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Signal molecule autoinducer 2 promotes biofilm formation and virulence production

in Pseudomonas aeruginosa by quorum sensing system
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[ Abstract ]| Objective To investigate the effects of signal molecule autoinducer 2 ( AI-2) on the
biofilm formation and virulence production in the wild type strain, PAO1 and the strain with deficient quorum
sensing genes, lasR and rhlR ( AlasRArhiR) of Pseudomonas aeruginosa (P.a). Methods The wild strain
PAO1 and the P. a ALasRArhIR strain were used to establish biofilm model. The following experiments were
performed on 4 groups, including PAO1 group, AI-2+PAO1 group, P. a ALasRArhIR group and AI-2+P. a
ALasRArhIR group. The biofilm formation was measured by crystal violet assay and observed with confocal
laser scanning microscopy ( CLSM). Kirby-Bauer disk diffusion was used for drug sensitivity test. Virulence
factor pyocyanin and elastase production were measured by chloroform extraction method and Congo red assay,

respectively. Results Compared to the wild type PAO1, the biofilm formation and virulence production were
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significantly increased in AI-2+PAO1 group, as well as the diameter of inhibition zone was significantly

decreased ( P<0.05) , the biofilm formation and virulence production were significantly reduced in AI-2+ P. a

ALasRArhIR group, and the diameter of inhibition zone was significantly enlarged ( P<0.05). However, there
were no significant differences between the P. a ALasRArhIR group and Al-2+ P. a ALasRArhIR group in
biofilm formation, virulence production and the diameter of inhibition zone (P>0.05). Conclusion AI-2

enhances the biofilm formation and virulence production of P. a by the quorum sensing system.

[ Key words ]

Pseudomonas aeruginosa ; biofilm; quorum sensing system; autoinducer 2

Supported by the Natural Science Foundation of Chongqing ( cstc2020jcyj-msxmX0253). Corresponding author: YU Jialin, E-mail; yujialind68 @ 163. com;

TAN Liping, E-mail; tanlp0825@ hotmail. com.

b B S BT M 4% (1CU) A H 25)
2 SEERR A R B E RS . AR MALGE I KE
QIR AL AH 64 i 8 ( ventilator-associated pneumonia,
VAP) JPH N AT . ICU th VAP )R A3
5% ~40% FET-F L 10% ", VAP (1 R1E S ES
B FRIMIE IR E YW (biofilm, BF) 4 F KA KR,
BF 245 4 17 Ay 3 0 AR A7 PR B M B0 — R i i
U T ) A T 2 3 s s 2 0 R o L & 4 2 1
eDNA SEZWEE U G W), I H A B H b e
BN = 4E ST AR S5 . IE & BT BF BJE AL, AT
Dol 00 i A R R A

il £ Al B P ( P. aeruginosa, P. a) VR e N
AR DI S TR 2 — , FRATTHT S0 3o 4 2R W 2 O VA
TR P AR R AT 3k 93% Y, S E A
FFAJE BRI e ek s B RS S8 Lacw I
B3 FhiE g, H— A SRA PG e VAP 41 )L e
A E R ER AR 54 B0/ W P. o Iz 2007, F
FEUESZAH TR BF (4 T8 )8 0 ] 43 A0 0 A ] 40 B7 =2 1) 11
S —HEA N R 5 ((quorum sensing, QS) , QS F&
Grim o sz IR BT P A0 BT O W AR B s S
(autoinducer, AT) S 15 41 i 1947y 224k, X 4 3 BF
PIE B ) R 7 B P A A BT T AT-2 /RN
HATANE AW AITE S, nl SR oy i (] 40
(5 o N AMNITSE & B P. o T o S8R SRR
AL-2 s HAWAN G ™ A2 1 AL-2 {5 54y ¥ ) H 1
T Wl RS 72 2 S some 17, (B EL A FR LA
WMANTHE . P, AR EEL P. o B8P A R PAOL J
H QS &% lasR/rhIR FER R4k (P. a AlasRArhiIR) {E
WS TRR , ST AAR A1 BF A, %) L4 [H] BF A= 9%
JEEIE 18 85 7 R (S e v 2R 0 o 1k 2 il ) 7 2E S 4
PR ORI 1Y 22 55 AR SE AT-2 2 /el iiid P.oa QS
RGP BF BB AN EE K 17 A

1 #MR5TE

L1 ##
L1 1 SCHmte

LR M R PR RR PAOL, QS

255 lasR/rhiR F: R 2k £k ( P. aAlasRArhIR) /i =8 2 [t
J& LB B BB A LS50 = AR AT o

1.2 Sembipt Skl 96 LK Fdk .24 fLE5 SR
i (Corning 24 7], 35 1) s B £ 05 [ 1 8 4 F (COSMO
Owl, D YT Y A ek AR A S -2
( AI-2) (Omm Scientific 23], 3£ E) (¥ EE K 10 nm) ;
LIVE/DEAD L13152 %¢ 5% 4% 6, 3% ( Invitrogen Molecular
Probes /3], B H) s A IR A IE 7L (LB KRkt
AT R ED s AR MR R R SRS (PPB Bi g AL,
AT, ) s AR S N R 3R 5 (PTSB 1 537
JE,0xid 2 F] B E) s R ( LBE SR, P E);
PBS(Jbai 2 40, i) 5 &0 VHCL (R 3R 2 ) (1
#RHEAE T, ) 5 KIREL(SIGMA 23] f8E) .
112 SEEef¥ss WL R AE B A5 NikonAIR
( HAS Nikon 23] ) 5 4B EETE TU 1810 (b5t
Br/A ) s EPOCH 74 (25 E BioTek ) ; 18 i 4i 17 4
PR THZ-28A (VL9505 M HLER A R s H R 7248 ( 1
BRHEBEST 23 F] ) 3 KQ-250DE K7 8 7 b v e #% (VL%
A EEITAHD o

1.2 %

12,1 Z58E BF B B D(600){E N
0. 05 (BRI A TSR 96 FLAR , A fL 200 wL, SE5
Iy N 4 4. B PAOL 41, AI-2+PAOL 4] Fifl P. a
AlasRArhIR 2 A1-2+P. a AlasRArhIR 41, W41 H 6 L.
A 37 CAHEIRBEFRAAIFE 24 h, Sl O, JCH PBS
THUE, FF AR TS LS i 4 (80 pl/fL) Jft 10 min,
JCHA PBS IR LS A I YLkE, 3k 3 kBT 37 CIER
BET A 95% 7 WV e , BiFbR (X D(570)
1.2.2  CLSM W% BF &, Bt D(600) {H K 0. 05
MM A A R L0 W IJCH 24 FLakH, f 1L
I mL, SCA 1.2. 13 A 4 H, BAERE 3 L. A
37 CHEIRETFRAENTE 48 h J5 , 74l 2 R VL, R 5K A
AN 50 wl SYTO9 1 PTIRAS YL ik, MEE e 4 15 ~
20 min, G R T B AL, B BF 37 5 16 [



1442 i 25 %2 e R, 2022, 44(14)

http : //aammt. tmmu. edu. cn

BB A BAFRA S B E 3 A BEALILE , 451
PB4 8 ~20 2,
1.2.3  BF fE58cse & Bk oy st iksh
PAO1 BF #5280 [m] 1.2.1 73y 4 4, THBESE
3 KA HTCH PBS vk LR M i R, R &
iR BT 2 mL SR PBS L iEiR 2 % 5 min, B BF th
YA , SR J5 18] Kirby-Bauer (K-B) 4% R4 HGEA TR K
KA ZEEIRUD AL RNV AL 3 PP A R AR S .
1.2.4 G AR B R SR e TR 2= HORE A
D(600) {E }y 0. 5 BB WK, I A PPB K5 57 Jk i 5y
D(600){E K 0.05 BB, SCgmlA] 1.2.1 7302k 4 41, &
HEHR 34, 37 °C 200 r/min [HIRFEIRE G IGFE 24 h,
15 000 r/min 3 2500 10 min J5, B0 3 mL 35, TN
A3 mL @R G e 2% 1 min, §E8 BCED T )2
W AR A — X T, A 1 mL 0. 2 mol/L
HCL, BMEG G, W L2 A ik T+ 96 fLikH, 7
BEFRCT W D (520) {B. 2R MR R WK E =D (520) x
17.07 (B K pg/mL) o
1.2.5  WSRELZI0 5 s 2 1 HORE A R
D(600){HN 0.5 BT, I A PTSB 15 77 K& 8 5%y
D(600){E 4 0.05 MBI, SEgnlm] 1. 2.1 430 4 4, 5
HEH 3 E. 37 °C,200 r/min {55 F2 KE 5 5
24 h,15 000 r/min /&3 &0 10 min 5,8 100 wL |
HWT 1.5 mL EP 45, A 900 L RIS R
4,37 °C 200 r/min [HIEFLIRZE% %57 2 h,5 000 r/min
BOEBRARL G HNIRLL, B s T 96 fLikH, 7E
fig SR D (495) 1H
1.3 it F o4

SR HI SPSS 21. 0 Bt S g 4w i 47 Ge 1 o i o

Hih PAOL 40

GRS
(3]

0-

AI-2+PAO1 4

Wi 2 B0 A0 7 28 5 MR, A5 B R & oA HL7
ZEFFIA ¢ K36 B N 2K 05 22 70 B (ANOVA) 5 25 7T
A WS B 5677 7 ( Kruskal-Wallis £555) , Mann-
Whitney £255 F T 4H 8] FLEL . P<0. 05 Fna5eitv
ZESt o

2 HR

2.1 A2 AR F4AZMEEICH BF R e #a
il E RO R R (B 1A) : QS RGN lasR/
rhiR §i 2 F#F P. a ALasRArhIRBF 4= ¥ & ( Biomass =
1.5+0.5) B &L THEF 48k PAOL BF 445 ( Biomass =
2.120.4,P<0.05) ,iEH] 0S Z4i%t BF JU ik % 6 %
YEM. 5l PAOL 21 BF A9 6 B #{K T AI-2+PAO1L
ZH(P<0.05) ,5EH] AT-2 X} PAOL Bf2E#k BF g2 2
HIRVEVEF ., Wl P. a ALasRAThIR 2H5 Al-2+P. a
ALasRAThIR 2H BF A9y 0 B 22 550 WOGLILR AR
BEUE /R (K 1B) : P. a ALasRArhIRBF P )k Ji
WG AU TE Ak PAOL, T AI-2+PAOL 41 BF i
WA B 2 T 5l PAOL 41, ¥4l P. a ALasRArhiR
5 AI-2+P. a AlasRAThIR 41 BF NG FEUICHH B 24
o VA ESTR U] AL2 ANREHY 58 P. a AlasRArhIR
i) BF 1o
2.2 A2 3 RRVRAGABE AL BF A an i 25469 vk
K K-B 258040 7§ HOE I G xR R B 2R 4R
VDR NSRS 3 PG RIS 251, S5R B 5
B PAOT 41 HLAE, PAOT+AT-2 BT KRR 24 00
B RN TD R AW TR B E AR Y B 8N (P<0.05) o Al
P. a ALasRArhIR ZHIN T B B A2 Y B #3K (P<0.05) ,
MBS P. a ALasRArhIR 5 AI-2+P. a ALasRArhIR
HIAM R B T 2= (R 1),

B P.a ALasRArhIR4H

Al-2+P.a ALasRArhIR4

1. 3k PAOL #8;2. AI-2+PAO1 #1;3. 4% P. @ ALasRArhIR 28 ;4 . AI-2+P. a ALasRArhIR 41
(T E AN R FI 2L BF 69 £ 4% (n=9,x%s) a:P<0.05,5 %8k PAOL 20063 B ok 3 R & R MAT WL R B 4 PAO1 BF

A4
BR(GFEREFH , &R ERH)

B 1 Al-2 XAREEEREME BF IR0



http ://aammt. tmmu. edu. cn

Rl 22 %2 B R, 2022,44(14)

1443

67 a
B4
o0
2
e
i
¥ 27
iy

a
0-
1 2 3 4
2151 A

0.3 4

0.2

0.1

LR 1 D(495)

a

1 2 3 4
) B

a:P<0.05,%5 # 5%k PAOL ZHbb4%;1: #5% PAOL 2412 A1-24PAO1 24133 4% P. a ALasRArhIR %8 ;4. A1-2+P. a ALasRArhIR 28
AGMRE Z B BEEG

B2 A2 X AREESREMESNEFFENZM

F1 AL2 T3 dEREKHREME BF AAFENHEX
WER (n=9,mm xss)

gigll POKRRE EHEGEDE HNDAE
Hoph PAOL 41 26.0+0.6 24.7x0.3 31.9x1.0
PAOL+AL-2 4 23.8+0.4°  21.6x0.5°  29.5+0.6°
gl P.a ALasRAThIR 2 31.6+0.5"  29.6+0.7°  34.9x0.4°
AL-2+P. aALasRAThIR 2  31.8+0.4 29.2+0.5 34.5+0.6

a: P<0.05,5 PAOIL Zi1k4k

2.3 A2 S RRARGREILA 5 0 B T 8% h

W52 55 7R < P a ALasRATRIR JUFAS77 35
72k 2= [ (0. 15+0. 05) pg/mlL) ] A 1 il
[D(495)=0.05+0.01] ; ¥l P. a ALasRArhIR 4143k
HERBFNHE T4 5[ (0.20£0.01) pg/mL vs. (3. 6+
0.30) wg/mL ] A3 M2 B IS PR [ D (495) : (0. 03+
0.002)vs. (0.18+0.03) ] B 2% T 5k PAO1 41 ( P<
0.05), AI-2 X} PAOT B A= B35 J [H -4 ik 147 2R F
PEEE UG 7 AR X B A AR VR T, Bl T 1 2
= T PAOL 4, 15k P. a ALasRAThIR 415 Al-2
+P. a ALasRArhIR 2 HU3E, SR e R 26 7= A Bl o8 e 2R
P R 1 O Y 22 e (81 2) 5 DA AT-2 ANBESE 55 P a
AlasRArhIR 1175 1 7174

3 Wit

AR F I B 2 U SE AN PE AL-2 e AU BE Bk
B (AT 43 AL-2) REH 3 17 A Bk PAOL BF (W7
BRI S T A R R AN T . AR S
WESE T AL2 E#GEEA T P.a QS RGJHEE BF 1Y
TEBURIEE ) 56 R 323K, mi R PAOL QS JE[H )5, AL-2
ANHERGSRIL R GREG T BE P. @ AlasRArhIR [¥) BF K5
BHHETFHA,

P.a [ QS RGi )& BF &M EE Sy B 7= A 11 5%
SERZE i % T 10% 3 F kL Poa QS &

(n=9,x+s)

G FEALHE 3 PP Lasl/R (RRIL/R FI PQS R G, Horp
Las F1 Rhl 53 50| i 7 A R AE 14 1) N-T9E 56 155 22 R N
fig{Z "5 43T ( N-acylhomoserine lactone, AHL)  N-T [t
155425 % PN R ( N-butyryl-L-homoserinelactone , BHL)
AN- (3-8 -L-im 22 2R N i ( N-oxododee-
anoyl-L-homoserinelaetone , OdDHL ) , 3X ¥ Ff £ 4% X 4
LRARMIE BF (09I ORI ) R 1 7 AR B B AR
F,PQS REGEC AWHIE L el it NF-xB Ji i T i 1e 3=
PR B 28 IO 8 R4 8 T TR, T 9 73 A DU A B 23 DA
By TS TNF-a fil 1L-6 g3k

AT-2 H TuxS J PR 2 i 5 B, B A AR 5 1 DR <11 o
AT-2 AR I AR R AN TR 52 A7 5 WF 58 3R, AR
FAMLHI o M ASTE2E o U AT-2 [ n] o0 S 85 P 25 AT 1
F S IREE Y BE B, I 52 Wi 20 5 AE 90 40 T %) 5 1]
G ST T, AL-2 AL AT R A BR T
Pl T Rt B AR I S A B AT
AT R B FEVD T A N AR R PR LuwS FETH, 25
R LuxS B IS, 2058 09 AR KA 52 5200, {20 T 1Y 32 51
BESTWH R AZ B . DUAN 2517 ot 7 Jiti 4 0k 2 4 Ak fig
NIRW P A B AL-2 BAEAE , I ELIX SEER AT L 53 4
SRR TR BE IR S R R ey SR A 28 L 0
PERIOLHIAN B . AS2srp, AL-2 fEfe it PAOT BF Y
TR, ] PAOT REHESZHMEPE AL-2 94T, PAOT 4
W AT LuxS BEP, RIKAFES L AL-2, L TE LuxP Z 4K
(A2 fEHIZAA) I8 4 PAOL 2 A HiAh 2 1A 2 5
FYER? AIRES AL2 AT LME AT A TS 57
A K, B AITSE K B S 70 BOFF B WA RE 7 2 A2, {H
P3AT A2 AL-2 [T PR

L5 bRk, A2 WG P.oa QS REGEHE5R BF (1)
TE U EE I3 R 19 7 AR o VR S A W 0 M P 40 7 (] 9
TSGR IR, 7 AT-2 0 v B s MK R S
P.a 7 A AR R FRA X SE A R )z A T BEAK



1444

i 25 %2 e R, 2022, 44(14)

http : //aammt. tmmu. edu. cn

T AL2 A VA a3, A8 A L AT-2 10 1 A Rk
o VAP (A4 oAt 1) 348 A1 S L) A Bl iR S 416 10T
8L

SE k-

(1]

(8]

[10]

[11]

PAPAZIAN L, KLOMPAS M, LUYT C E. Ventilator-associ-
ated pneumonia in adults; a narrative review [ J|. Intensive
Care Med, 2020, 46(5) ; 888-906. DOI: 10. 1007/500134-
020-05980-0.
FERNANDEZ-BARAT L, TORRES A. Biofilms in ventilator-
associatedpneumonia[ J]. Future Microbiol, 2016, 11; 1599-
1610. DOI. 10.2217/fmb-2016-0040.
DEXTER A M, SCOTT J B. Airway management and ventila-
tor-associatedevents[ J]. Respir Care, 2019, 64(8) . 986-
993. DOI; 10. 4187 /respcare. 07107.
RABIN N, ZHENG Y, OPOKU-TEMENG C, et al. Biofilm
formation mechanisms and targets for developing antibiofilm
agents[ J]. Future Med Chem, 2015, 7 (4). 493 -512.
DOI; 10.4155/fme. 15. 6.
LI H D, SONG C, LIU D, et al. Molecular analysis of bio-
films on the surface of neonatal endotracheal tubes based on
16SrRNA PCR-DGGE and species-specific PCR[J]. Int J
Clin Exp Med, 2015, 8(7): 11075-11084.
WANG Y, LIU BB, GRENIER D, et al. Regulatory mecha-
nisms of the LuxS/AlI-2 system and bacterial resistance[ J].
Antimicrob Agents Chemother, 2019, 63 (10): 01186 -
e01119. DOI; 10. 1128/AAC. 01186-19.
LIHD, LIXY, WANG Z L, et al. Autoinducer-2 regulates
Pseudomonas aeruginosa PAO1 biofilm formation and viru-
lence production in a dose-dependent manner[ J]. BMC Micro-
biol, 2015, 15: 192. DOI: 10. 1186/s12866-015-0529-y.
WANG Z L, XIANG QQ, YANG T, et al. Autoinducer-2 of
Streptococcus mitis as a target molecule to inhibit pathogenic
multi-species biofilm formation in vitro and in an endotracheal
intubation rat model [ J]. Front Microbiol, 2016, 7. 88.
DOI; 10. 3389/fmicb. 2016. 00088.
DUAN K M, DAMMEL C, STEIN J, et al. Modulation of
Pseudomonas aeruginosa gene expression by host microflora
through inter species communication [ J]. Mol Microbiol,
2003, 50(5): 1477-1491. DOI. 10. 1046/j. 1365-2958.
2003. 03803. x.
FEOHEREE, ARIbR, ke, S S AR SN T S R B B Bk
RHR G AV RERSME R v [T]. P ESUA R4S,
2015, 40(4) . 278-284. DOI; 10. 13461/j. cnki. cja. 005528.
FUY K, YU J L, LU Q, et al. Establishment of in witro
mixed-biofilm model formed by Pseudomonas aeruginosa and
Streptococcus mitis [ J]. Chin J Antibiot, 2015, 40(4)
278-284. DOI; 10. 13461/j. cnki. cja. 005528.
FAZLI M, ALMBLAD H, RYBTKE M L, et al. Regulation

of biofilm formation in Pseudomonas and Burkholderia spe-

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

cies[ J]. Environ Microbiol, 2014, 16(7): 1961 -1981.
DOT.; 10. 1111/1462-2920. 12443.

HOLM A, VIKSTROM E. Quorum sensing communication
between bacteria and human cells: signals, targets, and-
functions[ J]. Front Plant Sci, 2014, 5. 309. DOI. 10.
3389/1pls. 2014. 00309.

KIM C, KIM J, PARK HY, et al. Structural understanding of
quorum-sensing inhibitors by molecular modeling study in
Pseudomonas aeruginosa[ J]. Appl Microbiol Biotechnol, 2009,
83(6) : 1095-1103. DOI. 10. 1007/s00253-009-1954-3.

PENA R T, BLASCO L, AMBROA A, et al. Relationship be-
tween quorum sensing and secretionsystems| J ]. Front Microbi-
ol, 2019, 10; 1100. DOI: 10. 3389/ fmich. 2019. 01100.
BACHTIAR E W, BACHTIAR B M, JAROSZ L M, et al.
AI-2 of Aggregatibacter actinomycetemcomitans inhibits Can-
dida albicans biofilm formation[ J]. Front Cell Infect Micro-
biol, 2014, 4. 94. DOI; 10. 3389/fcimb. 2014. 00094.
LEE N R, KIM M D, LIM M C. Autoinducer-2 could affect
biofilm formation by food-derived Bacilluscereus[ J]. Indian
J Microbiol, 2021, 61(1) : 66-73. DOI. 10. 1007/s12088-
020-00918-y.

KARIM MM, HISAMOTO T, MATSUNAGA T, et al. LuxS
affects biofilm maturation and detachment of the periodonto-
pathogenic bacterium Eikenella corrodens[ J]. J Biosci Bio-
eng, 2013, 116(3). 313-318. DOI. 10. 1016/]. jbiosc.
2013.03.013.

YADAV M K, VIDAL J E, GO YY, et al. The LuxS/AI-2
quorum-sensing system of Streptococcus pneumoniae is re-
quired to cause disease, and to regulate virulence- and me-
tabolism-related genes in a rat model of middle ear infection
[J]. Front Cell Infect Microbiol, 2018, 8. 138. DOI. 10.
3389/fcimb. 2018. 00138.

SUNY C, LI'Y, LUO Q, et al. LuxS/AI-2 quorum sensing
system in Edwardsiella piscicida promotes biofilm formation
and pathogenicity [ J ]. Infect Immun, 2020, 88 (5):
€00907-e00919. DOI. 10. 1128/1IAI. 00907-19.

BT, E, kR, S LuxS/AL2 X5 FEVD ] R 3
REPAAT [T ] LI R4 (PR 2R , 2011, 21(1)
34-41. DOI; 10.13312/j. issn. 1671-7783. 2011. 01. 005.
LUO Z, WANG M, DU H, et al. Analysis of genes expres-
sion regulation controlled byluxS/AI-2 in Salmonella enterica
serovar Typhi[ J]. J Jiangsu Univ Med Ed, 2011, 21(1):
34-41. DOI; 10.13312/j. issn. 1671-7783. 2011. 01. 005.
GEIER H, MOSTOWY S, CANGELOSI G A, et al. Autoin-
ducer-2 triggers the oxidative stress response in Mycobacteri-
umavium, leading to biofilm formation [ J].
Microbiol, 2008, 74 (6): 1798 —1804. DOI. 10. 1128/
AEM. 02066-07.

Appl Environ

(W78 :2021-12-09; &£ ] :2022-04-01)
(% XRIRAE)





