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T3SS T3SS B PQS
T3SS QS T3SS
*T3SS QS T3SS -
Ca’" QS
Qs T3SS
e 4 Rhl T3SS
S ExoS T ExoT U ExoU PQS QS T3SS
Y Exoy "
3
T3SS 1
’ 1.1
Qs T3SS 1.1.1
1 2
1.1.2 LB
QS PIA LB
Rhl exsCBA T3SS Ampicillin Amp 100 pg/mL
Las Kanamycin Kn 50 pg/mL Gentamicin
El 1
Table 1 Strains and plasmids used in this study

Strain or plasmid Genotype or phenotype Source or reference
E. coli

F~ merA A mirr-hsd RMS-merBC - 80dlacZ AM15 AlacX74 deoR recAl endAl araD139 .
DH10B Invitrogen
A ara lew 7697 galU galK X~ rpsL nupG

P . aeruginosa

PAO1 Wild type lab strain This lab
PAOD100 rhil knockout mutant of PAO1 This lab
PAOL ApgsR pgsR knockout mutant of PAOI Gm' This study
PAODI00 ApgsR rhil and pgsR knockout mutant of PAO1 Gm' This study
PAO214 las] knockout mutant of PAO1 This lab
Plasmids

pEX18Amp oriT * sacB™* gene replacement vector with multiple-cloning site from pUC18 Amp" 15
pZ1918-lacZ Source plasmid of Gm" cassette 16
pRK2013 Broad-host-range helper vector Tra* Kn' 17
CTX6.1 Integration plasmid Tc* This lab
pMS402 Expression reporter plasmid carrying the promoterless luxCDABE Kn" Tmp" 18
pEX18Amp- pgsR pEX18Amp with a 1.1 kb PCR fragment of pgsR gene This study

PEX18 Amp-posRlac” pgsR knockout plasmid pEX18Amp with 537 bp upstream region Gm'-lacZ fragment from This study

pZ1918-lacZ and 533 bp downstream region of pgsR Amp" Gm"

pKD-exoS pMS402 containing exoS promoter region Kn" Tmp" 18
pKD-exoY pMS402 containing exoY promoter region Kn" Tmp" 18
pKD-exoT pMS402 containing exoT promoter region Kn" Tmp" 18
pKD-exsD pMS402 containing exsD-pscA-L promoter region Kn" Tmp" This study
pKD-CTX- exoS Integration plasmid CTX6.1 with a fragment of pKD-exoS Kn" Tmp" Tc" This lab
pKD-CTX- exoY Integration plasmid CTX6.1 with a fragment of pKD-exoY Kn" Tmp" Tc" This lab
pKD-CTX-exoT Integration plasmid CTX6.1 with a fragment of pKD-exoT Kn' Tmp" Tc' This lab
pKD-CTX- exsD Integration plasmid CTX6.1 with a fragment of pKD-exsD Kn" Tmp" Tc' This study

Gm" Gentamicin resistance Amp" Ampicillin resistance Kn" Kanamycin resistance Tc" Tetracycline resistance Tmp" Trimethoprim resistance.
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Table 2 Primers
Primer Sequence 5" —3’ Size/bp Restriction site
pasR upstream sl GGCGAATTCATCGAGTCCTCGACGCTT 27 EeoR 1
Al ATACCCGGGTCGATGGTGATGGCGATA 27 Sma 1
pgsR downstream S2 ATACCCGGGCCCGCTTCAACCAGTGCG 27 Sma |
A2 GGCAAGCTTCTACTCTGGTGCGGCGCG 27 Hindlll
lacZ pZ AGATCGCACTCCAGCCAG 18
exsD-pscA-L promoter 53 CGTCTCGAGCGACATGAGCATCGTCG 26 Xho |
A3 ATAGGATCCAGCCCACCACGGATACCC 27 BamHI
Gm 15 pg/mL Tetracycline Te 15 pg/mL pRK2013 "
PIA S1 A2 pZ 2 PCR
150 pg/mlL PAO1 ApgsR PAOD100 ApgsR
1.1.3 Synergy 2 1.3 -
BioTek Centrifuge5415D Centrifuge5810R pMS402 luxCDABE
PCR Electroporator -
2510 Eppendorf  Cooling Bath CBN 8-30 Heto-Holten R PAOL1 S3
AS GeneGenius Bio imaging system A3 PCR exsD-pscA-L T3SS
SYNGENE LAS-3000 FUJIFILM 96 Costar exsD Psc
Electrophoresis systems Bio-RAD 2 Xho 1 BamH |
DNA pMS402
pKD-exsD Pac |
DMSO EGTA Amresco
Taq dNTP Pac 1 CTX6.1
0XOID ®
CTX6.1 pKD-CTX-exsD
1.2 PAO1 ApgsR PAOD100 ApgsR PAO1 QS
pKD-CTX-exoS pKD-CTX-exoY pKD-
CTX- exoT
" PAO1 pgsR 1.4 T3SS
pgsR - LB
lacZ 37°C
SI A1 S2 A2 2 PAO1 100 oL LB 96 37°C 200 r/min
PCR 12 h 5% LB
pgsR pEX18 Amp 3h 1:20
pEX18 Amp- pgsR Smal pZ1918- 100 pL 96
lacZ ' 4kb  Gm 50 pL Synergy 2
lacZ Smal CPS luxCDABE 0Dy,
pEX18 Amp-pgsR lacZ
pEX18 Amp-pgsRlacZ 2
2.1 PAO1 ApgsR PAOD100 ApgsR
pEX18 Amp-pgsRlacZ DH10B
PAO1 PAOD100 E. coli

pgsR  PQS
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PQS T3SS 2.2 T3SS
pgsR T3SS
PAO1 ApgsR ~ PAODI00 ApgsR rhil  pgsR Ca’"
PAOD100 ApgsR Rhl Ca’" 5 mmol/LL EGTA 20 mmol/L
PQS T3SS MgCl, LB T3SS LB
T3SS " 96
exoS exoY exoT exsD-
pscA-L PAO1
pgsR PCR 2
PAO1 PAOD100 1.1 kb 2 T3SS
PAO1 ApgsR  PAODI00 ApgsR exoS PAO1
pgsR 4 kb lacZ 0D g
1.1 kb S1 A2 3
pZ 0.9 kb 1
T3SS
Ca’*
2.3 T3SS QS
QS T3SS
96 exoS exoY exoT
exsD-pscA-L PAO1 PAOD100 PAO1

Fig. 1

PCR
Agarose gel electrophoresis graph of the PCR products for
M.l1kb DNA marker 1.PAOI 2.PAOI
ApgsR 3.PAODIO0 4.PAODI00 ApgsR .

identifying the mutants.
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Fig.2  Expression of exoS in PAOL and the growth of the strain under inducing or non-inducing conditions. The left Y-axis indicates CPS value the
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right shows OD value the X-axis represents times course. The expression levels are shown as solid symbols and growth in hollow symbols. Inducing

condition is represented by squares and non-inducing condition by triangles. The experiments were repeated at least three times and the data shown are

representatives of similar results.
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Fig.3 Expression of T3SS genes in different strains under inducing condition. A The expression of exoS B The expression of exoY C The expression of

exoT D The expression of exsD-pscA-L. The Y-axis indicates CPS value the X-axis represents times course. PAO1 hollow triangles PAOD100 hollow

squares PAO1 ApgsR  solid triangles PAODI00 ApgsR  solid squares PAO214 solid diamonds. The experiments were repeated at least three times and

curves shown are representatives of similar results.

3 T3SS

Table 3 Expression of T3SS genes under different conditions

Gene Fold induction in Ca®* Fold induction in Fold induction in Fold induction in Fold induction in
depletion PAOD100 PAO1 ApgsR PAOD100 ApgsR PAO214

exoS 10 5.2 3.2 4.8 No change

exoY 20 5.4 No change 5.8 No change

exoT 14.7 2 2.2 4.3 No change

exsD-pscA-1, 5.1 5 No change 4.5 No change

The values represent fold activation compared to wild type or calcium rich conditions.
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Regulation of type [l secretion system by Rhl and PQS quorum sensing systems in
Pseudomonas aeruginosa

Weina Kong Haihua Liang Lixin Shen Kangmin Duan”
Key Laboratory of Resources Biology and Biotechnology in Western China Ministry of Education Faculty of Life Sciences
Northwest University Xi' an 710069 China

Abstract Objective To investigate the relationship between quorum sensing QS and type [l secretion system T3SS in
Pseudomonas aeruginosa . Methods We constructed several gene knockout mutants of QS systems. The promoters of the T3SS
genes exoS exoY exoT and exsD-pscA-L were cloned and fused upstream of the luminescence reporter gene cluster luxCDABE .
The reporter constructs were integrated on the chromosome in the wild type strain PAO1 and the QS mutants respectively and the
expression of the T3SS genes in these strains was compared. Results The expression of exoS and exoT in pgsR mutant was
increased significantly. The Rhl system repressed the activities of the four T3SS genes and the Las system had no effect.

Conclusion The results indicate that the Rhl and Pseudomonas quinolone signal PQS systems play an important role in
regulating T3SS gene expression in Pseudomonas aeruginosa .

Keywords Pseudomonas aeruginosa quorum sensing type [ll secretion system gene knockout integration
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