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Abstract: This study aimed to investigate the effect of reduced expression of the luxR gene on the
virulence of Pseudomonas plecoglossicida and the immune response of Epinephelus coioides. To achieve
this, RNA interference (RNAi) was used to silence the luxR gene, and the pathogenicity of wild-type
and luxR-RNAi strains of P. plecoglossicida, as well as the immune response of Epinephelus coioides to the
infection of these two strains, were compared. The mutant strain with the highest silencing efficiency
of 70.1% was selected for subsequent analysis. Silencing the luxR gene in the mutant strain resulted
in a significant 30% reduction in mortality rates in artificially infected Epinephelus coioides compared
to the wild-type strain. Transcriptome analysis revealed that the host transcriptome, particularly in
the spleens of infected Epinephelus coioides, was markedly altered by the silencing of the luxR gene in
the mutant strain. Tilapia infected with the luxR-RNAi strain exhibited altered immune defenses,
with changes in gene expression primarily in the NOD-like receptor (NLR) signaling pathway. These
results suggest that the luxR gene plays a crucial role in the host’s resistance to pathogen invasion, and
reducing its expression could decrease quorum sensing (QS) signals while increasing the expression
of the IL-1β gene in the host’s NLR pathway. This effect may lead to a pro-inflammatory response
that enhances the immune response to infection. Further investigation of these mechanisms may lead
to innovative approaches to treating bacterial infections.

Keywords: Pseudomonas plecoglossicida; luxR gene; pathogenicity; immune response; Epinephelus coioides

1. Introduction

Pseudomonas plecoglossicida is a bacterium that poses a significant threat to fish health,
causing various diseases that result in significant economic losses in the aquaculture
industry [1,2]. In the 2021 analysis of aquatic animal and plant diseases in Fujian Province,
it is indicated that visceral white spot disease in Larimichthys crocea was monitored from
January to May and in November to December. Among these months, the disease was
most severe in February, with a typical mortality rate ranging from 0.1% to 0.3% [3]. This
bacterium was first discovered in 1992 and classified as a new species within the genus P.
plecoglossicida in 1996 based on its unique biochemical and genetic characteristics [4,5]. The
genome of P. plecoglossicida mutans has been sequenced, providing valuable insights into the
genetic basis of its virulence and antibiotic resistance mechanisms [6–8]. Its classification
and genomic analysis provide valuable information for researchers working towards better
management and control of this pathogen in aquaculture systems.

In our research group, we conducted bioinformatics analysis of dual RNA-seq data
and found that the luxR gene in P. plecoglossicida mutans was consistently expressed at
high levels throughout the infection process [9]. This observation suggests a plausible role
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for the luxR gene in the virulence of P. plecoglossicida mutans. The luxR gene is a pivotal
regulatory component present in bacteria that governs the expression of genes involved
in quorum sensing, a mechanism by which bacterial populations sense and respond to
changes in their surrounding environment. This process allows bacteria to synchronize
their behavior based on cell density, for instance, the production of virulence factors or
the formation of biofilms [10–13]. Discovered initially in Vibrio fischeri, a bioluminescent
bacterium forming symbiotic relationships with certain marine animals, the luxR gene
encodes a transcription factor capable of binding to distinct DNA sequences, thus exerting
regulatory effects on target genes [14,15]. Consequently, the luxR gene has a crucial role
in regulating various aspects of bacterial behavior, including virulence, pathogenesis, and
antibiotic resistance.

In this study, we employed RNA interference (RNAi) technology to suppress the
expression of the luxR gene in E. coioides. Subsequently, we conducted a comparative
transcriptome analysis of spleen tissue between wild-type and luxR-RNAi-infected E.
coioides using RNA sequencing (RNA-seq) to investigate the immunological response of
the host to the luxR-RNAi strain. Additionally, we examined the impact of the luxR gene
on the pathogenicity of P. plecoglossicida.

The introduction of the luxR-RNAi variant resulted in a notable 60% rise in both the
mortality rate and the speed of mortality onset. In contrast, when assessing survival rates,
E. coioides demonstrated superior resilience compared to the NZBD9 variant. Moreover,
specimens of E. coioides treated with a PBS solution exhibited zero mortality. Examining
the situation at 5 days post-infection (dpi), distinct observations emerged. Specifically, the
spleen surfaces of E. coioides infected with the NZBD9 variant displayed a conspicuous
presence of numerous white nodules. In contrast, those subjected to the luxR-RNAi variant
exhibited a substantially lower occurrence of such nodules. Conversely, the spleen surfaces
of E. coioides specimens injected with PBS solution exhibited an absence of white nodules.

The transcriptome data generated during this investigation has been assigned the
identifier PRJNA947110 and is deposited in the GenBank SRA database for public access.
Our findings provide new insights into the interplay between the luxR gene and the immune
response in E. coioides, shedding light on potential strategies for controlling P. plecoglossicida
infections in this species.

2. Experimental Materials and Methodology
2.1. Cultivation Procedures and Bacterial Varieties

The pathogenic bacterium P. plecoglossicida, strain NZBD9, was isolated from the spleen
of naturally infected L. crocea and cultivated under standard laboratory conditions. The
bacterium was cultured in Luria–Bertani (LB) medium and kept at a temperature of 18 ◦C
with agitation at 220 rpm.

2.2. The Creation of a P. plecoglossicida RNAi Strain

Mutant development followed established protocols [16], with modifications. Four
pairs of short hairpin RNA (shRNA) (listed in Supplementary Table S1) sequences de-
signed to target the luxR gene were obtained from Shanghai General Biotechnology Firm
using their online tool (http://rnaidesigner.thermofisher.com/rnaiexpress/setOption.do?
designOption=shrna&pid=708587103220684543, accessed on 6 October 2023). Following
linearization of the pCM130/tac vector using NsiI and BsrGI restriction enzymes (New
England Biolabs, Ipswich, MA, USA), we employed T4 DNA Ligase to facilitate the ligation
of annealed oligonucleotides onto the linearized pCM130/tac construct. This procedure
was instrumental in generating the recombinant pCM130/tac vector. Subsequently, the
recombinant vector underwent transformation into E. coli DH5α via a heat shock method,
followed by extraction from E. coli DH5α cells. Finally, the isolated recombinant vector
was introduced into P. plecoglossicida using electroporation techniques. This series of steps
collectively facilitated the construction and transfer of the recombinant vector for further

http://rnaidesigner.thermofisher.com/rnaiexpress/setOption.do?designOption=shrna&pid=708587103220684543
http://rnaidesigner.thermofisher.com/rnaiexpress/setOption.do?designOption=shrna&pid=708587103220684543
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experimentation, and the level of luxR expression in each RNAi strain was quantified using
quantitative reverse transcription PCR (qRT-PCR) (listed in Supplementary Table S2).

2.3. Infection of Animals

The protocols for animal experimentation were approved by the Animal Ethics Com-
mittee of Jimei University under Acceptance NO JMULAC201159. The E. coioides used in
this experiment were procured from Longhai Aquaculture Farm in Zhangzhou, Fujian,
China. Specimens were selected with an average body length of 14.07 ± 0.71 cm and an
average body weight of 39.25 ± 6.40 g. To ensure the health of the experimental fish, four
randomly selected individuals underwent dissection. Various tissues were cultured on TSA
medium, and their surfaces were examined for the presence of any pathological changes.
Simultaneously, these fish were temporarily maintained under appropriate conditions for a
duration of 10 days to ensure the absence of any abnormal occurrences. Subsequently, these
fish were employed in specific experimental procedures. Throughout this period, the water
temperature was maintained at 18 ± 2 ◦C, and feeding was conducted at designated inter-
vals and locations. The seawater used for aquaculture originated from Jimei University’s
marine aquaculture facility in Fujian. A recirculating water system was employed, with in-
dividual water tanks having a volume of 1 cubic meter and containing approximately 800 L
of water. The water flow rate was maintained at 3.2 ± 0.2 L/min. Each water tank housed
10 E. coioides individuals. Throughout the cultivation process, the seawater temperature
was maintained within the range of 18 ± 2 ◦C. The salinity was maintained at 23 ± 2‰, dis-
solved oxygen levels at 4 ± 2 mg/L, pH at 8.1 ± 0.2, nitrate concentration at 2 ± 0.2 mg/L,
nitrite concentration at 0.3 ± 0.1 mg/L, ammonium nitrogen at 0.5 ± 0.1 mg/L, and total
nitrogen at 2.8 ± 0.2 mg/L.

Two experiments were conducted in this study: one to measure survival rates and
another to collect tissue samples. In the survival rate experiment, 90 E. coioides specimens
were divided into three groups, each containing 10 fish. These groups included the NZBD9
strain infection group, the luxR-RNAi strain infection group, and the PBS injection group.
The experiment was repeated three times for reliability. In the infection groups, each
fish was injected with 200 µL of the respective P. plecoglossicida strain at a dosage of
5 × 103 CFU/fish [17]. The bacterial dosage was determined through culturing, dilutions,
spectrophotometry, and colony counting. The PBS-injected group received a sterile PBS
injection as a negative control. Throughout the 10 days post-infection (dpi), fish health and
mortality were monitored twice daily.

In the tissue sample collection experiment, 90 E. coioides were equally distributed into
three groups, each consisting of 10 fish. This experiment was also repeated three times for
reliability. The groups were named the NZBD9 strain infection group, the luxR-RNAi strain
infection group, and the PBS injection group. In the infection groups, each fish received
a 200 µL intramuscular injection of the corresponding P. plecoglossicida strain at a dosage
of 5 × 103 CFU/fish. The PBS injection group received a 200 µL injection of sterile PBS
as the negative control. Spleen samples were collected randomly from each group on the
3rd and 5th days post-infection (dpi), with two spleen samples from each group combined
into single samples. These samples were then used for pathogen load testing and the
assessment of luxR gene expression.

2.4. Extracting RNA, Creating a cDNA Library, and Performing Sequencing

To obtain RNA samples suitable for RNA-seq analysis, the spleen tissues and P.
plecoglossicida strains were separated first with TRIzol reagent. Then, Turbo DNA-free
DNase treatment was used to eliminate genomic DNA contaminants, and the RNA samples
were purified and rRNA extracted with the Ribo-Zero rRNA Removal Kit. The TruSeq™
RNA Sample Preparation Kit protocol was utilized to create RNA-seq libraries, which
were then analyzed for quality using an Agilent 2100 bioanalyzer. The Illumina NovaSeq
sequencing platform was used for second-generation sequencing. The NZBD9 P. plecoglos-
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sicida strain genome was utilized as a reference to distinguish clean data reads from P.
plecoglossicida, while the residual reads were compiled ab initio to acquire E. coioides contigs.

2.5. Analysis of Transcriptome Data

This passage describes the method used to analyze differential gene expression in E.
coioides libraries. It involves several steps, including read mapping and quantification of
transcript abundance using Bowtie2 and RSEM, respectively. The transcript expression
values are normalized with FPKM, and then the edgeR package is employed to pinpoint
genes that display changes in expression. The DEGs are detected at different time points
and must have an FDR lower than 0.05 and a |log2 fold change| of at least 1.

In summary, this passage outlines the technical process of analyzing differential gene
expression in E. coioides libraries. The process involves multiple steps, including read
mapping and quantification, transcript normalization, and the identification of DEGs using
the edgeR package. The analysis focuses on identifying genes that are expressed differently
at different time points, with strict criteria for statistical significance.

2.6. Validation Using Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

To validate the reliability of the RNA-Seq data, a subset of differentially expressed
genes (DEGs) was randomly selected for qRT-PCR analysis. Primers for the target genes
were designed using Primer Premier 5.0 software, and the qRT-PCR was performed using
QuantStudio 6 Flex. The expression levels of the target genes were normalized to the refer-
ence gene β-actin, and the 2−∆∆Ct method was used to determine the relative expression
levels of the genes [18]. The experiment was performed in triplicate, and the mean values
were used to report the results.

2.7. Statistical Analyses

When reporting your findings, ensure to include the mean ± SD from at least three
separate trials. Any p-value below 0.05 should be deemed statistically significant.

2.8. Accessibility of Data

The transcriptome data for this project is stored in the GenBank SRA database under
the identifier PRJNA947110.

3. Results
3.1. Construction of the luxR-RNAi Strain

The data presented in Figure 1 depicts the impact of four distinct shRNAs on the
expression of the luxR gene. The results indicated that all four shRNAs caused a significant
reduction in the mRNA levels of the luxR gene. Notably, the luxR-RNAi-1 strain, which we
now refer to as the luxR-RNAi strain, demonstrated the highest efficacy in inducing RNAi
(70.1%). Therefore, we chose the luxR-RNAi-1 strain with the greatest silencing efficiency
for further experimentation.

3.2. Impact of luxR on P. plecoglossicida Virulence

The group of E. coioides individuals subjected to injections of the PBS solution displayed
a consistent pattern of survival throughout the experiment, maintaining robust health
and vitality as evidenced by their active swimming behaviors. Subsequent dissections
revealed no anomalies in their internal organ structures. Moreover, their behavioral and
physiological profiles closely resembled those of the control group, which consisted of
healthy fish. In contrast, the cohort of E. coioides injected with the luxR-RNAi strain of P.
plecoglossicida exhibited a distinct outcome. Mortality in this group commenced on the 5th
day, resulting in the deaths of 2 individuals. Subsequently, the mortality rate increased to
3 on the 6th day, 5 on the 7th day, and an additional 5 on the 8th day, leading to a cumulative
total of 15 deaths. In a comparative context, the subset of E. coioides subjected to injections
of the NZBD9 strain of P. plecoglossicida demonstrated a swifter onset of adverse effects.
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Notably, 2 deaths occurred on the second day, with this trend persisting as indicated by
3 deaths on the 3rd day, followed by 6 deaths on the 4th day, another 6 deaths on the 5th,
5 deaths on the 6th, and a final 6 deaths on the 7th day. Consequently, the cumulative
mortality count reached 28. These findings underscore the differential impacts of the two
bacterial strains on E. coioides, highlighting the distinct mortality patterns observed in
response to the luxR-RNAi and NZBD9 strains of P. plecoglossicida.
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Figure 1. Assessment of luxR mRNA levels in four luxR-RNAi silenced strains.

The luxR-RNAi variant infection resulted in a 60% increase in the onset of death.
Additionally, when comparing the survival rate of the NZBD9 variant to that of E. coioides,
it was found that the latter had a higher survival rate. Notably, the E. coioides injected with
PBS did not experience any mortality (as shown in Figure 2A). At 5 dpi, numerous white
nodules were observed on the spleen surface of E. coioides infected with the NZBD9 variant,
whereas significantly fewer white nodules were seen on those infected with the luxR-RNAi
variant of P. plecoglossicida. Conversely, no white nodules were observed on the spleen
surface of E. coioides injected with PBS (as demonstrated in Figure 2B).

3.3. Interpretation of Gene Transcription Data
3.3.1. Evaluating the Fidelity and Precision of Transcriptomic Information

The RNA sequencing of spleens from E. coioides infected with both the luxR-RNAi
and NZBD9 strains of P. plecoglossicida was performed. The base content distribution of
G/C/A/T was found to be uniform, with the percentage of N within the standard range.
Quality evaluation using Q20 showed that all samples met the sequencing data standards,
with Q20 values greater than 97%. The RNA-seq data had a base error rate of less than 0.1%.
Pearson’s correlation coefficients (r) demonstrated a close correlation (r > 0.9) between the
three biological replicate samples. The reproducibility and principal component analysis
(PCA) of the three biological replicates showed satisfactory results.
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3.3.2. An Investigation into Genes Exhibiting Differential Expression Patterns via
Transcriptomic Analysis

We identified differentially expressed genes in E. coioides infected with P. plecoglossi-
cida on the 3rd and 5th days using a statistical cutoff criterion of |log2 fold change| ≥ 1
and padj ≤ 0.05. Our transcriptomic analysis revealed that, on the 3rd day, a total of
36,227 genes were differentially expressed in the experimental groups compared to the
control group. Specifically, in the luxR-RNAi strain group, 2221 genes were downregulated,
while 34,006 genes were upregulated compared to the NZBD9 strain group. Similarly, on
the 5th day, 23,137 genes were differentially expressed, with 2071 genes downregulated
and 21,066 genes upregulated in the luxR-RNAi strain group compared to the NZBD9
strain group (as shown in Figure 3A). The differential gene expression between the exper-
imental groups and the control group on the third and fifth days was analyzed using a
volcano plot. Our results indicated that, on the third day, 34,006 genes were up-regulated,
while 2221 genes were down-regulated (as shown in Figure 3B). Similarly, on the fifth
day, 21,066 genes were up-regulated and 2071 genes were down-regulated (as shown in
Figure 3C). Notably, the number of up-regulated genes was significantly higher than the
number of down-regulated genes on both days. However, the significance of the difference
was greater on day 3 than on day 5.
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Figure 3. Comparative differential gene expression analysis of NZBD9 and luxR-RNAi strains in
infected Epinephelus coioides. (A) Analysis of differentially expressed genes in spotted groupers
infected with luxR-RNAi and NZBD9 strains on the third and fifth days. (B) Volcano plot analysis of
differentially expressed genes between NZBD9 and luxR-RNAi strains in groupers infected at dpi3.
(C) Volcano plot analysis of differentially expressed genes between NZBD9 and luxR-RNAi strains in
groupers infected on day five.
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To gain a better understanding of the regulatory networks or signaling pathways
involved in the response to experimental treatments, we conducted a comparative analysis
of differentially expressed genes using Venn analysis. As a result, we identified a set of
269 genes that were differentially expressed in both the infected E. coioides on the 3rd and
5th days, as well as in the control (PBS) and experimental (NZBD9 and luxR-RNAi) groups
(as shown in Figure 4). These differentially expressed genes are of particular interest, as they
may play a crucial role in the infection process. Therefore, we plan to further investigate
their potential biological functions and associated pathways.
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and PBS control groups on days 3 and 5 of infection in E. coioides.

The results of the gene ontology (GO) analysis, as illustrated in Figure 5, demonstrated
that differentially expressed genes (DEGs) were significantly enriched in several biological
processes, with a notable emphasis on defense responses. Specifically, the DEGs were
found to be enriched in defense responses to both bacterial and other organismal stimuli,
indicating their potential role in mediating protective mechanisms against external threats.

A graph representation of a directed acyclic graph (DAG) with a defined start point
and no cycles serves as a useful visual tool to represent complex relationships between
different entities or events. The directed acyclic graph (DAG) depicting various gene
ontology (GO) terms, including homeostasis of the number of cells, hematopoietic stem
cell homeostasis, defense response, defense response to other organisms, defense response
to bacteria, response to bacterium, calcium ion binding, N-Acetylmuramoyl-L-Alanine
Amidase activity, Peptidoglycan M Uraytic activity, and cell body, highlights the potential
significance of these terms in impacting the host (as shown in Figure 6). These nodes
and their relationships may play important roles in various biological processes, including
immune defense, stem cell maintenance, and cell homeostasis. Further research is necessary
to uncover the key genes involved in these processes and their functional implications.
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Regarding molecular function, the analysis revealed that the differentially expressed
genes (DEGs) were significantly enriched in peptidoglycan catalytic activity, suggesting
their potential involvement in the breakdown of bacterial cell walls. In addition, the KEGG
pathway analysis revealed that the DEGs were predominantly enriched in pathways related
to protein digestion and absorption, as well as ECM receptor interaction signaling (as shown
in Figure 7). These findings provide important insights into the potential biological roles of
the identified genes and highlight their potential significance in mediating fundamental
cellular processes.

Fishes 2023, 8, x FOR PEER REVIEW 12 of 18 
 

 

 
Figure 7. An analysis of KEGG pathway enrichment was conducted on the DEGs. 

Within the immune system’s KEGG subcategory, the DEGs were predominantly 
located within the NOD-like receptor (NLR) signaling pathway. The pathway analysis 
reveals that the down-regulation of genes such as T3SS needle, T3SS rod, NAIP, and 
NLRC4, along with the up-regulation of po-IL-Iβ, ultimately leads to the up-regulation of 
secreted extracellular IL-Iβ (as shown in Figure 8). These genes are involved in various 
aspects of immune defense, such as the formation of the type III secretion system (T3SS) 
and the regulation of cytokine production. The down-regulation of T3SSneedle and T3SS 
rod genes suggests a potential disruption in the ability of bacterial pathogens to inject 
effector proteins into host cells, which may impair their ability to evade host immune 
defenses. The down-regulation of NAIP and NLRC4 genes, which are involved in the 
detection of bacterial pathogens, further suggests a potential impairment in the host’s 
ability to recognize and respond to invading bacteria. 

Figure 7. An analysis of KEGG pathway enrichment was conducted on the DEGs.

Within the immune system’s KEGG subcategory, the DEGs were predominantly
located within the NOD-like receptor (NLR) signaling pathway. The pathway analysis
reveals that the down-regulation of genes such as T3SS needle, T3SS rod, NAIP, and NLRC4,
along with the up-regulation of po-IL-Iβ, ultimately leads to the up-regulation of secreted
extracellular IL-Iβ (as shown in Figure 8). These genes are involved in various aspects
of immune defense, such as the formation of the type III secretion system (T3SS) and the
regulation of cytokine production. The down-regulation of T3SSneedle and T3SS rod genes
suggests a potential disruption in the ability of bacterial pathogens to inject effector proteins
into host cells, which may impair their ability to evade host immune defenses. The down-
regulation of NAIP and NLRC4 genes, which are involved in the detection of bacterial
pathogens, further suggests a potential impairment in the host’s ability to recognize and
respond to invading bacteria.
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4. Discussion

Differential gene expression refers to changes in gene expression between distinct
conditions or cell types. In bacterial-host interactions, alterations in gene expression can
occur simultaneously in both bacteria and hosts. Bacteria can adjust their gene expression to
evade or overcome host defenses, while hosts can modify their gene expression to respond
to bacterial colonization or infection [19–21].

The luxR gene is a transcriptional regulator that plays a critical role in bacterial quorum
sensing [22–26]. Down-regulation of the luxR gene has been shown to result in changes
in host gene expression [27–29]. In this paper, we aim to analyze the reason why the
down-regulation of the luxR gene in Pseudomonas aeruginosa leads to an enrichment of host
genes that are differentially expressed in gene ontology (GO) pathways related to bacterial
defense and immune response. Additionally, we will investigate the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database to determine why host genes that are differentially
expressed are enriched in metabolic pathways related to protein digestion and absorption.

The present experiment revealed that host genes that were differentially expressed
in response to the down-regulation of the luxR gene were enriched in gene ontology (GO)
pathways associated with bacterial defense and immune response. This finding suggests
that down-regulation of the luxR gene might activate the host immune response to bacterial
invasion. Numerous studies have also confirmed this conclusion [30–34].

The LuxR protein plays a crucial role in regulating quorum sensing, which is the mech-
anism by which bacteria communicate with each other to coordinate their behavior. When
the concentration of signal molecules produced by bacteria reaches a certain threshold, the
LuxR protein binds to these molecules and triggers the expression of genes involved in
bacterial virulence, biofilm formation, and other biological processes. The down-regulation
of the luxR gene can disrupt quorum sensing and may activate the host immune response
to bacterial invasion [35–39].

In this study, we utilized the KEGG database to examine why host genes that are
differentially expressed in response to luxR down-regulation are enriched in metabolic
pathways related to protein digestion and absorption. These pathways involve the process
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of breaking down dietary proteins into amino acids, which serve as the fundamental
building blocks of proteins in the body.

Multiple research studies have shown that the downregulation of the luxR gene affects
the gut microbiome composition and other bacterial metabolic processes [40–42]. As a
consequence, these changes may have a significant impact on host nutrient absorption
and metabolism. This could explain why the host genes that are differentially expressed
in response to the reduction in the luxR gene are enriched in metabolic pathways related
to protein digestion and absorption. Therefore, these findings suggest that the down-
regulation of the luxR gene could affect the host’s ability to efficiently absorb and metabolize
nutrients, which could have important implications for overall host health and well-being.

Our findings indicate that downregulation of the luxR gene affects the host’s gene
expression, with differentially expressed genes enriched in GO pathways related to bacterial
defense and immune responses. This suggests that disruption of quorum sensing through
the downregulation of luxR may activate the host’s immune response to bacterial invasion.
Moreover, our investigation into the KEGG database revealed that differentially expressed
host genes are enriched in metabolic pathways related to protein digestion and absorption,
indicating a potential influence on host nutrient absorption and metabolism. These findings
suggest a potential role for luxR in the interplay between bacteria and host health, and
further research is necessary to fully understand the underlying mechanisms.

Differential gene expression in the immune system is focused mainly on the NOD-like
receptor (NLR) signaling pathway, which is a critical component of the innate immune re-
sponse against pathogens [43–45]. The NLRs are a class of cytoplasmic pattern recognition
receptors that recognize a range of microbial and endogenous danger signals to initiate an
immune response. These intracellular receptors are activated by a variety of microbial com-
ponents, like bacterial cell wall compounds, including peptidoglycans, lipopolysaccharides
(LPS), and flagellin. Once activated, the NLRs activate downstream signaling pathways,
leading to the production of pro-inflammatory cytokines such as IL-1β [46–50]. IL-1β,
predominantly produced by activated immune cells like macrophages and monocytes, is a
cytokine that acts as a signaling molecule in the immune response. IL-1β plays a role in
regulating physiological processes like inflammation, fever, and immune response.

luxR is a crucial transcriptional regulator present in Gram-negative bacteria that
plays a significant role in the regulation of quorum sensing (QS) systems. In this study,
the decreased expression of the luxR gene in P. plecoglossicida was observed to lead to a
reduction in QS signaling, which was hypothesized to result in the upregulation of the
IL-1β gene expression in the host’s NOD-like receptor (NLR) signaling pathway.

Studies have demonstrated that LuxR protein can bind directly to the promoter of the
IL-1β gene, thus suppressing its expression [51–54]. In the event of a downregulation of
the luxR gene during an infection, less LuxR protein would bind to the IL-1β promoter,
causing an increase in IL-1β gene expression. This increase in IL-1β expression can result
in pro-inflammatory effects, which are important for mounting an immune response to
the infection.

Infections can trigger the production of pro-inflammatory cytokines, including IL-
1β, which can activate the immune system and initiate inflammatory responses to fight
the infection [55–57]. This immune response is critical to combating infectious diseases.
However, an excessive and uncontrolled production of pro-inflammatory cytokines can
lead to tissue damage and contribute to the pathogenesis of infectious diseases.

Microorganisms, such as bacteria, are present in a variety of environments, including
animals and humans. Through co-evolution, many bacterial species have adapted to thrive
in specific hosts or on certain host surfaces. For bacterial pathogens, evasion of host immune
responses and causing diseases is a survival strategy that has driven the evolution of
complex mechanisms. One such mechanism involves changes in bacterial gene expression
that enable bacteria to overcome host defenses or evade them entirely [58,59]. This article
examines changes in bacterial gene expression that result in the enrichment of bacterial
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processes associated with host defense and explores how these changes may lead to the
unique expression of host genes involved in the immune response to bacterial infections.

The process of gene expression involves using genetic information encoded in genes
to create functional RNA molecules or proteins. Bacteria, like all living organisms, adjust
their gene expression in response to variations in their environment, such as changes in
temperature [60], nutrient availability, and the presence of other microorganisms. Gene
expression in bacteria can be altered at multiple levels, including transcription, translation,
and post-translational modifications [61,62]. These alterations can lead to the production
of new proteins, the modification of existing proteins, or the repression of particular
genes [63,64].

When bacteria encounter a host, they adapt their gene expression to promote colo-
nization and persistence within the host [65–67]. Bacterial gene expression can also be
influenced by host defenses, such as immune cell activation, the release of antimicrobial
peptides, or the production of reactive oxygen species [68–73]. Changes in bacterial gene
expression in response to host defenses can lead to the production of factors that increase
bacterial virulence, modification of bacterial surface molecules, or activation of stress
response pathways [74–76].

To summarize, the decreased expression of the luxR gene in P. plecoglossicida during
infection can result in increased expression of the IL-1β gene in the host’s NLR signaling
pathway. This upregulation of IL-1β expression can have pro-inflammatory effects that are
critical for the immune response to infection.

5. Conclusions

Overall, the downregulation of the luxR gene in P. plecoglossicida during infection
can impact the host’s immune response and potentially influence the progression of the
infection. Further investigation in this area is necessary to better understand the underlying
mechanisms and potentially identify new treatment strategies for bacterial infections.
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