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Abstract: [Objective] To study the effect of type III secretion system (TTSS) inhibitors on
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virulence factors, TTSS, bacterial flagella and pilin, of Pseudomonas aeruginosa PAOI1.
[Methods] The transcriptional reporters of exoT and exoY genes were used to monitor the exoT and
exoY expression in the wild type strain PAO1 supplemented with TTSS inhibitors. The protein
level of FliC was analyzed by SDS-PAGE. The twitching motility mediated by bacterial pilin was
examined on the BM2 medium. [Results] Transcriptional fusion assay indicated that the expression
of exoT and exoY was decreased when the TTSS inhibitors were supplemented. Although the
production of PcrV was not changed in the cells when compounds TS52, TS53 and TS94 were
added in the medium, the translocation of PcrV protein in the medium was decreased. The level of
flagella structural protein FliC was decreased when the compound TS53 was supplemented in the
medium. In addition, compounds TS52, TS53 and TS88 inhibited the ability of twitching motility,
whereas TS94 increased the twitching motility. [Conclusion] Besides the TTSS effector genes,
TTSS inhibitors influence other virulence factors, such as flagella and type IV pilus-dependent
twitching motility. These data will provide the theoretical basis for further clinical trials.
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Figure 1 The a-phenoxyacetamide compounds used in this study

R1 ALBFAEK. RAF54

Table 1 Bacteria strains, plasmids and primers used in this study

Strains, plasmids or primers Description Reference or source
Strains
P. aeruginosa PAO1 Wild type; Ap"
Escherichia coli DHSo.  supE44 lacU169 (#80lacZ M15) hsdR17 recAl endA1 gyrA96 thi-1 reldl [15]
Plasmids
pPROBE-AT Promoter-probe vector; Cb" [16]
pAT-exoS pPROBE-AT containing a 510-bp fragment containing exoS promoter region; Cb' [17]
pAT-exoY pPROBE-AT containing a 360-bp fragment containing exoY promoter region; Cb’ This study
pAT-exoT pPROBE-AT containing a 300-bp fragment containing exoT promoter region; Cb" This study
Primers
exoYBamHI 5'-ATGGATCCGACGGCGTACTTCGCGAC-3'
exoYEcoRI360 5'-ATGAATTCTGCATCCGCAGGGCGCAG-3'
exoTBamHI 5-TAGGATCCCACCAAGCCCGTCGCTGC-3’
exoTEcoRI300 5'-ATGAATTCCCAGGGCCCGGCCACGGC-3'
Ap"  Cb
Note: Ap" and Cb" indicate resistance to ampicillin and carbenicillin, respectively.
1.2 EZERXFIFNEE SouthernBiotech HRP (ECL prime)
Tag DNA T4 DNA GE
NEB Fisher (Fluorescence-activated cell sorter FACS) BD
Sigma a- BioTek
TS52 TS53 TS88  TS9%4 1.3 DNA &{E
[13] ExoS DNA PCR
Accurate Chemical & Scientific DNA DNA [18]
RNA Neoclone PcrV 1.4 1E exoY-gfp 0 exoT-gfp RS R
Dara W. Frank AP P. aeruginosa PAO1
HRP exoYBamHI/exoYEcoRI360 exoTBamHI/exo
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TEcoRI300 PCR exsY  exoT (TTSS 250 pmol/L DMSO )
DNA BamH I-EcoR 1 , 1% BM2
BamH 1-EcoR 1 pPROBE-AT 37 °C 24 h
exoY exoT pAT-exoY  pAT-exoT
TTSS
PAOI exoY-gfp  exoT-gfp (TTSS 250 pmol/L. DMSO )
[17] 0.5% BM2 37 °C 24 h
1.5 Western blot & ExoS(T)#A PerV & H 7K [12]
PAO1 LB e
1:1 000 TTSS
(TTSS 250 umol/L  DMSO 2.1 TTSS#HIHIFI3F TTSS HER & BB &N
) 6h PAOI exoS-gfp 21
EoxY EoxT PerV PAOI o
PerV [19] TTSS exoS TS52
SDS-PAGE Bio-Rad TS53 Tss8  Tso4!
PVDF 5% TTSS
ExoS PV (1:5000 )  1h exol  exoY
PVDF PBST 3 exol-gfp  exoY-gfp
(1:5000 ) 1h PBST 3 PVDF exoS ( 24)
AP (100 mmol/L Tris pH 9.5 exoY  exoT ( 2B C) Western blot
100 mmol/L NaCl 50 mmol/L MgCl,) ExoS
Ex0S(T) HRP A ExoT ( 2D)
B PVDF 22 o-FEEMHMEREU S EIE PAOL TTSS
PerV AR
1.6 HEELHES FIC BT PAOL  PerV TTSS
PAO1 TTSS ( TTSS  PopB  PopD
250 pmol/L) 6 h perV
I mL 2 000xg Smin 850 uL TTSS 1)
150 uL 100% TCA 30 min TTSS PAO1 TTSS
13 000xg 5 min PcrV
PBS PerV
SDS-PAGE FliC TS88  TS52 TS53  TS94
[11] PcrV ( 3
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Figure 2 The effect of TS52, TS53, TS88 and TS94 on TTSS of P. aeruginosa PAO1
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250 pmol/L) 6h ExoS
B )(D).

pAT-exoY (C)

PAO1 TTSS 6h
PAO1 TTSS TTSS (
PAO1  ExoS  ExoT ( RNA

Note: Promoter activities of exoS (A), exoY (B), and exoT (C) in P. aeruginosa PAO1 were measured in the TTSS-induced medium with
the inhibitors TS52, TS53, TS88 and TS94. The same volume of DMSO was added into the medium as a negative control. Values of mean
fluorescence intensity (MFI) were an average GFP fluorescence intensity of total bacterial cells with SD. To check the levels of ExoS and
ExoT, P. aeruginosa PAOL1 strain was grown in TTSS induction medium supplemented with 250 pmol/L compounds. The Western blot
was performed using an anti-ExoS polyclonal antibody. An antibody directed against RNA polymerase subunit § subunit (a-RNAP) was
used as a loading control (D). All experiments were performed in triplicate, and the x+s were indicated.
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Figure 3 The effect of TTSS inhibitors on the
production of PcrV protein
PAO1 TTSS
6 h 1.5 PerVv
PAOl  PcrV

Note: P. aeruginosa PAO1 strain was grown in TTSS-induced
medium with TTSS inhibitors. The western blot was performed
using an anti-PerV polyclonal antibody. An antibody directed
against RNA polymerase subunit § subunit (-RNAP) is used as a
loading control. All experiments were performed in triplicate.
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Figure 4 The effect of TTSS inhibitors on the flagella structural protein FliC and swarming motility
M Marker A PAO1 TTSS 6 h SDS-PAGE FliC B
PAO1 0.5% BM2

Note: M: Marker; A: P. aeruginosa PAO1 was grown in the TTSS-induced medium with inhibitors. The SDS-PAGE was performed to
check the levels of F1iC; B: Strain PAO1 was cultured on the 0.5% BM2 medium to measure the swarming motility. All experiments were

performed in triplicate, and the x+s were indicated.
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Figure 5 The effect of TTSS inhibitors on the ability of
twitching motility in strain PAO1

PAO1 TTSS BM2

37°C 24h .
Note: Strain PAO1 was stabbed into the bottom of a petri dish
containing the above 1% BM2 medium to measure the twitching
motility. The zone of twitching motility was visualized by

staining with 1% cystal violet. All experiments were performed in
triplicate, and the x+s were indicated.
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