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Abstract: Acinetobacter baumannii 13 a gram-negative bacterium that causes serious infections in
compromised patients. This pathogen grows under a wide range of conditions including iron-limiting
conditions. Multidiug resistant Acinetobacter baumannii 18 recognized to be among the most difficult
antimicrobial-resistant gram negative bacilli to control and treat. One of the major challenges that the
pathogenic bacteria face mn their host 1s the scarcity of freely available iron. To survive m such conditions,
bacteria express new proteins in their outer membrane and also secrete iron chelators called siderophores. In
the case of human hosts, the free iron availability is 107° M which is far less than what is needed for the
swvival of the invading bacterial pathogen. To survive in such conditions, Acinetobacter bawmannii expresses
thue in its outer membrane. Evidence suggests that thue won uptake protem 1s a useful antigen for inclusion
n an effective vaccine, hence the identification of its structure 1s very important.

Key words: Acinetobacter baumannii, thuE, 3D structure, uptake protein, bacteriostatic

INTRODUCTION

Acinetobacter  baumanwii is a gram-negative
opportunistic pathogen that causes nosocomial infections
such as pneumomnia, urmary tract infection, bacteremia,
memngitis and wound mfection (Eliopoulos ef af., 2008).
The bacteria cause illness mostly in patients hospitalized
in an Intensive Care Unit (ICU) or with a compromised
mnmune system (Peleg ef af., 2008). Additionally this
bacterium is emerging as multi-or pandrug-resistant which
makes treatment much more difficult (Dykshoom et al.,
2007, Valencia et al., 2009, Aydin et al., 2013). Thus, the
rate of mortality 1s relatively high and alternative
therapeutic targets seem to be necessary to combat the
bacterium (Gaddy et al.,, 2012).

Tron is an essential micronutrient for all living
organisms. All aerobic and anaerobic bacteria, except for
Lactobacillus and the causative agent of Lyme disease,
need iron for swvival (Andrews et al, 2003). Tron,
functioning as a cofactor, has a significant role in the
key metabolic processes and pathogenesis of bacteria
(Ratledge and Dover, 2000). In mammals, free iron binds to
carrier proteins such as lactoferrin and transferrin (Skaar,
2010) and thus the iron needed for bacterial pathogenesis
15 restricted. This is considered to be a protective
mechamsm against bacterial pathogenesis (Ganz, 2009).
Bacteria have developed alternative mechanisms for iron
uptake to overcome this limitation. One of the most

important mechamsms 15 synthesis and secretion of
siderophores. Siderophores have a low molecular
weight and a high affinity to Fe (IIT) (Ong et al., 2006;
Sandrini et ad., 2010; Krewulak and Vogel 2008).

Consequently, Iron-Regulated Outer Membrane
Proteins (IROMPs) are expressed on the bactenial surface
to uptake the ferricsiderophore complex (Santander et al.,
2012). For A. bauwmanwnii, iron uptake is one of the
processes known to play a key role in infection and
establishment i the host (Vallenet et al., 2008).
Acinetobactin, a catecholate 1derophore composed
of equmolar quantities of 2,3-dihydroxybenzoic acid,
L-threomine and N-hydroxy histamine, 1s secreted for wron
chelating in 4. bawnannii (Mihara et al, 2004,
Zimbler et al., 2009).

Fhue is one of the most important outer membrane
protein  in  pathogenic species and
especially Acinetobacter baumannii, belonging to the
Ton B-dependent transporter protein family and it is
expressed under won-limited conditions (Zimbler ef af.,
2013). New genome analysis
biomformatics and immunomformatics approaches help us
select suitable antigens or epitopes diectly from the
genomes of pathogens in order to design a vaccine.
These tools could be employed for epitope selection and
vaccine design. Moreover, prediction of protein
structures is one of their wide applications (Kafee and
Sefid; Payandeh et al, 2015; Sefid et al, 2016,

Acinetobacter

tools based on
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Dehghani and Sefid, 2016; Darbandian and Sefid, 2017,
Sefid et al, 2013; Sefid et al, 2015; Sefid et al., 2016,
Kafee and Sefid, 2016; Masoumi and Sefid, 2016).
Evidence suggests that Fhue protein is a useful antigen
for inclusion in an effective vaccine, hence the
identification of its structure is very important. The
present study was designed to m silico resolving the
major obstacles m the control or m prevention of the
baumannii  disease. We  exploited
bioinformatic to better understanding and
characterizing the fhue structure.

Acinetobacter
tools

MATERIALS AND METHODS

Sequence availability and homology search: The fhuE
protein sequence with accession KMV27515.1 and GI
885078824 acquired from NCBI athttp: //www nebi nlm.nih.
gov/protein was saved in FASTA format for further
analyses. The sequences served as a query for protein
BLAST at http://blast.ncbinlm nih.gov/Blast.cgi against
non redundant protein database. Probable putative
conserved domains of the query protein were also
searched for at the above address.

Primary sequence analysis: Protparam online software at
http:/fexpasy.org/tools/protparam html was employed for
estimation and determination of properties such as
molecular weight, theoretical pl, amino acid composition,
total number of negatively and positively charged
residues, instability index and aliphatic index.

3d structure prediction: The SWISS-MODEL workspace
at  http//swissmodel.expasy.org/ 18 a web-based
integrated service dedicated to protein structure
homology modelling. Tt assists and guides the user in
building protein homology models at different levels of
complexity. Building a homology model comprises four
main steps: identification of structural template(s),
alignment of target sequence and template structure(s),
model building and model quality evaluation. These steps
can be repeated until a satisfying modelling result is
achieved. Hach of the four steps requires specialized
software and access to up-to-date protein sequence and
structure databases.

Ligand binding site predictions: Cofactor at
http://zhanglab.cemb.med umich.edw/COFACTOR/is  a
structure-based method for biclogical function annotation
of protein molecules. Important amino acid invelved in
ligand binding site 1s predicted by this server.

Pocket detection: Dog site scorer at http://dogsite.zbh.
uni-hamburg.de/is an automated pocket detection and

analysis tool which can be used for protein drugability
assessment. Predictions with Do G site scorer are based
on calculated size, shape and chemical features of
automatically predicted pockets, incor thu eted mto a
support vector machine for druggability estimation.

Identification of functionally and structurallyimportant
residues: Inter pro surf at http: /curie utmb.edu/pattest 9.
html predicting functional sites on protein surface using
patch analysis was employed. Fhu E 3D structure, served
as an input file for this server.

RESULTS AND DISCUSSION

Sequence availability and homology search: The protein
sequence with 718 residues obtained from NCBI and
saved in FASTA format Protein sequence serving as
query for BLAST produced a set of sequences as the
highest similar sequence.

BLAST search revealed mnumerous hits to
the FhuE subumt sequence. All hits were of
Acinetobacter baumannii. Putative conserved

domains were detected within this sequence and are
shown 1 Fig. 1. TonB dependent/ligand-gated
channels are created by a monomeric 22 strand (22, 24)
anti-parallel beta-barrel. Ligands apparently bind to the
large extracellular loops. The N-terminal 150-200 residues
form a plug from the periplasmic end of barrel. Energy
{(proton-motive force) and tonB-dependent conformational
alteration of channel (parts of plug and Loops 7 and &)
allow passage of ligand. FepA residues 12-18 form the
tonB box which mediates the interaction with the ton
B-containing  imer membrane complex. TonB
preferentially interacts with ligand-bound receptors.
Transport thru the chammel may resemble passage thru an
air lock. In this model, ligand binding leads to closure of
the extracellular end of pore Then, a TonB-mediated
signal facillitates opening of the interior side of pore
deforming the N-terminal plug and allowing passage of
the ligand to the periplasm. Such a mechanism would
prevent the free diffusion of small molecules thru the
pore. TonB-dependent siderophore receptor  This
subfamily model encompasses a wide variety of ton
B-dependent outer membrane siderophore receptors. It
has no overlap with tonB receptors known to transport
other substances but is likely incomplete due to lack of
characterizations.

Primary sequence analysis: The protein sequence served
as mput for the computation of various physical and
chemical parameters. The computed parameters included
the molecular weight, theoretical pl, instability index,
aliphatic index and grand average of hydropathicity
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Fig. 1: Putative conserved domains have been detected

(indicates the solubility of the proteins: positive GRAVY
(hydrophobic), negative GRAVY (hydrophilic)) are
summarized:

*  Number of ammo acids = 718
*  Molecular weight = 79586.3
¢ Theoretical pI = 5.13

Amino acid composition:

o Ala(A)(57)=7.9%; Leu (L) (55) = 7.7%
»  Arg (R)(24) = 3.3%; Lys (K) (39) = 5.4%
* Asn (N)(52) = 7.2%; Met (M) (10) = 1.4%
«  Asp (D) (40) = 5.6%; Phe (F) (26) = 3.6%
¢ Cys(C)(0)=0.0%; Pro (P) (25)=3.5%

¢ GIn(Q)(35)=4.9%; Ser (3) (58)=8.1%
»  Glu(E) (39) = 5.4%; Thr (T) (57) = 7.9%
+  Qly(G)(58)=81%, Trp (W) (14) =1.9%
»  His (H)(7)=1.0%; Tyr (Y)(42) = 5.8%

o Ile (1) (320 = 4.5%,; Val (V) (48) = 6.7%

Total mumber of negatively charged residues
(AsptGlu) = 79; total number of positively charged
residues (Arg+Lys) = 63

Atomic composition:

¢ Carbon (C)=3550
+  Hydrogen (H) = 5426
¢ Nitrogen (N) =944

*  Oxygen(0)=1121

¢«  Sulfur(S)=10

Formula:
C3SSUH5426N944O IIZISIU

Total mumber of atoms = 11051.

Extinction coefficients: Extinction coefficients are m units
of M™' em™, at 280 nm measured in water; ext. coefficient
139580, abs 0.1% (=g L.7") 1.754.

Estimated half-life: The N-terminal of the sequence
considered 1s M (met). The estimated half-life 1s: 30 h
(Mammalian reticulocytes, in vitro) >20 h (yeast, in vivo)
=10 h (escherichia coli, in vivo).

Fig. 2: 3D structure of FhuE

Instability index: The instability index (2) is computed to
be 33.62; This classifies the protein as stable. Aliphatic
index = 74.58; Grand average of hydropathicity (GRAVY)
=-0.461.

3D structure prediction: Building a homology model
comprises four main steps: identification of structural
template(s) alighment of target sequence and template
quality

sttucture(s) model bulding and model

evaluation. These steps can be repeated until a
satisfying modelling result is achieved. Each of the
four steps requires specialized software and access to
up-to-date protein sequence and structure databases.
Swiss model software recruited for homology modeling
introduced 1 model. Predicted model is shown in

Fig. 2.

Ligand binding site predictions: Ligand binding sites
determined using COFACTOR software,
involvement of conserved residues include 4, 101, 105,
107, 109, 114, 691, 692 in binding site with the highest
cscore™ (the confidence score of predicted binding site)

(Fig. 3).

mdicate
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Fig. 3: FhuE ligand binding site predictions

Fig. 4: Pocket descriptor

The calculated BS-score for this predicted
binding site was 1.12. BS-score is a measure of local
similarity (sequence and structure) between template
binding site and predicted binding site in the query
structure. Based on large scale benchmarking analysis,
observed that a BS-score >1 reflects a significant local
match between the predicted and template binding site.
Template proteins with smmilar binding site are listed in
Table 1.

Pocket detection: Pockets and descriptors have been
calculated for thuE structure with Do G site scorer:
Active site prediction and analysis serveris sumerized in
Fig. 4and 5.

Identification of functionally and structurally important
rsidues: Interprosurf annotated functional residues on
the 3D structure of thu E. Residues predicted by auto
patch analysis are: 436, 437, 438 438, 456, 457, 477

(Fig, 6).
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Table 1: Template proteing with similar binding site

Rank Cscore-® PDB Hit TM-gcore RMSD* IDEN® Cov. BS-score  Lig. name  Predicted binding site residues
1 0.37 2wl6B 0.930 1.17 0.340 0.942 1.12 PVE 101,105,107,109,114,691,692
2 0.4 1nqgA 0.721 2.9 0.161 0.776 0.71 CA 653,655,657,684,685

Cscore'® is the confidence score of predicted binding site; Cscorel.B values range in between (0-1) where a higher score indicates a more reliable ligand-binding
site prediction; BS-score is a measure of local similarity (sequence and structure) between template binding site and predicted binding site in the query
structure; Based on large scale benchmarking analysis, we have observed that a BS-score =1 reflects a significant local match between the predicted and ternplate
binding site; TM-score is a measure of global structural similarity between query and template protein; RMSDa the RMSD between residues that are
structurally aligned by TM-align; TDENa is the percentage sequence identity in the structurally aligned region; Cov. represents the coverage of global strctural
alignment and is equal to the number of structurally aligned residues divided by length of the query protein
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Fig. 5: Subpocket descriptor
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Fig. 6: Functional residues on FhuE 3D structure

CONCLUSION

Antibodies  directed these
assoclated with iron uptake exert a bacteriostatic or

against proteins
bactericidal effect by blocking siderophore mediated iron
uptake pathways. The structural homology displayed by
these receptors permits modelling of the 3D structure of
Fhue in the absence of crystallographic data.
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