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Background: Acinetobacter baumannii (A. baumannii) is one of the most important patho-
gens that cause serious nosocomial infections worldwide. However, there are few reports on
the virulence of 4. baumannii clinical isolates, and little is known about the mechanism
regulating virulence and drug resistance. The aim of this study was to determine the
prevalence of drug resistance and virulence profiles and explore features related to quorum
sensing (QS).

Methods: A total of 80 clinical 4. baumannii isolates were collected from Jilin province of
China from 2012 to 2017. We investigated these clinical isolates with respect to biofilm
formation, surface motility, adherence, invasion into A549 human alveolar epithelial cells,
and virulence to Galleria mellonella. We also explored the prevalence of the Abal/AbaR QS
system and its correlation with bacterial virulence and drug resistance.

Results: The resistance rates of the isolates to 17 commonly used antibiotics were higher
than 50%, and 75% of the isolates were multi-drug resistant. Approximately 95% (76/80) of
the isolates showed the ability to form biofilms, of which 38 showed strong biofilm forma-
tion ability (+++). Only 5 strains showed strong surface-related motility. A high level of
variability was found in adherence and invasion into A549 epithelial cells, and 16 isolates
showed strong virulence to Galleria mellonella (none survived after 6 days of infection). Of
the 61 isolates carrying abal and abaR genes, 24 were found to produce N-acyl homoserine
lactones (AHLs) detectable by biosensor bacteria. Correlation analysis revealed that abal and
abaR genes positively correlated with bacterial resistance rates. All strains showing obvious
surface-related motility carried abal and abaR genes and produced AHLs. The isolates with
detectable QS systems also showed stronger invasiveness into A549 cells and pathogenicity
toward G. mellonella than the QS-deficient isolates.

Conclusion: Our study demonstrates that the Abal/AbaR QS system was widely distributed
among the 4. baumannii clinical isolates, was necessary for surface-related motility, and
significantly correlated with drug resistance, invasion into epithelial cells, and virulence to
G. mellonella.
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Introduction

Acinetobacter baumannii (A. baumannii) is a clinically important, opportunistic
pathogen that causes a wide range of clinical infections. Lately, many difficult-to-
treat nosocomial infections caused by multidrug-resistant (MDR), extensive- or
pan-drug-resistant (PDR) A. baumannii have been reported throughout the world,
which often lead to morbidity due to the development of antimicrobial drug

submit your manuscript

Dove n

http:

" in @

Infection and Drug Resistance 2020:13 4273-4281 4273
© 2020 Tang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

[T 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:nich@jlu.edu.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Tang et al

Dove

resistance and the expression of virulence genes.' QS is
a mechanism by which bacteria coordinate their group
behavior by sensing their population density.* Small diffu-
sible molecules termed autoinducers are produced con-
stantly, including oligopeptides in Gram-positive bacteria
and N acyl-homoserine lactones (AHLs) in some Gram-
negative bacteria.’ At a certain threshold concentration,
the binding of the autoinducers and the cognate receptors
will induce a cascade of reactions and modulate the
expression of QS target genes in the organism.® It has
been shown that the QS phenomenon exists widely in
bacteria and links to various biological activities including
motility, conjugation, biofilm formation, production of
virulence factors, and pathogenic processes. The QS
system of A. baumannii has recently been reported to
consist of Abal/AbaR, a two-component system.® The
abal gene encodes the autoinducer synthases which cata-
lyze the synthesis of AHL signals. The most predominant
AHLs produced by A. baumannii is 3-hydroxy-Cl12-
homoserine lactones.” The abaR gene encodes the receptor
protein which binds to AHLs and behaves as transcrip-
tional regulatory factors. Current studies showed that the
mutation of abal gene could result in a greatly reduction of
biofilm formation.®'® Some strategies that inhibit quorum
sensing also strongly inhibited 4. baumannii motility and
biofilm formation.'"*!? However, up to date, little is known
about the association between the QS system and the
resistance and virulence of 4. baumannii clinical isolates.
The objectives of this study were to determine the pre-
sence of the Abal/AbaR QS system in 4. baumannii clin-
ical isolates and its effects on antimicrobial resistance and
virulence-associated features. This will help to understand
the potential roles of the QS system of 4. baumannii in the
regulation of various biological activities and to develop
alternative strategies targeting the QS network to combat
the infections caused by this notorious pathogen.

Methods

Bacterial Strains and Culture Conditions

Eighty clinical isolates of 4. baumannii were collected from
six hospitals representing three provinces in northeastern
China extending from January 2012 until December 2017.
The isolates were obtained from various departments includ-
ing Respiration, Neurosurgery, Pediatrics, Intensive Care
Units, and Emergencies. All clinical isolates were identified
to the species level using the Vitek-2 system (bioMérieux,
Marcyl’Etoile, France), and blapxa.s1 was amplified by

using PCR to confirm the presence of A. baumannii. Luria
Bertani (LB) broth and LB agar plates (both from Merck,
Darmstadt, Germany) were used to culture the bacterial iso-
lates under aerobic conditions at 37 °C. Escherichia coli
ATCC25922 and Pseudomonas aeruginosa ATCC27853
were used as reference strains for susceptibility testing;
A. baumannii ATCC17978 was used as a control strain for
virulence tests.

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing of the isolated strains
was performed according to the Clinical and Laboratory
Standards Institute guidelines (CLSI, 2016) using the disc
diffusion method. We tested the susceptibility of the iso-
lates to piperacillin, ampicillin, ampicillin-sulbactam,
piperacillin-tazobactam, ticarcillin-clavulanic acid, ceftazi-
dime, cefepime, cefotaxime, ceftriaxone, imipenem, mer-
openem, gentamicin, tobramycin, amikacin, minocycline,
ciprofloxacin, levofloxacin, and polymyxin B discs
(Oxo0id, UK). The drug susceptibility data for the
A. baumannii isolates were analyzed using WHONET
5.6. Multi-drug resistance for A. baumannii isolates was
defined as described previously.'

Detection of abal and abaR Genes

The presence of abal and abaR genes in clinical isolates was
detected by conventional PCR using the primers as follow-
ing, abal-F: 5~ AAAGTTACCGCTACAGGG-3', abal-R: 5'-
CACGATGGGCACGAAA-3'; abaR-F: 5-TCCTCGGGT
CCCAATA-3', abaR-R: 5-TAAATCTACCGCATCAA-3".
The PCR program was as follows: 30 cycles of denaturation
at 94 °C for 1 min, annealing at 52 °C for 30 s, and extension
at 72 °C for 1.5 min, with a final elongation step at 72 °C for 5
min. The PCR products were detected by 1% agarose gel
electrophoresis. The amplicon sizes of abal and abaR genes
were 435 bp and 310 bp, respectively.

N-Acyl Homoserine Lactone (AHL)
Production by Clinical A. baumannii

Isolates

AHL-producing bacteria were screened by using two
AHL-sensing bacterial biosensors, Chromobacterium
violaceum CV026" and Agrobacterium tumefaciens
KYC55,'* which respond to short-chain and long-chain
AHLs, respectively, as described previously.'>'¢ Briefly,
fresh cultures of QS biosensor strains were inoculated on

LB agar plates. KYC55 was grown in LB medium
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supplemented with 100 pg/mL tetracycline and 100 pg/mL
spectinomycin at 28 °C. CV026 was grown in LB medium
supplemented with 20 pg/mL kanamycin at 28 °C. For
both KYCS55 and CV026, the agar was supplemented with
40 mg/mL X-gal (Sangon Biotech, Shanghai, China).
Freshly cultured strains to be tested were streaked on the
plates parallel to the biosensor strains. The plates were
incubated overnight at 28 °C. Production of AHLs was
indicated by the formation of the purple pigment, viola-
cein, or by blue coloration due to [3-galactosidase

activity.”!’

Biofilm Formation Assay

The quantification of biofilm formation was performed
using 96-well microtiter plates in accordance with the
method of Stepanovic et al,'® but with minor modifications.
Briefly, an overnight culture of an A. baumannii isolate was
suspended in sterile saline to achieve turbidity comparable
to that of a 0.5 McFarland standard. Twenty microliters of
the suspension were pipetted into each well of a 96-well
microtiter plate (Corning, Corning, NY, USA) and mixed
with 180 pL of LB medium. Negative control wells con-
tained only 200 pL of sterile LB medium. The plates were
incubated at 37 °C for 24 h. Then, the supernatant was
carefully removed from the wells, and each well was
washed three times with 200 puL of sterile saline. The plates
were dried overnight at room temperature and then fixed
with hot air at 65 °C for 1 h. The plates were stained with
150 pL of 1% crystal violet for 30 min. Excess dye was
rinsed off with running tap water and dried at room tem-
perature. Glacial acetic acid (150 pL, 33% (v/v)) was added
to each well to resolubilize the dye bound to the adherent
cells. The optical density (OD) of each well was measured
at 600 nm using a spectrophotometer (Epoch, BioTek, CA,
USA). Three independent experiments were performed,
each in triplicate, and biofilms quantified as nonadherent,
weakly adherent, moderately adherent, or strongly
adherent.'® The average value of three parallel test negative
controls was considered as the ODC. Isolates were classi-
fied as follows: OD <ODC =nonadherent (-), ODC <OD <
(2 x ODC) = weakly adherent (+); (2 x ODC) <OD < (4 x
ODC) = moderately adherent (++), and OD > (4 x ODC) =
strongly adherent (+++).

Measurement of Surface Motility

Surface motility of these clinical isolates was measured
according to a previously described method, but with
minor modifications. Overnight cultures of each strain

were adjusted to a concentration of 1 x 107 colony forming
units (CFUs)/mL in LB broth. One microliter of the bac-
terial suspension was placed in the center of a motility
assay plate containing 10 g/L tryptone, 5 g/L NaCl, and
0.3% Noble agar (Becton Dickinson, Sparks, MD, USA).
Plates were allowed to dry at room temperature for 1-2
h and then incubated at 37 °C for 24 h. The radii of surface
extension were measured. All assays were performed in
triplicate.

A549 Adhesion and Invasion Assays

The A549 human alveolar epithelial cell line (ATCC CCL-
185) was routinely cultured in Dulbecco’s Modified Eagle
Medium (DMEM, Hyclone) supplemented with 10% heat-
inactivated fetal bovine serum (FBS, Gibco), 50 U/mL of
penicillin, and 50 pg/mL of streptomycin. Cells were
grown to 90% confluence in six well plates to get
a monolayer of ~10° cells per well. The monolayers
were washed three times with PBS prewarmed to 37 °C
before infection. Clinical isolates of A. baumannii were
grown overnight in LB medium at 37 °C, washed in PBS,
and adjusted to a multiplicity of infection of 10.
Approximately 5 x 10> A549 cells were infected with 5
x 10° bacteria. The infected cells were incubated with
DMEM without FBS and antibiotics in a 5% CO, atmo-
sphere at 37 °C for 2 h. To determine bacterial adhesion,
the infected monolayers were washed three times with
PBS and then lysed in 500 pL of 0.1% Triton X-100.
For invasion analysis, 500 pg/mL of gentamicin was
added to each well for a 30-min incubation to eliminate
all extracellular bacteria. Cells were washed three times
with PBS and then lysed in 500 pL Triton X-100 to release
the invaded bacteria from the infected A549 cells. After
lysis in both cases, dilutions of the lysates were plated on
LB agar and incubated at 37 °C for 24 h to measure the
CFUs of bacteria. All invasion and adhesion assays were
performed in three independent experiments, each in
triplicates.

Galleria melonella Infection and Killing
Assays

The virulence of the clinical strains of A. baumannii was
evaluated using Galleria melonella as an in vivo infection
model. Clinical strains of 4. baumannii were cultured to
the exponential (logarithmic) growth phase and washed
2-3 times with PBS. The concentration was adjusted to
match the turbidity of 0.5 McFarland standard with PBS.
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Ten randomly selected larvae of the same size were used
to test the virulence of each bacterial strain. Twenty micro-
liters of the culture of each strain were injected into the
left or right hind leg of the larvae. Thus, the actual inocu-
lum of each strain was about 3x10° CFU/larva. Ten larvae
were injected with 20 pL of PBS as control, and ten
untreated larvae were used as blank controls. After the
injection, the larvae were incubated in a dark environment
at 37 °C for 7 days. A larva was considered to be dead if it
could not respond to gentle probing.

Statistical Analysis

The variance of mean values between the two groups was
compared using Student’s #-test. Qualitative data were
analyzed using chi-square and Fisher’s exact test. The
resulting survival curves were plotted using the Kaplan-
Meier method (Kaplan and Meier, 1958) and analyzed
using a log-rank (Mantel-Cox) test. For all tests, the dif-
ference was considered to be statistically significant at
P <0.05.

Ethical Statement

All the clinical samples included in this study were part of
the routine hospital laboratory procedure. Due to the anon-
ymous nature of the study, no written informed consent
was required.

Results
Detection of abal and abaR Genes and
AHL Production

All 80 isolates were investigated for the presence of QS
genes (abal and abaR genes), and the results showed that
83.75% (n=67) and 78.75% (n=63) of the isolates carried
the abal and the abaR genes, respectively (Table 1).
Furthermore, the ability of these isolates to produce AHL
signaling molecules was determined by using two AHL-
sensing biosensor strains. A total of 24 isolates were
determined to be AHL-producing strains based on color
changes produced by the reporter strain, A. tumefaciens
KYC55, which mainly responds to long-chain AHLs. No
strain could induce the color change produced by CV026,
which indicates that no short-chain AHLs were produced
by any of the isolates.

Antimicrobial Susceptibility
A total of 80 clinical 4. baumannii strains were tested for
susceptibility to various antibiotics (Table 2). We found that

Table | Distribution of abal and abaR Genes in 80 Clinical
Isolates of A. baumannii

Genes Positive Numbers Positive Rates (n=80)
abal® 67 83.75%

abaR* 63 78.75%

abal” abaR”* 6l 76.25%

abal” abaR™ 7.5%

abal” abaR* 2.5%

abal™ abaR™ I 13.75%

Table 2 Antibiotic Susceptibility of A. baumannii Clinical Isolates

Antimicrobial Resistant | Intermediate | Susceptible
Agent n (%) n (%) n (%)
Piperacillin 61 (76.25) | 8 (10) Il (13.75)
Ampicillin 73 (91.25) | 4 (5) 3 (3.75)
Ampicillin-sulbactam | 51 (63.75) | 5 (6.25) 24 (30)
Piperacillin- 55 (68.75) | 7 (8.75) 18 (22.5)
tazobactam

Ticarcillin-clavulanic 56 (70) 3 (3.75) 21 (26.25)
acid

Ceftazidime 57 (71.25) | 3 (3.75) 20 (25)
Cefepime 58 (72.5) 1 (1.25) 21 (26.25)
Cefotaxime 60 (75) 13 (16.25) 7 (8.75)
Ceftriaxone 57 (71.25) | 15 (18.75) 7 (8.75)
Imipenem 54 (67.5) 0(0) 26 (32.5)
Meropenem 52 (65) 2 (2.5 26 (32.5)
Gentamicin 49 (61.25) | 1 (1.25) 30 (37.5)
Tobramycin 45 (56.25) | 2 (2.5) 33 (41.25)
Amikacin 42 (52.5) 2 (2.5) 36 (45)
Minocycline 9 (11.25) 8 (10) 63 (78.75)
Ciprofloxacin 54 (67.5) 0(0) 26 (32.5)
Levofloxacin 41 (51.25) | 8 (10) 31 (38.75)
Polymyxin B 0 (0) 0(0) 80 (100)

the resistance rates of A. baumannii to B-lactam drugs were
as high as 63.75%-91.25%, among which the highest resis-
tance rate of 91.25% was observed for ampicillin.
Resistance rates for carbapenems were 67.5% (meropenem)
and 65% (imipenem). A. baumannii also developed severe
resistance to aminoglycoside antibiotics: 61.25% for genta-
micin, 56.25% for tobramycin, and 52.5% for amikacin. The
resistance rates to quinolone antibiotics also exceeded 50%:
67.5% for ciprofloxacin and 51.25% for levofloxacin.
However, the resistance rate of 4. baumannii to tetracyclines
was relatively low (11.25%). All strains were sensitive to the
polypeptide antibiotic, polymyxin B. Among these 80
strains, 64 were identified as MDR strains according to the
definition of Magiorakos." Figure 1 shows the numbers of
sensitive and resistant isolates carrying the abal and abaR

submit your manuscript

4276

Dove

Infection and Drug Resistance 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove Tang et al
[ Sensitive strains 03 Sensitive srains
i i Hl Resistant strains
abar Bl Resistant strains abaR 1
abal” - abaR"* 4
T T T 1 T T T 1
0 20 40 60 80 0 20 40 60 80

Figure | Correlation between drug resistance and carrier status of QS genes, (A) abal and (B) abaR genes in clinical A. baumannii isolates.

genes. Among the strains carrying the abal gene, 82.09%
were drug-resistant, whereas only 23.07% were drug-
resistant among the strains without the abal gene. Among
the strains carrying the abaR gene, drug-resistant strains
accounted for 81.25%, whereas those without the abaR
gene only accounted for 37.50%. Correlation analysis
revealed that the carrying status of abal and abaR genes
was significantly correlated with the drug resistance of the
isolates (P < 0.01).

Biofilm Formation

Based on the quantification data, the isolates were classified
as strong, moderate, and weak biofilm producers or as non-
biofilm producers. Among all 80 clinical isolates of
A. baumannii, 76 strains were able to form biofilms.

17978

Moreover, 45% of the isolates were strong biofilm producers,
and 27.5% and 17.5% exhibited moderate and weak biofilm
formation, respectively. There were 4 non-biofilm producers.
We also analyzed the relationship between biofilm formation
and the production of QS signaling molecules (AHLs).
Strains producing AHLs showed a slightly higher ability to
form biofilms; however, no significant difference was
observed compared with the non-AHL-producing group.

Surface Motility

A total of 80 clinical isolates and ATCC 17978 were tested
for surface motility on LB Noble agar plates (0.3%). As
shown in Figure 2, the motility exhibited by these strains
was highly variable. Five clinical strains, A41, A37, A38,
A79, and A76, and ATCC17978 exhibited apparent surface

Figure 2 Surface-related motility of A. baumannii clinical isolates. ATCC17978 was used as a positive control to show surface motility. Five clinical strains A41, A37, A38,
A79, and A76 showed apparent surface motility; A5 was used as a representative clinical strain without motility. DH50 was used as a negative control.
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Table 3 Characteristics of Five Clinical Isolates with Apparent Surface Motility

Strains IC Drug Sensitivity AHLs abal Gene abaR Gene Biofilm Motility Diameter (mm)*
A37 I MDR + + + +++ 58 +2.48

A38 Il MDR + + + ++ 3951 £2.32

A4l Il MDR + + + + 71.18 £ 2.63

A76 MDR + + + + 30.98 +11.20

A79 MDR + + + ++ 37.57 £ 593

Note: *values are mean + S.D. (standard deviation).

Abbreviations: IC, international clone; MDR, multiple drug resistant; AHLs, N-acyl-homoserine lactones.

motility. The motility diameters are shown in Table 3. The
other isolates were either noticeably less motile than the
above strains or did not exhibit any motility. It is noteworthy
that all five clinical strains exhibiting surface-associated moti-
lity carried the abal and abaR genes and produced AHLs.

Adherence and Invasion into A549 Cells
A549 human type 2 alveolar epithelial cells were used to
examine the adherence and invasiveness of A. baumannii
clinical isolates. All 80 isolates exhibited different degrees
of adherence and invasion into the A549 cells. Interestingly,
strains carrying abal and abaR genes or producing AHLs
displayed significantly higher levels of invasion into A549
cells compared with strains without the QS genes or without
the ability to produce signaling molecules (Figure 3).

Virulence to Galleria mellonella

Galleria mellonella was used as an infection model to evalu-
ate the virulence of 80 isolates in vivo. Injection of
A. baumannii isolates resulted in larval death at 24 or 48
h post-inoculation. No larva death occurred within 7 days in
the PBS and blank groups. We compared the survival of
G. mellonella infected with AHL-producing (AHL") and non-
producing isolates (AHL") and found that the AHL" group
induced significantly greater mortality of G. mellonella than
did the AHL™ group (Figure 4). This suggested that the

virulence of AHL-producing 4. baumannii isolates was sig-
nificantly higher than that of non-producing isolates.

Discussion

QS has been described as a general mechanism for regu-
lating many biological processes including virulence,
resistance, motility, and biofilm formation in many gram-
negative pathogens.” At present, there are few research
reports on the presence of the QS system in
A. baumannii clinical isolates and its contribution to anti-
biotic resistance and virulence. In this study, we deter-
mined the carrier status of abal and abaR genes in
A. baumannii clinical isolates and found that 76.25% of
the A. baumannii strains carried both abal and abaR
genes, among which 24 strains were found to produce
AHLs, based on responses by biosensor strains. Some
studies have proved that the presence of QS systems sig-
nificantly correlates with drug resistance of isolates. Dou
et al,”! found that N-3-hydroxy-dodecanoyl-homoserine
lactone (N-3-OH-C12-HSL) produced by A. baumannii
could induce the expression of drug-resistance genes
such as blaoxa-si, blaampc, aded, and adeB. Our study
revealed that the presence of abal and abaR genes signifi-
cantly correlated with multidrug resistance rates, which
means that isolates with a QS system were more likely
to be multidrug-resistant strains. This suggests that Abal/

A 501 * B 501 ** | C 801
—l —— *
S 404 2 404 =)
$ $ $ % [
S 304 T 307 5
% —_— < < 40
% 204 g 204 —|— g -1
g g § 201
2 104 £ 101 £
0 T T 0 — T 0 T T
abal abal abaR abaR AHLs AHLs

Figure 3 Correlation of invasiveness into A549 cells with carrier status of QS genes, (A) abal and (B) abaR, and with (C) AHLs production in clinical A. baumannii isolates.

*Means statistically significant and p <0.05; **Means statistically significant and p <0.01.
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Figure 4 Kaplan—Meier survival curves of G. mellonella infected with A. baumannii
clinical isolates. AHL-producing A. baumannii induced significantly greater mortality
than did non-AHL-producing A. baumannii (P<0.01).

AbaR QS systems are involved in antibiotic resistance and
may be an important target for treating multidrug-resistant
A. baumannii infections.

Biofilm formation has been considered to be impor-
tant for the colonization of 4. baumannii on biological
and abiotic surfaces and closely related to the multidrug-
resistant phenotypes of microorganisms through the
obstruction of antibiotic effects on the bacteria. Our
study found that most of the 4. baumannii strains ana-
lyzed herein showed an impressive ability to form bio-
films on abiotic surfaces. However, the data obtained in
this study did not reveal a strong correlation between
biofilm formation and the QS system. This result based
on clinical strains was not consistent with the results of
previous studies using mutant strains. Niu et al con-
structed an abal mutant strain and found that biofilm
formation by the mutant strain was significantly
reduced.® Phenomenon of biofilm formation is not deter-
mined by any single factor or single genotype, but is
a complex biological process that is regulated by several
factors and these factors seem to be strain-dependent.?”
Similar inconsistent or contradictory results also
appeared in the study of the correlation between biofilm
formation and drug resistance phenotype.”> Further
in vitro and in vivo studies are required to clarify the
contribution of QS systems to biofilm formation by
A. baumannii.

Previously, A. baumannii was thought to be a non-
motile bacterium because it has no flagellum structure.
But in recent years, many studies have found that some
clinical and environmental A. baumannii isolates exhibit
a robust

surface motility on low-percentage agar

plates.”** In this study, we analyzed the motility of 80

clinical isolates and found that five strains exhibited appar-
ent surface-related motility, whereas others were less
motile or non-motile. In addition, all five strains carried
abal and abaR genes and produced AHL signaling mole-
cules. A previous study demonstrated that a null allele in
the abal decreased motility dramatically, and the addition
of exogenous N-(3-hydroxy)-dodecanoyl homoserine lac-
tone (N-3-OH-C12-HSL) restored the motility of the abal
mutant.*® To further analyze the roles of these genes, we
knocked out abal or abaR or both of them and found that
the mutant strains were non-motile (data not shown).
Currently,  the  surface-associated  motility  of
A. baumannii appears to rely on the synthesis of 1.3-dia-
(DAP),*”  the

lipopolysaccharide®” and response to blue light.*® Some

minopropane production of core

genes required for motility has been shown strongly acti-

vated through quorum sensing,”*?’

which suggests that the
Abal/AbaR QS system is important for the surface motility
of A. baumannii.

The adhesion and invasion of A. baumannii into epithe-
lial cells are key factors in the colonization and nosoco-
mial infection of A. baumannii. In this study, 80
A. baumannii isolates displayed different abilities to
adhere to epithelial cells and subsequently invade them.
In particular, those strains carrying the QS system demon-
strated stronger invasiveness with respect to epithelial
cells. Nesse et al,* reported that the addition of AHLs
increased the invasiveness of wild Salmonella typhimur-
ium strain into epithelial cells. In P. aeruginosa, it was
found that 30-C12-HSL could alter the integrity of the cell
barrier,® disrupt cell junction associations,>® further trig-
ger multiple signaling pathways, and regulate various
functions and behaviors of eukaryotic host cells.*

Galleria mellonella has been used to assess the viru-
lence of isolates and compare the pathogenicity between
strains and has proved to have good correlation with
mammalian models.>* In this study, the pathogenicity
of all 80
G. mellonella as an infection model; marked differences

clinical 1isolates was assessed using
were displayed between isolates, which reflected the
different levels of pathogenicity of clinical isolates to
the host. Furthermore, we found that AHL-positive iso-
lates were more virulent than AHL-negative isolates.
This result suggests that the QS system may be involved
in the pathogenic process of A. baumannii. The virulence
of QS mutants, including the lasI mutant, rhll mutant, or
lasI rhll double mutant, decreased significantly compared

35,36

to that of the parent in P aeruginosa in many
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different animal models. However, the exact role of the
Abal/AbaR QS the
A. baumannii requires further investigation.

In this study, the Abal/AbaR QS system was found to be
widely distributed among the A. baumannii clinical isolates,

system in pathogenicity of

which was evidently correlated with bacterial resistance,
invasiveness into epithelial cells, and pathogenicity to
G. mellonella. This study highlights the promise of a new
strategy of interfering with the Abal/AbaR signaling system,
which can help to control the infections caused by MDR
A. baumannii. However, elucidation of the QS network for
the regulation of antimicrobial resistance and virulence of
A. baumannii at the molecular and cellular levels is neces-
sary for the application of this new strategy.
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