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Abstract: Quorum sensing (QS) is a communication system in bacteria that coordinates group
behaviors. QS systems widely found in nature enhance the reproductive capacity of microbial
communities by sensing the external environment. Due to its natural properties of autonomous
perception, density-dependence coupled with modularity, and ease of engineering modification,
QS has achieved rapid development and application, facilitated by synthetic biology technology.
The elucidation of QS mechanisms has laid the foundation for the design of genetic circuits,
which are then applied to verify and perform expected biological functions. However, how to
ensure the effectiveness and functional stability of QS gene circuits is a major challenge in
synthetic biology applications. Therefore, this review first summarized the natural and common
QS regulatory mechanisms and the development of genetic circuits. Subsequently, an analysis and
summary of the assembly optimization in intercellular communication were provided, followed
by an overview of its application progress in communities. Finally, suggestions and development
trends were proposed for the better application of QS genetic circuits in microbial engineering.
Keywords: quorum sensing; cellular communication; genetic circuit; synthetic microbial consortia;
dynamic regulation

BEAR)V (quorum  sensing, QS)2 4l & 18 1o
SRR SR ) g A A 285 R R B R TR A A T SR 1 3
5. ARt S . W R R
NGy FIREEF R B E, A5 5 T R
— JE 1Y S I 5 | R R R R TR F SR K 1Y) T
WERIE, LAY AL, EHRFMRIE.
O LWy i I R TR A W g R ) D S T R A
AR TR ARIER QS RGN
MES A TFEAFEENEZHN, THEFE 2K
B T 01 b5 22 R e A 70 22 ] A R
&5 FE M MEEN A ER R 2Z 5. H
B, R 22 QM T b 2 B AR B =y 22 24 1R TN T

(acyl-homoserine lactone, AHL)}{& 5 71 19
QS RGRH| T ZMse, HH Ttk
HR R A L TR R B, — T3 THT AT LU T Al
W) H E VAR SRR I RE; 51— i ifE
g RO BT A Z I AR, 4R R
BRI A 2 B A [ B,
RAAH QS MIFBRIAMRMBATZHENE, H
TAE S0 TA AR IR RIS SR N 7455 1Y
Zedr, XLERGEZ M2 B R AR L 58 3
WOnG sl AE B AR T R T
FEor HEAL R A DU TR 3R 5 1 Gl A 0 M U R
MRETT, —EREE LI T E (5 M2 0K

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Bkt & | BHEARNERERRTSNAER

4313

B, BAT AREE RGNS, TN
oI B TR W WTRE T AR TE, HORAY
FETEFHUED RN . FhIE], 7E1E EMGZED
() 5 A P B i T A A

FHh, BT QS M LA BSEH MU T & A
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SEFE T I ANN , TE5 B % B B I 55
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2 T LA RE N R B A, DARINECT R g%
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BGL), WELERTRAE - EAMEME TR K
TR AN T L W 5 B A 7 S R UR AT
PN TR
1.2 ETF QS MBI A X

QS ARy — 285 2R R 10 A= K E 3 L I
RS, WTHAEYTEA W &0 T XA
ta AERRRE. 5B QS RGERX —RIRFHE,
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SR xylA, SRR AR AR KR AE B A 7 Y i
HE
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W5, Esa RGTEIAFFFEMMA NS, EsaR
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S IE TR R G . FERFERN QS ARG H AL
G, AW T RKEET QS BT TN A .
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55 A AR 15T 40 i) 07 A5 JER 2 22 1] 79 1 58 P A B 4
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Esal/TraR), ‘Ef17EIERARKIGFF A BL21 H3k
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2% B: QS-MTS, HI Lacl M1 LuxI 1 LuxR A23E, BRIE RN TR AR, SRR L E—
TEB(E, QS BB HE 1 240 BT Bk U5 M A2 ML 73 BC 5% e 21 7 ) 5 7. C: (AHL AND (NOT (NOT light)))
W], FEER XN, LuxI 439 AHL, CIBHi# LacZ (i, WIRSSSHAL, AHL 55 7e W] sg Fab
MAMELE A, VT LacZ Kk, 7AEREE. D: AND #41], 30CI12HSL 55 TIRNAP |- i# i F e
@Kk, 30C6HSL 75T TTRNAP T fIiE (12K ik, TIRNAP 1 2 R Bedl & o B i
PR ESO I R Ik

Figure 1 QS genetic circuits in single strain. A: QS-SLC. LuxI secretes AHL extracellularly. When the
concentration of AHL in the environment reaches a certain threshold, AHL would combine with the
intracellular LuxR protein to form a LuxR-AHL complex, leading to bacterial lysis. B: QS-MTS. Lacl
inhibits the expression of LuxI and LuxR in the early stage, and the carbon source is mainly used for bacterial
growth. When the population density reaches a certain threshold, the QS module promotes the conversion of
bacterial carbon source allocation from cell growth to product synthesis. C: (AHL AND (NOT (NOT light)))
Logic gate. In the dark area, LuxI secretes AHL, CI inhibits the expression of LacZ. AHL combines with
bacteria at the junction of light and dark to induce the expression of LacZ and produce melanin. D: AND
logic gate. 30C12HSL induces T7TRNAP upstream enzyme and yellow fluorescence expression, 30C6HSL

induces T7TRNAP downstream enzyme and blue fluorescence expression, and the two fragments of T7TRNAP
are combined into a complete enzyme to induce the expression of red fluorescent gene.

F— 3T AI-2 (autoinducer-2, AI-2)fF 55T (autoinducer-1, AI-1), T%H /45 il BBk W) A8
T, TTLLE . ARSI BRI AL 0SB E 1 pisH D054 R
HIR RS . 56— BRI AR IR AL-2 724 A1 R i A K (B 20).
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RHIE A 1, (IR B R30I R 5 5 ok, X
TR B FP R OCHE L, XEHEIEN T2
FEALEY QS FR G2 G R 5 BE 1Y ] 9 AR 1/
i Fe e YRR B S X
2.2 ERf QS ERF[ERAINA

AN [e] )82 % Ha i T DATE G AR WA v vh it T
S FITAIRE, W AW TR i
1. TR, FRAE RIS AE Y 3 1% 51 b
PRFR N HETIEAE QS WY HLESTEAN ML 375
Pl vh &R AR, A R T
TR RE A i s T FF A

N T SIS YRR TS, Wang SRR
TR TR R TR A 1 R 2 52 T AR TR 1 v 4 )
11T Lasl M1 VP16-LasR ik, FIH QS 554
T5 FV 8RN TR ek a2 n 2
(i) o 2 == S B T A RGE 1

LR QS RG] LIVET AW . 21
R G FRBENLAE A B, T ELBEA A
ARy, At T8 LA IR 1Y)
WO LB Z — o Nisin & — F 7L i 7L Bk
(Lactococcus lactis) ™A= AN &, AT LIE
RRIRPUEAK, 2 ZLER W AR SN R G HY A

BESAG 5K, Al LU R i 4% Fh A& [ [m]
. Kong ZFPHRITT 6 R[] ) B AH HAE
KER, KT QSTENTL HE LG AR RRE
ol DL oAb S oo RSt al 45 ) g
L5k o R SR AT A0S S BB & AR ) 2
FORTT A7 B 00 Uy A% I8l TEfE W0 RE 2
FURYT B BRI, TGS
MRFLERTA A XA 43 R e, R 2 Z AR AR AL
A PLRR SRR 2B LR (Vibrio cholerae) %A
M EARESY CAL-l, EREBFIBERILE S L
P PURAK nisin A9FIESEE, T30 2 ALK
W o i IR EE D T RIBEATT QS 554y
TR, HEARIRNY RG] Z R,
ZAA YA AR B0, pH. i
JE L ARG SR A AR A S A A AR
R INERC R R/ €IS 7S E -]
RERT EAEMEAT FARAFAER) QS IR F AR =i LA
NS AN (1173 IR B e = P

FHE T LR M) B A 28 7R 1 8 2 8 4%
Hmg, QS HA Al LUSEHEAOHI G ik te . & H]
FERHEY IR AR AR Tiang P45
AL T Las il Tra BRI 258, 528U T PIHAE
JA BT KR S0 7K ERIESS . AT
UEWTIESS R R GE R AT HIE, AR T
—~ AL R PR L, i 2 AN [ 2
L PR 2 B AN N R DR U Rk o % T
A BN T S SR . S T 2 Bk
SRR R W S IR A P 2L K RS
KA a) i, Wu P55 Je @A 41
UL LA ] BRI AN R B QS FR G4l & A% H]
TIRW R sh&ET, e T 85
TR TR ZEL SRS 42 T 2R A 3 T 1 T 4R R A
WA, BOCRTRY R m T 76%. LA SRR
QS RGL#RHSE AHL BURGEiEAT A, i ELA A
4 BhFER 5 ¥ (accessory gene regulator, Agr)
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2 EXHAREEEREE A NLEMBUEMRESEIRG 408 Z/, BT thl A cin QS
R GLIE A LH A WO B AR A k. B: SRJTIESS Lux Hl Rpa QS ARGV AN [A] B FEVDT7) QT 1) 40 B
AR SRR NEERGER. C: HT A1 Ml AL-2 AR S BRI g0 L8 7R . Bk
PR A AL-1 AT AL-2,  [RIHE 6 BRI 2] AL-1 57748 HPr, AT H A A, D BT
1E 381555 6] A5 24 f# 18] % (inducible syncronized lysis circuit, iSLC)MIIE175 5% (syncronized lysis circuit,
SLC) QS F &t 1 2 Jifd [] 38 {5 7 214

Figure 2 Diagram of orthogonal intercellular communication. A: Synthetic microbial community oscillator,
including activating strains and inhibitory strains based on orthogonal QS combinations of rhl and cin
systems. B: Using orthogonal Lux and Rpa QS systems to couple cell growth and lysis genes of different
Salmonella typhimurium strains. C: Bacterial co-culture based on AI-1 and AI-2 cell signal translators. The
translating strain produces AI-1 and senses AI-2, while the control strain produces HPr after sensing Al-1,

thereby accelerating its cell growth. D: Intercellular communication based on orthogonal inducible
syncronized lysis circuit (iISLC) and non-inducible syncronized lysis circuit (SLC) QS systems.
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QS R G AE Ko T # Ml B K 2 #0 #T i (Bacillus
megaterium)Z [a] SZ B T Fp ) {5 5 58 F—
B N THENFIE QS [FEEks
Ypd1-Skn7 M5 555 il AR LS &, 16 B R
TR TR AR, IR R B TR
fift Erg9 Ke4Em a- bR i et .

ZE LRk, R 1 P THRTEF QS

*1 ETEHEBRNASFIGHGENMENESRS

RGP E X R R I UE RS RGN
B AL, ZE AR ) RS S DA 2002-2023 4
T3h, KRB GIHER S T AE K FF A 5 1L
YRS RS, T H AHL B QS R GEE& Fh
s W AE . BT AR S H B2 s
A TFHEMEER R IESS . W, wi e
AT Ff 2 4 1 A 226 09 o g U7

Table 1 Microbial ecosystem constructed based on quorum sensing molecular mechanism

Year Quorum sensing system Consortia Application Reference

2002 Lux Escherichia coli Synchronizing genetic relaxation oscillators [55]

2005 Lux E. coli Multicellular system for programmed pattern formation [56]

2008 Lux, Las E. coli Predator-prey ecosystem simulation [57]

2009 Lux, Las E. coli Spatiotemporal investigation [58]

2011 Las, Rhl E. coli Robust multicellular computing [59]

2012 Las E. coli Biofilm formation & dissipation control [60]

2013 Indole E. coli, Salmonella  Enhance antibiotic tolerance [61]

typhimurium
2014 Las, Rhl Pseudomonas Combinatorial QS in social environment [62]
aeruginosa

2015 Cin, Rhl E. coli Emergent genetic oscillations [42]

2016 Lux, Las, Rpa, Tra E. coli QS communication modules [63]

2017 Lux, Rpa S typhimurium Stabilized microbial ecosystem construction based on [43]
QS-SLC

2018 AIP (nisin) Lactococcus lactis ~ Nisin-based consortia build with different ecological [50]
relationships

2018 Rhl, Lux, Tra, Las, Cin, E. coli Coordinate system behavior at community level [36]

Rpa

2019 Lux E. coli Engineered population dynamics increase genetic stability [64]

2019 Cin, Rhl E. coli Long-range temporal coordination of gene expression [46]

2020 Cin, Rhl E. coli Majority sensing in synthetic consortia [65]

2020 Lux, Rpa E. coli Inducible communications for tunable dynamics in [45]
microbial communities

2020 AIP L. lactis Investigation on how interaction variability shape [50]
microbial succession

2021 Bacteriocin QS E. coli Automated design of synthetic microbial communities [66]

2021 Lux, Las E. coli Combinational QS devices for population dynamic control [26]

2022 Las E. coli Engineering consortia by polymeric microbial swarmbots [49]

2022 Lux E. coli Spatial partitioning investigation [67]

2022 Lux, Las, Rpa, Tra E. coli Cross-talk QS for dynamic regulation [68]

2023 Lux, Las, Tra E. coli Dynamically adjustable cascade circuit [69]

2023 Sal E. coli A self-induced salicylic acid QS system [70]
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3 MERE

TERZH QS M, REHHIiL L
15 S B A T I BT RLAL . TEAEAEAETT
AW 8 S & R i S NI SR TR U s S O N[0 N
WREEMTEN . ATREM A LIS =& Ak
SRR QS L F Al T E P S
s E HABThRE T B S, FE g AR EE
JkL b & A AR B A S D RE R . TR,
TEARI ) QS HL I H i FH e 41 Z2 A P i R B e
PRV — g R Bl LU R PR B4, IR,
K SRR sh TR 2k U B T
QS [l fETaE . Hk, QS BRI A
AT REZ N A Rl E i 2 e A 2 . e i i+
Z (B R AS 58 4 B 5 R E 2R A J0 h 37 A J
RIRIRER Rk, Jfrlae S EORTE S H IR
HBmRIE, XBIWE QS TR Z Wk H
R E LIRS, el — I o I & T —Fh
DAL DL 87.5% ¥l 2 THUN I FF T A 2
ZEALFF T ) Rho-Jl 7 2811, 30K B4
KB F AL FER IR, DL QS HEMH
(] (2 B e AU P o B N B ) — A
ULIR @R QS HLEE MY b Uik 5 5 Tk B
T TR IR B T B . 55T QS M
W, KRS BN ICEL & T EOEA HL 3
N TR R RN R AN e L i N B S P B U B
PERT AL BE B R 2 IE , NS 2 1%
WARZE SV 55 (ribosome binding site, RBS)F1)3 5l
FAA LRI HFBAET, 24 Qs A1
K- Z (8] 58 5 18 e 19 )5 3+ A BAE B & R A=
R, XA AR PRI R B RS HH A A Y el AR
AR A5 B i i ek U, TR BT A S )
R 2l FE o B B 28 e iy R 0 32 1 A2 M
BIFMA AT, Bn, BB, b
T IOCEZ A AN I A A8 XI5, QS [l &Y

ReR Z BN 52, Hrh adh 1 AR
BE . gmBeLE] AR BRI A S ) S ik . AR
M QS LR R AR SN
oo EAER . QS B L3RI T 215
FoaECA M N BT IR, AT AR EUE £ R AR R
A, BT gt 0 7 ) AT e A AR T A
B . EHEEETTT, 20 M A% 58 A8 1R T 3 2
o35 e AR ECE A B B, TR
T8 WS A . I, AT SR
HfE QS LK, MFEEAEA RS £ rh T
QS HLFE M PLAb HIE AL, Mo A B N
IR EEE

EWRAEY SN TR R T e s
AR RE T WA R, RO LD [m] 6 A iR T2 )
E BB R B AR SR HE S B
R 5B ARG ikl T e
HIR B — MM 1R T I DU AT % 9 A8 e 5l 3 41
Gk, BAEA R B3 8 38 F A ] A
M, MELU# 2 QS RAEH G MAY #HE T H
MR RETF R M Z I ReretE . ImAER, N T
R OR B G RS AN TR
4% ) 4 W) 1% 31 A 14k (bio-design  automation,
BDA) T E.AJTF & A, 40 Double Dutch™ |
Cello™®! | Galaxy-SynBioCAD™, ff]#11, Cello
S B S BT R LS Y BE, TR A
R IBAF (WA 5T R 50 . IR DIRE (N
WHREAER), LLURAH N &40 i P 20
A4 (user constraint file, UCF), H#¥ HErdl
RESL A [] % 4 3 i DNA JF 8107, Jones %%
Cello ZFYTHIN Cello 2.0, LU N L3511
W, KK Cello 5 QS HK:[HHLEE 45 & 5/ g
i RIGHANER QS I TS5t L4 T 0
FAE . BEALIRIE LBl (random circuit perturbation,
RACIPE)™ 7 % BE7E To 4 3h J1 2# S 500 4 1F
R E R A (] B AR Bh AR HFAE . RACIPE
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AR AT LY QS ML M BKAHLE &, B4
HINERE A ME—S A, A A A RIBEYLS
B S BIRIAE A JRE A ST A i AR
fat 3l A& ek o A2 W) S AU 3k B R 42 (biomodel
selection system, BMSS) /& JE T8 1 70 7 R 57
B A S AEYBRLE R RS, WA QS HE gL
WS AR A, WATH T QS WYX
5, IMSCRE QS AR AE YRR A
UGS PR R, SR —Fh A SRS AT
AR ) 7 ) SYNBADmMPMS QS Hi B
W45 6 AT DA S AL S 2 24 PR QS HLS,
JEAI Ll 2 BRI B 2 A i, itk
Gh, Bl RGBT ThRe, BUH PR LLE
SCEEBIAEZE LR EE AN H AR MERE PR [FIAE,
F WA EAE R E 4, MEYAESR
GEW o A AT TR ST R A P RSy Tk
FEF AR AERSHE T H ., Flan, BEva
AT B4 2.00Y . COMETS® | FLYCOPY il
AutoCD" . gbAk, {8 B P REVE A -4
FE -3 - 2% >J (design-build-test-learn, DBTL) .
PRSP e TR 2N T2
Gk, WA AR o YRR
AR T RE ORI A 4y I o i 81 2

gr b, PR AR S ] ] s 1 T 4 A
B Sy S UNER ok e 14 W N UL ) SO = o Y
HHE] QS BIHURHE, H THATY R4, W
55 QS JLHFZ M Bk Z AR H L, R 225,
T 1A AR IR R AR Al e 45 e oot 3l
AR, JUHER LS > 08 5 DNA 7
SRR B M Re ULk, S K b
PTG RET KA QS ol . HKEA )
A TBE TR0 R e 3 A 1 S 3 SRAE L AR AT DA
TUAT G PG 5K A9 [l B F 2 A F 280, 24
SR, PR QS (Bl LH AR vE R TR
D 2Ty 17 P AT LA ) S I A G A R

TE—EFERE EA BT 578 QS [nl % ThEER K 51
EYE A KON E R IR fR), EhEidiR
o AR RS S R A e iR s QS FEIA
[ B AE SRR i AT SR, M2, QS LA
] ¢ PR B R P R IR T LR G 5 B OLF S B B
Ao SR SRR B R Bl A Y R Ak |
AR QS Wk A HFMAS BT LR 5 1E AN
IS RS2 HAE A T I
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