& ‘i % % iﬁ. %\ Oct. 20, 2014, 41(10): 2061-2069

Microbiology China © 2014 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.130898

REERITE YT R R ERE PAOL LI Bk R G RIS

) 1A 2A 3 2 > N2 g 3 A ] e 1% : 2%
BAWS ZAC RANRD AN RER K YANG Ching-Hong
(1. 213164)
(2. Department of Biological Sciences, University of Wisconsin-Milwaukee, Wisconsin 53211, USA)

i E [B0] ABERARIRERRAERAERT LOFMHERE, M ITEASREA
(Type 1II secretion system, TTSS)Z K Emeg T HFH T —, KIIEAEG 21 > AARBRLT A4
¥ it 1% %5 om TTSS R F (Effector) = & 6940640, a7 At HAE R LE]. [ %] 4% TTSS 2«
B F eI E exoS 8955 FARE i #L pAT-exoS 35 N H & PAOL ¥, 3k#F PAOI1(pAT-exoS). 4/
T A5 PAOL(pAT-exoS) A #R3L3E 7 6 h /&, M exoS A B 69K L, AT ihik % # exoS
AR E RS, [4R]) HaERAP: 21 Mo T, 3 /MMLESWIT4H) exoS £ B £k,
2 LA WA exoS AR F &L, s, 1LE4 TS128. TS143 F= TS160 3t H Ak 4 KA A R 49
) VE B . Western blot 52 36 i — ¥ iE 5% 6 1 45 2] 49 4L-&4% TS108. TS128 F= TS165 =T #74) ExoS
8 7= A Abdh TS139 F= TS143 WAL ExoS #9 = £ . At —F AR IH| F 9EANE, &5
KA TTSS £Z69A45 B T exsd A& B T 3478 4941 7] TS108 F= TS165 6947 HI 2R, M rsmZ
rsmY A FE R EAK PAO6421 F R4 5] TS108 F= TS165 5+ 156 2 ZF74] exoS 2 A ¢ £ ik,
Bl A, #7417 TS108 A= TS165 4. A% 0% Gac/Rsm 12 5145 A %A AR EE 5 50T
FA . [448]1 345 TS108 F= TS165 694 A HLH| 7T 4t £& 2 %vh esxd B, K& exoS
ARRZXBEEFE.

X217 Pseudomonas aeruginosa, ExoS, #H|F, #H-F7, B 5k A%

The influence of cinnamic acid derivatives on the type Il secretion
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Abstract: [Objective] Pseudomonas aeruginosa, an opportunistic human pathogen, possesses a type
III secretion system (TTSS) as one of the major virulence factors by which it secrets and translocates

E&£WMAB: (No. 21272029)
*BIES: B<  xinchen@cczu.edu.cn
YANG Ching-Hong Tel/Fax 1-414-2296331 X chyang@uwm.edu
A
kS BHA: 2013-12-20 $EZ HHE: 2014-03-04 f5EE0F H AR B #3(www.cnkinet) 2014-03-17



2062 WA 2# ik Microbiol. China 2014, Vol.41, No.10

effector proteins into human host cells. In this study, five compounds which influence the expression
of TTSS were identified from cinnamic acid derivatives. [Methods] The transcriptional reporter of
exoS gene on plasmid pAT-exoS was used to monitor the exoS expression in the wild type strain
PAO1 with the candidate compounds. [Results] Among 21 compounds, three compounds decreased
the expression of exoS gene, whereas two compounds increased the expression of exoS gene. In
addition, the compounds TS128, TS143 and TS160 showed inhibitory effect in bacterial growth.
Western blot assay further showed that the level of ExoS was altered when the medium was added
TS108 and TS165. The expression of exoS was partly restored to the wild-type when the plasmid
p35-exsA which containing the exs4 gene was introduced into PAO1. However, there is no difference
of the exoS expression in the rsmY rsmZ double mutant with inhibitors TS108 and TS165. In
addition, the production of N-Acyl homoserine lactones, which is positively regulated by the
Gac/Rsm signaling pathway, is not affected with the inhibitors TS108 and TS165. [Conclusion] Our
results suggest that the inhibitors TS108 and TS165 affect the expression of exoS through the
transcriptional regulator ExsA instead of the Gac/Rsm regulatory pathway.
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PAO1  Escherichia coli DH5a LB
37 °C 12-16 h PAO1 TTSS
LB NaCl
(Nitrilotriacetic acid NTA) 200 mmol/L
USl 1TSS 10 mmol/L
(Ap) 50 mg/L (Cb) 100 mg/L
TTSS (Gm) 10 mg/L (IPTG)
1.2 FERFIFLEE
(Coumaric acid PCA) DNA
Dickeya dadantii  TTSS [16] Promega DNA
P. aeruginosa PAO1 T4 DNA NEB Fisher
[17] Slgma ExoS
Accurate Chemical & Scientific
PAO1  TTSS
a-RNAP Neoclone AP
TTSS )
SouthernBiotech
TTSS TTSS )
(Fluorescence-activated cell sorter
ExsA TTSS

1 MRS5S

1.1 Bk, FREIFIEFHEE

FACS) BD BioTek

1.3 DNA #1E
(Gs DNA PCR
1 P. aeruginosa DNA DNA

R 1 AL ETRAERF R

Table 1 Bacteria strains and plasmids used in this study

(23]

Strains or plasmids

Description

Reference or
source

Strains

P. aeruginosa

PAOL1 Wild type; Ap"

PAO6421 The rsmY rsmZ double mutant; Ap [18]
Agrobacterium tumefaciens A.. tumefaciensr NT1 derivative carrying a traG-lacZ reporter fusion, AHL (19]
NTL4(pZLR4) biosensor; Gm

Escherichia coli DHS5a supE44 lacU169 (#80lacZ M15) hsdR17 recAl endAl gyrA96 thi-1 rel4A1 [20]

Plasmids
pPROBE-AT Promoter-probe vector; Cb" [21]
pAT-ex0S E;Il{gfgi?T containing a 510-bp fragment containing exoS promoter [16]
pPSV35 Shuttle vector, laclq, and the lacUV5 promoter and MCS of pUC18; Gm' [22]
p35-exsA pPSV35 containing the exsA4 gene; Gm" This study
Ap" Cb' Gm'

Note: Ap": Ampicillin; Cb": Carbenicillin; Gm": Gentamicin.
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1.4 exsA EFER T

exsA P. aeruginosa
PAO1 , exsA-Xbal/exsA-
Hind 1T (5'-AGTCTAGAATCAGCGCACGTCGGAT

AATC-3'  5-ACTAAGCTTCTCGGGAGTACTGC
TTATCG-3’ Xbal HindIII )
PCR exsA Xbal HindIIl
Xba 1  Hind 1II pPSV35
exsA p35-exsA
PAO1
1.5 PERRLTEYRYECH)
TS108  TS109 Alfa Aesar
TS116-TS119 TS128 TS137-TS147 TS160 TS161
TS165 [24]
(DMSO)
0.1 mol/L —20°C
1.6 FNIEFK PAOL TTSS L& 1R ik
exoS-gfp pAT-exoS
PAO1 LB 1:1 000
TTSS
TTSS 250 umol/L
( DMSO )
37°C 6h PBS
FACS
1.7 WEERONE
PAO1 LB
1:1 000 TTSS
( 250 umol/L) TTSS
6h ODgpo
1.8 Western blot #l ExoS &H K
PAO1 LB
1:1 000 TTSS
( 250 pwmol/L) TTSS
6h 5%
12.5% SDS-PAGE Bio-Rad
PAGE
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Figure 1 The cinnamic acid derivatives used in this study
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Table 2 Screening of inhibitors and inductors of P. aeruginosa PAO1 TTSS

Chemical compound

exoS-gfp (MFI)
exoS-gfp expression (MFI)

Control (DMSO)

trans-4-Phenylcinnamic acid (TS108)
trans-4-Chlorocinnamaide (TS109)
N-(para-Coumaryl)phthalimide (TS116)
para-Coumarylamine (TS117)
N-(4-Methoxycinnamyl)phthalimide (TS118)
trans-4-Methoxycinnamylamine (TS119)
trans-4-Bromocinnamohydroxamic acid (TS128)
N-Methyl-4-hydroxycinnamamide (TS137)
N-(2-Hydroxyethyl)-4-hydroxycinnamamide (TS138)
3-Phenylpropionohydroxamic acid (TS139)
trans-4-Phenylcinnamohydroxamic acid (TS140)
trans-4-Fluorocinnamohydroxamic acid (TS141)
trans-4-Methylcinnamohydroxamic acid (TS142)
2-Phenoxyacetohydroxamic acid (TS143)
4-Hydroxybenzoic acid (TS144)
3-Hydroxybenzoic acid (TS145)

trans-4-Formylcinnamohydroxamic acid (TS146)

trans-4-Hydroxymethylcinnamohydroxamic acid (TS147)

trans-2-Methylcinnamohydroxamic acid (TS160)

trans-3-(2-Thienyl)acrylcinnamohydroxamic acid (TS161)
2-[4’-Benzylcarbonyl]phenylcyclopropan-1-carboxylic acid (TS165)

704.91455.39
247.31422.92"
726.88+74.82
624.33+17.78
674.95+30.68
587.05+20.15
780.86+35.94
351.97+178.33"
681.46+24.95
645.75+5.65
998.03+23.86"
699.96+11.20
712.97+21.94
633.24+10.46
473.29+81.89"

—

696.35+50.99
829.71+44.58
831.13+14.24
752.43+42 .41
850.26+12.31
877.11+12.58
292.64+12.77"

PAOI1(pAT-exoS) (

250 pmol/L)  TTSS 6h FACS

Note: Strain PAO1(pAT-exo0S) was cultured in the TTSS inducing medium with 250 umol/L indicated compounds or DMSO as control.
All experiments were performed in twice, and the value is statistically significantly different from that for the DMSO control (P<0.05,

Student’s ¢ test).
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ODioo 21
TS128 TS143  TS160 PAOL
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Western blot
ExoS Western blot
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Figure 2 The growth of PAO1 was changed when the

compounds were added into the medium
PAOI (

TTSS ODso

Note: P. aeruginosa PAO1 strain was grown in TTSS induction

250 pmol/L)

medium supplemented with 250 pumol/L compounds, and the
growth was measured at ODgoo. The same volume of DMSO was
added into the medium as a negative control. All experiments
were performed in triplicate, and the x+s are indicated.
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o ® 3 9 o 5
S N N N Ne N
R R P QAP O

3 MHEERRITEYEIE PAOL ExoS EAMF 2
Figure 3 The secretion level of TTSS effector ExoS was
changed by the inhibitors or inductors

PAO1 TTSS (

250 pmol/L) TTSS
DMSO . ExoS PAO1  ExoS
RNA p

Note: P. aeruginosa PAOI1 strain was grown in LB broth

supplemented with 10 mmol/L NTA, and 250 umol/L compounds.

The same volume of DMSO was added into the medium as a
negative control. The Western blot was performed using an
anti-ExoS polyclonal antibody. Numbers below the figure
indicate the relative intensity of secreted ExoS measured by
Image J. An antibody directed against RNA polymerase £ subunit
(a-RNAP) is used as a loading control.
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DMSO ( 4
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Figure 4 The expression of exoS was partly restored
when overexpression of exsA gene with TS108 and TS165

pPSV35  p35-exsA PAO1
TTSS 6h exoS
DMSO . IPTG
100 pmol/L.

Note: Promoter activities of exoS in P. aeruginosa PAO1 carrying
empty vector pPSV35 and the plasmid p35-exsA with the
inhibitors TS108 and TS165. The same volume of DMSO was
added into the medium as a negative control. Values of mean
fluorescence intensity (MFI) are an average GFP fluorescence
intensity of total bacterial cells with SD. Strain information and
whether cultures were induced with IPTG (100 pmol/L final
concentration) are indicated in the graph.
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Figure 5 Promoter activities of exoS in P. aeruginosa
PAO1 and the rsmY rsmZ double mutant PAO6421 with
the inhibitors TS108 and TS165

pAT-exoS PAO1  rsmY rsmZ
TTSS 6 h exoS
DMSO

Note: Promoter activities of exoS in P. aeruginosa PAO1 and the
rsmY rsmZ double mutant PAO6421 with the inhibitors TS108
and TS165. The same volume of DMSO was added into the
medium as a negative control. Values of mean fluorescence
intensity (MFI) are an average GFP fluorescence intensity of total
bacterial cells with SD.

6 H#k PAOL & rsmY rsmZ WRZ{K PAO6421
HMES 5 F AHL B97=4%
Figure 6 The production of AHL in P. aeruginosa PAO1
and the rsmY rsmZ double mutant with the inhibitors
TS108 and TS165
5uL AHL
28 °C
AHL .
Note: The AHL produced by PAO1 and the rsmY rsmZ double
mutant PAO6421 with the inhibitors TS108 and TS165 were
extracted and loaded onto the plate containing A. tumefaciens
NTL4 (pZLR4). The plate was incubated at 28 °C overnight.

AHL activities were determined by the appearance of blue spots
on the plate.

A. tumefaciens NTL4
(pZLR4)
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