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ABSTRACT

Introduction: Acinetobacter baumannii is associated with hospital-acquired infections. Outer membrane protein A of
A.baumannii (AbOmpA) is a well-characterized virulence factor which has important roles in pathogenesis of this
bacterium. Methods: Based on our PCR-sequencing of ompA gene in the clinical isolates, AbOmpA protein can be
categorized into two types, named here type-1 and type-2. We are performed in silico analyses on beta-barrel domain
of AbOmpA such as sequence alignments, prediction of 3D modeling and immunoinformatics. Results: High
prevalence of AbOmpA type-1 were detected both in 21 multidrug-resistant (MDR) A. baumannii isolates collected
from clinical settings (64% of total sequences) and in silico sequences extracted from Uniprot database (49.7% of total
sequences). Multiple sequence alignments and phylogenic tree revealed AbOmpA sequences in comparison with
OmpA of Enterobacteriaceae family were more heterogenic, especially at extracellular loops amino acid positions and
were evolutionary far from this family. Characterization of in silico 3D molecular model of beta-barrel domain of
AbOmpA type-1 showed this domain had four large extracellular loops which resemble to beta-barrel domain of
Klebsiella pneumonia OmpA (KpOmpA). Immunoinformatics analyses showed the four extracellular loops had high
scores as B and T cell antigenic epitopes especially in loop-1 and 3. Geometry analyses revealed extracellular loops
effectively protrude to outer space of the cell. Conclusion: Beta-barrel domain of AbOmpA type-1 has all the
characteristics of a promising vaccine and could be considered as an excellent target for a vaccine against MDR A.
baumannii infection.

KEYWORDS: beta-barrel domain of AbOmpA, Alignment, phylogenic tree, in silico 3D molecular model, epitope
prediction.

INTRODUCTION

Acinetobacter baumannii is a Gram-negative bacterium
associated with hospital-acquired infections. It has become an

OmpA (previously Omp38) of A. baumannii (AbOmpA) is one
the most well-characterized important virulence factors of this

increasingly important human pathogen because of the increase
in the number of infections caused by this organism and the
emergence of multidrug-resistant (MDR) strains [1]. Much is
known about the processes involved in antimicrobial resistance
of A .baumannii, but the pathogenicity and virulence factors of
this organism are beginning to be highlighted in recent years.
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bacterium which has been reported to be associated with
adherence and invasion of eukaryotic cell, biofilm formation,
apoptosis, immune stimulation, outer membrane vesicle
biogenesis, iron metabolism and serum resistance [2]. The
adherence and invasion roles of AbOmpA may contribute to the
dissemination of A. baumannii during the infection. The
bacterial loads in blood of mice models have been reported to
be significantly decreased with isogenic ompA mutant in
comparison to the wild-type strain [3]. The apoptosis events
have been shown in human HEp-2 cells and dendritic cells as
the results of localization and presumed activity in the
mitochondria or DNase activity in the nucleus [4-5]. Moreover
at sub-lethal concentrations, AbOmpA is known to activate
dendritic cells through TLR2, and both MAPK and NF-«xB
pathways which results in stimulation and differentiation of
CD4+ T cells toward a Thl polarizing phenotype through the
activation of dendritic cells [6].
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The molecular structure of beta-barrel domain of AbOmpA has
not yet been characterized experimentally. However, OmpA of
Escherichia coli (EcOmpA) is a well-studied example of this
protein. Both experimental and hypothetical models have
shown that EcCOmpA protein could be divided into four parts in
this order: a signal peptide sequence, an N-terminal beta-barrel
domain with 8 beta stranded structure with four extracellular
loops, a hinge region and finally a C-terminal OmpA-like
domain which has a high proportion of alpha-helix interacting
with the peptidoglycan layers. EcOmpA roles include
functioning as an adhesion and invasin, participating in biofilm
formation, acting as an immune target and serving as a receptor
for several bacteriophages[7]. Many of these properties are due
to four long loops of its beta-barrel domain that emanate from
the protein to the outside of the cell [8]. Moreover, the solution
state NMR structure of beta-barrel domain of Klebsiella
pneumonia OmpA (KpOmpA) has shown this domain to have
significantly larger extracellular loops in comparison with its E.
coli homologue [9].

Ideally, a promising vaccine candidate protein should be
conserved and have important roles in pathogenesis of the
microorganism with high prevalence among all disease-causing
strains of that pathogenic species. Moreover, it should be
exposed to the extracellular spaces so that could be effectively
presented to the immune system. In addition, it should have one
or more epitopes which could elicit a protective immune
response in the relevant animal models [10]. In our previous
work, we detected ompA gene in all clinical isolates and its
expression in each isolate was confirmed by Western blotting
[11]. Our goal in this project was to asses AbOmpA as a
vaccine candidate against MDR A. baumannii infection.

MATERIALS and METHODS

PCR, sequencing and typing of AbOmpA

Twenty one MDR clinical isolates of A. baumannii were
collected from three hospitals which had been recovered from
blood, throat and urine samples. The disk diffusion method was
used to determine the susceptibility of isolates to imipenem,
ciprofloxacin, and gentamicin (MAST Laboratories Ltd.,
Merseyside, UK). Clinical isolates that were absolutely resistant
to these antibiotics were considered as MDR A. baumannii.
Genomic DNA of every isolate was extracted by Invitek DNA
extraction kit (STRATEC Biomedical AG, Birkenfeld,
Germany). Polymerase chain reaction (PCR) assays were
performed by PCR Master Mix Red (Ampligon, Herlev,
Denmark). The forward primer (ompF) was 5'-
ATGAAATTGAGTCGTATTGC-3' and the reverse primer
(ompR) was 5-TTATTGAGCTGCTGCAGGAG-3'. PCR
program was done as follows: Initial denaturation (95° C) 10
min, denaturation step (95° C) 30 s, annealing step (58° C) 30 s,
extension step (72° C) 1 min. The PCR cycle was repeated 30
times in thermocycler (Mastercycler EP Gradient, Eppendorf).
DNA pieces with ~1050 bp molecular weight were extracted
from agarose gel by GeneJETGel Extraction Kit (Fermentas,
Burlington, ON, Canada) and were sequenced by ABI 3730XLs
automatic sequencer at Macrogen Inc. (Seoul, Korea).
AbOmpA nucleotide sequences of 21 MDR clinical isolates
were translated to amino acid sequences, based on bacterial
codon usage. Sequences were compared with GenBank
database and then were classified based on sequence diversity.
Multiple sequence alignments and phylogenic tree
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All full-length OmpA amino acid sequences were collected
from Uniprot database; a freely accessible resource for protein
sequences and functional information [12]. Data were saved in
FASTA format. The redundancies of sequences were excluded.
Multiple sequence alignments were done by ClustalX [13].The
phylogenic tree was depicted by MEGA v. 6.0 [14]. Phylogram
was constructed based on Neighbor-Joining method. The amino
acid substitution model was p-distance. The reliability of tree
was tested by bootstrap method (500 units). The gamma actin-1
(human protein) was used as a control gene for checking the
method’s correctness.

In silico molecular 3D modeling of beta-barrel domain
AbOmpA of A. baumannii strain AB-64 was selected as a
candidate for characterization of 3D modeling (NCBI protein
accession number: AKF11891). Domain prediction revealed
AbOmpA had two independent domains, named beta-barrel
domain at N-terminal and OmpA-like domain at C-terminal of
this protein. The C-terminal OmpA-like domain had been
previously characterized under accession numbers 4G4V,
4G4W and 4G4X in Protein Data Bank. Therefore, this study
focused on N-terminal beta-barrel domain of AbOmpA. The 3D
structure modeling was performed on beta-barrel domain of
AbOmpA (from Gly23 to Lys194). Prediction of 3D modeling
was done by five web servers, namely LOMETS, I-TASSER,
Psipred, Phyre2, and 3D-JIGSAW. All output models were
qualitatively estimated by QMEAN (a composite scoring
function which is able to derive both global (i.e. for the entire
structure) and local (i.e. per residue) error estimates on the basis
of one single model [15]), PROSESS (a web server designed to
evaluate and validate protein structure solved by either X-ray
crystallography or NMR spectroscopy [16]) and NQ-Flipper (a
web server that recognizes unfavorable rotamers of Asn and
GIn residues in protein structures [17]). Furthermore, the
Ramachandran plots were also depicted for each model by
Rampage [18]. The Ramachandran plot displays the main chain
conformation angles (Phi and Psi) of the polypeptide chain of a
protein molecule. One predicted model with the highest score
was selected as the structural model of beta-barrel domain of
AbOmpA and then energy minimization refinements were
performed at Modrefiner online tool (a high-resolution protein
structure refinement web server[19]). The refined model was
validated by PorSA web server (an interactive web service for
the recognition of errors in three-dimensional structures of
proteins[20]). Geometric analysis of the 3D model was done in
3D-SURFER 2.0 (a web-based tool for real-time protein surface
comparison and analysis[21]).The URL of the servers which
were used in this study are listed in Table 1.

Linear and conformational epitopes prediction

Linear B cell epitopes of the beta-barrel domain were predicted
by BepiPred [22]. Conformational B cell epitopes were
characterized by five independent prediction web servers as
BEpro (a hidden Markov model based server for discontinuous
B-cell epitope prediction [22]), EPCES (prediction tool of
antigenic epitopes on protein surfaces by consensus scoring
[23]), EPSVR (an antigenic epitopes prediction tool with
support vector regression [24]), Discotope (a server that
predicts discontinuous B cell epitopes from protein 3D
structures by calculation of surface accessibility and a novel
epitope propensity amino acid score [25]) and Ellipro (a
structure-based tool for the prediction of antibody epitopes
[26]). Prediction of MHC-I and MHC-II binding sites were
done by IEDB analysis resource[27-28].The URL of the servers
which were used in this study are listed in Table 1.
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Table 1. All web servers which were used in this study
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http://www.ncbi.nlm.nih.gov/genbank/ Genetic sequence database [35]
http://www.uniprot.org/ Resource of protein sequences [12]
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi Conserved domain database [36]
http://www.rcsb.org/pdb/home/home.do A resource of 3D structure of proteins [37]
http://zhanglab.ccmb.med.umich.edu/LOMETS/ Local Meta-Threading Servers [38]
http://zhanglab.ccmb.med.umich.edu/I-TASSER/ Tertiary structure predictor based on multiple threading alignments [39]
http://bioinf.cs.ucl.ac.uk/psipred/ Modeling based on fold recognition [40]
http://www.sbg.bio.ic.ac.uk/phyre2/ Tertiary structure predictor based on homology modeling [41]
http://fbmm.cancerresearchuk.org/~3djigsaw/ Tertiary structure predictor based on homology modeling [42]
http://swissmodel.expasy.org/gmean/cgi/index.cgi?page | A comprehensive scoring function for model quality assessment [15]
http://www.prosess.ca/ A web server designed to evaluate and validate protein structures [16]
https://flipper.services.came.sbg.ac.at/ Predictor of unfavorable rotamers of Asn and GIn residues in protein structures [17]
http://mordred.bioc.cam.ac.uk/~rapper/rampage.php Ramachandran Plot generator [18]
http://zhanglab.ccmb.med.umich.edu/ModRefiner/ high-resolution protein structure refinement web server [19]
http://ekhidna.biocenter.helsinki.fi/dali_server Structural alignment tool [43]
http://kiharalab.org/3d-surfer/submit.php Protein geometry analyzer [21]
http://tools.immuneepitope.org/bcell/ Linear B cell epitopes predictor [44]
http://pepito.proteomics.ics.uci.edu/ predictor of conformationl B-cell epitopes [45]
http://sysbio.unl.edu/EPCES/ Predictor of conformational antigenic epitopes on protein surfaces [23]
http://sysbio.unl.edu/EPSVR/ Predictor of conformational antigenic epitopes with support vector regression [24]
http://www.chs.dtu.dk/services/DiscoTope/ Predictor of conformational antigenic epitopes with calculation of surface accessibility | [25]
http://tools.immuneepitope.org/tools/ElliPro/iedb_input | Structure-based tool for the prediction of antibody epitopes [26]
http://tools.immuneepitope.org/mhci/ Predictor of MHC-I peptide binding sites [27]
http://tools.immuneepitope.org/mhcii/ Predictor of MHC-II peptide binding sites [28]
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RESULTS

Experimental sequence typing.

Analysis of 21 AbOmpA DNA sequences following translation
to amino acids showed that all AbOmpA could be categorized
into two types, named type-1 (64% of total sequences) and
type-2 (33% of total sequences). Pairwise local alignments
revealed that both types had 94% sequence identity to each
other and the variation regions (6%) were exactly located on
extracellular loops of the beta-barrel domains. The information
of 21 MDR clinical isolates and AbOmpA typing are
summarized in Table 2. DNA Sequences of type-1 and type-2
were deposited in GenBank database under accession numbers
KP271243 and KP271242, respectively.

Table 2. The information of 21 MDR clinical isolates and typing of
AbOmpA based on sequence diversity. Analysis of 21 AbOmpA genes
showed all sequences could be categorized in two types named type-1 (14
of 21 sequences) and type-2 (7 of 21 sequences). DNA Sequences of type-1
and type-2 were deposited in GenBank database under accession numbers
KP271243 and KP271242, respectively.

Isolate Hospital Isolation source AbOmpA Type
1 B Blood 2
2 C Throat 1
3 C Urine 2
4 C Blood 1
5 C Blood 2
6 A Blood 2
7 B Throat 1
8 C Blood 2
9 C Sputum 2
10 C Blood 1
11 C Blood 1
12 C Throat 1
13 C Throat 1
14 C Throat 1
15 C Blood 1
16 C Blood 1
17 C Wound 1
18 Cc Blood 1
19 C Blood 1

20 Cc Throat 2
21 C Blood 1

Alignment of in silico sequences and phylogenic tree.

Fifty four full length sequences of AbOmpA protein (non-
redundant sequences) were extracted from Uniprot database.
The signal peptide and C-terminal, OmpA like domain of
AbOmpA sequences were removed and then redundant
sequences were excluded. Multiple sequence alignment of the
37 non-redundant beta-barrel domains revealed clear diversity
regions, corresponding to four segments, as shown in Fig. 1.
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The phylogram includes non-redundant sequences of OmpA
(redundancy sequence cut-off > 99%). This tree which
represents AbOmpA has more heterogeneity and is
evolutionarily far from Enterobacteriaceae family (Fig. 2).

3D Modeling, evaluation and validation.

Ten models were collected from LOMETS web server. The
quality values of the models were computed by QMEAN,
PROSESS and NQ-Flipper. The Summarized information of ten
models which had been evaluated by QMEAN, PROSSES, NQ-
Flipper and Ramachandran online tools are deposited in Table
3. The LOMETS-3 model which had the best score was
considered as the beta-barrel model of AbOmpA protein and
was refined by Modrefiner tool. This model represents 8
transmembrane beta strands, 4 extracellular large loops (L1, L2,
L3, and L4) and short periplasmic turns (Fig.3A). The L1, L2,
L3 and L4 include 21, 19, 15 and 15 residues, respectively. The
Ramachandran plot of the refined model estimated the number
of residues in the favored region to be 168 (98.8%), the number
of residues in allowed region to be 2 (1.2%) and the number of
residues in the outlier region to be 0 (0%), as shown in Fig. 3B.
The refined model was validated by PorSA web server. The Z-
score of the model was in acceptable range (-2.66) as
represented in Fig. 3C.

Geometry characterization.

Protrusion analysis of the beta-barrel domain showed three
major exposed volumes as first largest protrusion (red volume,
surface area = 1933.89 and volume = 5987.911) including
Gly43, Gly44, Lys45, Asp46, Gly47, Asnd8, Thr50, Asn51,
Ser52, Glu54, Lys55, Aspl35, Argl39, Thrl4l, Argl42,
Thrl44 and Glul46 residues, located in L1 and L3, second
largest protrusion (green volume, surface area = 854.060 and
volume = 1710.544 ) including Asp87, Gly88, Ala89, Ser90,
Ala9l, Tyr95, Lys96, GIn97, Lys98 and Ile100 residues located
in L2 and third largest protrusion (blue volume, surface area =
572.676 and volume = 794.127) including Argl72, Thyl75,
Asnl76 and Glul80 residues, located in L4 (Fig 3D).
Protrusion analysis confirmed that the extracellular loops had
excellent characteristics which could be effectively presented to
the immune system.

Epitopes prediction of beta-barrel domain

Linear and conformational B cell epitopes prediction.
Analysis of linear B cell epitopes revealed that the regions of
the extracellular loops had high scores as B cell epitopes (Fig.
4). The summarized prediction of the conformational epitopes
by five independent online tools showed that four regions
approximately corresponding to the four extracellular loops
(Table 4).

MHC-I and MHC-I1 binding sites prediction.

In this section, MHC- binding sites of inbred mice alleles which
are commonly used as A. baumannii infection models (such as
BALB/c and C57BL/6) were predicted. Analysis of the beta-
barrel sequence showed that amino acids which were located on
extracellular loops had great potential as MHC-binding sites
where L1 and L3 had especially more MHC-binding sites.
MHC-I and MHC-I1I binding sites of the beta-barrel domain are
represented in Fig 5A and 5B, respectively.
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Fig. 1. Multiple sequence alignments of beta-barrel domain of AbOmpA proteins (according to NCBI protein accession number AKF11891, beta-barrel domain includes Gly23 to Lys194) which have been extracted
from Uniprot database. In this figure, there are 37 non-redundant diversity patterns. Alignments exhibited that the sequences have diversity segments corresponding to four extracellular loops as marked by the black
rectangles.
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Fig. 2. The circular Neighbor-Joining phylogram of full length OmpA from A.baumannii and Enterobacteriaceae family (redundancy sequence cut-off > 99%).

The phylogarm were depicted by NJ method, p-distance substitution model and bootstrap test of 500 times.

Table 3. Summarized information of ten top models which were evaluated by QMEAN, PROSSES, NQ-Flipper and Ramachandran online tools. The LOMET-3
model with the highest scores was selected as a model of beta-barrel domain.

0.392 (Z-score: -3.77) 94.7%

0.382 (Z-score: -3.87) 35 20% 92.4% 4.7% 2.9%
0.358 (Z-score: -4.12) 35 50% 91.8% 5.9% 2.4%
0.357 (Z-score: -4.13) 45 30% 94.7% 2.9% 2.4%
0.354 (Z-score: -4.16) 45 40% 93.5% 4.7% 1.8%
0.324 (Z-score: -4.46) 25 5% 80.6% 15.9% 3.5%
0.324 (Z-score: -4.46) 35 25% 94.7% 4.1% 1.2%
0.317 (Z-score: -4.54) 35 15% 72.4% 24.1% 3.5%
0.308 (Z-score: -4.62) 35 30% 95.3% 3.5% 1.2%
0.307 (Z-score: -4.64) 35 30% 91.8% 5.9% 2.4%
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Fig. 3. (A) The refined model of the beta-barrel domain of AbOmpA protein (according to NCBI protein accession number AKF11891, beta-barrel domain
encompasses residues Gly23 to Lys194). The refined model has 8 transmembrane beta strands, 4 extracellular large loops (L1, L2, L3, and L4) and short
priplasmic turns (B) The Ramachandran plot of the refine model. (C) Validation of the refined model was done by PorSA web server with -2.66 Z-score. (D)
Protrusion analysis showed three major exposed volumes as 1st largest protrusion (red volume located in L1 and L3), 2nd largest protrusion (green volume located
in L2) and 3rd largest protrusion (blue volume located in L4).
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Fig. 4. Prediction of linear B cell epitopes in 16 non-redundant beta-barrel sequence patterns (redundancy cut-off was 98%). This graph (with window size 10)
shows the four highest peaks that located upon the threshold line (red line). Analysis showed these peaks exactly correspond to four extracellular loops L1, L2, L3
and L4, respectively (from left to right). Based on the sequence diversity of the extracellular loops, the epitope scores rise or fall in the graph.
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Table 4. The summarized prediction of the conformational epitopes by five independent online tools (probably cut-off >70%). These tools predicted four regions
based on residue position number of AbOmpA in the full length protein. In every row of the table, the ranges of the amino acid residues overlap each other. Sixth

column shows the regions of four extracellular loops (L1, L2, L3 and L4).

_ Loop amino acid
BEpro | EPCES | EPSVR | DiscoTore | Ellipro -
positions in beta-barrel
39-59 42-54 38-58 36-59 40-55 L1: 37-57
83-101 89-97 79-104 81-103 86-99 L2: 85-103
131-149 | 133-148 | 129-148 130-151 134-146 L3: 132-146
175-183 | 176-183 | 174-183 173-184 177-181 L4:172-186

A) MHC- | binding Sites

H2-Db  GVTVTPLLLGYTFDSQHNNGGKDGNLTNSPELQDDLFVGAALGIELTPWLGFEAEYNQVKQDVDGASAGAEYKQKQING!

H2Dd  GVTVTPLLLGYTFDSQHNNGGKDGNLTNSPELQDPLFVGAALGIELTPWLGFEAEYNQVKADVDGASAGAEYKQKQINGN

FYVTSDLITKNYDSKIKPYVLLGAGHYKYDFDGVNRGTRGT SEEGTLGNAGY GAFWRLNDALSLRTEARATYNADEEFWNY TALAGLNVVL

FYVTSDLITKNYDSKIKPY VLLGAGHYHYDFDGVNR GTRGT SEEGTLGNAGV GAFWRLNDALSLRTEARATYNADEEFWNY TALAGLNVVL

H2Kb  GVTVTPLLLGYTFCDSQHNNGGKDGNLTNSPELQDPLFVGAALGIELTPWLGFEAEYNQVKADVDGASAGAEYKQKQINGNFYVTSDLITKNYDSKIKPYVLLGAGH YKYDFDGVNRGTR GTSEEGTLGNAGVGAFWRLNDALSLRTEARATYNADEEFWNY TALAGLNVVL

H2-Kd  GVTVTPLLLGYTFYDSQHNNGGKDGNLTNSPELADDLFVGAALGIELTPWLGFEAEYNQVKGDVDGASAGAEYKQKQINGNE YV TSDLITKNYDSKIKPYVLLGAGHYKYDFDGVNR GTRGT SEEGTLGNAGY GAFWRLNDALSLRTEARATYNADEEFWNY TALAGLIVVL

H2Ld  GVTVTPLLLGYTFQDSQHNNGGKDGNLTNSPELQDDLFVGAALGIELTPWLGFEAEYNQUKADVDGASAGAEYKQKQINGNF YVTSDLITKNYDSKIKPYVLLGAGHYKYDFDGVNRGTRGTSEEGTLGNAGVGAFWRLNDALSLRTEARATYNADEEFWNY TALAGLNVVL

B) MHC- Il binding sites

H24Ab GVTVTPLLLGYTFRDSQHNNGGKDGNLTNSPELQODLFVGAALGIELTPWLGFEAEYNQVKGDVDGASAGAEYKQKQINGN|

H24Ad GVTVTPLLLGYTFHQDSQHNNGGKDGNLTNSPELQODLFVGAALGIELTPWLGFEAEYNQVKQDVDGASAGAEYKQKQINGN

H24Ed GVTVTPLLLGYTFRDSQHNNGGKDGNLTNSPELQOPLFVGAALGIELTPWLGFEAEYNQVKGDVDGASAGAEYKQKQINGN

FYVTSDLITKNYDSKIKPYVLLGAGHY}

FYVTSDLITKNYDSKIKPYVLLGAGHYKYDFDGVNRGTRGTSEEGTLGNAGVGAFWRLNDALSLRTEARATYNADEEFWNY TA{AGLNVVL

FYVTSDLITKNYDSKIKPYVLLGAGHYHYDFDGVNRGTRGTSEEGTLGNAGVGAFWRLNDALSLRTEARATYNADEEFWNY TA{AGLNVVL

DFDGVNRGTRGTSH

d

EGTLGNAGVGAFWRLNDALSLRTEARATYNADEEFWNY TALAGLNVVL

Fig. 5. Prediction of MHC-I (A) and MHC-II (B) binding sites of the beta-barrel domain based on BALB/c and C57BL/6 mice MHC alleles.The red amino acids
are the start position of MHC-binding sites. Data show that MHC-I (8mer, probably cut-off > 90%) and MHC-II (15mer, probably cut-off >90%) binding sites are
significantly located on four extracellular loops of the beta-barrel domain. The rectangles represent boundaries of the extracellular L1, 2, 3, and 4, respectively

(from left to right).
DISCUSSION

Multi-drug resistance of A. baumannii is a worldwide problem
[1, 29]. The easy acquisition of resistance to antimicrobial
agents by this organism leads to the failure of the therapeutic
regiments[30]. Therefore, it is important to develop new
approaches in order to prevent or treat the infections caused by
the MDR strains. In this regard, immunological strategies such
as active and passive immunization approaches could be
considered as new vital options. Several studies have evaluated
various vaccine candidates against A. baumannii infection[31].
Recently, AbOmpA has been considered as a potent vaccine
candidate for protection against A.baumannii infections in
diabetic mice models [32]. The results of our study showed that
outer membrane protein A is widespread among the pathogenic
members of Enterobacteriaceae and non-Enterobacteriaceae
families such as A. baumannii. Although OmpA is highly
conserved, the amino acid differences occur in the extracellular
loops. It would be tempting to speculate that these changes may
contribute to the invasiveness of the clinical isolates. Multiple
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sequence alignments of OmpA proteins revealed that ompA of
Enterobacteriaceae family were more conserved (especially
ompA of E.coli) in comparison with AbOmpA. It appears that
AbOmpA plays important pathogenic roles in the clinical
isolates of A. baumannii and selective immune pressures make
the bacteria to change the amino acid compositions of their
extracellular loops; however in case of Enterobacteriaceae,
there are many other important virulence factors and such
selective pressures on OmpA protein may not exist. The
prevalence of type-1 and type-2 in silico AbOmpA sequences
were 49.7% (333 from 670) and 14.1% (95 from 670),
respectively. Moreover, the frequencies of experimental data
showed that 64% of the MDR isolates had type-1 (14 from 21)
and 33% had type-2 (7 from 21) sequences. Therefore, the high
prevalence of AbOmpA type-1 in the clinical isolates of A.
baumannii may be due to its requirement for the bacterium to
play its successful pathogenic roles.

Our In silico analyses of AbOmpA type-1 showed this protein
forms two independent structural domains, namely the N-
terminal domain which forms an 8 strand beta barrel channel
located in the outer membrane of the bacterium with four loops
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exposed to the extracellular spaces and the C-terminal domain
which forms a highly soluble and stable globular domain. The
latter domain has been shown to interact with the penta-peptide
portion of the peptidoglycan layer in periplasmic space [33].
Moreover, a flexible linker, consisted of a 27-residue proline-
rich hinge region connects the two independent domains.
Homology modeling, structural alignments and phylogenic
trees showed that the beta-barrel domain of A. baumannii
resembles to KpOmpA and has larger loops in comparison with
EcOmpA (data not shown). It seems that the extracellular loops
are functional regions of AbOmpA that could be associated
with adherence and invasion of the eukaryotic cells, biofilm
formation, immune stimulation and serum resistance.
Furthermore, the amino acids variations in the extracellular
loops could have influence on the invasiveness of the bacterium
that should be studied among the clinical isolates in the future.
Geometry analysis showed that the extracellular L1, L3, L2 and
L4 were in turn highly exposed as protrusion regions in the
beta-barrel domain of AbOmpA. This information coincided
with the selective immune pressure hypothesis. Multiple
sequence alignments of the beta-barrel domain showed that the
position of L1, L3, and L2 had more amino acid changes;
however, L4 was more conserved in comparison with the other
loops. Interestingly, many more MHC-I and MHC-I1I binding
sites were detected in L1 and L3 in comparison with L2 or L4.
Moreover, the extracellular loops of beta-barrel domain in
linear and conformational aspects had high scores as B cell
epitopes. Our analysis revealed that OmpA-like domain is
widespread among other proteins of the Gram-negative bacteria
(data not shown). It appears that OmpA-like domain links the
outer membrane to the peptidoglycan layer and is essential for
the integrity of the cell. Previous quantitative and qualitative
approaches have shown that outer membrane vesicles (OMVs)
production is significantly increased in the AAbOmpA mutant
compared to the wild-type bacteria [34]. This data confirms that
OmpA-like domain of AbOmpA plays an important role in the
integrity of the outer membrane which may give rise to a
controlled shedding of OMV from the surface of the bacteria.
Taken together, the results showed that AbOmpA is a totally
conserved protein while it has critical roles in pathogenesis of
A. baumannii. Hypothetical model of beta-barrel domain which
is folded in the bacterium’s outer membrane as well as the
geometric characterizations showed that the major parts of the
four loops are exposed to the extracellular space and could be
effectively presented to the immune system. Moreover, the
epitope prediction results of B and T cells suggest that the
extracellular loops of the beta-barrel domain had excellent
characteristics as immunogenic epitopes which could provoke
both the humoral and the cellular immunity. We envisage that
the extracellular loops could be used as a platform for
delivering short immunogenic epitopes of other pathogenic
microorganisms as vaccine targets. Based on our results, we
suggest that AbOmpA type-1 could be considered as a
promising vaccine target due to its high prevalence in the
clinical isolates and its immunogenic characteristics.
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