
(Pseudomonas aeruginosa)

(opportunistic pathogen)
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(cystic fibrosis)
(8) C (phospholipase C,
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sphingomyelin (13, 20)
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(Pseudomonas aeruginosa) plcS

C (hemolytic phospholipase C, PLC-H)

PAO1 plcS PLC-F/ PLC-R (polymerase

chain reaction, PCR) 24 15

1 P. fluorescens plcS P. fluorescens

plcS P. aeruginosa WFP11r

P. aeruginosa WFP11r

plcS PCR P. aeruginosa WFP11r plcSR (

plcS plcR) pBBR1MCS-5

pPFG1 (electro-transformation) plcSR P. putida YLFP44

PLC-H Y44P1 P. putida Y44P1

Y44P1

pBBR1MCS-5 YLFP44

Y44C1 PLC-H P.

aeruginosa WFP11r P. putida Y44P1 PLC-H

plcSR 



plcS

(2)

( )

(1) P. aeruginosa

WFP11r

( )

(polymerase chain reaction, PCR)

P. aeruginosa WFP11r plcSR (

plcS plcR )

pBBR1MCS-5

plcSR

Pseudomonas putida YLFP44

PLC-H

P. aeruginosa P. fluorescens P. putida

Escherichia coli

King's medium B (KB) (9) 

30 16

20 g/ ml gentamycin KB

(KBG) E. coli Luria-

Bertani (LB) (18) 50 g/ ml

kanamycin 20 g/ ml gentamycin

plcSR

P. aeruginosa WFP11r

DNA Sambrook et al. (18) 

PCR TOPO TA Cloning kit (Invitrogen,

Netherlands)

P. aeruginosa PAO1

plcSR (16) (accession number: M13047)

PFFH/ NP-R P. aeruginosa WFP11r

plc (plcSR) P. aeruginosa PAO1

plcSR HindIII

HindIII (

) HindIII

plcSR pBBR1MCS-5

PLC-F/ PLC-R P. aeruginosa P.

fluorescens P. putida plcS
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Table 1. Bacterial strains and plasmids used in this study for plcSR genes cloning

Strain or plasmid Genotype, phenotype Reference

Strains

P. aeruginosa
WFP11r Wild type strain with -hemolytic activity (1)

E. coli
DH5 supE44 lacU169 ( 80 lacZ M15) hsdR17 recA1 (3)

endA1 gyrA96 thi-1relA1
TOP10F F'{lacIqTn10 (Tetr)} mcrA (mrr-hsdRMS- mcrBC) Invitrogen

80 lacZ M15 lacX74 recA1 deoR araD139 (ara-leu)
7697 galU galK rpsL (Strr) endA1 nupG

P. putida
YLFP44 Wild type strain without -hemolytic activity (2)
Y44C1 YLFP44 harboring pBBR1MCS-5; Gmr This study
Y44P1 YLFP44 harboring pPFG1; Gmr This study

Plasmid
pCRII-TOPO TA Cloning vector; Apr, Kmr Invitrogen
pPF3 pCRII-TOPO::3.0kb plcSR genes; Apr, Kmr This study
pP1 pCRII-TOPO::2.2kb plcS gene; Apr, Kmr This study
pBBR1MCS-5 Broad host range cloning vector; Gmr (11)
pPFG1 pBBR1MCS-5::3.0kb HindIII fragment of plcSR genes This study

from pPF3; Gmr



plcSR ( ) PCR 20 l

200ng DNA 0.25 M

0.25mM dNTP 1 PCR DNA

plcSR 0.8U Ex Taq DNA polymerase

(Takara Shuzo, Japan) plcS

0.8U GenTaq DNA polymerase (GeneMark Technology,

Taiwan) GeneAmp PCR system 2400 (Perkin-

Elmer, CT.) (Step 1: 94 , 10min. Step 2: 94

, 1min; 55 , 30 sec; 72 , 1min; 30 cycles. Step 3: 72 ,

10min) PFFH/ NP-R PLC-F/ PLC-R

P. aeruginosa WFP11r DNA

3.0kb (plcSR) 2.2kb (plcS) TOPO TA

Cloning kit (Invitrogen, Netherlands) E. coli

TOP10F E. coli TOP10F

(New England Biolabs, England)

pPF3 pP1

plcSR plcS

(Mission Biotech, Taiwan)

( )

NCBI BLAST2 (19)

(http://www.ncbi.nlm.nih.gov )

plcS

PLC-F/ PLC-R 2.2kb

Sambrook et al. (18) 

PCR (nylon)

NEBlot Phototope kit (New England BioLabs,

England) plcS pP1

2.2kb

Biotin P-PLC

DNA 60 Streptavidin-alkaline

phosphatase (NEN, Boston, MA) Biotin

CDP-Star (Tropix, MA) 15

Scientific Imaging Film (Biomax- ML, Kodak, NY)

KB

5% (Becton Dickinson,

NJ) 30 48

plcSR

plcSR pPF3

HindIII (New England Biolab, England)

3.0kb T4 DNA ligase (Epicentre

technologies, WI) plcSR Pseudomonas

plcSR 185

PCR plcS

Table 2. Hemolytic activity assay and detection of plcS gene
in strains of Pseudomonas aeruginosa, P. fluorescens and P.
putida by polymerase chain reaction with primer pairs PLC-
F/ PLC-R

Strain 1 PCR product Hemolytic 
(2.2kb) activity

Pseudomonas aeruginosa
WFP11r, WFP23, WFP25, WFP33, + +
WFP34, WFP35, WFP36, WFP52, 
WFP63, WFP66, WFP68, WFP125, 
WFP131, WFP135r, WFP171

Pseudomonas putida
YLFP6, YLFP10, YLFP14, YLFP44, - -
YLFP56, YLFP63

Pseudomonas fluorescens
YLFP83, FP45 - -

Pseudomonas fluorescens
YLFP8 + +

1. All strains were isolated from plants in Taiwan and maintained
in the Department of Plant Pathology, National Chung Hsing
University, Taichung, Taiwan (1, 2).

Pseudomonas aeruginosa WFP11r plcSR

Fig. 1. Primers used for cloning, sequencing and detection of
plcSR genes from Pseudomonas aeruginosa WFP11r
(Primers for cloning: PFFH, GAA*AGCTTTCAATAA
AATGTGA; NP-R, GTGGA*AGCTTTCAGCGTTGCAG;
sequence recognized by restriction enzyme HindIII is
underlined; * indicates where the HindIII cuts. Primers for
detection: PLC-F, GATGACCGAAAACTGGA; PLC-R,
GCTTCAGGTCGCTGCGA. Primers for sequencing:
PLCF1, GCGCTCAAGCGCCAG; PLC6, GAACCGCC
TCTACCAC; PLCF2, GACCAGTTGCGCAAGGAT; PSR5,
GTTGCTGTTCCAGGTTGTC.)



putida

pBBR1MCS-5 (11)

E. coli DH5 20 g/ ml gentamycin LB

plcSR PLC-H

Pseudomonas putida YLFP44

(electro-transformation)

Enderle Farwell (6) 

plcS

P. putida YLFP44 KB

16 (30 ) 5% KB

5000 g

10ml 5% 1ml 5%

1 109 CFU/ ml 100 l

plcSR DNA

pBBR1MCS-5 P. putida YLFP44

0.2 cm

Gene Pulser Cuvette (Bio-Rad Laboratoies, CA)

Gene Pulser (Bio-Rad Laboratoies, CA)

2.5 kV (12.5kV/ cm) 25 F 200 (5, 7)

250 l LB

1 (200 rpm, 30

) 100 l KBG

pBBR1MCS-5

PLC-H P. aeruginosa

WFP11r P. putida

70%

P. aeruginosa

WFP11r P. putida KB

KBG

30 2

( 11 9.5 )

150ml

( 3 108 CFU/ ml) 150g (1 1)

3

16

parafilm 28 (16 ) 24 (8

) 7

plcSR

PFFH/ NP-R P. aeruginosa WFP11r

DNA 3.0kb plcSR

pCRII-TOPO pPF3

PLCF1 PLCF2 PLC6 PLC-R PSR5

pPF3 plcSR

P. aeruginosa PAO1

plcS plcR 99% (identity)

P.

aeruginosa PAO1 PLC-H PlcR 97% 99%

(similarity)

plcS

PLC-F/ PLC-R

plcS 15 P. aeruginosa

2.2kb P. fluorescens

YLFP8 8 P. fluorescens P. putida

2.2kb ( A )
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plcS PLC-F/ PLC-R

DNA (A)
Pseudomonas aeruginosa WFP11r P-PLC

(B)
Fig. 2. Agarose gel of electrophoretic patterns of polymerase
chain reaction products of total DNAs from strains of
Pseudomonas aeruginosa, P. fluorescens and P. putida strains
with primer pairs PLC-F/ PLC-R for detection of plcS gene
(A) and southern hybridization of the patterns with P-PLC
probe cloned from P. aeruginosa WFP11r (B). Lanes 1-13: P.
aeruginosa strains WFP11r, WFP23, WFP25, WFP33,
WFP34, WFP35, WFP52, WFP63, WFP66, WFP125,
WFP131, WFP135r and WFP171; Lanes 14-15: P. putida
YLFP44 and P. fluorescens YLFP8, respectively; M, Gen-KB
DNA ladder (GeneMark Technology, Taiwan).



P. aeruginosa WFP11r plcS P-PLC

P. aeruginosa

P. fluorescens YLFP8

( B)

P. fluorescens YLFP8

( )

Pseudomonas fluorescens YLFP8 plcS

P. fluorescens YLFP8 2.2kb

P. aeruginosa WFP11r plcS

NCBI BLAST2

P. aeruginosa PAO1

WFP11r plcS 99%

plcSR Pseudomonas putida
YLFP44

plcSR pBBR1MCS-5

pPFG1 plcS

P. putida YLFP44 plcSR

Y44P1 5%

( A)

pBBR1MCS-5 P. putida YLFP44

pBBR1MCS-5 Y44C1

( C)

P. aeruginosa WFP11r

(pyocyanin) ( )

Y44P1

( B) P. fluorescens

YLFP8

B

P. putida

YLFP44 Y44C1

( D)

P. aeruginosa WFP11r
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plcSR Pseudomonas putida
Y44P1 pBBR1MCS-5

Y44C1 5% (A: Y44P1; C:
Y44C1) 48

(B: Y44P1; D: Y44C1)
Fig. 3. Hemolytic activity of Pseudomonas putida derivative
Y44P1 (harboring plcSR genes cloned from P. aeruginosa
WFP11r) and derivative Y44C1 (harboring only the cloning
vector pBBR1MCS-5) on 5% sheep blood agar (A: Y44P1;
C: Y44C1) and symptoms showed on garlic bulb tissues 48hr
after inoculation with P. putida derivative Y44P1 and P.
putida derivative Y44C1, respectively (B: Y44P1; D:
Y44C1).

Pseudomonas aeruginosa WFP11r
48 (A: 

B: P. aeruginosa WFP11r )
Fig. 4. Water-soaked browning symptoms on garlic bulb
tissues 48hr after inoculation with Pseudomonas aeruginosa
strain WFP11r (A: The control garlic bulb tissues; B: The
garlic bulb tissues inoculated with P. aeruginosa WFP11r).



P. fluorescens YLFP8 P. putida

Y44P1 Y44C1 P.

aeruginosa WFP11r 76.7%

P. putida Y44P1 Y44C1
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pc-plc (accession number: AJ304443)
(15) P. fluorescens
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(12) PLC-H
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Rahme et al. (17) plcS
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ABSTRACT

Lin, Y. H.1, Hsu, S. T.1, Huang, H. C.2, and Tzeng, K. C.1, 3 2004. Cloning of plcSR genes from foliar

Pseudomonas aeruginosa WFP11r and the role of hemolytic phospholipase C in pathogenesis on plants.

Plant Pathol. Bull. 13:183-190. (1. Department of Plant Pathology, National Chung-Hsing University,

Taichung, Taiwan; 2. Graduate Institute of Biotechnology, National Chung-Hsing University, Taichung,

Taiwan; 3. Corresponding author, E-mail: kctzeng@nchu.edu.tw; Fax: +886-4-22854633)

Pseudomonas aeruginosa is an opportunistic pathogen of human and animal. Hemolytic phospholipase

C (PLC-H) encoded on plcS gene plays an important role in its virulence factor on animal and human host.

We detected the presence of plcS gene in 24 strains of foliar fluorescent pseudomonads in Taiwan by PCR

with primer pair PLC-F/ PLC-R designed based on the sequence of plcS gene of P. aeruginosa PAO1

(accession number: M13047). All 15 strains of P. aeruginosa and one strain of P. fluorescens strain YLFP8

were found to carry plcS gene and were hemolytic. This is the first report of hemolytic P. fluorescens strain

occurred on plant. P. aeruginosa WFP11r induced water-soaked browning symptoms on garlic and onion

bulb tissues and caused soft rot of lettuce seedlings. To elucidate the role of plcSR genes in the pathogenesis

on plants, plcSR genes from P. aeruginosa WFP11r were cloned by PCR. The cloned plcSR genes were

further constructed into a broad host range plasmid pBBR1MCS-5, and a resulted recombinant plasmid

pPFG1 was then transformed into P. putida YLFP44 (a strain without plcSR genes) by electroporation. A

derivative Y44P1 with plcSR genes and hemolytic activity was obtained. Inoculation of garlic bulb tissues

with Y44P1 produced similar water-soaked browning symptoms on garlic bulb tissues, whereas Y44C1 (a

strain derived from YLFP44, harboring only the cloning vector pBBR1MCS-5) did not, indicating PLC-H

played an important role in pathogenesis on the garlic tissues. However, soft rot on lettuce seedlings and

water-soaked browning symptoms on onion bulb tissues, which could be caused by P. aeruginosa WFP11r,

were not induced by both derivatives Y44P1 and Y44C1. The results suggested that other factors might be

involved in the pathogenesis on lettuce and onion caused by P. aeruginosa WFP11r.

Key words : Pseudomonas aeruginosa, plcSR genes, garlic, lettuce, onion, pathogenesis


