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Abstract: [Objective] Detect the effect of gene pfin on type III secretion system effectors.
[Methods] Complementary strain pfmC was constructed. Total RNA was extracted from the
wild type strain PAO1, mutant strain Apfim and complementary strain pfmC respectively and
real-time PCR was performed to detect the transcription levels of exoS, exoT and exoY. Further
more, both total intracellular proteins and secreted proteins of strains PAO1, Apfin and pfmC
were collected, and detected against the representative effector ExoS by western blot. [Re-
sults] The results showed that transcription levels of exoS, exoT and exoY were significantly
decreased in Apfm compared to PAO1, and recovered in pfmC. Western blot showed that both
total intracellular and secreted ExoS of Apfim were significantly lower than that of PAO1 and
recovered in pfmC. [Conclusion] In conclusion, gene pfin of Pseudomonas aeruginosa can af-

fect type III secretion system effectors.
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R P f FEAR RR PAOT A ARSI AR AT
FEBRER Apfin ARTIASCEAGENT; ExoS £ FikEL
RS 7, HRP Amic A ht e — bt
) H Promega AH]; WHIKYIEWHA Usb 2w,
RNA FEHGAF &4 I Qiagen A F]; i sk
& F1 SYBR Green Y4k H Bio-Rad 22 .

1.2 EivEHRESE

DL PAOL FEKZ AR, FH_LUiE5 14 pfmC-s
(BEYI 5N EcoR 1): 5-CGGAATTCCAAGCGG
AGGTGTCTCATT-3'F1 Fii#5 14 pfmC-anti (V]
f3i 154 Hind 1) 5-CCCAAGCTTGACGGCTCG
GATCCAGGC-3', §"1# pfin ZE[H . FIH EcoR 1 Fll
Hind W EGYIG %453 AR R R Y) 5 09 pDN18
#k b, BIMEELF B ANTUR. pDN18-pfim. #4i%
JRORE L AL A RRBR PR Apfin T, RIAS S 4 B 4D
¥k pfmC.
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extract 5, NaCl 5, pH 7.2, PRIk rAEEYR, 3
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FRIAR . SRIGTRIR 1:50 fZERh LG, R R EE
0.2%IM7E M L-Broth 3533, FIFH 5 mmol/L
EGTA 55 = B0 W AR GE A0 0 26 I R 38,
37 °C. 200 r/min #5555 6 h,

BT o TRV 2 2R TRV B2 ODgoo 1. ¥ BRI
MY ODgoo 15, FHTRAK L-Broth JEHLFE S, Hif5HE
o AN R AR, B 1 mL B, 7 000xg Sk
B0 10 min, BUELO S S BIE 850 L A —14
T4 1.5 mL B4, A 150 pL fiv& 1) 100%
TCA, VK L#+E 30 min, 13 000xg .0> 10 min,
WAEVTTE . F 1 mL Bl YN ERYESE, B 3K,
PIZBR TCA, 13 000xg Z iR =0 2 min, WEH
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ExoS. ExoT #1 ExoY AY4ERK T

Fig. 1 The transcription levels of exoS, exoT and exoY
by real-time PCR

e YA bRFRFEE AT EL. PAOL: BFARK; Apfin: Wil
kR; pfinC: HAME. rpoD NS LA,

Note: The ordinate indicated change folds of tested genes.

PAO1: Wild strain; Apfin: Mutant strain; pfimmC: Complementary
strain. 7poD was used as an internal control.
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EW it s, nliEd ExoS PG LR AR
IO R AT 43t A o 2 S (R e 12
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FEAE R LA I B AN AN R (i AN 2 PR,

—-— e c——

pfinC

2 Western blot 12l & KA ExoS &R FiAKF
Fig. 2 Detection of intracellular ExoS protein levels by
Western blot

PAOI Apfin

— T —

PAOI1 Apfin pfinC

3 Western 1l 533 2 40 & A5 B9 ExoS 7K F
Fig. 3 Detection of secreted ExoS protein levels by
Western blot

ZRASKR Apfim TEARN ExoS W] LB A= #IG, B
MR pfmC RN ExoS & M 28480k I B 5, It
H AR 0142 31|47 4 1 PAO1 ExoS Fik/K -, K3
JAr AN ExoS & EFRBK TR, 5
RN R IAE L —EL, PAOL Wi =T Apfin,
HAME pfinC 8 FAFRIRKF-FA 0157 57 A4 AU
KK, BRI ES 3 IR,
3 it

AR I SR AR M B ] pfim 255 L=
Y53 R GERON B LI A 5%, LA ExoS MR,
pfin SRR R 43 10 3 L A0 R RN B At 2 R
Ko 1 =R R G4 AR 1 AT LA B A2
AL, A T I P AT P SR ) G A
R L, ARG pfin RASRAE 2
PR R R S BRI T — MR

CL A SCHR i i (R B R TR BE Y pfim 33K
FEYE T ACP WRRE, 25 IR
F Bl AT HT IR SEHRGE, pfin 2845 (15 25
N RS T B MR RSHE
TR J3E TR 2 95 12 % ] gt e B L AT 7 = 78 G Y
REGEATTEH

AR X IR ZETLS, B2k B i i

http://journals.im.ac.cn/wswxtbcn



1466

WY FE 4 Microbiol. China

2013, Vol.40, No.8

RN R GE 2 PRI 2 AP, 2R P R R
RS IEA aced . aceBP"; 5875w bliis 13t
gltRP™ I pfin 28755, RRWiRRCEZEEL, M
e T 3 =53 Wb R G 0N i 1 32 3 A Y D
Ao H—Jm, FEH pfin BRIER, 155 58
N RGE T TR, PR, ki
R TR 25 B BN, 22 45 14 RhIT-RAIR, PQS R GE%F =
RUITIL R G OREAEH], T Lasl-LasR RGEXT
SRR G LA R0 g AIE
28 pfin RACANH] T RhI-RhIR Z 58 A0
LasI-LasR 24", H1F PQS 4052 3| S5y
F PgsR (MvIR)HEHIPY, A, F477 3G i
Real-time PCR &M T pfin X pgsR FEHBI520, K&
B pfin BIRRXT pgsR FE R TG i 3552 0 B AR 51
i)o BESR pfin (9287840 T Rhll-RhIR REE, #%
MOAMHER, =AW RS SHEIZ R —E R
FER) Lo ASSCR IR pfin BFIRAL 22 FE =R
WA FR GE RN R 1 ZR3K 7K A 6 3 4 i A Y
AR TR, XA FTREZER N pin 5878 FEUCHZE
AL, Mg =R R G VE B w5 T pfin i
i QS RGX =B MRS AR, (A5 5
TR 2B =B R G . EARBLEE
15333 — 2D H A S

2 % X M

[1] Hauser AR. The type III secretion system of
Pseudomonas aeruginosa: infection by injection[J].
Nature Reviews 2009, 7(9):

654—665.

[2] Hueck CJ. Type III protein secretion systems in

Microbiology,

bacterial pathogens of animals and plants[J].
Microbiology and Molecular Biology Reviews:
MMBR, 1998, 62(2): 379-433.

[3] Feltman H, Schulert G, Khan S, et al. Prevalence of
type III secretion genes in clinical and

Pseudomonas

147(Pt  10):

environmental isolates of

aeruginosa[J]. Microbiology, 2001,

http://journals.im.ac.cn/wswxtbcn

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

2659-2669.

Fleiszig SM, Wiener-Kronish JP, Miyazaki H, et al.
Pseudomonas aeruginosa-mediated cytotoxicity
and invasion correlate with distinct genotypes at the
loci encoding exoenzyme S[J]. Infection and
Immunity, 1997, 65(2): 579-586.

Mody CH, Buser DE, RM, et al.

Pseudomonas aeruginosa exoenzyme S induces

Syme

proliferation of human T lymphocytes[J]. Infection
and Immunity, 1995, 63(5): 1800—1805.

Knight DA, Finck-Barbangon V, Kulich SM, et al.
Functional domains of Pseudomonas aeruginosa
exoenzyme S[J]. Infection and Immunity, 1995,
63(8): 3182—-3186.

Jia J, Alaoui-El-Azher M, Chow M, et al. c-Jun
NH,-terminal kinase-mediated signaling is essential
for  Pseudomonas  aeruginosa  ExoS-induced
apoptosis[J]. Infection and Immunity, 2003, 71(6):
3361-3370.

Barbieri JT, Sun J. Pseudomonas aeruginosa ExoS
and ExoT[J]. Reviews of Physiology, Biochemistry
and Pharmacology, 2004, 152: 79-92.

Yahr TL, Vallis AJ, Hancock MK, et al. ExoY, an
adenylate cyclase secreted by the Pseudomonas
aeruginosa type III system[J]. Proceedings of the
National Academy of Sciences of the United States
of America, 1998, 95(23): 13899—-13904.

Frank DW. The

Pseudomonas

exoenzyme S regulon of

aeruginosall]. Molecular
Microbiology, 1997, 26(4): 621-629.

Vallis AJ, Yahr TL, Barbieri JT, et al. Regulation of
ExoS production and secretion by Pseudomonas
aeruginosa in tissue  culture
conditions[J]. Infection and Immunity, 1999, 67(2):
914-920.

Bai F, Li Y, Xu H, et al. Identification and

functional characterization of pfm, a novel gene

response  to

involved in swimming motility of Pseudomonas
aeruginosa[l]. Gene, 2007, 401(1/2): 19-27.

Zhu L, Lin J, Ma J, et al. Triclosan resistance of
Pseudomonas aeruginosa PAOI is due to FabV, a

triclosan-resistant  enoyl-acyl carrier protein
reductase[J]. Antimicrobial Agents and
Chemotherapy, 2010, 54(2): 689—698.

Gambello MJ, Iglewski BH. Cloning and



LA WM pfim BRI =853 U8 2R GEALUN B 1A 52 R

1467

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

characterization of the Pseudomonas aeruginosa
lasR gene, a transcriptional activator of elastase
expression[J]. Journal of Bacteriology, 1991,
173(9): 3000—3009.

Pearson JP, Passador L, Iglewski BH, et al. A
second N-acylhomoserine lactone signal produced
by Pseudomonas aeruginosa[J]. Proceedings of the
National Academy of Sciences of the United States
of America, 1995, 92(5): 1490—1494.

Diggle SP, Winzer K, Chhabra SR, et al. The
Pseudomonas  aeruginosa  quinolone  signal
molecule overcomes the cell density-dependency of
the

rhi-dependent genes at the onset of stationary phase

quorum  sensing  hierarchy, regulates
and can be produced in the absence of LasR[J].
Molecular Microbiology, 2003, 50(1): 29—43.

Mou R, Bai F, Duan Q, et al. Mutation of pfn
affects the adherence of Pseudomonas aeruginosa
to host cells and the quorum sensing system[J].
FEMS Microbiology Letters, 2011, 324(2): 173—180.
Bai F, Xu H, Zhang Q, et al.

characterization of pfim in protein secretion and

Functional

lung
Canadian Journal of Microbiology, 2011, 57(10):
829-837.

Agnello M, Wong-Beringer A. Differentiation in

infection of Pseudomonas aeruginosalJ].

quinolone resistance by virulence genotype in

Pseudomonas aeruginosa[J]. PLoS One, 2012, 7(8):

e42973.

Dean P. Functional domains and motifs of bacterial
type III effector proteins and their roles in
infection[J]. FEMS Microbiology Reviews, 2011,
35(6): 1100—1125.

Ma L, Liu X, Liang H, et al. Molecular targets of
14-alpha-lipoyl andrographolide on quorum sensing
in Pseudomonas aeruginosa[lJ]. Antimicrobial
Agents and Chemotherapy, 2012, 10: 1112—-1119.
Jin Y, Yang H, Qiao M, et al. MexT regulates the
type III secretion system through MexS and PtrC in
Pseudomonas aeruginosall]. Journal of
Bacteriology, 2011, 193(2): 399-410.

Aiello D, Williams JD, Majgier-Baranowska H, et
al. Discovery and characterization of inhibitors of

Pseudomonas aeruginosa type III secretion[J].

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

Antimicrobial Agents and Chemotherapy, 2010,
54(5): 1988—1999.

Sundin C, Thelaus J, Broms JE, et al. Polarisation
of type III translocation by Pseudomonas
aeruginosa requires PcrG, PcrV and PopN[J].
Microbial Pathogenesis, 2004, 37(6): 313—-322.

Lee VT, Smith RS, Timmler B, et al. Activities of
Pseudomonas aeruginosa effectors secreted by the
type III secretion system in vitro and during
infection[J]. Infection and Immunity, 2005, 73(3):
1695-1705.

Rietsch A, Mekalanos JJ. Metabolic regulation of
type III secretion gene expression in Pseudomonas
aeruginosa[l]. Molecular Microbiology, 2006,
59(3): 807-820.

Hornef MW, Roggenkamp A, Geiger AM, et al.
Triggering the ExoS regulon of Pseudomonas
aeruginosa: a GFP-reporter analysis of exoenzyme
(Exo) S, ExoT and ExoU synthesis[J]. Microbial
Pathogenesis, 2000, 29(6): 329-343.
Wolfgang MC, Lee VT, Gilmore ME,

Coordinate regulation of bacterial virulence genes

et al.

by a novel adenylate cyclase-dependent signaling

pathway[J]. Developmental Cell, 2003, 4(2):
253-263.
Hogardt M, Roeder M, Schreff AM, et al.

Expression of Pseudomonas aeruginosa exoS is
controlled by quorum sensing and RpoS[J].
Microbiology, 2004, 150(Pt 4): 843—851.

Shen DK, Filopon D, Chaker H, et al.
High-cell-density regulation of the Pseudomonas
aeruginosa type Il secretion system: implications
for tryptophan catabolites[J]. Microbiology, 2008,
154(Pt 8): 2195-2208.

Déziel E, Lépine F, Milot S, et al. Analysis of
Pseudomonas aeruginosa 4-hydroxy-2-
(HAQs)
4-hydroxy-2-heptylquinoline in

alkylquinolines reveals a role for
cell-to-cell
communication[J]. Proceedings of the National
Academy of Sciences of the United States of

America, 2004, 101(5): 1339-1344.
FLARIR, BREAE, TrEn, . AR SRR BN
T8 730 22 45 5% Rhl 1 PQS FEAARJEN 2 48015 [)].
T W24, 2009, 49(9): 1158—1164.

http://journals.im.ac.cn/wswxtbcn



