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TSBRL A R SR AT R A RS AT 11 BRI 5 22 Z MR N ( AHLs ) ZRHFARIER N AE 54 F AT Ab A
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Determination and secretion characteristics of 11 N-acyl-homoserine
lactones signal molecules of quorum sensing in microplastic biofilms

YU Hongxia'? LIU Xiaowei'? WANG Huixiang’® WANG Jing®
YU Zhimin'* DENG Chengxun'***
(1. School of Biology, Food, and Environment, Hefei University, Hefei, 230601, China; 2. International (Sino-German) Joint

Research Center for Biomass of Anhui Province, Hefei, 230601, China; 3. School of Resources and

Environmental Engineering, Hefei University of Technology, Hefei, 230009, China)

Abstract In order to study the quorum sensing effect of biofilms on microplastics, a pretreatment
and instrumental analysis method for 11 N-acyl-homoserine lactones (AHLs) secreted by Bacillus
subtilis biofilms on microplastics was established by liquid-liquid extraction and ultra-performance
liquid chromatography-tandem mass spectrometry. The optimized pretreatment method used
acidified ethyl acetate (0.01% glacial acetic acid, V/FV) to extract AHLs signal molecules from
microplastic biofilm samples. The extraction method used ultrasound with ice bath. The recoveries of
11 AHLSs in microplastic biofilms ranged from 50.6% to 128.1%, and the relative standard deviations
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(n = 3) ranged from 0.2% to 10.6%. After the optimization for chromatographic and mass
spectrometry condition, the linearities of 11 AHLs were good in the range of 0.5—50 pg-L™" (R’ >
0.995), the limits of detection were in the range of 0.005 —0.01 pg'L™, and the limits of
quantification were in the range of 0.01—0.02 ug-L'. The method is rapid and accurate, and has high
sensitivity. The quantitative analysis for 11 AHLs in Bacillus subtilis biofilms on polypropylene,
polyethylene and polystyrene showed that C8-HSL, C12-HSL and 3-0x0-C10-HSL were all detected
in the three types of microplastic biofilms; the production amount of C12-HSL was the highest, and
was up to 34 ng-g”' in polyethylene biofilm. The result from the addition of exogenous AHLs
indicated the increasing concentrations of AHLs can promote the biofilm formation on microplastics.

Keywords UPLC-MS/MS, biofilm, quorum sensing, AHLs, microplastics.

SR T2 5 R A5 R N P58 1 SRR ke bk £ it 25 SF (] A RS 30 9 7 K A R R, B e R
HRSE/IN B R | /K P v S T A, (EASH A B o 25 ) 280 o e L v T T S B 5 A 1Y
AW L A A W BT Rt R v, R T A R R s R AR RS 5 A2 TR R IO A SR T R AR R
(quorum sensing ) {5 = L. FFAA BN J2 20 PR 35 3] — e Ve B 10 L B 3 2o £ 5 0 0 i . DR, R SR R R
5 DR BEREAT A B — b 0 A LA . SRR AL G T A T — R SR, AR ARG A
FETE ) 6 RK TS Bt~ 5 AR IR 3 2k 22 A <<f5 538 B R T A 22 IR e AR, DT 8 o AR
JIES B R TS, A 0 B AR 15 R AR TR IO, A 3 e 5 14) SR M . R A /K A5 vh R A7 A EL AT s ) R
R A | 23 [B) RUBE (%) v A% i P, 3 T o £ ) Bl e A 25 BB b A% s g R, SR i AR WS i 2R S
I 4R T AR Ve B B0 TR ). BIFIE SR A P B BRIV A5 55 40 7 o IR IR DL R AR 50 X AR )
JETE B A R T VR, SR 9 Il R A W T st A v A AR SRR ) T 45V AL il 4 GRE F 9 S i, RIS Sy
T8 BROK RS i (o RS YL B — b A L B

JERE A AR SO A R it & B D T PSR TR ] (1A T ZF AT T R A5 o 7 A T 32 v 24
Z MR NBE (AHLs) EBHRIR N AT 5 0 71 %G 500 71 A7 TRUED AR . B g, XA
JE T AHLs 288U 8RN 15 5 70 1 24 08 J7 12538 AL 35 A% 0 1) 3 2 G i vk U2 A0HE (835 i vk ). RO
8 i F IE T v R D PR L o RO R AR S, I AR Bk 2 TS . AHLs e RS
s AR A G S o TR B AR TAER AR PR, T XA S A TR 4 AR W R E R
AL HE B AHAE B (SPE) 'S Y A B (LLE) ", [ AH %5 B ER BV AH 25 B (SPE-LLE ) ). SPE I SPE-LLE
A R TR M R R A PR AE O, b T R SRR R R B 2E AT PR AR R T T AR X N, AR
5T 6 FH 2 HGaE R AF X ] SR A28 55 1% LLE J5 ik,

WIS R R Y 84S Y 3-0x0-C6-HSL . C6-HSL F11 3-oxo-C8-HSL % 11 fl AHLs 2515 54>
T 202 3R LLE A R i 10 i A B v, 30 o X6 26 U 2R AE B R A 7 00 A R 2 o SO e A 2 7
FFTR A P I AHLs [R1SCR 5 88 1 RI0RORH €233 - £ B — B PUAR AT 5 3% (UPLC-MS/MS) {35 43 F
&, oAb s B o M 44, B — APl | HERG AR M B R AHLs ZSBER RN 15 543 F R
D7 % AR T S 0 O 1 R D S A A 3 A 7 e 22 HLK IR AR R H 1R R T (polypropylene,
PP) . & 2 ¥4 (polyethylene, PE) . K 2/ (polystyrene, PS) f¥) 3 FR L} 230 | Az Wy B L AR N 43 Wb Y
11 AHLs 28055531, JF0F98 AW RRAE . [RIET, B AMEAS 5 20 F R I R S8 BER BN (5 5 7 T3
W8 Yo Ay S S B P S ). BIF 5 Z2 R AHLs 2845 5 43 AL & W i IRl i 5 1 5 0 B2, B M Tk i
A BN 1 i — 25 A B A R B AR 4 A T ik

1 MBL5 )7 (Materials and methods)

1.1 RS

AT 5T 2R P AR B AR UEAT a2 i, B R JOE 5T 4R A B ZEARAT B 7R AR CT7-HSL, [Nk R
C7-HSL /E R i H b AHLs B INARY). 11 Ff AHLs 2815520 FAriE i N-G-E 8 O BE)-DL-5 Z AR N
fi (3-0x0-C6-HSL) . N-C Pk Bk -L-75 22 % 2 P Ti (C6-HSL) . N-(3-%4 3 Ik 5L )-L- 755 22 & 12 P4 ik ( 3-oxo-
C8-HSL) . N-2F it 3 -DL-15 22 & R N i ( C8-HSL) |, N-(3-5 A% 28 Mk %5 )-L-1 22 & R N TR ( 3-ox0-C10-



3 LTS 45 TR AR M 11 Fh AHLs 25 BEA RN AR 5 20 700 2 B2 H A AT 787

HSL) . N-%% Bt 3k -L-755 22 5 R N Fis (C10-HSL) . N-GG-%A% 1 - be Bt 3L )-L-75 22 % 2 N i ( 3-ox0-C12-
HSL) . N-B-E A L T Bk 3)-DL-15 22 & R N ik (3-OH-C12-HSL) . N-F —bEt-L-f5 22 2R M s (C12-
HSL) . N-G3-8 A%+ DU % 1k )-L-1 22 % 1R P9 15 ( 3-ox0-C14-HSL) F11 1F -+ DU i & - DL 22 % R P9 g (C14-
HSL) FI N #54) C7-HSL #J1 T Sigma 24 5] (L6 K T 98%) 5 LI T I RN . IR LM MR IR O M
(BN 3.2 mm BYBRIE ) ¥ Tz T 2 7] ; K,HPO,. KH,PO,, Na,HPO,-2H,0., NH,Cl, MgSO,-7H,0.
CaCly. FeCly 6H,O( 43 M7 46) 4 T F g2k T8 m); HBE (A3 26) 14 T Tedia 23 73 H IR (26 99%) 14 T
Anaqua ‘A Fl; TR R (GrHT4l), KR (5B al) ¥ T E 2545 4 LB Bi 35 5L | B B S T 1
A TN T SEEE VKR Milli-Q B2tk

it FH 0 15 25 A 38 32 AL 4% UPLC-MS/MS(Xevo TQ-S, 3 [ Waters) ; 5 18 %5 /0> L ( Centrifuge 5810,
¥ Eppendorf) ; #7540 LA FEHL (TY92-IL, T I 2 ) ; BEH: 78 &AL (RE-100, At 50 KB ) 5 1H IR 3G 5746
(ZWYR-2102, bR ; 5L (MX-S, 25 [F SCILOGEX); %4366 EEH (UV 9100A, Jt 513 1A
#EP).

1.2 FEZR B

O3 BB 11 BG5S 20 1 ST P G A 100 mg- L B4 b o A 45 T, U 1 mL R A ALK
(V:v=1:1)BHS 1 mg L™ 09 b (BT A b 15 W b 1 TR i 4% BT 2 R BE ALK (vev=
1 1) Xt Rl R AR e W R TR FE R B AR C7-HSL FH By i, BO 6 1 mg- L' A BRI
JIT A TC ) 4 O VS TR T 20 °C BB IRAE.

FH G B8 25 18 7K 43 0 e B K,HPO4(21.75 g) . KH,PO,(8.5 g) . Na,HPO,-2H,0(33.4 g) fil NH,CI
(0.5 g) MW ACTH = pH = 7.4) . & 22.5 g MgS0,-7H,0 [ ¥% i B, 27.5 g CaCl, ¥ C. 0.25 g
FeCly-6H,0 BIVAWE D, JF 3 BIE A ZE 1 L. I 10 mL %W A 5 800 mL JC I 25 48 /K IR &, 43 5l A
I mL & B, C. D Ja, LMK ERZE | L, e 8RR & 6 8 98 370
1.3 UBE AP 5

Hili 2 AAT B AR (Bacillus subtilis) W F ] ZR GUAE WIS BT . G B ZE ALK TR B B P4 B A 1% 50 mL
LB B35 5509 250 mL = A3, 37 C % 5595, 12 h J5 B 1 mL B T 100 mL LB 1555 5£49 500 mL
MM REFE, i ODgo 155 0.5. B 2 mL WK 2 &4 200 mL #4778 J2 A 500 mL =i, K i
BIE K553 A 10 g PP, 10 g PE, 10 g PS, 75 37 °C R 1595 3 d I A M fie.

1.4 YIRS S T3 E

PR PR FR AR R P B R RN IR AR 1, FH 0.9% JC I AL AN A TR 2% 18 v Ve OB, 2 H A
Rl 77 7 40 T W5 3 v S R R A SR R B 2 50 mL Y B R, A B R TR 4N 28 v
(Na,0,P,(50 mmol-L™)-Tween80(0.05%) ) 1, & Ji& 2 min, T2 3 K. 1A I8 E 4 B 15 2 10 A= W e, 78
10000 r-min”" 514 F #5010 min, Y8 8.0 5 B3SO FHRIBUE 550, DOBLEIIRH 09 B8 7R T8 = il
E AR

TEWCEE Y I W TP A SRR SR CTRZEH, &% 15 min, F#KAH, IS A HUH, X 3 K H -
B ARG AE 150 r-min', 50 °C 24 T BEFE 78 1. FJo/K B PR i, 2 25 2 2 mL. B 0.5 mL BLIA TR,
0.5 mL 4li7K, i3 0.22 pm JEAE, R E.

1.5 XA TAESME

K J UPLC-MS/MS %t i3 8k} A= 9 b 11 Ff AHLs #4732 43 #Fr. (3% 4 ACQUITY BEH Cj4
3% 4 (100 mm x 2.1 mm x 1.7 um, Waters ), i3 A 0.3 mL-min, #FFE &4 5 ul, Z3H7 5 (8] 24 6.5 min,
FEIR R 40 °C, FRahAH A S EE, B 4K, Bk £ f g A0 BS+, A6 7 =Xk 2 507 W I (MRM)
B, AT EY 0.5 s, B F IR EE N 150 °C, Wi Al BE 2 450 °C, B ) SOMAEFL S Ny, 7
SN 844 L-h, HEFLSIE A 154 Loh!, flbds A @RS, BAE B E N 1.6 kV.

1.6 ERER S A

45 11 A0 AHLs F 1 FP PN AR 20 A AR 130 W (W BE 340 10 pg- L) 43 SRS, FE VR A A H B
A 2mmol-L™" L. 0.1% WX ik S5 F AT AL, 75 ESHRECT #-A T 434, IRl L Fe | Al
FL RN TS S5 A T
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1.7 BRI EE TR

XERE AR 5 0 TR BOT R AT AL, ARG 1R 4R, R AR 15 min VKA 15 min
(200 W T3, JA AR 3 s ¥ 3 s O&) B FR 7 SR OB REHE YRS 11 R AHLs {5520 T 47 2 8GR
R TEEATRALI 212 216 (0.01% VK 2R, V/V) PR AEBUGR RHE 520 T A BG4 T4k

2 #ER 54508 (Results and discussion)

2.1 s RmE AR A

FE 3 2 AR H BN 2 mmol L™ Z R B, £ & 8 bR, MRS, A 0.1% HR, IR A8t 42 &
REEE, FEARAS BRSBTS i o3 B U, SR FH VRIS B2 Ry R BIAH A IR 4G LLABI R 50%,
1E 2 min N ZRPERE I 60%, 0.5 min 26454 11 5] 80%, 5 3.5 min 34 /i1 5] 100%, fiz )5 28 0.1 min /b
#| 50% JFPR-#F 0.4 min. 12 Ff* AHLs {5 54>+ (G035 AR 9 ) B 04 W 1 43 FF (151 1), 3-ox0-C12-HSL #il
3-OH-C12-HSL 5 #4 /R 7E M5 55 25 1 U5 1F 25 R, PS5 AH 22 i) 1o ARk 2, 156 W3 3k 3 AR O A el
R R BRI AR CT-HSL 5800557 T e P BR AL 4 B AR L, FOR SIS 5 F B R R
W, (AR 4R BoR C7T-HSL S #5500 F Ok AN &, 186 A 1E 0 BARBEARENL 5 5 40 kil
O3 AR

100 0.95

a
3.68 a. 3-oxo0-C6-HSL

80 1.53 3.541h 543 b. C6-HSL

c 262 & 1 ¢. 3-ox0-C8-HSL
244 f 4.45 d. C7-HSL

1.88 ¢ J e. C8-HSL

d f. 3-ox0-C10-HSL

374|357 g. C10-HSL

i h. 3-ox0-C12-HSL

141 i. 3-OH-C12-HSL

0 L b j. C12-HSL
k. 3-ox0-C14-HSL
1. C14-HSL

0 1 2 3 4 5 6
t/min

B 1 12 7 AHLs {555 70T Fnifidh 19 (i 14
Fig.1 Chromatograms of 12 AHLs standards
¥ 11 Fh AHLs F1 1 Rl A ER ) 43 B HERE, 78 BESHEE RN #4724, 0w B s+, A& Bk s+
PR R AL R P (e R 8 e 7 568 8 i R o - b AT A, e R i s B A R
T, FEERZ M AR E MR B -, JF X AL s | i i R A S R AT Ak T 1 .
R 11270 AHLs 2K{5 520 T 0B & 0F

Table 1 Analysis parameters of 12 AHLs for mass spectrometry

(=N}
(=}
T

Intensity/%

&
=]
T
~

a&Y BFE F(m/z) FET(m/z) HEFLHLE/ V T g it /eV
Compounds Parents ion Daughter ion Cone Collision energy
3-ox0-C6-HSL 214 102.0%,111 20 10
C6-HSL 200.1 102.0*,99 20 10
3- 0x0-C8-HSL 2422 102.0*%,140.9 20 15
C7-HSL 214.3 102.0%,111.3 20 15
C8-HSL 228.2 102.0%,126.6 20 15
3-ox0-C10-HSL 270.2 102.0%,169 20 15
C10-HSL 256 102.0%,155 20 15
3-ox0-C12-HSL 298 102.0*,197 20 15
3-OH-C12-HSL 300.4 102.0%,199.4 20 15
C12-HSL 284.3 102.0%,183.1 20 15
3-0x0-C14-HSL 326.4 102.0%,102 20 15
C14-HSL 312 102.0*,211 20 15

* %€ 2T. *lons are quantitative ions.
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2.2 FESLYETARET AL

FHAERELY R LB, SR FHAR T MKV A8 7 B AP 7 20O ik AR W B b 11 A AHLs {55 2 Tt
TR 2455 8 LS BURAS 540 T ISR TE 34.6%—107.7%, Hid %t 3-0x0-C6-HSL. 3-0x0-C12-
HSL. 3-OH-C12-HSL. 3-0x0-C14-HSL F1 C14-HSL {557 F 4 A IR IK T 50%(34.6%—48.7% )
([ 2). A FH LC-MS/MS il 2 il & A1 5 B 17 7= A5 10 AR IR N A 5 20 F R 98t @ b 3R 4 I 1 Tl g
AU SR, M A B 11 Fh H AR AHLs {5 5 20 F [ELCRTE 53.6%—110%, 48 K 2805 TR %
WO CF B R (E 2). JLHS Bk S B R EICRAE 550 74 L, 75 A2 ICRE I 4 = L [T iR ik
53.7%—80%.

140 a 4% Shake 1401 b. —— ZFR ./ Ethyl acetate
—e— i 7 Ultrasound —e— 1L I Z R ZFEAcidified ethyl acetate
120
120
S 100 S
= =100 F
2 2
g 8ot 8
23 123
~ o~
80
60 T
40+ 60
20 1 L L 1 1 1 1 L L 1 1 40 1 1 1 I 1 1 1 1 1 1 I
NOA AN A A SES S SES S NOA A S S SN
SIS I TS ST I T
FIFITITF LI IX S FIFITTF I IS
N F £ £ § £ N & £ £ § £
~ ™5 L S L 5 oy S IS S
el ~ el ~ el el el el

2 PRPACICT S (a) FIP AN ZEHGH] (b) X RO E YR 11 Ff AHLs {55 7301 IR Y FLEL (n = 3)
Fig.2 Comparison of recoveries for 11 AHLs in microplastic biofilms using two extraction methods (a) and two extraction
solvents (b) (n = 3)

XA HEAT Ak . R R £ T AR Ak 1) £ TR £ Tk T b 2 BRI 6T e 2 Ak A= M B ep 11 A AHLs
{5 54y T HEATHEIL, XoF I A4 [T i 8 45 SR 6 B, 4% 3-ox0-C10-HSL b, HiAy 10 s 5 T IR LI 2
MR 2 TR AT Ry 2 BG4S 2 ) LSRR A 5 v (1 2) . B i TAE R ME S E e ) £ 1R L R K fft, 4 v 2
BUSCREL R, SR BRI ) 4R LR VE M AR 543 F 2B [ i o sy
23 LA R HFR

Beihl 0.5, 1,2, 5, 10, 20, 50 pg-L™' A4 11 f AHLs {5 52> TR & An i TAE VW, TR IN MR C7-
HSL(10 pg-L™), DME 520 F M W 1 B PO bR 06 1T R LU A R A A, LASKE 7 %) e A Ak A s A8
TAEMZE. 11 A5 S0 TR PE RN R 5 R ¥IRTF 0.995(5% 2), W HARE 54> T4E 0.5—50 ug-L!
O N LA R e 2. 4 B LAE R H (S/ND Sk 3 1 10 Sl fff s A6 HH PR AT G 12 PR, 4G s B AN e PR
A3 7E 0.005—0.01 pg L™ F10.01—0.02 pg- L™ JEFE (55 2), XF H AR 4347 89 72 S 8 .

F2 11l AHLs (5 B FIORMEC R | KR e iR

Table 2 The linear regression equation, limit of detection, limit of quantitation of 11 AHLs

HEY LRI J7 e EIEES KRR/ (ng'L) FERER/ (ug L)
Compounds Linear regression equations Regression coefficient R’ Limit of detection Limit of quantitation

3-0x0-C6-HSL y=3.53x+0.44 0.9996 0.005 0.02
C6-HSL y=1.38x+0.09 0.9998 0.01 0.02
3-ox0-C8-HSL y=5.17x+0.31 0.9992 0.005 0.01
C8-HSL y=2.31x+0.57 0.9989 0.005 0.01
3-0x0-C10-HSL y=2.77x+0.10 0.9991 0.005 0.01
C10-HSL y=2.86x+0.80 0.9987 0.005 0.01
3-ox0-C12-HSL y=6.32x+0.44 0.9986 0.005 0.01
3-OH-C12-HSL y=1.38x+0.21 0.9966 0.005 0.01
C12-HSL y=2.44x+0.70 0.9971 0.005 0.01
3-0x0-C14-HSL y=3.70x+0.39 0.9955 0.005 0.01

Cl14-HSL y=3.27x+0.36 0.9987 0.005 0.02
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2.4 7 ik B TE AR, %

FERES LA 11 BRI AHLs 5 5 70 T IR n R W, SRR BE 73 50 2, 5. 10 pe L7, [R] i
BN ARY) C7-HSL(10 pg-L™) . FIAOL AL 89 20 W A5 00 77 3, 76 3 N IBR e BEE R 11 A 455 20 [l i
Ay BITE 54.2%—128.1%. 50.6%—109.6%. 56.5%—118.8%, AHXF 47 i i 22 53 51 Ky 0.2%—10.6%.,
0.9 %— 5.2%. 0.3%—6.6% (3% 3). AT UL, # 57 A fij b 345 7568 GRS ek A W S P AHILs E S A 4
W EE B, TS BT S R A M B . AHLs 55 731 ) HEf 5 ik

311 Fh AHLs {9 IR ORI b 22 (n = 3)

Table 3 Recoveries and relative standard deviations of 11 AHLs(n=3)

e TSI A2 pg L IV ES pg L™ IR BE10 pg- L™
=}
S35 [ g 2 /9% SE4 [l A0 9% SR R %
Compounds ﬁ SIENE A RSD/% SEH IR % RSD/ % SE IR % RSD /%
ean recovery Mean recovery Mean recovery
3-0x0-C6-HSL 54.2 1.3 57.2 0.9 60.1 1.5
C6-HSL 128.1 10.6 101.2 2.7 117.1 6.6
3-0x0-C8-HSL 93.0 5.5 52.6 1.6 90.0 1.2
C8-HSL 119.7 5.8 109.6 5.2 118.8 0.5
3-0x0-C10-HSL 99.5 1.6 101.3 5.2 90.2 34
C10-HSL 108.9 6.2 60.7 1.3 86.0 0.3
3-0x0-C12-HSL 78.0 43 50.6 1.6 79.0 0.4
3-OH-C12-HSL 65.1 2.3 54.2 1.4 64.0 0.8
C12-HSL 65.1 2.5 64.6 0.9 65.2 1.0
3-0x0-C14-HSL 55.3 0.2 58.4 1.6 56.5 0.5
C14-HSL 73.7 2.3 57.2 2.0 66.8 0.8

2.5 SEBRAE I

K L) LLE-UPLC-MS/MS J5 45 X T S} b il 5 ZE AR AT 11 2 0 RS 53- WA 1) AHLs {5 5 40 F 24T
JE 543 HT. C8-HSL. C12-HSL il 3-0x0-C10-HSL 155 73 F-7£ 3 P bty 5 25 f AT 0 26 P e vh B85 e A
(& 3). 8k, DRI T8EL PP PE A1 PS 4R BU AE I AHLs ¥R HA 25 5, Horp PE A9
FEHLAY 3 B AHLs ¥ B 35 T PP Al PS. 3 P88 kb A= WS C12-HSL 7= A= i fi 1, HLAE PE R IED)
P b B B d R R B 34 ngeg. AT L, SR PR IR A M5 S T R AR AEZE . PE AE WY i i
i (E3), AT R AR 5/ F o m i BN R WAk, (55 2 FU S5 m 2E P i % 2.

o CICS-HSL Cl2-HSL s
OC10-HSL —a— A:#iE & Biofilm biomass

50F 120

40f

30F

110
20

Concentration/(ng-g”")
Biofilm biomass/(g-L™")

0

B3 Al ZF AR A W A AR A 5 T
Fig.3 Quorum sensing signal molecules from Bacillus subtilis biofilm
AHLs 85 HEAIENAF 50315 A= Wy 5400 s B 3o R AT 6 B R AR AR DGR 7, (55007 e 181 19 AR
SRR DA T X S A A 0 JE O FE2 8™ A 52 . Wia 25 DA ERFH A Hh 70 288 200 T T b, F 5 200 T A 0 IO i
I EFERIBNAE 5 707 A2 B8 J1 BRI, BEMAMEAE 5 70 745 R B 1/4 97y Bk B LE W IEAS 21 T
AR RER. R, RS IS MEAR 500 T OF SR AR IR AR 5 00 1 U S (S AR Rl SR LR R 2 AT
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Fig.4 Effect of exogenous quorum sensing signal molecules on the biofilm formation of Bacillus subtilis.
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