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Abstract: Quorum sensing (QS) is a bacterial cell-to-cell communication system. Bacteria sense the density of bacterial
population by secreting diffuse small molecular signals, thus causing the coordinated expression of a group of specific genes at
the transcriptional level. With continuous research, the quorum-sensing related genetic elements and the regulatory principles
have gradually become clear. In recent years, genetic circuits containing components of the bacterial QS system have been
constructed through synthetic biology to achieve intra-species and inter-species artificial communication, and these genetic
circuits based on QS have great application potential in biotechnology and biomedicine. This paper reviews several relatively
clear and representative microbial quorum sensing systems and their functional roles, and introduces the application of genetic
circuits based on quorum sensing systems to intra-species and inter-species cell communication, and discusses the microbial

quorum sensing system in constructing biological computing tools, regulating the population density and the flow of
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metabolism of the future development prospect. For intra-cell communication, we mainly introduced the applications of
quorum sensing system in the construction of biological computing tools, which are mainly reflected in the research of toggle
switches, biosensors and logic gates in synthetic biology. Toggle switches, biosensors, and logic gates designed based on
quorum sensing mechanism can better coordinate cell behavior at the population level by combining with some biological
control circuits to achieve precise regulation at the spatial, temporal, and population level. For inter-species cell communication,
we mainly discuss the influence of introducing quorum sensing system on controlling population density and regulating
metabolic flow. Quorum sensing system is used to redistribute the metabolic fluxes of the desired pathways through the
recombination of metabolic network, to realize the regulation of population density and co-culture of mixed strains. Meanwhile,
it is also found that the combination of QS system and oscillator model has great potential in regulating the synchronicity of
microbial complexes. In summary, the in-depth research on the quorum sensing mechanism and application not only lays a
certain foundation for elucidating the mechanism of microbial ecological competition and dynamic balance, but also provides

an idea for clarifying the regulation mechanism of pathogenic bacteria and developing new disease control strategies.
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Tab.1 Typical QS systems and functions in bacteria

Bacterial species Regulatory gene

Signal molecule(s) Functions

Vibrio fischeri

Pseudomonas aeruginosa

Agrobacterium tumefaciens
Yersinia pseudotuberculosis
Burkholderia cepacia
Erwinia carotovora
Serratia plymuthica
Erwinia stewartii

Rhizobium leguminosarum

Rhodobacter sphaeroides

Aeromonas hydrophila

luxl/luxR, luxS-luxP/Q

lasI/lasR, rhil/rhiIR, pgsABCDE

tral/traR

ypsl/ypsR, ytbI/ytbR
cepl/cepR

expl/expR, carl/carR
spll/spIR, spsl/spsR, sptR
esal/esaR

rhil/ rhiR

cerl/cerR

ahyl/ahyR

3-0x0-C6-HSL bioluminescence, motility

Al-2

3-0x0-C12-HSL virulence, motility and biofilms
C4-HSL

HHQ/PQS

3-0x0-C8-HSL plasmid conjugation

C6-HSL, 3-0x0-C6-HSL, C8-HSL ~ muotility, clumping and biofilms
C8-HSL protease synthesis
3-0x0-C6-HSL antibiotic synthesis

3-0x0-C6-HSL, C6-HSL, C4-HSL
3-0x0-C6-HSL

C6-HSL, C8-HSL

3-hydroxy-7- cis-C14-HSL
7-cis-C14-HSL

C4-HSL

biofilms
virulence

expression of rhizosphere genes

evacuated bacterial accumulation

biofilms, exoproteases




%1% www.synbioj.com 543

lﬂﬂﬂi-[fﬂﬁlfiﬁﬂﬂﬂﬂME,ZMEM

J
% & '@
® e
lux gene expression
_QEI_| Lux] | LuxICDABEG >—

B1 LuxI/LuxR BN RGUREE (BLV fischeri A1)

Fig.1 Schematic of LuxI/LuxR quorum sensing

system (V. fischeri as an example)
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