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Methodology: The identification of 70 A. baumanniiisolates was carried
out through morphology and culture on CHROM agar, followed by
biochemical testing. Genotypic identification was performed using
16S rRNA and blaOxa-51 gene for A. baumannii species. Based on
the antibiotic resistance categories, two isolates (AB32 and AB51)
were selected for whole genome sequencing (WGS) using lllumina
MiSeq technology. The analysis identified specialised genes in these
isolates that contribute to antibiotic stress and lipopolysaccharide
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Results: The recent findings showed that A. baumannii exhibits the
highest resistance to gatifloxacin. The genome analysis revealed that
AB3, AB32, and AB51 belong to unique STs (ST/1418, and ST/441),
while AB R75 belongs to a known international clone of a high-risk
strain (ST/195). The presence of efflux pump genes EmrAB-TolC, MacA,
MacB, MdfA/ Cmr, TolC/ OpmH, and atG catalase gene encoding an
antibiotic activation enzyme was identified in the WGS results. In
addition, antibiotic target protection and replacement proteins that
confer resistance against gatifloxacin and colistin sulphates were
encoded by BcrC, FabG, and HtdX genes.

Conclusions: Our study provided a detailed genomic picture of both
innate and acquired plasmid-encoded AMR genes.
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Introduction

Acinetobacter baumannii is a gram-negative coccobacillus
that is non-motile, catalase-positive, strictly aerobic, and
negative for glucose fermentation, oxidase, urease, citrate,
and indole. The DNA sequence of A. baumannii contains
39%—47% guanine-cytosine (GC).! In recent decades, A.
baumannii has emerged as a highly problematic nosocomial
pathogen around the world, causing a majority of nosocomial
infections as a result of multidrug-resistant (MDR), extensively
drug-resistant (XDR), and pan-drug resistant (PDR) strains.
Risk factors for the infection include prolonged stays in
the intensive care unit, prolonged antibiotic exposure,
mechanical ventilation, use of a central venous catheter,
haemodialysis, and in most cases, colonisation in respiratory
secretions of ventilated patients. A. baumannii is a highly
virulent pathogen and is capable of causing infection in
immunocompromised and neutropenic patients.??

The standard genome size of A. baumannii ranges from 3.7
to 4.3 Mb, with a median GC content of 39%.* However, due
to its extreme genome plasticity and the ability to acquire
foreign DNA, the genome size may be enlarged to reach 9
Mb or more. A. baumannii has a small core genome and a
large accessory genome.®

Molecular epidemiology provides an essential tool for
the elimination or control of A. baumannii strains inside
medical centres. Various molecular typing techniques,
such as whole-genome sequencing (WGS), pulsed-field gel
electrophoresis (PFGE), and multi-locus sequence typing
(MLST), have been used to epidemiologically characterise
microorganisms responsible for hospital-acquired
infections (HAIs), including strains of A. baumannii. The
use of lllumina platforms, which are classified as second-
generation sequencers, has made important contributions
to the field of molecular epidemiology in the study of A.
baumannii strains. Whole genome sequencing (WGS) gives
an advanced and detailed approach to studying several
aspects of the A. baumannii pathogen. It enables the
identification of the pathogen, analysis of its virulence
factors, determination of medication susceptibility, and
examination of comparative genomics, and facilitates the
detection and investigation of outbreaks.5’

To understand the resistance mechanism for A. baumannii
species, this study aims to establish the genetic makeup of
the species. Various molecular typing methods, including
WGS, PFGE, and MLST, have been utilised to investigate the
epidemiology and resistance genes of A. baumannii strains.®°

Methodology
Bacterial Isolates

Between February and April 2022, a total of 70 non-
repetitive A. baumannii isolates were obtained from
150 clinical specimens such as CSF, blood, sputum, and

urine from patients (ages ranging from 25 to 60 years)
hospitalised in ICUs of three medical centres (The City
of Medicine, Baghdad Hospital, and Al-Hurok Hospital)
in different regions of Iraq, Baghdad. The isolates were
subjected to characterisation using the VITEK 2 system. This
included analysing the biochemical reactions of the bacterial
isolates that were suspended in the appropriate solutions
and medium included on VITEK 2 identification cards.
The specimens were transferred to the laboratory using
a transport medium and then cultivated on A. baumannii
selective media (Chrom agar and MacConkey agar). The
cultures were then incubated at a temperature of 37 °C for
a duration of 24 hours while maintaining aerobic conditions.
Subsequently, an analysis was conducted on the colour,
form, edges, and texture of the colony.™

Standard Disc Diffusion Technique

An antibiotic susceptibility test was conducted on A.
baumannii isolates through a disc diffusion test using
15 antibiotics in different concentrations. All antibiotics
can be classified into the following classes: carbapenems
(meropenem (MEM) 10 mg and imipenem (IMP) 10 mg),
fluoroquinolones (ciprofloxacin (CIP) 10 mg and levofloxacin

(LEV) 5 mg), aminoglycosides (gentamicin (CN) 10 mg), and
beta-lactams (cefotaxime (CTX) 30 mg, tigecycline (TGC) 15
mg, polymyxin (PB) 100 mg, colistin sulphate (CS) 10 mg,
amoxicillin/ clavulanic acid (AMC) 20/ 10 mg, ceftriaxone
(CRO) 30 mg, doripenem (DOR) 10 mg, amikacin AK 30 mg,
minocycline (TE) 30 mg and gatifloxacine (GET) 5 mg). The
results were interpreted using the Clinical and Laboratory
Standards Institute (CLSI) categories.'

DNA Extraction and Sequencing

There were two A. baumannii isolates (32 and 51) available
for WGS. For DNA extraction, the High-Pure template
preparation kit (Roche Applied Sciences, Mannheim,
Germany) was used according to the manufacturer’s
instructions. To assess the quality of samples for use in
later processes, the quantitation of extracted DNA was
detected using a nanodrop spectrophotometer. The two A.
baumannii strains underwent library preparation and paired-
end sequencing on an lllumina MiSeq sequencer.!? Briefly,
the sequencing library was created using the lllumina TruSeq
Nano DNA kit (Illumina, Inc., San Diego, CA, USA), and then
paired-end sequencing was performed on an lllumina MiSeq
sequencer (lllumina, San Diego, CA, USA). The search items
that followed the Library Layout (paired), Library genomic
Source, and Illumina were added to the results.

Bioinformatics Data Analysis

The pipeline WGSBAC (v2.0.0) was used to analyse the data
from two isolates of A. baumannii that were sequenced
for this investigation.? In essence, WGSBAC used FastQC
(v0.11.5) to control the quality of the raw sequencing
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data, and the coverage was determined.?* Shovel (v1.0.4)
was constructed using SPAdes (v3.14.0).2* QUAST (v5.0.2)
was used to inspect the quality of the assembly.’® The
databases MiniKraken (v2) and Kraken 2 (v2.0.7 beta) were
used to categorise readings and assemblies and check for
contamination.®' The NCBI Prokaryotic Genome Automatic
Annotation Pipeline (PGAAP), which uses AMR Finder Plus,
ResFinder, and CARD for antimicrobial resistance profiling
and determination of AMR genes, annotated the assembled
genome sequence.®

The virulence characteristics were discovered using
the VFDB database.'® The GC-Profile tool was used to
identify the genomic sequence’s areas with aberrant G + C
contents.?%* PHASTER? and two web tools were used to find
prophage areas and CRISPR-Cas proteins, respectively. To
check for the existence of plasmids and plasmid replicons,
PlasmidFinder and Platon were employed.? %

Results and Discussion
Isolation and Identification

A total of 85 clinical isolates were primarily identified
as gram-negative, non-fermenting Acinetobacter spp.
Out of the total samples, 70 (82.34%) infections were
found to be due to Acinetobacter baumanniiisolated from
three hospitals in Baghdad. The primary diagnoses were
distributed according to sources of isolation: sputum (27%),
blood (25%), urine (23%) and CSF (10%). The initial diagnosis
of the isolates was formulated using a combination of
bacteriological and biochemical tests. Based on these tests,
it was ascertained that there was a difference between the
results of isolation from the hospitals. The chemical and
agricultural tests have been synchronised with the genetic
diagnoses which confirms that they provide an accurate
final detection as compared to laboratory culture and
biochemical tests on a sample obtained from a patient.

The identification and characterisation of the isolates were
carried out according to certain morphology, and cultural and
biochemical tests. To ensure this diagnosis of A. baumannii,
isolates were preliminarily cultured on CHROM agar, Blood

agar, MacConkey agar, Kligler iron agar and Cetrimide agar
plates in aerobic conditions at 37 °C for 24 hours. The genetic
identification of A. baumannii for all isolates was done
by housekeeping gene 16S rRNA to detect the genus of
Acinetobacter and by blaOxa51 to detect the species of
Acinetobacter baumannii using the PCR technique. PCR
assays have been used in fingerprinting with 100% specificity
and sensitivity for their intended targets.

Antibiotic Sensitivity Tests
Standard Disk Diffusion

Disc diffusion test was used to conduct antibiotic
susceptibility testing on all 70 clinical isolates of A.
baumannii. The study identified a high level of resistance
in A. baumannii clinical isolates to most of the antibiotics
tested. The results presented in Figure 1 showed that the
highest resistance of A. baumannii was to gatifloxacin
(GET) (69, 98.57%), followed by cefotaxime (CTX) (68,
97.13%), amoxicillin/ clavulanic acid (AMC) (68, 97.13%),
ceftriaxone (CRO) (68, 97.13%), amikacin (AK) (67, 95.71%),
doripenem (DRO) (67, 95.71%), minocycline (TE) (95.00%),
meropenem (MEM) (66, 94.27%), and colistin sulphate
(CS) (66, 94.27%). These values were higher than those
reported in other studies, which observed resistance rates
of 79% for ceftriaxone, 74.3% for cefotaxime, 69.5% for
minocycline, 61.9% for amoxicillin/ clavulanic acid, 60%
for doripenem, and 55.2% for ceftazidime.? The study
also found a moderate resistance to imipenem (IMP) (61,
87.14%), gentamicin (CN) (59, 84.28%), levofloxacin (LEV)
(56, 80%), and polymyxin (PB) (52, 74.3%).

A few A. baumannii isolates were found to be sensitive
to ciprofloxacin (CIP) (25, 35.71%) and tigecycline (TGC)
(26, 37.21%). However, another study reported that
96.2% of the isolates were resistant to ciprofloxacin and
98.4% to tigecycline. In conclusion, ciprofloxacin and
tigecycline were found to be the most effective antibiotics
against A. baumannii. Whole-genome sequencing (WGS)
technology was used to investigate the genes associated
with antimicrobial resistance.

Figure |.Antibiotic Resistance of Acinetobacter baumannii Isolates
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Selected Isolates for Whole Genome Sequencing

From the results of the antibiotic resistance categories,
we selected two isolates A.baumannii 32 and 51 based on
their diverse outcomes within each chosen category, and
these have been presented in Table 1.

Table I.Criteria Used to Select Isolates for WGS

Character of A. A. baumannii | A. baumannii
baumannii isolates 32 51
Source isolates From blood From urine
Gender Male Female
Resistance Pan drug Extensive drug
categories resistance resistance

Multi-locus Sequence Typing

In this study, we used the Pasteur MLST scheme to assign
sequence types (STs) to the genomes of A. baumannii
isolates. The STs were extracted from the assembled
contigs for all isolates, concatenated, and aligned using
the maximume-likelihood method in MEGA. Additionally,
we performed core genome MLST (cgMLST) using the
cgMLST scheme in the Ridom SeqSphere+v8.0.2 software.?”
We also determined sequence types for all A. baumannii
isolates using the database available on the Institut Pasteur
MLST website.

Figure 2(a) shows 18 globally registered clones having
the same sequence type (ST/1418) distributed mostly in
Turkey, Ghana, and Thailand, and two novel clones with
a different sequence type (ST/234) but genetically close
to it, located in the same place and distributed in Sudan.
The possibility of infection being transmitted by travellers
or working hands to Iraq cannot be ruled out.

Figure 2(b) shows that two globally registered clones have
the same sequence type (ST/441) distributed mostly in
America and Germany, possibly transmitted to Iraq by
American soldiers or their genetic A. baumannii alliance.

Both A. baumannii isolates in the study were subjected to
MLST using seven housekeeping genes: gltA, gyrB, gdhB,
recA, cpn60, gpi, and rpoD. Two globally distributed types,
IS2/1418 and 1S3/441, were detected in Iraqi hospitals
and variations were detected through single nucleotide
polymorphism (SNP) analysis compared to the typical ABR79
clonal complex (ST/195). Table 2 shows the allele number
changes. 1S3/441 was found to be the closest to R79. A
previous study also suggested that the gpi gene was not
a good candidate for MLST analysis due to recombination.
Therefore, the diversity observed in A. baumannii suggests
that the current MLST scheme may need to be further
optimised, particularly with regard to the gpi gene, which
may not be an ideal target for Acinetobacter MLST.

Figure 2(a).Minimal Spanning Tree for the A. baumannii 32 Isolate Based on cgMLST Characteristics.
The Numbers Reflect the Amount of Distinct Alleles Found in the Pairs of Related Isolates.
Close Isolates are Shown in the Same Colour; Other Isolates are Not
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Figure 2(b).Minimal Spanning Tree for the A. baumannii 51 Isolate Based on cgMLST Characteristics. The Numbers Reflect the Amount of Distinct Alleles Found in
the Pairs of Related Isolates. Close Isolates are Shown in the Same Colour; Other Isolates are Not

Information of Closely Related Isolates Based on cgMLST Strategy
Information of Isolates Closely Related to ISI-AB32 Isolate

Table 2a shows globally registered clones that have the same sequence type as our
isolates AB32 (ST-1418) distributed mostly in Thailand, Turkey, and Ghana collected

between 2015 and 2017, along with two novel clones distributed in Sudan with a
different sequence type (ST-234) but genetically close to it, that were isolated from blood
and sputum, and caused pneumonia. The possibility of infection being transmitted by
travellers or working hands to Iraq cannot be ruled out.

Table 2a.Prediction of Isolates Closely Related to AB32

Accession Sequence . Isolation Collection | Antimicrobial Virulence Different
Isolate Host Disease Country State .
number Type Source Year Resistance Gene Gene Alleles
4300STDY7045808 UFMHO1 1418 Human - - Thailand 2016 Show/ hide Show/ hide 171
. Ghana: . .
151 NXHMO1 1418 Human uTl Urine Kumasi 2015 Show/ hide Show/ hide 173
4300STDY7045847 UFNGO1 1418 Human - - Thailand 2016 Show/ hide Show/ hide 173
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Accession Sequence . Isolation Collection | Antimicrobial Virulence Different
Isolate Host Disease Country State .
number Type Source Year Resistance Gene Gene Alleles
4300STDY7045859 UFNTO1 1418 Human - - Thailand 2016 Show/ hide Show/ hide 173
4300STDY7045848 UFNLO1 1418 Human - - Thailand 2016 Show/ hide Show/ hide 174
4300STDY7045870 UFOEO1 1418 Human - - Thailand 2016 Show/ hide Show/ hide 175
GML_KP48_AB_TR QHHFO1 1418 Human - ‘Wound Turkey: 2017 Show/ hide | Show/ hide 175
infection Kayseri
Sudan: . .
TG22198 ASFTO 234 Human - Blood - Show/ hide Show/ hide 72
Khartoum

Information of Isolates Closely Related to 1S3-AB5|

As seenin Table 2b, there are two globally registered clones that have the same sequence
type (ST-441) as our isolate AB51, isolated from different clinical material, distributed
mostly in America and Germany, and possibly transmitted to Iraq by American soldiers
or their genetic AB alliance.

Whole Genome Sequencing of three A. baumannii Strains

Whole genome sequencing (WGS) is a powerful method for identifying genetic components
of nosocomial pathogens and is increasingly used in clinical microbiology laboratories. In
this study, A. baumanniiisolates were sequenced using lllumina MiSeq technology with
2 x 250 bp reads and 300 bp insert size. Using the NCBI Prokaryotic Genome Automatic
Annotation Pipeline (PGAAP) and the genome of A. baumannii strain GU71 (470.4681)
as areference sequence, 9,173, and 3,982 protein-coding sequences were predicted for

A. baumannii 32, and A. baumannii 51, respectively.”® The genomes of 32 had complete
ribosomal clusters with 43 tRNAs, while A. baumannii 51 had 62 tRNAs. Additionally, A.
baumannii 32 had 9 tRNAs, while A. baumannii 51 had 2 rRNAs.

The resulting genomes of A. baumannii 32 and A. baumannii 51 have been shown in Table
3. The quality of the assembled genomes was good. G + C content is an important criterion
in WGS, and any changes in it can indicate mutation, recombination, or acquisition of
mobile genetic elements from related species. The high G + C content in 32 genomes is
likely due to the acquisition of additional genes from other bacterial isolates through
horizontal gene transfer (integrons and transposons) during their several-year stay in
the hospital, while A. baumannii 51 has conserved G + C content within the standard
range, indicating a wild-type genome that has not undergone mutation or horizontal
gene transfer.

Table 2b.Prediction of Isolates Closely Related to AB51

Isolate Accession number| Sequence Type Host Disease Isolation Source Cg::ttery Collection Year Anhm'crogfr::es'smnce Virulence Gene Different Alleles
Aci00872 VAGOO01 441 Human Clinical material Germany: Heidelberg 2015-09-12 Show/ hide Show/ hide 347
AB3927 LRDZ01 441 Human Infection STS USA: Washington DC 2007-05-18 Show/ hide Show/ hide 473
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Table 3.Genome Features of A. baumannii
32 & 51 Strains

Assembly Details A. bal.;rznannii A. bal;r:annii
Contigs 86 153
GC content 49.80 38.91
Contig L50 8 18
Genome length (bp) 9,269,118 4,066,533
Contig N50 348,792 75,929
Genome quality Good Good
CDS 9,173 3,982
tRNA 143 62
Repeated region 41 28
rRNA 9 2

Prevalence of Antimicrobial Resistance Genes

The PATRIC Genome Annotation Service detects AMR genes
using a k-mer-based method that uses a curated collection
of AMR gene sequence variants. This service assigns each
AMR gene with functional annotations, broad mechanism of
antibiotic resistance, drug class and, in some cases, specific
antibiotics to which it confers resistance. It is important
to consider specific AMR mechanisms and the presence
or absence of SNP mutations that convey resistance.
Table 4 provides a summary of the AMR genes and their
corresponding mechanisms annotated in the genomes of A.
baumannii 32 and 51. Based on the information provided in
the table, it is difficult to determine which isolate is more
antibiotic-resistant without additional context. Both A.
baumannii 32 and A. baumannii 51 have a high number of
genes associated with antibiotic resistance but the specific
genes and mechanisms of resistance differ between the
isolates.

The catalase gene KatG, responsible for antibiotic activation,
was found in two A. baumannii 32 and 51 isolates. These
cellsinduced a more robust respiratory burst in neutrophils
and were more virulent than the wild-type A. baumannii

strain. The BcrC gene, associated with peptidoglycan
biosynthesis, was also found in these isolates and played
animportant role in biofilm formation for the protection of
the antibiotic-target peptidoglycan cell wall. Additionally,
the FabG and HtdX proteins were found to be important
for A. baumannii survival in the presence of antibiotic
stressors and limited nutrient conditions.

The giBd gene, considered to confer low-level streptomycin
resistance, was found in two isolates but confers
resistance via absence. A point mutation in the giBd
gene encoding S-adenosyl methionine (SAM)-dependent
7-methylguanosine (m7G) methyltransferase, required
for the methylation of 16S rRNA, confers streptomycin
resistance.?® The GdpD and PgsA proteins were found
to be important for altering cell wall charge conferring
antibiotic resistance in both genomes.’® The OxyR gene
was defined as a transcriptional regulator of the H,O,
stress response and is a direct regulator of the KatG gene,
which encodes the major H,0,-degrading enzymes in A.
baumannii. An OxyR mutant was less fit than wild-type
A. baumannii during infection of the murine lung. The
gyrB was validated for easy identification of A. baumannii
in comparison with gold standard WGS-based assays.3!
The outer membrane immunogenic proteins OprQ, OprB,
and OprD family modulate the permeability to antibiotics
and are major proteins conferring bacteria host-fitness
advantages including immune evasion, stress tolerance,
and resistance to antibiotics and antibacterials. EmrAB-
TolC, MacA, MacB, MdfA/ Cmr, TolC/ OpmH 5 are efflux
pump systems that contribute to antibiotic resistance in
A. baumannii. The deletion of the MacB transporter was,
however, shown to be associated with a slight decrease
in erythromycin resistance, for example, A. baumannii
32 has genes associated with resistance to ADC, CTX-M,
Mph(A), OXA-51, and SHV families of antibiotic inactivation
enzymes, while A. baumannii 51 has genes associated
with resistance to ADC, OXA-23, and OXA-51 families of
antibiotic inactivation enzymes.?? Similarly, the isolates
differ in the number and type of efflux pumps and proteins
modulating permeability to antibiotics. A. baumannii 32
has the most efflux pumps conferring antibiotic resistance
(9) and also has the most protein-modulating permeability
to antibiotics (5). Therefore, it would be necessary to
evaluate the specific antibiotic resistance profiles of each
isolate in a clinical setting to determine which one is more
antibiotic-resistant.

Table 4.Antimicrobial Resistance Genes

AMR Mechanism

baumannii 32 Genes

baumannii 51 Genes

Antibiotic activation enzyme

KatG

KatG

Antibiotic inactivation enzyme

ADC family, CTX-M family, Mph(A)
family, OXA-51 family, SHV family

ADC family, OXA-23 family, OXA-51
family
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Antibiotic target in susceptible

Alr, Ddl, Dxr, EF-G, EF-Tu, Fola, Dfr,
Folp, gyrA, gyrB, Inha, Fabi, Iso-

Alr, Ddl, Dxr, EF-G, EF-Tu, Fola, Dft,
Folp, gyrA, gyrB, Inha, Fabi, Iso-tRNA,

species tRNA, Kasa, MurA, rho, rpoB, rpoC,
S10p, S12p MurA, rho, rpoB, rpoC, S10p, S12p
Antibiotic target protection protein BcrC BcrC
Antibiotic target replacement protein FabG, HtdX FabG, HtdX

Efflux pump conferring antibiotic

AcrAB-TolC, AcrAD-TolC, AcrEF-
TolC, AcrZ, EmrAB-TolC, EmrD,
MacA, MacB, MdfA/ Cmr, MdtABC-

EmrAB-TolC, MacA, MacB, MdfA/

resistance TolC, MdltL, MdtM, QacE, Sugk, Cmr, TolC/ OpmH 5
TolC/ OpmH 13
Gene conferring resistance via GidB GidB
absence
Protein-altering cell wall charge GdpD, PgsA GdpD, PgsA

conferring antibiotic resistance

Protein modulating permeability to
antibiotic

OccD6/ OprQ, OprB, OprD family

OprB, OprD family

Regulator modulating expression of
antibiotic resistance genes

AcrAB-TolC, EmrAB-TolC, H-NS,
OxyR

OxyR

Table 5a.Best Characterised Regulatory Systems in Acinetobacter baumannii 32 (IS1)

Gene .
Name Result Type Function
Chromosomal - dnaA bound at oriC forms a homo-oligomer that mediates
e DNA-binding )
P1 dnaA replication initiator rotein an open complex formation and allows the assembly of an
protein dnaA P initiation complex that loads the replicative helicase.?!
DNA polymerase lll The gene encoding B, dnaN, maps between dnaA and recF,
dnaN, sub-unit beta, DNA-binding which are involved in the initiation of DNA replication
recF DNA replication/ protein at oriC and resumption of DNA replication at disrupted
repair protein recF replication forks, respectively.®
gyrB genes
. catalyse the interconversion of DNA topoisomers through
DNA topoisomerase . . . .
. L relaxation, supercoiling, catenation, and decatenation.
(ATP-hydrolysing) DNA-binding . . S
gyrB sub-unit B rotein Thereby, they play a crucial role in maintaining the
P structural integrity of the DNA during processes that
require strand separation, such as DNA replication and
transcription.
glyQ glycme-tRNA alpha RNA-bln.dmg Aminoacyle-tRNA biosynthesis**
sub-unit protein
D-glycero-beta-D- gmhB supports two divergent biochemical pathways in
manno-heptose Transcriptional bacteria: the d-glycero-d-manno-heptose-1a-GDP pathway
gmhB . A L .
1,7-bisphosphate Factor (in S-layer glycoprotein biosynthesis) and the I-glycero-d-
7-phosphatase manno-heptose-1B-ADP pathway (in lipid A biosynthesis).®
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. SctL
Type lll secretion . from the flagellum, which is a key organelle for bacterial
system stator Transcriptional - . .
sctL . motility, and the core components that are involved in
protein sctL Factor . .
the assembly of these complex nanomachines are highly
conserved.3®
Type Ill secretion . ) . —
sctl . Transcriptional Needle-filament formation and length regulation
system inner rod
. Factor
sub-unit sctl
Type lll secretion
sctR system export Transcriptional
apparatus sub-unit Factor
sctR
Type lll secretion
sctS system export Transcriptional | The export apparatus is composed of five distinct proteins:
apparatus sub-unit Factor sctR, sctS, sctT, sctU and sctV, collectively facilitating a
sctS proposed structural framework for substrate gating.*®
Type lll secretion
sctT system export . Transcriptional
apparatus sub-unit
Factor
sctT
The adjacent trkA and trxB genes each encode a pyridine
Trk svstem nucleotide-disulphide reductase (Pfam PF13738 and
trkA ¥ . Transcriptional PF07992,
potassium . . .
Factor respectively), whose precise function is currently unknown,
transporter trkA ) . .
and may also be involved in the removal of arsenic
oxyanions.®
Attaches a formyl group to the free amino group of
. . hionyl-tRNA(fMet). The f I |
Methionyl-tRNA Nucleoid- methiony t ( . .ejc) .e ormy group appears tc.) play
fmt . a dual role in the initiator identity of N-formylmethionyl-
formyltransferase associated . Y .
rotein tRNA by promoting its recognition by IF2 and preventing
P the misappropriation of this tRNA by the elongation
apparatus.*
A small non-coding regulatory RNA molecule, rsmB (rsmZ),
works with rsmA to regulate the expression of several
virulence-related genes, including the N-acyl-homoserine
16S rRNA (cytosine . lactone synthase genes lasl and rhll, and the hydrogen
Nucleoid- . L .
rsmB (967)-C(5))- i cyanide and rhamnolipid biosynthetic operons.
associated .
methyltransferase rotein rsmB is the small, untranslated regulatory RNA molecule
rsmB P that works in tandem with rsmA. rsmB is proposed to bind
and sequester rsmA, and hence limit its activity. Therefore,
gacA also regulates the activity of the rsmA protein by
controlling the levels of its partner molecule, rsmB.*
dprA DNA-processing DNA-binding The proc.iuct of the geneis a hypothe‘ucal protein. This gene
rotein dorA rotein works with comEA, comA, comF, priA, dprA, and recA genes
P P P in DNA uptake and processing.*?
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- t . . . .
hemF Oxygen depe'nden Transcriptional It works with HemNand HemZ in the synthesis of
coproporphyrinogen . . 3
. Factor protoporphyrinogen IX from coproporphyrinogen Il1.
oxidase
aroE Shikimate Transcriptional A house-keeping gene encoding the shikimate
dehydrogenase Factor dehydrogenase*

Regulation Systems and Mobile Genetic
Elements (MGE)

Controlling of F-plasmid Genes Transfer in A.
baumannii

HGT MGE in general and plasmids in particular can explain
how A. baumannii can colonise and adapt to various
environmental conditions. The plasmids are responsible
for the propagation of different traits, such as antibiotic
resistance, specific degradation pathways, symbiosis and
virulence, by regulating the transfer and exchange of
genetic material within microbial populations. In order to
better understand the features of gene flux in ecosystems,
studies concentrating on plasmid maintenance, diffusion,
acquisition, and loss, we must explain the controlling results
of regulatory systems.

A. baumannii can undergo conjugation with the help of
plasmid genes with the same species, transformation
with related species (after the release of DNA by lysis
of its host) or transduction (by the packaging of plasmid
DNA into phage particles). The regulatory systems express
their transfer genes in response to specific stimuli. For the
pheromone-responsive F-plasmids of AB, it is the small
peptide signals from potential recipients which trigger the
conjugative transfer genes.

Finally, the transfer of plasmid genes is induced by the
regulatory system to which the plasmid elements confer
adaptation, for example, F-plasmid transfer in A. baumannii
is induced by antibiotic stress under the control of a
transcriptional factor regulation system in order to develop
antimicrobial drug resistance. Understanding these control
circuits may help to modify the management of microbial
communities where plasmid transfer is either desirable
or undesirable.

Regulation System Types

In this study, we identified a dozen plasmid genes in
the AB isolates IS1-AB32 and IS2-AB51, by analysing the
F-plasmids sequence in NCBI BLASTN and detecting genes
in the gene bank. These genes could provide insight into
plasmid-mediated antibiotic resistance and adaptation of
A. baumannii to changing environments.

The selected A. baumannii isolates, 1S1-AB32 and 1S2-
AB51, contain five global regulator systems that could
serve as potential therapeutic targets due to their roles
in mediating AB adaptation to changing environments,
controlling virulence and specificity to AB bacteria (Tables
5(a) and 5(b)). These systems include two-component
systems (TCS), transcriptional factor TF, RNA polymerase
binding protein, nucleoid-associated protein (NAP), and
DNA polymerase binding protein.

Table 5b.Best Characterised Regulatory Systems in Acinetobacter baumannii 51 (1S2)

Gene Name Result Type Function
aadB Aminoglycoside Two-component aadB genes show resistance to both tobramycin
nucleotidyltransferase system and gentamicin.*
DNA-binding protein DNA-binding Change |.n.gro.wth tem.perature, in addition to.lron
hupA HU-aloha rotein availability, is an environmental cue controlling
P P the expression of the hupA gene.*®
D-amino acid Transcriptional D-Am!no acid dehydrogenase '|s a ﬂa?voeljzyrjne
dadA dehvdrogenase reulator factor that digests free neutral D-amino acids yielding
ydrog g corresponding 2-oxo acids and hydrogen.*’
lysA T o
Diaminopimelate Transcriptional Encodes diaminopimelate decarboxylase®®
decarboxylase factor
argH N . Transcriptional It is involved in the biosynthesis of.argmme and
Argininosuccinate lyase factor can also render cells hypersusceptible to beta-
lactam antibiotics.*
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Subsystem Analysis

Figure 3 displays the distribution of the genome annotations.
This includes, from outer to inner rings, the contigs, CDS on
the forward strand, CDS on the reverse strand, RNA genes,
CDS with homology to known antimicrobial resistance
genes, CDS with homology to known virulence factors,
GC content and GC skew. The colours of the CDS on the
forward and reverse strands indicate the subsystem that
these genes belong to as seen in subsystems shown ahead.
A subsystem is a set of proteins that together implement
a specific biological process or structural complex and
PATRIC annotation includes an analysis of the subsystems
unique to each genome. An overview of the subsystems
for this genome is provided in Figures 3(a) and 3(b). There
are several housekeeping and acquired genes related to
bacterial defence mechanisms that were also observed in A.
baumannii. Metabolism-associated genes were found in AB
isolates 32 and 51. A. baumannii 32 has a high percentage
of metabolic genes (1969) compared to AB 51 (761). Similar
is the case with genes related to protein processing,
stress response, defence, virulence, energy, membrane
transporter, DNA and RNA processing, cellular processes,
miscellaneous, cell envelope and regulation cell signalling.

In this article, we used a metagenomic subsystem analysis
to obtain functional gene data and subsequently explain the
difference between pathogenic and less pathogenic strains,
and described the A. baumannii diversity and antimicrobial
resistance over a long period in Iraqi hospitals. The protein
processing genes were 486 in AB 32 and 20 in AB 51. Each
subsystem contains a set of proteins that realise a specific
biological process or a structural complex.* Several studies
have highlighted the key role of the Pho regulon not only
in phosphate management but also in virulence and stress
responses in many bacteria. The genes encoding energy
were 643 in AB 32 and 235 in 51. The majority of membrane
transporter genes were 396 in AB 32 but in AB 51, they
were 173. The genes responsible for DNA processing were
210in AB 32 and 65 in AB 51, while the genes responsible
for RNA processing were 164 in AB 32 and 76 in AB 51.
Cellular processer genes in AB 32 were 197 and those in
AB 51 were 73. Genes associated with cell envelope were
130in AB 32 and 33 in AB 51. Finally, regulation and cell
signalling genes were 52 in AB 32 and 12 in AB 51.

The genetic differences of subsystems between Acineto-
bacter species in key virulence attributes may help explain
why some species have a greater clinical impact.

Figure 3(a).Functional Distribution Subsystem of Genes in All Three A. baumannii 32
Strains Included in This Study

Figure 3(b).Functional Distribution Subsystem of Genes in All Three A. baumannii 51
Strains Included in This Study
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Conclusion

Our study investigated the molecular epidemiology of two
A. baumannii strains isolated from Iraqi hospitals during
an outbreak of antibiotic-resistant infections, using whole-
genome sequencing (WGS) analysis. The detection of both
innate and acquired antimicrobial resistance (AMR) genes
in these strains highlights the increased danger they pose
as pathogens. Our analysis provided a detailed genomic
picture of both the chromosomal and plasmid-encoded
AMR genes, including those carried on mobile genetic
elements.
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