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Molecular detection of LuxR homologue gene from Vibrio sp. This research paper, presented
to the Faculty of Veterinary Medicine at Universiti Malaysia Kelantan, represents a crucial step in
advancing our understanding of pathogenic microorganisms within aquatic environments. It fulfills
a partial requirement for the course DVT 55204 - Research Project, which emphasizes the

significance of research in veterinary medicine.

ABSTRACT

The LuxR homologue gene plays a central role in quorum-sensing regulation among Vibrio
species, influencing virulence, biofilm formation, and host—pathogen interactions. This study
aimed to detect the presence of LuxR homologue genes in three Vibrio isolates obtained from
aquatic environments using molecular techniques. Genomic DNA was extracted from each isolate,
and PCR amplification was conducted using LuxR-specific primers targeting conserved regulatory
regions. None of the three Vibrio isolates produced the expected amplicon corresponding to the
LuxR homologue gene. The absence of LuxR-related sequences suggests that these isolates
may rely on alternative quorum-sensing pathways, possess divergent LuxR-like regulators not
amplified by the primers used, or belong to Vibrio species lacking conventional LuxR regulatory
elements. These findings highlight the diversity of quorum-sensing mechanisms within Vibrio
spp. and underscore the need for broader genomic screening or primer optimization in future

studies.
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ABSTRAK

Gen homologi LuxR memainkan peranan penting dalam pengawalan quorum sensing dalam
kalangan spesies Vibrio, mempengaruhi virulens, pembentukan biofilm, dan interaksi antara hos
dan patogen. Kajian ini bertujuan mengesan kewujudan gen homologi LuxR dalam tiga isolat
Vibrio yang diperoleh daripada persekitaran akuatik menggunakan kaedah molekul. DNA genomik
telah diekstrak daripada setiap isolat, dan penguatan PCR dijalankan menggunakan primer khusus
LuxR yang menyasarkan kawasan regulatori terpelihara. Tiada satu pun daripada tiga isolat Vibrio
menghasilkan amplicon yang dijangka sepadan dengan gen homologi LuxR. Ketiadaan jujukan
berkaitan LuxR mencadangkan bahawa isolat tersebut mungkin bergantung pada laluan quorum
sensing alternatif, mempunyai pengawal selia mirip LuxR yang berbeza dan tidak dapat
diamplifikasi oleh primer yang digunakan, atau tergolong dalam spesies Vibrio yang tidak
mempunyai elemen regulatori LuxR konvensional. Penemuan ini menonjolkan kepelbagaian
mekanisme quorum sensing dalam Vibrio spp. dan menggariskan keperluan untuk saringan

genom yang lebih luas atau pengoptimuman primer dalam kajian masa hadapan.
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CHAPTER 1

INTRODUCTION

Vibrio spp are Gram-negative, rod-shaped bacteria, that are found naturally in freshwater,
estuaries, and marine habitats. These bacteria are native to aquatic and marine habitats, like
warm, brackish water, and their abundance in the wild often reflects the temperature of the
surrounding environment (Baker-Austin et al., 2018). Vibriosis is the collective term for diseases
that can cause serious human outbreaks when contaminated water or seafood containing Vibrio
spp. is consumed (Thomas, et all. 2023). A wide variety of aquatic animals, such as fish, crabs,
and mollusks, have been affected by Vibrio spp. (Souza Valente et al., 2021). Numerous vibrio
spp. have been identified as the causative agents of vibriosis in the aquaculture sector, which has
resulted in significant financial losses (Kyle et al., 2021). Over 20 more than 80 species of Vibrio
microbes are capable of causing vibriosis and the common species responsible for vibriosis are
Vibrio parahaemolyticus and Vibrio Vulnificus (Andrew et al., 2021). An established pathway
of human exposure is the buildup of vibrios in shellfish, especially bivalves, and subsequent
ingestion of those products either raw or incompletely cooked (Konstantinos Koutsoumanis et al.,
2024). Thus, most of the human exposure to vibriosis is occurring by consumption of infected
seafood with pathogenic Vibrio spp. PCR is a molecular technique that has been used to identify
foodborne bacteria and screen for particular genes linked to pathogenicity by focusing on
particular genes of various Vibrio species that cause vibriosis. Vibrio species such as V. cholerae,
V. parahaemolyticus, V. harveyi, V.alginolyticus, V.anguillarum can be identified using these

these PCR assays (Keyan-Loo, et al., 2022). This



technique helps process more samples and identify the causative agent quickly and at a low cost.
A key regulatory mechanism in Vibrio pathogenesis and environmental adaptation is quorum
sensing (QS) - a population density-dependent system controlling gene expression through signal
molecules. The LuxR family of transcriptional regulators is central to QS systems. LuxR
homologues, in combination with their corresponding autoinducers (like acyl-homoserine
lactones), coordinate the expression of genes involved in virulence, biofilm formation, and motility
(Waters & Bassler, 2005). Despite the significance of LuxR-type regulators, studies on their
molecular detection and distribution among Vibrio spp. in Malaysian aquatic environments remain

limited.

1.1 RESEARCH PROBLEM STATEMENT

While quorum sensing has been well-documented in model Vibrio species such as V. harveyi and
V. fischeri, the presence and diversity of LuxR homologue genes in locally isolated Vibrio spp.
are underexplored. This gap limits our understanding of the molecular mechanisms underlying
virulence regulation and environmental adaptability in these bacteria. There is a need for
molecular-based detection to characterize LuxR homologues and to assess their prevalence in

environmental or clinical Vibrio isolates.



1.2 RESEARCH QUESTION

Are LuxR homologue genes present in Vibrio spp. isolated from aquatic environments?

1.3 RESEARCH HYPOTHESIS

LuxR homologue genes present in Vibrio spp. isolated from aquatic environments.

1.4 RESEARCH OBJECTIVES

To detect the presence of LuxR homologue genes in Vibrio spp. isolates using PCR-based

molecular techniques.



CHAPTER 2

LITERATURE REVIEW

2.1 Quorum signaling.

Quorum sensing is the method by which bacterial gene expression is controlled by adaptable
chemical signaling molecules called auto inducers, which are essential for bacterial communication
(Windsor, 2020). In addition, quorum sensing controls a wide range of bacterial processes, such
as biofilm formation and pathogenicity (Lantian et al., 2020). As a result, the quantum sensing
system is essential for coordinating the expression of genes linked to different Vibrio phenotypes

and virulence traits (V.N Lydick et al., 2025).

2.2 Quorum signaling system of gram-negative bacteria.

For Gram-negative bacteria the quorum sensing system consists of LuxI or LuxR (YingPing et al.,
2022). Gram-negative bacteria's LuxR-type receptors can be classified as either LuxR solo or
Orphan and typical LuxR-type receptors. LuxI synthase produces acyl-homoserine lactones
(AHLs), which are detected by a class of proteins known as typical LuxR-type receptors. For
example, typical LuxR-type receptors are derived from the LuxR protein found in Vibrio fischeri

After detecting and binding AHLs (N-3-(oxo-hexanoyl)-homoserine lactone) ligands made by
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LuxI proteins, it triggers the luciferase operon's transcription (Li Yi et al., 2020). Vibrio. harveyi
is an excellent model organism for studying quorum sensing pathways in other vibrios. Similar
structures have been identified, including membrane-bound autoinducer receptors, short

regulatory RNAs (sRNAs), and LuxR homologs serving as main regulation.

2.3 LuxR homologue gene.

Vibrio cholerae, Vibrio parahaemolyticus, Vibrio vulnificus, and Vibrio alginolyticus are
among them (Alyssa et al., 2017). Through LuxR sequence analysis in PCR, which involves
preparing and amplifying the desired genes in PCR and then visualizing them in agarose gel
electrophoresis, the LuxR homologous gene can be detected (Tang et al., 2019). Quorum sensing
is a critical regulatory system in many bacterial species, including Vibrio, where it modulates
genes essential for biofilm formation, bioluminescence, and virulence (Miller & Bassler, 2001). The
LuxR family comprises transcriptional regulators that, when bound to autoinducers, activate or
repress target genes (Defoirdt et al., 2005).Studies have shown that LuxR homologues are

structurally conserved but functionally diverse across Vibrio spp. (Zhu & Winans, 2001).

2.3 Molecular detection

Molecular detection of LuxR-like genes using PCR primers targeting conserved domains has been

successfully employed in environmental surveillance (Cao & Meighen, 1989

11



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Bacterial Isolation

Total 6 of Vibrio isolates were obtained from archive samples stored in the Trypticase Soy Broth,
TSB with 50% glycerol stocks in -80°C freezer in Zoonotic Laboratory, Faculty of Veterinary
Medicine, Universiti Malaysia Kelantan. The isolated samples were B7 5/5, IP3 1/2, 1P7, 1P8, K2

17, and K2 16. These isolates were revived on TSA with 2% NaCland incubated at 30°C for 24h..

3.2 DNA extraction

Only three samples IP3, K2 17, and K2 16 showed pure, isolated single colonies, whereas the
remaining samples had overgrown colonies, likely due to contamination. Therefore, only IP3, K2
17, and K2 16 were selected for DNA extraction and K2 17 and K2 16 were repeated twicely for
DNA extraction. Genomic DNA from these samples was extracted using the boiling method
described by Garcia-Aljaro et al. (2012). Single colonies were inoculated into 20 pl of double-
distilled water and boiled for 10 minutes. The samples were then chilled and centrifuged for 5
minutes at 16,000 g. Finally, 5 pl of the resulting supernatant from each sample was used as the

template for PCR.
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Table 1: Vibrio spp used for DNA extraction.

Sample ID Vibrio spp

IP3 Vibrio Xuii

K2 17 Vibrio rotiferianus
K2 16 Vibrio hepatitis

3.3 PCR amplification of LuxR Homologue Gene

In this research, LuxRI-F2 and LuxRI-R2 were used to amplify LuxR gene from the obtained
samples.These primers were used in previous studies to amplify LuxR gene from Vibrio harveyi and
other Vibrio species (Pujalte et al., 2012). The reagents and volume used for a single PCR reaction which
included master mix (PCR buffer, Mg+, Cl-, DNTP, Taq polymerase) with the volume of 12.5 pl, forward
primer 1 ul, reverse primer 1 pl, nuclease free water 8.5 ul, and DNA template 5 pl. The reaction was

done in T100 Thermal Cycler (Bio-Rad, US).

13



Table 2: Primers used for amplification of the LuxR homologue gene

Gene Primers DNA sequence Protocol Product size

LuxR LuxRI-F2 -635 bp
5'-ATGAAAGTTG Initial denaturation at

ATGAAAGTGG-3' 95°C for 5 min; 35

cycles of denaturation

LuxRI-R2 (95°C, 30s), annealing
5-TTAGTTGTTG

(55-60°C, 30s), and
ATCGCGTTGG-3'
extension (72°C, 1 min);
final extension at 72°C

for 10 min.

3.4 Gel Electrophoresis and Visualization

PCR products were run on 1.5% agarose gel stained with GelRed. The gel was visualized under

UV transillumination.
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CHAPTER 4

RESULTS

4.1 Bacterial isolation and Identification

Table 3: Bacterial culture and Gram-staining

Yellow, round, opaque, and smooth

colonies

Sample Colony morphology Gram-staining
IP3
e Gram- negative, curved
smooth colonies
K2 17

Gram-negative, rod-shaped bacilli
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K2 16

o Yellowish confluent, round, opaque

and smooth colonies

Gram- negative, rod-shape bacilli

4.2 Biochemical test

Table 4: Oxidative | test
Sample Result
IP3 Positive
K2 17 Positive
K2 16 Positive

16




4.3 Gel electrophoresis

Gel electrophoresis visualization of the PCR products from samples IP3, K2 17, and K2 16 showed
an absence of a visible band at the predicted size for the amplified LuxR gene. This finding confirms

the absence of the LuxR gene in the isolated Vibrio sp. sample obtained from Zoonotic lab.

LuXR gene
16(1) 16(2) 17(1).  17@)  1P3  \E

l

Figure 1: Result of Gel electrophoresis
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CHAPTER 5

DISCUSSION

The LuxR gene was not successfully amplified from the three Vibrio isolates (IP3, K2 17, and K2
16) that generated pure colonies in the current research. The lack of amplification indicates that
these isolates might not have the particular LuxR homologue targeted by the primer set
employed, even though the discovery of LuxR was expected based on prior discoveries in several
Vibrio species. This result reflects the possible genetic heterogeneity among strains isolated from
various environments and emphasises the complexity and diversity of quorum-sensing systems

within the genus Vibrio (Adam et al., 2005).

Vibrio spp. are known to utilise various quorum-sensing pathways including many regulatory
components. While the conventional LuxR-based system has been thoroughly researched in
model organisms such as Vibrio harveyi and Vibrio fischeri, not all Vibrio species rely on this
same regulatory structure (Christopher & Bonnie, 2006). The bacteria are able to coordinate
population- dependent behaviors including pathogenicity, biofilm formation, and bioluminescence
because the LuxR gene encodes a transcriptional regulator that reacts to auto inducer signals.
The presence, sequence, and function of LuxR homologues, however, differ significantly among
Vibrio species, according to genomic research. Some strains possess considerably different

variants of the gene, while others lack the original form altogether.

Some Vibrio species rely more on alternative quorum-sensing regulators, such as LuxO, LuxN,
cgsS, or other LuxR family members having little sequence similarity to the primers used in this

investigation, rather than the conventional LuxR (Lisa et al., 2016). Even if a functional have a
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higher chance of retaining viability and intact genetic material, which raises the possibility of
successful gene identification and lowers the possibility of false negatives brought on by

deteriorated DNA in samples that have been preserved.

Technical techniques should also be extensively refined. Contamination concerns can be
decreased by enforcing strict sample handling procedures, increasing pipetting accuracy, and
optimising bacterial culturing techniques to provide ideal growth circumstances. These changes
not only enhance the reliability and reproducibility of outcomes but also increase overall
experimental efficiency. By addressing both biological and technical limitations observed in the
current study, future research can generate more accurate insights into LuxR-mediated quorum
sensing, virulence regulation, and gene networking in Vibrio species, ultimately contributing to

better disease management strategies in aquaculture and public health.

This study investigated the presence of the LuxR homologue gene, a key quorum-sensing
regulator, in three Vibrio isolates using PCR-based molecular detection. Despite successful
genomic DNA extraction and appropriate positive controls, none of the isolates produced the
expected LuxR amplicon. These results suggest that the isolates may lack the canonical LuxR
homologue gene, possess LuxR-like regulators with significant sequence divergence, or rely on
alternative quorum-sensing pathways independent of LuxR. The absence of LuxR detection
highlights the genetic diversity within Vibrio spp. and indicates that LuxR-based screening alone
may not fully represent quorum-sensing capabilities or virulence potential among environmental

Vibrio isolate
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CHAPTER 6

CONCLUSION AND RECOMMENDATION

In the Vibrio species, the LuxR protein is a transcriptional regulator that reacts to signals from
quorum sensing. Quorum sensing allows bacteria to monitor their population density through
chemical signalling molecules called autoinducers. When the population hits a certain threshold,
LuxR activates or represses specific virulence genes, including those responsible for toxin
synthesis, secretion systems, and adhesion factors. By controlling these virulence proteins, LuxR
enables the bacteria to coordinate the timing of infection, maximising their survival and
pathogenicity. Comprehending this mechanism offers a framework for managing bacterial
virulence without necessarily eliminating the bacteria, which is especially helpful for creating anti-

virulence treatments and lowering the likelihood of antibiotic resistance.

Bacteria must continually adjust to dynamic surroundings, including shifts in food availability,
temperature, salinity, and host immunological defences. LuxR-mediated quorum sensing allows
Vibrio spp. to “sense” their surroundings and alter gene expression accordingly. For example,
under stress or low nutritional conditions, LuxR can trigger genes associated in motility, biofilm
formation, and metabolic changes. This adaptive behaviour guarantees that the bacterial
population can endure adverse conditions, colonise new niches, and outcompete other microbes.
Complete understanding of these adaptive methods also provides insight into bacterial resilience

and persistence in both natural and artificial habitats.
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Altering with LuxR signalling can stop bacteria from coordinating infection because LuxR
regulates the production of virulence proteins in a population-density-dependent way. This
strategy is termed quorum quenching. It is feasible to lessen pathogenicity without applying the
selective pressure that causes antibiotic resistance by focussing on LuxR or its signalling
pathways. In aquaculture, for example, interrupting LuxR-regulated communication can lessen
outbreaks of Vibrio-associated illnesses in fish and shellfish. Similarly, in human health, blocking
LuxR pathways could minimise infections caused by harmful Vibrio species, offering a potential

preventive method that complements established antibiotic medicines.

Structured bacterial populations that are affixed to surfaces and enmeshed in an extracellular
matrix that they manufacture themselves are known as biofilms. By controlling genes related to
adhesion, matrix synthesis, and cell aggregation, LuxR plays a critical role in the formation of
biofilms. Bacteria are shielded by biofilms from antimicrobial agents, host immunological
reactions, and environmental stress. Researchers can find possible solutions to stop persistent
infections, manage bacterial survival in aquatic systems, and minimize industrial bio fouling by
examining how LuxR controls biofilm development. In order to understand chronic infections,
where biofilms serve as reservoirs for disease recurrence, it is also essential to appreciate LuxR-

mediated biofilm dynamics.

It is recommended that more bacterial isolates should be investigated in subsequent research on
the LuxR gene in Vibrio species. A higher sample size would provide a more comprehensive
understanding of the prevalence and distribution of LuxR among different Vibrio strains, boosting
the statistical robustness of the findings. Additionally, using newly separated samples directly from

fish hosts rather than long-stored or frozen samples is encouraged. Fresh isolates
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have a higher chance of retaining viability and intact genetic material, which raises the possibility
of successful gene identification and lowers the possibility of false negatives brought on by

deteriorated DNA in samples that have been preserved.

Technical techniques should also be extensively refined. Contamination concerns can be
decreased by enforcing strict sample handling procedures, increasing pipetting accuracy, and
optimising bacterial culturing techniques to provide ideal growth circumstances. These changes
not only enhance the reliability and reproducibility of outcomes but also increase overall
experimental efficiency. By addressing both biological and technical limitations observed in the
current study, future research can generate more accurate insights into LuxR-mediated quorum
sensing, virulence regulation, and gene networking in Vibrio species, ultimately contributing to

better disease management strategies in aquaculture and public health.

This study investigated the presence of the LuxR homologue gene, a key quorum-sensing
regulator, in three Vibrio isolates using PCR-based molecular detection. Despite successful
genomic DNA extraction and appropriate positive controls, none of the isolates produced the
expected LuxR amplicon. These results suggest that the isolates may lack the canonical LuxR
homologue gene, possess LuxR-like regulators with significant sequence divergence, or rely on
alternative quorum-sensing pathways independent of LuxR. The absence of LuxR detection
highlights the genetic diversity within Vibrio spp. and indicates that LuxR-based screening alone
may not fully represent quorum-sensing capabilities or virulence potential among environmental

Vibrio isolates.
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Recommendations
1. Use of Degenerate or Redesigned Primers
Primer mismatch may have contributed to non-amplification. Future studies should test
degenerate primers or target more conserved LuxR domains to improve detection sensitivity.
2. Expand the Number of Isolates
Screening a larger panel of Vibrio isolates from different environments (marine, estuarine,
aquaculture water) will provide a more comprehensive understanding of LuxR distribution.
3. Include Additional Quorum-Sensing Genes
Since Vibrio species may rely on multiple QS regulators, future work should examine genes
such as hapR, opaR, smcR, aphA, luxO, or grr small RNAs to map alternative QS
pathways.
4. Perform Whole-Genome Sequencing
Genomic analysis will help identify non-canonical LuxR-like regulators or QS components not
detectable through targeted PCR.

5. Assess Phenotypic Traits Related to QS
Testing biofilm formation, motility, hemolytic activity, or virulence factors may clarify whether
LuxR-independent QS pathways are functional in these isolates.

6. Optimise PCR Conditions

Adjusting annealing temperatures, Mg2* concentration, and cycling conditions can help

overcome weak or divergent target sequences.
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Figure 4: Taking single colony
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Figure 8: Extracted DNA

Figure 9: Running PCR product in gel electrophoresis
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