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The fatty acid analysis of Brazilian strains of Ralstonia solanacearum was conducled by
gas—liquid chrematography (GLC)Y. Using 29 strains from Brazil, profiles of the whole-cell fatty
acid methyl esters (FAME) were compared. Qualitative and quantitative differences in the
proliles of FAMEs were not observed among the strains.

When the fatty acid analysis of the bacterial cellular membrane was conducted, striking
outcoms was obtained. In particular, the ratios of the amount of 2-hydroxypalmitic acid(1:1
2~0H} and an unidentifiled fatly acid (Rt 16.4) varicd greatly depending on original host plants
and biovars. The fatty acid profiles of the strains from pepper (biovars 2 and 3), banana (biovar
1) and cucalyptus (biovar 1) were clearly different from those of the strains isolated from other
plants. These results indicate that fatty acid profiles of the ouler-membrane might reflect the
dilferences of the host plants from which the isolates were oblained. Baclerial outer—mernbrans
fatty acid prefiles will be useful as a benchmark for the classification and identificalion of K.
solanacearum at subspecies level.

INTRODUCTION

Intraspecific grouping of Ralsionia solanacearum (Yabuuchi ef «l., 1995) (syn.
Pseudomonas solanacearun:) remains a complex subject (Okabe and Goto, 1961).
Arrangements based on host specificity, which resulted in five races (Buddenhagen and
Kelman, 1964, Buddenhagen et al., 1962, He ef al., 1983), did not coincide with grouping
based on physiological criteria (Hayward, 1964, He el al., 1983), which lead to the
recognition of five biovars. Further detailad phenotypic, chemotaxonomic and genetic
studies are required to clarify the taxonomic structure of K. solanacearum.

To supply additional data which may help to understand the complex species of .
solanacearum, we analyzed the whole—cell and the outer—-membrane fatty acid methyl
esters (FAMESs) of Brazilian strains of this bacterium by gas-liquid chromatography.

MATERIALS AND METHODS

Bacterial isolates and culture
Twenty-nine Brazilian strains of Ralsionia solanacearum and type strain
ATCC11696 and type strains of R. picketiii ATCC27b11, Erwinia carotovora subsp.
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carotovora ATCG33260, K. c. subsp. atroseptica ATCCA3762, Xanthomonas campestris
pv. campestris ATCC33913, Burkholderia (Yabuuchi et al., 1992) (syn: Pseudomonas)
caryophylli ATCC25418, B. gladioli pv. gladioli ATCC10248 and Agrobacterium
tumefaciens ATCC23308 maintained in author’s laboratory were used in this study. Fach
bacterial strain of R. solanacearwm was pre—cultured on the plate of TTC medium
{peptone 10g, casein hydrolysate (Difco) 1g, glucose 5¢g, agar 17 g, triphenyl tetrazolium
chloride (1% solution) 5ml, distilled water 1 liter) at 30°C for 48 hr for selecting virulent
colonies. Typical virulent colonies were isolated and cultured in 200ml of 523 medium
(Kado and Heskett, 1970) in Sakaguchi flask by shaking at 30°C for 24hr. Type strains
other than E. selanacearum were pre—cultured on the plates of potato semi-synthetic
agar (PSA) medium (Wakimoto, 1955) at 30°C for 24 hr and then cultured in 523 broth at
30°C for 24 hr.

Preparation of the samples

The bacterial cells were harvested by centrifugation (3,500 % g, 30 min), resuspended
in 0.85% NaCl solution and centrifuged. A part of the pellet was lyophilized and stored as
the whole—cell sample. Five grams (f.wt} of the precipitated cells was resuspended in
100ml of 0.2 M LiCl solution and shaken {156 strokes/min} at 45°C for 2.5hr with glass
beads {1 mm in diameter). The supernatant obtained by centrifugation (5,000Xg,
20 min) was recentrifuged at 30,000 X g for 40 min to remove large membranous materials.
The resulting supernatant was then centrifuged at 100,000 X g for 2 hr and the pellet was
washed once with distilled water under the same centrifugal conditions. All of the
centrifugation was conducted at 4°C. The bacterial outer membrane obtained was
Iyophilized and stored in a desiccator.

Preparation of fatty acids
Five milligrams of the lyophilized whole-cell or outer membrane was methylated with
Zmi of 5% HCi-methanol at 10G°C for 3hr in a sealed giass tube o obfain faity acid
methyl ester (FAME) derivatives. After methanolysis, one ml of water was added and the
FAMESs were extracted with petroleum ether by shaking. The solvent phase was washed
with equal volume of distilled water to remove HCI and dehydrated by mixing with 0.5:1n1g
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blowing. Samples were stored at —20°C.

Preparation of fatty acids

FAMEs were analyzed by a gas-liquid chromatograph (Shimazu GC 17A) equipped
with a FID detector and 0.25mm x50 m HR-88-10 capillary column. The column and
injection—-port temperatures were maintained at 180°C and 250°C, respectively. The
pressure of nitrogen gas was 95 Kpa. Each FAME was identified by comparing its
retention time with known samples. Peak area was calculated automatically and
expressed as percentage composition. The analysis was repeated three times for each
strain. Average values of the composition of fatty acids were used to differentiate the
strains of K. solanacearum.
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RESULTS AND DISCUSSION

The results in Table 1 show that various species of phytopathogenic bacteria have
unique FAMEs profiles. All of the strains contained myristic (14:0), palmitic (16:0) and
palmitoleic acids (16:1 ¢is 9) and these acids were often major. Striking differences in
the composition of fatty acids were observed among type strains of Ralstonia
solanacearum, Erwinia carotovora subsp. atroseptica, E. c. subsp. carotovora,
Agrobacterium tumefaciens and Xanthomonas campestris pv. campestris. Mareover,
R. solanacearuwm was differentiated from Buricholderia caryophylli and B. gladioli pv.
gladiolr, which belong to ribosomal RNA group I by DNA-DNA hybridization studies by
Palleroni ef al, (1973), on the basis of fatty acid compositions of oleic (18:1) and two
kinds of unidentified fatty acids (Rt 8.9 and Rt 10.9). Although R. pickettii is very closely
related with £, solanacearum in bacterial properties, these two species were readily
differentiated by the presence or absence of oleic (18:1), 2-hydroxypalmitic (16:1 2-0OH)
and three kinds of unidentified fatty acids (Rt 89, Rt 11.2 and Rt 16.4),

Eight kinds of fatty acid were identified and guantified in Brazilian strains of R.
solanacearum. They were myristic (14:0), palmitic {16:0), palmitoleic (16:1 cis 93,
vaccenic (18:1 ciés 11), 2-hydroxypalinitic (16:0 2-OH) and three kinds of unidentilied
fatty acids (Rt 9.7, Rt 10.9 and Rt 16.4).

As can be seen in Table 2, all of Brazilian strains had very similar profiles of
whole-cell FAMEs and no significant differences were observed. In the case of outer
membrane FAMEs indicated in Table 3, the unidentified fatty acid (Rt 16.4) was not
found excepting eucalyptus strains. Although striking differences were not detectable
within Brazilian strains, small but distinet differences were observed among the strains
from different hosts and biovars. 2-hydroxypalmitic (16:1 2-0H) acid could not be
detected in pepper strains of biovars 2 and 3. On the other hand, banana strain had a
higher percentage of this fatty acid. The unidentified fatty acid (Rt 9.7) was detected at a
high concentration in eggplant strains of biovar 2, cucumber strains of biovar 1, and
pepper strains of biovars 1 and 3. These results might indicate that the FAME profiles of
outer membrane related partly with the host or biovar. Further studies with larger
numbers of strains and analysis under different cultural conditions will be required to
determine whether K. solaracearwm can be differentiated at biovar or race level by their
fatty acid profiles.

REFERENCES

Buddenhagen, I. W. and A. Kelman 1964 Biological and physiological aspects of bacterial wilt caused by
Pseudoronas solanacearym. Ann. Rev. Phytopathot., 2: 203-230

Buddenhagen, 1. W., L. Sequeira and A Kelman 1962 Designation of races in Pseudomonas
solanacearwm. (Abstr.) Phytopathology, B2: 726

Hayward, A. C. 1964 Characteristics of Pseudomonas solanacearum. J. Appl. Bacteriol., 27 265-277

He, L. Y., L. Sequeira and A. Kelman 1983  Characterislics of strains of Pseudomonas solanacearum
from China. Plant ks, 67: 1357-1361

Kado, C. I and M. G. Heskett 1970 Selective media for isolation of Agrobacterium, Corynebacterium,
Erwinia, Pseudomonas and Xanthomeonas. Phylopathology, 60: 969-976

Okabe, N. and M. Goto 1961 Studies on Pseudomonas solanacearum. XL Pathotypes in Japana.
Shizuoka Unin. Fac Agr Rept ., 11: 25-42,




Table 1. Percentage composition of total cellular fatty acids in various type strains of phytopathogenic bacteria.

Percentage composilion of fatty acid

Type strain 161 120 B R . R Rt 18 ... 16l R R
; 2. ; : : : ’ a0y

08 120 M0 180 o9 som sy 9 B e mwe s P som wa o0
E. ¢ subsp. alroseptica 00 697 456 2358 2104 000 289 000 503 000 1197 000 1303 000 000  0.00
E. ¢ subsp. earotovora 0o¢ 1917 263 1905 2041 0.00 0.59 0.00 493 .00 2.45 0.00 3073 .00 0.00 0.00
X, ¢. pv. campestris 1770 000 1009 1518 3247 1494 723 000 000 000 000 235 000 000 000 0.00
B. caryophylli 000 000 503 2245 1061 000 306 000 1479 000 820 1803 000 413 214 1151
B g pv.pladioli 000 000 659 1934 1407 000 088 000 1041 000 746 2036 000 334 442 1307
A tumefaciens 000 484 159 999 1023 000 000 000 5744 000 000 884 000 000 000 704
R. pickettii 000 000 781 1531 3240 000 389 000 650 000 186 3196 000 000 000 000
R. solanacearum 000 000 1168 2018 1015 000 000 496 000 738 000 000 1910 269 000

a) Rt means retention time and Rt 8.9, Rt 9.7, Rt 10.9, R1 11.2, Rt 16.4 and Rt 20.4 are unidentified fatty acids.
b) Fally acids in each strain are expressed as a pereentage of total cellular fatty acid compositions. Fatty acids were identified by their retention times on

the gas-liquid chromatogram.
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Table 2. Percentage composition of fatty acids of whole—cell in Brazilian strains of
Ralstonia solanacearuwm.
Percentage composition of fatty acid
: g : : 16:1 Rt Rt 18:1 16:1 Rt
Strain Host Biovar WO U6 e 97 109 cisll 2-0H 1649
578 Potato 1 110" 24656 2053 1045 6.46  14.60 2.84 041
1005 Potato 1 940 31,94 1446 9.77 873 1718 3.93 4.56
98 Potato 2 910 1017 3412 8.64 426 1896 0.85 4.87
964 Potato 2 9.74 2020 2715 8.69 429 2239 3.87 3.63
799 Potato 2 11,16 3142 2589 1269 4.65 996 231 2.08
19 Tomato 1 1709 2486 2283 798 693 1428 384 2.15
76 Tomato 1 9.86 3372 2920 1537 279 641 1.07 153
1033 Tomato 1 11.08 2433 19.02 745 1105 1869 273 5.61
855 Tomato 2 12,73 2513 2779 1475 6.69 8.42 2.71 1,74
49 Tomato 3 1203 2319 3028 11.32 290 109 270 5.67
630 Tomato 3 717 3044 2837 1788 352 8.22 1.68 268
628 Tomato 3 783 3825 2740 1871 3.34 345 0.7 0.21
1104 Tomato 3 6.88 2581 1700 902 1315 2009 273 528
127 Pepper 1 1167 3765 2412 1596 3.33 4.66 1.30 1.27
162 Pepper 2 1408 26.61 2708 1247 544 983 085 368
7 Pepper 2 971 2329 2371 1435 242 1040 11.98 4.10
20 Pepper 3 960 3092 3104 1269 1.88 9.04 063 224
582 Pepper 3 970 2371 3232 1434 354 1246 150 239
73 Banana 1 7.08 2972 2873 1214 .56 15.25 2.06 1.40
656 Cucumber 1 1080 2665 27.65 7.62 4.59 6.18 14.87 1.61
129 Cucumber 1 9.29 2431 2942 9.31 412 19.20 3.00 1.30
574 Eucalyptus i 1220 2588 31.10 8.88 5.67 1053  4.36 1.36
579 Eucalyptus 1 12.96 2266 2818 .87 572 1691 208 358
87 Eggplant 2 11.658 2268 2319 8.17 6.19 19.27 5.48 342
79 Eggplant 2 1085 2084 2652 815 545 2126 322 3.68
71 Eggplant 2 18.12 2569 2862 1034 5.99 817 1.22 1.82
56 Eggplant 3 1432 2653 3073 1031 5.22 5.83 0.61 241
a1 Eggplant 3 767 2461 3460 11,67 3.51 11.03 0.86 3.12
47 Solavum gilo 3 1636 3375 1185 1259 390 (116 6820 4.15

a) Rt means retention time and Rt 9.7, Rt 13.9 and Rt 16.4 are unidentified fatty acids.
b) Fatly acids in each strain are expressed as a percentage of total outer membrane fatty acid

compositions. Fatty acids were identified by their retention times on the gas-liquid chromatogram.
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Table 3. Percentage composition of fatty acid of bacterial outer membrane in Brazilian
strains of Ralstoria solonacearun
Percentage composition of fatly acid
) . ; ; 16:1 R Rt 18:1 16:1 Rt
Stram  Host Biovar WO s 97 109 eisil 2-0H 164
578 Potato 1 20.62" 2408 11.87 763 321 38019 237 0.00
1005 Potato 1 1769 1307 2218 2.34 L79 42,18 (.83 0.00
98 Potato 2 1280 2243 1918 1010 272 2733 5.40 0.00
964 Potato 2 16.26 1437 2563 1.92 203 3853 1.23 0.00
T4 Potato 2 1815 1732 2683 344 216 3207 0.00 0.00
19 Tomato 1 1859 1182 2098 2.03 174 4206 1.68 0.00
76 Tomato 1 1543 309 1848 0.04 582 26.09 0.02 0.00
1033 Tomato 1 1511 1742 2347 a.86 307 37.04 ¢.00 0.00
855 Tomato 2 1583 1445 1333 5.55 268 4479 3.0 0.00
49 Tomato 3 2050  12.04 3820 112 L40 2207 4.27 0.00
630 Tomato 3 14.44 9.76 2643 5.01 LEl 4229 0.93 0.00
628 Tomato 3 1255 11.84 2758 5.88 072 4142 0.00 (.00
1104 Tomato 3 1767 1624 2290 0.00 2.06 3868 2.54 .00
127 Pepper 1 1432 2333 16,13 1237 271 3032 0.79 0.00
162 Pepper 2 2213 1856 37.02 1.08 0.87 2034 0.00 0.00
7 Pepper 2 2260 1183 4.38 167 1520 4462 0.00 0.00
20 Pepper 3 1611 1667 1925 1413 082 3410 0.00 0.00
582 Pepper 3 1289 1865 1788 1hY5 268 3172 0.00 0.00
73 Banana i 2223 1667 2389 4.01 198 1881 1239 0.00
656 Cucumber 1 919 2777 2776 1307 186 1797 2.35 0.00
129 Cucumber 1 1418 2470 1556 16.59 379 2114 0.01 0.00
574 Eucalyptus 1 1842 1187 3L8% 0.18 0.60  34.62 1.28 1.29
579 Eucalyptus 1 1135 1321 19466 737 135 4611 0.80 0.12
87 Eggplant 2 1198 2883 1614 1672 420 2140 0.69 0.00
79 Eggplant 2 1616 2008 3138 9.45 195 21.98 0.00 0.00
71 Eggplant 2 1094 1875 1917 1287 332 3391 1.01 0.00
56 Eggplant 3 2090 1609 3295 1.49 1.19 2735 0.00 Q.00
51 Eggplant 3 1635 1483 2385 4.80 128 3746 2.30 0.00
47 Selanum gilo 3 1633 1431 2652 447 176 3597 0.60 0.00

a) Rt means retention time and Rt 9.7, Rt 10.9 and Rt 16.4 are unidentified fatty acids.
b) Fatty acids in each strain are expressed as a percentage of total outer membrane fatty acid
compositions. Fatty acids were identified by their retention times on the gas-tiquid chromatogram.
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