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Abstract: Due to its high efficiency, safety and cost-effectiveness, biofilm remediation technology has been widely
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used in the removal of refractory pollutants in the environment. Biofilm technology refers to the adhesion,
enrichment and reproduction of plankton microorganisms, eventually forming biofilm structure on the surface of the
abiotic carrier, which leads to an increase in total biomass density and highly efficient metabolism of hydrophobic
and toxic compounds. Compared with planktonic cells, a biofilm matrix can provide microorganisms with stronger
resistance to high pressure of survival competition, harsh environmental conditions or harmful toxins. Changes in
the local concentration of nutrients in the biofilm matrix and differences in the division of labor among
microorganisms can induce differential gene expressions, leading to biofilm cells differing (phenotypically and
metabolically) from the planktonic cells. It is beneficial for microorganisms to degrade pollutants through multiple
metabolic pathways. Meanwhile, bacteria chemotaxis and flagellar movement can help the microorganism get access
to pollutants, thereby improving their biodegradation efficiency. The formation and dispersal of biofilm are regulated
by quorum sensing. The generation of extracellular polymeric substances is regulated by signal molecules by quorum
sensing (QS), thereby changing the biofilm characteristics and enhancing the bioremediation of pollutants. Quorum
sensing is a form of cell-cell communication among microorganisms. Through the diffusion of autoinducers among
cellular matrix, bacteria can perceive cell density and species complexity and regulate their gene expressions when
the concentration of signal molecules reaches a threshold level. So far, many different structural QS signals have
been identified. Although many of them are specific among species, some QS signals can be produced and
recognized by many species, thereby allowing inter-species communication. N-acyl-homoserine lactones (AHLSs)
are often employed as QS signal molecules for many Gram-negative bacteria regulated by members of Luxl/R family
genes, while Gram-positive bacteria use processed oligo-peptides to communicate. Biofilm formation and dispersal
are genetic processes, therefore, they can be manipulated with synthetic biology tools like other genetic systems.
Thus, biofilms and the biodegradation of pollutants may be controlled by manipulating signals. Successful
application of a bioremediation process relies upon an understanding of interactions among microorganisms,
contaminants and carrier materials. At present, more and more researches focus on pollution remediation using
engineering biofilm technology, including in-situ and ex-situ bioremediation technology. During this process,
quorum sensing or quorum quenching acts a crucial role. Quorum sensing plays a major role in various microbial
physiological functions, such as biofilm formation and biofilm repair in polluted environments. Biofilms provide an
optimal environment for cell-to-cell interactions, cell-to-cell exchange of genetic material and signals, and dispersal
of metabolites. Biofilm quorum sensing technology exhibits an ideal application prospect in the remediation of
contaminated soils. For the biofilm QS system, it is very important to clarify the generation rules of signal molecules
among microorganisms, as well as the signal conduction path and its mechanism, which is conducive to the
engineering design and application of functional bacteria. However, most of the well-studied QS systems are from
Gram-negative bacteria. More research is needed to uncover and study the details of QS in a variety of microbial
species, including Gram-positive bacteria and fungi. The role of QS in microbial populations, including QS crosstalk
and signal specificity, is another important area of research that will impact strategies to regulate biofilm formation
and pollutant elimination. Furthermore, QS signals regulation under defined conditions could contribute to the
stability of the microbial community and the repair ability of functional microorganisms. Therefore, synthetic
biologists should also focus on engineering mixed flora based on biofilm QS systems.
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1 AR SR

AV R ERAEIAFE R — R EATE A, T AR THUBRR A U2, IRZ)
BR B WA S RO, I BN B B S R S A R e 0« AR B e
B ELBE . ARSI GRS A B R R, BT R ARE AR E A E AT
Re/1, VIR RGO HEH T AL BEMERE AR5 G o RIS, S P al e e i 1S s A= )
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Fig. 1 Quorum sensing regulates biofilm formation
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Table 1 Involvement of quorum sensing system in the development of biofilm and biodegradation of pollutants

g (ERcE St Tise 27530k
Strains Signal type Function References
P. aeruginosa N6P6 30Cy,-HSL HEWITBETY RN 22 38 75 12 [ At [5]

N. pentaromativorans US6-1 AHLs A1 A WTY AN 2 38 75 13 B A [19]

P. aeruginosa CGMCC1.860 AHL LR ISR ORI 75 75 A B A [24]
Acinetobacter sp. DR1 Ci-HSL LRI AN 7S H B A [20]
Acinetobacter sp. TW AHLs LYY ERAICOD B 2% Bk [25]
Pseudomonas sp. HF-1 Al-2 AT TE BN R 25 B [26]
Paracoccus sp. BW001 Cs-HSL. 30Cs-HSL HEWITEETE AN L 25 B [27]
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fiRs ZEMA T RN R [ IE# 2SI 3) FHWT AHLs 5 LuxI/LuxR B QS Z/kMI4s &, iE
E S FRUSES D T2 ME AT S O ORBABIZNE QS R4, UL ik —Fh
QS KA, REWAMTHABIR AHLs W41 QS R4, KRNI H i3 B 1) R IE 11
YRR B ) AERAVER R, KA O RS AN SR A B A AR T L TR IR, LI RAE A
SBAE R STUEZIBREZ A R .
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SRETE RIS AHLs FIER 58, fe%— e R LRI AEYE
PERI, FER PR ESIR A Y, AHLs 25 5 R A K AR, Fobss ik . AR E R, AHLs
FRANFEE - Gomez-Gomez SO T8 PRI b 4 J8 40K 85 1 A M Jo AR FE Re i B2 ma s 2B 1) QS
A48, ZnONPs (ZnO F9K kL, 10~ 100 mg-L1) AEWS TP AAE D 1115 5 BN AT B, TiOoNPs

(TiOx 4KFAL, 500 mg- L) F1 AgNPs (4K4R, 4 mg- L) REBEHIH] AHLs 5 . It

Ab, SRR B K PE A% A% RSt S S 4 M )5 2SS AL, A T 2% R b R T
YAl A B AZ -

2 BEWIRIBE R BORNH]

A PIEAE BRI B S BR3P 5 e R B AR R 2 IR A ELAE T, b 3%
AR AR PR DD RE R 2. 125 Ik, BERAENL. Tl BEEREME 252
JZ R, AEIX SRR RAEAE — B B, WA R S RS & 18, B AL
FAEMAEYIREE . 5e 35 B h BAAA R RE, BT AR IR T 3 — A L. el
FORE, B ThRe e STy s s R B A R, 2 S SRR RE, B RS e
PV LBRAR (GR2). I R 1R 28 J3 A R DA M ) AE SR PR 3R T, HLvt 8 vh il
Ko (R B R A U0 B A AE DI P, I LV I8 S o A 1 e 0 S 25 089 I 1 3 b A A P 1 2 A4
B, [ € 22 M 57 e B ARW L. W2 T3 B 6 i AR i 3R, FLXs e L3 P BE A
ROCR T3 TR R B eAh, RNV FEY), AnBEERt 7, WAl LA i [ e 30k,
Ixs HAe R R AT — € et E Y. B AR A TR AR AR B EAT 5 Qe LR 2 R (it
TR, Hh TR A S BRI FAL B B RARMBAAEZ EOR, TN
T IR AL R A
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Table 2 The applied biofilm with different carrier materials

g 4 AR Ik ZH IR
Material Strains Carrier Function References
TeHL AR Bacillus subtilis SARACTR AP IR L& HER [34]
Inorganic carrier P Y ERiip |
) Citrobacter sp. TSR [35]
material R
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K. pneumonia. P. aeruginosa TR ZEREE [36]
ALEARA R Pseudomonas. Elizabethkingia. _ )
o T R EBRmENEY [37]
Organic carrier Cellulomonas. Bacillus
material
Enterobacter, Cronobacter. Pseudomonas RN ERER [38]
B AR R} Pseudomonas sp. QG6. ammonia-oxidizing
RATOAKEERR  EERvEM. COD
Novel carrier bacteria. anaerobic ammonium oxidation [39]
VELY ST ERER S MERMED
material bacteria
TR ER AR )
P. citronellolis DK-3 F B =R [40]
Fes0q4
Desulfomicrobium ROIHHE PR TNiEN [41]

2.1 FERIERIEERAR

AL A A AR A DRI AR AL . ARV R S AN M ANEE SR (A
Bl AR BE T SIS INFR e R, ANTNAR A A A, B AR E TS e F B it
B0, FESEPRis Yedpth LB rh, ARENRAE IR, AR, LS TR 32 A4
AR, RS EIRAEESD, AT R BRI A 5 RV B, G
KH B RIEIRIE, ZBOR CAE A M5 G s 5 45 22 R W), AWt di a5 4k
MBS M T B A P el B R A 2 V5 Qe A (R IR R R S (O B LRI O R
(A AR B EF R AR P AR E 1, SIS e I AR s A AR 4. AR ad Al T DLid I
EARGEIHREN TRE D59 3 8 IRk L BRI S A s PR ) SRgs DA S A Rk 1 i e
VIR B R RS, BRI, 475 el S B 35 mT At G A S A= s, ml e i N A B ik
JRANE FRP AT EVRIE . i RS Qe sk = AT RS BB £ AR, B EEY)
FEfdRe ez, WA selL
2.2 RUEYIRIEERAR

TE SR T G B A 35 B8 A T A B R Z I M B R S RO DL L8 5 R B 2 ]
SEITS et 3 s K HARTS BV DR PR 5040, R RN TS TEBUAE Y R
RLFS, T AR BRI By s G, JLH R EEE . BB G TEEA, LR BIEE AT DUA SRR
B VER P I E Y A K AR B ) e S 2% HE R R B RN P B AR AN 2 1), AT PR AIE
AP B AR IN ] . SR (R AR W s 8 s BRSO UM # « THAREUR AT TR IR . BB
ST B N 2855 5AEGAEIE TZAHE, AV R N HA LR YRR,
I8 REARUNE BN L A7 BARHHE TR ACBRUE R A 285 Pt 2 1 5
2.2.1 VBB EANIGEY) AP T BN B AR 1t A2 42 S 4 A VA LTS G X B A
RSO RE A WU G5 G 3 L KR SEI I A o v i a2t 20 A L 28 R I AR Rl e
HIAEY), Bt — B A R RE AT N T AR IRAS R S0 B b A 7 v il A
BHEN, HAEKIAE B A R AR AR Y B B B0, (R A A e YRt 2 R 3
ISR A, Fo Alcanivorax . Arthrobacter Pseudomonas Bacillus Cycloclasticus
Fl Rhodococcus T IESE AT FH T B fAA RS XA M0 e 2R anidi e ok« oA Sk T 18
Wi, BE W8 e e M RAT A LA K 3835 /K, AT R m S A M 5 A0 s e 3 A e 52531,
Shimada P4 E EFIF Pseudomonas stutzeri T102 /& & A5 4 ISR, R4 T102 4
WIS 25 BA) o ARk R e WIS TVl A0, R T it o I ) )RS, A ) e 4 o 2 T B
= PR AR BCR, A B S AR RIS . AR, FEETH LY Er
Bordetella Xt 1,2,4- =S R0 AR THr @ MR, Hi 1,24-=F0RIFLiERS QS
{55 AHLs IRJEZ S LVEAH RIS, Buat, S ThREREY) AV NS, BeisA RS2 3
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Ji K, R ) BN AR RS B A OC EE B A O

222 EMEEEESE YRS AR A RESE N E T BAA T R A
o WiEIEE & BT RN AEM M2, PLKE 57 51 gn i 5 4 B - AE YA AR
1) 35 [R] ) 40 AT AN 2 BEPE 2 B G TR A E B B 1) G BEE 31 o AR W B A URR R i v vk P 4
Ae/7, mefgdI e A BRSSP BOMER SRR, BaitE SR
BT A MRIREIEAS, BRI AP 2, O PR B s/ T fa S5 4. i 9 B
TEAN A RS A e St b R R A0 4 2R AR M R % 25 B 90% 4% 2 #5.( 500 mg - LB,
i 2 25 30 7 A4 T A A M e Al b W A A 022 B Tl IR 7K H ) Cu (98% )+ Ni (82% )+ Fe
(78%) S EL 4 &8, Tk L W Re 8 8 i A= M Bt 77 s Br KAk A Cd (70%)+ Pb (71%)
FINi (74%) FESEJE, AL, WAV AR FE = T SR B a4, et Mk
PRI R A LTS G0, DL AR TSR B AR EPS B /F 8 4 Jm SR AR B 4 J 8 1 2
AR RS B CEEMERC, BT EPS /75 i 1 E A, WRBEMFEEE, X
BB B A EL AR EPS MOZE AR AL, Rtk EPS R IR0 L Aol i 4 J@ B A hE e, o, A=
VIR EPS W& BEA S EMR I RE 52 HAL R . B FiRE . B8RS TIRE. 45610
AR M RE I RZ M 2],

3 TN AE ALV L R R H

WS LR, BRI RS RENE PH 1 RS S B R WE AN R A EE AR
EFXTAHEE AHLs /531 QS RGHHAT THRAIGERE, RV i B A BN A s B K i 7 3, AT
IR B R A AR YRS R A5 G i) H 04,

3.1 BHARKROEIE A VIR fR e

Kumari ZE0F 58 & B, FEAR RN AU AE Pseudomonas aeruginosa N6P6 AE i A p it 4
WS RBEE T, H A 25 B AR ndo RIA, MR ZERIREMR . AR, A3)
FEE PR DRI I QS 55 7 T ¥ AW T BORTGS -+7S e ke B0l @it LA B AT B
DR1 Al DRIR &¥, DRI #l DRIR FE#k73 707 LA f% 3 FAT 1 Ff AHLs, H - agsl (LuxI
FAI) FRASRAGEA i AHLs. 25 A0 138, DRIR 1 agsl ZRARMK N AHLs [4#fi#
IR0 o 7F aqsT SEARARH, AEWIIE A BOAN S 7 e iR B AR BE R BRI o (EANETR I
9 A R % 9% EIEW AHLs 7] LUK aqsl RAAR SR R RS /1. AN, TR
INANEAE 5 7 F A REE SR YIRS S 81, NSy s YE L HCR  Bilan, 7EACEE T
WA HUR KRS, RV FE SR ANERIN AHLs, J5J8 KB ShRE AL & 48 7284k, 7Et
Tk R R T P A A B D = AR (0, 25 AR AHLs AT DALTE TR AR S5O TR
FEEEAE, JE0 BIRAE KRG ThRe A Tl R K A2 B AT 8 B .

3.2 BHARN IS ME M M E

ISR LT, QS B ST MAEN MY CFULR. RGNS i
Bl —E MR o B, Az R A7 7R LA TR A B AR S B R A I, LA A B
A B TR B AR i kb T 3G KA A K e IR, AR QS REuReHE 1
AMFNAR, Serratia B Pseudomonas YSJP] R AHLs 815 A [F) 2 1 V& P 77 ) 7 A= 081,
Pseudomonas B 5 70 FREMHa ) BRASMERE 742, A2 4l Eis 3. i 5aE
[ (A AR« 0L LA K Pseudomonas F- 4045 /K BIE I o 75 FF X AE VI AL FE 2R
i, REERENR IO AR A E RS SIS MR T A A A O PRI, RN R T T
PN ARTS FR SR A I RE I TR Gk 2= R S 7100, FHAEAETS Y38 CTOLRY). R
W ZIRITIEL R RAMEL B BEH KIEE B EEH,
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3.3 BARNEREEE YIRS

PR RNV IR R AR IE R — D B R T B RV RN, T IR AN GE
g4 QS HPKIRIL, LI ITIRIIFEMAHFIEZIEE, Kb QS E 570 TRIAS PAHs
(IR A 2 5 2 IEAHOR (P <0.05) (7, fEJG/RARBIIERE A, AR S B o E W RE R THT ) B
VIR SORIE S BUE S 1, RV RNV K AT A R0 i PR 7K A BRI R b AR B AR TR RRLO81 A
TN 2R G H WO FEAE UM B N 285 Y L BR A R, B 2R QS 15 5 TR I M
IR EE B IR 2R, HET U S B8 B AT R0, & Seid VEVS Y T QS VKA AT
gl y-CL A BE R AR AHLs, 38 I EPS 7 AR A 22 i B S W s v (0 AR 05 3000 ARG
PR A TRE 1 BRES P R P45 e B 15 ik SR T SR ARATIS AT A v 1 JR) PR PR,
T IR AL S BT FE R 0 2 S 2GRN RIS GRS, SRR, AN
N B BEACEE 1 RENS IR AHLs MERGHE, A Rl ik /e, FERLPERURE_E [ BE A i
I TR AR, RSB T ARG K AR B o AR A ). SR, el TRV KCRT g
SANFIFTA QS T HIBRAR, WU S B AR B B & rh DO RERU A IRER A A A 2=
8 IR 52 RV SRS RO R ) o

4 RS

A RN AE 2] 25 M s A2 ) A B T R TS 2 T AT R S A R PR TR AR 5 e PS5 14
VIR R4S AR VAR AR B S A s AR B IR 52 . JE TR 5 A iR
RO T BB BRI T I YRS AEAB R T5 Y 137 B A BT (R RS, X
VIR QS RGN, JEIHAE 5701 A SORHANE R AE IR 145 5 % T A2 S L] 285G R
2, SRR BT I RE R AR I AR SN

HAT, A REY SR R R QS IUHENS, W4 st N TR NuE, =4 QS 7%
3§ B AE AR AT R R T X A A 5 ) R PR 3R o AT K 22 B A ) At
TR 2 RPN, HAGBUEY YR (RS2 IRIAEE M EED KIEYIR QS R4
WRFFHERIE . 7 — D EER B TSROV QS ARG T UG Shemth, AL
PRSIV AN 338 p i Qe 0 25 B 5 T A G o EAh, BN 570 TR E A BE
TR AT DL B4R R A R R AR e, DR, AR ST AT AE Y QS &
GERRIEWAEYIREEAT N, B0 RIEDIREMEMIBRRET), IREE MR TN
B ONIZAIE T 1 I B2 H AR
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