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1
Table 1 Strains and plasmids used in this study
Strains and . References or
. Descriptions
plasmids sources
E. coli
RS BacterioMatch Two Hybrid System Reporter Strain - Km" Stratagene
P. aeruginosa
PAK Wild-type P. aeruginosa strain 7
PAKexsA Q PAK with exsA disrupted by insertion of Q) cassette Sp"Sm" 8
PAKApopN PAK deleted of the popN gene 4
PAKper2 Point mutation of start codon in per2 gene of PAK This study
Plasmids
pCR2.1-TOPO Cloning vector for the PCR products Invitrogen
pFLAG-CTC Fusion vector for cytoplasmic expression of C-terminal flag-tag Ap" Sigma
pDN19LacQ) Promoterless lacZ fusion vector Sp‘Sm'Tc" 9
pDN19 Broad host range shuttle vector Tc" 10
pUCP19 Broad host range shuttle vector Ap' 11
pEX18Gm Gene replacement vector Gm" oriT* sacB* 12
pBT Bait vector encoding full length bacterial phage Ac I protein Chl" Stratagene
pTRG Target vector encoding RNAP-alpha subunit protein Tc" Stratagene
pBT-LGF2 Dimerization domain of Gal4 on bait vector Chl" Stratagene
pTRG-Gal 117 Galll on target vector Tc" Stratagene
pHWO0006 exoT-lacZ fusion reporter on pDN19lacZQ Sp" Sm" Te' 13
pYANO0633 pYAN0629 fused with pDN19 Ap" Tc" This study
pYAN0636 pFLAG-CTC fused with pDN19 Tc"Ap" This study
pBT-popN popN gene on pBT vector Chl" This study
pBT-per2 per2 gene on pBT vector Chl This study
pTRG-popN popN gene on pTRG vector Tc" This study
pTRG-per2 per2 gene on pTRG vector Te' This study
pYAN0671 per2 and pscB gene on pTRG vector Te! This study
pYANO672 per2_and pscB_gene on pBT vector Chl' This study
2 PCR 37°C 3.5h
Table 2 Oligonucleotides used in this study 10min SDS-PAGE,
Primers Sequences 5'—3’
— 0Dy
For PCR clone of DNA fragment containing pcr2 gene
CGGCTGGAGTCGGCGCGCACTATAGAGAAA
TGCTGCGGATGTACTCGGTGAGCTGCACCA 1.4 B-
For per2 gene site-directed mutagenesis
exoT-LacZ
GCGCGAAGAGGAGCAGCAGGATCCACTGGGTTGAGCTGGCC
GGCCAGCTCAACCCAGTGGATCCTGCTGCTCCTCTTCGCGC 1%
For bacterial two-hybrid assay constructs Smmol/L. EGTA 1B 37°C
popN  GCGGCCGCAATGGACATCCTCCAGAGTTCCTCCGCCGCGCC 4h Ml B
GTCAGAAGGCCCGTATGCCATGGCCCCGCTCCCC " e
per2 - GCGGCCGCAATGGACTGGGTTGAGCTGGCCGTCGCGCAGTTC
GTCATGCGGCGAGCACTTCGCTGCGCGCCGAGCG 1.5 Hela
pscB GCGGCCGCAATGGAGCAGGAAGACGATAAGC HeLa 6 24h
GAATTCATCTGCGCCATGCTTAGTCCT
For C-terminal Per2-Flag tag fusions Conﬂuency 50%

CTAAGCTTGACTGGGTTGAGCTGGCCGTCGCGCAGTITC Hela 0Dy
GAGGATCCTGCGGCGAGCACTTCGCTGCGCGCCGAG

multiplicity of infection MOI 20

1.3 TTSS Western blot 2h Hela 500xg Smin Hel.a
1% Smin Hela
Smmol/L.. EGTA  Ethyleneglycol bis 2- 50pL 0.25% Triton X-100  PBS
aminoethyl-ether tetraacetic acid 2- Smin 4°C 15min Hela
LB 37°C 3h 2x
TTSS DMEM 5% 15% TCA

fetal bovine serum FBS © hERSEHEMEMTF R TIR A %ES htto://journals. im. ac. cn
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10min 10% SDS-PAGE
Western blot 2
1.6 2.1 per2”
Hela 24 5 x 10A4 PCR per2 4.1kb
/ 5% ¥FBS  DMEM
37C 24h pEX18Gm per2
1XPBS ATG ATC
Hela 1:20 per2”
4h 1XPBS Gm
0.05% Smin BamH [ PCR
250ul.  95% BamH [
30min 590nm TTSS per2
LB 5%FBS  DMEM ExoS  ExoT
1
1.7 Pcr2 per2” ExoS ExoT
PopN PscB
BacterioMatch [I  Two-Hybrid Vector DMEA LB
Stratagene " . kol
PCR pCR2.1-TOPO i !
pBT  pTRG PCR e »
2 Not | EcoR 1 " n = :Eiﬂz
Xho | DNA 5% FBS + +
Smoll. GIA - - + ; +
RS reporter strain L per2” TTSS
B 5 Fig.1 TTSS secretion assay of pcr2 = mutant. Wild type strain PAK was
used as control. TTSS was conducted in both LB and DMEM with 5%
10pmol/L.  IPTG Sh FES.
30°C Miller .
B-galactosidase 3 per2
14 per2 per2”
1.8 PopN IS8 per
TTSS B ExoS  ExoT 2
poriv purdipesl
15%  TCA trichloroacetic acid S ) ¥ . T
30min
1/10 10min A -~ Exol
SDS-PAGE PVDF-PLUS — A
PopN =
1.9 Per2 B
2 per2
per2 2 Fig.2 Complementation of per2~ mutant. TTSS induction assay were
PCR pCR2.1-TOPO conducted in TB medium. Rabbit anti-ExoS serum was used as first
Invitrogen Flag-tag antibody in the Western blot. V  vector control pYAN0636 pci2F
pFlag-CTC Sigma plasmid containing flag-tagged pcr2 gene pYANO0633.
per2 tac 2.2 TTSS B-
BamH [ pDNI19
Per2 pFlag- TTSS B-
CTC pDN19 © PERERMEWFRFTATIRS%EE PAK// joupsphl Tn. ac. cn
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3 PAK 100% Hela rounding
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Fig.3  Beta-galactosidase activity assay of strains carrying exoT-LacZ 3,01
fusion reporter gene pHWO0006 . Wild type strain PAK and popN~ 2250
mutants as controls. WO EGTA  non-inducting condition without adding % 20p
EGTA  WI EGTA induction condition with the addition of EGTA to the L5p
cultures. Lop %
0.5
2.3 HelLa 0 W @ -
PAK  exs4:Q  popN per2 Blank
pch - Stains
Hela Western blot ExoS 5
ExoT Fig.5 Cytotoxicity assay of Pseudomonas aeruginosa strains. PAK wild
4 PAK type strain as positive control exsA () as negative control popN ™ is
S mutant with constitutive secretion of effector proteins. blank is control
Exo ExoT without adding any bacteria during the assay.
popN ™
PAK per2” 2.5 pcr2 pscB PopN
PAK rd ) 2T T .. ..
" o 14 _ Yersinia enterocolitica
Cyloplasiu ~ :]]:::.E SYCN YscB YOpN
sycN  yseB yopN per2  pseB
popN per2
. ~—Exol PSCB pOpN
Medim —ExiS
degradation pCTZ pSCB pOpN
- /
4 per2” HeLa pBT  pTRG RS
Fig.4 Hela cell infection assay of Pseudomonas aeruginosa strains. reporter strain

PAK wild type strain as positive control exsA ) as negative control beta-galactosidase

popN~ is mutant with constitutive secretion of effector proteins. 3 POpN Per2

Cytoplasm samples from Hela cell cytoplasm. Medium samples from PscB

cell culture media.
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per2 ./
Per2  PscB PopN
3
Table 3 Proteins interactions study
with bacterial two-hybrid system
pTRG-
pBT-
Vector Gall1® popN per2 per2-pscB
Vector - - - - -
LGF2 - ++ 47 nt nt nt
popN - nt - - +
per2 - nt - - -
per2-pscB - nt + - -

* Positive control provided by the kit. -

activities < 150

no interaction B-galactosidase

+ positive interaction [B-galactosidase activities of 250-

por2tiy pordipa2l
Smme L LA - - - !

SupEEIAN 41— PerZ-Flag
Coll lvsae -i— I7er2-Flag
7 Pecr2-Flag

Fig.7 Secretion of Per2-flag fusion protein during TTSS induction assay .
Anti-flag monoclonal antibody was used as first antibody during western
blot and HRP conjugated sheep anti-mouse antibody was used as secondary

antibody. V  vector control pYAN0636 pcr2F  plasmid containing flag

350 350-450 and >450 are marked as + + + + + + respectively nt
tagged pcr2 gene pYAN0633.

not tested.
2.6 per2 PopN 3
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PopN chaperon per2
PopN per2 TTSS
Western blot per2”
PopN 6
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PopN per2” per2 pseB popN 3
PopN DNA
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Fig.6  Secretion of PopN protein in different Pseudomonas aeruginosa POpN pch -
strains. Rabbit anti-PopN serum was first purified with affinity method and PonN Per2
used in the detection of PopN protein in both cell associated and op cr
supernatant samples. Wild type strain PAKwas used as controls popN ~ POpN Per2
mutant was used as negative control. WO EGTA  non-inducting POpN TTSS
condition without addition of EGTA  WI EGTA inducting condition with P OpN TTSS
EGTA in the cultures.
2.7 Per2 “ cap structure
“ " plug structure 7"
Per2 1}
Per2 PopN
- PopN Per2 3
per2 TTSS P B B
Per2 6 per2 popN
CT.
TCA 5
fl 1 i
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Characterization of pcr2 gene of Pseudomonas aerugionosa

YANG Hong-jiang LI Ming-chun WEI Dong-sheng XING Lai-jun”
Tianjin Key Laboratory of Microbial Funitional Genomics Department of Microbiology
NanKai University Tianjin 300071 China

Abstract Type [l secretion system TTSS is an important virulence factor encoding by pseudomonas aeruginosa . About
40 genes are involved and they function as structure proteins chaperons regulators and effectors proteins respectively.
Although some genes have been studied previously functions of many genes remained unknown. Pcr2 gene is the third
gene of popN operon that is one of the five operons of the TTSS gene clusters. lis functions were investigated in this
study. First by characterization of the phenotypes of pcr2 ™ mutant we found that the abilities of secreting or translocating
effectors proteins were significantly damaged in the absence of Per2 protein suggesting that Per2 protein involved in both
the secretion and translocation processes of TTSS. Second evidences were provided that no PopN protein was detectable
in supernatant of per2 ™ mutant culture. Combined with the data from the bacterial two-hybrid system we can conclude
that Per2 protein might function as part of a chaperone complex for the PopN protein. Third Per2 protein was found
secreted in a TTSS-dependent manner suggesting that secreted Per2 may play a role in the TTSS needle biogenesis.
Keywords type [l secretion system pcr2 gene bacterial two-hybrid system Pseudomonas aeruginosa
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