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PAO1 144 bp
M18 PAO1
lux phzIM phz
GacA GacS/GacA = PAO1 lux
7 GacS lasIR  rhlIR
quorum sensing o
GacA *® phz
gacS/ gacA M18
’ rhl  las
AHL AHL
P . fluorescens CHAO *~" Pf-5"7°"° PCA Plt ! GacA
BL915 " F113 " Pseudomonas rhl o
chlororaphis PCL1391 ¥~% lasklacZ
P . aureofaciens 30-84 * gacS/ gacA MI8  gacA M18G
2 4- 2 4- GacA las
DAPG Plt HCN GacA  MI8 las
-3 GacA rhl
M18 GacA las  rhl rhl
phz
MI18 gacA 1
M18G ° M18G -1-
phenazine-1-carboxylic acid PCA 1.1
1.1.1 M18
PAOL » M18 ‘
GacA  phz
phz LB 37°C » M18
gacA M18 KMB 28C 3°
phz RT-PCR phzA-lacZ pg/mL
' GacA  MI8 Ap 100 Sp 100 Te 120
1
Table 1  Strains and plasmids used in this study
Materials Characteristics Source
Strains
E . coli DH5a recAl endA1 gyrA96 thil hsdR17 k™ mk*  supE44 relAl SambrookRossel

Pseudomonas sp. M-18

Pseudomonas sp. M-18G

PCA  Plt producer
M18 gacA Km'

Amp" Sp'
PCA  Plt producer Amp" Sp"

Tet"

ing vector

pI5SA E. coli- Pseudomonas shuttle vector for translational lacZ fusions and promoter probing

Pvsl-pl5A E. coli- Pseudomonas shuttle vector for transcriptional lacZ fusions and promoter probing

Plasmids

pME 6000 Broad-host-range clon
Pvsl

pME 6015 .
Tet

pME 6522 .
Tet!

pMEZA1

pMEZA2

pMEG6015]asl

pXUG

365-bp EcoR | -Pst I PCR amplified fragment containing phzA1 upstream region cloned into pME 6522
700-bp EcoR 1 - Pst 1 PCR amplified fragment containing phzA2 upstream region cloned into pME 6522
305-bp EcoR I -Pst | PCR amplified fragment containing las/ upstream region cloned into pME 6015
900bp EcoR 1 -Xho I PCR amplified fragment containing gacA cloned into pME 6000

Hu et al 2005
Ge et al 2004

Maurhofer et al. 1998

Heeb et al 2000

Heeb et al 2002

This study
This study
This study
Ge et al 2004
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1.1.2

PCR

2

Table 2 Primers designed for this study

Oligonucleotide Sequence 5° —3’  and Restriction site Source
PRSMPCAA1 CTGGTAGAATTCGTTGCTCGCCTTCATCG  EcoRI This study
PRSMPCAG1 CCATACAAGCTTGCCGCTCTGGTCGATGTAG  Hindlll This study
PRSMPCAA2 CTTATCGAATTCGGCGAAGACTTCCAGG  EcoRI This study
PRSMPCAG2 GAAGATAAGCTTTACCGGACGCTCCAGCAGT  Hindlll This study
PRSMPHZMU AGGCTGGAAAGGTTGTCG This study
PRSMPHZMD AGGCTGTGCCGCTGTAA This study
PRSMPHZSU TCTCGGCGGTGGAAGTG This study
PRSMPHZSD CTGCGGATAGGCGTTGC This study
PRSMQSCRU CTCAACTCCAGCAACAAGG This study
PRSMQSCRD CTCGAAGATCCGCACGT This study
PRSMPA1906U TCGGCGGTGGAAGTGTC This study
PRSMPA1906D CCCTGGTGCTGGGTTTCT This study
PRSMPCAU GGCTATTGCGAGAACCACTA This study
PRSMPCAD CAATGCACGCAGTTTCTGTA This study
PRSMRPODI GAGCGGGAGGAGCGTTTAC Yan et al. 2007
PRSMRPOD2 CGGGCAAAAAATAAGCAGAGG Yan et al . 2007
PRSMPCA1U TCAGCGGTACAGGGAAAC This study
PRSMPCA1D TCCGTGGTCCAGTTGC This study
PRSMPCA2U GGTTGAAAGGGTTTACCG This study
PRSMPCA2D TCCGTGGTCCAGTTGC This study
PhzA1PUP ATATGAATTCAGCAATCCCGCATACC EcoRI This study
PhzA1PDOWN TATACTGCAGGCGGCATCGGTTATTC Pst1 This study
PhzA2PUP GTCAGAATTCAACCGAGATGCTCAAGTG EcoRI This study
PhzA2PDOWN ATTACTGCAGACGCAATTCCAGGTTGTC Pst1 This study
lasIPUP ACATGAATTCGCAGGTTCTCGCCATTC EcoRI This study
lasIPDOWN ACTGCTGCAGATAGGCGTAGTAATCGAAGC  Pstl This study
PAOL1 phzA1-G1 M18 PCA
phzA2-G2 PRSMPCAA1 PRSMPCAGI1 phzA1 phzA2
PRSMPCAA2 PRSMPCAG2 PRSMPCAU PRSMPCAD M18 c¢DNA
M18 phz phzAl  phzA2  ¢DNA PCR
6.3 kb GacA  MI18 phz
PAOL  phA1-Gl
phzM PRSMPHZMU phzAl  phzA2
PRSMPHZMD phzS PRSMPCA1U PRSMPCA1D PRSMPCA2U
PRSMPHZSU PRSMPHZSD PAO1 phzA2-G2 PRSMPCA2D M18 cDNA
gscR phzAl  phzA2  c¢DNA PCR
PRSMQSCRU PRSMQSCRD PA1906 GacA
PRSMPA1906U PRSMPA1906D PCR rpoD '
MI18 phz PRSMRPOD1 PRSMRPOD2 RT-PCR
M18 phz phzA1PUP  phzA1PDOWN PCR
phiAl  phzA2 RT-PCR M18 phiA 365 bp
489 bp 81.6% phzAl-lacZ  phzA2-

399

GacA lacZ
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lasIPUP  lasIPDOWN PCR M18 RT-PCR 3
305 bp lasl 1.5 phzAl-lacZ  phzA2-lacZ
3-C phzA1PUP
lasl -’ lacZ phzA1PDOWN 1 PCR M18
1.1.3 DNA phzA1 365 bp
GC LA Taq DNA EcoRI-Pst1 pME6522
DNA pMEZA1 phzAl-lacZ
TaKaRa MBI Fermentas EZ DNA phzA2PUP  phzA2 PDOWN 1 PCR
Sangon DNA M18 phzA2
MBI Fermentas SYBR Green I 700 bp EcoRI- Pst1
PCR Eppendorf UV- pME6522 pMEZA2 phzA2-lacZ
2000 UNICO  GIS-1000
Tanon 5415D 1.6 lasT -’ lacZ
Eppendorf 6-B lasIPUP
1.2 PCR phz lasIPDOWN 1 PCR M18
PCR 50 p 2 x GC 305 bp lasl
LA Tag DNA 25 pl. ANTP M18 PAO1
2.5 mmol 8 pL 1 2 20 pmol/L. 1 pL lasl 99.5% EcoRI-Pst1
DNA 1 1 pg/pl.  TaKaRa LA Taq pME6015
0.5pL 25U 13.5 uL.  PCR pME6015rhIR lasl -’ lacZ
94°C Smin 94°C 1 min 56°C 1 min 72°C 10 min 30 1.7 B-
72°C 30 min
M18 DNA 150 mL 50 mL  28C 12 h
1.3 PCR phz 500 mL
PCR 150 mL. 28°C 220 r/min
Miller B-
1.4 RNA RT-PCR phz z
KMB M18  MISG
0D, 2.0~2.4
RNA EZ RNA Sangon 2.1 M18 phz
RNA MBI Fermentas PAO1
c¢DNA PCR M18 GacA
M18 phz
25 puL.  PCR 2 Ll cDNA
1 x PCR 200 pmol/L dATP dGTP dCTP M18 PAO1
DTTP 1 pmol/LL 2.5U Tag DNA PAO1 2 phz
PCR 94C 5 min PRSMPCAA1 PRSMPCAG1
94°C 40 s 54°C 40 s 72°C 40 s PRSMPCAA2 PRSMPCAG2
25 ¢cDNA  PCR M18 2 phz
RT-PCR PAO1 2 phz
7 L 80V 2% 0.7 pg/mL PCR DNA 2
40 min 6281 bp 6275 bp
Gel-Pro Analyzer version 3.1 PAO1 MI18

RT-PCR SYBR Green 1

phz PAOL1
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99 % PAO1 GenBank phzA1-G1 phzA2-G2
phzA1-G1 phzA2-G2 1-A FJ494908 FJ494909
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phzA -G
=
&
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P -

Fig. 1

M18

PCA

The structure of two phz gene clusters and their flanking sequences. A Homology between P . aeruginosa PAO1 and P. M18 B The 88-bp repeat

sequence black line and 56-bp repeat sequence grey line in the down stream of phzA2-G2 in P. aeruginosa PAO1 and P. sp. MIS.
2.2

phzA2-G2
3
PAO1 phz
phz
PCA
PAO1 phzA1-G1 phzM
phzS PCA
PCA PYO 7% PAOI
phzA2-G2 gscR
PCA
» phzA2-G2
PA1906
phz PCA
M18
phz PCR
1 la
M18 phzA 1l phzM phzG1
phzS phzA2 gscR 3
phz
PAO1 99 %
M18 phzA2-G2
520 bp 5'

PAO1 88 bp
PAO1
432 bp 432 bp 3
144 bp 3
90 % PAO1 5’
88 bp M18 144 bp
90 % M18 520 bp
4 88 bp 3
56 bp PAO1
1 88 bp 1-B
Genbank FJ494909
PAO1 PA1906
2.3 M18 GacA phz
M18 phz
GacA
phz M18
phz RT-PCR
GacA

M18 phz

phz
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sl gt TERERE
PRSMPCAIA PRSMPCAIB > £ = ¥ % =z
pl ol b = = =
PRSMPCA2A  PRSMPCA2B T % X O¥ I O%
Ry o = S B ,
phzA1 phzA2 M18
gacA M18G mRNA 2
rpoD
M18  phzAl ~ mRNA
phzA2 gacA M18G
phzA1 ~ mRNA phzA2 M18
phzA1 mRNA M18G
phzA2  MI18 mRNA M18G
GacA '2 RT-PCR M18  MI8G
GacA phzA1-G1 phzA2-G2 phzA1  phzA2
Fig.2 Semi-quantitive RT-PCR analysis of phzA1 and phzA2 mRNA in
GacA MI8 phz P. sp. M18 and P. sp. M18G by agarose gel electrophoresis.
gacA M18G
phzAl-lacZ  phzA2-lacZ M18 B- 3 phzA1-
300+ . 800 -
™ D 0
5 250+ 5
2 2 600
2 2004 2z
= 2z 500 1
g g
2 1507 ] 2 400
< —F =
£ 0 Z 3001
2 | S
5 /ﬁ"--.._g\u 5 200 -
a i /-0 g
. / i 100 +
0 T T T T T T T T o——TT T T T 71—
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
t/h t/h
EcoR 1 Pstl (9}
ATG Iy
// | pME6522
S/D lacZ T
EcoR 1 Pst 1
*l ATG y
// F—PMEZAI
PphzAl S/D lac? 4
EcoR 1 +1 Pst ]
ATG /7
// I pMEZA2
PphzA2 S/D lac? 77
'3 GacA  phzAl1  phzA2
Fig.3 Differential effects of GacA on the phzAl and phzA2 gene expressional levels. B-Galactosidase expression Miller units relative activity of the

phzAl-lacZ transcriptional fusion expression plasmid pMEZA1

over time in cultures of wild type M18  solid

phzAl-lacZ transcriptional fusion expression plasmid pMEZA1 and the phzA2-lacZ transcriptional fusion expression plasmid pMEZA2. S/D

Dalgarno sequence. + 1

are shown as a thick black line.

square and M18G

empty square . Values were the means

A and the phzA2-lacZ transcriptional fusion expression plasmid pMEZA2 B was followed

+ SD  for triplicate cultures.

C  Maps of the

putative Shine-

putative transcriptional start site of the phzA1l or phzA2. The putative promoter region of phzA1 or phzA2 and its flanking sequence
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lacZ  M18 B- MI8G
3 phzA2-lacZ  MI18 B-
M18G
RT-PCR
GacA phz
phzA1-G1 phzA2-G2
2.4 GacA M18 phz
gacA
MI8G  PCA ’
GacA M18
PCA
M18 phz
RT-PCR 2 phz
phzA 1 phzA2
81.6% 399
PRSMPCAU PRSMPCAD RT-PCR
phzA  phzA1 + phzA2
gacA
pXUG MI18G
MI18G/pXUG pME6000 M18
MI8G RT-PCR
4 phzA M18
gacA M18G M18G mRNA
rpoD M18
phzA mRNA
M18G M18G/pXUG phzA
mRNA M18
GacA M18 2
g g
o3 c g
z 2 2 E
E =z 2 =2 = Z = =
—phzd —rpol)
4 RT-PCR M18 MI8G
MISG/pMEG6000  MISG/pXUG  phzA  phzAl +
PphzA2
Fig.4  Semi-quantitive RT-PCR analysis of total phzA  phzA1 plus

phzA2  mRNA in P. sp. MI8 P. sp. MI8G P. sp. MISG/
pME6000 and P. sp. M18G/pXUG by agarose gel electrophoresis.

phz
2.5 RT-PCR M18 phz
GacA
2.3 2.4 RT-PCR
RT-PCR GacA
M18 phz
SYBR Green 1 5
9: 0D,,=3.0 ;
5 84 P phz :
g 71 B -
& 61 B phza2 |
; A
S 51 .
=1 ]
& 44
g,
2 34
=
2 2
1_
0 f
M18 MI18G
Strains
l Mi18 M18G phzA1 phzA2 phz
RT-PCR

Fig. 5 Real-time RT-PCR analysis of phzAl phzA2 and total phz
mRNA in P. sp. M18 and P. sp. MISG.
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phzA1 M18 60 %
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M18 1.9 GacA
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2
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lasl -’ lacZ phz phzA1-G1 phzA2-
M18  gacA M18G G2 phzA  phzG 7
B- 6 2 DNA
M18G pME6015lasl - 98 % 2
M18 M18G
GacA lasl 2 lac
(A) 1500+ * PCR  MI8
_ phz
g 12007 DNA
g’ 000 ] M18 PAOI
s 2 phz
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EcoR 1 4 Dl ’
ATG )y gacA  MI18 phz
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SO tasttacz RI-PCR ?
phz M18
6 gacA  lasl M18
ptr-o
translational fusion expression plasmid pMEGO15lasR A was followed gacA MI8G
over time in cultures of wild type M8 solid square and M18G  empty phzA1-G1 70 % phzA2-G2
square . Values were the means + SD of triplicate cultures. B 4 pth 1-G1
Maps of plasmid pMEGO015lasl putative Shine-Dalgamo sequence. + 1 GacA PhzA1-G1
putative transcriptional start site. The putative promoter region and its p haA2-G2
flanking sequence are shown as a thick black line.
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Fig.7

gacA phz

The regulation network of gacA and the quorum sensing system

over phz gene cluster expression.
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Regulation of GacA on two phz gene clusters and quorum sensing in Pseudomonas
sp. M18

Mingqi Shi Yaqian Li Yi Wang Jiaofang Huang Xianqing Huang Yuquan Xu~
College of Life Science Shanghai Jiaotong University Shanghai 200240 China

Abstract Objective The regulatory function investigation of two component system gacS/gacA on two phz gene clusters
expression and quorum sensing system QS in Pseudomonas. sp. M18. Methods The two phz gene clusters were sequenced
and the expressional features by GacA were analyzed using RT-PCR and phzA-lacZ transcriptional fusions the regulation of GacA
over QS system was studied also in P. sp. M18. Results Two phenazine sturctural clusters namely phzA1-G1 and phzA2-
G2 in P. sp. MI18 shared 99 % identities with those in P. aeruginosa PAOLl. However in the non-coding region downstream
the phzA2-G2 P. sp. MI8 has a three-144 bp-repeat sequence which does not exist in P. aeruginosa PAOl. PhzA1-G1
expressed at a higher level than phzA2-G2 in the wide type M18 strain. GacA functioned differently over these two phz gene
clusters but negatively regulating the two clusters expression at the whole level which was opposite to that in P. aeruginosa
PAOL1. The inactivation of gacA gene can reduce rhll expression while has no effect on lasl expression indicating that the phz
gene expression regulated by GacA via QS was a minor part and the major phz expression was regulated by GacA through an
unknown pathway instead of QS in P. sp. M18. Conclusion The different regulation of GacA activity on secondary
metabolites and QS in P. sp. M18 and P. aeruginosa PAO1 may be the results imposed by the environmental selective pressure
during evolution pathway .
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