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Abstract: Quorum sensing is a communication mechanism between microbial populations. By
recognizing signal molecules, microorganisms can exchange information within and outside the
population and regulate their physiological behaviors. Quorum quenching can block quorum
sensing by interrupting the synthesis, secretion, and recognition of quorum-sensing signal
molecules. In the interaction process between microalgae and bacteria, quorum sensing and
quorum quenching jointly regulates the physiological changes in microalgae and bacteria for their
balanced coexistence. This paper introduces the occurrence process and detection of quorum
sensing and elaborates on the role of quorum sensing in the interaction between microalgae and
bacteria. Furthermore, this paper expounds the occurrence mechanism of quorum quenching and
the performance and ecological benefits of quorum quenching in the interaction between
microalgae and bacteria. Finally, prospects are put forward for studying the mechanism of the
interaction between microalgae and bacteria and the role of the interaction in marine ecosystems.
Keywords: quorum sensing; quorum quenching; algae-bacteria interactions

EAEK, BEEEFEIEAESEMRNE S NS G S T RUYESES 5 F IS
R, WA A I P ] OC 2R 0 HOR B I 2 8] 1) 22 A R N iR (N-acyl homoserine lactones, AHLs)
YER B IR ML B Ak sz 2 E A, Mﬂﬁ% R TS PUE TS Rk, MAR2EAERS
AR FEHCRIREREHCRC BB 2 2 RV R BV (quorum - sensing, QS)FIHE
AR B2 ST BTV AR Tiisﬁl}/ﬂfﬁl% R K (quorum quenching, QQ)fE S/~ M4
e, TR AN B SR BEELS I IR TR OB AR T BGED, BREAR R
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AR RREAA G e — AR R A AP OC R, HLBBRE I PR TR [B] YRR A K &, R 4k
TBE A A K B AR AR VR, A AT oA e R R R A g e O
AR E FRER A B A KR 1T gl ) 1)
IREE R A ™ Wy LA TR R 5 D5 — T TR 1 ﬁﬁi'\‘\r‘
PG 240 TR 23 X RS P A IR T, 32 BB FEAR IR (QS) A2 T 40 T HL A ML A (1) %% FE AR
B FRse B L RO BEANA B ), ik ik, MR IR B % B AT UM B
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H R A7 5 DR 3% 38 458 7 AR Bt e A B BR 19 4T
Jy, XEEAEIRR R RN A
BRI, AL AR EU LAY
A TR S A5 D (R 1)
1.1 BRERNM AL

QS HUv 7E 7% Fe 3 & (Mibrio fischeri) i) & %
PG AR O 2R IR I & 6 Th g
TR A FE R VIR R, FEAN R 2 AR, 40
PR R R I ROE IS, Y AR B —E
WRERE, KOG A BRI RN, X —iH
RS, EAGSWHAESY
(autoinducer) 78 G IHFE AT o HIE W) & 41 A
EERMG R, EMERSMRERE, Y AERY
JIE K B A0 B RN BREL R, % ST LASE S
ANER N B2 IR 1 b, TR AT LA S [N 5
SERE AR X R QS B LAY TE A (K 2).
FETREONE I & B4, A TP RZ K E
1285 6 T BR 9 52 6 AR P DU T Wi A DG & R 2t
ek, M58 B & S B4 PR A5, 2%

A A
Physiological activity

1 B |
Density threshold |

Growth curve

#f L %% BE Cell density

i Time

1 KB THEREENFFRNIIR
Figure 1 The QS relying on cells density.
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Target genes for regulation

2 G YEYF Luxl/R QS &%
Figure 2 LuxI/R QS system in G bacteria.
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1.2 HABERRNRSR

QS TEA A AE Yy vh iy R B AT L i 2 Fh
QS BEH ARG RLIMEE ). YA EAZH
QS HEHARGRT, RG] 0] IAFFERIK R .
AT KRR TE O R o b U0 2 MR BRI TR
(Pseudomonas aeruginosa)i LasI-LasR & 4; 1]
DAV R A9 RhII-RhIR R4, LasR-AHL & &
PRI rhil, rhIR JEE A RK s 4
(Mbrio harveyi)[r]Bf 545 LuxM-LuxN , LuxS-LuxQ
M CqsA-CqsS =ERGE, BN EA XN
{5543 F R A R R R, S48, A
ZEAFT 1 (Bacillus subtilis)f7- 7£ i1 ComX Al CSF

(competence and sporulation factor) ¥ {5 5 43

TSR QS REE, WIFh RGN TE4 X2
PR 37 25 I ZE FLTE A5 A AR A 35 R VR

MY R AR Bz E AR A RS
O3 -G U DRI, 3 3 R LAt 4 TR 4 A )
551, AT LUBSZ 4 M J BB At A 25 1
VI RIAETE, PAEE B B TR 2k DT X i Ak B
58 1 A A AR e 10 o i TR R R N i L TR
(Nautella italic) R11 7E{RYe1E £ Al ZIE %
F QS MMM, (H 2% kR A A 1 B 45
HARFEHAY VarR A28, A5 VarR
FHRCE AE 540G R Y, e 1o sz 34
B ANRIE 54 F e QS 17 A, H4b,
HEGFES 506 R A & sz 2 5
F1E A A7 FERY, #E Sulfitobacter . Ruegeria
F1 Phaeobacter 25 BCERAT IR A7, 5 UL Tux) JE K] BA
MAETE , X AT RERT A WA I 0 sh A8 A A d
YER, AR AR AR AT &G, e aT
UL, ASRFFH QS ARG HZHEN .
1.3 BAERNESTTF

Bifi 5 W98 IR, QS o4k )3 Ay ol A 3
G5 0 F AT I —Fh it AR R TR
WA, AR AR (550 FF

FKWHEH W TERA TG Z (] 3), HAH#E S5
FREMAFTH QS RE FLEX -l 525
(1) B G 4T 53 WA Ik 5 5 22 24 B2 N T (N-acyl
homoserine lactons, AHLs)Z5 4k & ¥/ 5 10
luxI/RAI-1 Fp {5 B R 424 (2) | Gl
41 W 5 K (autoinducing peptide, AIP) /> 5 fY
AL-1 R fE R GEYT (3) el kg 09 R — TR
(furanosyl-borate diester)/™F % 1uxS Fii ] {57 &
ARG ALL2; (4) HE ER-ZT EREN T
A3 5 E RGP, (5) Mt i 25 (2-heptyl-
3-hydroxy-4-quinolone, PQS). ¥ #M:f5 501
(diffusible signal factor, DSF). WKL 4
¥y (diketopiperazines, DKPs) . 3 & 175 5 [ F
(cholerae autoinducer-1, CAI-1)5 HAB(E 54> F
AR A EEETR AR, BX
557> TR R IEAE B R BN
1.4 E5oFwN

Hi T QS BME(E S/ 7l i, Hik
AT DLl SRS 55 F AR QS Mk
2 0 L R SRE Y R A R NN e Y g3
Yo AV R OATERMEA QS MU MFE/RE
MR E NS 50> TRIAATE, a5 6 G
(Chromobacterium violaceum) CV026 . IR AFT
[ (Agrobacterium tumefacien) KYC55 F1 KT &
(Escherichia coli) pSB536., pAL101 2545 /5 @itk
TEAR 5 07 F A7 76 B PR BT vh vl U7 2R 14 W 5,
2, MERAGE SRR T NARA AR
FEARIG N AR I A TG BRI
RV R, HJE TR L T ARSI A
WYrigvEsE e, i DU TE RS M 5 58 7 22 S
ANTRIAE Sl s 33 B3 B0 ] ER AR AT LA B 4
PrEAR FRERI S &, (HEE WA e F
RSt o, BV A A o o A I ) BT R A T
XF, X F ARG S > TR T LAY B
755 I X ) B A T I RERR A o
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Table 1 Quorum sensing gene systems and regulatory behaviors
B4 WA E N fH50¥ AT R 225 3k
Bacteria Regulatory proteins Signaling moleculars Regulatory objects References
Aeromonas Ahyl/AhyR C4-HSL, C6-HSL EYIRE ANEARE, 5N [21-22]
hydrophila Biofilm, extracellular protease, virulence
Aeromonas Asal/AsaR C4-HSL, C6-HSL WL A1 11 [21]
salmonicida Extracellular protease
Agrobacterium  Tral/TraR 3-0x0-C8-HSL IGip Ry [23]
tumefaciens Plasmid conjunction
Burkholderia Cepl/CepR C6-HSL, C8-HSL Mushg . AW . Az sh . Beakik. # [24]
cepacia Extracellular enzyme, biofilm, cell motility,
siderophore, virulence
Burkholderia Cepl/CepR C8-HSL, C10-HSL,  # 1. Mu4ME F [25]
pseudomallei 3-hydro-C8-HSL, etc. Virulence, extracellular protease
Burkholderia Cepl/CepR C8-HSL, C10-HSL S| [26]
mallei Virulence
Edwardsiella ~ EdwI/EdwR, LuxS BHL, HHL, OHHL,  #JJ#[1. Il . HE X [27]
tarda HeHL, AI-2 Virulence protein, hemolysis, chondroitinase
Erwinia LuxI 3-0x0-C6-HSL kT R . MANER . B [28]
carotovora Carbapenem, extracellular enzyme, virulence
Erwinia Expl/ExpR 3-0x0-C6-HSL IR R il [29]
chrysanthemi Pectinase
Escherichiacoli SdiA C6-HSL #J] [30]
Virulence
Pseudomonas  Lasl/LasR, C4-HSL, C6-HSL, MOANEG . AEEE . BRI, AEWIIE . 4 [31-34]
aeruginosa RhII/RhIR 3-0x0-C12-HSL B WA, )
Extracellular enzyme, exotoxin, protein
secretion, biofilm, cell motility, secondary
metabolites, virulence
Pseudomonas PhzI/PhzR C6-HSL WA R [35]
aureofaciens Phenazine antibiotics
Pseudomonas PhzI/PhzR, C6-HSL LS [36]
chlororaphis Aurl/AurR Phenazine
Pseudomonas  Ppul/PpuR 3-0x0-C10-HSL, YO 1, [37]
putida 3-0x0-C12-HSL Biofilm formation
Pseudomonas  Pcol/PcoR AHL R [38]
fluorescens Biofilm
Rhizobium etli LuxI/LuxR Unknown MR B 1 [39]
Nodulation control
Vibrio Vanl/VanR ODHL MaAh & [40]
anguillarum Extracellular protease
Vibrio harveyi ~ LuxM/LuxN, OHdBHL, Al-2, ShEER L YR [41]
LuxS/LuxPQ, CAI-1 Exotoxin, bioluminescence
CqsA/CgsS
Yersinia Yenl/YenR C6-HSL Mipizsh . NAMEAE. AW [42]

enterocolitica

Cell motility, extracellular protease, biofilm
formation
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Figure 3 The chemical structure of signal molecules.

I 2286 (T PR ARG 0 A R L A2 XA 5
oy TR EPERE AN . B, FEE DRI A
A, FHES T MAE B H B, HAl

2 BREX

FEAERLAN G550 7L QS RGN AL

Xt TR B A IAT OB R A B . i T
—LETR R 2R A 055 20 5 SR AR X DL A
T, KL T B AN H AR AR AT R o [
FAAEBE TS AR SR U 5 0 1 I 32 B PR B N R
BEIRAI TS O, DR I D A 5 A 75 2845 3 ik —
BRI

TEAVEHANGNZ RS, TEA RSB T AHTR E
HAEATIE A RTEE T, A ROR S R R 4514 R 1)
B 19 B2 8 FR b B 4K ¥ K (quorum  quenching,
QQ). MR QS K, QQ WA LIA
HE T 50 F R G . BRI 5 1% 4% i % fit
fF5 0T 2).
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Table 2 The pathways and functions of quorum quenching
g2 RERTE K 7 X I I g E= BTN
Bacteria The pathways of  Media Functions References
quorum quenching
Acidobacteria sp. AHL N s QlcA C6. C7. C8-HSL [#fi# [55]
AHL lactonase C6, C7, C8-HSL degradation
Acinetobacter sp. Ooi24 AHL Btk Ji AmiE 3010-HSL P&#fi# [56]
AHL acylase 3010-HSL degradation
Agrobacterium AHL kAL i AtPVA (30)C6-12HSL Réfi [57]
tumefaciens AHL acylase (30)C6-12HSL degradation
Agrobacterium AHL P BE it AttM, AiiB T Y7 RS [58-59]
tumefaciens AHL lactonase Extensive degradation
Anabaena sp. PCC7120 AHL [tk i AiiC 30C4-C14-HSL F&f# [8]
AHL acylase 30C4-C14-HSL degradation
Arthrobacter sp. AHL N s AhID 7 WS [60]
IBN110 AHL lactonase Extensive degradation
Bacillus sp. AHL P 5 AiiA Tz K s [61]
AHL lactonase Extensive degradation
Bacillus megaterium AL P450BM-3 K58 AHL [62]
CYP102 Al Oxidase (monooxygenase) Long-chain AHL
Brucella melitensis AHL kAL i AibP C12-HSL. 30CI12-HSL P#f# [63]
AHL acylase C12-HSL, 30C12-HSL degradation
Deinococcus AHL B AL QgaR (30)C8-C14-HSL [4fi# [64]
radiodurans AHL acylase (30)C8-C14-HSL degradation
Klebsiella pneumoniae  AHL P i i} AhIK C6. OC6-HSL [%fit [60]
KCTC2241 AHL lactonase C6, OC6-HSLdegradation
Kluyvera citrophila AHL kAL i KcPGA (30)C6-C8-HSL [ fi# [65]
AHL acylase (30)C6-C8-HSL degradation
Ochrobactrumsp. A44 ~ AHL BE{L [ AiiO (30)C4-C14-HSL [%fi# [66]
AHL acylase (30)C4-C14-HSL degradation
Pectobacterium AHL Pt b i PaPVA C10-HSL. C12-HSL [#fi# [57]
atrosepticum AHL acylase C10-HSL, C12-HSL degradation
Pseudomonas AHL B AL i PvdQ (30)C10-C14-HSL [#fi# [67]
aeruginosa AHL acylase (30)C10-C14-HSL degradation
QuiP (30)C7-C14-HSL [%fi# [68]
(30)C7-C14-HSL degradation
HacB C6-C14-HSL [%fi# [69]
C6-C14-HSL degradation
Pseudomonas syringae  AHL [ {1k il HacA C8-HSL. C10-HSL. CI12-HSL [#f# [70]
B728a AHL acylase C8-HSL, C10-HSL, C12-HSL degradation
HacB (30)C6-12-HSL R#f# [70]
(30)C6-12-HSL degradation
Ralstonia solanacearum AHL [ {k i} Aac C7-HSL., C8-HSL., 30C8-HSL. C10-HSL [71]
GMI1000 AHL acylase o fi
C7-HSL, C8-HSL, 30C8-HSL, C10-HSL
degradation
G
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g4 RERTE K 7 X I Rl Z:7% Ik
Bacteria The pathways of  Media Functions References
quorum quenching
Ralstonia sp. XJ12B AHL P4k AiiD 30C8-HSL, 30C10-HSL, 30C12-HSL [&fi# [72]
AHL acylase 30C8-HSL, 30C10-HSL, 30C12-HSL
degradation
Rhodococcus sp. AHL N s QsdA Y7 RS [73]
AHL lactonase Extensive degradation
AL I 5 K4 30-AHL [74]
Oxidordeuctase Long-chain 30-AHL
AHL PtAL Uz KR [74]
AHL acylase Extensive degradation
Shewanella sp. strain AHL B AL Aac C8-HSL, C10-HSL. C12-HSL F#f# [75]
MIBO015 AHL acylase C8-HSL, C10-HSL, C12-HSL degradation
Streptomyces sp. strain ~ AHL BE{L i AhIM C8-HSL. C10-HSL. 30C12-HSL [#%f# [74]
M664 AHL acylase C8-HSL, C10-HSL, 30C12-HSL degradation
Streptomyces AHL Pt A i SIPVA Unknown [76]

lavendulae ATCC13664 AHL acylase

2.1 HFHES 5 FRIERK

BN THE G RET, FERRY B
G AL 2 5, RORT DL 0 A
Jo 5 TS -G S T R 2 AT 45 5
T . AHLs 273 PR Tt 55 214 2 11 (acyl
carrier protein, ACP)/E N FIAY) TS 5355 4
T AHLs W& iR, = K A A W
(triclosan) F] L BHWHZ RIARP  TE U7, 5-H
FETL T A il PSSR I AT T AL-2
FS ARy Rz —0) S-IRiF-L-im 2 b 2
(Sribosyl-L-homocysteine, SRH)E ™, 141,
S 7% H5 o ME R (isoprenyl  caffeate)” F1 22 i i
(vanillylacetone)™ " ] 43 51| 11 i £ €5 €6 1 1 A1 4
SRR AHLs & UG YE. SRH W &RY)
S- I K A% B -L-[7] 784 > Jbk 24 % (S-anhydroribosy1-
L-homocysteine) Fl S- & #% Ml 5t -L- 2 Bt 2 fR
(S-homoribosyl-L-cysteine) ] UL 515 5431 A ik,
il LuxS 25 & AT AL-2 5545 F 1 & s
2.2 MEEESE

RELIT55 = A% 4 i T SE s KA 55 074

PUAIAERSZ ZE IR . BRI R (thiolactone)™ |
NI (cyclic azahemiacetals)™! | = mk-N-Z Bt &
24 5 iR N 1 (triazole-containing N-acyl homoserine
lactones)®* Fl 1k iR i (furanones)®* 45 H A 55
S0 AHL AR Z5HRRAE , W] LIFE 15551
TR SES S FRPS G2 EER, A
RHI& 15 5 40 FUBSZ 8 R S5 G o AR D,
4,5- -2 3% T A2 AR T,
MR RYBEES T BRG] A2 5
AU MR ER LT — g iR 4T R
R A N =B BURS Y B N = E A (1) W)
AL-2 BRI . TR sz 2 R e A
QsIA™IT It St s i s R ik, YEAIT QS
£% Lasl-LasR P21 LasR, f#i LasR
W RACARRIE R #E4T, MTTHp il jgsz
EUNRGEE /9079
23 MBREsSHT

&5 TR mT 28 RE 550+
R fife Tl RN AL 4 PRI B 2l S . FLrp {55 0 TR A
MOEZR AR LB, JFEMEZH, F&
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A 3 FhEEREALE A BEROR AT ST, A4 AHL N
Pl . AHL BRALAGA AHL k. —FheR
[ AT LAy I FH T 543 F AHL B N R
Wk e ke NG k% . AdIAPYFD QsdAP4: AHL
FiR it AT LASE BT AHL 15 22 2R N TR 30 1) 1 34
b, WK AHL fiE 254 . AiC™ . PvdQPHI
QuiP'* 145 ATIL kA JiE ) FT L2 AT 284 ke i S 1 13 22
AHL 1y N g B0 A1 R 7 8% o B m A B
(monooxygenase) P4502 1% 4 # i PONs 145
AHL A Ak i A AL I8 [ S 28 AHL 43 f-
%) Fh B 25 46) B3 M U7 6 0 5 45 A T 3 LA 5 40
TRz B TR SRR A AHL 55590 F
FA) A 2 85 ) T e Yl RT R B 5t SR B AN R
SEMPIRZS, A5 NI, 7223k
AR IR AR TS, XE(ES T it
ERSEGEFE, X T RT, QS5
gtz BN LU GE IR 52 QS A8k
T 284k 2 BE A Al 9 1 2D o

3 BARALERGR A EAF TR
fEA

4 QS WAL, T E MRS QS i 1y
AT WA 2, SiEEARTAEY R,
A P B B (biofilm) BT B, T4 W08 1 -1
Tk, WAEVPUAERN W, HAEY R
DA K FEA 15 PR 5T i AR A o A W e Ry
AR PRAT Ry ke e [ B X B E N e T, DR
B B A A GO AN B R A P o R R
WAFTERZE] QS AT IITT A
3.1 EFIKRE

QS T A 5 e F A B 1Y 8 3Rk BGS 2
T, IO R A KT B AR S R S TR A TP
MAERFES, DS SAAENSERSEIF
AP, H R AFTERE S WA L A MAI Bk e 2K LA

P HIR R i A A e Rk, A
1L QS 155 5 M X 35 43 AN B ) L AMAC B A3
DA i B 5w SOR RS R 0 AR P TR
B, feEEA KR, AT LU A B 3L
AR, RDEEPRIAEEDY, s ML Al LI
51RO AN B R MR T bR
R — IO A (8], e o W i ) B A
RELERLI[E] . — U N R R R R . Al e
R T KR X ALY, st QS fF5 M
T H B AR B DU B A A ALY B A ]
RPN SN, AT LA QS ML Y
TR A2 BT el 2 B BP0 s FRon R AR Y 2
ik, Eban43 5@ /NekE (Chlorella vulgaris)
P TR B 1 VAR B AL, SR A TR 2 B A
JUR [EESRE N FRE, DAILRR X 2ot R
AR LT 3 BT e 201 B AT Gl R 4R T 1
) —Fh S
3.2 E£ENEREHE

QS WA LIS 5 A A PR A 2, Lt
EYIERIE B AR PR AR A B R
TR VR 15 UL BR A AR i 2 4h T4, b an Bl
W EE R, WRXIPUERPIE, B
it 58 AR R T J8R (1 it 2 A i U010 e A
VIR W] DIAE by e 6 47 A R Bl i 4 18 e 2B
Wi, tedn, fEAZEUlvayd Kid R, &l
S F7E B EBMR A T AHL & 8 & i AE Y
JEEREEIT, HiE 5 (Acropora millepora) TE 45
AR UYL K 352 T 2 )8 (Nitzschia) 5 ik 35 X B 2
S5 A 88 B RORE S OV TR S A d 4 A T A
YIRS, BHET, AOWRIEN], QS FILLEAE
TEAEWEA S, T HAE R — > B A iR
B 5 LYW KA DR B2k
(Microcystis aeruginosa)if it AHLs &5 {4 b
(R RETE U OY Sa A, BESR R T B 1 AN
RAEY ARG, W3 QS Tkt
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APIRERTE T, QS 5 B AE Y A TR A
LR, U6 A P s TRAL I RE WS Bl Bl A
Py s HARA PR 5 T3 QS AT LA P 57 IR 2

AL M, IESE T QS Al LU — R it 5g
AR

3.3 HIEEM

QS IR AT 2 5 faf 3 8 B 20 A 3G A 56 RO
TR AR . AN B R I RS MR AT LLSZ 3] QS
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