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Cloning of phzIR from the endophytic Pseudomonas sp. G5
and its expression in Escherichia coli
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Abstract: We isolated a new strain of endophytic Pseudomonas G5 from the stems of Chinese parsley (Coriandrum sativum L.),
and it is tentatively identified as Pseudomonas aurantiaca according to analysis of the entire substrate utilization profiles using
BIOLOG Microstation™ system (BIOLOG, Inc, Hayward CA). An array of evidence established that many Gram-negative bacteria
employ Quorum sensing (QS) system to regulate gene expression in response to cell density using small diffusible signal molecules,
N-acyl homoserine lactones (AHLs), and control diverse phenotypic traits in plant-associated bacteria. In this study, we showed that
Pseudomonas sp. strain G5 can produce several types of AHLs at a detectable level using Thin Layer Chromatography (TLC)
analysis combined with bioreporter Chromobacterium violaceum CV026 bioassay, and N-hexanoyl-homoserine lactone (HHL,
C6-HSL) with Ry value 0.4 is the major signal molecule. Furthermore, we have identified its quorum sensing system composed of
PhzI and PhzR by cloning and sequencing of phzl-phzR. PhzI is responsible for synthesis of AHLs signal molecules, and PhzR is a
transcriptional regulator. Finally, we heterologously expressed the recombinant plasmid pMD-phzIR in Escherichia coli IM109 and
verified it using C. violaceum CV026 bioassay. The phylogenetic analysis using MEGA4 revealed highly similarities exist among the
phzIR homologs, suggesting it is evolutionary well conserved in the genus Pseudomonas.
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PGPR)
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QS (N-acylhomoserin lactones, AHLs)
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-1- (Phenazine-1-carboxamide, PCN),
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phz 7 phzA B C D
E F G . PhzI-PhzR
QS R phz
lux-box, PhzI-PhzR phz
phzl ,
AHL C3
[10]
Pseudomonas sp. G5
) G5 )
Chromobacterium violaceum CV026
G5 AHLs ;
LuxIR PhzIR
(ON] , AHLs
phzl,
1 MHET*®
1.1
111
Pseudomona sp. G5
AHLs
Chromobacterium violaceum CV026 E. coil
M 109 pMDI19-T
1.1.2
T4 DNA LA Taq
IPTG  X-gal TaKaRa
DNA Promega ,

HHL(N-hexanoyl-L-

homoserine lactone) OHHL(N-3-0x0-hexanoyl-L-

homoserine lactone) Sigma ,
1.1.3
LB(Luria-bertani broth)
10 g, 58, 58, 1L
LB :LB 2%
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12 Fi* 1.2.5 pMD-phzIR  PCR
1.2.1 BIOLOG Pseudomonas sp. G5 PCR

BIOLOG MicrostationTM System MicroLog3
4.20 (BIOLOG Inc., Hayward, CA),
s G5 28°C 16~24 h
95 ,

GN2

AHLs
50 mL Pseudomonas sp.

1.2.2

G5

1.5 mL

50 uL ,
[11]

-20°C ,
TLC
1.2.3 AHLs
5 uL
TLC ( Merck),
(60: 40, V/V) 4h , )
TLC C. violaceum CV026
(0.6% agar) ,
, 30°C ,
AHLs BHL

TLC
RP18,

Fasas

OHHL(Sigma)
[11]
1.2.4 phzIR
GenBank
, Primer5.0
phzIR-F: 5'-GAAGCCCCTACCAGATCT
phzIR-R: 5'-CCTTCAGGTTGGTCTA
TaKaRa MiniBEST Bacterial
G5
phzIR
5 min;
; 72°C
1%

luxIR

T-3";
GTCTA-3'
Genomic DNA Kit Ver. 2.0
DNA phzIR-F  phzIR-R
, PCR 1 94°C
94°C 30 s, 58°C 1 min, 72°C 1 min, 30
100 V
, PCR
pMDI19-T ,
42°C E. coli IM109
(Amp, 100 pg/mL)
X-gal(40 pg/mL) LA
PCR

10 min
16°C

30 min,

IPTG (24 pg/mL)
,37°C
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, TaKaRa MiniBEST Plasmid
Purification Kit Ver. 2.0
PCR
1% ,

1.2.6 phzl
PCR
(100 pg/mL) LA ,
LA C.violaceum CV026 T ,
E. coli IM109 phzl AHL
, E. coli IM109/
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pMD19-T
1.2.7

DNAMAN 6.0
NCBI

ORF
phzIR
nucleotide blast blastx
(http://www.ncbi.nlm.nih.gov/Blast/) s GenBank

MEGA 4

2 ERE50H

2.1 Pseudomonas sp.&#k G5 K% 2

BIOLOG , Pseudomonas sp. G5

(Substrate utilization profiles, 1)
R G5
aurantiaca (species ID)
SIM>0.5;
99%
2.2 TLC 4>#f Pseudomonas sp. G5 & #kHJ AHLs
ESEE
TLC ,
CV026 ,
R¢ R Pseudomonas sp.G5
3 AHLs( 1), N-
hexanoyl-L-homoserine lactone (C6-HSL, HHL) ,
Ry 0.4 , BHL

Pseudomonas

PROB%

C. violaceum
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F1 WHEEK G5 HIEYH HEIL (C4-HSL) OHHL (3-0x0-C6-HSL) R¢
Table 1 Entire substrate utilization profiles of the LC-MS
endophytic bacterium strain G5 i

Test G5 Test G5

Water _ D-Gluconic acid/ N P. chlororaphis PCL1391 AHLs

5-ketogluconate? [12]

a-Cyclodextrin —  D-Glucosaminic acid +

Dextrin - D-Glucuronic acid - S G5

Glycogen - a-Hydroxybutyric acid +

Tween 40 b-Hydroxybutyric acid +

Tween 80 Hydroxybutyric acid +

N-Acetyl-D-galactosamine ~ — p-Hydroxyphenyl-acetic

N-Acetyl-D-glucosamine +
Adonitol -
L-Arabinose
D-Arabitol
D-Cellobiose
i-Erythritol

+ o+ + + o+

D-Fructose

L-Fucose

D-Galactose
Gentiobiose

a-D-Glucose

+ o+ o+ o+

m-Inositol
a-D-Lactose -
Lactulose
Maltose
D-Mannitol
D-Mannose
D-Melibiose
b-Methy-D-glucoside -
D-Psicose

D-Raffinose -
L-Rhamnose -
D-Sorbitol
Sucrose
D-Trehalose
Turanose
Xylitol -
Pyruvic acid methyl ester +

Succinic acid mono-methyl
ester

+ o+ o+ o+

+ o+

+

Acetic acid

Cis-aconitic acid

Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
Urocanic acid

Inosine

+ + + + + o+ + + o+

Uridine

Thymidine

+

Phenylethylamine

Putrescine

acid

Itaconic acid
a-Ketobutyric acid
a-Ketoglutaric acid
a-Ketovaleric acid
D,L-Lactic acid
Malonic acid
Propionic acid

Quinic acid
D-Saccharic acid
Sebacic acid

Succinic acid
Bromosuccinic acid
Succinamic acid
Glucuronmide
L-Alaninamide
D-Alanine

L-Alanine
L-Alanyl-glycine
L-Asparagine
L-Aspartic acid
L-Glutamic acid
Glycyl-L-A-spartic acid
Glycyl-L-glutamic acid
L-Histidine
Hydroxy-L-proline
L-Leucine

L-Ornithine
L-Penylalanine
L-Proline
L-Pyroglutamic acid
D-Serine

L-Serine

L-Threonine
D,L-Carnitine
g-Aminobutyric acid
2-Aminoethanol
2,3-Butanediol
Glycerol
D,L-a-Glycerol phosphate
a-D-Glucose-1-phosphate
D-Glucose-6-phosphate

T T S e S S S S S S T

w_ .

: no activity; “+”: activity.

1 Pseudomonas sp. G5 {554 TR TLC FHR4& N
Fig. 1 TLC analysis of AHLs signals

indicates AHLs standards: OHHL (up) and HHL (down).

2.3 phzIR E£E &) PCR ¥ 18
G5 DNA . PCR
1.5kb PCR 1%
. 1000~2000 bp

phzIR

2.4 ELHFRK pMD-phzIR BIHiE. PCR ¥ER
MEFLER

PCR pMD19-T T4 DNA
s E. coli JM109

PCR
pMD-phzIR

phzIR-F  phzIR-R PCR

PCR , 1.5 kb
, GenBank
FJ267646

2.5 ELHFRHKI pMD-phzIR 7£ E. coli 1 B FiR R ik

>

C.violaceum CV026 LA T ,
, phzl  E. coli IM109
, AHLs ( 2
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B2 CV026 F4RA&M phzl 7E E. coli IM109 H 7R ik
Fig. 2 Heterologous expression of phzl gene in E. coli IM109

2.6 Pseudomonas sp. G5 phzIR EEFFIF1 &%
H o

with CV026 bioassay. A: Pseudomonas sp. G5 as positive

control; B: E. coli JM109 carrying the positive recombinant
plasmid pMD-phzIR; C: E. coli IM109 carrying the vector of

pMDI19-T as negative control.

ACIBB827 Pseudomonas sp. G5 Phzl

AAY 15206 P. chlororaphis strain 06 Phzl -

AAC41535 P. chlororaphis 30-84 Phzl
AAF17493 P. chlororaphis 1391 Phzl
AACI8898 P. fluorescens 2-79 Phzl
AAKT3191 P. ehlororaphis Csal
AAK27305 Burkholderia ambifaria bafl

ACI88827 Pseudomonas sp. G5 Phzl

AAY 15206 P. chlororaphis strain 06 Phzl

AACA1535 P. chlororaphis 30-84 Phzl
AAF17493 P. chiororaphis 1391 Phzl
AACIBR98 P. fluorescens 2-79 Phzl
AAKT3191 P. chlororaphis Csal
AAK27305 Burkholderia ambifaria bafl

ACI88827 Pseudomonas sp. G5 Phzl

AAY 15206 P. chlororaphis strain 06 Phzl

AAC41535 P. chloreraphis 30-84 Phzl
AAF17493 P. chlororaphis 1391 Phzl
AACIBR98 P. flugrescens 2-79 Phzl
AAKT3I191 P. chlororaphis Csal
AAK2T7305 Burkholderia ambifaria bafl

ACIS8827 Pseudomonas sp. G5 Phzl

AAY15206 P. chlororaphis strain 06 Phzl .y

AAC41535 P. chlororaphis 30-84 Phzl
AAF17493 P. chlororaphis 1391 Phzl
AACI8898 P, fluorescens 2-79 Phzl
AAKT3I191 P. chlororaphis Csal
AAK27305 Burkholderia ambifaria bafl

ACIS8827 Pseudomonas sp. G5 Phzl

AAY 15206 P. chlororaphis strain 06 Phzl

AACA1535 P. chlororaphis 30-84 Phzl
AAF17493 P. chlororaphis 1391 Phzl
AACIBB98 P. fluorescens 2-79 Phzl
AAKT3191 P. chlororaphis Csal
AAK27305 Burkholderia ambifaria bafl

ACISB827 Pseudomonas sp. G5 Phzl

AAY 15206 P. chlororaphis strain 06 Phzl

AACA1535 P. chlororaphis 30-84 Phzl
AAF17493 P. chlororaphis 1391 Phzl
AACIBB98 P. fluorescens 2-79 Phzl
AAKT3191 P. chlororaphis Csal
AAK27305 Burkholderia ambifaria bafl

G5 , phzIR-F  phzIR-R
PCR 1461 bp
, phzl 591 bp, 196
phzR 726 bp, 241
phzl AHL , AHLs
, AHL
Phzl 2 , C-
(ACP), N-
AHL PhzR, C- DNA
LuxR - - , N-
AHL (2]

* 180 * 200

TFAALGIEFGRAARQAMAR : 202

ra 1

& 3 Pseudomonas sp. G5 5HMMAE Phzl RixE A MEEERFF Lkt

Fig. 3 Amino acid sequence alignment of PhzI from Pseudomonas sp. G5 and other bacteria.
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phzIR ,
nucleotide blast blastx(http://www.ncbi.nlm.nih.gov/ ( 34
Blast/) , )
G5  phzl  phzR P. chlororaphis MEGA 4 (Neighbor Joining,
strain 06  phzl  phzR , NJ) G5 phzIR
98% MEGA4  Genedoc , , Pseudomonas sp. G5 phzIR
7 (Pseudomonas sp. G5, P. phzIR
Chlororaphis 06, P. chlororaphis 30-84, P. chlororaphis , P. chlororaphis strain 06 phzIR

PCL1391, P. fluorescens 2-79, P. chlororaphis,
Burkholderia ambifaria) LuxIR PCL1391( 5)

ACIB8828 Pseudomonas sp. G5 PhzR

AAY 15207 P. chlororaphis strain 06 PhzR
ABR21211 P. chlororaphis strain 30-84 PhzR :
AAF17494 P. chlororaphis PCL1391 PhzR
AACI8899 P. fluorescens 2-79 PhzR
AAKT3190 P. chlororaphis CsaR

AAK27306 Burkholderia ambifaria bafR - -IS#n---—-- WODANCCESAREREELE
mel w y f 2

ACI88828 Pseudomonas sp. G5 PhzR
AAY 15207 P. chlororaphis strain 06 PhzR : B
ABR21211 P. chlororaphis strain 30-84 PhzR :
AAF17494 P. chlororaphis PCL1391 PhzR
AACI18899 P. fluorescens 2-79 PhzR
AAKT73190 P. chlororaphis CsaR e A PHE. Y
AAK27306 Burkholderia ambifaria bafR - = i E: PR 1
Pf 4P

ACI88828 Pseudomonas sp. G5 PhzR
AAY 15207 P. chlororaphis strain 06 PhzR ~ : ©
ABR21211 P. chlororaphis strain 30-84 PhzR. :
AAF17494 P. chiororaphis PCL1391 PhzR =
AACI8899 P. fluorescens 2-79 PhzR
AAKT3190 P. chlororaphis CsaR
AAK27306 Burkholderia ambifaria bafR L EEVDRIDECEQODE

S3 66Wsl If LW eA

ACI88828 Pseudomonas sp. G5 PhzR
AAY15207 P. chlororaphis strain 06 PhzR :
ABR21211 P. chlororaphis strain 30-84 PhzR. :
AAF17494 P, chlororaphis PCL1391 PhzR  :
AACI18899 P. fluorescens 2-79 PhzR
AAKT3190 P. chloreraphis CsaR

AAK27306 Burkholderia ambifaria bafR

* 180

ACI88828 Pseudomonas sp. G5 PhzR
AAY 15207 P. chlororaphis strain 06 PhzR :
ABR21211 P. chlororaphis strain 30-84 PhzR :
AAF17494 P. chlororaphis PCL1391 PhzR
AACIB899 P. fluorescens 2-79 PhzR
AAKT3190 P. chloreraphis CsaR
AAK27306 Burkholderia ambifaria bafR

* 220 *
ACI88828 Pseudomonas sp. G5 PhzR CA W Y T
AAY 15207 P. chlororaphis strain 06 PhzR :
ABR21211 P. chlororaphis strain 30-84 PhzR :
AAF17494 P. chlororaphis PCL1391 PhzR
AACI18899 P. fluorescens 2-79 PhzR
AAKT3190 P. chlororaphis CsaR
AAK27306 Burkholderia ambifaria bafR

N5

E 4 Pseudomonas sp. G5 5 EM4AE PhzR Rix&E B EERF 5 bkt
Fig. 4 Amino acid sequence alignment of PhzR from Pseudomonas sp. G5 and other bacteria.
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100 [ Pseudomonas sp. G5 phzIR (FI267646)

100 P. chlororaphis 06 phzIR (AY927995)
100| 0-052
L— P. chlororaphis PCL1391 phzIR (AF195615)
0.2538 0.0301
P. fluorescens 2-79 phzIR (1.48616)
0.0805
P. chlororaphis CsalR (AY040629)
0.2196
0.0233 0310 Burkholderia ambifaria bafIR (AY028921)
A
0.05

5 AREAENREFER luxIR BIRERERGH LD

Fig. 5 Phylogenetic analysis of the related luxIR homologous genes from different bacteria. The phylogenetic tree was constructed
using MEGA 4 (Neighbour-joining). The significance of each branch is bootstrap value caculated for 100 subsets. Bar=5 nucleotide

substitutions per 100 nuleotides.

3 W#
Pseudomonas chlororaphis PCL1391
Fusarium oxysporum f. sp.
Radicis-lycopersici
PCN(Phenazine-1-carboxamide)

, QS
Q-TOF-MS ,
C6-HSL (HHL) PCL1391
, PCN
2 C4-HSL(BHL) C8-HSL(OHL)
PCN (2]
P. aeruginosa )

P. fluorescens P. chlororaphis

phz
, phz ,
phzA B C D E F G
G5 |, phzl
phzR 2 , ,

P. chlororaphis PCL1391 P. chlororaphis (aureofaciens)
30-84 P. fluorescens2-79 ,
HHL, 2-79

AHLs 3-OH-HSLs phzl-phzR
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Pseudomonas spp.

, phzl
phz box, G
, —55~—85(CCGAAGCCCCTACCAG
ATCTTGCAGGTGCC) ) AHLs
[12-14]
C. violaceum CV026 TLC ,
Re HHL
Pseudomonas G5 phzl
, PCL1391 HHL
G5 )
LC-MS NMR
BIOLOG 16S rDNA
(GenBank Accession No. EU344963), Peix
(151, Pseudomonas
G5 P.
chlororaphis subsp. aurantiaca G5
QS phzl-phzR , AHL
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