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(EZE] a6 FiHRS B E T VIR MRS (T6SS) HIFHARN (QS ) Z G 1 i 4% (5 B B Lk 4 ol Ji
TERTITER . ek ISR A TR AL P ok R BH A A AR R PAOTL il 8 A 0 e I DA R PR Ui 1 o R FH SIS 2
FEHE PCR KGN ERR T6SS MM Z I (Hep) 3L Hepl . Hep2 fil Hep3, QS RGHIFEHEEN LasR,
AN 22 A S 2 WE G AL S A (Psid) FIEMEIEN A (Peld ) , DI IVEIBBILH (Pild ) FHEEE ALK
(FLC) MIFRIKKTF-o RAMSIAEAR ¢ K4 LbAL PAOL AW B pa S ra b ke E SRk 225 . 4% PAOL &
WIBLRRIR PslA . Peld . PilA F FIiC L[ (AHXS Fik B & TR ra , B TR IiEra g 714, 274, 604 1 42 %
(P ¥1<0.05) , #/RHil&n PAOL A YIHE I BIE B T HA HEE A B 451 0 BUAE I8 . PAOT A= W9l iR 1A
Hepl . Hep2, Hep3 Fl LasR FEDR AERT SRR 4 WISk i TR AT, 43 PR IE DAY 1045, 11 268, 6 654 Fl 1 226 fi
(P#J<0.05) , #&75 T6SS il QS R4t 5 PAOL WAMBEEMTE A G, £ HISHBFMIE T T6SS Al QS RGen]
ReS SAEWOE A, FLRARIEEHLEIAG Rt — 25 .
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Type VI secretion system and quorum sensing system involved in biofilm formation in Pseudomonas aeruginosa
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[Abstract] Objective To explore the roles of type VI secretion system (T6SS) and quorum sensing (QS) system
in the biofilm formation in Pseudomonas aeruginosa. Methods The PAOI biofilm bacteria and planktonic bacteria were
established. The expression levels of T6SS associated genes hemolysin co-regulated protein (Hep) gene (Hepl, Hep2, Hep3),
QS associated gene LasR, exopolysaccharide associated genes polysaccharide synthesis locus A (Psl4) and pellicle A (Peld),
type IV pili gene pilus A (PilA) and flagellin C (FIiC) were detected by quantitative real-time PCR, and the expression levels
of those genes were compared between PAO1 biofilm bacteria and planktonic bacteria using independent #-test. Results The
expression levels of PslA, PelA, PilA and FliC genes in PAO1 biofilm bacteria were respectively 714, 274, 604 and 42 folds
of those in the planktonic bacteria (all P<<0.05), suggesting that PAO1 bacteria formed mature biofilm with flagellum and pili.
The expression levels of Hepl, Hep2, Hep3, and LasR genes in PAO1 biofilm bacteria were respectively 1 045, 11 268, 6 654
and 1 226 folds of those in planktonic bacteria (all P<<0.05), suggesting that T6SS and QS systems were related to the biofilm
formation of PAO1 bacteria. Conclusion T6SS and QS systems might be involved in biofilm formation in Pseudomonas
aeruginosa, and its regulatory mechanism needs further study.
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T, T 3 ™ SRR e o e e R P o A
VBl BRI 1) A HE BRI 2V, B B Y
PIARMERE HA IR BRI S Bt A P
EIE W 3oL, A B TSRS, A BhG
AR A DG (R XA P R A T v SEL K

2 T RE I8 2ok 88 B0 W R G AR s AU R
SHEBEAEMEEH. VIR SRS (type VI
secretion system, T6SS ) J&H % B4 4 B v 1) —F
WEWNFEERE T RSGE, SRR R TR )
I, WMZREILPHE A (hemolysin co-regulated
protein, Hep) i 160 NEIEFRAG AL, & HLAI[Y
T6SS U 43 T, Lk ECANIE A 3 Fh T6SS Kk
K%, 2054k Hepl. Hep2 Al Hep3 HHEAY. B
RIS ( quorum sensing, QS) ARG EME R
VBl BN ) 240 B 28 B2 SR A9 A B B R SRR R 5 &R
g, AR QS FR G i AT 0 ] 4 2 A R
R A AE D TR B, R AR SRR QS R4
X} T6SS 4 B E A AT/ E Y.

ARWFFEALE LWL Al AL PAOT TR Y
AR B AE MW B 5 I IR TR R T6SS AHICHE PR A
QS RYANCHEH RIBAKPHY 225, Hf T6SS Al
QS FRGEAE el 2 A L b A W SO )b e VR

1 #MRFA %

1.1 Bk, XA SAE St R TR A o A
PHPE R TR PAOT HH B KT W sl 2 2 2
W MmBREPRE SR ( BERHEEE Y EARA
BRAT ) , 96 fLF 6 FLABMEEE TR (JNEER JET
/A% ), LB (Lurib-Bertani ) M523 (Jbathl
WHARBAR A BRAF ) , M E RNA $EEGLH &
(£ Omega ~7) ) , REFIAH &, 7O0ER
PCR &3] TransStart Green gPCR SuperMix UDG
(At X EMEARGIRAT ) o PCRAL (£
[ Applied Biosystems /A1) ) , L9 GwE i PCR
¥ (5% Eppendorf AH] )

1.2 PAOI & % i fo A U T ) &

1.2.1 PAOL w4l & #5 4 C fR{FH) PAOL
PR T B PARSE 74 1, 37 °C 155% 18 h; #k
BUAA T IS EFIE] 5 mL LB JRAREE IR, 237
L, EHTOAMERIEIA B, 37 C. 160 r/min iR

7% 18 h, SAFIFUER
1.2.2 PAOL A fEH# & ¥ 4 C REFMW
PAOL THAMEF T L BAE VARG F 5L [, 37 C &5
7% 18 h; PREUERATEIE4EFIS] 15 mL LB AR
FREh, P EES, B TRBEREKL,
37 "C. 160 r/min I A&3EFE 18 hy PR IKE 2
0.5 A& (1.5X10° CFU/mL) , 7E 6 fLARH
FALIN 800 pL AN 2.4 mL LB Wik IR %L, &
TR IR, 37 °C 1538 6 d MU (LEWwns
BB ), HEAE 2 d FHHE LB AR 7R
1 KW K53% 6 d J5, TIUL 6 FLARAYJHRI . 2h &
—JZRRRY, RCATE R A R . e R,
INAGE ST AR BRER K, BRIV R
FERMAR, AL A B K, FHAn S
BT REBTE 6 FLARR T AR E R E YRR e
WAL HERIR G, JAFE YR TR Y TR
1.3 BARRAERAAN  FIEANEE S RNA $EHGLH)
BV, PRI PAOT J500% 1 Al A= 1y o B o
e RNA, CKAEZEU B RNA F 1.5% Bifigigeie
PEATHLK, KU RNA g8 ; RN eeEk
K RNA RH 5 K2 260 nm F1 280 nm 4b 4 Y655
I A (Dyg/Dagy ) o 1811 S A &
FE S B RNA %565 M cDNA. LA 16S rRNA
HNSHEE, RSP E i PCR §5TRI A
W T6SS FHICHEA Hepl . Hep2 1 Hep3, QS &R4E
FHOGHEA LasR, FfLAbZHiAE G 26 LA AT SE
A (polysaccharide synthesis locus A, Psl4 ) FIE
JEIE A (pellicle A, Peld) , LI IVEIEBIEN
(pilus A, Pil4) | ¥MiEHMAIEK (flagellin C,
FIiC) . £ 5P SEmt 2t & PCR 51975 & H
PP EE LR 1, 5 I A: TA TR (1) ety
ARRAFI G VA B EE 3 Kk, R4
3 WAL AR HINZE R AN S LA 16S tRNA 1)
Ct {8, 45T PAOL 77 B AL 1 bl i i 45
(1) Ct S{ERT ACt (B, FFMIARE 27 PP o 4
H B FE R AR 1
1.4 %t KA SPSS 17.0 B4t
SN, FEAIERS AT EERLL X5 FOR,
PILL ] BRI REAS ¢ K5, Rk (o)
9 0.05,
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Tab 1 Primer sequences for quantitative real-time PCR and the length of expected product

Gene Primer sequence (5-3") Product length (bp)

16S rRNA Forward: 5“AAC GCG AAG AAC CTT ACC-3' 149
Reverse: 5-AAG GGT TGC GCT CGT TAC-3'

Hepl Forward: 5-CGA GAA CGT GAC CCT GAA CT-3' 101
Reverse: 5-TGT TCC AGC CGT ACT TGA CC-3’

Hep2 Forward: 5-CGG TGG TCA TCA CCAAGG TC-3’ 194
Reverse: 5-CTG GCA GTT GTG CAT GTA GTC C-3’

Hcep3 Forward: 5-GGA TGC GAT CAT TCT CGA TT-3' 199
Reverse: 5-GGT CGA GGT GTC GAT GAA CT-3'

LasR Forward: 5“TCG GTT ATC TGC AAC TGC TC-3' 115
Reverse: 5-GAC CCA AAT TAA CGG CCA TA-3'

PsiA Forward: 5-CGG TCA GCG AAT ACA GCT C-3' 103
Reverse: 5-TTG ATC TTG TGC AGG GTG TC-3'

Pelq Forward: 5-“GGA ACA GCC AGG TAA TGG AC-3' 112
Reverse: 5-TCC AGG GTA TCG AGG AAC AG-3'

PilA Forward: 5-GAT CAA CCC GCT GAA GAC C-3' 100
Reverse: 5-TGT TTC GGT CGC AGT AGA AG-3'

FliC Forward: 5“CGA CAA GGG TGT ACT GAC CA-3' 100

Reverse: 5-GAC CTT CAC TGC GAC CTG AC-3’

Hcp: Hemolysin co-regulated protein; PslA: Polysaccharide synthesis locus A; PelA: Pellicle A; PilA: Pilus A; F1iC: Flagellin C

2 # R

2.1 RNA 3R 7P R 4 Hml AR EU)
RNA ] 1.5% BrgvHBER ATk, A0 23S F
16S RNA P4 2547, UEHE RNA 583%, Rk
AR (1) o S5OMHOGEE K RNA
FYZERE, o Dygy/Dygo FITE 1.9~2.0, $2/5 RNA 4f
FERAT

1 PAOL FiFEMEMBIRE 2 RNA FBIKE
Fig1 Electrophoretogram of total RNA from PAO1
planktonic bacteria and biofilm bacteria
1: PAO1 planktonic bacteria; 2: PAO1 biofilm bacteria

2.2 PAOl AMHIER 6952 LH5OEE R PCR
REMZE SR B, 45 B 038 PRG fige Hh 28 35k o — 0
VERAB IR v BLAT . PAOL A=Wk T PsiA-
PelA . PilA. FIiC & XS 315553 51 0 P2 it T
B 714, 274, 604 F1 42 f5, ZRHGIFE XL
(P 9<0.05, Kl 2) . #ERHl#0 PAOL AY#k
FEBETE T EL A #E FER B 45 4 Y A e s

8r IPlanktonic bacteria

= mBiofilm bacteria

* *

= 6 [l M

S *

= M

X 4L

°

5

29l

0

PsiA Peld  Pil4 FliC

lg (relative expression

B2 PAOLZIFEEMWKIZE Psid. Peld. Pil4 0
FliC RN RIEE T
Fig2 Comparison of expression levels of PsiA, PelA,
Pil4 and FliC in PAOL1 planktonic bacteria
and biofilm bacteria
PslA: Polysaccharide synthesis locus A; PelA: Pellicle A; PilA:
Pilus A; FIiC: Flagellin C. "P<<0.05. n=3, x=*s
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2.3 T6SS AAk A WA QS A4%L PAOI AL
WXk & SERFSOEE D PCR RIS R oK,
PAO! A=W 9T QS RGAHCEEA LasR AN
IKHCONTRIFIEY 1226 15, T6SS AHICHEA Hepl |
Hep2 F1 Hep3 FE PR B RFGE 305 58 0 0 2 77 0 1T 1)
1045, 11 268 Fil 6 654 5, ZRHAZITFEEX
(P ¥<0.05, Bl 3) . #&/5 T6SS Fl QS R4
PAO1 WA IE B G .

3 . .
10 — *  3Planktonic bacteria
* . . .
_§ — m Biofilm bacteria
z22 8
=
==
(=]
22 of
o X
2 = 4L
£7
SR
= 2L
L0
0

LasR  Hepl Hep2  Hep3
B 3 PAOL ZEFEMEMIESR LasR. Hcepl. Hep2
N Hep3 EE AN RIZE LR
Fig3 Comparison of expression levels of LasR, Hcpl,
Hcp2 and Hcp3 in PAOL1 planktonic bacteria
and biofilm bacteria

Hep: Hemolysin co-regulated protein. 'P<<0.05. n=3, x+s

3 3t i

20 T 1) A 0 R A4 TR 2R B 1 1 A R
e —FAE KT, HIE R3S R e
R, BAREAERE. AT AYREEZR
Y TR AL T ORBIREE 2= b RS, AR AR R o 22
1, AR S IR R AN, SRR YIS
JO7 3 RN SIS 7 AT 7 I e g

TE 20 W A W) o O it B b, 205G i
#i. (polysaccharide synthesis locus, Ps/) Fl#fx

(pellicle, Pel) H[RFERG B P RN RN+ 15 4H
WA B DI . Psl SERBEALES 15 DN IFHL
Be BEHESL, B PsIA~PslO. Pel SEHRFHEEE 7 IF
JHCREIERESL, R Peld~PelG™, TEAYIBIEIE ALY
WILE BT B, — S0 b 20 L A1 220 25 DR ) 2 S i
i, dEmKESNEZHEEGY, fEMINE e
MR E S BT, BRI RN 1, 2
HEA Y0 A TR R B AR R A PR R R IV A
P B TR ARG, I Pild Hits, 540
FARB JTAH G . FilC S A gmtsh iy Dy gtk i & 8
(flagellin ) BHA B MY G fie [, 24 Sk oA

PR 22RER0 B . SR A s Bl i
SHEHBURTERVIADG, KB ERABER T
Wik, k2 IV B0 AR LR 7E Y R R T
TE B2 E5RE AN R I — 20T Bl 22 i) e i R
EYIIEEER®S . AR AR BN, SRR
PAOT JS W B A= w5 RS 11 1 A L 411 22 WA S JE TR
PsiA ., Peld VI JGasitHHE R Pild | FIiC 3k
AEY TR, 5 RS A S S AT

LasR & QS &% Las REGt4H 72—, Las
Y LasR F Lasl 85 R AGE: 5%, (L dk4
A BRI TR B S B RN A S B A R,
BEEAM . SR A FSPEE A SN N
TFRFREY . AL, FSEAME PAOL K
PN A YW ) LasR R F A5 8 1 5 TR
o HETAIAFR 2RI QS RS A S
515 B T 2 S ) A A B T T A R R
SR A0 DA 2 AN Dl i 26 AR5 5 e Ak R 5
DL BRI AP AT AN TG 2 . ST
I, A R TR i 3 A A ) R BRR G Y
ZIRWEIR NS ( tyrosine phosphatase related to biofilm
formation A, TpbA ) , KiH4h QS {55 FI4H i 4 it
HNZRE = A AR IR A TR U Rk

T6SS 59 JE H BURPEAH G, I 7E 40 B
SO M R & EEAE Y, SRR T
A 3 FORTEIRY T6SS FEHME, 435Ik H1-T6SS.
H2-T6SS il H3-T6SS, £ HAEAF TS S 5 H:
T AE AR A EAEH . 8 Burkinshaw 25 & H—
Tl H2-T6SS Zrubi a4 1w 45 FH TOX-REase-5 (TseT)
5 2R AR B A 5 A MR A T 20 5 DA DG
INA I IR B IR /R AR A AR 6 Fh Hep 25,
3 HIAES S 40 M 2 1 AT WV E 45 1 & FE AN
PR . ARG R TE A SR B B PAOT A9
IR BE, 3 Fh T6SS AHFEIEIN Hepl, Hep2 F
Hep3 WZRIRACHIIE i TRIRIRAS, U0 T6SS W]
FIE T 40 2t Al B TR A= 40 0 RS 1 D 1l v i o o 4
o T6SS TEfE KRR IEZ QS REMER
LasR MR, QS RGXT LRI 3 F T6SS 11
PN, SRR SR MY Hep 35 BIF
WA KM LasR B945G07 5", Fitk, LasR i i
Pl T6SS HYZRIk A Rriff—P 9. 1R
B IR E B RetS E—Fh 2 IhfERE N T,
B QS ARG MEEL Sy, Moscoso ZF I EI,
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RetS FEPRG AL RE AR HEAE Dk BRI A, i8]
P = KO LN S SR S 4 85 R (cyclic
di-guanylate, c-di-GMP ) BY/=4:, i c-di-GMP
2 200 TR D R ) R S T 4 i R v 1 1 R
2, BKTH o-di-GMP ] fE 3E A= Wk B I i 5
RetS FeA A a7 ] I AL 2= 48 (type T
secretion system, T3SS) Fik, LI T6SS nyFk
k. Allsopp 5T & Bl H2-T6SS il H3-T6SS Ay
TEPEDE QS R J5 15 [ F RsmA Flf st
WHF AmrzZ 10, tE4h, Mougous ST K
W, —FRERRILI 2 Z MR- JIRAG PpkA 25
T T6SS B/ iaYs, HAT LAY Hepl 19
Irie PRI, KBRS 2 8] AT REAFFE— S A OREK,
SR E SRR, TR AR R 4

ZELRTIR, s EE T TeSS Fl QS F4t
H5ESIRNIESRA EEEN KR, QS RGELUK
HAME i S T6SS Z A ] BEAFTE & — N FH LI
RIS A IHPEN S, L [R]REE A0 R AR e
TR, RIS TR — P
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