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i FHN-PEJE 55 22 2 R N fiE (N-acyl-L-homoserine lac-
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Th, IEEIRBIEE G SLuxREES, 4585 AYIIE W
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Figure 1 Different signal transduction modes of quorum sensing system. AHL: N-acyl-homoserine lactone; AI-2: autoinducer-2; AIP: autoinducing

peptide; Aycl-ACP: acyl-carrier protein
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W 43 A 5 (two-component system, TCS), H5 4 & MR
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it ORI B SE AR — R 1 A 15 5. A2 —A T
KR, K H S EAREN I F4,5- 5 5E-2,3- K 1
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TE AN RS0, TEAH DA P (2 BRI S - B AR L g i
(pyridoxal 5’-phosphatemonohydrate, PLP)JA%ifHfH: 1k
L~ a2 FERIAAT T, WAL AT RAFE
SRS HIREAENTRIQS R, A RERZ N A i XT
FREE T 0w g, WA FR AN 25 1. 8 R A P AR
FLRAFNFE I Rk, WM B T RIGF RERE
BT F I IE N 5 AR ISR oR, TR P
KIGFFHE(EHEC)H, SN Wk 45 G 1 24 2 iR 1
JE A P C px AT 1 378 15 751 Cpx RAY B A Cpx AR AU
Or RGUBAN, f2iFCpx AFICPxRAY Ak, A i BHLIRT
LEEEENFRIL, W07 b B 4 I BA/E 22 ]
BP0 JEAMAA BERLEAE T 1 (Aycl-ACP) . IR
KA Y)(DKPs) 5 AR A5 5 00 BB IR, R 5

"LR%IJ[N"ZS].
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VIKSF#8%, IHH15 75 Z R SRR RN R Geds il i
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R 3T BRI R AR ATR A B A0 (E12(a)).
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ZIRGEE G AT T RSN 2R 0748 SR =2 [l e S bk
FR 43 F o (R 2 130,

3 AHLsSGREAN PR S s A pLk

240 e B 1 1T AR A R R B AR
S AEFE [P D, LuxREEPIEEE PSR
PRGN, HAe S5 AHLIE 50 T4 5 )5, )
FHR AR R 3R, RS Lux RSP R T RE B 12
], (B 3TAE AL R IRADEE. RGETE
R XA RN, 2R G A 2 L AL TR AN 55 1% S ad A v 4
I TEFE LRI TS, ANDOAT DUR T A B A A e

(a) B (b) TRERM
: Qs-a o AHLs-1 ] osb o AHLs-2
e i) =S8k —L
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B 2 BHAEN RS AT RE R R B IO S H 5 2 E AR R B (a) 72 b5 QS-afR AL & IR IR ACIR(AHL- 1)1 98 38 3h FrofE k. £ I
QS-afE &S B AR RIRBLRCINAHL-2)I, WA AfES R Z£TF; U RLENJR ST LIRSS — A RGN M8 F (QS-b)BEFH I, AL s+
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Figure 2 Schematic diagram of possible crosstalk situations and completely orthogonal circuitry in the quorum sensing system. (a) Top left: QS-a
protein binding to its cognate ligand (AHL-1) and driving transcription of the promoter. Top right: Signal crosstalk occurs when QS-a protein binds to a
non-cognate ligand (such as AHL-2). Bottom left: Promoter crosstalk occurs when the promoter of one system can be activated by the active protein of
another system (QS-b). Bottom right: Signal and promoter mixed crosstalk occurs when the active protein from one system binds to an off-target ligand
and activates the promoter. (b) Schematic diagram of a completely orthogonal quorum sensing system pathway
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3.1 AHLsPAJZ LuxRHEE A 55k

AHLs G514 S B A% O 7 14 125 22 218 P TR 1 F1
KRS RS RE L G AL, = 22 R N BRI 2 —Fh
R BIIRARGERL, 5 LR I TR AT . RS
NEWATR AR, 3 & — N A AN R iR 1 B (— Mk
A~ 18R JF )RS, TR mT L T R ) sl A H A
(1, I How A DRtk (an3- 2R mE ) B8, R[]
AHLAY P JEA4% 04 B2 AN it AR B R TR), X S48 i Al
HER R AR AU I AHLAS 52> T 5845 8 A 45
GHETT, IUE T EATERHAR RN R GE T 1 AP .

LuxRAE Vi 8 1 3 5 N-sific (At & 45 F sl A e-
VDNAZE G 45 My A Y. N-SECAAR S, & 45 i
A& B BERBIT &L, TR —A AR S A7 0,
DS S5 AHL A5, I IS # i # HAg — iy
SPEREE, WS (Trp) . BEZR(Tyr). 225K (Ser)?s,
I RSP IS AHL 43 FaF TR A EAE .
N, FEPseudomonas aeruginosaf) AN P85 1A
LasRH', Trp60., Tyr56. Serl20% 3k # S5 T 5
AHLAYSS & A0 C-UDNALE & 25 e el ) y A2 e -4
Fi1-12iE (helix-turn-helix, HTH)ZSHIZH I, RERSHr 5tk b
HIELEADNAFS. MAHL SN-K 4254 )5, LuxR
EHSEAEMSA, FHDNAGS XA S H
PRDNAZE G, SIS sl il HARFE N g k.

3.2 HPEASOAHLsS R AL

LuxRZE ¥ & M 5 4 TAEWGPERE, kS
DNAZE G, MAHLMRE A5 — S (ERT, AHL#FA
LuxRIZEG 4%, Wl &8 . sk BRI M
HESN-uGELIAZE A ISR G, S LuxREAEN S
Apfk, flHC-ARum I DNASS A 387 LU 54552 DNA ¥4
ghgy, EMTEE s d LR S, B, LuxR3E
PR E A S5 AHLE &5 ST M B R,

WMo &, AHLSLuxRISHFETE 45 G 2 nl
(R, AR S NPV B, WO AT i (4grobacterium
tumefaciens)H  [AREIAEN A 45 8 [ TraR7E 5 AHLZ%
B R ILFRIRIE T, Trp57H1Asp707E LuxR & I Rk
FPOR ARSI, AHLBY IR M4 8 o sk /EH 5 2
NEFERA AN, Wdgseas G t:. HATyr6l
FNTrp85JE M A SF ), TFETraR 1, Phe62 7 3% A A

ghty, [AHLICEE N TraR IS . Mz, 76 HABLuxRAY
HEHT, Phe62 NSy H HHE2s M5/, FEAHLLE &
IA=Si0 /@

3.3 MBI Lux RIS E A 85 A PRI IFSE

LuxI/LuxRZE R 4t O g A= TR2 T F 44 a4 i
RS . N T AR, X HEA A4
PE R ERE A, SRR R XS EOR 1 &R
ST REAEEE L. Eni s MLSs 2 &
—PILuxRASAE B 145 B LI 5T k. SR, m
THATT_E A BEH L AR PR, 1 E AL AR
FE AT S MG Z B R 7323 T R
I, 258 R o1 XA o3 3l ) S A ik,
HHME S T 52k 25-41. Hidh, AlphaFold i
W T R 4 2 1 = 4E454, AutoDock  Vina%§ i
RPN ECARSS B84, T30 15 (MD) K
INRZA R H-AHLE S P E k. B, Gerdt
5 NP LasRUEAT T 984285007, FH254 4FP AR R BCIAR Y
A FEF G MM E, &P Trp60. TyrS6HISer 12953 11
TEPLE AEZLNE QS YA 5 7 /2 LasR A JL I 7114 J2 310 il 551
Dy OCE T, ITES, T — A, ekt
G5+ TH, IR RGeS LR
T Lise NIRRT —Fhiadidn 2 ke, TR
PRV AL P7 LuxREEARR. %7 Pl 1T A a5 b
5. BT HHBER T, B FIMBPRLG & RN
AEACEIE, A T AT T I e R L S Y LuxRZE4%
A& (LuxR-146F), JFit 75 T LuxR-146F Y 4= 4 ffd
HYIMEIRRE, A G RER X 30C6-HSLES U, AT
VAITE SRR HR /R 2R R (Yersinia. pestis) F-WA K B BL (K533
VNI )= S

WEAR, o D TR A A A B R G AL R T
JUR A, PTEE A B B G 0 20 B s SRR 1 H BRAs 593
TFARBERT AT AR MR 5. Luo®s N b R Ge b
B &5 HB /R #R QR (Yersinia - pseudotuberculosis)H 1)
LuxRISHF AN 22 G084 85 11 YpsREEA T 58 A .
I FH 43— % 2 R 2 1 5 5 AR LR (SPR) A3 BT 55 7 1%,
TN T YpsR5 AHLs Z [0 BAH EAEH, 878 T YpsRXF A
[FJAHL 7 F e R HLEI, A B Trp54. Tyr50.
Tyr58. Ser32FlAsp6745RFMU T2 5 | S BEAH B AR
FHABCAR R E (L F R, I T YpsR 5 AHLIY
M EAERME T —Fh TR LB, xR
RSEIL XY, pstbr ERIE 5 73 T30C6-HSLAYHU
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e AW T Y. pstbrh REARIERIE S W73 FHL
i, R ARIF R EIRTY. pstbEGL Wi T HARGL T &
BRSNS LA 38 i TR A B X L],
MTTREAE A AU ET XY, pstbAH DG B Y 1EA7 W I Fn
AT

4 DR RSEAEA A YA P

PR RN TE A2 RN BRSO S HAT st . A
T PR RS LS. BEE SR A BOR 1Y
WA, BRI R gt TR ks, ©oRE N
TLEYR IS . AR TR A0 A R P S8 0 A
B DL LR AT, AN R G5 i TR
P il A 41500 5 AT-2 85055201, R AR T -5 A
YoRh (RLFEAEY) B IR, AT s A B ™ i A
PO FEAE YA TR, S T RHARN R L A W 12 1K
v AT URE B 9842 A= 49 SO g b A QO™ 0 1) A 7 i T D
b4 &T e Uik ] T 6 S R A2 SV o - I E /IS 567/ 8
R AL 1 B >0,

4.1 PSS

VFZA AW~ BT SR AR A0 FL o ofe i
HNAT Dy, IR A AR R G A AR IRk
I A T HAB A YRR, T REASRN R 4
R A AR A e AT S (R R S . S
PERTRTIE L. AT, EATRER A AR 2 18] A3 P
i, LU R A A YR B AN, T2 AR

F1 BRI RYGTH AR H TR BGE S

PRI RUTRLFI, 100, L% AU AR i

1) e SRR FE T Lux R/Lux DRFAARIER N, R 45, IS T
] e ERURE HIS 2R AR B PR AE 30 Ce 1 4 A i
PRI

£ B (R 300 THOGT 44l 2 AL A B AR 11 B 25 S g
B E X 2% PR M R 2 G PR TR [
A5 P TEGRE, T L TR R Y e i
AR L RS, 1N, ZengZ5 \SYVRIHIK B A [F4)
PR A9 AE R Lux R 5 A F(RpaR . LuxR. RhIRFI
CinR) A A 37, AT WA 5 2R AT 1R (Ba-
cillus subtilis) /NSy KM B HSLs. Ff4—2H AL B ZE 44T
B T HSLAR S F TR DU R A [RTHS LA 2415 5 (Fr
fk-HSL . 3-%RC Wi-HSL . iF T M-HSLFIN-(3-35 5
T VPUEE)-HSL), A Py A A g 8 AT BT a]
fEHEE T Hy nT RETE.

BRI 22 50T AR A W BETE A AE R AR 2 o rp
RIERBEAE, 8 GHSR e R S
A2 O AT R S AR IR R SR A A A h TR
YN -2 BRAS S5 A5  HAE CHLR, 5 T RR 0 i A s
REL L AR R 1A BN I Bl B 71 o LA B il n, L
BRI Z2 AT BN 22 G e 45 1 8 71 IR 71 =2 LA
KAl BRGNS, 6 40 2 R e, LA
W E TR EE L= L fE N fEm s g T, &
HLAIKE (V. cholerae)y 1), FETREARN REL M 4EY)
1A 22 FH T I TR AR A W . 9140, Mimee % AL

Table 1 The function and examples of engineering modifications of quorum sensing systems

REMEN R S8 EiEEE] PSR L
HRIRE; R ER AL S T, AL AT B
LuxR/LuxI Vibrio fischeri luxI/luxR . luxS/luxP AR SRR Ak P T 255 (bisabo-
lene) B A RIS R G
. . B2, HITOUMH RS, AU I 51
LuxQ/LuxS Vibrio fischeri luxS-luxP/Q SRR R
. I LI IS B (B SR TR ), 5 5 R
LasR/Lasl Pseudomonas aeruginosa lasl/lasR . rhil/rhiR . pgsABCDE 1 e i T 2 L e 22 1)
Esal/EsaR Yersinia pseudotuberculosis esal/esaR B SR BT, AR N R A A R i Y
QseB/QseC Escherichia coli gseB/qseC RSN R S R
QssR Clostridium sa;cl:lgj;operbutylacelo— gssR TR [ e A 4 T 156
5T agr-QS AR EAEIIAAT B A K ZFHAF I
AgrC/AgrA Staphylococcus aureus agrBCDA > (I TE A A ol 2 2 55157
MerR Escherichia coli merR TRk A AN A AL R )
Sal Escherichia coli sal Mk A Bk A R AN 2R 450

Bjal/BjaR, Esal/TraR Brucella, Agrobacterium

bjal/bjaR, bsal/braR

TEAS PR IR, 2R S 2H A1
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IR gs AR TARRTE, K IERaZ AHL I AN 425 1l 2
4 5LuxyS RS RGHRR, IF 5 AT ERIR) HL T R AR
G, A S AR S s, IR 3R] UG
o I g T TRTRE A ARSI EH .

TR BRIV 22 GE A 11 Js P Bz JBR A2 P A o) N R il
KR PR AR, R R M A 2
IR PR — ME B R, ALFE 5 LAY Bz IR
RN R 4. Williams %6 N SRR, 48 604 A BRI A
A IR I 425 T %) 2R T Bl ) 7 A R BUR IR AR, AT AR
B A ER DA A A R . B IR T B X A1 i At
B AR A Py B v A B) A AR AR AR
fan, FEMBIRAEPRET, 3225 TR R R AT
AEYIREA AR, X AT RERR /M T AR B Y
FETE Z A RE RN 22 57 TR IRAE N A T i
YT AT = A ARG R, T REHS I I A AR IR
TR IRS, 2R 45, I 1T A S 0% .

4.2 BRI

F R AT N T A BUE V% (synthetic mi-
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Quorum sensing (QS) is a self-regulatory mechanism that allows bacteria to control gene expression based on their
population density. This form of cell-cell communication enables bacteria to detect and respond to the concentration of
signaling molecules called autoinducers (Als). As the bacterial population grows, the concentration of Als increases,
triggering coordinated physiological responses. These responses can include behaviors such as biofilm formation,
virulence factor production, and the synthesis of antimicrobial compounds, all of which are crucial for bacterial survival,
adaptation, and population stability. Due to its simple structure and clear mechanism, quorum sensing systems are widely
used in synthetic biology. Researchers typically classify quorum sensing systems based on the type of autoinducer
involved. In general, Gram-negative bacteria use N-acyl homoserine lactones (AHLs) as their autoinducers, while Gram-
positive bacteria rely on peptides. This classification highlights the diversity of quorum sensing systems across different
bacterial species, each evolving unique signaling molecule. Moreover, crosstalk between different quorum sensing
systems, particularly across species, can occur, adding complexity to regulation but also creating opportunities for
engineering multi-species synthetic communities. One of the key advantages of quorum sensing systems is their
orthogonality, meaning they can be engineered to function independently of one another. This property allows for the
construction of complex, modular genetic circuits where the systems do not interfere with each other, enabling precise
control over microbial behavior. Such features make quorum sensing systems highly suitable for applications in
environmental monitoring, health diagnostics, and drug development. A prominent application of quorum sensing in
synthetic biology is in the design of biosensors to monitor microbial communities, such as those in the human gut or on the
skin. These biosensors can detect changes in microbial composition by responding to specific autoinducers, providing real-
time feedback on microbial status. For example, bacteria engineered to respond to certain autoinducers can act as indicators
of disease or microbial imbalances, offering the potential for early diagnosis and monitoring of health conditions. In
conclusion, quorum sensing systems offer vast potential for advancing synthetic biology by enabling the precise regulation
of microbial behaviors. Their applications in biosensors, environmental monitoring, and synthetic community construction
open new possibilities for biotechnological innovations. Understanding the complex regulatory mechanisms of quorum
sensing will be key to expanding its application scope and advancing synthetic biology.
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