters of each server such as the desired length to pre-
dict epitopes were adjusted as default (18).

2.2. T Cell Epitopes Prediction of Ompl1 and Lip32

In case of T cell epitopes prediction of ompL1 and
LipL32, both MHCI and MHCII epitopes were evaluated by
the most precise online servers: IEDB, SYFPEITH, NetCTL,
NetMHC, Propred, and MHC2Pred (19).

2.3. Evaluation of the Most Important Features of the Predicted
Epitopes

To investigate the antigenicity score of the predicted
B and T cell epitopes, VaxiJen 2.0 server was employed
with the desired threshold (0.5). Also, the most important
features of the predicted epitopes such as enzymatic di-
gestion sites, PI, and the Mass of the predicted epitopes
through specialized servers were analyzed by Protein Di-
gest server (18, 19).

2.4. Secondary and Tertiary Structure Prediction of ompL1 and
Lip32

To predict secondary structures of ompL1 and LipL32
proteins, based on their primary amino acid sequences,
improved self-optimized prediction method (SOPMA)
server was applied and their helices, sheets, turns, and coil
were evaluated. Tertiary structures of ompL1 and lipL32
proteins were designed by iterative threading assembly
refinement (I-TASSER) online server which uses hierar-
chical approach to predict the structure and function of
proteins. PDB formats of the predicted tertiary structures
of the studied proteins were visualized by PyMOL V1 Viewer
software (21).

3. Results

3.1. B Cell Epitopes Prediction of ompL1 and LipL32

As shown in Table 1, the initial results were theoreti-
cally obtained, based on the highest score and the most
frequent epitopes among all the mentioned specialized
servers. It must be mentioned that in order to predict dis-
continuous B cell epitopes, physic-chemical properties of
amino acids such as hydrophilicity, charge, flexibility, po-
larity, and the exposed surface area were considered.

3.2. T Cell Epitopes Prediction of ompL1 and LipL32

To predict T cell epitopes, the most frequent Iranian al-
leles of MHCI (A-0101, A0201, and B-2705) and MHCII (DRB1-
0101 and DRB1-0401) were used. It must be mentioned
that in each server, the predicted epitopes with the high-
est scores were selected (data not shown). Then, T cell pre-
dicted epitopes were evaluated using the above mentioned
servers and used in the following analysis in order to iden-
tify the conserved sequences in both MHCI and MHCII epi-
topes (Table 2).

3.3. Evaluation of the Most Important Features of Predicted Epi-
topes

After prediction of B cell and T ell epitopes using out
put of different online servers, their antigenicity scores
were evaluated, as shown in Tables 1 and 2. Epitopes with
a score above 0.5 were considered as the most antigenic
epitopes. The obtained results from this step were applied
in further study to evaluate the enzymatic digestion. PI
and Mass, reported in Table 3, were calculated by protein
digestion server. According to these results, the antigenic
epitopes that had the largest number of non-digestive en-
zymes were selected as final B cell and T cell epitopes (Ta-
ble 3) (colored epitopic regions indicate the selected ones).
Epitopes with the same caption are common among dif-
ferent categories (Table 4). In the case of ompL1 protein,
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pink, green, and red regions are common between T Cell
(MHCI) or B Cell epitopes, but the blue color is common
among both T and B cells that are arranged between 288
and 307aa residues (Table 3). Finally, those selected se-
quences from lipL32 protein have the gray colored in both
T cell categories (MHCI & MHCII), which are located at 80
- 93aa residues. Moreover, the blue regions indicate com-
mon epitopes between both T (MHCI & MHCII) and B cells
and are located at an amino acid range of 64 - 81 (Table 3).

Table 4. Final B and T Cell Predicted Epitopesa

OMPL1 lip32

T Cell (MHCI)

109TGGAINARSTKG120 -

210GSNNIKGGY218 63VKPGQAPDGLVDGNKKA79

272FIELETIMSAAY283 80YYLYVWIPAVIAEM93

290SVGGATNLSPFPAY303 238IPGVSPLIHSNPEE251

T Cell (MHCII)

75FQNPAKPTGEGNYIGVAPR93 64KPGQAPDGLVDGNKKAY81

155VTKADIAGY163 88AVIAEMGVR96

290SVGGATNLS298 209YRISFTTYK217

B Cell

34LQLDLGQLGGTITK47 63VKPGQAPDGLVD74

103ITLDRTTGGAINARSTKGAM122 100PTGEIGEPGDGDL112

213NIKGGYDILTAAGAGAVANL232 -

272FIELETIMSAAYAVGKTQSV291 -

288TQSVGGATNLSPFPAYPIVV307 -

aIn first column; green, pink and red highlighted regions related to common
epitopes between T cell MHCI class and B cell, and the blue ones related to the
common ones among both T and B cells. In second column; the gray epitopes
are common between MCHI and MHCII classes and the blue highlighted epi-
topes are common epitopes among both T and B cells

3.4. Secondary and Tertiary Structure Prediction of ompl1 and
Lip32

As reported earlier, in order to predict the secondary
structure of candidate proteins, SOPMA server was applied.
OmpL1 protein included 23.79% Alpha helix, 38.26% Ran-
dom coil, 27.33% Extended strand, and 10.61% Beta-turn
structures (Figure 1). In addition, lipL32 protein included
38.06% Alpha helix, 19.03% Extended strand, 9.33% Beta-
turn, and 33.58% Random coil structures (Figure 2). As
shown in the results, these two proteins involved a high
proportion of random coil structures indicating the con-
centration of epitopes in the mentioned areas, rather than
total protein. The results of the 3DLigandSite show that all
the final predicted B and T cell epitopes of ompL1 and lipL32
can be exposed on the surfaces (Figure 3A and 3B).

4. Discussion

Vaccines prevent infectious diseases. Although conven-
tional vaccines (attenuated and killed vaccines) are able to
save millions of lives, there are some drawbacks such as
long production process (around 15 years), the diverse ef-
fects on different cases, and their side effects (even death)
(22-24). Therefore, it seems that the new generation of vac-
cines must be substituted with the conventional ones. To-
day, bioinformatics is widely being used. In fact, bioin-
formatics uses both computer and biology to accelerate
data analysis and decrease the expenditure of the experi-
ments. One of the most important applications of bioin-
formatics is vaccine production. In fact, advancements in
bioinformatics tools along with the advances in recombi-
nant DNA technology and genetics can decrease the time
(around 2 years) and expenses of vaccine production (20,
25). As noted before, since Leptospirosis is a zoonotic and
widespread disease in most developing countries includ-
ing Iran, certain considerations should be taken into ac-
count to fight this disease. Many studies have reported that
subunit recombinant vaccines, which have been designed
based on LipL32 and ompL1 proteins (as the most impor-
tant OMPs to design subunit vaccine), cannot be success-
fully applied to treat Leptospirosis, because these recom-
binant vaccines are not strong enough to stimulate the im-
mune system against the disease (16, 26). However more re-
cently, it has been reported that the use of chimeric epitope
vaccines designed based on epitopes of OmpL1 and Lep32
is a promising method of fighting leptospirosis (16). There-
fore, it seems in order to produce chimeric epitope vaccine,
the epitope prediction of ompL1 and LipL32 for Leptospiro-
sis is of great importance. In this study, the most accurate
and reliable bioinformatics tools were applied to predict
B cell and T cell epitopes of ompL1 and LipL32 (18-20). As
our result showed, 20 to 25 amino acids, at the beginning
of both proteins, cannot be epitopes because these amino
acid sequences are usually considered as a signal peptide
to translocate proteins to the endoplasmic reticulum and
they are then cleaved by signal peptidase (27, 28). There-
fore, these amino acid sequences cannot be exposed as epi-
topes on the surface of the bacteria to stimulate the im-
mune system.

The results of the current study obviously showed that
the epitopic region of ompL1 protein including 103 - 122, 210
- 232, and 272 - 291 aa residues are the most common epi-
topes between T cell (MHCI) and B cell. In addition, 288-
308 aa residues could be considered as a unique epitopic
region to stimulate both T cell (MHCI&MHCII) and B cell.
Moreover, the amino acids that have been arranged in 80 -
96aa residues are recommended for T cell epitope and 63
- 8196aa residues are suggested for both B and T cells in
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Figure 1. Secondary structure prediction results of OMPL protein. Amino acids with different colors represent different secondary structures. Blue: α helix, green: β turn,
red: extended strand, and yellow: random coil.

Figure 2. Secondary structure prediction results of Lip32 protein. Amino acids with different colors represent different secondary structures. Blue: α helix, green: β turn,
red: extended strand, and yellow: random coil.

LipL32 protein. All of them can be considered to design a
chimerical epitopic vaccine.

According to our prediction, it appears these epitopes
could not only evade from protease system but also pro-
vide enough immune response against Leptospirosis. In
fact, the evasion of protease system can increase epitopes
half-life and can lead to the stimulation of immune system.
It should be noted that the final epitopes, which have been
predicted in this study, could simultaneously stimulate B
and T cells. Therefore, the use of these epitopes with the
appropriate arrangement could lead to a proper immune

response.

4.1. Conclusions

Nowadays, bioinformatics is widely being used to ana-
lyze biological data. This area of science can accelerate data
analysis and decrease the expenses at the same time. In this
study, a wide variety of the most reliable and precise online
tools and servers were applied to predict B cell, T cell, and
common B and T cell epitopes of ompL1 and lipL32. In addi-
tion, 288 - 308aa residues of ompL1 protein can be consid-
ered as common epitopes to stimulate both T cell (MHCI
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Figure 3. Tertiary structure prediction results for the OMPL1 (A) and Lip32 (B) proteins. A: green, pink, and red highlighted regions related to common epitopes between T cell
MHCI class and B cell, and the blue ones related to the common ones among T and B cells. B: the gray regions are common between T cell MCHI and MHCII classes and the blue
highlighted regions are common epitopes among both T and B cells.

and MHCII) and B cell. For LipL32 protein, 63-81aa residues
are suggested for the epitopic region of both B and T cells.
However, the results of this study need to be confirmed by
further experimental studies.
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