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Rapid idcntificatioll of phyt.opathogenic bacteria isolated from blasted pear blossoms and 
rot ted radish I ~aves was tlicd by the d irect ( ~()lony TLC and whole cellu la r ra lly acid analysis. 
All the 22 reference strains of fluorescent pscudomonads exhibited similar chromatograms \\i tll 
those of the pea r and radish strains at the direct colony TLC. A dendrogram of st.rains based on 
fatty acid compositions showed that all pathov8rs of P. syringae, P. 1;iridijIava and the p+;!ar 
and radish strains were closely related with lauric acid and palmitoieic acid as their major fatty 
acids. OIl the other hand, P. marginct/ilS, P.jlu.orescens and P. aeruginosa predominantly 
containing an lU\identified fatty acid, were elllstered separately. The r esult..; of the direct colorW 
TLC and fatty acid analysis suggested that the pear and radish strains belonged to P. syriruJ(lB 
or P. viridijlava . Physiological and biochemical tests of the pear and f"cld ish st.rains confumcd 
t hat pea r and radish s trains were P. syringae and P. viridij1a1)a , respectively. The direct 
colony TLC and/o r whole cf"JJuJar faU.y ucid analysis in combination with some selected 
physiologica l and biochemical tests will he convenient and pra(:tical approach for rapid 
identification of phytopathogenic bacteria . 

INTRO DUCTION 

Bacteria] pathogens are generaUy identified by physiological and biochemical tests. 
But all these tcsts 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 classifir.ation and identification of bacteria 
(De Boer and Sasser, 1986; Kori et at .. 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 at., (1986) and applied 
successfully for rapid di fferentiation of phytopathogenic bacteria (Matsuyama et al., 
1993a,b,c; Malsuyama and Furuya, 1993d; Malsuyama, 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 (Py1'US sem /'ina) blossoms and rotted radish 
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(Raphanus sativus) leaves. Simultaneously, the conventional physiological and 
biochemical tests \vere also conducted for confirmation of thc results of TLC and GLC 
methods. 

MATERIALS AND METHODS 

Bacterial strafus 
Two strains were isolated from blasted pear blossoms and rotted radish leaves at 

Fukuoka Prefecture and used in this study. Other strains of fluorescent pseudomonads 
used as reference strains are listed in Table 1. 

Tahie 1. Li:;t of uuure:;cellL jJ~euduHlullalb used. as reference. 

Bacterial species 

Pseudomonas syringae 
pv. syrirzga.e 
pv.oryzae 
pv. taboo 
pv. tabaci 
pv. lachrymans 
pv. lachryrnCi.liS 
pv. nUJri 
pv. pisi 
pv. pisi 
pv. tneae 
pv.coronafac~ 

pv. phaseo/ieola 
pv. japonica 
pv. atropurpurea. 
pv. morsprunorum 
pv. stria/aciens 
pv. myrieae 
pv. tomato 

P. v'iridiflava 
P. HUJ,rginal"i ... , 

P. jluorescens 
P. aeruginosa 

Isolate 

ATCC 19310"' 
MAFF 301538 
PA-28 
Ku-7102 
1319 
1321 
P-23 
MAFF 301211 
MAFF 301213 
MAYI" 750001 
MAFF301314 
MAFF301616 
MAFF 301163 
MAFF 301307 
MAFF 301444 
P-71 
MAFF 301464 
MAFF 301593 
MAFF :)01130 
2153 
ATCC 13525.1 

P-45 

ATCC: American Type Culture Collection. 

SOUTce 

ATCC 
NIAR 
KTES 
AKIJ 
NlAS 

NIAR 

NIAS 
NIAR 

NIAS 
ATCC 
NIAS 

NTAR: National Institute of Agrnbiologieal ResourcE's, Tsukuba, Japan. 
KTES: Kagoshima Tobacco 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 medium (Eiken Chcm. 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/v) 
for 10min and dried. Bacterial cells were scraped out and again developed to the same 
direction Vlrith chloroform-methanol-vvater (60:25:4, v/v/v). The amino lipids ""vere 
detected by spraying with ninhydrin followed by heating at 100°C for 10 min. The 
chromatograms were documented by photocopy (Matsuyarna et ai., Ig93a,b,c; 
Matsuyama and Furuya, 1993d; Matsuyama, 1995a,b). 

GLC analysis 
Extraction of ''',Thole cellular fatty acids was conducted by the method of Gudmest.ad 

et aL (1988) with slight modification. Bacteria were grown in 523 broth (Kado and 
Heskett, 1~J70) at 30'C for 48hr by shaking. Five mg of lyophilized cells was methylated 
v..ith O.5ml ,5% HCl-methanol at 100 0 e 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 \vith 0.5ml of distilled 
water and petroleum ether and centrifuged at 5000 rpm [or 5 min. The solvent phase was 
collected in a ne\\' eppendorf tube, \vashed with 0.5ml distilled \vater to remove Hel and 
dehydrated by mixing with O.5g anhydrous sodium sulfate. The organic phase \,vas 
concentrated by blowing nitrogen gas. FAMEs w~ere analyzed by GLC chromatograph 
(Shimadzu C-R-7A Plus) equipped with HR-SS-IO capillary COIWlll. The column and 
injection-port temperature were maintained at 180·C and 250"C, respectively, and the 
flow rate of nitrogen gas was 50mllrnin. Average values of fatty acid composition were 
used to differentiate the strains. Relative similarities among the strains based on fatty 
acid composition were assessed "vith 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 

authentjc methods reported by varjous researchers were applied as follmvs: Gram stain 
and levan formation (Schaad, 1988), production of fluorescent pigment on King's B 
medium (King pt al., 1954), oxidase tests (Kovacs, 1956), potato soft rot (Lelliot pI aI., 
1966), arginine dehydralase (Thornley, 1960), tobacco hj"persensitive reaction (Klement 
and Goodman, 1967). Carbon source utilization Lests were also COllducLcd by addirtg: each 

carbon source (0.1% \vt/vol) to the mineral base medium of Ayers et al. (I919). Carbon 
stock solutions were sterilized by autoclaving, except for the solutions sensitive to heat, 
,vhich were sterilized by filtration. A suspension of bacterial cells grO'wTl on 523 slant was 
streaked onLo each test mediwtl, incubated at 30 T. and evaluated periodically for 21 
days. The results on the minimal medium ,vithout any addition of carbon source \vere 
used as controls. 

RESULTS AND DISCUSSION 

The pear and radish strains shmved identical 'fLC chromatograms with t.hose of the 
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o 
2 3 4 5 6 7 

Fig. I. 'ftC chromatograms of lipids from pear and radish strains and other reference strruns by 
the direct colony TLC·;. 
1. P. rnarginalis 215:J 
2. Radish strain 
3. P. '})'iril1ijlm)a.1iA.FF 301130 
4. P. tiyr. pv. syringae A1'CC U};HOT 
5. Pe~r strain 
0, P. syr. )lV. tomato .M..<\FF 30] f>!)3 
7. P. syr. pv. tabac-i Ku- 7102 
o : Origin, F: Solvent frollt. 

Arrow heac1 ind icates the (;ommon spot 
.) The direct colony TLC method is described under matcrial~ and methods. 



Table 2 . Pe rcentage eompositioIl of whole cellular fat.t.y a{:icL ... in pear and radish strains and fluorescent. pseudoTllonads used as reference. 

Bacterial species 
Fatty add composition iP 

3-0H 
- - - ~. Lauric Palmitic Un~L l Palmitoleic 3-OH Oleic Un-2 Un- 3 3-OH "-

Capnc Lauric Palmit.ic i} 
Pear strain 17. 11 12.56 1:3.71 13.37 18.31 13.19 3.69 0.00 4.64 3.36 

~ 

S Radish strain 18.58 844 12.52 972 25.&3 9.6:1 9.00 0.00 0.00 6.20 

i P. S:YT. pv. s:l.Jrinaae ATCC 1931QT) 22.88 lO.14 12.71 8.56 2089 9.32 6.46 0.39 0.26 7.34 
P. syr. pv. oryzae MAFF 301538 27.22 14.90 lO.12 10.71 13.30 9.fio 2.94 085 0.44 10.44 
P. syr. pv. mori P-23 21.05 13.17 lO.O4 11.83 17.11 11.54 4.68 0.45 0.81 9.28 ~ 
P. SYT. pv. labaci PA-28 25.53 If.i.72 8.12 10.47 12.58 11.39 3.22 0.17 0.51 J 1.25 il' 
P. syr. pv. tabaci Ku-7102 26.27 14.11 8.73 11.54 10.56 lO.l6 3.68 0.83 1.04 12.64 f P. syr. pv. theae MAFF 7»0001 19.41 nSl 8.67 12.45 19.18 11.78 3.42 0.46 0.13 10.66 
P. syr. pv. lachryrnans NlAS 1321 ~4.~5 lU.97 10.03 11.05 18.76 10.17 3.65 0.26 11.88 9.95 
P. syr. pv.lachrymans N[AS 1319 27.28 11.84 10.01 11.32 1&.30 9.89 3.21 0.37 038 IO.()5 l P. syr. pv.pisi MAFF 301211 20.77 9.44 13.64 9.01 25.39 7.40 6.29 ])42 U. 14 7.47 
P. syr. pv. pisi MAFF 3012 13 10.BI 13.16 12.97 13.37 22.53 11.83 4.93 0.00 0.51 3.77 '" ~ P. syr. pv. ph.a.scolicola MAFF 301616 1843 13. 12 I Ll3 11.36 20.2 1 10.79 5.32 0.00 0.00 9 .02 Ii; 
P. SlJr . pV.japoni(",Q, MAFF 301 163 18.Q7 12.09 11.82 11.73 20.85 12.38 4.69 0.12 0.92 7.30 "-
P. syr. pv. atropurpurea MAFF 301307 22.56 11.99 9.21 13.73 17.33 12. 11 3.18 0 .34 0.64 888 ~ 
P. SY T . P\! . coronafaciens MAFF 301314 21.70 11.61 1035 11.57 IR 57 9.77 3. 12 0.30 0.00 12.98 

, 
P. sur. pv. nwnqJn1.norum MAFF 30144 22.32 13.75 13.79 12.53 IHY 10.12 3.57 0.26 1.75 7.00 ~ 
P. :>y r . pv. myr icae MAFF 301464 16.74 12.78 13.79 15.34 14.86 13.99 5.16 0.00 3.18 4. 13 ~ c 
P. syr. pv. tomato MAFI<~ a015!)3 18.:m 14.24 12.33 13.25 16.87 13.3,1 3.40 0.00 3.67 4.51 & 
P. syr. pv. striafaciens P-71 18.37 12.83 14.46 12.411 18.20 11.01 5.62 0.00 1.80 4.70 

~ P. viridiflava MAFF 301130 18.8 1 9.24 11.66 10.18 25.32 10.65 7.79 0.00 0.00 6.34 
P. margin-alis 2153 8.26 12.26 14.27 27.43 15.12 11.63 4.44 0.22 3.76 2.57 ~ 
P. ./l"ll.orescens ATCC 13525T

: 9.45 16.:3» 15.09 26.12 11.50 12.27 4.84 0.00 2.14 3.20 [ 
P. aeruginosa P-45 12. 18 15.40 ll.4S 19.21 !J.71 13.47 15.35 0.16 0.58 2.43 S' 
OIUn_, Unidentified ~ 

'" t-

~ 
~ 

~ 

w 
w 



332 A. A. Khan et ai. 

reference strains of fluorescen t pseudomonads used ill this study (Fig. 1). Only a single 
common spot (arrow-head in figur e) which appears on the chromatog rams of grarn
negative bacteria except for Agrobacle'r'iu:rn spp . \vas detec ted . A similar type TLC 
chromatogram '''''<is reported earlier for P. sUTingae (Matsuyama and Furuya, 199Hd) und 
the chromatographic profiles suggested that the pear and radish strains belong to P 
syri-ngae or felated !\ped es. 

In GLe analysis, ten fatty acids were detected and ql1ant.ified as to bacterial strains 
used in this study. Among them, lauric acid, 3-DH capric acid , palmitic acid, palmitoleic 
acid, 3-0H lauric acid, oleic acid, 2- 0H palmitic acid and one unidentified fatty acid 
(unidentified- I) were common in all strains including the pear and radish strains. P. 
margi.na lis, P. jluorescens and P. aeruginosa predominantly contained an unidentified 
fatty acid (wlidenti fi ed-l ) when compared with the compositions of P. syringae 
pathovars, P. viridijla-ca and pear and radish strains. Whereas la uric ac id and 
palmi toleic acid were predominant in P. sY1ingae pathovars, P. viridijlava, and pear and 
radish strains. The fatty acid composition also revealed that P. aenlginosa. was different 
from P.. marginalis and P. jluorescens for higher oleic: acid content (Table 2). These 
results show lhal P. syringae pathovars and P. viridiflava can be clearly differentiated 
from P. marginalis , P. jlu.orescen,s and P. aeruginosa lJy their falty acid compositions. 

Euclidean distance 

3.0 2.0 1.0 
I I I 

I 

rl 

r-

r 
-

, 0.0 
I 

.--
~ 

P. seruginosa P-45 

p , margina/is 2153 

P. fluor8scens ATCC 13525 

P. syr. pv. phaseolicola MAFF301616 

P. syr. pv. japonica MAFF 30 1163 
P. syr. PII. piS; MAFF 301213 
Pearstrs ... 
P. syr. pv. tomato MAFF 301593 
P. syr. pv. striafaciens P-71 

P. syr. pv. myricae MAFF 301464 

P. vlrldiflava MAFF 3011 30 

Radish strain 

P. syr. pv. pisi MAFF 301211 

P. syr. pv. syringae ATCC 19310 

P. sy,. pv. lachrymans NIASI321 
P. syr. pII. coronafaciens MAfF 301314 

P. sy'. pv. marl P·23 
P. syr. pv. atropurpurea MAFf 301307 
P. syr. PII. thooe MAFF 750001 

P. syr. pv. morsprunorom MAFF 301444 

P. syr. pv. tabaci PA-28 

P. syr. p\/". oryzaeMAFF 301539 

P. :!iyr. pv. tabadKu-71 02 

P. :!iyr. pv. lachrymans NIAS1319 

Fig. 2. Dendrogram of cluster analysis on pear and rad ish strai ns and other nuorescent 
pseudomonads used as refefence. 



Table 3. Physiological and biochemical tests for pear and radish strains and fluorescent pseudomonads 

Tests 
2 :3 _-'4'-----"5'----"6 __ 7'----'8'-----'" 10 11 12 

Gram stain 
Fluorescent pigment 
Tobacco HR 
Potato soft rot 
Oxidase 
Levan 
Arginine dihydolasc 
Growth at 41 "C 
Gelatin liquefaction 
Esculin hydrolysis 
Tyrosinase activity 
Utilization of: 

Adonitol 
Erythritol 
Inositol 
Maruutol 
Sucrose 
TrehalO:=lP 
Sorbitol 
Cellobiose 
D-Xylose 
Betaine 
L-Histidine 
DL-Homoserine 
Beta-alanine 
Anthranilate 
L-Ascorbate 
L-Tartrate 
D-Tartrate 
2-Ketoglutarate 
Propionate 
Quinate 
L-Lactate 
Trigonelline-HCl 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ + 
+ Chl. 

+ 

+ + 
+ + 

+ + 
+ + 
+ + 
+ 

+ + 

+ + 
+ + 

+ 

+ 
+ + 

+ 
+ + 
+ + 

+, Positive;, Negative; Ch!., Chlorosis 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + 
chl. chl. chl. 

+ + + 

+ + 
+ + 

+ 

+ 
+ + + 
+ + + 
+ + + 

+ + + 

+ + 
+ + + 
+ + + 

+ 

+ + + 

+ + + 
+ + + 
+ + + 

+ + + 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

13 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

14 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

15 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

16 17 18 

+ + + 
Chl. Chl. ChI. 

+ + 

+ + 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ + 

+ + 
+ + 

+ 

+ + 

+ 
+ 
+ 

+ + 
+ + 

+ + + 

19 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

20 21 

+ + 
ChI. ChI. 

+ + 

+ 

+ 

+ 
+ 
+ + 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ + 

22 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

23 

+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

24 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

a) I-Pear strain; 2-Radish strain; 3-]->, syr. pv. syringae ATCCI9:31O"; 4-P. vi,rid1Jlava MAFF 3011:30; 5-P. syr. pv. pisi :MAFF 301211; 6-P, sllr. pv. p'isi MAFF 
301213; 7-P. syr. pv.lachryma:ns NIAS 1319; 8 P. syr. pv.lachrymans NlA..S 1321; 9-V syr. pv. tabaci PA-28; lO-P, syr. pv. tabaci Ku-7102; ll-P. syr. pv 
morsprunorum MAFF 301444; 12-V syr. pv. coronafaciens MAFF 301314; 13 -P. syr. pv. oryzae MAFF 301538; 14 P. SyL pv. atropwpurea MAFF 
301307; 15'-P. syr. pV.japonica MAFF 301163; 16-P. syr. pv. theae MAFF 750001; 17-P. syr. pv. mori P-23; 18-P. syr. pv. tomato MAFF 30159:~; 19-P' syr. 
pv. striafaciens P-71; 20-P. syr. pv. myricae MAF.t<' :301464; 21-P. syr. pv. phaseolicola MAFF 301616; 22-P. rnaryinalis 2153; 23-P .. fi'U()Te.<;cens ATCC 
13.525T; 24-P. aeruginosa P-45 

w 
w 
w 
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The dendrogram analysis based on fatt.y acid composition formed hvo major cluste rs 
(Fig. 2). The firs t group consisted of P. ma.rginalis, P. ./l.'U,01"eSCens and P aeruginosa 
w'hereas the seco nd group contained P. suringae pathovars, P. 'V'iridiflava, and pear and 
radi:::h strains. The latter group was again divided into five sub-clusters . In these sub
clusters, pear strain grouped with P. syr. pV. tomato MAFF 301593, P. sy". p". 
striq{aciens P- 71 and P. syr. pv. m yricae MAFF 301464 and radish strain clustered "ith 
P. Fi1idijlavu. lvlAFF 301130, P. syr. pV. pis; MAAFF 3012 11 and P. syr. pV. sY"in{j(le 
ATCC 19310 (Fig. 2) . Previously, Stead (1992) described three well detined profile- lypes 
in fluores cent pseudomonads, represent.ed by P. syringae , P. aeruginosa, and P. 
j/:u.orescens, where all plant pathogenic species tended to have profiles very similar to the 
profile of P. syr. pv. syri"ng(u3, though some differences ·were obse rved 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. 
virid'ijlava. 

Bacteriologir.al properties of the pear and radish strains \\1crc examined in order to 
confirm the results of TLC and GLe analyses . As swrunarized in Table 3: they were gram
negative, positive to fluorescent pigment production on King's B medium awl caused 
hypersensitive reaction on tobacco leaves. They were negatjve in the follovring tests: 
oxidase activity, arginine dihydrolase activity and growth at 41 "C. ~~urther , the other 
characteristics of pear and radish s trains ve rified that they be long to P. syringae and P. 
FiridijZava , respectively. 

Although the de te rmination of the pa l.hovar 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 testB is more convenient 
and practical. 
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