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Isolation of Quorum Quenching Bacteria and Their Function for Controlling

Membrane Biofouling
ZHAO Chang, WANG Wen-zhao ", XU Qi-yong

(Shenzhen Engineering Lahoratory for Eco-efficient Polysilicate Materials, School of Environment and Energy, Shenzhen Graduate
School , Peking University , Shenzhen 518055, China)

Abstract: Interspecies quorum quenching by bacterial cells has been reported as a novel approach for mitigating the biofouling via
restraining quorum sensing( QS). Five indigenous quorum quenching bacterial strains were isolated from activated sludge taken from
wastewater treatment plant. Strain HG10 showed high degrading activity against C6-HSL ( N-hexanoyl-L-Homoserine lactone ). The
result of 16S rDNA sequencing showed that the isolated strain HG10 belonged to the genus Bacillus cereus. Strain HG10 was
immobilized in sodium alginate ( SA), and the biofouling inhibition of SA-HG10 in membrane filtration treatment system was
investigated. The results showed that the membrane flux in experimental group B( provided with SA-HG10)was 181.29 L+ (m*+h) ™',
and the membrane flux in control group A (without the beads) was 110. 64 L+ (m?+h) ™', The membrane flux in group B was 63. 86%
higher than group A. The content of extracellular polymeric substances (EPS) in the biofilm on the membrane filter was also
measured. The results showed that the contents of polysaccharides and proteins in the experimental group B decreased by 29% and
48% respectively than those of group A. A large decrease in the content of hydrophobic proteins was the main reason for the decrease
of membrane fouling. The content of EPS in the membrane surface decreased by 43% , indicating that SA-HG10 could inhibit biofilm
formation on the membrane filter and effectively improve the filtering performance.

Key words: quorum quenching; Bacillus cereus HG10; immobilization; membrane biofouling; extracellular polymeric substances
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quenching, QQ) ¥ il B 75 YL iy AE Wy 1k 22 B T2 ¢
FEN1 Oh A 220K BB A AHLs (10 41K
FER SR 28 27 2 R0 Tl L b A s il 1 AR
JRFR. Kim 45120\ MBR 15 175 U S % 1 e 2
B Bk B ( Rhodococcus sp. BH4) | 8 1+ 1
i) IRETRE B SRV AT S R L N AL S ST

SR, B AT FH T BT G 7 16 8 A A J 1y VR K
WA N BULRE B 3 #5570 7 AHLs B9 R A
R PEAN[R) 75 K BRI b O 35 G i BT IR ROCRATS Ak T
PRAGBL S T S YL TR R A
FEREA R — 2 4 B AR I BR TS K Ak
BT EMES Ve h ar B Atk i 1 BRI K DD RE T iR
BEREZFFUAT I HG10 IR R 7E 3 | AR V5 K FI L
B U A PR BT b YA 3 HLE I S B AR
IR I RE L AR R OC T K B AE B 1k RS
T3 THT BT 18 o WL AR T 5 35 T 0k, A S B i X T
PR HG10 HEA T4 3 [ 5 , 26 31 LA 44Ny V% 2K 1) g
TEFE T A W IEE 7 T 0 AT A 1 R 8CR , DU i
e 76 J55 5 G By ¥ v s 1 £ B 5 dE 2 25 f g
S

1 #RE5FE

L1 #E
L1.1 FESCRIE

FHF AR 23 28 00 36 P R RE R A I 5 7Kk Ak
H
1.1.2 LB g3k

FEEME 10 g, BEREEN S g0 AL S ¢, W4
W1 g; 28187K1 000 mL,121°C K 15 min, 17 5%
H. BERRESEFINENE 1.5% . 1/2 LB 3L A0 4%
WAy E i Bk 0.5 .
1. 1.3 {50 B Bk

N-C e 22 Z B2 P T ( C6-HSL) Fl N-28 Bt 1
22 A FR PR ( C10-HSL) ¥ F Cayman Chemical
(USA); PCR I fif H Premix Taq 1R & MW T
TaKaRa( Japan ) ; A B& &k T FH 28044 R i 5 12 4
(aladdin, AR) ; 255t HIGIE S A Millipore i fL ik
JE B ( GVWP04700, 0.22 pm, 47 mm); % & A
CV026 Al
Chromobacterium violaceum VIRO7 “HSZE EARAE; A
TRC 5 KB g 110
1.2 FEtRsT stk

SR FH ARG R 15 2 1) 20 85 LA QQ THRE M) 4
B B C6-HSL (2.5 mmol-L ") Sy M — Bk 5 1Y

Chromobacterium violaceum

Fz1 BRESKETR

Table 1 ~ Components of synthetic wastewater

Aoy W /mg-1.7!
2] 1600

JiE B4R ) 56
GHEN 460
NH, Cl 340
KH, PO, 87
CaCl, 9.8
MgS0, -7H,0 128
MnCl, -4H,0 9. 44
FeCl, -6H,0 8
NaHCO, 1022

pH 7.0~7.5

FEARREFREL BI5TR 2 pl 2R 100 pL FEA RS 3R
e fE AR (700 remin "' ,30°C) #5553 d J5, HU
1 WL $2FPEH ) Co-HSL Ry ME— BRI Ay FEA R 55 3
oKL 3 R IR W EWIR /i T LB 3 AR
RiFE3E 30°CHHIR G 37, T 4595 24 h, 48 h BFHEREUR
LA R E AT alife. XHIrA o B WyE T
QQ TyREAIM.
1.3 SrEEMR QQ M QS ThRekm

8 IR T CV026 X4 B R AR AT QQ ThRER:
T 3 A RE A A Ce-HSL B, & A R Bk
CV026 Y LB K33k F R g o i > K5 B
BT 172 LB B3R g% 12 h 5, B W LA 1: 100
AL R A 172 LB 55353k h (Hih & A ik
B4 10 wmol-L ™" 4 C6-HSL ¥ ¥ ) ; £ 30°C, 170
remin T SR REFE 8L 10, 12, 24 h B BUE W 500
pL I B0 (13500 remin ', 5 min), FIFWZ 0.22
pm JEARIT I8 JS - 20°C A7 K IR AR A i E T
A CV026 1 LB VA I, 7R U840 7 L hn A7 0
20 pL 5 K LB SEARTEE 30°C 5557 24 h, g
YA Rl L S

Sy AN B QS T RE R, A Cv026 A
VIRO7 F w4l 452 AHLs (C4-C8) Fil
HEJE AHLs(C10-C16) SEATHUE . K /v B 4lifb 1Y
Q0 HHRE SR CV026 1 VIRO7 LL“T” £1%)
LR 7 AP T W — LB AR, THIR (30°C) 557 24
h 5 WS 25 B 8 ) . 10 L [ C6-HSL Fl
C10-HSL (10 pmol-L~") 43l 9 Y] £& 76 48 73 187 °F- A
b AR A
1.4 QOQ #kk 16S rRNA FE [ 51

i Fi 3@ 514 27F (5'-AGAGTTTGATCCTGG
CTCAG-3") #l 1492R ( 5'-GGCTACCTTGTTACGAC
TT-3") A7 B R By 3. 973 4544, 94°C 1t
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A5 3 min, 94°C 28 P 1 min, 54°C iE & 30 s,72°C 4E
1.5 min,35 WAEI, fcJ5 72°C ZEfH 10 min. K
PCR 7=t 17 3 N8 W B e Ha UK = Pl A8 KA Rl AT
FLR I R I g 7 A1) 8 3 GenBank AU ¥ L X
YESE

1.5 TEHREE R QQ TIfsIE

BBk HG10 5 - Ry 4% 1)1 BE TR #N
TR (SA) #% 100 mg-mL ™" Fe TR 2 ), i i 2] 5
TR E R 3% ) CaCl, I ,4°C 32 BE G IR IR
PRAF. il 28 T 41 TR A0 3 1) 25 1 5 R 1 2K ( Vacant-
beads) X HRATL | DL 5T 40 M1 BR X A4 8RN 15 55 43
A BRI R .

fid ¥ C6-HSL ¥}y 10 wmol - L ™" A LB }5 373k
20 mL, B E 3 LI M 8 IR 5 A A 4 A U
TR (SA-HG10) B35 5L, A 8 i JC4n b A 34 (1) 25
T BN IR A 15 77 5L (Vacant-beads ) , AIEf a1
R BE IR IEAE N2 XTI (Control ) . 3 ZHSEHRFE 70
remin "' 30°C &M FIRG R SR, A0 150 17,19,
21,24 26, 34 54 h EATEURE  IRAKE 1.2 TRk
VARSI T R T i, N 5 e [ AR AR (1)
AR R B ER A C6-HSL ¥ B Fifi i a] i) 25 1k,
,raﬁz%[ZO,ZZ]‘

¢ =0.0825xe""™ (F =0.98) (1)
K, e N CO-HSL ¥ & (umol - L") 5 » hy i 2846 [
HAE(mm).
1.6 ‘EWBAERYEE

4 PVDF 4 1 8 AR R A HE T b, A
A 49 mL A RI5K 1 mL S2EE YL KA i T
Je(MLSS =10 g-L7") 1.4 5525645 SEAE I JC 40
A1 PR TR R X Co-HSL Y B A RE 1 5 25 X
T TR EZE T ZME AT (2.2 1), AR I E
PHZLSCH N 0 HEER A9 HE R A % IR (A)
I 15 9 SA-HG10 MHEE AE N SE 840 (B). 7E
70 remin 'fEIE (30°C) FKF TSR, B 24 h 4T A
TBCE G KB, DAL N R A A KT R
BEIRWSGY. G — N EYBEARKEY 8 d J5, B
B R, 04T RS 2 AR Y EPS &

JIFE 35 2 00 A SR FH BB B AR ( UFSC05001 , Amicon,,
USA) AFTHEE (K 1) , AR E IE R 15 kPa +
1 kPa, R & T D8P B ] 2 2 B N, SR FH R Atk
(MilliQ water) fE A3 uE K , i HEARACA 50 mL, fifi
FH B2 78 VD 2 43112 i 3 i 7K 2 AR BT 5 e 1)

JEZE T AR W) T R EPS A i B, SR BRCHE B
W50 W ORI B T BTRE T 15 mL 0.9% NaCl 3

W 7S 10 min, 150 remin ' $£2) 10 min, #7555
min, 80°C /K ¥ 30 min, B H % E A J5, 12 000
remin ' B0 20 min, B ETE W E EPS & &, EPS
SRS EARZMEIE. ZHAE 555
SR P Iy - R 12k 2 o 3 22 i ke i A i s
iViE3

B3t U ke T

ik

Eﬂﬂﬁm

E1 BEENEEETE

Fig. 1 Schematic of membrane flux test apparatus

2 FHREE

2.1 QQ UIRBrEME T B B S e 2

ARWFFE LT BT 18 BROLFNTR , XF 43 B B ik 4B it
FEREUARRN Ve K T RESGUE , 1531 5 Wk B A BEAR K
IRERIARTE. &2 M35 24 h I 5 BRAETE B9 QQ T
RER I BARE HG10 . AS1, Bl I B72 ¥53% 24 h i,
He b VA 8 4G PRI IG k58 €0 S I, 2 BH B Rk A 24
h WADKE C6-HSL 56 443 fiff ; TRk C48 TERG 5+ 24
h 5, He i WA D AR R 8 L B o SR e,
C48 7EH557 24 h BYRE AR5 Co-HSL, BEATR KT
AERCES. S5 FhAr BRI AY 16S rRNA FE PN % 5 45 1
2 Fim.

TERSRIASE P AF e Rl A QS A QQ TIRERY
BT R B HE ARG QS ThEEFR TR M. &5 5= 4
& 3, [ J& T Burkholderia sp. J& i) B72 #l C48 [ &
AR 5 F AHLs, HoP 8k B72 A Bl A=
JHEESAF 54T, C48 W] [a] i A = S B RN K B2k
G50 F. HEBRX Witk ] B B A2, AHLs A9 40 18,

ey (o e

T

FFRAFE] : 24 h, C6-HSL {FH (10 wmol -L~1)
FHRBEE K 53 530 g PR HERIH %
B2 485 FERBEE R IR IE

Fig. 2 Bio agar assay for quorum quenching of each strain
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Table 2 Lists of isolated quorum quenching bacterial strains

173 F5 CiEENEES [EIEAR L %
HG10 KX430857 Bacillus cereus strain ATCC 21281 99
A51 KX430853 Delftia tsuruhatensis strain NBRC 16741[26) 99
B1 KX430854 Chryseobacterium indologenes strain NBRC 14944 99
B72 KX430855 Burkholderia cepacia strain ATCC 55792 100
48 KX430856 Burkholderia cepacia strain ATCC 51671 99
HG10
A5l
Cl10-HSL
B72 t
WIR0T CV026

C6-HSL F1 C10-HSL VE JFRfERE
B3 o EEE BRI EER

Fig. 3 Bio agar assay for quorum sensing of each strain

S A Z R QQ TIEEM K 50, MAR T 3 Fh 5 4
HG10, Bl #1 B51 Hr ik B3 i Co-HSL fE 1 f5c it 1Y)
HG10 1 R A 1y [ i 3L ) 51 560 B o
2.2 LR QQ DIREKIL:

A e 1 S A A M A v O i TR N VS VR R
JE | SCHRAS [R) Ko 32 3R ) ok A A M SR 2 255 )
[ 2 A PR R P B R T PR AR BT 4
R SA-HG10 1% ¥ 3 R 41 2K ( Vacant-beads )
() LB 15 55 3 b | Co-HSL ¥ J3 B IR 7] it 72 £k ith 28
AW HG10 M S IR BR E RS 37 17 19
21 h B, T %W Co-HSL 119 [ il 2845 Wil

12 —&— Control
—e— Vacant-beads
—&— SA-HGI10

c/umol-L™!

E4 MEEIE(SA-HGI0), TEETHERMNIK
( Vacant-beads) %t C6-HSL [ f#&E 146
Fig. 4 Comparison of QQ activity of beads with strain HG10,

vacant beads and control

85% , 96% F1 99% , 7% TN 1 H 5k 1) AF 44 JER 7 YAk 2K
YIRE; L %5 1 3 R 51 2R ( Vacant-beads) i) — 4
C6-HSL g/ AU N 20% ~26% %X Al AE S F 48
VA 5 P A B ) 0 B B 7 . Khan 20
FERT MR ZF FL AT R AIE 98 vh A H 2R 4 2R . FE 8
FERFRIN 16 ~23 h P, F AR ZE AT 5 615 540
T C12-HSL W R#ffH A5 90% ~96% . ARWF5
rhv P VS R B 181 2 1Y TR /R HG10 7E 24 h XHE 5
43 F CO-HSL P IRk 5] 99 % LA I, HA B 5 1) 1
R K Dy ie.
2.3 [ AL PR XA TS Je 4 i 5
2.3.1 TR R AMIRAR L

FAHEE R BUE 5% 8 d Ja s DB IR A, g
JE R AN AN S TR, A BN A Bk 9 X6} BE 24
A R TS 2 W] AR AR BB R
AR, SEIG A B R R TGO ) SR BN A A
b ZRBAEEIN SA-HG10 4t P62 HE B X 118 55 2 T kA
PR BE A 2 T SRR 2 A R L Y
T
2.3.2  JEEAE L

6 A AN[R) S I A 28 r G B e R A R o
i) AR Ak i 2, A BE 8T B R ik & 50 mL M 4liK T
P90 s I[H], 5L B W52 653 s, AR NNAT AT (L HE
BRIXTHRAL A WIFEH KBS R] (1070 s) , it Jg 8 %
PERETFAA TR, B th B B 5 . i a5 (2) 3
AN [R) S5 IO A 22 PN 4o 0 3
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A GURT B 2143 30 AT i A BEER AN 5N 40 B A HEER SA-HG10 A4k i, R[]
5 AEXWEHETERERIIE

Fig. 5 Comparison of membrane filters under different test conditions

_ Vs
LMH = T (2)
A LMH HPEE [ L (m?+h) '], Vg, Mt uE s ik

P50 mL) , A R ARG IR AR (13. 4 em®) ¢ R

i UEFE] ().
5 B 4H A K 181.29 L-(m*-h) ', Fu Xt
R0 A 79 110.64 L+ (m’-h) ' & 63.9% , F W
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