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R P4 4 L T B0, S8 B o) S 9 b e R 05
RABRE VAR ON,  Wnor e TR+ T AW
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Figure 1 Major quorum sensing systems in microorganisms. A: Qspl-based QS system in fungi; B: AIP-based Al-1 QS system in Gram-positive
bacteria; C: AHL-based Al-1 QS system in Gram-negative bacteria; D: Al-2-based QS system both in Gram-positive and Gram-negative bacteria

ERIQSYI, AN FHE=KRAMEQQSRA L EM
HFESW, ISR . HR R 2R S (Yersinia
spp.), KBATHE. coil M ZAH 38 8 /R T8 & (Burkhol-
deria cepacia)®s. A QS &Gt I AF M — 1115 5 1H I,
MAHLAMEIRES. B2 H AT, EMRa e R+
WIET ZMAREHERIQSH T &4, Rl LuxI/LuxR, Las
MRRGEES, 37l dmbdme s 22 2R N BE . 3% =)
it 7o 22 & B8 N BB (3-0x0-C 12-HSL) FI IE T FE R 2%
W P (C4-HSL)P, bah, — > F A th gl
BLRE R FH 4 #U{5 5 5l T~ (diffusible signaling factors,
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Figure 2 Strategies of synthetic biology application for quorum sensing
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B RS DRI R X R T QS E S
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SRARIE, (55 MG 37 R R A B IN T A R
AW LT B R s e T

BT BRI B AL, Wuss NP SR
FHSZIRAIESE 73X — s A AR B Ak A 2 A o e A
MEEE, W T LuxIf LasRAE BN AS 2 48 b i AH HAE
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68

AR, WER] T QSH I AEMEIATH. M,
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&, TEEQIERINTT G, LWL RS E ] 5
(K2).

3.1 wEHITR

A TRE ) T2 H R 2 2 D SRR R $2
B AR R, ARG S B R A R AL R
i, KPR OT 3T AR 2 A B A G A R T
RANTT RN PRIX — W R AT S TR, EnT Sy

SE JE DR B T P W0 A S B, AT T O R 4 % 4
s B bR e O, B R 4 TR Gus N T g
ParoKARANFF I, &0 LUKE HE4% 1 K AT B 2 B IR I
G RO TR EE A OCRE R I R IA, S AN Db EE )
R B VHAE, AT A B R T 1 4 W SR B R B
1X13.15 g/L, IR T A TR BN IT R 08 FR B Y
G GER IR KA B TAR bR, (Rt -, i
SEREE B R 5QSAGMLE &, M T ZHIM
2 DR 2 B R S S A1 A 1 P 38 TR DA SBR[ B
(¥, Swofford2 N T lux QSRAZE MG (&
M (green fluorescent protein, GFP)H 15 3 K4 & 5K,
IR B G BAEBUR MRV TR B, % /N AR N
1) 5E 57 R BT 4 3 () T 2R Be AR 9 — Bl A M0 AR A (bio-
marker) % [i& #EATHE G497 . SomafHanail 7E K
FF A 7 — N GR lux R G AR R BT 9% (meta-
bolic toggle switch)ii™ T #%, F|FHZ 7 2% W] SCLA
WM =R RGN B S A A P2 B R ), KRS =
T RAEER . AR, GuptaZs A8 T RFEQSHL
Bl pfl- 15 DR (S S5 W AdE), T ARHRS R T I ] 1 4 i
PSR 8 HE T B e . MAHLAEAER LG
R EIREAE, MAHLI R 3 — € B{H 5 2 K Fpfk-1
FFRIX, B IINIEE(myoinositol, MI)F=4E.
AR, BEAE R FE IR N, $RENTF G R © R
— RTINS T 2 EIAEE. K, Doong%%
NPT gt e BAR TR, AA TR R T8 B AN Bh &5
FEIALE, X FOLE] AT S A R AR, BRI P R
ANFIBERIRIE, AT mD-H 2 P R I = 2. fEIX
PSR PAME T, PSRN i A K A e A
AU, ARSI, R PR (MUURTD- 4 2 B 1R
W R] LATS BIAH R A5, thah, 2 B S AECuiss
ANTIRT S h 33 T — B R, MBI TR T
A FKIRJE B F B PabrBFN Pspoii AW XU I e H Ak R 4t
W G AT A e BEAMFY, WE T
BA BTN HEB IR ES T E. ARG, BO D Res
Pt R g0z FH B0 RGH 2F f0AF B (Bacillus - subtilis)F it
1T H 250 -7(menaquinone-7) ({4277, i iZsh &g
A fE I ZERR- T R 14065, BhA, B EE
B, #HEALE e luxI-luxR A ST 5, I LI esal-esaR %
G REET XA [E] JE B 1[5 B S B0 B AR A, SEdF
Hr SR EE R RCR T UL BRI QS R 4
SRR SNTT CAHLE &, TEIk 2120 i 2% 1 R E 5 0
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Figure 3 Strategies of coculture fermentation based on the quorum sensing system
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Figure 4 Application of synthetic biology strategy based on quorum sensing in microorganisms. The quorum sensing signaling molecules and
pathway systems are used as the component and circuit of toggle switches and biosensors or other synthetic biological strategy, which provide
consortia system design principles for the modification and construction of target bacteria at gene and cell levels and enable manipulate the genes
expression, cell-cell communication and desired behaviors combine with genetic engineering and metabolic engineering
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Research advance in the application of synthetic biology methods in
microbial quorum sensing

XU MeiTing'”, CHENG KeKe', ZENG YanHua', ZHOU Jin' & CHEN GuoFu’

1 Institute for Ocean Engineering, Shenzhen International Graduate School, Tsinghua University, Shenzhen 518055, China;
2 School of Environment, Harbin Institute of Technology, Harbin 150090, China;
3 Harbin Institute of Technology (Weihai), Weihai 264209, China

Bacteria exist as a unicellular organism with their community and systematization characteristics in the environment. Quorum sensing
(QS), a language for cell-cell communication, helps bacteria regulate gene expression and community behavior, leading to adaptation
to environmental changes. QS system is widespread in many kingdoms of microbiomes (bacteria, fungi, and archaea), which could
manipulate various physiological behaviors, including bioluminescence, biofilm formation, producing virulence factors, and
establishing symbiosis. However, due to the diversity of the microbial community structure and functional complexity in nature, there
are still unknown areas for QS-mediated regulatory networks and ecological mechanisms. The recent vigorous development of
synthetic biology may provide new opportunities to probe and explore QS effects. This method has made great achievements in
designing genetic element libraries, assembling biological devices, designing genetic circuits, and creating predefined and predictable
microbiome consortia. In parallel, synthetic biology can be used as a tool in quorum sensing to regulate the composition and function
of communities. Hence, an attempt was made in this review to summarize the latest research. First, we presented several typical QS
systems, their functions and signaling pathways. Second, we discussed how to design QS signaling pathways and genetic circuits and
how to reduce crosstalk using synthetic biology strategies. Finally, we evaluated the assay on the synthetic QS system and its
performance in microbial inter- and intraspecies communication. Thus, this review aims to sort out advanced concepts of synthetic
biology, deepen the understanding of constructing a bio-calculation toolkit based on the QS system, control population density and
metabolic flow, and expand the application scope of synthetic biology strategy in manipulating QS.

quorum sensing, synthetic biology, signaling pathway, genetic circuit, synthetic microbial consortia
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