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secrete and sense signal molecules to regulate mircobial population behaviors. QS plays important
roles in biofilm formation and gut colonization of probiotics. In recent years, interfering with the
QS of probiotics has become a trending research field of synthetic biology. In this review, we
summarize the distribution of QS systems in probiotics and highlights interfering strategies
designed to regulate probiotic functions. We summary currently identified QS systems in probiotics
and their detection methods, such as photoelectrochemical assays and chromatography-mass
spectrometry techniques. Meanwhile, this review outlines the QS interfering approaches for
probiotics, including the use of QS agonists and the optimization of related metabolic pathways.
Finally, the probiotic intervention strategy targeting QS is proposed in this paper, providing a novel
approach for regulating the efficacy of engineered probiotics, which is of great significance for the
development and improvement of probiotic functional foods.

Keywords: probiotics; quorum sensing; detection technology; intervention strategy; synthetic

biology
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Figure 1 The molecular mechanisms of common QS systems in probiotics. A: In Lactobacillus, the AIP
precursor is secreted as mature AIP via ABC transporters (After binding to the membrane-localized DHp domain,
it triggers a phosphorylation cascade reaction, ultimately regulating the expression of target genes); B: In
Bifidobacterium bifidum, the Luxl enzyme catalyzes S-adenosylmethionine (SAM) to form Acyl-SAM, and
further converted into AHL (AHL binds to the LuxR protein, and the resulting dimer complex binds to the LuxR-
specific promoter region, then activating the expression of downstream target genes); C: In Bacteroides
thetaiotaomicron, DSF regulates the intracellular c-di-GMP level through the RpfG/GGDEF complex, which in
turn controls the expression of EPS (This process also involves the cascade regulation of proteins including Clp
and Zur); D: In Akkermansia muciniphila, the LuxS enzyme catalyzes SAM to generate DPD, which is
subsequently converted into AI-2. Al-2 is either taken up by the cell via ABC transporters or binded to LuxP to
activate LuxQ.
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Table 1

Detection methods and application of probiotic QS signals

Detection method QS LOD  Limitation

signals

Application

Photoelectrochemical AHLs  pmol
[23]

detection environment
B-D-glucuronide AIP-I nmol  Easily interfered by other glycosides;
colorimetric assay®”) narrow application range
ELISAP” AIP-IV nmol
to nonspecific adsorption from proteins

UPLC-MSE® AHLs, fg Weak matrix anti-interference

AlPs,
HPLC-MS/MSH! Al-2 Slow analysis speed
LC-MSH Strict sample purity requirement
GC-MS* Short- ng Only applicable to volatile and

chain- thermostable signal molecules

AHLs
Reporter strain AHLs pmol/L Pretreatment needed for colored samples
colorimetric
assay[4°'41]

Fluorescent reporter
strain*4%! Al-2

Poor universality; stability affected by

AHLs, nmol/L Long detection cycle; sample requires

Real-time detection of specific signal
molecules in fermentation workshop
Semi-quantification of AIP-I in soil and
water environments

Antibody preparation required; susceptible High-throughput semi-quantitative

screening in strain fermentation broth

Semi-quantification of pure strain
fermentation broth

Trace quantification in complex samples
Rapid detection of multi-component

Qualitative analysis of short-chain AHLs;
headspace detection of fermentation broth

QS agonist screening; qualitative detection
of AHLs in strain fermentation broth

Mechanism visualization

decolorization pretreatment

LOD: Limit of detection.
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Figure 2 Schematic diagram of multi-dimensional research techniques for bacterial quorum sensing systems.

Signaling molecules are detected using ELISA, biosensors, LC-MS, and colorimetric methods. Gene expression

analysis covers fluorescent protein tag, real time quantitative PCR, and signaling pathways analysis. Phenotypic

studies focus on QS-mediated regulation of traits such as bacterial virulence, biofilm formation, and motility.
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Types of quorum sensing agonists. Synthetic QS agonists are produced chiefly by chemically

modifying the side chains of natural signaling molecules, such as N-(3-nitrophenethylamide)-L-homoserine lactone

and Am-CAI-1. Natural-product QS agonists include flavonoids such as a-pyranones apigenin, and their

derivatives.
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Table 2 Intervention strategies for probiotic effects via QS

QS Regulation methods Applicable strains Regulatory results  Validation methods

system

AIPs  Exogenous addition of AIP Bifidobacterium, Bacillus Inhibition of Crystal violet staining, scanning

standards

plantarum, L. rhamnosus

Exogenous addition of
cysteine, mg?*, and other
cofactors

AlI-2  Exogenous addition of AI-2

precursors or standards paralimentarius, B.
amyloliquefaciens, L.
Screening of mutant strains
with enhanced AI-2 secretion
ability through environmental
stress

AHLs Overexpression of synthetic
genes LuxI or receptor LuxR crispatus, L. jensenii

Exogenous addition of AHL or

precursors like SAM

DSF  Exogenous addition of sucrose, B. thetaiotaomicron
branched-chain amino acids,
and other DSF precursors

subtilis, Lactobacillus sakei, L.

L. plantarum, Lactobacillus

rhamnosus, A. muciniphila

B. bifidum, Escherichia coli, L.

biofilm formation
in pathogenic

bacterial®”!

Promotion of
intestinal

colonization™>-4

Promotion of
dietary fiber

degradation>>47%

Promotion of self-
biofilm

formation™®""’

Promotion of
mucus

degradation!”

Promotion of self-
biofilm

formation!™”

Regulation of
carbohydrate
metabolism and
glycolysis’>74
Promotion of
dietary fiber

electron microscopy

16S rRNA gene sequencing,
adhesion detection

LC-MS, enzyme activity
determination

Crystal violet staining, scanning
electron microscopy

Glycosaminoglycan enzyme
activity detection, adhesion
detection

Crystal violet staining, scanning
electron microscopy

Enzyme activity determination,
gqPCR, isotope labeling and tracing

Polysaccharide degrading enzyme
activity determination, gel

[75]

degradation permeation chromatography,

animal experiment
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