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Abstract  Pseudomonas aeruginosa is an important opportunistic human pathogen. It encodes many virulence factors and one of
them is type [ll secretion system TTSS . Effectors proteins can be delivered into host cells directly by this system causing
necrosis or apoptosis. popN gene is the first gene in the popN operon of TTSS gene cluster. To investigate its function popN
gene deletion mutant was generated in this study and we found this mutant can secrete effectors proteins constitutively under non-
inducting condition in DMEM medium containing serum. The results indicated that PopN is a negative regulator of the TTSS
expression. However no secreted effector proteins were detectable when the popN ™ mutant was grown in LB medium under non-
inducting condition. To investigate the possible reasons effects of growth status and protease s inhibitors on the TTSS were
investigated. We present evidences that indicate protease mediated degradation of secreted effector proteins played a key role in

the phenotypic inconsistency of popN~ mutant.
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ExoU 234 popN =
TTSS TTSS
popN ™
TTSS 38 5 TTSS
TTSS
ExsA ExsC ExsD ExsE 1
ExsA TTSS 1.1
’ 1
TTSS popN LB Nutrition agar Mating
popN 7 Pseudomonas  aeruginosa LB DMEM
867bp TTSS popN Dulbecco’ s Modified Eagle Medium
popN Escherichia coli
TTSS pg/mL Ampicillin 100 Kanamycin 50
popN ~ Tetracycline 10 pg/mL
TTSS Carbenicillin 150 Tetracycline 100  TOPO
Invitrogen
Roche Diagnostic ExoS-Flag
1

Table 1 Strains and plasmids used in this study

Strain/plasmid Description References or source
E. coli
RP4-2-Tc  Mu-1 kan Tn7 integrant leu-63  IS10 recA zbf5 creB510 hsdR17 endA1l
BW20767 o . Stratagene
thi uidA  AMlu 1 pir*
P. aeruginosa
PAK Wild-type P. aeruginosa strain 6
PAKApopN PAK deleted of the popN gene This study
Plasmids
pCR2.1-TOPO Cloning vector for the PCR products Invitrogen
pUCP19 Broad host range shuttle vector Ap" 7
pEX18Te Gene replacement vector Tc" oriT* sacB™* 8
pPopNEXT A fragment containing popN gene in pEX18Tc Tc" This study
pPopNDT popN gene with Sca 1 /Hinclll deletion on pPopNEXT Tc" This study
pPopN PopN gene with its own promoter on pUCP19 Ap' This study
1.2 popN~ 0.8 2 PAK
PCR popN
2.8kb DNA P1  5'-GCGGAA nutrition agar 5~7h
ATACTCGGCGATGCTGGTGGCGACGAAAC-3" P2 5'- LB
CAACAAGCTTTGTTGCGTCGGTTTCAACGTCATCG-3' Hoang
PCR pCR2.1-TOPO s
pEx18Te popN DNA
Hincll  Sac 1 popN pUCP19 popN
209bp  DNA XL-1 popN
BW20767 1.3 1T Western blot
0Dy EGTA
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TTSS 1% ExoT popN ~
Smmol/LL EGTA LB ExoS ExoT
5% FBS fetal bovine serum popN ™ TTSS
DMEM 37C 3h popN
TTSS
2 % + + + + S%FBS
- i = +  Smmmoll EGTA
10min SDS-PAGE
Bio-Rad PVDF- , . =
PLUS Western ExoS “
HRP GE - oy
Healthcare ECL-PLUS Hyper Film PaK papi”
Phosphorlmager STORM 1 DMEM popN ™ TTSS
Fig.1 TTSS induction experiments in DMEM medium
15% TCA trichloroacetic acid 30min Wild type strain PAK as control. Supernatants of both strains were
| separated with SDS-PAGE and subjected to Western blot. Anti-ExoS
rabbit serum was used as first antibody HRP conjugated sheep anti rabbit
1710 1 x 10min serum as secondary antibody. ExoS and ExoT share 76% primary amino
SDS-PAGE acid homology and that is why rabbit anti-ExoS serum can detect both
1.4 proteins by Western blot.
Complete mini protease inhibitors with or without \
i . 2.3 popN
EDTA Roche Diagnostic
L0mL. LB popN pPopN
popN ~ DMEM TTSS
1 x 1B )
2 popN
172 1/4 1/8 1/16 TTSS
pPopN PAK
popN ~
2 + + + + S%FRS
= it T SmmelT. TOTA
2.1 PpopN~
| | =—TLCxaT
PAK DNA PCR = Exul
popN  2.8kb DNA |
pCR2.1-TOPO 3 -
B T ———
2.8kb pEXl 8Tc popNTpLCT1Y popdplop
popN 209bp 2 DMEM popN”
DNA 5% Fig.2  Complementation of the popN~ mutant
LB Plasmid pPopN carries an intact popN gene driven by its own promoter
vector pUCP19 as a control. Supernatants of both strains were separated
PCR on SDS-PAGE and subjected to Western blot. Rabbit anti-ExoS serum was
used as first antibody HRP conjugated sheep anti rabbit serum as
2.6kb pop N secondary antibody .
2.2 PpOopN ™~ 2.4 popN~ LB TTSS
PAK  popN~ LB TTSS
1% 5%FBS  DMEM 3 PAK  popN~
TTSS 1 PAK ExoS  ExoT EGTA

EGTA ExoS © hEREE A g el & il hQ@BN'_Jouma Is. im. ac. cn
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PAK
popN ~
ExoS
ExoS  ExoT

PAK  PAK popé poph” Strins
- | - Smmolil. EGTA

=Tt ]
=—Exos

Dregradation ol
ExoS and Exol

3 popN~ LB
ExoS  ExoT

Fig.3 TTSS secretion of popN~ mutant in LB medium
Supernatants were concentrated by TCA precipitation. The lower bands are

the degradations of ExoS and ExoT proteins.

2.5 TTSS
popN ~ DMEM
EGTA
ExoS  ExoT ExoS
ExoT 12
1/600
LB TTSS popN ™
LB
ODgy, =0.3
ExoS  ExoT
EGTA  4A ODg, > 1.6
ExoS  ExoT
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ExoS-Flag LB
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ExoS  ExoT
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ExoS  ExoT
TTSS
ExoS  ExoT
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TTSS
Fig.4  Effect of growth phase on the secretion of
effector proteins by popN~ mutant in LB medium
Early log phase samples were collected around 0Dy reading of 0.3. All
samples were precipitated with TCA A . Degradation of ExoS-Flag
protein with supernatant from bacterial cultures without adding EGTA LB

was used as control and anti-Flag monoclonal antibody was used to detect

ExoS-Flag B .
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5 TTSS
Fig.5 Protease inhibitors affect both the growth
of bacteria and the secretion of TTSS
One tablet complete mini + EDTA protease inhibitor was dissolved in LB
and used as 1 x . Serially dilute the solution with LB to make the solutions
with concentration of protease inhibitors as 1/2 1/4 1/8 and 1/16. All
these solutions were used directly in TTSS induction assay with or without

EGTA.

6A EDTA
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ExoS  ExoT
EDTA
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© PEFRF @%ﬁﬁ? FﬁleJﬁié‘fﬁﬁ%EKE]%:It‘é:

'/ journals. im. ac. cn



850

Chinese Journal of Biotechnology

2007 Vol.23 No.5

6C

ExoS ExoT

Protease inhibitor  Complate mini CDTA

-ll\- 1 : B
"
=

116
0oe2s 0

14
025

1%
0125

Profease inhitvtor
EINTA mmali]

6

popN ™~
Camplete mini-COTA CDTA
‘. =

e 0 0 0 4] 4]
025 0123 00625 0

144 I8

TTSS ExoS  ExoT

Fig.6  Protease inhibitors can block degradation of TTSS effector proteins

Dissolve one tablet complete mini + EDTA protease inhibitor in LB and used as 1 x .

Serially dilute the solution with LB to make the

solutions with concentration of protease inhibitors as 1/2 1/4 1/8 and 1/16. All these solutions were used directly in TTSS induction

assay without EGTA A & B . EDTA solution was added to LB and its concentration is the same as the corresponding samples with two

kinds of protease inhibitors C .
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