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P. aeruginosa WFP11r hcnABC ) Erwinia chrysanthemi CAS7

Y44C1 Y44H1

(5 )



Agrobacterium Erwinia Xanthomonas

nutrient agar (NA; Difco nutrient agar powder, 23g;

distilled water, 1L; pH7.2) Ralstonia solanacearum
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King's medium B (KB) (14) 30
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OD620 0.3 (
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(Whitley automatic spiral plater, Don Whitley Scientific
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9 cm KB KBG
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Gilchrist et al.
(11) 
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P. putida
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pBBR1MCS-5 Y44C1

( )

Y44H1 3 5 7

Gilchrist et al. (11) PS152

Y44H1

PS152

2

Y44H1 PS152

(11) log (CFU+1)/ plate

P. putida YLFP44 Y44H1
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Table 1. Fluorescent pseudomonad strains from plants used in this study

Strain Plant origin or genotype Cyanide 1 Reference
Pseudomonas aeruginosa

WFP11r Chrysanthemum + + (1)
WFP171 Common Reedgrass + + (17)
WFP36 Chrysanthemum + (1)
WFP23 Bird of paradise - (1)
WFP135r Carnation - (1)

Pseudomonas putida
YLFP44 Sweet pepper - (20)
Y44H1 YLFP44 harboring pBBR1MCS-5::3.1kb + + (17)

hcnABC genes; Gmr

Y44C1 YLFP44 harboring pBBR1MCS-5; Gmr - (17)
1. The degree of hydrogen cyanide production: + +, strong; +, weak; -, none.
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Y44H1 Y44C1 5

PS152

OD620 0.3

(negative stain) (3)
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chrysanthemi CAS7
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( )

Pseudomonas putida YLFP44

P. putida YLFP44

Y44H1 E. chrysanthemi CAS7

(

) P. putida YLFP44 Y44C1

( )
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Ralstonia solanacearum PS152 TZC Pseudomonas putida
Y44C1 (A, C) Y44H1 (B, D)

Fig. 1. The colony type on tetrazolium chloride (TZC) medium and the cell morphology of Ralstonia solanacearum PS152 five
days after treatment (co-incubation) with Pseudomonas putida YLFP44 noncyanogenic derivative Y44C1 (A, C) or cyanogenic
derivative Y44H1 (B, D) in a closed paired-plate system. Ralstonia solanacearum PS152 was grown on TZC medium for 2 days
before treatment with Y44C1 or Y44H1.
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Pseudomonas putida YLFP44 Y44H1 Y44C1

Table 3. Effect of Pseudomonas putida YLFP44 cyanogenic derivative Y44H1 and noncyanogenic derivative Y44C1 on the
growth of plant pathogenic bacteria incubated in a closed paired-plate system

Growth of plant pathogenic bacterium after incubation with
Y44H1 Y44C1 Control 4

Plant pathogenic bacterium 1 + + 3 - -

Agrobacterium tumefaciens RS3 0.0 b 2 2.6 a 2.6 a
Erwinia carotovora subsp. carotovora ZL1 0.0 b 2.2 a 2.3 a
Erwinia chrysanthemi CAS7 2.4 a 2.4 a 2.4 a
Pseudomonas syringae PA5 0.0 b 2.6 a 2.6 a
Ralstonia solanacearum PS152 0.0 b 2.6 a 2.7 a
Xanthomonas axonopodis pv. vesicatoria XVT40 0.0 b 2.6 a 2.7 a
1. The cell suspension of each bacterial strain tested was spread onto agar plate as footnote in Table 2. One nutrient agar (NA) or

tetrazolium chloride (TZC) plate (13) spread with a 50 l of cell suspension (104 CFU/ ml) of each plant pathogenic bacterial strain was
paired with one King's medium B supplemented with gentamycin 20 g/ ml (KBG) plate spread with a 50 l of cell suspension (107

CFU/ ml) of each P. putida derivative, respectively. The paired plates assembly were then sealed with parafilm. The colonies formed by
R. solanacearum PS152 on TZC plate and by other bacterial strains tested on NA plates 48 hr after incubation at 30 were examined
and calculated according to the method described by Gilchrist et al. (11).

2. Each value is the mean of three replicates presented in log (CFU+1)/ plate and values in the same row followed by the same letter are not
significantly different (p=0.05) according to Duncan's multiple range test.

3. Symbols indicate the degree of hydrogen cyanide production by the derivatives of P. putida as footnote in Table 1.
4. Plate spread with cell suspension of each plant pathogenic bacterial strain was paired with blank KBG plate on which no cell suspension

of bacteria was spread.

Table 2. Effect of cyanogenic Pseudomonas aeruginosa strains on the growth of plant pathogenic bacteria incubated in a closed
paired-plate system

Growth of plant pathogenic bacterium after incubation with
WFP11r WFP171 WFP36 WFP23 WFP135r Control 4

Plant pathogenic bacterium + + 3 + + + - - -

Agrobacterium tumefaciens RS3 0.0 b 2 0.0 b 3.4 a 3.4 a 3.4 a 3.4 a
Erwinia carotovora subsp. carotovora ZL1 0.0 c 0.0 c 2.7 b 3.4 a 3.4 a 3.3 a
Erwinia chrysanthemi CAS7 3.4 a 3.4 a 3.4 a 3.3 a 3.4 a 3.4 a
Pseudomonas syringae PA5 0.0 b 0.0 b 3.3 a 3.3 a 3.4 a 3.4 a
Ralstonia solanacearum PS152 0.0 c 0.0 c 1.9 b 2.7 a 2.7 a 2.7 a
Xanthomonas axonopodis pv. vesicatoria XVT40 0.0 b 0.0 b 0.0 b 2.7 a 2.7 a 2.7 a
1. An automatic spiral plater system (Don Whitley Scientific Limited, England) was used to spread cell suspension of each bacterial strain

tested onto agar plate. One nutrient agar (NA) or tetrazolium chloride (TZC) plate (13) spread with a 50 l of cell suspension (104 CFU/
ml) of each plant pathogenic bacterial strain was paired with one King's medium B (KB) plate spread with a 50 l of cell suspension
(107 CFU/ ml) of each P. aeruginosa strain, respectively. The paired plates assembly were then sealed with parafilm. The colonies
formed by R. solanacearum PS152 on TZC plate and by other bacterial strains tested on NA plates 48 hr after incubation at 30 were
examined and calculated according to the method described by Gilchrist et al. (11).

2. Each value is the mean of three replicates presented in log (CFU+1)/ plate and values in the same row followed by the same letter are not
significantly different (p=0.05) according to Duncan's multiple range test.

3. Symbols indicate the degree of hydrogen cyanide production by the strain of P. aeruginosa as footnote in Table 1.
4. Plate spread with cell suspension of each plant pathogenic bacterial strain was paired with blank KB plate on which no cell suspension of

bacteria was spread.
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Pseudomonas putida YLFP44
Y44H1 Y44C1

Table 4. Effect of Pseudomonas putida YLFP44 cyanogenic
derivative Y44H1 and noncyanogenic derivative Y44C1 on
the growth of Ralstonia solanacearum strains from different
host incubated in a closed paired-plate system

Growth of R. solanacearum
R. solanacearum strain after incubation with
strain 1 Y44H1 Y44C1 Control 3

Tomato
PS21 0.0 b 2 3.2 a 3.0 a
PS95 0.0 b 3.3 a 3.0 a
PS152 0.0 b 3.1 a 3.0 a

Potato
PS60 0.0 b 3.2 a 3.0 a
PS92 0.0 b 3.3 a 3.1 a
Po1 0.0 b 3.4 a 3.0 a

Sweet pepper
PS91 0.0 b 3.1 a 3.0 a
PS96 0.0 b 3.2 a 3.0 a

Eggplant
PS99 0.0 b 3.1 a 3.1 a
PS100 0.0 b 3.1 a 3.1 a

1. The cell suspension of each bacterial strain tested was spread
onto agar plate as footnote in Table 2. One tetrazolium chloride
(TZC) plate (13) spread with a 50 l of cell suspension (104 CFU/
ml) of each R. solanacearum strain was paired with one King's
medium B supplemented with gentamycin 20 g/ ml (KBG)
plate spread with a 50 l of cell suspension (107 CFU/ ml) of
each P. putida derivative, respectively. The paired plates
assembly were then sealed with parafilm. The colonies formed
on TZC plate by each R. solanacearum strain 48 hr after
incubation at 30 were examined and calculated according to
the method described by Gilchrist et al. (11).

2. Each value is the mean of three replicates presented in log
(CFU+1)/ plate and values in the same row followed by the
same letter are not significantly different (p=0.05) according to
Duncan's multiple range test.

3. Plate spread with cell suspension of each R. solanacearum strain
was paired with blank KBG plate on which no cell suspension of
bacteria was spread.

Ralstonia solanacearum PS152
Pseudomonas putida YLFP44 Y44H1

Y44H1 48

Table 5. Growth of Ralstonia solanacearum PS152 incubated
for different days with or without Pseudomonas putida
YLFP44 cyanogenic derivative Y44H1 in a closed paired-
plate system, and 48 hr after removal of Y44H1

Treatment 1 Growth of R. solanacearum PS152
3 day 5 day 7 day

In paired-plate system
With Y44H1 0.0 b 2 0.0 b 0.0 b
Without Y44H1 3.3 a 3.1 a 3.2 a

After removal of Y44H1 3.3 a 0.0 b 0.0 b
1. The cell suspension of each bacterial strain tested was spread

onto agar plate as footnote in Table 2. One tetrazolium chloride
(TZC) plate (13) spread with a 50 l of cell suspension (104 CFU/
ml) of R. solanacearum PS152 was paired with one King's
medium B supplemented with gentamycin 20 g/ ml (KBG)
plate spread with a 50 l of cell suspension (107 CFU/ ml) of
each P. putida derivative, respectively. The paired plates
assembly were then sealed with parafilm and incubated for 3, 5
or 7 days at 30 . Afterward KBG plate spread with Y44H1 was
removed from the paired-plate system and substituted with one
blank KBG plate on which no cell suspension of bacteria was
spread. The colonies formed on TZC plate by R. solanacearum
PS152 on 3, 5 or 7 days after incubation at 30 and 48hr after
removal of Y44H1 were examined and calculated according to
the method described by Gilchrist et al. (11).

2. Each value is the mean of three replicates presented in log
(CFU+1)/ plate and values in the same column followed by the
same letter are not significantly different (p=0.05) according to
Duncan's multiple range test.
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ABSTRACT

Lin, Y. H.1, Chang, S. C.1, Tsai, Y. L.1, Hsu, S. T.1, Huang, H. C.2, and Tzeng, K. C.1, 3 2004. Effect of

cyanogenic Pseudomonas aeruginosa on the growth of plant pathogenic bacteria. Plant Pathol. Bull. 13:211-

218. (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)

Many strains of Pseudomonas aeruginosa from plants are cyanogenic, and the production of hydrogen

cyanide (HCN) is one of the factors involved in the control of certain fungal diseases. The effect of

cyanogenic Pseudomonas aeruginosa strains on the growth of plant pathogenic bacteria was studied in a

closed paired-plate system. Strong cyanogenic strains completely inhibited the growth of Agrobacterium

tumefaciens RS3, Erwinia carotovora subsp. carotovora ZL1, Pseudomonas syringae PA5, Ralstonia

solanacearum PS152 and Xanthomonas axonopodis pv. vesicatoria XVT40, but not Erwinia chrysanthemi

CAS7. The inhibitory activity was correlated with the HCN production ability of P. aeruginosa strains. The

role of HCN in this growth inhibition was examined by testing the inhibitory ability of a cyanogenic

transformant derived from noncyanogenic strain YLFP44 of P. putida. The results showed that P. putida

derivative Y44H1 (harboring the cloned hcnABC genes from P. aeruginosa WFP11r) capable of producing

HCN was able to inhibit the growth of different strains of R. solanacearum, whereas derivative Y44C1

(noncyanogenic, harboring only the cloning vector) was not, indicating the growth inhibition by the

cyanogenic strain was related to the production of HCN. Prolonged treatment (5 days) with Y44H1 caused

death of R. solanacearum and also altered the colony type and cell morphology of R. solanacearum.

Key words : Pseudomonas aeruginosa, hydrogen cyanide, plant pathogenic bacteria, Ralstonia

solanacearum, growth inhibition


