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ABSTRACT: Pathogenesis intercellular communication system as called Quorum Sensing (QS) plays a crucial role
in chemical communication between bacteria involving autoinducers, receptors and controls production of virulence
factors in bacteria. 4. hydrophila was reported to be regulated by QS pathways, indicating that it is involved in QS net-
work regulation correlated with bacterial virulence. In 4. hydrophila strains, it initiates disease process by preventing
premature stimulation of immune system by critical gene expressions. A. hydrophila is fish pathogen which produc-
es N-Acyl Homoserine Lactone (AHLs) QS signal molecules and possesses homologues of the model strain Vibrio
fischeri luxI and luxR QS genes termed ahyl and ahyR, respectively. A. hydrophila secretes AHL signal molecule with
LuxI and ahyl gene, and senses AHL signal molecule with LuxR and ahyR gene. In this work, 20 clinical 4. hydrophila
strains were analysed for presence of Quorum Sensing genes a/yl and ahyR by Polymerase Chain Reaction (PCR). The
QS genes ahyl (78 bp) and ahyR (86 bp) were detected in a total of 20 strains. Thus, it has been proven that pathogen
bacteria A. hydrophila possesses Luxl/LuxR-Type QS. This genomic analysis determined the comprehensive QS sys-
tems of A. hydrophila, which might provide novel treatment strategy regarding the mechanisms of virulence signatures
correlated with QS. With identification of QS and all members of system (AHLs, Al, QSI e.g.), early diagnosis of dis-
ease is brought to agenda and it is expected to break new ground in diagnosis of fish diseases. As previously reported,
these data add 4. hydrophila to the world of bacteria now known to control gene expression through QS.
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INTRODUCTION

uorum Sensing System (QS) that empowers
Q:acteria to survive (Chu et al., 2015). With so-
cial behavior, bacteria communicate with each other
through signal molecules they have produced, moni-
tor whether they have reached certain majority, and
trigger critical gene expressions as soon as they reach
cell population. The “language” used for this intercel-
lular communication is based on small, self-generated
signal molecules called autoinducers. Thus, before
bacteria reaches threshold value, it creates biofilm
before immune system realizes bacteria and not stim-
ulate host immune system prematurely, thus creating
successful disease process (Saragli, 2006; Gupta and
Kumar, 2022).

Elementary of communication between bacteria
was with interpretation of “I think a bacterial commu-
nity is stronger than few bacteria, and therefore they
can overcome many obstacles”, with first definition
of “QS” QS indirectly (Smith, 1905). Currently, stud-
ies have shown that single-cell bacteria can commu-
nicate with each other and respond to changing en-
vironment. Nowadays, it is known that bacteria can
synchronize subgroups of their genes and act together
by using signal molecules.

Nowadays, bacteria have proven that using QS ex-
hibit social act, monitor their numbers in environment
and trigger critical gene expressions as soon as they
realise that they have reached desired cell number
(Chadha et al., 2022). QS regulates functions such as
conjugation, secretion of virulence factors, antibiotics
production, biofilm and bioluminescense (Miller and
Bassler, 2001). Some phenotypes under control of QS
system-dependent AHL, A. hydrophila produced bio-
film and virulence factors by producing C,-HSL and
C,-HSL molecules (Williams 2007).

Bacteria regulate collective action by sending
signals through low molecular weight autoinducing
molecules under controlling of QS. Clonal bacterial
population performs hedging or division of labor due
to its phenotypic heterogeneity. This explains patho-
genicity power of bacteria socializing with N-Acyl
Homoserine Lactone (AHLs) molecules under QS
management (Strriednig and Hilbi, 2022). With QS,
bacteria started to obtain resistance to antibiotics and
caused decrease in success of antibiotic treatment
(Saeki et al., 2022).

A.  hydrophila is Gram-negative, rod-shaped,
opportunistic, motile, non-spore forming bacteria

(Austin and Austin, 2016). A. hydrophila is zoono-
sis bacteria. 4. hydrophila cause Motile Aeromonas
Septicemia (MAS) in fish (Nafiqoh et al., 2022) and
result in serious mortality (Christy et al., 2019; Rah-
man et al, 2022). A. hydrophila is very toxic due to
its structure. Scientists have proven that 4. hydroph-
ila is pathogenic bacteria (Seshadri et al., 2006). Se-
cretion System (TTSS) invades virulence factors into
host cell. Virulence secreted by pathogenic bacteria
and translocated via TTSS are effector molecules
responsible for inducing cell damage and apoptosis
(programmed cell death). These virulences and tox-
ins have been detected in pathogenic 4. hydrophila,
which causes disease in fish. All virulence factors are
focused on destroying cell elements and killing cells
(Seshadri et al., 20006).

QS is a hierarchical structure (Zhu and Winans
2001). It is accepted that A. hydrophila not asocial and
uses complex intercellular communication systems to
facilitate their adaptation to changing environmental
conditions (Swift et al., 1994).

Gram bacteria is synthesized and released by bac-
teria via Lux/ chemical reaction products. LuxR chem-
ical reaction product of another bacteria responds and
binds to receptor protein and detects AHL molecule
(e.g. A. hydrophila) (Raffa et al., 2005).

E. coli use OseB and OseC gene systems respond
to bacterial communication and synthesize virulence
factors. Inhibition of QseC interrupts crosstalk and
significantly reduces virulence. Commonly Al mole-
cules are AHLs molecules and this signaling mecha-
nism has been proven by literatures. In 4. hydrophila,
there is communication with AHL molecules under
management of QS, which is one of these Al mole-
cules, as well as OseB and QOseC systems in 4. hy-
drophila. There is crosstalk between AHL and QOseB
and QOseC gene systems in 4. hydrophila. In A. hy-
drophila, autoinducers Al-1, Al-2 and AL-3 systems
are responsible for biofilm in coordination with each
other. OseB and QOseC genes are also effective in regu-
lating QS virulence factors of A. hydrophila (Kozlova
et al., 2012; Sarkodie et al., 2019).

The aim of this research is to determine ahyl and
ahyR genes responsible for release of AHL signal
molecules belonging to QS that carry out interbac-
terial communication in A. hydrophila strains which
pathogenic bacteria.
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MATERIAL AND METHOD

Bacterial strains and growth conditions

A total of 20 A. hydrophila strains and A. hydroph-
ila ATCC 7966 reference strain were investigated in
this study (Table 1). In study, we used phenotypic
identification assays all strains. Especially asyl and
ahyR sequencing to determine species identity of clin-
ical 4. hydrophila strains derived from sick fish suf-
fering from MAS disease. Also, 4. hydrophila ATCC
7966 was considered as a reference strain. The stock
cultures were prepared in TSA supplemented with
20% sterile glycerol and stored at—80°C. Prior to
each experiment, bacteria were grown in TSA at 25°C
(Ausubel et al., 1988). A. hydrophila was grown on
Tryptic Soy Agar (TSA), Aeromonas Isolation Base
Agar (AIBA), Tryptic Soy Broth (TSB) and Gluta-
mate Starch Phenol Red (Pseudomonas Aeromonas
Selective Agar Base acc. to KIELWEIN, GSP). In-
oculate all media (TSA, AIBA, TSB, GSP) with test
organisms and incubate at 25°C for 24 h aerobically.

Table 1. Phenotypic identification schemes in A. hydrophila strains

Identification assays

Identification of A. hydrophila strains was con-
firmed by making yellow colonies on GSP, Gram
staining assay, vibriostat assay, O/F assay, strains mo-
tility assay, catalase assay, cytochrome oxidase assay
(Cappuccino and Sherman, 1992).

PCR Reaction

Colony PCR method was applied to detect ahyl
and ahyR genes in clinical A. hydrophila bacterial
samples, and 4. hydrophila ATCC 7966 strain was
used as a positive control. For this purpose, 2-3 col-
onies were taken from the overnight agar culture of
the bacterial samples with a sterile toothpick and 500
pL of sterile pure water was added in a 1.5 mL ster-
ile Eppendorf tube, the colonies were suspended in
pure water and kept in the heat block for 5 min. Ep-
pendorfs were kept to cool at room temperature and
then centrifuged at 14000 rpm for 5 minutes, and the
supernatant formed after centrifugation was used in
PCR studies. For this study, the presence of ahy/ and

Strains Isolation C:tr;? Motility Cy;z;:(}ilé::;ne O/F Catalase Vi(l))/rliigtat (é:)ﬁ)]ii (:E?:};ﬁ‘)i?r Hem[i)lysis

pigment) pigment) Blood Agar
A. hydrophila ATCC 7966 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH RSKK 05049 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH SAHA Liver-Kidney - + + ++ + R Yellow-green  Yellow +(PB)
A. hydrophila AH S Liver-Kidney - + + ++ + R Yellow-green  Yellow +(B)
A. hydrophila AH J Liver-Kidney - + + ++ + R Yellow-green  Yellow +(B)
A. hydrophila AH 2 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 3 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 4 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 12.1 Liver-Kidney - + + ++ + R Yellow-green  Yellow +(B)
A. hydrophila AH 14 Liver-Kidney - + + ++ + R Yellow-green  Yellow +(PB)
A. hydrophila AH 15 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 16 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 108 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 113 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 216 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 217 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 219 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 220 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 222 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 230 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
A. hydrophila AH 232 Liver-Kidney - + + +/+ + R Yellow-green  Yellow +(B)
R: Resistance
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ahyR gene regions, approximately 78 and 86 bp were
investigated in the strains by PCR and four pairs of
primers suitable for the gene region to be investigat-
ed were used and the reaction volume was carried
out in a total of 25 pl (ahyl gene; Forward primer
CTTTCGCAATCGCGTCTTCT; Reverse primer
ATCGAAACTGTCCTGCTCCA; ahyR gene; For-
ward primer CCCATCCTCTCCTGGATGTC, Re-
verse primer CTCCTGAGGGTCATCTTCCC). PCR
reaction; It was carried out as 1 cycle of 5 minutes
at 95°C, 30 minutes at 95°C, 30 minutes at 50-65°C,
1.30 minutes at 72°C and 10 minutes at 72°C (Azeve-
doetal., 2017).

Agarose Gel Imaging: The products resulting from
PCR were mixed with 2% agarose gel containing 0.5
pug/ml ethidium bromide was run in TAE buffer at 70V
with 50 bp DNA marker in electrophoresis device
(Sentromer DNA, 2020; Fernadndez vd., 2008). The
reaction product without DNA was used as a negative
control and the results were evaluated in comparison
with the A. hydrophila ATCC 7966 strain.

RESULTS

A. hydrophila Strains

Biochemical properties of A. hydrophila strains
obtained from different collections isolated from dif-
ferent ailment fish were studied. According to these
results, it was determined that all of strains were re-
sistant to Gram’, cytochrome oxidase and catalase
(+), vibriostat, fermentative in O/F test and motile in
motility assay. Thus, all 4. hydrophila strains studied
were confirmed.

Identification of ahyl and ahyR Genes

AHL-dependent QS system based on ahyRI locus,
presence of ahyl gene and ahyR gene was established
by PCR in A. hydrophila. DNA extraction was con-
duct from strains and concentration and purity values
were measured in UV spectrophotometer. Primers
suitable for target genes were synthesized and ampl-
icon lengths were determined as 78 bp for ahyl gene
and 86 bp for ahyR gene (Table 2). ahyl and ahyR
genes depend on QS system management was deter-
mined in all 4. hydrophila strains (Figure 1., Figure
2).

Table 2. ahyl and ahyR genes and UV-Spectrophotometer results of the strains

Strains ahyl gene Target ahyl gene  Strains ahyR gene Target ahyR gene ng/ul 260/280 260/230
DNA Sequence (5’ - 3°) Gene (78 bp DNA Sequence (5’ -3’ Gene (86 bp
amplicons) amplicons)
ATCC 7966 ahyl + ATCC 7966 ahyR + 717.10  2.06 1.45
A’g S‘Eig“ FP: CTTTCGCAATCGCGTCTTCT “MT + A'g S%igKK FP: CCCATCCTCTCCTGGATGTC “MWR -+ 7316 214179
RP: ATCGAAACTGTCCTGCTCCA RP: CTCCTGAGGGTCATCTTCCC

AH SAHA ahyl + AH SAHA ahyR + 288.01  2.00 1.86
AH S ahyl + AHS ahyR + 585.19  2.05 1.91
AHJ ahyl + AH]J ahyR + 435.69 2.03 2.04
AH2 ahyl + AH2 ahyR + 96.12 193 1.11
AH3 ahyl + AH3 ahyR + 1346.67 1.58 1.11
AH 4 ahyl + AH4 ahyR + 8442  2.02 1.34
AH 12.1 ahyl + AH 12.1 ahyR + 85.95 2.06 2.10
AH 14 ahyl + AH 14 ahyR + 137.54  2.08 1.93
AH 15 ahyl + AH 15 ahyR + 167.82  1.82 1.06
AH 16 ahyl + AH 16 ahyR + 302.90 2.06 1.95
AH 108 ahyl + AH 108 ahyR + 440.81  2.06 1.77
AH 113 ahyl + AH 113 ahyR + 553.01 2.13 1.92
AH 216 ahyl + AH 216 ahyR + 365.10  2.01 1.73
AH 217 ahyl + AH 217 ahyR + 145.31 1.72 1.01
AH 219 ahyl + AH 219 ahyR + 818.60 2.27 2.17
AH 220 ahyl + AH 220 ahyR + 553.60 1.99 2.01
AH 222 ahyl + AH 222 ahyR + 36541 193 1.78
AH 230 ahyl + AH 230 ahyR + 25145 2.16 1.88
AH 232 ahyl + AH 232 ahyR + 342.86 1.98 1.99

FP: Forward Primer
RP: Reverse Primer

J HELLENIC VET MED SOC 2024, 75 (3)
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78bp

M 10 11 12 13 14 15 16 17 18 19 20

78 bp:

Figure 1. Clinical strains analyzed by PCR for QS-controlling ahyl genes A. hydrophila identifications. Lane M 50-bp DNA marker,
lane AH PTC reference strain (ATCC) 78-bp, lane NTC NTC, lane 1 4. hydrophila strain, and lane 1-20 targeting ahyl genes A. hy-

drophila strains (PTC: Positive control, NTC: Negative control)

M AH NTC 1 2 3 4 5 6 7 8 9

M 10 11 12 13 14 15 16 17 18 19 20
7

-y g

Figure 2. Clinical strains analyzed by PCR for QS-controlling ahyR genes A. hydrophila identifications. Lane M 50-bp DNA marker,
lane AH PTC reference strain (ATCC) 86-bp, lane NTC NTC, lane 1 4. hydrophila strain, and lane 1-20 targeting ahyR genes A. hy-

drophila strains (PTC: Positive control, NTC: Negative control)

DISCUSSION AND CONCLUSION

Researchers have long analyzed unicellular/mono-
clonal organisms in clinical bacteriology and microbi-
ology research, adhering to principle of “pure strains”.
While this principle is very true, scientists are now in-
creasingly uncovering socio-microbiological aspects
of bacteria to understand bacteria, also with research
questions such as multicellular/polyclonal lifestyle,
biofilm, and QS.

Similarities of signals used by bacteria with artifi-
cial neural networks attracted attention of scientists,
and based on finding that bacteria contain neural net-
works, idea of a low-level intelligence structure for
bacteria was also strengthened (Hellingwerf, 2005).

Antimicrobials such as probiotics (Austin and
Sharifuzzaman, 2022), immunostimulants (Zhang et
al., 2022) and vaccines (Tripathi and Dhamotharan,
2022), which are alternative strategies for good man-

agement of fish diseases, have been used successfully.
However, there is need for new alternative methods to
these methods, and QS is one of them (Defoirdt et al.,
2004; Bruhn et al., 2005).

QS is the regulation of gene expression depending
on the cell population density. A variety of bacterial
virulence traits, including secretion of extracellular
enzymes, biofilm, bacterial motility as well as bacteri-
al secretion systems, have been reported to be regulat-
ed by QS systems (Tanhay Mangoudehi et al., 2020).

In onslaught of bacterial pathogenicity, because
of QS is complex, signaling molecules produced by
bacteria are biomarkers for diagnosis and follow-up
of bacterial infections. Detection of QS signal mole-
cules may be more useful at very early stage as tool to
detect bacterial infections (Boyen et al., 2009). There
are currently no comprehensive reports identifying
AHL molecules, communication system of important

J HELLENIC VET MED SOC 2024, 75 (3)
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bacterial pathogens.

For this reason, bacterial resistance and grounds
on which resistance develops have become a com-
mon threat to humanity in recent years. As a result of
discussion over time of Robert Koch’s assumptions
published in 1884, Bill Costerton warned in 1978
that there were resistant bacteria. At this point, when
concept of “communication between bacteria”, which
Smith (1905) brought to agenda for first time, began
to be considered together with concept of “QS”, new
dimension was passed in evaluation of infectious dis-
cases (Bayrakal and Baskin, 2018).

It was reported by Kirke et al. (2004) and Swift et
al. (1997) that by PCR, encoded production of N-bu-
tanoyl- -homoserine lactone (BHL) signal molecule,
which is AHL molecule for QS in 4. hydrophila, with
ahyl and ahyR genes which A. hydrophila’s virulence
(biofilm and serine protease). In the presented study, it
was observed that both aAyl and ahyR genes of all 4.
hydrophila strains were determined by PCR method.

It was reported by Swift et al. (1999) and Lynch et
al. (2002) that the A. hydrophila produced virulence
with ahyR gene BHL molecule under management of
QS. Similarly, ahyR gene was detected in all A. hy-
drophila strains in our study.

Swift et al. (1999) stated that ahyl gene encodes
the protein required for synthesis of N-butanoyl- -ho-
moserine lactone (C,-HSL) QS signal molecule in A4.
hydrophila and that molecules can be prevented by in-
activating ahyl gene in A. hydrophila. Similary in this
study, both ahyl and ahyR genes responsible for vir-
ulence factors were detected in 4. hydrophila strains.

There is interspecies communication between
(crosstalk) AHL in A. hydrophila and E. coli OseB and
OseC gene system (Kozlova et al., 2012; Sarkodie et
al., 2019). E. coli bacteria use OseB and QOseC gene
systems to respond to bacterial communication and to
synthesize virulence factors. Inhibition of QOseC in-
terrupts crosstalk and significantly reduces virulence.

It was reported by Sarkodie et al. (2019) that E.
coli bacteria respond to bacterial communication with
OseB and QOseC gene systems and use it to synthe-
size virulence factors. In same study, it was report-
ed that inhibition of QOseC interrupted intraspecies
communication and significantly reduced virulence.
It was reported by Sarkodie et al. (2019) that the 4.
hydrophila communicated with AHL molecules,
virulence factors production, and in similarly it was

reported by Kozlova et al. (2012) that 4. hydrophila
also has QseB and QOseC systems, as well as commu-
nication with AHL molecules under of QS manage-
ment. Interspecies communication between AHL and
QOseB and QseC gene systems in A. hydrophila has
been reported. While it is known that A. hydrophila
communicates intraspecifically with QS, A. hydroph-
ila draws attention with emphasis in this study when
it communicates between species. Inhibition of QS is
very important in treatment world, as this clinical fish
pathogen is organized with QS, and causes various
diseases in fish with its virulence factors by acting si-
multaneously.

It was reported by Smith (1905) that many bacteria
are stronger than a few bacteria, but that these few
bacteria can overcome obstacles together. Years after
these words, it has been proven that bacteria com-
municate with each other and can respond (Baskin,
2005). With disruption of communication system be-
tween bacteria, bacteria will not be able to act in co-
ordination, they will not be able to colonize host, and
as a result, they will not be able to show successful
disease process (Rasko and Sperandio, 2010).

Researchers have stated that billions of bacteria
collectively carry out same command in their exper-
iment by putting bacteria into communication with
each other with program loaded in their DNA. Scien-
tists state that billions of bacteria that can communi-
cate with each other can be managed at the same time
and directed to certain tasks. They point out that in
future, smart biological devices will also be reflected
in daily life. They stated that smart biological devices
can be successfully used in tissue regeneration, espe-
cially in medicine (Aleksandra, 2010).

In order to cause disease in fish, bacterial patho-
gens trigger critical gene expressions such as synthe-
sis of virulence and show their effects on the host as
soon as they sense each other with signal molecules
and realize that they have reached desired majority.
One of answers to question of how bacteria, known
as one of simplest creatures, cause serious losses in
natural environment and aquaculture units by caus-
ing disease in fish consisting of billions of systemized
cells: QS. In fact, biofilm (Filik, 2019), which is the
most effective virulence factor in QS-controlling; It
has been described as the “city of microbes” (Wat-
nick and Kolter, 2000), which is formed by gathering
of many bacteria attached to an inanimate or living
surface in mucous structure secreted. All this proves
how smart they are. QS is indicator of when bacteria
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act by thinking. Cessation of bacterial communication
between them will largely end its negative effects on
fish (Nurcan, 2010; Filik, 2020).

Random use of antibiotics in drug treatment of
bacterial diseases causes development of resistance.
Thus, we have faced a post-antibiotic era in which our
ability to fight bacteria has diminished and need for
new strategies to deal with disease has increased. Dis-
covery that bacteria regulate their virulence factors
using the interbacterial communication system has
made blocking interbacterial communication system
an attractive target for treatment (Fan et al., 2022).

Important to focus on strategies to prevent, cleave
or inhibit production of QS molecules, and to pre-
vent acquisition of QS signal. In this sense, cutting
off communication in bacterial world is an alternative
method of disease prevention in aquaculture. Studies
to obtain antibacterial effects by preventing commu-
nication between bacterial cells are seen as a prom-
ising field for the future. Thus, further work will be
required to refine our understanding of the multiple
regulatory inputs which impact on ahyl expression
and hence quorum sensing in 4. hydrophila.

Asaresult, 4. hydrophila secretes AHL signal mol-
ecule with Lux/ and ahyl gene, and detects AHL sig-
nal molecule with LuxR and ahyR gene. In this study,
both ahyl and ahyR genes responsible for pathogenic-
ity and virulence in management of QS system were
detected in all 4. hydrophila strains by PCR analysis
using 20 bp long primers.

As the list of bacteria that employ QS systems

quaite wide. Because many crucial pathogens use QS
to regulate virulence, strategies designed to interfere
with these signaling systems will likely have broad
applicability for control of disease-causing bacteria.
In the future, it will be intriguing to see whether patho-
gens utilize QS of their pathogenic lifestyle and, if so,
whether production of the signal molecules, AHL or
otherwise, can be exploited to control ailments.

Thus, it has been proven that pathogen bacteria 4.
hydrophila possesses the Luxl/LuxR-Type QS. When
all these situations are evaluated, it is very important
to stop QS and fight while bacteria have not commu-
nicated with each other and have not yet formed dis-
ease. Detection and destruction of signal molecules
during communication of pathogens will draw suc-
cessful profile in prevention of disease formation. In
additional, detection of QS signal molecules and stop-
ping formation of these molecules brings up concept
of early diagnosis in disease, and in this case, it is
aimed to break new ground in prophylaxis.

ACKNOWLEDGEMENTS

The data presented in this article is a part of the
doctoral thesis (Supervisor 2020, Isparta Applied Sci-
ences University, Institute of Graduate Education). I
would like to express my gratitude and respect to Sci-
entific and Technological Research Council of Turkey
(TUBITAK), which financially supported my thesis
with 1190761 Project No.

CONFLICT OF INTEREST
Authors have no conflict of interest to declare for
the publication of the present work

REFERENCES

Agger, W.A., McCormick, J.D. & Gurwith, M.J. (2018). Aeromonas hy-
drophila iliskili ishalin klinik ve mikrobiyolojik 6zellikleri. Journal
Clinical Microbiology, 2(18), 22-26.

Aleksandra, D. (2010). The Dawn of the Living, Talking Robots. The Jour-
nal of Young Investigators: An Undergraduate, Peer-Reviewed Sci-
ence Journal. 19(22), http://www.jyi.org. http://www.jyi.org/features/
ft.php?id=285. Erisim Tarihi:03.05.2010.

Austin, B., & Sharifuzzaman, S. M. (2022). Probiotics in aquaculture.

Austin, B. & Austin, D.A. (2016). Bacterial fish pathogens. 6. th edition.
Springer International Publishing, Switzerland, pp: 21-82, 161-321,
323-396, 643-721.

Ausubel, F., Brent, R., Kingston, R., Moor, D., Seidman, J., Smith, J. &
Stauhle, K. (1988). Current Protocols in Molecular Biology. New
York: Wiley Intersciences, 1(2), 146.

Azevedo, F., Pereira, H., & Johansson, B. (2017). Colony PCR. PCR:
Methods and Protocols, 129-139.

Baskin, H. (2005). Mikroorganizmanin ¢evreye uyumu ve biyofilm: “quo-
rum sensing” (¢ogunlugu algilama). Klimik 2005 XII. Tirk Klinik
Mikrobiyoloji ve Infeksiyon Hastaliklar1 Kongresi. Dokuz Eyliil

Universitesi Tip Fakiiltesi Mikrobiyoloji ve Klinik Mikrobiyoloji
Anabilim Dali, izmir, 9-10.

Bayrakal, V. & Baskin, H. (2018). Quorum Sensing ve Biyofilm. Biyofilm
Enfeksiyonlari. (1. Basim) 4-13. Editor: Sakarya S. Ankara: Tiirkiye
Klinikleri.

Boyen, F., Eeckhaut, V., Van Immerseel, F., Pasmans, F., Ducatelle, R.,
& Haesebrouck, F. (2009). Quorum sensing in veterinary pathogens:
mechanisms, clinical importance and future perspectives. Veterinary
microbiology, 135(3-4), 187-195.

Bruhn, J.B., Dalsgaard, I., Nielsen, K.F., Buchholtz, C., Larsen, J.L. &
Gram, L. (2005). Quorum sensing signal molecules (acylated homo-
serine lactones) in Gram negative fish pathogenic bacteria. Diseases of
Aquatic Organisms, 65(1), 43-52. https://doi.org/10.3354/dao065043

Cappuccino, J.G. & Sherman, N. (1992). Biochemical activities of micro-
organisms. In: Microbiology. A Laboratory Manual. The Benjamin/
Cummings Publishing Co. California, USA. 76 s.

Chadha, J., Harjai, K., & Chhibber, S. (2022). Revisiting the virulence
hallmarks of Pseudomonas aeruginosa: a chronicle through the per-
spective of quorum sensing. Environmental Microbiology, 24(6),

J HELLENIC VET MED SOC 2024, 75 (3)
TIEKE 2024, 75 (3)



7692

NURDAN FILIK, EBRU ONEM, AY SEGUL KUBILAY

2630-2656.

Chopra, A.K., Xu, X.J., Ribardo, D., Gonzalez, M., Kuhl, K., Peterson,
J.W. & Houston, C.W. (2000). The cytotoxic enterotoxin of Aero-
monas hydrophila induces proinflammatory cytokine production and
activates arachidonic acid metabolism in macrophages. Infection and
Immunity, 68(5), 2808-2818. https://doi.org/10.1128/iai.68.5.2808-
2818.2000

Christy, G., Kusdawarti, R. & Handijatno, D. (2019). Determination of the
aerolysin gene in Aeromonas hydrophila using the polymerase chain
reaction (PCR) technique. In IOP Conference Series: Earth and Envi-
ronmental Science, 236(1), 012097, IOP Publishing.

Chu, T., Ni, C., Zhang, L., Wang Q., Xiao J., Zhang, Y. & Liu, Q. (2015). A
quorum sensing-based in vivo expression system and its application in
multivalent bacterial vaccine. Microbial Cell Factories, 14, 37.

Fan, Q., Zuo, J., Wang, H., Grenier, D., Yi, L., & Wang, Y. (2022). Con-
tribution of quorum sensing to virulence and antibiotic resistance in
zoonotic bacteria. Biotechnology Advances, 107965.

Fernandez, L., Alvarez, B., Menéndez, A., Méndez, J. & Guijarro, J.A.
(2008). Molecular Tools for Monitoring Infectious Diseases in Aqua-
culture, Dynamic Biochemistry. Process Biotechnology and Molecu-
lar Biology, 2(1), 33-43.

Filik, N., (2020). Kiiltiir Baliklarmdan izole Edilen Aeromonas hydrophila
Suslarinda Fenolik Bilesenlerin Cevreyi Algilama Sistemi Uzerine In-
hibisyon Etkisi ve Suslar Arasindaki Klonal fligkinin Pulsed Field Jel
Elektroforez Y6ntemiyle Belirlenmesi. TC. Isparta Uygulamali Bilim-
ler Universitesi ISUBU Lisansiistii Egitim Enstitiisii. Doktora Tezi.

Filik, F., (2019). Baz1 Bakteriyel Balik Patojenlerinde Biyofilm Olusumu-
na Farkli Maddelerin In Vitro Etkisinin Tespiti. (Doctoral dissertation,
ISUBU Lisansiistii Egitim Enstitiisii Enstitiisii). Yiiksek Lisans Tezi.

Gupta, D. S., & Kumar, M. S. (2022). The implications of quorum sens-
ing inhibition in bacterial antibiotic resistance-with a special focus on
aquaculture. Journal of Microbiological Methods, 106602.

Hellingwerf, K.J. (2005). Bacterial observations: a rudimentary from of
intelligence?. Trends in Microbiology, 13(4), 152-158.

Koch, R. (1884). Die Aectiologie der Tuberkulose. Mitt Kaiser Gesundh,
2, 1-88.

Kozlova, E.V., Khajanchi, B.K., Popov, V.L., Wen, J. & Chopra, A.K.
(2012). Impact of QseBC System in cdi-GMP-Dependent Quorum
Sensing Regulatory Network in a Clinical Isolate SSU of Aero-
monas hydrophila. Microbial Pathogenesis, 53, 115-124. https://doi.
org/10.1016/j.micpath.2012.05.008

Lynch, M.J., Swift, S., Kirke, D.F., Keevil, C.W., Dodd, C.E.R. & Wil-
liams, P. (2002). The regulation of biofilm development by quorum
sensing in Aeromonas hydrophila. Environmetal Microbiology, 4, 18-
28.

Miller, M. B., & Bassler, B. L. (2001). Quorum sensing in bacteria. Annual
review of microbiology, 55(1), 165-199.

Nafiqoh, N., Novita, H., Sugiani, D., Gardenia, L., Taukhid, T., Widyanin-
grum, A., & Susanti, D. R. (2022). Aeromonas hydrophila AHL 0905-
2 and Streptococcus agalactiae N14G as Combined Vaccine Candi-
dates for Nile Tilapia. Journal of Biosciences, 29(2), 137-145.

NCBI Genome Project, (2006). Aeromonas hydrophila subsp. hydrophila
ATCC 7966. http://www.ncbi.nlm.nih.gov/sites/entrez?Db=genome-
prj&cemd=ShowDetail View& TermToSearch=16697 (Son erigim tari-
hi: 16 Ekim 2019)

Nurcan, N. (2010). Bazi Gram-Negatif Bakteriyel Balik Patojenlerinde
Cevreyi Algilama Sisteminin Incelenmesi. (Yiksek Lisans Tezi, Sii-
leyman Demirel Universitesi Fen Bilimleri Enstitiisii)

Raffa, R.B., Iannuzzo, J.R., Levine, D.R., Saeid, K.K., Schwartz, R.C.,
Sucic, N.T., Terleckyj, O.D. & Young, J.M. (2005). Bacterial Com-
munication (“Quorum Sensing”) via Ligands and Receptors: A Novel
Pharmacologic Target for the Design of Antibiotic Drugs. The Journal
of Pharmacology and Experimental Therapeutics, 312(2), 417-423.

Rahman, M. M., Rahman, M. A., Hossain, M. T., Siddique, M. P., Haque,
M. E., Khasruzzaman, A. K. M., & Islam, M. A. (2022). Efficacy of
bi-valent whole cell inactivated bacterial vaccine against Motile Aero-
monas Septicemia (MAS) in cultured catfishes (Heteropneustes foss-
ilis, Clarias batrachus and Pangasius pangasius) in Bangladesh. Saudi
Journal of Biological Sciences, 29(5), 3881-3889.

Rasko, D. & Sperandio, V. (2010). Anti-Virulence Strategies to Combat
Bacteria-Mediated Disease. Nature Reviews Drug Discovery, 9, 117-
128.

Saeki, E. K., Martins, H. M., Camargo, L. C. D., Anversa, L., Tavares, E.
R., Yamada-Ogatta, S. F., ... & Nakazato, G. (2022). Effect of Biogenic
Silver Nanoparticles on the Quorum-Sensing System of Pseudomonas
aeruginosa PAO1 and PA14. Microorganisms, 10(9), 1755.

Saragli, M.A. (2006). Quorum sensing: mikroorganizmalar iletisim mi ku-
ruyor?. Giilhane Tip Dergisi, 48(4), 244-250.

Sarkodie, E.K., Zhou, S. & Chu, W. (2019). N-Acylhomoserine Lactones
(AHLs), QseB/C Gene Detection, Virulence Factors and Antibiotics
Resistance of Aeromonas hydrophila. Advances in Microbiology, 9(5),
495.

Sentromer, (2020). Sentromer DNA Teknolojileri Oligoniikleotit Sente-
zleme Genel Bilgi. https://www.sentromer.com/ (Son erisim tarihi: 01
Ocak 2020)

Sequences, (2008). Bakteri hiicreleri arasinda haberlesme (Cell-to-cell
communication: quorumsensing). http://www.genotyping.wordpress.
com.http://genotyping.wordpress.com/2008/05/12/bakteri-hucrel-
eri-arasindahaberlesme-  cell-to-cell-communication-quorum-sens-
ing/. (Son erigim tarihi: 28 Mart 2010)

Seshadri, R., Joseph, S.W., Chopra, AK., Sha, J., Shaw, J., Graf,
J., Haft, D., Wu, M., Ren, Q., Rosovitz, M.J., Madupu, R., Tallon, L.,
Kim, M., Jin, S, Vuong, H., Stine, O.C., Ali, A., Horneman, A.J.
& Heidelberg, J.F. (2006). Genome sequence of Aeromonas hydroph-
ila ATCC 7966": jack of all trades. Journal of Bacteriology, 188(23),
8272-8282. https://doi.org/10.1128/J1B.00621-06

Smith, E.F. (1905). Bacteria in relation to plant disease. Science, 22(569),
670.

Striednig, B., & Hilbi, H. (2022). Bacterial quorum sensing and phenotypic
heterogeneity: how the collective shapes the individual. Trends in Mi-
crobiology, 30(4), 379-389.

Swift, S., Karlyshev, A.V., Fish, L., Durant, E.L., Winson, M.K., Chhabra,
S.R., Williams, P., Macintyre, S. & Stewart, G.S.A.B. (1997). Quorum
Sensing in Aeromonas hydrophila and Aeromonas salmonicida: Iden-
tification of the LuxRI Homologs AhyRI and AsaRI and Their Cognate
N-Acylhomoserine Lactone Signal Molecules. Journal of Bacteriolo-
gy, 179(17), 5271-5281.

Swift, S., Lynch, M.J., Fish, L., Kirke, D.F., Tomas, J.M., Stewart, G.S.A.B.
& Williams, P. (1999). Quorum Sensing-Dependent Regulation and
Blockade of Exoprotease Production in Aeromonas hydrophila. Infec-
tion and Immunity, 67(10), 5192-5199.

Swift, S., Throup, J.P., Williams, P., Salmond, G.P. & Stewart, G.S. (1994).
Quorum sensing: a population-density component in the determination
of bacterial phenotype. Trends in Biochemical Sciences, 21,214-219.

Tanhay Mangoudehi, H., Zamani, H., Shahangian, S. S., & Mirzanejad, L.
(2020). Effect of curcumin on the expression of ahyl/R quorum sens-
ing genes and some associated phenotypes in pathogenic Aeromonas
hydrophila fish isolates. World Journal of Microbiology and Biotech-
nology, 36, 1-9.

Tripathi, G., & Dhamotharan, K. (2022). Adverse Effects of Fish Vaccines.
In Fish immune system and vaccines (pp. 279-290). Springer, Singa-
pore.

Watnick, P. & Kolter, R. (2000). Biofilm, City of Microbes. Journal of
Bacteriology, 182(10), 2675-2679.

Williams, P. (2007). Quorum Sensing, Communication and Cross-King-
dom Signalling in the Bacterial World. Microbiology, 153,3923-3938.

Zhang, W., Zhao, J., Ma, Y., Li, J., & Chen, X. (2022). The effective com-
ponents of herbal medicines used for prevention and control of fish
diseases. Fish & Shellfish Immunology.

Zhang, D., Pridgeon, J.W. & Klesius, P.H. (2013). Expression and activity
of recombinant proaerolysin derived from Aeromonas hydrophila cul-
tured from diseased channel catfish. Veterinary Microbiology, 165(3-
4), 478-482.

Zhu, J. & Winans, S.C. (2001). The quorum-sensing transcriptional reg-
ulator TraR requires its cognate signaling ligand for protein folding,
protease resistance, and dimerization. Proceedings of the National
Academy of Sciences USA, 98(4), 1507-1512. https://doi.org/10.1073/
pnas.98.4.1507

J HELLENIC VET MED SOC 2024, 75 (3)
TIEKE 2024, 75 (3)


http://www.tcpdf.org

