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AR B AR (Pseudomonas aeruginosa) & ELAG i f SURRIFFIE » TEOC R U SR
FAYE A s B R R L I A T A B 2 — o ASRIF RN P 72 P 5 2 L% M ot 2 2 7 Bl 2 A R AP 7 T AR
BIA R P IR A AR 8 5 2R - S HUE SURET 158 Z IRk - BR ¥T Erwinia chrysanthemi CAS7
A& s bl 5E 4 {NE] Agrobacterium tumefaciens RS3 ~ Erwinia carotovora subsp. carotovora ZL1 ~
Pseudomonas syringae PAS ~ Ralstonia solanacearum PS152 [ Xanthomonas axonopodis pv. vesicatoria
XVT40 245 » HARIRARE < 2 F6E T SN AL A B IEAHRA = FIF A EE 2 P. putida YLFPA4 [k -
FEHET S 2 FE ST LR - ACHERT SN (B 2 At - #EREURERATA B M YA4HT G A
P. aeruginosa WFP11r 3#%5,2 henABC ££[R) » ¥t Erwinia chrysanthemi CAS7 9} » J1a] 52 2= 41| HoAth
e YR A R AR R kot 2 BT R 3 AR IR & RR T (B AR E BRI AT AL iR
Y44C1 » QI ANRERE 4 SR IS NG 2 GE7) » 7 AE WA PR < SV 1F A B HL SRR AY A2 2E 5 B - Y44H1
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AP B3R oy B2 HURF 2 kIR AR Pseudomonas
aeruginosa (Schroeter) Migula [ #k B &4 SR &=
FOMIRE T o R MRS 1R W EFH R P R O A B
1B Ul P. aeruginosa TNSK2 4 0] f&{K B Pythium spp. fiif
FI A8 2 FHe iR ENR © K358 25 5 % Botrytis cinerea Pers. ex
Fr. fr 5| 88,2 K 0% 24 R i Hm & R 2 P
aeruginosa 1B-6" & £ n] FEH A5 16 Fusarium spp.
Rhizoctonia solani Kuhn Jz Pythium spp. fiff 5| €2 i =
W BREGER 2% RERE - & & P. putida
(Trevisan) Migula 7 P. fluorescens (Trevisan) Migula » w] [
EBFRRAIR A O+ Y BRI T 7 i 2 2%k (e
I E kD - HEE KRB G RE M ERRRIE S » R
A R I ST B e s 3 8 A M BLR = RO AR I 7 51
i S A £ T B B R RO 2 — 0D B R

KPR T R R AE VI EAT s A R A E -
AN 5 TE Aok NG AR B P 7E 2R Y R B Agrobacterium
tumefaciens (Smith and Townsend) Conn RS3 (¥ B & %5
) ~ Erwinia carotovora subsp. carotovora (Jones) Bergey
ZL1 (03 M S fRE) ~ Erwinia chrysanthemi
Burkholder et al. CAS7 (F & M & M & W &)
Pseudomonas syringae van Hall PA5 (I5Hk #H# 14 S ELR
~ Ralstonia solanacearum (Smith) Yabuuchi et al. PS152
(FEWRE) M Xanthomonas axonopodis pv. vesicatoria
Vauterin et al. XVT40 (7% il & 4 52595 B) <5409 [
A R EIGE ST » LU P, aeruginosa WFP11r FikEER
HE P AT E A AE WAL N - F B 52 A AN E Y P
putida YLFPA4 {5 Fr % A 2 AT B bR YA4H1 7 > B3y
BN (ER AT < Atk B EMRE AR ~ FHEk
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AN 52 ARt 56 A A TR BT ~ AR MBAR B B LAt
TR B ER & Bk - B B 37 A BOR B2 A M) i B 22 5 HE)
I3 A B B 9 22 P R AT Z BRI PR - AR ASE BT i L fth 2 ' fiR B
i TR TR R o AR B B S 7 A RS 3R — o A B AT
Bl » 4§ Agrobacterium ~ Erwinia J; Xanthomonas J&#lE L2
E > nutrient agar (NA; Difco nutrient agar powder, 23g;
distilled water, 1L; pH7.2) ~ Ralstonia solanacearum ¥52& 1>
tetrazolium chloride (TZC) ¥2&E 3 " K Pseudomonas B
E B2 2 i King's medium B (KB) "% k2354 | 5 £ 30°C
B BEITRIEAE - &8 P aeruginosa WFP11r 2
hcnABC ¥:[K.Z P. putida YLFP44 T Fikk Y44H1 Bd{# 5
HIEHAE S pBBRIMCS-5 ZHTAE R bE Y44C1 @ 17 HIlbE 3%
A& 20 1 g/ ml gentamycin ;7 KB %% 5 (KBG) o

e SRR & Pscudomonas putida YLFP44 fif
PE R BRI R A R 25

FHERET 2 FURR IR AR B S A 72 A S A SR B 2B R
HIHENEIRE ) » A Ba LU PAES 2 MAMTET THIG 1 558
A KB 3 KBG £ 85 | 16 /N2 2445 I i ket P.
putida YLFP44 7 (774 Bikk Y44H1 8 Y44C1 DI 2% B8 K
RE12 - Bl B ODe20 £3 0.3 2l B MG 12 GBS TR FE R0 13
10° CFU/ ml) % » #8 10 f5#if$AL 10" CFU/ ml Z BeAdis -
53 IR e 5 2 2 A Y 9 i A R R AR R 7 I TR R UK
i1 Bk ODe2 £50.3 2 M BEIRHE » AT AL 100
CFU/ ml {E 55 o F A % B Bl e =X HH  2 {fi
(Whitley automatic spiral plater, Don Whitley Scientific
Limited, England) j#k 5 157 1 28 G ARR B ERITT2E I fR L
FEVRUR > R MR AR 9 cm ) KB B{ KBG 552 57

o [EIRE SRR R R R W 0 R R —
fHIE.Z NA ~ TZC 5 KB 583 T & o RER ISR IR SRR
FRE B O R BB AT AR R 2 BE R MUE IR > 43 Il
Y PR T I o 5% 88 LV 2Pt » T S i 8 e DU
UL (Parafilm, W1, USA) % E} » FL[E[EEE[A30°C * #6848 /)
P SN 97 [ AT 11 4% 1 R ZE R » {9 Gilchrist et al.
(D2 7 AT BUR G I N 2 VA B E o S [ A T
ZAFIEBE » BA7L log (CFU+1)/ plate 75 o 5 — fig Fl£S

Pseudomonas putida YLFP44 &1k FkY44H1
FIENAE A R PR R ABRTRE ) Z T

P R SR S A REVIA it 2 B MW E E R R R Z
MEIEHZEGH 2R  Kiffse IR LR B E P. putida
YLFP44 i1k bk Y44H1 7578 25wk - It Y44H1
& M ANEE F P putida YLFP44 [ PR Q2 5 H P.
aeruginosa WFP11r 3%l 7 henABC B REBHIRTAEH Kk » 5
DUEig A GEDHEHE pBBRIMCS-5 » [AS FE S Y44C1 1l
A TRRAE B BRI IR (Fe—) o KRR 2 771 70 A =
ATAE RS 2P B MR A E & ~ BEn e ~ ST
Rtz S REEREER 228 ot n
Y44H1 ZHEAH A > T RIERSE 3 K ~5 KKk T K% K
Akt Gilchrist er al. "V 2 J53% » FHEERRE PS152 Hkk
[ %€ IR N TR B E WIS A U R R FR 1S Y44H1
MR o BERNS RS B S AR E PS152 Wik 2 P » & B 1%
BEMEZEEEE2 X HEFEUEE RN ZHESE -
LIW € Y44H1 B Pk e e 2 Sk PS152 kK & 15K
R ER o BOPRE B TR v B HE B M il B 2 706 B
05 B log (CFU+1)/ plate 27x o & — RIS = H{H

s Bl 5
B — PSP, putida YLFPA4 {7 /E 5Kk YA4H1 &
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Table 1. Fluorescent pseudomonad strains from plants used in this study

Strain Plant origin or genotype Cyanide ' Reference
Pseudomonas aeruginosa
WFPI11r Chrysanthemum ++ (1)
WFP171 Common Reedgrass ++ 17)
WFP36 Chrysanthemum + (D)
WFP23 Bird of paradise (D
WFP135r Carnation - (hH
Pseudomonas putida
YLFP44 Sweet pepper - (20)
Y44H1 YLFP44 harboring pPBBR1IMCS-5::3.1kb ++ 17)
henABC genes; Gm'
Y44C1 YLFP44 harboring pPBBRIMCS-5; Gm' - a7

" The degree of hydrogen cyanide production: + +, strong; +, weak; -, none.
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=) o AR ESZ P. putida YLFP44 {141 Ik Y44C1 Il
Pt AU IO R 1 AR 2 AR R B IHIEH (R =) ©

Za%m
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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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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
WFP1lr WFP171 WFP36 WFP23 WFP135r Control *

Plant pathogenic bacterium ++° ++ + - - -

Agrobacterium tumefaciens RS3 00b? 00b 34a 34a 34a 34a
Erwinia carotovora subsp. carotovora ZL1 0.0c 0.0c 2.7b 34a 34a 33a
Erwinia chrysanthemi CAS7 34a 34a 34a 33a 34a 34a
Pseudomonas syringae PAS 00b 00b 33a 33a 34a 34a
Ralstonia solanacearum PS152 00c 00c 1.9b 2.7 a 2.7 a 2.7 a
Xanthomonas axonopodis pv. vesicatoria XVT40 0.0b 0.0b 0.0b 2.7 a 2.7 a 2.7 a

' 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 "* spread with a 50 1 of cell suspension (10* CFU/
ml) of each plant pathogenic bacterial strain was paired with one King's medium B (KB) plate spread with a 50 ;1 of cell suspension
(10" 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°C were
examined and calculated according to the method described by Gilchrist e al. .

% 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.

* 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.

# = ~ Pseudomonas putida YLFP44 FEFHTAEF Pk Y44H1 BLANE FATAEFE K Y44C1 7R3 PAS 2 MR A1 HR A R R
B R R A R 2 B

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 *

Plant pathogenic bacterium ! ++° - -

Agrobacterium tumefaciens RS3 00b° 2.6 a 2.6a
Erwinia carotovora subsp. carotovora Z1L1 0.0b 2.2 a 23a
Erwinia chrysanthemi CAS7 24 a 2.4 a 24a
Pseudomonas syringae PAS 0.0b 2.6 a 2.6a
Ralstonia solanacearum PS152 00b 2.6a 2.7a
Xanthomonas axonopodis pv. vesicatoria XVT40 0.0b 2.6 a 2.7a

" 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 ¥ spread with a 50 ;1 of cell suspension (10" 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 ;1 of cell suspension (10’
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 °C were examined
and calculated according to the method described by Gilchrist ez al. V.

% 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.

* 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.
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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
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11 ~ Ralstonia solanacearum PS152 F R ZEALRE Z %
#HH B Pseudomonas putida YLFP44 FEE {1 K Y44H1
HEEEEARRE - ki FRY44H1 %48 /N 2B K
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

Growth of R. solanacearum

R. solanacearum strain after incubation with

strain | Y44H1 Y44C1 Control *
Tomato
PS21 0.0 b2 32a 30a
PS95 0.0 b 33a 30a
PS152 0.0 b 3.1a 30a
Potato
PS60 0.0 b 3.2a 30a
PS92 0.0 b 33a 3.1a
Pol 0.0 b 34a 30a
Sweet pepper
PS91 0.0 b 3.1a 30a
PS96 0.0 b 32a 30a
Eggplant
PS99 0.0 b 3.1a 3.1a
PS100 0.0 b 3.1a 3.1a

“ The cell suspension of each bacterial strain tested was spread
onto agar plate as footnote in Table 2. One tetrazolium chloride
(TZC) plate '¥ spread with a 50 1 of cell suspension (10* CFU/
ml) of each R. solanacearum strain was paired with one King's
medium B supplemented with gentamycin 20 xg/ ml (KBG)
plate spread with a 50 41 of cell suspension (10’ 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°C were examined and calculated according to
the method described by Gilchrist er al. V.

“ 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.

" 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.

w

P. putida YLFP44 3 &4 @ik YA4H 1 555 K50
B [0 B PR o 5 B B A% TR HE 1) 2 BIGR

FETR.Z P. putida (T4 B Bk Y44H1 {EZPA B2 % 4
o TS A NI AR R RHEY) B 43 i 2 75 R0 1 1 k2
AR s (EAEFZATAER Pk Y44C1 RISEANEIRE /7 (FRPY)
FHHG R PS152 [k 81 Y44H1 B Pk 1A% BAES 22 IR
HEFEEREM 3 K 5 YAHL Rk 2 TR 1% - PS152
R AT 48 /NIRF 12 I Fe R ZE A » L I % B B A SR 3
Y44H1 2 BRAHAH A > 78 B2 Y44H1 Pk L[R5 &R 5
Ktk » BIEER 9% 2 4 (R o HHRE PS152 Hikits

Treatment ' Growth of R. solanacearum PS152
3 day 5 day 7 day
In paired-plate system
With Y44H1 0.0b? 0.0b 0.0b
Without Y44H1 33 a 3.1a 32a
After removal of Y44H1 3.3 a 00b 00b

" The cell suspension of each bacterial strain tested was spread

onto agar plate as footnote in Table 2. One tetrazolium chloride
(TZC) plate ¥ spread with a 50 «1 of cell suspension (10" CFU/
ml) of R. solanacearum PS152 was paired with one King's
medium B supplemented with gentamycin 20 x g/ ml (KBG)
plate spread with a 50 «1 of cell suspension (10’ 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 °C. 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°C and 48hr after
removal of Y44H1 were examined and calculated according to
the method described by Gilchrist er al. V.
~ 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.

BIMTZC B5EE 2 K o HEEE%RE 75 AT A FE ik
Y44H1 5% Y44C1 [EFHS5 K » $EFE80 LI Y44H1 EFRRS -
BRI Z B 8 g ~ WD R Z R T LA
Y44C1 R I 7 B & I 2 0 E 3R (8 — ~ A, B) o DIEE
SED SR B B DL Y44H 1 JEHE R 2 FHAG R PS152 ik
HHAE G 90% LA L) - s 25 8HE AT 82 R (& — -
C,D) -

ol

FRIRAR R P ENS HRBRIR D - R R 2R
FEFRZRES) D o ARHFIERE SRR A BRE T 2 Ak AR B
Pk - 41 WEP11r 81 WFP171 BPRISH PSS 2 LRI T » 2
% FEREY) IR 2 2B R A e 2 I 6ET) - LN 5E
BLERIRAR N SURAEERE A IEAHBH < BLoh - AFIER A%
1S HRIE AR 7S LK henABC 2 P. putida YLFPA4 FERT
'ERITR Y44H1 » EFPAR R NLRA D - SHEY)R IR .Z
HIVERTRE /7 9 7 Srek AR T2 36 (LR A P T AT o O 1V A5 2R
FEABL » T 48 A R henABC LR ST AE L - FTS
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ABSTRACT

Lin, Y. H.}, Chang, S. C.!, Tsai, Y. L.!, Hsu, S. T.!, Huang, H. C.z, and Tzeng, K. C."3 2004. Effect of
cyanogenic Pseudomonas aeruginosa on the growth of plant pathogenic bacteria. Plant Pathol. Bull. 13:211-
218. (" Department of Plant Pathology, National Chung-Hsing University, Taichung, Taiwan; * Graduate
Institute of Biotechnology, National Chung-Hsing University, Taichung, Taiwan; * 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 PAS, 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 Y44H]1 (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 Y44Cl1
(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



