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Abstract

Objectives: Co-transfer of carbapenem and amikacin resistance might contribute to the
evolution of extensively drug resistant (XDR) Acinetobacter baumannii. The current study is
aimed at in silico investigating the potential mobility of a novel composite transposon co-
harboring blanpm-1 and aphA6 using bioinformatic tools. Methods: The transposon, named here
Tn7382, was recently described in the chromosomes of two XDR A. baumannii isolates (M02
and M11) from Egypt. The draft genomes of M02 and M11 were generated by Illumina
sequencing. Nucleotide homology of Tn7382 and flanking regions was analyzed using the
BLASTN tool. Results: Tn7382 is derived from Tnl125 and encompasses seven orfs [aphA®6,
ISAbal25 transposase-coding gene, blanpwm-1, ble, iso, tat, cutA] enclosed by two direct copies of
ISAbal4. While described for the first time, Tn7382 was found in the chromosomes of five A.
baumannii strains deposited in the NCBI database. Using Artemis Comparison Tool, the
potential mobility of Tn7382 was demonstrated in silico by comparative genomic analysis of two
A. baumannii strains (TP1 and TP2) retrieved from the NCBI database. The transposon was
acquired by TP2 at the same location as an ISAbal4 element in the ancestral variant TP1 isolated
from the same patient in USA 11 days earlier. Conclusions: Here, we present the characteristics
of Tn7382, a composite transposon flanked by ISAbal4 and harboring the aphA6 and blanpm-1
resistance genes. In silico analysis inferred the potential mobility of Tn7382 but experimental
validation is still required.

Keywords: Acinetobacter baumannii, whole genome sequencing, WGS, transposon, Tn7382,
blanpm-1, aphA6, 1SAbal4, carbapenem resistance, amikacin resistance, homologous

recombination
1. Introduction

Co-transfer of amikacin and carbapenem resistance genes can greatly contribute to the
emergence of extensively drug resistant (XDR) Acinetobacter baumanni (A. baumannii) for
which very few treatment options are available [1]. The gene blanpm-1 is a widespread resistance
gene that encodes New Delhi Metallo-B—lactamase-1 (NDM-1) capable of hydrolyzing
penicillins, cephalosporins and carbapenems. One of the amikacin resistance genes commonly

identified in A. baumannii is aphA6 that encodes the aminoglycoside-3'-phosphotransferase type



Journal Pre-proof

VI (Aph(3')-VI). Both genes are horizontally transferable through conjugative plasmids [2, 3].
Chromosomal copies of the genes were also identified within the mobilizable transposons Tn125
and TnaphA6 harboring blaypm-1 and aphAB6, respectively [4, 5].

In a previous study [6], we identified both blanpm-1 and aphA6 enclosed by two copies of
ISAbal4 in a composite transposon not previously described. The current study is aimed at
further characterization of this transposon, designated Tn7382, and to investigate its potential

mobility through comparative genomics.
2. Materials and Methods

2.1. A. baumannii isolates and bioinformatic analysis of Tn7382

MO02 and M11 are XDR A. baumannii strains isolated from patients admitted to Kasr Al-
Ainy hospital in Cairo, Egypt during 2020 in a previous study in which the whole genome
sequences of the isolates were generated by an Illumina MiSeq Sequencer (lllumina Inc., San
Diego, CA, United States) and analyzed as described before [6]. The nucleotide sequence
homology of the transposon found in both M02 and M11 was analyzed using the nucleotide
Basic Local Alignment Search Tool (BLASTN) (https://blast.ncbi.nlm.nih.gov/Blast.cgi) against

the NCBI (National Center for Biotechnology Information) non-redundant nucleotide (nr/nt)
database. The same analysis was done for the nucleotide sequences flanking the transposon in
both M02 and M11. BLASTN tool was also used for analyzing the diversity of bacterial species
and genetic compartments carrying ISAbal4 elements. Identification of insertion sites and target
site duplications of Tn7382 and ISAbal4 elements was aided by SnapGene viewer v5.1.3.1

(from Insightful Science; available at snapgene.com).

Comparative genomic analysis of A. baumannii TP2 (GenBank accession: CP060011.1)
carrying Tn7382_and its ancestral variant TP1 (GenBank accession: CP056784.2) lacking

Tn7382 was done using the Artemis Comparison Tool (www.sanger.ac.uk Software).

Comparisons were illustrated using EasyFig v2.2.5 [7].
2.2. GenBank accession numbers

The draft genomes of M02 and M11 were submitted to the NCBI genome database with
the accession numbers JAESHR000000000 and JAESHKO000000000, respectively. GenBank
accession numbers and chromosomal locations of Tn7382 are shown in Table 1.
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3. Results and Discussion

As reported before [6], M02 and M11 were XDR strains retaining susceptibility only to
tigecycline and colistin (minimum inhibitory concentration of <0.125 pg/ml). Multilocus
sequence typing showed that both M02 and M11 belonged to the sequence types ST85 (Pasteur
scheme) and ST1089 (Oxford scheme) known to belong to international clone (IC) 9, as
described by Mueller et al. [8]. In addition to the intrinsic resistance genes aadA, blapxa-os
(blapxa-s1-iike) preceded by ISAbal, and blaapc, acquired resistance genes were identified in the
genomes of the two isolates. These included the PB-lactam resistance gene blaypm-1; the
aminoglycoside resistance genes aadB and aphA6; the macrolide resistance genes mphE and
msrE; and the sulfonamide resistance gene sul2. In addition, the two isolates were found to be
equipped by a wide range of efflux pumps including AdeABC, AdelJK, AdeFGH, AmvA, AbaF,
AbaQ, FloR, AbeM, AbeS, and MacAB. Missense mutations were identified in the quinolone
resistance determining regions of the genes gyrA and parC causing the amino acid alterations
S83L and S80L, respectively.

Analysis of the context of blanpy1 inMO02 and M11 showed that it resided in an
ISAbal4-interrupted Tn125 first described by Bonnin et al. [9]. In their study, Bonin et al. failed
to locate the right arm of the transposon that was thus described as truncated and was given the
designation ATn125. The same structure was later identified by other authors [10, 11] in A.
baumannii of the sequence type ST85 using WGS. Vijayakumar et al. [10] have also highlighted
an I1SAbal25 element forming the right arm of the transposon that could not be previously
located by Bonnin and his colleagues [9]. On the other hand, a composite transposon element
bracketed by ISAbal4 closely similar to Tn7382 but carrying blanmps Was reported by
Xanthopoulou et al. [12]. The transposon was carried by A. baumannii AbBAS-1 (GenBank
accession: (CP065392.1) that was isolated from a patient from Maghreb in Spain in 2019.
However, the authors did not focus on that transposon but rather their focus was on a nucleotide
sequence duplication containing the gene blanpm-s. In our initial study [6], we could localize an
aphA6 preceded by a second copy of ISAbal4 upstream to the ISAbal4-interrupted transposon.
Our hypothesis was that the insertion of ISAbal4 in ATn125 together with the upstream region
[ISAbal4-aphA6] formed a new ISAbal4-bracketed composite transposon, named here Tn7382.

The transposon is about 7955 bp long and carries seven open reading frames enclosed by two
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copies of ISAbal4 oriented in the same direction (Fig. 1). Alternative to Tn125 that only carried
a carbapenem resistance gene, Tn7382 carries resistance genes to both carbapenems and
amikacin which are two of the last-resort treatment options for infections caused by multidrug
resistant A. baumannii. The transposon might, thus, contribute to the evolution of XDR A.

baumannii strains.

GenBank homology search of Tn7382 revealed that it was carried by the chromosomes of
three A. baumannii strains that belong to the international clones IC2 and IC9. The same
transposon was also found to carry blanpm-s in the chromosome of AbBAS-1, as shown in Table
1. Notably, Tn7382-like transposon interrupted by seven direct copies of ThaphA6 was identified
in the chromosome of A. baumannii strain CI300 (GenBank accession: CP082952.1). In all
mentioned Tn7382-positive strains, the transposon interrupted the same gene (ATP-binding
protein) generating a 3-bp (TAT) target site duplication as discussed below. Figure 2 shows the

context of the transposon in all positive strains.

BLAST analysis of the flanking sequences of the transposon carried by both M02 and
M11 showed significant similarity to the chromosome of A. baumannii strain TP1 that did not
carry Tn7382. Interestingly, TP1 was found to be isolated from the same patient as TP2 and TP3
(described in Table 1). All were recovered from the pancreatic drainage of a patient suffering
from necrotizing pancreatitis complicated by a multidrug resistant A. baumannii infection in
USA by Schooley et al. [13]. TP1, TP2 and TP3 were reported to be isolated on the 10", 21,
and 23" of March 2016, respectively.

Comparative genomic analysis of the three strains revealed that Tn7382 was carried by
TP2 and TP3 but not TP1, as shown in Supplementary Figure 1. As Tn7382 and flanking
sequences were identical in TP2 and TP3, all subsequent in silico analysis were done using the
genome of TP2. Interestingly, comparative genomic analysis of TP1 and TP2 revealed another
genetic event in which the gene aphAl (APH(3")-la-coding gene) was integrated into the
Acinetobacter baumannii Genomic Resistance Island 3 (AbGRI3) carried by TP1. As a result,
TP2 acquired a larger version of the genomic island enclosing an additional resistance gene
(Supplementary Figure 2), as described before [14]. Together with the acquisition of Tn7382,
such genetic events demonstrate the potential of A. baumannii, particularly IC2, to accumulate

resistance genes within transposable elements to be transmitted as a single unit.
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Analysis of the insertion site of Tn7382 in TP2 showed that it was inserted in the same
location as an ISAbal4 element carried by its ancestral variant TP1. Both interrupted a gene
encoding ATP-binding protein that was also interrupted by an 1S4 element. We propose that
Tn7382 was inserted in a two-step process. 1ISAbal4 was first inserted into the ATP-binding
protein-coding gene generating a 3-bp (TAT) target site duplication as a transposition signature
(Fig 1). This was followed by insertion of the transposon by homologous recombination between
the ISAbal4 elements.

ISAbal4 is a 1282-bp element that belongs to IS3 family transposases. It was previously
identified in A. baumannii as part of the composite transposon Tn2114 harboring blartc.s [15].
BLAST analysis of ISAbal4 against the NCBI nr/nt database revealed 99% or more identity to
180 accessions (accessed in November 28, 2021) shown in Supplementary Table 1. Most
commonly, 1ISAbal4 was carried by other Acinetobacter species (105/180, 58.3%) followed by
A. baumannii (39/180, 21.7%) then members of the family Enterobacteriaceae (32/180, 17.8%).
Up to 32 copies per chromosome were identified in Acinetobacter species. ISAbal4 was also
identified in the chromosomes of two Pseudomonas aeruginosa strains and a plasmid carried by
the marine bacterium Psychrobacter maritimus. It is noteworthy that 1SAbal4 was identified
both in the chromosomes and plasmids of Acinetobacter species, including A. baumannii, as well
as Proteus mirabilis. Meanwhile, ISAbal4 elements carried by other Enterobacteriaceae were
confined to plasmids. In a unique organization, the two ISAbal4-positive P. aeruginosa strains
carried two direct copies of ISAbal4 enclosing an aphA6 gene (Supplementary Figure 3). The
mobility of this structure is yet to be investigated. Owing to the abundance of ISAbal4 in
Acinetobacter species and members of the family Enterobacteriaceae and as a hotspot for

Tn7382 insertion, interspecies transmission of Tn7382 is potentially anticipated.

Analysis of the flanking sequences of ISAbal4 elements found in the NCBI nr/nt
database showed great diversity in their insertion sites. However, most commonly 1ISAbal4 was
found to be inserted in the upstream region of aphA6 gene that in turn preceded intact copies or
remnants of Tn125. Insertion of ISAbal4 was also found to be accompanied by target site
duplication for 314 out of 464 (67.6%) ISAbal4 elements identified in the NCBI nr/nt database.
Despite the diversity of ISAbal4 insertion sites, the one identified here (ATP-binding protein-
coding gene) was unique for TP1 and Tn7382-positive sequences. BLAST analysis of the ATP-

binding protein-coding gene returned only ten hits of 99% or more identity, shown in

6
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Supplementary Table 2 (accessed in November 28, 2021). In addition to the disrupted forms
carried by TP1 and the Tn7382-positive sequences, intact copies were found in the chromosomes
of two A. baumannii strains. These included A. baumannii strain 11W359501 (GenBank
accession: CP041035.1) which had the sequence types ST1(Pasteur) and ST1604/231(Oxford)
and A. baumannii strain AF-401 (GenBank accession: CP018254.1) with the sequence type
ST79(Pasteur)/942(0Oxford). Uninterrupted ATP-binding protein-coding gene was also carried in
the chromosome of Acinetobacter radioresistens strain DD78 (GenBank accession: CP038022.1)
and the plasmid pGX7carried by Acinetobacter towneri strain GX7. Such locations might present

target sites for de novo insertion of Tn7382 or for ISAbal4 insertion.
4. Conclusion

The current study presents a new composite transposon (Tn7382) made up of two direct
copies of ISAbal4 flanking the genes aphA6 and blanpw-1 that encode for amikacin and
carbapenem resistance, respectively. While found in previously published A. baumannii
chromosomes, the ISAbal4-bracketed transposen was described for the first time. The potential
mobility of the transposon was evidenced by bioinformatic analysis of homologous sequences in
the NCBI database. A mechanism for the mobility of Tn7382 was also proposed. Interspecies

transmission is potentially anticipated.
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Table 1: Acinetobacter baumannii strains carrying Tn7382 retrieved from the NCBI nucleotide

database

Strain GenBank Accession | Chromosomal location | Country | Date | ST(Pasteur) | ST(Oxford) IC
TP2 CP060011.1 110080 - 118034 USA 2016 | ST570 ST1578/2055 | IC2
TP3 CP060013.1 110078 - 118032 USA 2016 | ST570 ST1578/2055 | IC2
ACN21 CP038644.1 2097047 - 2105010 India 2018 | ST85 ST1089 IC9
AbBAS-1* CP065392.1 1261231 - 1269172 Spain 2019 | ST85 ST957 IC9
ClI300° CP082952.1 109,440 — 131,644 Lebanon | 2015 | ST85 ST1089 IC9

ST, sequence type.

IC, international clone.

*The transposon carries blaypw.s rather than blaxpwm.1.
®Tn7382 is interrupted by seven direct copies of TnaphAS.

Target site
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Fig. 1. (A) Depiction of Tn7382 insertion site showing 3 bp (TAT) target site duplication (B)
Comparative analysis showing the acquisition of Tn7382 by TP2 and TP3 compared to TP1
recovered from the same patient in an earlier time. The comparison included A. baumannii strain TP1
(Genbank: CP056784, Region: 108360..120537) and A. baumannii strain TP2 (Genbank: CP060011.1,
Region: 108364..127214) / TP3 (GenBank: CP060013.1, Region: 108362..127212). ORFs orientation is
indicated by arrows. Resistance genes are represented by black arrows while orange arrows represent
insertion sequences. Grey bands between panels indicate sequences with 100% similarity. Genes are
labelled by their protein products; ABP, ATP-binding protein; 1S4, 1S4 family transposase; ISAbal4, 1S3-
like element ISAbal4 family transposase; APH(3)-VI, APH(3)-VI family aminoglycoside O-
phosphotransferase; ISAbal25, 1S30-like element 1SAbal25 family transposase; NDM-1, subclass Bl
metallo-beta-lactamase NDM-1; Ble, bleomycin resistance protein; 1SO, phosphoribosylanthranilate
isomerase; TAT, twin-arginine translocation pathway signal sequence protein; CutA, divalent cation
tolerance protein; HP, hypothetical protein; IS1, 1S1 family transposase. IRR and IRL denote inverted

right and left repeats of ISAbal4, respectively. The figure was created using EasyFig v2.2.5.
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Fig. 2. Gene maps showing the genetic context of Tn7382 in A. baumannii strains AbBAS-1
(GenBank: CP065392.1) (a), TP2/TP3 (GenBank: CP060011.1/CP060013.1) (b), ACN21
(GenBank: CP038644.1) (c), and CI300 (GenBank: CP082952.1) (d). ORFs orientation is
indicated by arrows. Resistance genes are represented by black arrows while orange arrows
represent insertion sequences. The gene interrupted by Tn7382 (ABP) is represented by red
arrows. Grey bands between panels indicate sequences with at least 99% similarity while blue
panels denote inverted sequences of at least 99% similarity. Genes are labelled by their protein
products. Tn7382 carries the gene blanpm-1 In all strains except in AbBAS-1 in which the

transposon carries the gene blaypwm-s. The figure was created using EasyFig v2.2.5.
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