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Rapid identification ol phytopathogenic bacteria isolated from blasted pear blossoms and
rotted radish leaves was tricd by the direcl colony TLC and whole cellular fatty acid analysis.
All the 22 reference strains of fluorescent pscudomonads extubited similar chromatograms with
those of the pear and radish strains at the direct colony TLC. A dendrogram of strains based on
fatty acid compositions showed that all pathovars of P. syringae, P. viridiflava and the pear
and radish strains were closely related with lauric acid and palmitoleic acid as their major fatty
acids. On the other hand, P. marginalis, P. fluorescens and P. aeruginose predominantly
containing an unidentified fatty acid, were clustered separately. The results of the direct colony
TLC and fatty acid analysis suggested that the pear and radish strains belonged to P. syringae
or P. veridiflava. Physiological and biochemical tests of the pear and radish strains econfirmed
that pear and radish strains were P. syringae and P. viridiflava, respectively. The direct
colony TLC and/or whole cellular fatly acid analysis in combination with some selected
physiclogical and biochemical tests will be convenient and practical approach for rapid
identification of phytopathogenic bacteria.

INTRODUCTION

Bacterial pathogens are generally identified by physiological and biochemical tests.
But all these tests arc laborious and time-consuming. Therefore, development of rapid
identification methods for phytopathogenic bacteria has been emphasized. Fatty acid
analysis of bacterial cells is important tool for classification and identification of bacteria
(De Boer and Sasser, 1986; Kori et al., 1992; Roy, 1988; Stead, 1992). The fatty acid data
are more useful for identification of bacteria when they are used in combination with
selected conventional tests (Wallace et al., 1988).

The direct colony thin layer chromatography (TLC) for rapid detection and
identification of bacterial lipids was invented by Matsuyama et al., (1986) and applied
successfully for rapid differentiation of phytopathogenic bacteria (Matsuyama et al.,
1993a,b,c; Matsuyama and Furuya, 1993d; Matsuyama, 1995a,b). Practical use of this
method for identification of phytopathogenic bacteria from diseased plants is in progress.

In this report, we describe the results of practical application of the direct colony TLC
and whole cellular fatty acid analysis by GLC for identification of two bacterial strains,
which were isolated from blasted pear (Pyrus serolina) blossoms and rotted radish
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(Raphanus salivus) leaves. Simultaneously, the conventional physiological and
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methods.

MATERIALS AND METHODS

Bacterial strains

Two strains were isolated from blasted pear blossoms and rotted radish leaves at
Fukuoka Prefecture and used in this study. Other strains of flucrescent pseudomonads
used as reference strains are listed in Table 1.

Table 1. List of fluorescent pseudoionads used as reference.

Bacterial species Isolate Source

FPseudomonas syringae

pVv. syringae ATCO 19310 ATCC
pv. oryzae MAFF 301538 NIAR
ov. tabaci PA-28 KTES
pv. tabaci Ku-7102 AKU
pv. lachrymans 1319 NIAS
V. lackrymans 1321 "
pv. mori P-23 #?
pv. pisi MAFF 301211 NIAR
pv. pist MAFF 301213 "
pv. theae MAFPFE 760001 #
DV. covonrafuciens MAFF 301314 "
py. phaseolicoln MAFF 301616 "
Dv. japonica MAFF 301163 "
DV, atropurpuret MAFF 301307 ”
PY. MOTSHYUWROVUIT MAFF 301444 »
pv. stricfaciens P-71 NIAS
pv. myricae MAFF 301464 NIAR
pv. tomato MAFT 301593 2
P viridiflaua MAFF 301130 ”
P mnarginalis 2163 NIAS
P fluovrescens ATCC 13525 ATCC
P aeruginosa P-45 NIAS

ATCC; American Type Culture Collection.
NTAR: National Ingtitute of Agrobiniogical Resources, Tsukuba, Japan.

KTES: Kagoshima Tobacce Experiment Station, Japan.

AKU: Faculty of Agriculture, Kyushu University, Fukuoka, Japan.

NIAS: National Institute of Agricultural Sciences, Tokyo, Japan.

Type culture: Small T at the shoulder of isolate number indicates type culture.
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Direct colony TLC

Each strain was cultured on a slant of King’s B mediurm (Eiken Chem. Co.)} at 30°C for
3 days. One loopful of bacterial colony was pasted directly on a TLC plate (Merck Co.)
and dried completely. The plate was then developed with chloroform-methanol (2:1,v/4)
for 10min and dried. Bacterial cells were scraped oul and again developed to the same
direction with chloroform-methancl-water {60:256:4, v/vw/v). The amino lipids were
detected by spraying with ninhydrin followed by heating at 100°C for 10 min. The
chromatograms were documented by photocopy {Matsuyama et al., 1993ab,c;
Matsuyama and Furuya, 1993d; Matsuyama, 1995a,b).

GLC analysis )

Extraction of whole cellular fatty acids was conducted by the method of Gudmestad
et af. (1988) with slight modification. Bacteria were grown in 523 breoth (Kado and
Heskett, 1970) at 30°C for 48hr by shaking. Five mg of lyophilized cells was methylated
with 0.6 mi 5% HCl-methanol at 100°C for 3hr in a sealed glass tube to obtain fatty acid
methyl ester (FAME) derivatives. The content was cooled at room temperature and
transferred to a new eppendorf tube. Then, FAMEs were added with 0.5ml of distilled
water and petroleum ether and centrifuged at 5000 rpm lor 5 min. The solvent phase was
collected in a new eppendorf tube, washed with 0.5ml distilled water to remove HCL and
dehydrated by mixing with 0.5g anhydrous sodium sulfate. The organic phase was
concentrated by blowing nitrogen gas. FAMEs were analyzed by GLC chromatograph
(Shimadzu C-R-TA Plus) equipped with HR-SS-10 capillary column. The column and
injection-port temperature were maintained at 180°C and 250°C, respectively, and the
flow rate of nitrogen gas was b0 ml/min. Average values of falty acid composition were
used to differentiate the strains. Relative similarities among the strains based on fatly
acid composition were assessad with average linkage cluster analysis procedure using the
statistics package software SYSTAT.

Physiological and biochemical tests

To test physiological and biochemical properties of the pear and radish strains the
authentic methods reported by various researchers were applied as follows: Gram stain
and levan formation (Schaad, 1988), production of fluorescent pigment on King's B
medium (King et al., 1954), oxidase tests (Kovacs, 1956), potato soft rot (Lelliot ei al.,
1966), arginine dehydrolase {Thornley, 1960), tobaceo hypersensitive reaction {Klement,
arl Goodman, 1967). Carbornt source utilization tesis were also conducted by adding each
carbon source (0.1% wt/vol) to the mineral base medium of Ayers et al. (1919). Carbon
stock solutions were sterilized by autoclaving, excepl for the solutions sensitive to heat,
which were sterilized by filtration. A suspension of bacterial cells grown on 523 slant was
streaked onlo each test mediuin, incubated at 30°C and evaluated pericdically for 21
days. The results on the minimal medium without any addition of carbon source were
used as controls.

RESULTS AND DISCUSSION

The pear and radish strains showed {dentical TLC chromatograms with those of the
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Fig. 1, TLC chromatograms of lipids from pear and radish strains and other reference strains by
the direct colony TLC»,
1. P.wmarginalis 2153
2. Radish strain
3. P wiridiflovae MAFF 301130
4. P syr. pv. syringae ATCC 193107
5. Pear strain
8. P syr. pv. lomaio MAFF 301693
7. P. syr. pv. tabaci Ku-7102
O : Origin, F: Solvent front
Arrow head indicates the common spot
“The direct colony TLC method is deseribed under materials and methods.



Table 2. Percentage composilion of whole cellular fatty acids in pear and radish strains and fluorescent pseudomonads used as reference.

Bacterial species

Fatty acid composition

Lauric ~ 3-OH  Palmitic =~ Un¥-1 Palmitoleic 3-OH Oleic: Un-2 Un-3 2-0OH
Capric Lauric Palmitic

Pear strain 17.11 12.56 13.71 13.37 18.34 13.19 3.69 0.00 4.64 3.36
Radish strain 18.58 8.44 12.52 972 25.83 9.63 9.05 0.00 0.00 6.20
P, syr. pv. syringae ATCC 193107 22.88 10.14 12.71 9.56 20.84 9.32 65.46 0.39 0.26 7.34
P. syr. pv. oryzae MAFT 301538 27.22 14.90 10.12 10.71 13.30 9.56 2.94 0.36 0.44 10.44
P. syr. pv. more P-23 21.06 13.17 10.04 11.83 17.11 11.54 4.68 0.45 0.81 9.28
P. syr. pv. tubaci PA-28 26.53 15.72 8.12 10.47 12.68 11.39 3.22 0.17 0.51 11.25
P syr. pv. tabaci Ku-7102 26.27 14.11 8.73 11.54 10.66 10.16 3.68 0.83 1.04 12.64
P. syr. pv. theae MAFF 750001 19.41 1381 8.67 12.45 19.18 11.78 3.42 .46 0.13 10.66
P. syr. pv. lachrymans NIAS 1321 24.25 10.97 10,03 11.05 18.76 10.17 3.65 0.26 0.88 9.96
P. syr. pv, lachrymans NIAS 1319 27.28 11.84 10.01 11.32 15.30 9.89 321 0.37 0.38 10.66
P. syr. pv. pisi MAFF 301211 20.77 9.44 13.64 9.01 25.39 7.40 6.29 042 0.14 7.47
P. syr. pv, pisi MAFF 301213 16.91 13.16 12.97 13.37 22.53 11.83 493 (.00 0.51 3.77
P. syr. pv. phaseolicola MAFF 301616 18.43 13.12 11.13 11.36 20.21 10.79 532 0.00 0.00 9.62
P. syr. pv. japonica MAFF 301163 18.07 12.09 11.82 11.73 20.86 12.38 4.69 0.12 (3,92 7.30
P. syr. pv. atropurpurea MAFF 301307 22.56 11.99 921 13.73 17.33 12.11 3.18 0.34 0.64 8.88
P, syr. pv. corongfaciens MAFF 301314 21.70 11.61 10.35 11 57 1857 9.77 3.12 0.30 0.00 12,98
P. syr. pv. morsprunorum MAFF 30144 22.32 13.75 13.79 12.53 14.89 10.12 3.67 0.26 1.75 7.00
P. syr. pv. myricae MAFF 301464 16.74 12.78 13.79 15.34 14.86 13.99 5.16 0.00 3.18 4.13
P. syr. pv. tomato MAFF 301593 18.39 14.24 12.33 13.256 16.87 13.33 3.40 .00 3.67 451
P. syr. pv. striafuciens P-71 18.37 12.83 14.46 12.40 18.20 11.61 5.62 G.00 1.80 4.70
P. viridiflava MAFF 301130 18.81 9.24 11.66 10.18 25.32 10.65 7.7% 0.00 (.00 6.34
P. marginalis 2153 8.26 12.26 14.27 27.43 15.12 11.63 4.44 0.22 3.76 2.57
P. fluorescens ATCC 13525™ 9.46 1536 15.09 26.12 11.50 12.27 4.84 0.00 2.14 3.20
P. aeruginosa P-45 12.18 15.40 11.48 19.21 .7 13.47 15.35 0.16 (.68 243

“Un—, Unidentified
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reference strains of fluorescent pseudomonads used in this study (Fig. 1). Only a single
common spot (arrow-head in figure) which appears on the chromatograms of gram-
negative bacteria except for Agrobacterium spp. was detected. A similar type TLC
chromatogram was reported earlier for P. syringae (Matsuyama and Furuya, 1993d) and
the chromatographic profiles suggested that the pear and radish strains belong Lo £.
syringae or related species.

In GLC analysis, ten fatty acids were detected and quantified as fo bacterial strains
used in this study. Among them, lauric acid, 3-0OH capric acid, palmitic acid, palmitoleic
acid, 3-0H lauric acid, oleic acid, 2-OH palmitic acid and one unidentified fatty acid
(unidentified-1) were common in all strains including the pear and radish strains. P.
marginalis, P. fluorescens and P. aeruginose predominantly contained an unidentified
fatty acid (unidentified-1) when compared with the compositions of P. syringae
pathovars, P. viridiflava and pear and radish strains. Whereas lauric acid and
palmitoleic acid were predominant in P. syringae pathovars, P. viridiflava, and pear and
radish strains. The fatty acid composition also revealed that P. aeruginosa was different
from P. marginalis and P. fluorescens for higher olei¢ acid content (Table 2). These
resulls show thal P syringae pathovars and P viridiflava can be clearly differentiated
from P. marginalis, P. fluorescens and P. aeruginosa by their faity acid compositions.

Euclidean distance

30 2.0 1.0 0.0
L 4 | 1 L i

P. asruginosa P-45
[————— P marginalis 2153
L P. fluorescens ATCC 13525

r*: P. syr. pv. phaseolicola MAFF301616
{1 P. syr. pv. japonica MAFF 301163

P. syr. pv. pisi MAFF 301213

Pear strain

|_|_: P. syr. pv. lomato MAFF 301583
P. syr. pv. striafaciens P-71
_L— P. syr. pv. myricae MAFF 301464

P. viridiflava MAFF 301130
4r_.,_-: Radish strain

P. syr. pv. pisi MAFF 301211

1

P. syr. pv. syringae ATCC 19310

P. syr. pv. lachrymans NIAS1321
'_: P. syr. pv. coronafaciens MAFF 301314

P. syr.

P. syr.
'___r{: i

Fig. 2. Dendrogram of cluster analysis on pear and radish strains

pseudomonads used as refefence.

pv.
pv.
pv.
pv. tabaci PA-28
pv
pv.
pv.

P. syr. pv. mori P-23
< Lo sropmmmemser aor
P. syr. pv. theae MAFF 750001

. morsprunorum MAFF 301444
. aryzae MAFF 301538

. tabaci Ku-7102
. lachrymans NIAS1319

and other fluorescent



Table 3. Physiclogical and biochemical tests for pear and radish straing and fluorescent pseudomonads.

Tests Strain®
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a) 1-Pear strain; 2-Radish strain; 3-P, syr. pv. syringae ATCC19310% 4-P. viridiflane MAFF 301130; 5-P. syr. pv. pisi MAFF 301211; 6-P. syr. pv. pisi MAFF
301213; 7-P. syr. pv. luchrymans NIAS 1319; 8 P. syr. pv. lachrymans NIAS 1321; 9-P syr. pv. tabaci PA-28; 10-P, syr. pv. tabact Ku-7102; 11-P. syr. pv,
morsprunorum MAFF 301444; 12-£. gyr. pv. corongfaciens MAFF 301314; 13 -P. syr. pv. oryzae MAFF 3015638; 14 P syr. pv. atropurpurea MAFF
301307; 15-P. syr. pv. japonica MAFF 301163; 16-P. syr. pv. theae MAFF 750001; 17-P. syr. pv. mori P-23; 18-F. syr. pv. tomato MAFT 301893, 19-F. syr.
pv. strigfaciens P-T1; 20-F. syr. pv. myricae MAFF 301464; 21-P. syr. pv. phaseolicole MAFF 301616; 22-P. marytnalis 2153; 23-P. fluvrescens ATCC
135257, 24-P. aeruginosa P-45.
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The dendrogram analysis based on fatty acid composition formed two major clusters
(Fig. 2). The first group consisted of P. marginalis, P. fluorescens and P. aeruginosa
whereas the second group contained F. syrirngae pathovars, P. viridiflava, and pear and
radish strains. The latter group was again divided into five sub—clusters. In these sub-
clusters, pear strain grouped with F. syr. pv. tomato MAFF 301593, P syr. pv.
striafaciens P-71 and P. syr. pv. myricae MAFF 301464 and radish strain clustered with
P. wiridiflavae MAFF 301130, P. syr. pv. pist MAAFT 301211 and P. syr. pv. syringae
ATCC 19310 (Fig. 2). Previously, Stead (1992) described three well defined profile-types
in fluorescent pseudomonads, represented by P. syringae, P. aeruginosa, and P,
Sluorescens, where all plant pathogenic species tended to have profiles very similar to the
profile of P. syr. pv. syringae, though some differences were observed among some taxa.
This is also supported by the results of the present study. Hence, it is evident from the
results of fatty acid analysis that the pear and radish strains belong to P. syringae or P.
viridiflava.

Bacteriological properties of the pear and radish strains were examined in order to
confirm the results of TLC and GLC analyses. As summarized in Table 3, they were gram-
negative, positive to fluorescent pigment production on King's B medium and caused
hypersensitive reaction on tobacco leaves. They were negative in the following tests:
oxidase activity, arginine dihydrolase activity and growth at 41°C. Further, the other
characteristics of pear and radish strains verified that they belong to P. syringae and P.
wviridiflava, respectively.

Although the determination of the pathovar of P. syringae was not possible, rapid
identification of phytopathogenic bacteria using direct colony TLC and fatty acid analysis
in combination with some selected physiological and biochemical tests is more cenvenient
and practical.
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