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Advances in MBR biofouling control based on quorum sensing and quenching
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Abstract; Membrane biofouling is a phenomenon where bacteria adhere to the surface of membrane material and
form biofilm, resulting in the block of membrane holes and decrease in membrane flux. The problem of membrane
biofouling largely increases the extra energy consumption and operating cost in the operation and maintenance
process of membrane bioreactor (MBR) , which has become the main bottleneck that limits the efficient and stable
operation of MBR. The quorum quenching ( QQ) technology based on the quorum sensing ( QS) theory is an
emerging and effective method for biofilm inhibition, which has achieved much attention in the field of membrane
fouling control. The QQ technology can hinder the genetic expression of signal molecules by disturbing the quorum
sensing system of bacteria, which effectively restrains the extracellular polymeric substance ( EPS) secretion of
bacteria and ultimately decreases the biofilm formation on the membrane material. This review introduces the QS
and QQ theory, function of the QS theory in the formation and disintegration of biofilm, and three approaches to
realize QQ) technology. The membrane fouling control methods based on QQ technology are introduced from the
perspective of QQ reagents ( compounds, enzyme, and bacteria) additions. Furthermore, the immobilization
technologies of QQ reagents in QQ membrane fouling control and their potential applications in MBR are
summarized according to the latest research progress at home and abroad. Finally, an outlook of future research in
QQ membrane fouling control technology is proposed.
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Fig.1 Chemical structures of three signal molecules; AHLs, AIPs, and AI-2

1.1 AHLs # QS

AHLs %Y QS J& XF 4Hl i 22 [] V4 3 i 58 B h T2
FIRA RN RS, B & B 200 Fis 2 (R M
N AHLs VE 5540 F. AHLs 43§ 1 —1
P Fc 5 R o 22 A R N R PR B (BT 1), Herh s 22
T N TR P AR TR 25 4, T T Je B 1 235 4 U e s T
AHLs X AR DI RE. X R AT 2 3 DI R
RSB I RE : AHLs {55731\ AHLs 195 i A
(LuxI') F1[a] i AHLs J&y & & B 09 52 1k & B
(LuxR) "' AHLs J2HA 26 K M R o A 1 75 2
PEALE Y, ATVE AR 53 7 A H 280 1 5
TEHE SR A LA S, S M A AHLs iR A 3 —
E BE I, LuxR BY 52 (A28 1 AT AHLs Jm) Rk Ji
IFEZ85G RS A e s 3Rk, 5 L R AR )
PR S, T OB AR W B G W ML AN R G
(extracellular polymeric substance, EPS) il ffi [R] 3% 4
%[17].

1.2 AIPs & QS

ATPs JEH 2 [C MR £ 2019 QS 7540+, 2
5 ~26 P EERRA BT REA Ltk XA PRk 2 45
PR ZEIRZEY B (1 1), ph 20 B8 A4 PN 7 A R 15 IR
B 20 5 TE B N T B ATPs 1) QS HLBE S
AHLs AHBL, #5240 f B0 ML A 5 40 7 VR B2 4R
B ELIEAT 8, 7 Sh A O S IR 1 s s ikt
M5 AHLs A[R]AY 2, AIPs o1 H H 25 40 e,
{42 ABC(ATP binding cassette ) %1z 25 [ 1% H
UL 5383 2K 1 A BB A A AN EREE L T
15 7K A3 A 1y 0y s A B 2 LR T B R 2 T3
2 IRPH MR, S BOC T 2 [ ATPs 5 QS
X5 7K b PR 22 G52 M HILER ) BIFFE 1 AN TR
1.3 AI2 # QS

AL2 2Pk L0 R —Fe 2S5, HoAE A
() 52 3t B AR T i Ik 4 18 T e DRI 1Y) 26 ) & D't e
. SEA RS IEN AHLs F1 AIPs 55 70 1A [A],



55 8 1

RN, 25 SET AR KBS 9 MBR [5G fa il HoR BT 2 i - 193 -

AT-2 J2 5 40 6 [ 32 i ) 3 AR 5 0 7, il o ik 2
G50 PRI FR M RGN FCATRA R QS
Z55. AI-2 1 LuxS B4 %, LuxS e /e 4 4,5-—
A2, 3-4 Wk K N O (4, 5-dihydroxy-2, 3-
pentanedione ,DPD) , -3 33 [ & & HEIE A 7] 1)
DPD fif 4y, e A3 FI R A AT2 (& 1) 2072,
LuxS B 32 AF 7 T R 10 5 % 1G B 1 o % B B
Hh BRI, 4 5 b 18 2 B P 0 T PR T DA 7= A
AL2. AR X AL2 {5550 F R RHE L AHLs HAATHE
T PR S et LA AL-2 KIG UIRe i 2k
5t A R A
1.4 QS E4EMERKS 5 EHHIER

AR SRS TR 3R T 2 AT ) 3R )
MR A L 35 B AT AL SR 20 R SR AR AR A= R
T RGE S 4 BB 1) SRS ) 40 M A
1 F A5 80 I BB, %t B R AR B s[RI AR 455 2) fi
ARSI EPS LA AL B A [ G B 1% A 0]
Wt R A YIRS AL 1 R R 5 3) T E W AR
F14) DX Sl 348 B T o8l PR 7 I e 26 I Ry I3 ) A= O B
ISR AR ;4 ) Tl W A0 o A R B R v
WL G212 3 H, 3 I I VS A, iAo R T i B[]
RE A JLREE =LA H . T AP B R 5 20 i 23
JE 1 TR URIRAS A W 6 v (1% 440 o 22 fik o 22 1) ol
IR RO AR, I QS (55T

B ) QS Z G5 1T 7E AN [F] K - X 28 52 i A= )
LSS R A R R HEA T 4 < 1 5, A0 T 2 B S A B
P (AR pH ARl A 329 00 ) RS, 40 i i
155 R WL R0 , 40 A 5 R ) e ik B
SRR Sh sk AR , T 5 i i A 22 W5 B R )
(A5 Ak, , B M A B B S5 4 R 1 AR Ak, e N
AT A0 10 225 48 B 4t P 6 e 4 e 45 2 T 1 )
AR THI R BT 5 4 B A 200 AT 200 b 2ok — o Bt B D
PR ST S S5 T iR B B A
AL 20 R 9 BN R e R ), DA S sl A oG S A
()7 S R R AR 12 6 LA SR B W SR i, i &
(A A K 2 5 4 I TP B A I 45 4 QS
ARG AE LW RIE B Hh 403 8 A, {EHAE AT
FE TG (R 28 KA I BT B B, PRI, SR F LA
QS ZR G5 h bl 11 A T B g il 52 4% 1 4= W R %
S RRATFRA R G5

2 QQ B AW AR E

AW QS A% 5 73T M AE L& EAIESEHY) QS
RGN R A G AR, AT QS 4
ARTFBORFCBUBE G el f2 it 7 rl6E. QS RLLM MR
A RPN PR A A 2 ) B SR A3 , R AR B AR AT

AR BT R, XA QS RGT ik AT T nT eS|
AL B AR G A R A A (an A= WG TE 1), AT
SRR Y 11 458 T2 SR AT RS8R AR R 4 K
(QQ) HEAIZE — it 1o XF it A= Wy Al L 1E] F) QS R 4
P BEIE QS AR PERE N YRk, R HZ 5
MY A RER A EEOR. T QS RGEKHE T
FIE ST M2 R E A W ILFEAE L, GRS R
557015 Hs Rl Ao sl & i R i 7 i AR RE
AR QS REGL. H AT, HEAR RIS K HEAR 2
A 3 S BUE I8 2) AMHIE S 011 7= A 5 K
M AN S0 T TR S0 T 52k E
FRZE G AN, R R S B QQ TIRERI4H I
P KA AT R QS RGE A TR

B2 EH QS R4 QQ HAK 3 FLIEE

Fig.2  Bacterial QS system and three approaches of realizing
QQ technology
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Fig.3 Inactivation mechanism of AHLs signal molecules by three QQ enzymes
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QQ A Y FR /AL T .
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Fig.4 Carrier materials for immobilizing QQ reagents
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S RN ALI QQ T AT BN LT BRI I 4
TRCAL s 25 4E RN R 1R A QQ A R, XA R AE
MBR it 7 Hy R A4F A9 H0 TS ge kg, H QQ Tl nl
FUEMERFTE 80 d LU B, HAE SR BY I ATFF AR 1 MBR
XML B, Jahangir 25 iE— 3 A5 % B, 78
=1 MBR R 48, QQ 8 A5 I 5 A I
TR VRV B T3 R N, FBE 5 YLDl R OR Bf. Shy iE
— IR B QQ A I, Cheong 25 % 1 g
RBEME A5 7 — e QQ IR, AR IX Tl i
AR RHEAR T QQ i i (MM 187 , Pseudomonas sp.
TAL) FJA5 0T (0 32, (ELE 2ok 1] 87 S P 3 1 42 it
QQ AT FIT i (3 i 78 T, A Y QQ TR PEAR 3]
e, YOS Je vk Re tu A 20 W] i $2 7t
3.2.4 QQ BEMERIA

Yeon 25 5 1o K5 58 £ 400 01 T 6 9 % Ml M
WA BB EIUR 7 A AL v QQ Ak,
KA EEAR LU, RV 2 A TE MBR R
HP G P B e o RIOR B i AR E M, AR —
Pt kA AT K b B R B AR [ i 280t 14 d Y
FE PRI, 2 BHR 2R R Y QQ TR, KA
W 5 P T A e ALK Lee 25100 QQ WESLH: 7%
it [ 2 T REVER LA AE b B TRRIE R G,
B 5T & A B ( Pseudomonas aeruginosa
PAOL ) 7RISR TH A 75 G4 , 75 S B B 4 1 5 e 42 ol
BORBIRI i RERAIE QQ T 1Y iy 2 A2 A Al
Aoy 4(d) ). SR, 7R S BRT5 K Hhost g 1
AR 5 2200 B WSO LE I TR ME AT 5 Ak 2.
3.2.5 QQ A

3.2.1 FriRh QQ fl BRAE e £ F A 5 41 14 1)
MBR o ELA B 1 0 FHAOR | SR 00, HAE v as 27 4
JEE MBR A % i FHAD i T J0 1k 2 3k v 285 104 R iy 52
) T RRH. MR UIZ MR, Nahm 2609 148 T —Fh Bk
9 QQ T B QQ [ E ALY, I TR 2k
s R 4R RZH AR 09 MBR SR e (Bl 4 (e) ). 1%
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LR AR H R B, W BREER T E A R A B PR R Rk
FAEMMAARRATR QQ BEARYFTHE T, QQ WA 1y
SRTH AR R T QQ Bk, HH QQ yhtEAE T
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3.2.6  QQ fiefkAHEA
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