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Abstract — Loa22 is OmpA-like outer membrane protein from Leptospira interrogans characterized in the C-terminus domain which play an important role in
the infection and immunological responses of leptospirosis. [1,2]. Phylogenetic tree was constructed for Loa22 by comparing it with Lipoproteins (LipL 71, 45,
41, 31, 32, 21 and 48) and with outer membrane proteins (OmpL 1, 47, 54, 36, 37). The comprising lineages of Loa 22 have largely varying rates of evolution. In
the present study the physicochemical properties of Loa22 were assessed. The structure of Loa22 was predicted by threading method in RaptorX server and
the structure was energy minimized and validated by using SAVES server. The stereochemical quality and the protein backbone conformations were done by
Ramachandran Plot analysis. Four sequential and conformational B cell epitopes of Loa22 were found in Ellipro server and mapped to find the sequential
epitopes. The same B cell linear epitopes was also predicted by ABC Pred, BepiPred 1.0 server. All these epitopes were found to be in higher values. The
results of the present study will help to elucidate the function of Loa22 and epitope-based vaccine development for Leptospirosis.
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SAVES: Structural Analysis and Verification Server; MEGA: Molecular Evolutionary Genetic Analysis; Pl: Protrusion Index; LBP: Local Bootstrap values; ACC:
Auto Cross Covariance NEFF: Number of Effective sequence homologs.

1. Introduction
Loa22 an OmpA like Outer membrane protein from Leptospira

interrogans characterized by C-terminus domain invokes
leptospiral pathogenesis. In other bacteria, OmpA acts as a
multifunctional protein involved in cell adhesion, tissue
invasion [3, 4], immune evasion [5], and induction of the
immune response [6]. Leptospirosis is one of the most
widespread zoonotic diseases in the world which is caused by
the pathogenic bacteria Leptospira [7]. It is also known as Weil's
syndrome, and the clinical manifestations of leptospirosis
occur when humans acquire the pathogen Leptospira from
animals via skin or gastrointestinal contact with water, food or
soil. Clinical symptoms of leptospirosis include high fever,
bleeding, and renal failure. The major target of Leptospira in the
kidney is the renal proximal tubular cells, and the pre-
treatment with Leptospira outer membrane proteins, (OMPs)
which leads to tubule interstitial nephritis and acute renal
malfunction. [8] Mortality ranges from 10-15% with Weil’s
disease to 70% in the case of pulmonary hemorrhage

syndrome (SPHS) [9-11]. Leptospirosis is endemic in most of
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the southern states of India like Kerala, Tamil Nadu and
certain parts of Andhra Pradesh [12-14].

Leptospira genus is sub-classified into 18 genomospecies
that included both saprophytic and pathogenic species [7, 15].
Based on serological methods, approximately 300 serovars
have been identified; of which more than 200 are pathogenic
[7, 16, 17]. The availability of genome sequence data for
different Leptospira strains drives the discovery of new
diagnostic tools and vaccines for Leptospirosis [18]. The major
problem associated with Leptospirosis is the diagnosis of the
disease, as it shows multiple symptoms; very often it is been

confused with other diseases.

A number of leptospiral outer membrane proteins (OMPs)
and lipoproteins have been characterized including OmpL1
[19], LipL41 [20], LipL36 [21], LipL32 [22], LipL21 [23], LipL46
[24], LenA [25], Loa22 [23] and Omp52 [19]. However their
performance in diagnostic assays for acute leptospirosis or as
vaccine candidate have been problematic [19, 25]. Loa22 is
highly conserved among pathogenic Leptospira species; Loa22
is essential for virulence of L. interrogans in animal model and
represents the first genetically defined virulence factor in
Leptospira species. More recent studies have revealed that
Loa22 may play an important role in the infection and
immunological Some outer

responses of Leptospirosis.

membrane proteins of Leptospiral lipoproteins LipL.32 (also
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known as Hapl), LipL41 and the porin OmpL1, have been
found to be protective immunogens that are conserved among

various pathogenic leptospires. [26, 27].

Considering the potential importance of the outer
membrane protein Loa22 as an epitope-based vaccine
candidate, we examined the evolutionary relationship of Loa22
with several outer membrane and Lipoproteins, which showed
comprising lineages. Given the potential of the Loa22 proteins
as diagnostic antigens and vaccine candidates, the
evolutionary relationship of Loa22 was examined, followed by
protein threading and mapping of B-cell epitopes from the
conserved region of the alignment to develop a vaccine

candidate for Leptospirosis.

2. Methodology

2.1. Phylogenetic analysis

A total of 7 sequences of Lipoproteins such as LipL 71, LipL
45, LipL 41, LipL 31, LipL 32, LipL 21 and LipL 48 (Table. 1)
and 5 outer membrane proteins such as Omp L 1, Omp L 47,
Omp L 54, Omp L 36, Omp L 37 (Table. 2)
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from the species of L. interrogans  serogroup
Icterohaemorrhagiae serovar copenhageni (strain Fiocruz L1-
130) and Loa22 from L. interrogans serovar Grippotyphosa
(Table. 3) were retrieved from protein knowledgebase

(UniProt KB) (http://www.uniprot.org/uniprot/). The retrieved

sequences were subjected to Multiple Sequence Alignment
with  ClustalW

Evolutionary

algorithm, implemented in Molecular
(MEGA 5.2.2)

(http://www.megasoftware.net) by using distance matrix and

Genetic Analysis

was trimmed to consensus. Maximum Likelihood (ML) trees
were constructed with 1000 bootstraps at uniform divergence
rates with the distance ‘p” as the evolutionary model and with
a data subset to use with missing data treatment [28]. Posterior
probability and the conserved regions among the closely
related sequences were aligned with MEGA 5.2.2. (Figure 1).
Maximum likelihood method selects the most suitable
The

phylogenetic tree was to estimate the relationships among the

substitution model. purpose of the molecular
species represented by the sequences and to understand the
relationships among the sequences themselves without regard

to the host species.

Table. 1. Uniprot search results of LipL Proteins of Leptospira Spp. used for Phylogenetic analysis

Organism Name of Length of Serovar Serogroup Strain UniprotID
the protein | Aminoacid
sequences
L.interrogans LipL71 555 Copenhageni Icterohaemorrhagiae FiocruzL1-130 | Q72TL5
L. interrogans LipL45 390 Copenhageni Icterohaemorrhagiae FiocruzL1-130 | Q72RU5
L interrogans Lipl4l 355 Copenhageni Icterochaemorrhagiae FiocruzL1-130 | Q72N71
L. interrogans LipL31 241 Copenhageni Icterohaemorrhagiae Fiocruz11-130 | Q725C8
L.interrogans LipL32 272 Copenhageni Icterohaemorrhagiae FiocruzL1-130 | Q725M7
L interrogans LipL21 186 Copenhageni Icterohaemorrhagiae FiocruzL1-130 | Q72WCé
L interrogans LipL48 510 Copenhageni Icterochaemorrhagiae FiocruzL1-130 | Q72TWeé
13SER © 2015
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Table. 2. Uniprot search results of OmpL Proteins of Leptospira Spp. used for Phylogenetic analysis

Organism Name of Length of Serovar Serogroup Strain UniprotID
the protein | Aminoacid
sequences

L. interrogans OmplL1 320 Copenhageni | Icterohaemorrhagiae | Fiocruz11-130 Q72TP4
Linterrogans OmpL 47 366 Copenhageni | Icterohaemorrhagiae | FiocruzL1-130 72MY9
L interrogans OmpL54 482 Copenhageni | Icterohaemorrhagiae | FiocruzL1-130 Q72LR2
L interrogans OmpL36 306 Copenhageni | Icterohaemorrhagiae | FiocruzL1-130 72NMM7
L.interrogans OmplL37 331 Copenhageni | Icterohaemorrhagiae | FiocruzL1-130 72Q50

Table.3.Uniprotsearch results of Loa 22 of Leptospira Spp. used for Phylogenetic analysis

Organism Name of the protein | Length of Aminoacid sequences Serovar UniprotID

L.interrogans Loa22 195

Grippotvphosa M4QAZ7

Figure 1: Diagram showing the phylogenetic
comparision of the Putative Lipoprotein Loa 22
which has a predicted OmpA domain based on
sequence identity

2.2. Physicochemical parameters

Physicochemical analysis including molecular weight,
theoretical pl, amino acid composition, instability index,
aliphatic index, and grand average of hydropathicity
(GRAYVY) of Loa22 was analysed by using ProtParam tool
(http://web.expasy.org/ protparam/). [34]. Prediction of
subcellular localisation of the protein was carried out by
CELLOv.2.5 [35].The secondary structure of the protein
was studied by using PSIPRED server [36] BLAST [38]
from NCBI was used to compare the query sequence with
the database sequence and its homologues. Conserved
domains [38] were also analysed from CDD of BLAST.
Signal peptide regions were also predicted by using

IJSER © 2015

Phobious signal predictor [39]. SOSUI [40] was used
to characterize whether the protein is soluble or
transmembrane in nature. Interproscan [41] analysis
of the query protein for domain study showed that it
has a match of outer membrane protein, OmpA /
MotB, C- terminal (IPR006665) of Omp A like
superfamily. A collection of protein fingerprints by
PRINTS [42] was used to study the tentative
functional assignments for the selected query protein.

Since there is no any structure in the form of X-
Ray crystallographic data from PDB all these above
works were done only with the primary sequence
information which was available from Uniprot for
Loa22.

2.3. Threading based-Modelling, Energy
minimization and Validation of the three
dimensional protein

The retrieved Loa 22 sequence (Uniprot Id: M4QAZ7)
was submitted into the RaptorX server [29]
(http://raptorx.uchicago.edu/) to derive the 3-D
structure. The modelled protein structure was viewed
by using Swiss-PdbViewer (http://www.expasy.
org/spdbv/) and the individual residues were
collected using 100 cycles of steepest descent
algorithm carried out in GROMOS96 [30] until the
side chain interactions in the vicinity is readjusted
and brings up lower potential energy and becomes
more stable.

http://www.ijser.org
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The minimized energy models were assessed by
PROCHECK [31] for analysing the stereo chemical quality
and residue by residue geometry of the modelled structure
by submitting the co-ordinate file to Structural Analysis
and Verification Server (SAVES) http://nihserver.mbi.ucla.
edu/SAVES/). The value of the predicted Loa22 model was
visualized and examined using PYMOL [32, 33].

2.4. In silico prediction of B-cell Epitopes
Linear B-cell epitopes were mapped from the generated
three dimensional structure of Loa22 and was chosen with
two different ABCPred and BepiPred.
ABCPred uses a recurrent neural network to predict B-cell
epitopes (http://www.imtech.res.in/raghava/abcpred/) [43,
44]. The amino acid length of 16 and the scoring threshold
of 0.8 were set to predict B-cell epitopes in ABCPred. The
epitope prediction in BepiPred is based on hidden Markov
(http://www.cbs.dtu.dk/services/BepiPred/) and
and propensity scale method [45, 46]. The value, 0.35 was
set as the threshold value, because at this value, the
sensitivity/ specificity of the predictions will be maximized
in BepiPred. BepiPred
independently and does not have a minimum or
maximum number of amino acids to predict an epitope.
B-cell epitopes were predicted using Ellipro
an Antibody Epitope
(http://tools.Immune
[47, 48]. Ellipro, with the best algorithm to predict linear
epitopes from 3-D structures when compared to six other

algorithms:

model

analyzes each amino acid

which is Prediction server

epitope.org/tools/ElliPro/iedbinput)

software programs that predict linear epitopes [47]. The
default threshold value was set at 0.8. The predicted
epitopes was additionally verified in VaxiJen to predict the
probability of an antigen (http://www.ddgpharmfac
.net/vaxijen/ VaxiJen/VaxiJen.html/) [49], with a threshold
of 0.4. VaxiJen uses an alignment free approach for antigen
prediction and works on an auto cross covariance (ACC)
transformation of protein sequences into uniform vectors
of principal amino acid properties.

3. Results and discussion
3.1.Phylogenetic  analysis
construction

The phylogenetic tree was constructed using 7 Lipoprotein

and global tree

sequences (Table. 1), and 5 outer membrane protein
sequences (Table. 2), all the sequences were retrieved from
the species of L. interrogans serogroup Icterohaemorrhagiae
serovar copenhageni (strain Fiocruz L1-130), and Loa22
from L. interrogans serovar Grippotyphosa (Table. 3) ) from
the Uniprot Knowledge database. NCBI and tBLASTn were
used to search the homologous sequences. 7 Lipoproteins
and 5 Omps were compared with Loa 22 and its
homologous sequences; phylogenetic analysis was
performed and the evolutionary tree inferred by the ML
method is shown in Figure 2 and Figure 3. Phylogenetic
analyses result showed that, there are proteins including

Loa22 which clustered into the same

IJSER © 2015
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group with Lipoproteins and outer membrane proteins,
belonging to the species of L. interrogans serogroup
Icterohaemorrhagiae serovar copenhageni (strain Fiocruz
L1-130). The percentage of replicate trees in which the
associated taxa clustered together in the 1000 bootstrap
replicates test. Evolutionary analyses were conducted in
MEGAS5. The analysis involved 6 and 8 amino acid
sequences separately. All positions containing gaps and
missing data were eliminated. There were a total of 195

and 161 positions in the final dataset.

3.2.  ProtParam
parameters

The ProtParam results exhibited the physicochemical
parameters of the protein of Loa 22. It was predicted to
have 195 Aminoacids (Table 4) with the molecular weight
of 20884.5 Daltons and the theoretical Isoelectric point (PI)
of 8.56. The instability index (II) was computed to be
44.64, implies that the sequence of Loa 22 is stable. The
maximum number of residues in the sequence were
found to be alanine (13.3%) followed by serine (8.7 %) and
whereas glycine, glycine and leucine equally shares 7.2%
(Table.4). The sequence has about 24 negatively charged
residues (Aspartic acid + Glutamic acid) and 26 positively
charged residues (Arginine + Lysine). The amino-acid
composition revealed that the protein has 2951 atoms
comprising Carbon (922), Hydrogen (1479), Nitrogen
(257), Oxygen (291) and sulfur (2). Thus C HN O S -922
1479 257 291 2 has been arrived as the molecular formula
for the protein Loa 22. The aliphatic index was calculated
as 78.21. The grand average of hydropathicity (GRAVY)
was calculated to be -0.430. This low range of value
indicates that the protein has better interaction with
water. The subcellular localization of protein using

results and physicochemical

CELLO predicted that the query protein is a periplasmic
protein. SOSUI results predicted that it is a membrane
protein with hydrophobicity of -0.429744. The secondary
structural analysis of the protein by PSIPRED showed
that the random coil was found to be more frequent
(48.72%) followed by extended strand to be the least
frequent (21.03) helix and was found a to be as
30.26%.(Figure 4). The CDD BLAST results showed the
query protein comes under OmpA_C- like super family
(Figure 5) and failed to give any more information
regarding the nature of domain. The Interproscan analysis
showed that the query protein might be that it has a
match of Outer membrane protein, OmpA / MotB, C-
terminal (IPR006665) of Omp A like superfamily (Table 5;
Figure 5). Four motifs were recognized by the PRINTS
server (Table 6). Phobious signal predictor also showed
that the protein with signal peptide from 1 to 23
sequences which includes N region (1-7), H regions (8-18),
C regions (19-23) and non cytoplasmic regions (23- 195).
(Data not shown)
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43 trM4QAZTM4QATT LEPIR LoaZZ OSLeptospira interogans semar Grippatyphosa PE4 5V (LoaZZ)
5{ trQTZTR4QTITR4_LEPIC Quter membmne protein 05 Lepbspim intemogans serogroup |oErchaemanthagiaz seroier copenhageni (stain Fiocruz L1-130) GMompL1 PE4 SV1 (OmpL1)

trkTZMYSIATINYS_LEPIC Uncharacterzed protein O3Leptospira intemogans seroqroup Ieterohasmornagias serovar copenhageni (strain Fioonuz L1-130) GNLIC_ 13080 PE4 81 {DmpldT)

tri2TZMMTIQTZMMT_LEPIC Uncharacterzed proein OSLeptospira intermgans serogroup leterohazmanhagias serover copenhageni (strain Fioeruz L1-130) GNLIC 13188 PE4 SV1 (OmpL3g)

tQT2LRZIATILRZ_LERIC Metallopeptidase O Lephapim intemogans srogroup |okrohaemarhagias s2roer copenhageni (stain Focruz L1-130) GHLIC_13431 FE4 SV1 [Ompl54)

—7E|: triQT 20501272050 _LEPIC Uncharacterzed protein O Leptospira intemogans serogroup Icterohasmonhagise seror copenhageni (stain Fiosnz L1-130) GNLIC_12253 PE4 5V1 {OmpL37)

Figure.2: The evolutionary history was inferred by using the Maximum Likelihood method based on the JTT matrix-based model [28]. The bootstrap
consensus tree was inferred from 1000 replicates. The Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are
collapsed. The percentage of the replicate trees in which the clustered taxa are shown in branches. This analysis involves 6 amino acid sequences.
Evolutionary analyses were conducted in MEGAS [28]. The bootstrap value 43 shows the uniform support and indicating that the clade is a group. The
scale bar represents branch length (number of amino acid substitutions/100 residues.

B triQT2ZNT 1| Q72N 1_LEPIC LipL41 OSLeptospira intemogans serogroup Ietershaemomrhagiae serowar copenhageni (strain Focnz L1-130) GMIipL41 PE4 5V1
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11843 FE4 5V1
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triM4QAZTMAQAZT _LEP IR LosZ? O5Leptospira interogans serowar Grippotyphosa FE4 BV
AL Q72TLEKITATLE LEFIC Lipl71 OSLeptospira interogans srogroup loterchasmonhagize serovar copenhageni (strain Fiooruz L1-130) GNiipLT1 FE4 V1
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T triQT2WCEIAT2WCE_LEPIC LipL2?1 O5Leptospira intemogans serogoup ictershaemorhagise semar copenhageni (stain Fiocruz L1-130) GMipL21 PE4 Y1
—E:trﬂ?ﬁwﬁﬂTETWE\_LEPE LipL48 OS5 Lepiospim intemogans serogroup |cErohsemarnhagiae serosr copenhageni (stmin Fiocruz L1-130) GMipL48 PE4 V1

Figure.3: Phylogenetic tree with 7 sequences of LipL proteins were compared with Loa22. The reflection nodes with BP value of 71 indicating that
Loa22 is belonging to the group.
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Table 5. Superfamily results of Loa 22 Table.6. PRINT results of Loa 22
Seque.nce M4QAZ7_LEPIR Finger Print No. Sum Id Aveld Prof P value
Domain . Motifs Score
Number 1 Region 1-195
SYNUCLEIN 2 of 5 53.89 26.94 310 0.0012
Classification Classification E Value
Level SAPOSIN 2 of 13 | 49.18 24.59 356 0.0015
Superfamily Omp A like SSF103088 POAALLERGEN 2 of 8 45.00 22.50 275 0.0032
Family OmpA/Mot B, C- IPRO06665 HISTONEH3 2 of 7 51.74 25.87 312 0.0035
terminal
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Figure.5: CDD results of Loa 22 showing the protein comes under OmpA_C- like super family

3.3. Protein threading and model Validation
Normally single template is being used to generate

protein structures by homology modelling and protein
threading. But if the sequence is distantly related to the
template or if the template does not cover the complete
sequence, protein modelling will not be useful. The
threading based-prediction is based on the predicted
structure properties, such as the predicted secondary
structures or the predicted residue burial status [50].
Threading based prediction was done in RaptorX server
which uses a non-linear scoring function to combine
homologous information with structural information for
the given template-sequence alignment [50]. The protein

was modelled by protein threading.

IJSER © 2015

Given an input sequence, RaptorX predicted its tertiary
structure as well as solvent accessibility and disordered
regions (Figure.6). RaptorX assigned the confidence score
which is based on P-value and uGDT (unnormalized
Global Distance Test). P-value measures the relative
quality of the model. For alpha proteins, P-value less than
107-3 is a good indicator. For beta proteins, P-value less
than 10"-4 is a good indicator. uGDT measures the
absolute model quality. uGDT greater than 50 is a good
indicator.

The NEFF (Number
homologs) score which was ranging from 1 to 20 for the
predicted structure was estimated by PROCHECK. The
results obtained from PROCHECK [51] were evaluated for
protein backbone conformations by Ramachandran Plot

[52, 53].

of Effective sequence

http://www.ijser.org
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The phi-psi torsion angle for 87.5 % of
residues of Loa22 are in the most favourable region (A,
B and L); 9.5%, 2.4% and 0.6 % in additionally allowed,
generously allowed and disallowed regions
respectively (a, b, I, p) indicating that Loa22 model is
stereo chemically good and the model derived from
RaptorX was of higher quality in terms of protein

folding. (Figure. 7)

3.4. B-Cell Epitopes
immunoinformatic analysis
Surface accessibility and fragment flexibility are

Prediction and

important features for predicting antigenic epitopes. In
addition, the existence of regions with high
hydrophobicity also provides strong evidence for
epitope identification. Based on the sequence
properties by physicochemical analysis, two different
epitope prediction software programs (ABCPred and
BepiPred) were utilized to predict the most

immunogenic linear B-cell epitopes on the surface of
the Leptospiral OmpA like protein Loa22.

Figure. 6: Three dimensional structure of Loa22 of L. interrogans serovar
Grippotyphosa (M4QAZ7) which was energy minimized and visualized by
Pymol shown in cartoon representation

Table.7. List of epitopes predicted by Ellipro based on
amino acid sequence and structure

No. Start |End Peptide No. of
Positi | Position Residu | Score
on es
1 1 6 MVKKIL 6 0.950
2 19 28 TLCSSAEKKE |10 0.898
3 125 131 PEQAEGA 7 0.830
4 172 177 SGLDAK 6 0.812
IJSER © 2015

ABCPred and BepiPred predicted 8 different overlapping and
potentially immunogenic regions within Loa 22 respectively
(data not shown). ABCPred is able to predict epitopes with
approximately 66% accuracy using the recurrent neural
network [43]. ABCPred assigns scores between 1 and 0 for
each epitope it predicts. An epitope shows score closer to 1 can

be taken and score closer to 0 is not suitable for an epitope.

Four B- cell epitopes of Loa 22 were mapped from the
predicted 3-D structure of Loa22 by using Ellipro (Figure. 8).
These epitopes covers (EP1: 1-6), (EP2: 19-28), (EP3: 125-131),
(EP4: 172-177) (Table 7). Ellipro predicts epitope with
Protrusion Index (PI) value which is percentage of the protein
atoms enclosed in the ellipsoid, at which the residue first
becomes lying outside the ellipsoid; whereas all the residues
which were lying 90% outside the ellipsoid had the PI value 9,
i.e.,, 0.9 in Ellipro. This gives information of amino acids lying
outside the ellipsoid. The prediction of peptides is vital not only
for diagnostics but also for vaccines. It became clear that the
small segments of protein called the antigenic determinants or
the epitopes are sufficient for eliciting the desired immune
response. Based on the threshold value, all the predicted
epitopes are antigenic nature. All these results can be used to

benefit immunotherapy and also for the development of

diagnostic based approaches for Leptospirosis.
PROCHECK-NMR
Ramachandran Plot
- loa22_noHs (1 models)
5 b
’—g
':7_:
135 180

Phi (degrees)
Plot statistics

AB.L] 7 87.5%

Figure. 7: The results obtained from PROCHECK were evaluated for
protein backbone conformations by Ramachandran Plot. The phi-psi
torsion angle for 87.5 % of residues of Loa22 are in the most favour-
able region (A, B and L); 9.5%, 2.4% and 0.6 % in additionally allo-
wed, generously allowed and disallowed regions respectively (a, b, I, p)
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Figure. 8: B cell epitopes modelled and visualised using PYMOL shown in
stick from the modelled three dimensional structure of Loa22

4. Conclusion

In this study, we have a better understanding of the 2D and 3D
structure of Loa22. Ramachandran plot analysis confirmed
stereochemical model and have predicted four B cell epitopes
(EP1: 1-6), (EP2: 19-28), (EP3: 125-131), (EP4: 172-177). The
goodness factor (G-factor) based on the observed distribution of
stereochemical parameters (main chain bond angles, bond
length, and phi-psi torsion angles) returned accurate values for
a reliable model indicating that Loa22 model is stereo
chemically good. The most innovative areas in the vaccine as on
today are the DNA vaccines for Leptospira. Until now, four
OMPs (OmpL1, LipL32, LipL21 and LigA) were evaluated for
their DNA vaccine efficacy [54]. Thus all these datas generated
for Loa22 can be used to benefit immunotherapies but still
further studies are required based on these bioinformatic
approaches.
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