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Abstract Acinetobacter species remain alive in hospitals
on various surfaces, both dry and moist, forming an impor-
tant source of hospital infections. These bacteria are natu-
rally resistant to many antibiotic classes. Although the role
of the quorum sensing system in regulating the virulence
factors of Acinetobacter species has not been fully eluci-
dated, it has been reported that they play a role in bacte-
rial biofilm formation. The biofilm formation helps them
to survive under unfavorable growth conditions and anti-
microbial treatments. It is based on the accumulation of
bacterial communication signal molecules in the area. In
this study, we compared the bacterial signal molecules of
50 nosocomial Acinetobacter baumannii strain and 20 A.
baumannii strain isolated from soil. The signal molecules
were detected by the biosensor bacteria (Chromobacte-
rium violaceum 026, Agrobacterium tumefaciens A136,
and Agrobacterium tumefaciens NTL1) and their separation
was determined by thin-layer chromatography. As a result,
it has been found that soil-borne isolates can produce
3-0x0-C8-AHL and C8-AHL, whereas nosocomial-derived
isolates can produce long-chain signals such as C10-AHL,
C12-AHL, C14-AHL and C16-AHL. According to these
results, it is possible to understand that these signal mol-
ecules are found in the infection caused by A. baumannii.
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The inhibition of this signaling molecules in a communica-
tion could use to prevent multiple antibiotic resistance of
these bacteria.
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Introduction

The antibiotics used in the treatment of infections have
been considered as one of the most important discover-
ies of the century. In the past few years, extensive and
improper use of antibiotics have caused the microorgan-
isms and antimicrobials to become immune which has
cast a cloud on the success achieved against the infec-
tious agents and it has become an issue threatening the
health of the people. Microorganisms become immune
with different mechanisms toward the antibiotics, which
they are sensitive to, and be effective in pathogenicity. An
environmental sensing system, in other words, the bacte-
rial communication system used among microorganisms
called quorum sensing, promises hope in antimicrobial
treatment and draws hope as a system where the damage
to the host is at minimum levels. Briefly, the communica-
tion system known as “quorum sensing” can be defined as
the population increase of species in the same environment
in accordance with these species detecting this increase
and, as a result, showing a change in behavior such as all
individuals organizing their particular genes expressions
in coordination (McClean et al. 1997; Shaw et al. 1997).
Although the quorum sensing system was first determined
in Gram-negative bacteria, it is also a microbial commu-
nication system used in Gram-positive bacteria and some
fungus (Chen et al. 2004; de Kievit and Iglewski 2000).
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Enlightening this communication system and determining
the active molecules in infection will make it easier for the
treatment of an infection. According to the research con-
ducted by World Health Organization (WHO), it is seen
that Turkey takes place next to the top of the countries that
have become immune to antibiotics observed in almost all
kinds of bacteria (Bozkurt et al. 2014). The environments
mostly causing the development of an immunity against
antibiotics are hospitals. Hospital infections are stated as
the infections that occur when a patient comes to the hos-
pital with a health problem, ends up acquiring another
infection. According to Ertek, hospital infections usually
develop 48-72 h after hospitalization and within 10 days
after being discharged from the hospital (Ertek 2008). They
extend the duration of hospitalization, along with caus-
ing significant health problems, also having losses and the
length of treatment extending with the cost of treatment ris-
ing, and sometimes causing the treatment to end in failure.
Among the factors of the hospital infections, Gram-nega-
tive species such as Pseudomonas aeruginosa, Escherichia
coli, Klebsiella spp., Enterobacter spp., Acinetobacter spp.
and Serratia spp. are the utmost ones (Tariq 2014). The
multi-drug resistance that is observed against the antibiot-
ics in these microorganisms is confronted with a problem
that is gradually increasing (Koul et al. 2016). According
to the results of some studies conducted in our country that
covers a wide range, some bacteria that are frequently iso-
lated from intensive care units, such as Acinetobacter, show
resistance against antibiotics and have very limited alterna-
tive treatments. Hence, it is observed that the Acinetobac-
ter strains which are the ones isolated from clinic samples
and the ones isolated from the environment differ in terms
of antibiotic resistance. One of the reasons of this differen-
tiation is bacterial communication system. In this context,
there is an observational proof showing that different types
of the bacterial communication system can take an antibac-
terial effect in different ways (Priya et al. 2013; Waheed
et al. 2016; Zahin et al. 2010). In this study, the quorum
sensing signal molecules used by Acinetobacter strains,
which were isolated from patients with hospital infections
in various clinics, were determined; concurrently, signal
molecules produced by Acinetobacter strains isolated from
nature were compared, and which signal molecules, which
were active in infections, were researched.

Materials and methods
Bacterial strains and culture conditions
Fifty Acinetobacter baumannii isolates used in the study

were isolated from different clinical samples and 20 A. bau-
mannii isolates were isolated from soil samples. Clinical
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samples from hospitalized patients were inoculated on
blood agar medium and incubated at 37 °C for 24 h. Pre-
liminary identification was performed by Gram stain-
ing, colony morphology, culturing on MacConkey’s agar
(oxoid), non-lactose fermenting bacteria, oxidase activity,
catalase activity identified by the traditional biochemical
test according to the additional data confirmed by Vitek 32
system. Acinetobacter baumannii (ATCC 19606) strain was
used as a positive control when defining bacteria. Isolation
of Acinetobacter species from soil was carried out accord-
ing to Baumann (1968). Strains isolated were checked
in CHROMagar Acinetobacter (CHROMagar, France).
The AHL reporter strains Chromobacterium violaceum
CV026, Chromobacterium violaceum 31532, Chromo-
bacterium violaceum 12472, Agrobacterium tumefaciens
NTL1 (pZLR4) and Agrobacterium tumefaciens A136 were
kindly supplied by Prof. Dr. Robert J.C. McLean (Texas
State University-San Marcos), Prof. Dr. Stephen K Farrand
(University of Illinois at Urbana-Champaign), Prof. Dr.
Stephen Winans (Cornell University) and Associate Profes-
sor Scott Rice (University of New South Wales), respec-
tively. The bacteria were grown in Luria—Bertani medium
(Merck) at 30-37 °C overnight, apart from A. tumefaciens
A136 and A. tumefaciens NTL1 which was cultured on a
supplemented minimal AB medium at 30 °C (Miller 1972).
For determination of the presence of the signal molecules,
the bacterial culture supernatant was collected, and it was
filtered through a 0.22-m filter and stored at -20°C.

Screening of AHL by C. violaceum CV026 and A.
tumefaciens A136 or A. tumefaciens NTL1 biosensor

Fresh cultures of the A. baumannii strains were used with
the strains isolated from soil incubated in Tryptic Soy
Broth Medium in 30 °C for 6 h and ones from clinic sam-
ples in 37 °C for determining quorum sensing molecules.
For determining the production of Acyl homoserine, Aci-
netobacter spp. and biosensor C. violaceum 026 strain were
inoculated side by side in a way that they had a 1 cm gap
between them (McClean et al. 1997) (Fig. 1). C. violaceum
026 was assessed positive or negative according to the
color changes in biosensor strain.

Whether Acinetobacter species produce quorum sens-
ing signal molecules or not was examined after being left
for incubating in 30 °C for 24 h after inoculating process
in Luria—Bertani Agar. This test conducted to determine
the existence of C4-C6 AHL signal molecules was con-
ducted in three parallels (McLean et al. 2004; Morohoshi
et al. 2008). As suggested, A. tumefaciens A136 species
were inoculated in Luria—Bertani medium with 50 mg/ml
spectinomycin and 4.5 ug/ml tetracycline. A. tumefaciens
NTL1 (pZLR4) was inoculated in Luria—Bertani medium
with 30 mg/ml gentamicin and it was incubated at 28 °C
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Fig. 1 Agar plate assays for screening for production of acylated homoserine lactone AHL in A. baumanii using C. violaceum CV026 and A.

tumefaciens A136 induced

for 48 h (Fuqua et al. 1994; Sio et al. 2006). P. aeruginosa
PAOI1 known to produce 3-oxo-C8 AHL was used as a
positive control and it was incubated in LB agar medium
at 37 °C for 24 h (Fig. 1). Acinetobacter species were pro-
duced in the ready 37 °C Tryptic Soy Broth medium for
the detection of N-acyl homoserine lactone. One of the sen-
sor strains of A. tumefaciens A136 or A. tumefaciens NTL1
(pZLR4) selected in a way that there was 1 cm between
Acinetobacter species was inoculated next to each other.

Fig. 2 Signal detection by
cross-validation with Agrobac-
terium tumefaciens strain NTL1

X-gal is disseminated over AB Mineral agar medium pre-
viously including 0.2% Mannitol in sterile conditions with
the aid of glass beads (Fig. 2).

After inoculation process, whether Acinetobacter spe-
cies left for incubation for 72 h at 30 °C produced quorum
sensing signal molecules, was analyzed (Gonzilez et al.
2001; Pina et al. 1998). The medium used for the detec-
tion of the quorum sensing is AB Mineral Medium. The
prepared medium was sterilized at 121 °C for 25 min in
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an autoclave. 60 pg/ml X-gal was added to the sterilized
surface of the medium and the glass beads were used to
spread on the surface. The surface of the medium was dried
on a fume hood without an exposure to sunlight. This test
was repeated three times for the detection of the presence
of C4-C12 AHL signal molecules. Acinetobacter species
were inoculated as mentioned above and incubated at 28 °C
for 48 h in AB mineral agar medium (Shaw et al. 1997).

Quorum sensing standard signal molecules

The quorum sensing signal molecules determined to have
existence in Acinetobacter species have been evaluated
with the signal molecule standards such as N-butyryl-
L-homoserine lactone (BHL, C4-HSL, CgH,3;NO;), N-hex-
anoyl-L-homoserine lactone (HHL, C6-HSL, C,(H,;NO;),

N-octanoyl-L-homoserine  lactone = (OHL, CS8-HSL,
C,H,;NO;), N-decanoyl-L-homoserine lactone (DHL,
CIO-HSL,  C 4HysNO;),  N-dodecanoyl-L-homoserine

lactone (dDHL, CI12-HSL, C,¢H,gNO;), N-tridecanoyl-
L-homoserine lactone (triDHL, C13-HSL, C,;H;NOj3),
N-tetradecanoyl-L-homoserine  lactone (tDHL, Cl14-
HSL, C,gH;;3NO;), N-hexadecanoyl-L-homoserine lac-
tone (hDHL, C16-HSL, C,H;5sNO;), N-octadecanoyl-
L-homoserine lactone (oDHL, C18-HSL, C,,H;yNO;).
These standard signal molecules have been obtained from
The School of Molecular Medical Sciences, Nottingham
University.

AHL extraction and analytical thin-layer
chromatography

A loopful of Acinetobacter strains known to produce
N-acyl homoserine lactone was taken from the culture and
produced in 25 ml tryptic soy broth medium at 37 °C for
24 h. The obtained culture was centrifuged at 4000 rpm
for 10 min at 4 °C. The supernatant part was transferred
to a new tube and the ethyl acetate solution contain-
ing an equal volume of 0.1% acetic acid was added to it.
The organic phase transferred to a new tube was filtered
through a sterile syringe tip with the pore size of 0.2 pm
(non-pyrogenic, Sartorius). Then, it was kept in the fume
hood at room temperature for one week for the removal of
ethyl acetate (Gonzalez et al. 2009; Stacy et al. 2012). The
residue was dissolved in methanol after the organic phase
in tubes evaporated completely organic. Then, the residue
was applied to reversed phase TLC plates (RP-18 F254,
Merck). Chloroform—methanol (95: 5, v/v) was prepared as
a mobile phase. The mobile phase was allowed to proceed
to 2 cm below the top of the thin-layer plate. After the sep-
aration was completed, TLC plates were left to dry in the
fume hood for 2 h. A. tumefaciens A136 or NTL1 was used
as biosensor bacteria in the separation of the molecules.
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50 ml AB mineral soft agar medium containing 0.9% agar
(50 °C) + 10 ml of A. tumefaciens A136 (48 h, 100 ml) cul-
ture and X-gal (60 pg/ml) was added onto the dried TLC
plate and allowed to spread. The TLC plate was incubated
at 30° C for 24 h (Gonzalez et al. 2001, 2009; Stacy et al.
2012). Methanol was used as a negative control during the
test. Standard C4 AHL, C6-AHL, C8-AHL, AHL-CI0,
C12-AHL, AHL-C13, C14-AHL, AHL-C16, CI8-AHL,
and 20-AHL signal molecules were used. The regions
where the AHL molecules were found were determined by
the formation of a greenish spot on a white background.

Results and discussion

Gram feature of Acinetobacter strains used in our study,
MacConkey agar reproductive status, oxidase activity,
catalase activity, growth at 42-44 °C were controlled and
identified. The number of the strains analyzed, the tests and
the results of these tests are shown in Table 1. When the
test results were examined, the samples taken from hospi-
tals were defined as A. baumannii in accordance with the
data of the automated Vitek-32 system. In this context, the
results of the tests used for the identification of the soil and
clinical isolates were found to be coherent.

As mentioned earlier, Chromobacterium violaceum 026
biosensor strain is used to detect the C4-C6 AHL mol-
ecules. By the presence of these molecules, production of
the violacein pigment is triggered and CV026 produces
purple pigments. According to the results of cross-vali-
dation tests with the Acinetobacter species, they are not

Table 1 Biochemical identification of Acinetobacter isolates

Test Acinetobacter
baumannii
(n=170)
Clinical and soil
isolates

Cell morphology Coccobacilli

Oxidase activity -

Motility Nonmotile

Growth on MacConkey agar +

Growth at 42-44 °C +

Glucose +

Lactose +

Sucrose -

Nitrat reduction -

Gelatin hydrolysis v

Urea v

Pigmentation -

Key reactions: + = positive reaction; — = negative reactions;

V = variable reactions
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producing homoserine lactones including the short chain of
carbon. According to the data of some researchers, Acine-
tobacter species both produce the short-chain signal mole-
cules in low rates and are able to degrade them (Chan et al.
2011). In this study, that the purple pigment is not seen can
be explained by low rate of the production of homoserine
lactone with short chains in the strains and fast degradation
of molecules through the strains.

Agrobacterium tumefaciens NTL1 and A. tumefaciens
A136 biosensor strains are used to determine C8-C14 AHL
molecules. In the biosensor strains within the presence of
these molecules, p-galactosidase enzyme production is trig-
gered and a green color is observed due to the presence
of X-gal in the environment. As a result of the cross-vali-
dation test with A. tumefaciens NTL1 and A. tumefaciens
A136 biosensor strains, the Acinetobacter species which
are included in our study, all strains are observed to pro-
duce signal molecules (Fig. 2).

Literature shows that co-authors for the detection of
situated bacterial signaling molecules in Yersinia entero-
colitica W828 and Serratia liquefaciens MG1 conducted
cross-validation test with Chromobacterium violaceum 026
and when they were inoculated next to each other at the
end of the study, it was observed that the violacein pigment
production was triggered in Chromobacterium violaceum
026 strains and they detected the differences of these mol-
ecules through thin-layer chromatography (McClean et al.
1997). In another study, it was concluded that the bacterial
communication molecule was widely produced in strains
isolated from intensive care units such as Pseudomonas
aeruginosa, A. baumannii, Escherichia coli and Klebsiella
pneumoniae. Unlike other studies conducted, they showed
that cross-validation tests of P. aeruginosa strain with C.
violaceum 026 strains gave negative results. They sug-
gested that a possible reason as such: P. aeruginosa isolates
might have short-chain AHL or the level of the signal mol-
ecules might be too low (Bosgelmez-Tinaz et al. 2005).

As previously mentioned, A. tumefaciens NTL1 and A.
tumefaciens A136 are used to determine the long-chain
signal molecules. The mechanism causing A. baumannii
to degrade the short-chain signal molecules is not effective
on the long-chain molecules. In addition, biosensor bacte-
ria have been shown to be able to detect these signal mol-
ecules when they can be produced at high rates. The use of
biosensor bacteria for the detection of the signal molecule
emerges as a common practice. Although the studies con-
ducted with the biosensor bacteria focus more on patho-
genic bacteria, nowadays the studies about bacterial com-
munication from agriculture to health industry and food
industry are being conducted.

The signal molecules of N-acyl homoserine lactone
species were extracted from the Acinetobacter cultures,
which were allowed to produce for 12 h. Then, they were

separated from each other by applying a thin-layer chro-
matography method. The Rf values of the signal molecules
which are used as a standard and the signal molecules
produced by the species isolated from the hospitals and
the soil are shown in Tables 2 and 3. As the short-chain
C4-AHL and C6-AHL were not identified to be produced
by the species via cross-validation, the thin-layer chroma-
tography was not used as a standard. After the Rf values of
the signal molecules isolated from the species were deter-
mined, a classification of the molecules took place by tak-
ing compliance of the Rf values to the standards into con-
sideration. For example, in Table 3, the Rfl value of the
signal molecule produced by Al isolate was 0.58 and the
Rf range of 3-o0xo-C8-AHL was known as 0.58 and 063;
the molecule corresponding to this Rf range was accepted
as 3-oxo-C8-AHL.

Acinetobacter baumannii isolated from the hospital
show a multiple drug resistance. Considering the recent
data from the hospitals, there is a wide range of a drug
resistance as well as pan-drug resistance strains (Kos-
toulias et al. 2016; Modarresi et al. 2016). The antimi-
crobial resistance mechanism of A. baumannii strain has
been described in many studies with the quorum sensing
system (Bhargava et al. 2015; Kalia 2013). We believe that
the identification of the signaling molecules produced by
A. baumannii will form a background for the newly devel-
oped drugs. In our study, the species, which were nosoco-
mial A. baumannii as a result of thin-layer chromatography,
were determined to carry more than one signal molecules.
When the Acinetobacter species isolated from the soil were
examined, it was observed that they could produce a lower
number of the signal molecules when compared to the Aci-
netobacter species. In particular, the molecules produced
by the soil-based Acinetobacter including 3-oxo-C8-AHL
and C8-AHL were observed to produce all of them or indi-
vidually. Similar to the various studies summarized above,
in our study, all strains isolated from the soil and the clini-
cal samples were observed to produce the long-chain sig-
nal molecules. On the other hand, as mentioned above, the
findings of not being able to identify the short-chain AHLs
via the biosensor strains do not mean that these molecules
are not certainly synthesized. Although it is possible that
these molecules may be synthesized, it is also possible
that a number of synthesized molecules are very little or
it is degraded. This situation may be due to some enzymes
that they have (Chow et al. 2014). A study has shown that
the common signaling molecule C8-AHL produced by
A. calcoaceticus—A. baumannii association can produce
three different signal molecules (Gonzalez et al. 2009). In
A. baumannii as well as in other pathogenic bacteria, the
biofilm formation and the movement are regulated by the
QS system (Castillo-Juarez et al. 2017; Gonzalez et al.
2009; Stacy et al. 2012). Similar to the former summarized
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studies with which the signal molecules of the nosocomial
or Gram-negative bacteria isolated from nature, our study
shows that A. baumannii can also produce different signal
molecules (Chan et al. 2014; Chow et al. 2014). Upon ana-
lyzing the data, it is demonstrated that A. baumannii can
produce all or a few of the 3-oxo-C8-AHL, C8-AHL, and
C12-AHL molecule. In addition, with this study, it is deter-
mined that the nosocomial A. baumannii species could also
produce C14-AHL and C16-AHL signal molecules. The
long-chain signal molecules are produced for communica-
tion and pathogenicity.

Conclusion

Overall, our study shows that the nosocomial and soil-
based Acinetobacter species use different signal molecules
in bacterial communication. 3-ox0-C8-AHL and C8-AHL
molecules can only be the ones used for Acinetobacters
to recognize each other in bacterial communication. C10-
AHL, C12-AHL, C14-AHL and C16-AHLs only seen in
the nosocomial isolates are thought to be the active mole-
cules in virulence. In addition, the study gives the idea that
these molecules have roles in an easy adaptation of these
bacteria, which have been isolated from various sources to
various environments. In avoiding the development of anti-
biotic resistance, blocking this system will be a pre-stage
for the future studies.
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