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INTRODUCTION

The American burying beetle, Nicrophorus americanus, also known as giant carrion beetle
is a carnivorous endangered carrion species that once were found throughout 35 different states in
the United States. Current data suggest they can live in a wide variety of habitats, however, they
do require specifically sized carrions (e.g. chipmunks and doves) in order to successfully
reproduce. Their shiny black body with striking orange-red tinted markings are distinctive
characteristics of the species, and their unique means of bearing brood is what sets these beetle
species apart from other beetles. During their mating season, once a year, in June or July, female
and male beetles search for animal carcasses (carrion) that will be utilized by their offspring
(Khetani et. al., 2011). After mating atop the carrion, the beetles begin chewing, burying, and most
notably, covering the carcass with antimicrobial oral and anal secretions to form a brood ball
(Carrie et. al., 2011). The female will then lay her eggs within the brood ball and once the larvae
hatch, they have an ample source of food available from the ball until they metamorphosize into
adults (Khetani et. al., 2011).

Of the most interesting aspects of the oral and anal secretions of Nicrophorus species’ is
that they may harbor antimicrobial properties. The working hypothesis is that these secretions
inhibit microbes that would normally cause the flesh to putrefy and essentially “mummify” the
carrion while retaining its nutritional value for the larvae (Pratt 2018). Several studies have found
evidence of antimicrobial peptides (Rana et al., 1997), metabolites (Degenkolb et. al., 2011), and
lysozymes (Jacobs et. al., 2016) within the secretions of Nicrophorus spp. Degenkolb et. al., (2011)
characterized secondary metabolites from Nicrophorus vespilloides and reported the presence of
phenol, p-cresol, indole, 2-phenylethyl alcohol, benzoic acid pelargonic acid, phenylactic acid,

quinoline, 3-phenyl-propionic acid, p-hydroxy-benzoic acid methyl ester, p-hydroxy-phenylacetic
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acid, methyl myristate, myristic acid, methylpalmitate, palmitic acid, methyl stearate, and caprylic
acid. All these compounds have known antimicrobial effects and are hypothesized as contributors
to Nicrophorus spp. anti-putrefactive and anti-microbial characteristics (Degenkolb et. al., 2011)
Metabolites, antimicrobial peptides, and lysosomes are associated with the antimicrobial
characteristic of Nicrophorus secretions that have been reported on. However, it is not fully
understood if these compounds are produced by the beetles themselves or are secondary
metabolites from bacteria populations.

Our laboratory has previously performed a pilot study in which, oral and anal secretions
from N. americanus were screened for aerobic microbes. From thie pilot study, Pratt et. al.,
(2018) was able to identify the isolation of Gordonia, Proteus, Acinetobacter, Myroides,
Pseudochrobactrum, Corynebacterium, Vitreoscilla, Paracoccus, and Glutamicibacter species
from these secretions. Most of these organisms, if not all, can be found in environmental soil
samples (Andalibi et, al., 2017, Drzewiecka 2016, Rahal et. al., 2000, Beharrysingh 2017,
Kéampfer et. at., 2006, Bernard et. at., 2016, Pringsheim 1949, Euzéby 1997, Vogel et al., 2017,
Puri et. al., 2022, Aalborg University). Soil bacteria face an intense, highly populated
microbiome in soil and have thus evolved to naturally produce antibiotics to give themselves a
better chance of survival to limit competition.

Acinetobacter spp. are ubiquitous and can be found in a myriad of habitats including soil,
water, human skin, mucous membranes, vegetation, and sewage (Rahal et. al., 2000). The
genus Acinetobacter are Gram-negative opportunistic pathogens that are associated with severe
nosocomial infections including pneumonia, bloodstream, urinary tract, and wound infections, as
well as meningitis (Abo-Zed et. al., 2020, Mohd, et., al., 2017). These organisms also harbor

multiple antibiotic-resistant determinants which allows them to resist the action of almost every
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antibiotic used to treat infections caused by these organisms (Fournier et. al., 2006). Acinetobacter
spp. have previously been isolated from multiple insects including Aedes albopictus (Minard et.
al., 2012), Helicoverpa armigeras’ gut (Malhorta et. al., 2012), the Red Flower Beetle larva (Wang
et. al., 2020), the teste fly midgut (Geiger et. al., 2009), and Gryllotalpa africana (Banerjee et. al.,
2020).

Acinetobacter spp., particularly Acinetobacter baumanii, are of great concern in healthcare
since they can cause serious infections recalcitrant to therapy because these bacterial pathogens
often express a multiple antibiotic resistance, or multidrug resistance (MDR) phenotype (Ju et. al.,
2021). These bacterial pathogens can also survive for long periods of time on surfaces (Manchanda
et. al., 2010). Manchanda et. al., (2010) reported that the most prominent Acinetobacter species
present on human skin and mucous membranes are Acinetobacter Iwoffi, Acinetobacter johnsonii,
and Acinetobacter junii. A. baumanii however is undeniably the most important Acinetobacter
species in terms of nosocomial infections and was rarely found on human skin (Manchanda et. al.,
2010). Because these pathogens express MDR, carbapenems are commonly used for the treatment
of infections caused by these organisms. With the identification of the OXA-23 gene encoding
carbapenemase in Acinetobacter spp., carbapenems may one day no longer demonstrate efficacy
in treating infections caused by these organisms (Corréa et. al., 2012).

For this honors thesis, one isolate, FO1-S19, which had been identified as Acinetobacter
sp. by MALDI-TOF-MS, was selected to to further characterize this isolate and its phylogenetic
relationship to other Acinetobacter species. We initially performed 16S rDNA sequencing to
help identify the species and produced a draft genome of this isolate. The genome sequence was

completed to identify genes encoding antimicrobial compounds and virulence genes. We also
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intended to confirm the species of this organism and determine where it clades in regard to other

Acinetobacter sp., by performing a phylogenetic analysis based on 16S rDNA sequences.

MATERIALS AND METHODS

All culturing was conducted under a biological safety hood using appropriate aseptic
techniques. NA was prepared by combining 500 mL of deionized water, 4 grams of nutrient
broth (Difco, USA), and 7.5 grams of granulated agar (Difco, USA). The mixture was
thoroughly mixed and then autoclaved for 15 min (121°C), cooled for approximately 45-50
minutes, and then poured into sterile plastic petri dishes.The bacterial isolate FO1-S19 stock was
revived and struck onto nutrient agar (NA) and incubated at 25°C for 2-3 days. A single isolated
colony was then used to inoculate fresh nutrient broth (NB) which was incubated at 25°C while
being rotated (200 rpm).

Genomic DNA (gDNA) of FO1-S19 was isolated using a GenElute Bacterial genomic
DNA Kit (Sigma-Aldrich, USA). To isolate total DNA from strain FO1-S19, initially a 1.0 mL
overnight culture (37°C, 200 rpms), was pipetted into a 1.5 mL Eppendorf tube, and the cells
were harvested by centrifugation (9000 rpm, 10 min). The supernatant was then disposed, and
the cell pellet was resuspended in 1 mL TE buffer (Tris-EDTA, 8.0 pH), then centrifuged (9000
rpm, 10 min). Next, the cell pellet was resuspended in 500 mL of lysis buffer (1% SDS, 100 mM
EDTA, and 50 mM Tris pH 8) and 5 puL of protein kinase K (20 ug/uL) and RNAse (100 pg/uL)
was added to the tube. These suspensions were then mixed via inversion and incubated at 37° C
for 1 hr in an incubator (37°C). After incubation, 1 mL of chloroform: isoamyl alcohol (24:1)
was added and the solution was mixed well, and further incubated at 25°C. After 5 min, the

mixture was centrifuged (9000 G, 10 min, 4°C). The highly viscous supernatant was then
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collected and transferred to a sterile 1.5 ml Eppendorf tube. The chloroform: isoamyl alcohol
extraction process was then repeated. Next, 0.8 volume of isopropanol was added and mixed
gently via inversion until white strands precipitated in the tube. The mixture was then incubated
at 4° C for 30 min. to overnight, and the contents were then centrifuged (9000 G, 10 min) and the
supernatant was removed. The pellet was then washed with 1 mL of 70% ethanol, and then
centrifuged again (9000 G, 10 min). The aqueous layer was then removed, and the resulting
pellet was air-dried at 25°C for 20-30 min. When dried, 50 uL of TE (Tris-EDTA Buffer, 8.0
pH) was added to the DNA pellet to dissolve it.

After isolation, 5-8 pL (20-50 ng) of the dissolved DNA was checked on 1.2% agarose
gel for DNA integrity. Genomic DNA was run at 80V constant voltage for 30-45 min and gel
was visualized on Gel-Doc (Bio-Rad, USA). DNA quantity and quality were then measured on a
NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).
Twenty ng of the DNA was then subjected to 16S rDNA amplification using 16s rDNA universal
primers.

The development of molecular techniques based on sequence variability in the 16S rRNA
genes has led to an improved understanding of the microbial communities present in a variety of
ecosystems, including the gut microbiota (Suau et. al., 1999) Primer 16STRNA 27F-
5"AGAGTTTGATCMTGGCTCAG-3" and 16STRNA_1492R-5"GGTTACCTTGTTACGACTT-
3" 1s the most widely used primer for species-level identification (Frank et. al., 2008). Nearly
full-length 16S rRNA genes were amplified using the 16STRNA_27F and 16STRNA 1492r
primer set.

Twenty ng of genomic DNA was subjected to 16s rDNA amplification using PCR or

polymerase chain reaction methods. Each 20 uL PCR reaction mixture consisted of genomic
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DNA (20 ng), 10 uL OneTaq® Quick-Load 2X Master Mix (NEB, USA), 1 uL forward primer
(10 uM), and 1 pL reverse primer (10 uM). This mixture was then put into the BioRad MyCycler
thermal cycler (Bio-Rad, USA). The cycle was set to run with the following cycling conditions:
initial denaturation at 95°C for 5 min, 36 cycles of denaturation at 95°C for 30 sec, annealing at
55°C for 30 sec, and extension at 68°C for 1 min, and 30 sec. A final extension was performed at
72°C for 6 min. The whole process took approximately 3 hr. After the PCR was performed, 8 uL
of the amplicon was run on 1.2% agarose gel through electrophoresis for 30-45 min at constant
voltage (80 V) and gel was visualized on Gel-Doc (Bio-Rad, USA). PCR products were then
diluted 5 times and 1 pL of the diluted amplicon was used as template for re-amplification using
the PCR condition described previously. A fraction of the re-amplified product (5 pL) was
checked on the agarose gel and remaining re-amplified product was purified using the PCR
cleanup kit (NEB, USA) using standard protocol as per manufacturer’s instructions. The purified
PCR products were sequenced using the BigDye Terminator Sequencing Kit (Applied
Biosystems, U.S.A.).

The obtained Sanger’s sequencing data of 16S rRNA region were merged using CAP3
(Huang and Madan, 1999). The consensus sequences were subjected to nucleotide blast in nr
database of NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The 16S rDNA sequences of the
relative species were retrieved from the NCBI database (blast.ncbi.nlm.nih.gov) and used for
construction of phylogenetic tree. The evolutionary history was inferred using the Neighbor-
Joining method (Saitou et. al., 1987). The bootstrap consensus tree inferred from 1000 replicates
(Felsenstein 1985) is taken to represent the evolutionary history of the taxa analyzed (Felsenstein
1985). Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are

collapsed. The percentage of replicate trees in which the associated taxa clustered together in the
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bootstrap test (1000 replicates) are shown next to the branches (Felsenstein 1985). The
evolutionary distances were computed using the Maximum Composite Likelihood method
(Tamura et. al., 2004) and are in the units of the number of base substitutions per site. This
analysis involved 12 nucleotide sequences. All positions with less than 95% site coverage were
eliminated, i.e., fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed
at any position (partial deletion option). There were a total of 1307 positions in the final dataset.
Evolutionary analyses were conducted in MEGA X (Kumar et. al., 2018).

For genomic DNA library preparation the concentration of extracted DNA was calculated
using a Qubit®double-stranded DNA (dsDNA) high-sensitivity (HS) Assay Kit (Life
Technologies, Inc., Carlsbad, CA), and the integrity of the gDNA was determined using a
NanoDrop™ spectrophotometer. Illumina sequencing libraries were prepared using a Nextera™
XT DNA Sample Preparation Kit and Nextera™ XT Index Kit (Illumina Inc., San Diego, CA).
The Illumina library was quantified using a Qubit® DNA HS Assay Kit in a Qubit fluorometer
(Thermo Fisher Scientific, Waltham, MA), and the size of the library was checked using an
Agilent 2100 Bioanalyzer System with an Agilent HS DNA Kit (Agilent Technologies, Santa
Clara, CA). The library was then sequenced on an [llumina MiniSeq platform (Illumina Inc.,
USA) using a MiniSeq high output reagent cartridge for 300 cycles. The paired-end reads were
de novo assembled into contigs using an A5-MiSeq assembler (Coil et. al., 2015). The contigs
were annotated using the PROKKA (Seemann 2014). Antimicrobial resistance genes, virulence
genes, and in silico plasmid replicon types were predicted using ARG-ANNOT (Gupta et. al.,

2014), VirulenceFinder (https://cge.cbs.dtu.dk/services/VirulenceFinder/) and PlasmidFinder

(https://cge.cbs.dtu.dk/services/PlasmidFinder/) respectively under Abricate

(https://github.com/tseemann/abricate). Lipoprotein signal peptides and numbers of
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transmembrane helices were predicted using SignalP (Bendtsen et. al., 2004) and TMHMM
(Krogh et. al., 2001), respectively. CGView was used for the visualization of circular genomes
and features (Stothard et. al., 2005).

A secondary set of DNA amplification and isolation took place in this study involving 38
different unknown bacteria isolated from oral and anal secretion of Nicrophorus americanus.
Swabs were streaked onto nutrient agar plates and individual colonies with varied colony
morphologies were subsequently re-streaked until separate isolates were confirmed. All isolates
were subjected to 16S rDNA amplification using colony PCR. Single isolated colonies from NA
plates were picked and mixed in 50 pL of TET (Tris 1 mM, EDTA 10 mM, Triton X-100 0.2%)
Buffer. The cells were lysed at 99°C for 10 min in the MyCycler thermal cycler (Bio-Rad, USA).
Lysed cells were spin briefly to settle to cell debris and supernatant was then used as template for
the amplification. Each 20 pL PCR reaction mixture consisted of genomic DNA (20 ng), 10 uL.
OneTaq® Quick-Load 2X Master Mix (NEB, USA), 1 uL forward primer (10 uM), and 1 pLL
reverse primer (10 uM). All the procedures of gel electrophoresis, PCR-re-amplification, PCR

cleanup and quantitation followed exactly the same as described previously.

RESULTS
A fragment of approximately 1.4 kb was amplified using 16S rDNA primers Fig. 1.
Sequencing data was merged and consensus sequences were subjected to NCBI-BLAST which
gave first best hits with Acinetobacter spp. (MW559450; 100% coverage and 99.93% identity)
and best hits with the species Acinetobacter calcoaceticus (MG011543; 99% coverage and
99.93% identity; Fig. 2). Phylogenetic analysis was done using 16S rDNA nucleotide sequences
of 11 different Acinetobacter species, which were retrieved from the Gen-Bank database.

Multiple alignments of the sequences were performed using MUSCLE. The phylogenetic tree
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was subsequently analyzed and displayed by Neighbor joining MEGA software. Bootstrap
values were calculated from 1000 replications for statistical analysis. Based on the phylogenetic
clustering the 16S rDNA sequences of FO1-S19 were clustered with other Acinetobacter species
and claded with Acinetobacter calcoaceticus Fig. 3. The constructed Phylogenetic tree (Fig 3.)
showed high similarity with the Acinetobacter calcoaceticus, that is isolated from environmental

sample (water; Fig. 3).
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Figure 1. 16S rDNA primers were used for PCR from diluted gDNA samples (lane 1-8), M:
FatsRuler DNA Ladder High Range (10 — 0.5 kb), NTC: No template control.

GTACCGCCCTCTTTGCAGTTAGGCTAGCTACTTCTGGTGCAACAAACTCCCATGGTGTGACGGG
CGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATTCTGATCCGCGATTACTAGCGATTC
CGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGATCGGCTTTTTGAGATTAGCAT
CCTATCGCTAGGTAGCAACCCTTTGTACCGACCATTGTAGCACGTGTGTAGCCCTGGCCGTAAG
GGCCATGATGACTTGACGTCGTCCCCGCCTTCCTCCAGTTTGTCACTGGCAGTATCCTTAAAGT
TCCCATCCGAAATGCTGGCAAGTAAGGAAAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACAT
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CTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTATCTAGATTCCCGAAGGCACCAATCC
ATCTCTGGAAAGTTTCTAGTATGTCAAGGCCAGGTAAGGTTCTTCGCGTTGCATCGAATTAAAC
CACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCATTTGAGTTTTAGTCTTGCGACCGTAC
TCCCCAGGCGGTCTACTTATCGCGTTAGCTGCGCCACTAAAGCCTCAAAGGCCCCAACGGCTAG
TAGACATCGTTTACGGCATGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCATGCTTTCGTA
CCTCAGCGTCAGTATTAGGCCAGATGGCTGCCTTCGCCATCGGTATTCCTCCAGATCTCTACGC
ATTTCACCGCTACACCTGGAATTCTACCATCCTCTCCCATACTCTAGCTTCCCAGTATCGAATG
CAATTCCCAAGTTAAGCTCGGGGATTTCACATCCGACTTAAAAAGCCGCCTACGCACGCTTTAC
GCCCAGTAA

Figure 2. Phylogenetic relationship of FO1-S19 based on 16S rDNA comparisons.
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56 A haemalyticus MHO11442 Soil
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9a L— 4 calcoaceticus MG011543 water
—— A venerianus MT478042 Plants
sal— 4 gerneri NR 117027 Human
A. cowrvalinii NR 148843 Human
58 A bereziniae KM302873 Sail

493: A. parvus KC477206 soil

A, vivignii CPO85083
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Figure 3. 16S rRNA based phylogenetic tree of FO1-S19

The genomic information of FO1-S19 is presented in Table 1. In brief, the reads were
assembled using an a5-MiSeq assembler that produced sequences of 3.92 Mb in 201 contigs with
an average coverage of 78 fold and 42.2% of GC content. The total number of genes in the draft
genome identified were 3660, which included 68 RNA genes. Signal peptide sequences
(associated with secreted proteins; Bendtsen et. al., 2004) were found in 564 gene products and
868 gene products encoded transmembrane motifs (Krogh et. al., 2001). Table 2 summarizes the

predicted resistance genes detected in FO1-S19. The gene blaOXA-295 encoding for -
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lactamase and two aminoglycoside modification resistance genes (aac6-Ir and ant(3”)-11b) were
detected. Furthermore, genes encoding for efflux pump membrane transporter abeB, adeF, were
detected (Ju et. al., 2021). A gene encoding for an efflux pump regulator, mex7, was also
identified and is associated with antibiotic resistance (Kohler et. al., 1999). Figure 4. shows a
visualization of the genome made using GCview and laid out into a circular map. It includes the
open reading frames (ORF’s), GC skew, and GC percentage. We could not detect any virulence

genes and plasmids in this isolate.

Table 1: Nucleotide content and gene count levels of the chromosome.

Attribute Value % of total
Genome size (bp) 3,920,189 100
DNA G+C content (bp) 1,618,258 41.28
Coverage 78 -
Total genes 3,660 100
RNA genes 68 1.86
Protein-coding genes 3592 98.14
Genes with function prediction 2,074 56.70
Genes with peptide signals 564 15.41
Genes with transmembrane helices 868 23.72

Table 2: Resistance gene detected in FO1-S19.

Gene Identity (%) comments
aac6-Ir 100 Aminoglycoside N-acetyltransferases
ant(3")-11b 100 Aminoglycoside O-nucleotidyltransferases
blaOXA-295 100 Class D betalactamases
adeB 99.84 Drug and biocide RND efflux pumps
adelF’ 99.21 Drug and biocide RND efflux pumps

mexT 100 Drug and biocide RND efflux pumps
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Acinetobacter calcoaceticus
FO1-S19
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Figure 4. Genome map of the Acinetobacter spp. FO1-S19. From outside to the center: Genes on
the forward strand (clockwise red lines), genes on the reverse strand (red lines in the penultimate
circle), GC skew (pink and green), and GC content (Black).

Of the 38 additonal isolate DNA samples investigatedm only 15 produced the desired
16S rDNA amplicon, that was confirmed by agarose gel electrophoresis (1.2% agarose, 80 V).
The amplified products were re-amplified and checked again on 1.2% agarose gel
electrophoresis. The re-amplified PCR product were subjected to PCR cleanup using the PCR
cleanup kit (NEB, USA) as per manufacturer’s instructions. These samples are currently in the
process of being sequenced. T10G-C3, T10G-C4, T10G-C2-2, T20G-C1, T20G-C2, T2G-Cl,
T23G-C1, MOID-3, FA1081-C2, H21G-C1, H21G-C3, H7F-C1, H7F-C2, H7F-C3 were all the

isolates whose DNA was successfully extracted and amplified. The details of these isolates were

given in Table 3.
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Table 3. List of 15 microbe isolates and their source of isolation from N. americanus

Isolate ID Description
T10G - C3 Female anal 1250 Colony 3
T10G - C4 Female anal 1250 Colony 4
T10G - C2 Female anal 1250 Colony 2
T20G - C1 Male anal 1082 Colony 1
T20G - C2 Male anal 1082 Colony 2
T2G - Cl1 Female anal 1081 Colony 1
123G - Cl1 Male oral 1082 Colony 1
MOID-3 Male oral ID Colony 3
FA1081-C2 Female anal 1081 Colony 2
H21G - C1 Male anal 1082 Colony 1
H21G - C3 Male anal 1082 Colony 3
H7F - C1 Female oral 1081 Colony 1
H7F - C2 Female oral 1081 Colony 2
H7F - C3 Female oral 1081 Colony 3

DISCUSSION

The BLAST analysis of 16s rDNA sequence best matched with A.calcoaceticus
(MGO011543) and FO1-S19 closely clustered 4. calcoaceticus. To confirm this finding, a rpoB
based phylogenetic interpretation and average nucleotide identity (ANI) matrix could be helpful.

A. calcoaceticus 1s a Gram-negative bacterium that is very common in the environment.
It can also be found as a commensal organism in humans. A. calcoaciticus is carried by up to
25% of individuals sampled (Retailliau et. al., 1979) and this species can cause disease (Glew et.
al., 1977). A. calcoaciticus has been attributed to causing infections such as septicemia,
endocarditis, brain abscess, pneumonia, tracheobronchitis, empyema, urinary tract infections,
intraabdominal abscess, intrapelvic abscess, pyarthrosis, osteomyelitis, cellulitis, skin abscess,
wound infection, conjunctivitis, and phlebitis (Glew et. al., 1977). A. calcoaciticus has also been

isolated from some insects, including Ocymyrmex velox as a cellulase producer (Shil et. al.,
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2014), Oberea linearis (Bahar et. al., 2007), Lymantria dispar (gypsy moth) (Demir et. al.,
2012), Comadia redtenbacheri (Hernandez-Flores et. al., 2015),, nematode Steinernema spp. (Fu
et. al., 2019), and possibly Leptinotarsa decemlineat (Muratoglu et. al., 2011). Since this
organism has been reported to be found in other insects, it seemed appropriate we isolated it
from N. americanus. More work is required to determine where in the beetle’s anatomy that A.
calcoaciticus is located.

As we suspected, genes encoding for antibiotic resistance were found in the genome of
FO1-S19 isolate. aac6-Ir, ant(3”)-1Ib, blaOXA-295, and mexT were found with 100% identity
where as abeB and adeF were found with 99.84% and 99.21% respectively. Aac(6”) (Doi et. al.,
2004), ant(3”)-1Ib (Zhang et. al., 2017), blaOXA-23 (Corréa et. al., 2012), mexT, adeB, and
adel’, have all previously been detected in Acinetobacter spp (Thadtapond et. al., 2021). These
genes contribute to the multidrug resistance phenotype characteristic of A. calcoaciticus-
baumannii complexes (Thadtapond et. al., 2021). Its efflux pump proteins are especially of
concern for antibiotic treatment because they can target a variety of drugs and make them
inefficient against the bacteria (Thadtapond et. al., 2021). No known plasmid was discovered in
FO1-S19, even though Gram-negative pathogens often carry plasmids that harbor antibiotic
resistance genes (Li et. al., 2019).

Overall, our study confirmed initial results that FO1-S19 is indeed an Acinetobacter spp.
It also corroborated the presence of antibiotic resistance encoding genes in FO1-S19 which can
be typical of Acinetobacter spp. (Van et. al., 2014, Manchanda et. al., 2010).

Complete genome alignments with multiple Acinetobacter spp. are required to determine

if FO1-S19 is indeed a unique strain and would confirm its phylogenetic relationship. Additional
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research is required to identify the 38 additional aerobic microbe isolates isolated from .

americanus.
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