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ABSTRACT

Acinetobacter baumannii is a Gram-negative bacterium that has recently been identified as a
leading nosocomial pathogen. Infections by this pathogen result in significant mortality due
to antibiotic resistance. An effective vaccine would help alleviate the burden of disease
incurred by this pathogen; however, there are currently no licensed vaccines offering
protection against Acinetobacter baumannii infection.

In this study, considering the fact that outer membrane protein A is one of the most
promising vaccine candidates, we predicted T cell and B cell epitopes on this protein using
sequence-based epitope prediction tools and determined whether or not mice immunized
with these peptides induce an immune response. We selected consensus epitopes including
five peptides in different tools with the highest score.

48 female C5BL/6 SPF injected subcutaneously with the peptides (peptidel to peptide 5
separately) in 100 pL of the solution and sham groups received adjuvant and PBS alone on the
same schedule: on day 0 (primary dose) and two booster doses were administered on days 14 and
28. At the end of time, animals euthanized by Isoflurane, and collected sera for assessment of
specific antibodies against each peptide by ELISA (Enzyme-linked immunosorbent assay).

Immunization of mice showed one of the novel synthetic peptides (peptide 1 (24-50
amino acids)) elicited immune responses. We conclude to combine theoretical methods of
epitope prediction and evaluating the potential of immunogenicity for developing vaccines is
important.
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INTRODUCTION

Acinetobacter baumannii is known as an
emerging pathogen responsible for several serious
nosocomial infections, including Ventilator-Associated
Pneumonia (VAP); which may progress to septicemia
in the intensive care unit (ICU) patients.* Other clinical
manifestations of A. baumanii include secondary
meningitis, as well as bloodstream, wound, urinary
tract, and burn infections.?

The antibiotic resistance of A. baumannii is
frequently responsible for the failure of antibiotic
therapies; therefore, vaccines to prevent multidrug-
resistant A. baumannii infections are needed.’
Experimental and in silico analyses have demonstrated
which one potential vaccine candidate that may prevent
these infections is A. baumannii outer membrane
protein A (OmpA)." OmpA acts as an important
virulence factor as it is reported to play critical roles in
biofilm formation, immune stimulation, adherence to
and invasion of eukaryotic cells, apoptosis, outer
membrane vesicle biogenesis, and serum resistance.’
Comparison of OmpA among other sequenced strains
have shown that OmpA is highly conserved (>80%)
and has minimal homology to the human proteome.
Since, OmpA induces strong immune responses,
making it an ideal candidate for vaccine development.®
Among different Antigens screened, OmpA was
identified as a target that it can stimulate humoral
immune responses. Anti OmpA Antibodies increase
protection through enhanced opsonic-phagocytosis.*

Epitope prediction is the process by which epitopes
induce strong immune responses that are selected for
the production of epitope-based vaccines and
diagnostics methods. The advantages of epitope-based
vaccines over traditional methods include reduced cost,
complexity, and synthesis time.” Current epitope-based
vaccines include both B and T cell epitopes. Indeed,
identification of both types of epitopes will likely be
necessary for effective epitope-based vaccine design.
Although some of these epitopes will possess limited
immunogenicity, this problem can be addressed by
combining them with immunogenic adjuvants or carrier
proteins.®

In the current study, we focused on OmpA as a
target antigen for the sequence- and structure-based
epitope prediction in order to design a vaccine that is
protective against A. baumannii infections. We first
determined the OmpA protein sequence and then
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combined bioinformatics strategies and immunization
of mice to identify immunoreactive B and T cell linear
epitopes and evaluating the immunogenicity of
synthetic peptides in mice respectively.

MATERIALS AND METHODS

The current study is divided into two sections. In
the first section, we determined the A. baumannii
OmpA nucleotide and amino acid sequences of the
bacterial strain isolated from patients. In the second
section, we analyzed OmpA protein for B and T cell
epitopes in order to determine immunoreactive
peptides in mice. All experiences were carried out in
compliance with the requirements of the animal ethical
committee at Shahid Beheshti University of Medical
Sciences (Ethical Approval NO. 8223, February 2,
2016).

Bacterial Growth Conditions

A. baumannii was isolated from Bronchoalveolar
lavage (BAL) samples from hospitalized pneumonia
patients in the intensive care unit (ICU) of Masih
Daneshvari hospital in Tehran, Iran (we had served
consent form before collecting samples).>°A.
baumannii was grown in Luria Bertani (LB) broth and
on nutrient agar culture medium for 24 h at 37°C.

Gene Amplification

OmpA sequence of A. baumannii genomic DNA
(extracted by Roche kit, Germany) was amplified by
polymerase chain reaction (PCR). The OmpA specific
primers  used in the  amplifications  are
ATGAAATTGAGTCGTATTGC (forward primer) and
TTATTGAGCTGCTGCAGG (reverse primer), the
primers were designed and ordered by Sinaclon
Company. DNA was amplified using the following
conditions: one cycle of 95°C for 10 minutes, 30 cycles
of 95°C for the 30s, 50°C for 45s, and 72°C for 45s, and
one cycle of 72°C for 10 minutes. The full-length PCR
product was sequenced and translated into an amino
acid sequence by the EMBOSS Transeq server. In the
next stage, we aligned this OmpA sequence and other
A. baumannii OmpA sequences using the multiple
sequence alignment tool FlorenceCorpet.™

Secondary and Tertiary Structure Prediction and

Analysis
To predict secondary structure, we used the GOR4
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(Garnier-Osguthrope-Robson) server to identify alpha
helices, beta strands, turns, and random coils. OmpA
structure was also modeled by the I-TASSER (lterative
Threading ~ Assembly  Refinement)  server.™*
I-TASSER is a hierarchical approach to protein
structure and function prediction. Structural templates
are first identified from the Protein Data Bank by a
multiple-threading approach using LOMETS (Local
Meta-Threading Server), full-length atomic models are
then constructed by iterative template fragment
assembly simulations. Finally, target functions are
determined by threading the three-dimensional models
through the protein function database BioLip. Thus, I-
TASSER produces results by template-based homology
modeling. To verify the predicted model, the
Ramachandran plot was analyzed with PROCHECK in
the PSVS server 1.5.23

Prediction of B and T Cell Epitopes

To identify potential OmpA antigenic epitopes,
physicochemical properties including hydrophilicity,
antigenicity, flexibility, mobility, accessibility, polarity,
exposed surfaces, and coils were analyzed. We used
several tools to predict epitopes based on these
properties. To predict linear B cell epitopes, we used
the following tools: LBtope, with an overall accuracy
of 81%:;* SWMTrip, with sensitivity and precision of
80.1% and 55.2%, respectively;"> ABCpred, with
sensitivity, specificity, and positive prediction of
67.14%, 64.71%, and 65.61%, respectively;'® Kolaskar
and Tongaonkar antigenicity prediction with accuracy
75%; BcePred, with a prediction accuracy between
52.92% and 57.53%;'" BepiPred, with 75% accuracy;™°
and BCPred, with classifier specificity of 75%.'® We
also used CBTope server to predict conformational
epitopes based on the primary sequence with 86.59%
accuracy.”

Predicted Linear B cell epitopes were then analyzed
to detect the presence of T cell epitopes using the
MHC-II Binding Predictor in the immune epitope
database (IEDB) with a specific focus on epitopes that
bind to H2 I-A, alleles related to C57BL/6 mice.
Positive T cell epitopes were identified by an H2-
binding prediction score of less than 30.%

Computation of Physical and Chemical Parameters
of Epitopes

ProtParam was used to compute various physical
and chemical parameters. These parameters included
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theoretical isoelectric point (pl), instability index,
estimated half-life, aliphatic index, and grand average
of hydropathicity (GRAVY). We then selected peptides
based on these parameters. Finally, our selected
peptides were synthesized by the 15" BASE Company.

Mice Immunization

Female 6-8 week old C57BL/6 mice (6 animals per
group) were purchased from the animal facility, Shahid
Beheshti University of medical science. Mice were
checked for specific pathogen-free (SPF) before the
beginning of immunization So that inclusions criteria
include factors like age (6-8 week old), sex (female)
and SPF mice. We used SPF mice to demonstrate mice
were free of a specific list of pathogens by routine
testing. The list of organisms assessed typically
includes disease-causing pathogens that can affect
mouse health and research outcomes, as well as
opportunistic organisms that typically do not cause
illness in normal, healthy mice. All mice have been
housed in sterilized cages. All supplies including food,
water, and bedding introduced into an isolator room
had been sterilized; the most frequently used
sterilization method was autoclaving for 15 min at
121°C. As the diet might harden and become difficult
to gnaw after autoclaving, the use of gamma-irradiated
food. We did routine tests for the culture of bacteria
before starting immunization and made sure they were
SPF. The peptide (50ug) was suspended in PBS
(Phosphate Buffered Saline) and emulsified in a 1:1
ratio of Aluminum hydroxide gel adjuvant (InvivoGen,
USA). The animals were divided into 8 groups (Table
1) and injected subcutaneously behind of neck with the
peptides (peptidel to peptide 5 separately) in 100 uL of
the solution and sham groups received adjuvant and
PBS alone on the same schedule. The mice were
inoculated with vaccine on day 0 (primary dose) and
two booster doses were administered on days 14 and
28. We oversaw the basic animal maintenance
including housing, a palatable diet, water, and bedding.
Two weeks after the last injection, sera were collected
and stored at -20°C for further use and then animals
were euthanized by Isoflurane.

ELISA

ELISA assay was adopted for the detection of
antibodies against peptides. ELISA plates were coated
with 100 pL per well of 5 pg of each peptide. The
coated wells were blocked with bovine serum albumin,
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incubated with mouse sera, washed, and then stained
with rabbit anti-mouse secondary antibody 1gG H&L
conjugated with horseradish peroxidase (Abcam,
USA).

Table 1. Groups of mice PBS (phosphate buffered saline)

Immunization treatment
Control
PBS (sham)
PBS"+ Adjuvant (sham)
Peptide 1+Adjuvant
Peptide 2+Adjuvant
Peptide 3+Adjuvant
Peptide 4+Adjuvant
Peptide 5+Adjuvant

Mouse group no.

0w N Ol WDN PP

The wells were washed again and incubated with
3,3',5,5-Tetramethylbenzidine  substrate  (SIGMA-
ALDRICH, USA). The color was allowed to develop
for 20 minutes upon the reaction was terminated by
adding 2N sulfuric acid (50 pL) and the Optical
Density (OD) was determined at 450 nm in a microtiter
plate reader (Multi-mode Reader, BioTek).

Statistical Analysis

Analysis of all of the data was performed by SPSS
25 software (SPSS software version 25, Inc, Chicago,
IL, USA). Antibody titers were compared; using
Kruskal-Wallis test. A p-value of smaller than 0.05 was
considered as the threshold of statistical significance
for all of the parameters.

RESULTS

OmpA Sequence

The full-length OmpA gene was amplified by the
PCR method (Figure 1) and sequenced. The 356-amino
acid OmpA protein sequence was determined from the
nucleotide sequence and aligned with other OmpA
protein sequences in the National Center for
Biotechnology Information (NCBI) database (Figure
2). The sequences are highly homologous. The NCBI
database identification number for the OmpA protein
analyzed in this study is ATG88079.

Prediction of OmpA secondary and tertiary
structures and confirmation of the modeled structure:

The OmpA protein secondary structure was
analyzed for alpha helices, beta strands, turns, and
random coils. The epitopes were almost located in coils
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(Figure 3). To predict B cell epitopes, the modeled
tertiary structure was analyzed with PROCHECK,
which predicted that 79% of OmpA residues are in
favored regions, 17.4% in additional allowed regions,
2.7% in generously-allowed regions, and 0.9% in
disallowed regions (Figure 4).

Prediction of B and T Cell Epitopes in OmpA
Protein

After determining the OmpA amino acid sequence,
we predicted the protein’s antigenic peptides. Based on
hydrophilicity, antigenicity, flexibility, mobility,
accessibility, polarity, exposed surface, and coils, five
OmpA epitopes were selected using the web-accessible
B cell prediction servers LBtope, SWMTrip, ABCpred,
BepiPred, IEDB, BCPred, BcePred, and CBTOPE.
When selecting epitopes, we excluded the 23-amino
acid N-terminal signal peptide using SignalP 4.1. Top
epitopes were selected based on scores, repeats, and
overview of the consensus from the various Linear B
cell prediction servers with a specific focus on epitopes
that bind to H2 I-A, alleles related to C57BL/6 mice.
We also selected epitopes based on secondary and
tertiary structure analyses (Table 2). Finally, we
considered biochemical properties for the selection of
peptides. Different properties including the theoretical
pl, estimated half-life, instability index, aliphatic index,
and GRAVY were examined (Table 3).

1500
1000
700
500

Figure 1. Agarose gel electrophoresis of outer membrane
protein A (OmpA) PCR products: A. baumannii genomic
DNA was isolated, amplified by PCR using OmpA specific
primers, and electrophoresed on the gel. Lane M:
molecular weight marker (1kb plus), lane (1071 bp)
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Response to Immunization by Peptides

In order to evaluate the antibody response in mice
immunized by designed peptides, the sera collected
were used in ELISA to assess the reactivity of
antibodies produced by immunization against the
peptides. The results demonstrated that serum reacted
with one of the peptides (24-50 amino acids) present in
the ELISA plate is significant (p value<0.05). We also

1 10 20 30 40 50

checked serum of control group without any injections
and serum collected from mice immunized with PBS
(sham) as well as immunized mice with PBS plus
adjuvant (sham), did not react with these peptides. We
investigated the sera of control, PBS (sham), and PBS
plus adjuvant (sham) groups with each peptide
separately (Figure 5).

70 80 90 100 110 120 130
1

AKF11891,1
CDHG3845,1
ATGB2079
CDHG63843,1
AARB3911.1
Consensus

AKF11891.,1
CDHG3845,1
ATGB2079
CDHG3843,1
AARB3911.1
Consensus
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HKLSRIALATHLYARPLARRNAGYTYTPLLLGYTFODSOHHHGGKDGHL THSPEL ODDLFYGRALGIEL TPHLGFEAEYHOYKGDYDGASAGAE YKOKOTHGHF YYTSDLITKNYDSKIKPYVLLGAGHY
HKLSRIALATHLYARPLARRNAGYTYTPLLLGYTFODSOHHHGGKDGHL THSPEL ODDLFYGRALGIEL TPHLGFEAEYHOYKGDYDGASAGAE YKOKOTHGHF YYTSDLITKNYDSKIKPYVLLGAGHY
HKLSRIALATHLYARPLARANAGYTYTPLLLGYTFODSOHNNGGKDGHL THSPEL ODDLFYGAALGIEL TPHLGFEAEYHAYKGDYDGASAGAE YKOKOINGHF YYTSDLITKNYDSKIKPYVLLGAGHY
HKLSRIALATHLYARPLARRNAGYTYTPLLLGYTFODSOHHHGGKDGHL THGPEL ODDLFYGRALGIEL TPHLGFEREYHOYKGDYDGASAGAE YKOKOTHGHF YYTSDLITKNYDSKIKPYVLLGAGHY
HKLSRIALATHLYARPLARRNAGYTYTPLLLGYTFODSOHHHGGKDGHL THsPEL ODDLFYGRALGIEL TPHLGFEAEYHAYKGDYDGASAGAE YKOKOIHGHF YYTSDLITKHYDSKIKPYVLLGAGHY
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KYDFDGYNRGTRGTSEEGTLGHAGYGAFHRLHDALSLRTEARATYHADEEFHHY TALAGLHYYLGGHLKPARPYYEVAPYEPTPYAPOPQEL TEDLHHELRYFFDTHKSHIKDOYKPEIAKYAEKLSEYP
KYDFDGYNRGTRGTSEEGTLGHAGYGAFHRLHDALSLRTEARATYHADEEFHHY TALAGLHYYLGGHLKPARPYYEVAPYEPTPYAPOPQEL TEDLHHELRYFFDTHKSHIKDOYKPEIAKYAEKLSEYP
KYDFDGYNRGTRGTSEEGTLGNAGYGAFHRLNDALSLRTEARATYHADEEFHHY TALAGLHYYLGGHLKPARPYYEVAPYEP TPYAPOPQEL TEDLHHELRYFFDTHKSHIKDOYKPEIAKYAEKLSEYP
KYDFDGYNRGTRGTSEEGTLGHAGYGAFHRLHDALSLRTEARATYHADEEFHHY TALAGLHYYLGGHLKPARPYYEVAPYEPTPYAPOPQEL TEDLHHELRYFFDTHKSHIKDOYKPEIAKYAEKLSEYP
KYDFDGYNRGTRGTSEEGTLGHAGYGAFHRLHDALSLRTEARATYHNADEEFHHY TALAGLHYYLGGHLKPARPYYEVAPYEP TPYAPOPQEL TEDLHHELRYFFDTHKSHIKDOYKPEIAKYAEKLSEYP
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HATARTEGHTDHTGPRKLHERLSLARANSYKSALYHEYNYDASRLSTAGFAHDAP TADNK TKEGRANNRRYFATITGSRTYYYOPGOEARAPARAR

Figure 2. Alignment of multiple outer membrane protein A (OmpA) protein sequences registered in the national center for
biotechnology information (NCBI) database. ATG88079 is our registered protein in NCBI.
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Figure 3. Prediction of outer membrane protein A (OmpA) protein secondary structure using GOR4.
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Table 2. B and T cell epitopes of outer membrane protein A (OmpA) were predicted by various servers based on
physicochemical properties. Overlapped B and T cell epitopes are shown together.

Peptides Sequence Length Position of
Amino acids
Peptide 1 VTVTPLLLGYTFQDSQHNNGGKDGNLT 27 24-50
Peptide 2 YVLLGAGHYKYDFDGVNR 18 122-139
Peptide 3 LRVFFDTNKSNIKDQY 16 230-245
Peptide 4 ADNKTKEGRAMNRRVF 16 317-332
Peptide 5 HLKPAAPVVEVAPVEPTPVAPQPQEL 26 197-222

Table 3. Physical and chemical parameters of outer membrane protein A (OmpA) epitopes include theoretical Isoelectric
point (pls), instability index, estimated half-life, aliphatic indexes, and grand average of hydropathicities (GRAVYSs)

Peptides pl HALF-LIFE Instability index Aliphatic index GRAVY
Peptide 1 5.2 100h 2451 79.2 -0.49
Peptide 2 6.7 2.8h 44.96 81.11 -0.36
Peptide 3 85 5.5h 42.58 66.8 -0.9
Peptide 4 10.9 4.4h 54.67 30.63 -1.49
Peptide 5 4.75 3.5h 92.3 101.15 -0.02
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Figure 4.Ramachandran plot of a predicted good model for outer membrane protein A (OmpA)
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Figure 5. Mice were injected with different peptides (P1, P2, P3, P4, and P5), PBS (sham) and phosphate buffered saline
(PBS) plus adjuvant (sham) separately and euthanized 14 days after the last injection. No statistically significant difference
was observed between sham-injected groups and p2, p3, p4, and p5. Conversely, we observed statistically a significant
difference among immunized mice with p1 and other groups (p<0.05).

DISCUSSION

In the present study, we showed the efficacy of
OmpA antigenic epitopes as part of novel vaccine
design. As reported by Thomas et al * peptides can
stimulate immune responses and make immunization
more efficacious and cost-effective than those that have
been known to date. In addition, our results showed
that the peptides have immunogenicity, as was shown
by Martino et al®® To date, several A. baumannii
antigens have been evaluated as potential vaccine
candidates; however, the protective capabilities of these
antigens have been limited." The first vaccines used
killed or attenuated forms of pathogens to protect the
host against subsequent infections; while these vaccines
contained from tens to a few hundred proteins, only a
few of these proteins induced strong immune
responses. Single proteins also include many antigenic
peptides, but not all of these peptides induce strong
immune responses. Some peptides are antigenic
determinants within larger proteins and can induce
protective immune responses.”® Effective responses
against antigenic peptides should concentrate on
immunogenic regions in order to avoid non-protective
responses, immune evasion, and unwanted side effects.
Therefore, epitope-based vaccines may be effective in

Vol. 18, No. 6, December 2019

the treatment and prevention of infectious diseases.?
Structural vaccinology is a developing field currently
being applied against group B streptococci,?
pathogenic Neisseria species,”® and influenza virus.?®%
In the current study, we used bioinformatics and
computational methods to predict T cell and B cell
epitopes in order to accelerate the process of selection
of antigens that stimulate strong immune responses.
This eliminates the need for the intact protein; thereby
saving time and resources.?® No one to the best of our
knowledge has studied the application of peptides of
OmpA as a vaccine against A. baumannii infections
and we showed peptide 1 (24-50 amino acids) is more
immunity than others. One of the important reasons to
may justify immunity this peptide is biochemical
properties, so that peptide 1 is more stable with a
longer half-life than other peptides. In addition, the
availability of antigen epitopes is also an important
application of structural prediction; hence, we predicted
tertiary structure; which allowed us to select the
epitopes that are exposed to the extracellular milieu and
are available to antibodies. On the other hand, in order
to induce both humoral and cellular immune responses,
it was important to incorporate both T cell and B cell
epitopes because an effective A. baumannii vaccine
should comprise epitopes that trigger both arms of the
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adaptive immune system. Finally, we mention that the
limitation of this study was related to the low number
of mice. We were not able to use parametric tests for
data analysis, as statistical tests normally require a
larger sample size to ensure a representative
distribution of the population. Overall, this study
resulted in the identification of one of OmpA peptides
that could be used in a vaccine protecting against A.
baumanii infection. Moreover, our study could help
circumvent some of the problems associated with
protein expression and purification as well as antibody
cross-reactivity.

Prediction of suitable epitopes in an antigen and the
use of these epitopes as a vaccine could help the
prevention and treatment of various infectious diseases.
We reason that one of the OmpA peptides identified in
this study could provide protection against
A.baumannii nosocomial infections.  Thereby
functioning as a potential vaccine candidate as a result
of their ability to potentially elicit immune responses.
In future studies, we plan to investigate this peptide in
vivo immunization and challenge experiments in order
to investigate passive and active immunization and we
can use this peptide as a diagnostic test for
A.baumannii.

ACKNOWLEDGEMENTS

The authors thank the staff of Cellular and
Molecular Research  Center, Shahid Beheshti
University of Medical Sciences who involved in this
study(Ethical Approval NO. 8223, February 2, 2016).

We thank Nikolas Frederik Ewasechko for final
editing this article in the University of Calgary,
Calgary, Canada.

REFERENCES

1. Tarek A. Ahmad AB, Dina M, Tawfik BC, Salah, et al.
Development  of  immunization  trials  against
Acinetobacter baumannii. Trials in Vaccinology 2016;
5:53-60.

2. Noori E, Rasooli I, Owlia P, Mousavi Gargari SL,
Ebrahimizadeh W. A conserved region from biofilm
associated protein as a biomarker for detection of
Acinetobacter baumannii. Microb Pathog 2014;77:84-8.

3. Lin L, Tan B, Pantapalangkoor P, Ho T, Hujer AM,
Taracila MA, et al. Acinetobacter baumannii rOmpA
vaccine dose alters immune polarization and

662/ Iran J Allergy Asthma Immunol

immunodominant epitopes. Vaccine 2013;31(2):313-8.

4. Luo G, Lin L, Ibrahim AS, Baquir B, Pantapalangkoor P,
Bonomo RA, et al. Active and passive immunization
protects against lethal, extreme drug resistant-
Acinetobacter  baumannii  infection. PLoS ONE
2012;7(1):e29446.

5. Mortensen BL, Skaar EP. Host-microbe interactions that
shape the pathogenesis of Acinetobacter baumannii
infection. Cell Microbiol 2012;14(9):1336-44.

6. Chen W. Current advances and challenges in the
development of Acinetobacter vaccines. Hum Vaccin
Immunother 2015;11(10):2495-500.

7. Tarek A.Ahmad Amrou E. Eweida. Salah A.Sheweita" B-
cell epitope mapping for the design of vaccines and
effective diagnostics". Trials in Vaccinology 2016; 5:71-
83.

8. Farhadi T, Nezafat N, Ghasemi Y, Karimi Z, Hemmati S,
Erfani N. Designing of Complex Multi-epitope Peptide
Vaccine Based on Omps of Klebsiella pneumoniae: An In
Silico Approach. International Journal of Peptide
Researsh and Therapeutics 2015: 21(3):325-41.

9. Nafarieh T, Bandehpour M, Hashemi A, Taheri S, Yardel
V, Jamaati H, et al. Identification of antigens from
nosocomial Acinetobacter baumannii clinical isolates in
sera from ICU staff and infected patients using the
antigenome technique. World J Microbiol Biotechnol
2017;33(10):189.

10. Rahbar MR, Rasooli |, Gargari SLM, Sandstrom G,
Amani J, Fattahian Y, et al. A potential in silico
antibody-antigen based diagnostic test for precise
identification of Acinetobacter baumannii. J Theor Biol
2012;294:29-39.

11. Roy A, Kucukural A, Zhang Y. I-TASSER: a unified
platform for automated protein structure and function
prediction. Nat Protoc 2010;5(4):725-38.

12. Zhang Y. Template-based modeling and free modeling by
I-TASSER in CASP7. Proteins 2007;69(S8):108-17.

13. Laskowski RA, MacArthur MW, Moss DS and Thornton
JM. PROCHECK: a program to check the stereochemical
quality of protein structures. J Appl Cryst 1993; 26:283-
91.

14. Singh H, Ansari HR, Raghava GP. Improved method for
linear B-cell epitope prediction using antigen's primary
sequence. PLoS One 2013; 8(5).

15. Yao B, Zhang L, Liang S, Zhang C. SVMTriP: A Method
to Predict Antigenic Epitopes Using Support Vector
Machine to Integrate Tri-Peptide Similarity and
Propensity. Porollo A, editor. PLoS ONE;7(9):e45152.

16. Saha S, Raghava GPS. Prediction of continuous B-cell

Vol. 18, No. 6, December 2019

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)


https://www.ncbi.nlm.nih.gov/pubmed/?term=A+conserved+region+from+biofilm+associated+protein+as+a+biomarker+for+detection+of+Acinetobacter+baumannii
https://www.ncbi.nlm.nih.gov/pubmed/?term=Host-microbe+interactions+that+shape+the+pathogenesis+of+Acinetobacter+baumannii+infection.+Cellular+microbiology+%5BInternet%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Current+advances+and+challenges+in+the+development+of+Acinetobacter+vaccines.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Current+advances+and+challenges+in+the+development+of+Acinetobacter+vaccines.
https://www.sciencedirect.com/science/article/pii/S1879437816300079#!
https://www.sciencedirect.com/science/article/pii/S1879437816300079#!
https://www.sciencedirect.com/science/article/pii/S1879437816300079#!
https://www.sciencedirect.com/science/journal/18794378
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+of+antigens+from+nosocomial+Acinetobacter+baumannii+clinical+isolates+in+sera+from+ICU+staff+and+infected+patients+using+the+antigenome+technique
https://www.ncbi.nlm.nih.gov/pubmed/?term=potential+in+silico+antibody%E2%80%93antigen+based+diagnostic+test+for+precise+identification+of+Acinetobacter+baumannii.+Journal+of+Theoretical+Biology+%5BInternet%5D.
https://www.ncbi.nlm.nih.gov/pubmed/?term=I-TASSER%3A+a+unified+platform+for+automated+protein+structure+and+function+prediction.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Laskowski,%20R.A.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=MacArthur,%20M.W.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Moss,%20D.S.
https://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Thornton,%20J.M.
https://journals.iucr.org/j/issues/1993/02/00/gl0276/gl0276.pdf
https://journals.iucr.org/j/issues/1993/02/00/gl0276/gl0276.pdf
https://journals.iucr.org/j
https://journals.iucr.org/j/contents/backissues.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23667458
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ansari%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=23667458
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raghava%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=23667458
https://www.ncbi.nlm.nih.gov/pubmed/23667458

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Outer Membrane Protein a Antigenic Peptides

epitopes in an antigen using recurrent neural network.
Proteins 2006;65(1):40-8.

Sudipto Saha, Gajendra PS. Raghava BcePred. Prediction
of Continuous B-Cell Epitopes in Antigenic Sequences
Using Physico-chemical Properties: Artificial Immune
Systems 2004:197-204.

El-manzalawy Y, Dobbs D, Honavar V. Predicting linear
B-cell epitopes using string kernels. J Mol Recognit2008;
21(4):243-55.

Ansari  HR, Raghava GPS. Identification of
conformational B-cell Epitopes in an antigen from its
primary sequence. Immun Res2010;6(1):6.

Nithichanon A, Rinchai D, Gori A, Lassaux P. Sequence-
and Structure-Based Immunoreactive Epitope Discovery
for Burkholderia pseudomallei Flagellin. PLoS Negl Trop
Dis2015; 9(7):e0003917.

Thomas S, Thirumalapura NR, Crocquet-Valdes
PA, Luxon BA, Walker DH. Structure-Based Vaccines
Provide Protection in a Mouse Model of Ehrlichiosis.
PLo0S One2011;6(11):27981.

Gourlay LJ, Peri C, Ferrer-Navarro M, Conchillo-Solé O,
Gori A, Rinchai D, et al. Exploiting the Burkholderia
pseudomallei Acute Phase Antigen BPSL2765 for
Structure-Based Epitope Discovery/Design in Structural
Vaccinology. Chem Biol 2013;20(9):1147-56.

Li W, Joshi MD, Singhania S, Ramsey KH, Murthy AK.
Peptide  Vaccine: Progress  and Challenges.
Vaccines (Basel) 2014; 2(3):515-36.

Hailemichael Y, Overwijk WW. Peptide-based anticancer
vaccines. Oncolmmunology 2013;2(7):e24743.

Croft NP, Purcell AW. Peptidomimetics: modifying
peptides in the pursuit of better vaccines. Expert
Rev Vaccines 2011;10(2):211-26.

Akarsu H, lwatsuki-Horimoto K, Noda T, Kawakami E,
Katsura H, Baudin F, et al. Structure-based design of NS2
mutants for attenuated influenza A virus vaccines. Virus
Res 2011;155(1):240-8.

Wang TT, Tan GS, Hai R, Pica N, Ngai L, Ekiert DC, et
al. Vaccination with a synthetic peptide from the
influenza virus hemagglutinin provides protection against
distinct viral subtypes. Proc Natl Acad Sci U S A
2010;107(44):18979-84.

Nazarian S, Mousavi Gargari SL, Rasooli I, Amani J,
Bagheri S, Alerasool M. An in silico chimeric multi
subunit  vaccine targeting virulence factors of
enterotoxigenic Escherichia coli (ETEC) with its bacterial
inbuilt adjuvant. J Microbiol Methods 2012;90(1):36-45.

Vol. 18, No. 6, December 2019

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)

Iran J Allergy Asthma Immunol, / 663


https://www.semanticscholar.org/author/Sudipto-Saha/2003139
https://www.semanticscholar.org/author/Gajendra-P.-S.-Raghava/144114265
https://link.springer.com/book/10.1007/b100486
https://link.springer.com/book/10.1007/b100486
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-manzalawy+Y%2C+Dobbs+D%2C+Honavar+V.+Predicting+linear+B-cell+epitopes+using+string+kernels.+2008%3B(March)%3A243%E2%80%9355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sequence-+and+Structure-Based+Immunoreactive+Epitope+Discovery+for+Burkholderia+pseudomallei+Flagellin.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sequence-+and+Structure-Based+Immunoreactive+Epitope+Discovery+for+Burkholderia+pseudomallei+Flagellin.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22114733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thirumalapura%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=22114733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crocquet-Valdes%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=22114733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crocquet-Valdes%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=22114733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luxon%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=22114733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=22114733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Structure-Based+Vaccines+Provide+Protection+in+a+Mouse+Model+of+Ehrlichiosis.+2011%3B6(11).
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gourlay+LJ%2C+Peri+C%2C+Ferrer-Navarro+M%2C+Conchillo-Sol%C3%A9+O%2C+Gori+A%2C+Rinchai+D%2C+et+al.+Exploiting+the+Burkholderia+pseudomallei+Acute+Phase+Antigen+BPSL2765+for+Structure-Based+Epitope+Discovery%2FDesign+in+Structural+Vaccinology
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li+W%2C+Joshi+MD%2C+Singhania+S%2C+Ramsey+KH%2C+Murthy+AK.+Peptide+Vaccine%3A+Progress+and+Challenges.+2014%3B515%E2%80%9336
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peptidomimetics%3A+modifying+peptides+in+the+pursuit+of+better+vaccines.+Expert+Review+of+Vaccines+%5BInternet%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peptidomimetics%3A+modifying+peptides+in+the+pursuit+of+better+vaccines.+Expert+Review+of+Vaccines+%5BInternet%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Structure-based+design+of+NS2+mutants+for+attenuated+influenza+A+virus+vaccines.+Virus+Research+%5BInternet%5D.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Structure-based+design+of+NS2+mutants+for+attenuated+influenza+A+virus+vaccines.+Virus+Research+%5BInternet%5D.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaccination+with+a+synthetic+peptide+from+the+influenza+virus+hemagglutinin+provides+protection+against+distinct+viral+subtypes.
https://www.ncbi.nlm.nih.gov/pubmed/?term=An+in+silico+chimeric+multi+subunit+vaccine+targeting+virulence+factors+of+enterotoxigenic+Escherichia+coli+(ETEC)+with+its+bacterial+inbuilt+adjuvant

