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(22) Chin-A-Woeng (5) 

Tn5 P. chlororaphis PCL1391

phenazine-1-carboxamide

Fusarium oxysporum f. sp. radicis-lycopersici

pH
(4, 12, 24)

(1) P. putida YLFP14

(PDA)

(Xanthomonas axonopodis pv.

vesicatoria, Xav) Xav

Tn5 P. putida

YLFP14

P. putida YLFP14

P. putida YLFP14

Pseudomonas

putida YLFP14 (rifampicin 50 g/ml)

Escherichia coli SM10 ( pSUP2021:Tn5) (25) 

Acidovorax Burkholderia Erwinia Pseudomonas

Ralstonia Xanthomonas

King's B (15)(KB; K2HPO4,

1.5 g; MgSO4 7H2O, 1.5 g; Difco proteose peptone No.3, 20

g; glycerol, 10 ml; agar, 15 g; distilled water, 1 L; pH 7.2)

30 1-2 UV

KB

30 24-48 pSUP2021

50

g/ml kanamycin (Sigma Chemical Co., MO) Luria-

Bertani agar (23) (LA; tryptone, 10 g; yeast extract, 5 g; NaCl,

10 g; agar, 15 g; distilled water, 1 L; pH 7.2)

37 24

(nutrient agar, NA; Difco

nutrient agar powder 23 g; distilled water, 1 L; pH 7.2)

30 24-48

(12 24 ) (2.5 2.5

cm)

10 cm

6-8

Pseudomonas putida YLFP14 Tn5

Kraus Loper (17) 

E. coli SM10 ( pSUP2021) P. putida YLFP14

Tn5 pSUP2021 P.

putida YLFP14 P. putida YLFP14

P. putida YLFP14 rifampicin (Sigma

Chemical Co., MO) 50 g/ml E. coli SM10

kanamycin 50 g/ml 5 ml Luria-Bertani broth (LB)

28 37

400 l 40 ml LB

3-5 (5,000 g 5 min)

109 cfu/ml P.

putida YLFP14 E. coli SM10 10 1

(5,000 g 5 min)

15 l LA

1 cm2 (nitrocellulose membrane

0.45 mm, Bio-Rad Laboratories, CA) 30 24

1 ml

rifampicin (50 g/ml) kanamycin (50 g/ml) KB

30 rifampicin

kanamycin
(1) PDA

Xav XVT40

Xav

Pseudomonas putida YLFP14 Tn5

P. putida YLFP14

DNA Tn5 DNA

Sambrook (23) 

DNA EcoRI SalI

0.8%

0.25 N HCl 30 (

depurination) denature solution (0.5 M

NaOH, 1.5 M NaCl) 30

neutralization solution (0.1 M Tris-HCl, pH 7.5; 1.5
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M NaCl) 30

(Zeta-Probe Blotting Membranes, Bio-Rad Laboratories,

CA) 5 SSC ( 0.75 M NaCl, 0.075 M
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5 SSC

( Model 785 vacuum blotter, Bio-Rad Laboratories,

CA) 1 DNA

254 nm

240 millijoules/cm2 (Uvilink UV Crosslinker

CL-508, Uvitec Inc., U.K.)

Plasmid Miniprep Purification Kit (GeneMark Technology

Co., Taiwan) pSUP2021

pSUP2021 NEBlot Phototope Kit (New

England Biolabs Inc., U.K.) biotin

DNA 60

16 Streptavidin-

alkaline phosphatase (NENTM Life Science, MA) biotin

CDP-StarTM (1,2-dioxetane chemiluminescent
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scientific imaging film (BIOMAX-ML, Kodak, NY)
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Pseudomonas syringae PA5 ( )
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Xanthomonas axonopodis pv. vesicatoria Xv42 XVT40 (
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( )
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P. putida YLFP14 YLFP14-A378 (

50 g/ml kanamycin KB 30 24
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Sigma Chemical Co., MO) 5

106 cfu/ml X. axonopodis pv. vesicatoria XVT40n (

X. axonopodis pv. vesicatoria XVT40 nalidixic acid

) (5 108 cfu/ml)

6-8

( 30

25 RH 70-85% 12hr 90 mol per A

/sec m2) 24 4 ( 3-6

) Wilson Lindow (31) 

100 ml 300 ml

(Bransonic 8200, LabBoss.com, VA) 7

rifampicin 20 g/ml KB (
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(Sigma Chemical Co., MO) 20 g/ml NA (

XVT40n ) 30 48

(Leaf Area Meter CI-

202 CID Inc., WS)

(cfu/cm2)

Pseudomonas putida YLFP14
YLFP14-A378
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1 109 cfu/ml 1
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SIL WET L-77 (0.05% v/v OSi

specialties, NY) (1) 6-8

30-40

(relative disease index)
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4

3 6

4 16

(XVT40)
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YLFP14

Shanahan (24) D- (D-

glucose, Sigma Chemical Co., MO) D- (D-

gluconate, Sigma Chemical Co., MO) D- (D-

galactose, Sigma Chemical Co., MO) (fructose, Sigma

Chemical Co., MO) (maltose, Sigma Chemical Co.,

MO) L- (L-glutamic acid, Sigma Chemical Co.,

MO) (sucrose, Sigma Chemical Co., MO)

0.2 m (Acrodisc Syringe Filters, product

No. 4612, Pall Gelman Laboratory, MI)

NA 1%

KB P. putida YLFP14

30 24

Xav XVT40 ( 1 108 cfu/ml)

30 48

NA

(0.1 0.2 0.5 1.0 2.0 4.0%)

P. putida

YLFP14 PDA

1N (HCl) 1N

(NaOH) pH 6.0 7.0 8.0 9.0

pH pH

7.0 PDA 20 24 28 32

P. putida YLFP14

Tn5 Pseudomonas putida YLFP14

E. coli SM10 P. putida YLFP14

606 PDA

Xav XVT40

YLFP14-A378 XVT40

YLFP14-A378

pSUP2021 kanamycin

pSUP2021 Tn5

YLFP14-A378 DNA EcoRI SalI

pSUP2021

EcoRI

SalI ( ) P.

putida YLFP14-A378 Tn5

Pseudomonas putida YLFP14-A378

NB YLFP14-A378

YLFP14-A378 P. putida

YLFP14 ( ) YLFP14-A378

PDA YLFP14-A378

NA YLFP14-A378 P. putida

YLFP14

KB YLFP14-A378 P. putida YLFP14

Ps152

( )
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Tn5 P. putida
YLFP14-A378 Tn5
Fig.1. Southern blot analysis of the Tn5 induced antibiotic-
defective mutant Pseudomonas putida YLFP14-A378 probed
by biotin-labeled pSUP2021. M: marker (1kb ladder marker;
GeneMark Technology Co., Taiwan); lane 1: HindIII digested
pSUP2021; lane 2: SalI digested total DNA of wild type P.
putida YLFP14; lane 3: EcoRI digested total DNA of P.
putida YLFP14-A378; lane 4: SalI digested total DNA of P.
putida YLFP14-A378.
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Pseudomonas putida YLFP14 Tn5 YLFP14-A378

Table 1. Inhibitory effect of Pseudomonas putida YLFP14 (Y14) and its Tn5 induced antibiotic-defective mutant YLFP14-A378
(A378) on growth of different bacterial plant pathogens on nutrient agar (NA), potato dextrose agar (PDA) and King's B medium
(KB)

NA KB PDA
Pathogen Y14 A378 Y14 A378 Y14 A378

Acidovorax avenae subsp. citrulli Aac110 0.01 0.0 0.0 0.0 1.7 0.0
Acidovorax avenae subsp. citrulli Aac142 0.0 0.0 0.0 0.0 1.7 0.0
Burkholderia caryophylli CO8 0.0 0.0 0.0 0.0 0.0 0.0
Burkholderia caryophylli GO8 0.0 0.0 0.0 0.0 0.0 0.0
Erwinia carotovora subsp. carotovora ZL1 0.0 0.0 0.0 0.0 0.9 0.0
Erwinia chrysanthemi CAS7 0.0 0.0 0.0 0.0 1.0 0.0
Pseudomonas syringae PA5 0.0 0.0 0.0 0.0 1.2 0.0
Ralstonia solanacearum Ps152 0.0 0.0 0.9 0.9 0.9 0.0
Xanthomonas axonopodis pv. vesicatoria XVT40 0.0 0.0 0.0 0.0 1.8 0.0
Xanthomonas axonopodis pv. vesicatoria Xv42 0.0 0.0 0.0 0.0 1.7 0.0
Xanthomonas campestris pv. campestris Xcc84 0.0 0.0 0.0 0.0 1.7 0.0
1. Inhibition zone: cm.

Pseudomonas putida YLFP14 Tn5
YLFP14-A378 28 nutrient broth

Fig.2 Growth curves of Pseudomonas putida YLFP14 and its
Tn5 induced antibiotic-defective mutant YLFP14-A378
grown in nutrient broth at 28 .

Pseudomonas putida YLFP14 Tn5
YLFP14-A378 (PB)

Fig.3. Population changes of Pseudomonas putida YLFP14
and its Tn5 induced antibiotic-defective mutant YLFP14-
A378 on the leaves of sweet pepper. Plants were sprayed with
cell suspension of P. putida YLFP14 or YLFP14-A378, and
placed in a growth chamber (25-30 , RH 70-80%, light 12
hr 90 mol per A /sec m2) after inoculation. Plants were
either covered with plastic bags (PB) for maintaining RH
100% or not covered. Four leaves (the 3rd to 6th expanded
leaves) from each of four plants were taken at each time for
determination of the numbers of P. putida YLFP14 and
YLFP14-A378.
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P. putida YLFP14 YLFP14-A378

104 cfu/cm2 

( ) P. putida YLFP14 YLFP14-A378

Xav XVT40n P.

putida YLFP14 YLFP14-A378 XVT40n

YLFP14-A378 XVT40n

P. putida YLFP14 ( A)

YLFP14-A378 XVT40n

( B)

Pseudomonas putida YLFP14-A378

YLFP14-A378 P. putida

YLFP14 XVT40

(109 cfu/ml) 109

108 cfu/ml P. putida YLFP14 YLFP14-

A378

P. putida YLFP14 YLFP14-A378

107 cfu/ml P. putida YLFP14

YLFP14-A378 YLFP14-A378

P. putida YLFP14

( )
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Pseudomonas putida YLFP14 Tn5
YLFP14-A378 (A) (B)

Xanthomonas axonopodis pv. vesicatoria
XVT40n
Fig. 4 Effect of Pseudomonas putida YLFP14 and its Tn5
induced antibiotic-defective mutant YLFP14-A378 on the
population changes of Xanthomonas axonopodis pv.
vesicatoria XVT40n on sweet pepper leaves. Leaves were
sprayed with cell suspension of XVT40n (5x108 cfu/ml) only,
with cell suspension of XVT40n (5x108 cfu/ml) mixed with
equal volume of YLFP14 (5x106 cfu/ml), or with cell
suspension of XVT40n (5x108 cfu/ml) mixed with equal
volume of YLFP14-A378 (5x106 cfu/ml). Plants were
covered with plastic bags (A) for maintaining RH100%; or
not covered (B). All plants were placed in a growth chamber
(25-30 , RH 70-80%, light 12 hr 90 mol per A /sec
m2) after inoculation.

Pseudomonas putida YLFP14
Tn5 YLFP14-A378

Fig 5. Effect of different concentrations of Pseudomonas
putida YLFP14 and its Tn5 induced antibiotic-defective
mutant YLFP14-A378 on the disease severity of bacterial
spot of sweet pepper. The leaves were inoculated by dipping
into a suspension of Xanthomonas axonopodis pv. vesicatoria
XVT40 (109 cfu/ml) mixed with equal volume of different
concentrations of P. putida YLFP14 or YLFP14-A378 for 30-
40 sec. The inoculated plants were then covered with plastic
bags and placed in a growth chamber (25-30 , RH 70-80%,
light 12 hr 90 mol per A /sec m2). The plastic bags
were removed 5 days after covering and the leaf lesions were
counted one day after removal of the bags. Relative disease
index was the percentage of mean number of lesions observed
in a treatment relative to mean number of lesions formed in
the control (inoculated with XVT40 only) whose relative
disease index was set as 100%.
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NA 1%

YLFP14 XVT40

( A)
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( B) P. putida YLFP14
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P. putida YLFP14 PDA

P. putida YLFP14

KB

207

Pseudomonas putida YLFP14 nutrient agar 1% (A) (B) pH potato
dextrose agar (PDA) (C) PDA (pH 7.0) (D) Xanthomonas axonopodis pv. vesicatoria XVT40

Fig.6. Inhibitory effects of Pseudomonas putida YLFP14 on the growth of Xanthomonas axonopodis pv. vesicatoria XVT40 on
nutrient agar supplemented with 1% various carbon sources (A), nutrient agar supplemented with various concentrations of
glucose (B), potato dextrose agar with different pH values (C) and potato dextrose agar (pH 7.0) at different temperatures (D).
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ABSTRACT

Tsai, Y. L.1, Lin, Y. C.1, Hsu, S. T.1, and Tzeng, K. C.1,2 2004. The relation of antibiosis to the biocontrol of

bacterial spot of sweet pepper by Pseudomonas putida YLFP14. Plant Pathol. Bull. 13:201-210.

(1. Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan; 2. Corresponding

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

Pseudomonas putida YLFP14 inhibits the growth of Xanthomonas axonopodis pv. vesicatoria (Xav)

on potato dextrose agar (PDA) and significantly reduces the disease severity of bacterial spot of sweet

pepper caused by Xav. The importance of antibiosis in this biocontrol was investigated. The Tn5

mutagenesis was used to induce mutation of P. putida YLFP14, and a single-site Tn5 insertion mutant,

YLFP14-A378, defective in inhibitory activity on PDA plate against Xav and other bacterial plant

pathogens was obtained. The growth curve in nutrient broth and population changes on leaves of sweet

pepper of this mutant were similar to those of its wild type strain. Disease control experiments showed that

the mutant YLFP14-A378 remained effective in control of the bacterial spot, but at lower dosages, the

control efficacy was significantly reduced as compared with its wild type strain. The ability in reduction of

Xav populations on pepper leaves was also less by the mutant YLFP14-A378 than by its wild type strain.

The above results suggest that antibiosis is an important factor for P. putida YLFP14 to control the bacterial

spot of sweet pepper. However, other factors might be also involved in the mechanisms of disease control. P.

putida YLFP14 was inhibitory to Xav on PDA, but not on nutrient agar (NA). The inhibitory activity on NA

was observed only when supplemented with glucose among the seven tested carbon sources. PDA at pH 6

or 9 and incubation temperature at 24 were the better conditions for producing higher inhibitory activities.

Key words : fluorescent pseudomonad, bacterial spot, sweet pepper, antibiosis, biocontrol


