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Composition and Molecular Species of Ceramide and Cerebroside in
Scarlet Runner Beans (Phaseolus coccineus L.) and Kidney Beans
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Ceramide and cerebroside were isolated from scarlet runner bean (Phaseolus coccineus L.) and kidney
bean (Phaseolus vulgaris L.), and their components and principal molecular species were studied. In
the ceramide of the two beans, three types of normal, 2-hydroxy, and 2,3-dihydroxy fatty acids were
observed and showed a ratio of about 25:74:1. The major component of the fatty acid was 2-hydrox-
ylignoceric acid, while the major component in the sphingoid was 4-hydroxy-trans-8-sphingenine. In
cerebroside of the two beans, normal and 2-hydroxy fatty acids were observed, the latter showing more
than about 90%. The major fatty acid of cerebroside was 2-hydroxypalmitic acid, while the major
sphingoids were trans-4,trans-8-sphingadienine and trans-4,cis-8-sphingadienine. The sugars of both
cerebrosides were almost glucose. From GC-MS and reversed-phase HPLC data, the major ceramide
species in the two beans was found to be N-2’-hydroxylignoceroyl-4-hydroxy-trans-8-sphingenine, and
the major cerebroside was found to be 1-O-8-glucosyl-N-(2’-hydroxypalmitoyl)-trans-4,trans-8-sphin-
gadienine. The major ceramide residues in the cerebroside from the two Phaseolus beans were similar
to those of soybean and Adzuki bean but different from that of pea bean, which were mainly N-2’-

hydroxypalmitoyl-trans-8-sphingenine residues.

INTRODUCTION

It is well-known that glycolipids in animals, mostly
sphingolipids, are membrane components and have im-
portant physiological activities (Karlsson, 1982). Inhigher
plants, three series of glycolipids, namely glyceroglycolip-
ids, sphingoglycolipids, and steryl glycosides, are widely
known (Fujino, 1983), and we found not only the well-
known mono- and diglycosyl types but also the oligogly-
cosyl types with up to five sugar chains, from rice (Fujino,
1983; Fujino et al., 1985a), wheat (Ohnishi et al., 1985;
Fujino et al., 1985b), maize (Tanaka et al., 1984), and Ad-
zuki bean (Kojima et al., 1989, 1990). Recently, plant
glycolipids were also reported to have physiological effects
(Okuyama and Yamazaki, 1983; Sakata and Ina, 1983),
and we reported that certain molecular species of cere-
brosides from wheat grain were active upon the fruiting
of Schizophyllum commune (Kawai et al., 1986). The
most remarkable characteristic in plant cerebroside was
reported to be the structural variety of the ceramide
residues according to plant species (Ohnishi and Fujino,
1981, 1982; Ito et al., 1985a). But the properties of ce-
ramide and cerebroside species in the similar family have
not yet been characterized. In this paper we describe the
components and the molecular species of ceramides and
cerebrosides in two near species of the Phaseolus genus,
scarlet runner bean (Phaseolus coccineus L.) and kidney
bean (Phaseolus vulgaris L.), in which phosphatidylcho-
line and phosphatidylethanolamine species resembled but
triacylglycerol species differed from mutually (Sasaki et
al., 1989). Moreover, the molecular species of cerebro-
sides were compared with those among several bean seeds.

MATERIALS AND METHODS

Isolation of Ceramides and Cerebrosides. Commercially
available scarlet runner bean (P, coccineus L., 200 g) and kidney
bean (P. vulgaris L., 100 g) seeds were ground to powders,
immediately steamed to deactivate the enzymes under boiled
water, and extracted three times each with 600 mL of chloroform-
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methanol (2:1 v/v) and water-saturated butanol for 2 h of severe
shaking, respectively. After the combined extracts were evap-
orated to dryness by use of a rotary evaporator, the residue was
dissolved in 180 mL of a chloroform~methanol solution (2:1 v/v)
and partitioned according to the method of Folch (Folch et al.,
1957) to get total lipids. The total lipids were treated with 0.4
N KOH in methanol and then sonicated for 4 h to remove
contaminating glycerolipids. The alkaline-stable lipids, which
were prepared for a Folch’s partition, were then applied by silicic
acid column chromatography using the chloroform and methanol
system. The crude ceramide and cerebroside fractions were eluted
with chloroform-methanol from 98:2 and 95:5 (v/v) and chlo-
roform-methanol from 90:10 to 80:20 (v/v), respectively. The
individual sphingolipid fractions were further purified by silicic
acid column chromatography and by acetylation followed by
preparative thin-layer chromatography (TLC) with subsequent
deacetylation (Fujino et al., 1985a; Ohnishi et al., 1985).

Analyses of Fatty Acids. Ceramide (3 mg) and cerebroside
(3 mg) were heated at 100 °C under reflux with 1.5 mL of 5%
methanolic HCI for 4 h. The solution was then cooled and
extracted with hexane. The hexane phase was washed with an
equivalent amount of water, evaporated to dryness, and then
subjected to TLC on silica gel G in hexane—diethyl ether-acetic
acid (80:30:1 v/v) to separate normal and hydroxy fatty acid
methyl esters. They were then analyzed by gas-liquid chroma-
tography (GLC) as reported (Tanaka et al., 1984; Fujino et al.,
1985b).

Analyses of Sugars. The rest of the methanolic solution
which extracted the fatty acid methyl ester as previously described
was made alkaline (pH 9-10) with 7 N NaOH solution and washed
with diethyl ether to remove the sphingoids. The solution was
deionized by passage through ion-exchange resin (Dowex 50, H*
type; Amberlite IR-C, OH- type) columns. The eluate solutions
were evaporated to dryness to yield the constituent sugar as meth-
yl glycosides. Moreover, half of the methyl glycosides was
hydrolyzed in 1 mL of 1 N HCI for 3 h at 100 °C. After the
solution was cooled, it was deionized through an ion-exchange
resin (Amberlite IR-C, OH- type) column. After the eluate
solution was evaporated to dryness, NaBH, (10 mg) and 1 mL
of water were added for reduction and left for 1 h at room tem-
perature. To finish the reduction, the excess material (NaBH,)
was dissolved by using a few drops of acetic acid and then
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evaporated with methanol to remove the aceticacid. Theresidue
(alditols) was heated at 100 °C under reflux with 1 mL of acetic
anhydride for 2 h to be changed to alditol acetate. The methyl
glycosides and alditol acetates were analyzed by GLC as reported
(Fujino et al., 1985b; Ohnishi et al., 1985).

Analyses of Sphingoids. Cerebrosides (5 mg) were hydro-
lyzed with 5 mL of 1 N aqueous HCI in methanol for 18 h at 70
°C. The ceramides (3 mg) were heated at 100 °C under reflux
with 3 mL of 1 N KOH in methanol for 20 h. Each reaction
solution was cooled and washed with hexane four times. The
methanol phase of the remainder was made alkaline (pH 9-10)
with 6 N KOH solution, and then the sphingoids were extracted
with an equivalent volume of 3 mL of diethyl ether three times,
washed, and evaporated to dryness.

The sphingoids were solubilized in 1 mL of methanol and then
added to 0.1 mL of 0.2 M NalQ, solution. The mixture was then
oxidized for 1 hatroom temperature. Thefatty aldehydeinduced
from the sphingoids was extracted with hexane, washed, and
evaporated to dryness. Moreover, half of the aldehyde was
dissolved with 2 mL of chloroform~methanol (1:3 v/v) and then
added to 2 mL of 0.1 M NaOH solution which included 1 mg of
NaBH,. The mixture was then left for 2 h. After the reaction,
Folch's partition (Folch et al., 1957) was done and the lower
phase was evaporated to dryness to yield the fatty alcohol.

Analyses of Molecular Species of Ceramides and Cere-
brosides. To examine the molecular species of the ceramides,
the ceramides and cerebrosides were changed to trimethylsilyl
ether derivatives, which was performed on a gas chromatograph-
mass spectrometer (GC-MS) (Hitachi RMU-6MG instrument)
(Ohnishi and Fujino, 1982; Fujino et al., 1985b). Moreover, the
underived cerebrosides were analyzed by reversed-phase high-
performance liquid chromatography to separate the geometric
isomer.

Infrared Spectrometer. Infrared spectra were measured on
aninfrared spectrometer (IR-3A type, Nippon Bunko-Kogyo Co.,
Ltd., Tokyo) using KBr pellets with 1 mg of lipid to 100 mg of
KBr.

Gas-Liquid Chromatography (GLC). GLC analyses were
performed on Hitachi 063 and 163 gas chromatographs (Hitachi
Seisakusho Co., Ltd., Tokyo), fitted with flame ionization
detectors, and the carrier gas was high-purity nitrogen used at
a flow rate of 30~40 mL/min. The normal fatty acid methyl
esters and fatty aldehydes were analyzed on a 3 mm X 2 m glass
column of 5% DEGS on 80-100-mesh Chromosorb W-AW-DMCS
(Gaskuro Kogyo Inc., Tokyo) at 180 and 140 °C, respectively.
The hydroxy fatty acid methyl esters (from 180 to 290 °C at 2
°C/min), methyl glycosides (at 160 °C), sphingoids (at 190 °C),
and fatty alcohols (at 175 °C) were analyzed as trimethylsilyl
ether derivatives on a 3 mm X 2 m glass column of 3% silicone
SE-30on 80-100-mesh Chromosorb W-AW-DMCS (Gaskuro Ko-
gyo). The hydroxy fatty acid methyl esters were identified by
comparison with authentic esters. The alditol acetates were then
analyzed on a 3 mm X 2 m glass column of 3% ECNSS-M on
80-100 mesh Chromosorb W-AW-DMCS (Nihonchromato Inc.,
Tokyo) at 190 °C. Trimethylsilyl ether derivatives of ceramides
and cerebrosides were analyzed on a 3 mm X 1 m glass column
of Diasolid ZT (180~100 mesh, Nihonchromato). Column tem-
peratures were from 200 to 260 °C at 3 °C/min for the ceramides
and from 250 to 300 °C at 5 °C/min for the cerebrosides.

Gas-Liquid Chromatography-Mass Spectrometry (GC-
MS). GC-MS analyses were performed on the Hitachi RMU-
6MG instrument and interfaced with the Hitachi 0002B-8DK
computer data system. The trimethylsilyl ether derivatives of
the ceramides and cerebrosides were analyzed on a Diasolid ZT
column (3 mm X 1 m) at 300 and 330 °C, respectively. All mass
spectra were taken under the same conditions as described in a
previous paper (Ohnishi and Fujino, 1982).

High-Performance Liquid Chromatography (HPLC).
HPLC analyses were done with a Shimadzu Model 6A instrument
(Shimadzu Co., Kyoto). Reversed-phase HPLC was performed
by using an Inertsil ODS-2 column (250 X 4.6 mm, Gaskuro Ko-
gyo). Avariable-wavelength spectromonitor Model SPD-6A was
used at 220 nm for the underivatized cerebroside at 40 °C.
Methanol-water (25:1 v/v) was used as eluent at a flow rate of
1 mL/min.
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Table I. Composition (Percent) of Fatty Acids of
Ceramides and Cerebrosides in Scarlet Runner Beans and
Kidney Bean Seeds

ceramide cerebroside
fatty scarlet kidney scarlet kidney
acid runner bean bean runner bean bean
16:0 2.7 8.6 3.6 4.6
16:1 0.2 0.3 0.1 0.7
18:0 0.6 3.0 0.3 0.7
18:1 0.6 14 0.2 0.4
18:2 0.7 0.4 0.3 0.2
20:0 0.5 0.9 0.2 <0.1
22:0 2.0 1.2 0.2 0.3
23:0 1.8 1.3
24:0 11.1 5.4 0.4 0.3
25:0 2.2 1.6
26:0 2.4 1.1
14hg:00 0.8 0.8
15hg:0 0.9 0.6
16hg:0 6.4 2.4 58.0 58.2
18h4:0 0.2 0.3
20h:0 0.7 0.4 0.5
22hy:0 8.7 11.4 7.2 5.6
23hy:0 5.1 8.2 1.7 1.3
24hg:0 43.0 41.7 23.3 23.3
25h3:0 5.8 5.9 1.1 0.9
26h,:0 4.7 3.9 1.2 1.2
22}12,3:0‘7 <0.1 0.1
23hy5:0 <0.1 0.2
24h2,3:0 0.5 0.3
25hy 5:0 0.3 <0.1
26h 5:0 0.1 <0.1
normal 24.8 25.0 5.3 7.2
hydroxy 75.2¢ 75.0¢ 94.7 92.8

@ hg, 2-hydroxy fatty acid. ® hy3, 2,3-dihydroxy fatty acid. ¢ Hy-
droxy showed 2-hydroxy fatty acid plus 2,3-dihydroxy fatty acid.

RESULTS

Identification of Ceramides and Cerebrosides. Ce-
ramides (10 and 5 mg) and cerebrosides (32 and 17 mg)
were isolated from the lipids of scarlet runner bean and
kidney bean, respectively. When these pure ceramides
and cerebrosides were chromatographed on silicic acid
plates, both lipids showed the same pattern: ceramides
of both beans gave four spots (R;0.81, 0.72, 0.56, and 0.34)
with chloroform-methanol (9:1 v/v), while cerebrosides
gave only one broad anthrone positive spot (R 0.20-0.35)
with chloroform-methanol (95:12 v/v) on silica gel TLC.
But on high-performance thin-layer chromatography
(HPTLC, Merck Co. Ltd.) with the same solvent, cere-
brosides were separated into at least seven spots. The
major spot is shown at Ry 0.20-0.30 on account of the four
bands, and the Ry 0.1 band of the cerebroside from two
beans showed the same mobility as a standard cerebro-
side contained in trihydroxy-based and 2-hydroxy fatty
acids. The infrared spectra of each ceramide and cere-
broside showed absorption at 1650 and 1550 ¢cm™! for the
acid amide linkage and at 970 cm™! for the trans double
bound. However, there was not one at 1220 cm™! for P=0
orat 1730 cm™! for the ester carbonyl group. Cerebrosides
showed near 1050 cm™! a broad peak for the C—O of the
sugar moiety. Thisspectrapattern was in agreement with
those of the reference ceramide and cerebroside (Fujino
et al., 1985a).

Composition Analysis of Ceramides and Cerebro-
sides. Ceramides of both beans contained three types of
fatty acids (normal, 2-hydroxy, and 2,3-dihydroxy fatty
acids), their ratio being 25:74:1, respectively. The 2-hy-
droxy fatty acids showed two spots, Ry 0.24 and 0.30, for
a difference in chain length on the silica gel TLC with
hexane-diethyl ether-acetic acid (85:15:1 v/v). Fattyacid
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Table II. Composition (Percent) of Sphingoids of Ceramides and Cerebrosides in Scarlet Runner Bean Seeds and Kidney

Bean Seeds
ceramide cerebroside
sphingoids scarlet runner bean kidney bean  scarlet runner bean kidney bean

4-hydroxysphinganine (t18:0) 14.9 21.2 0.3 0.3
4-hydroxy-trans-8-sphingenine (t18:18) 61.8 61.7 12.6 11.0
4-hydroxy-cis-8-sphingenine (t18:1%) 6.9 6.9 9.7 8.5
sphinganine (d18:0) 2.5 0.7 <0.1 0.2
trans-8- and cis-8-sphingenine (d18:18 and d18:186) 0.3 2.2 1.0 2.7
trans-4-sphingenine (d18:14) 37 1.2 <0.1 <0.1
trans-4,trans-8-sphingadienine (d18:24+8t) 7.0 5.0 45.1 60.1
trans-4,cis-8-sphingadienine (d18:24t:5¢) 2.9 1.0 31.2 17.3
dihydroxy sphingoids 16.4 10.2 77.4 80.2
trihydroxy sphingoids 83.6 89.9 22.6 19.8

compositions of the ceramides and cerebrosides in both

beans are shown in Table I. The ratio of normal to 2-hy- (2)

droxy fatty acids differed for ceramides and cerebrosides;
the latter consisted of almost all 2-hydroxy acids, and the
former had a ratio of about 1:3. Major fatty acid
components of cerebrosides were 2-hydroxypalmitic acid
and 2-hydroxylignocericacid (about 5:2) in both bean cere-
brosides, which were more than 80% of the cerebrosides.
The major fatty acid of the ceramides was 2-hydroxyli-
gnoceric acid, which was more than 40% of the two beans.
The major normal fatty acids of ceramides in several plants
contained palmitic acid; however, the two Phaseolus seeds
alsocontained about 5-11% lignocericacid as normal acid.

Sphingoids and fatty alcohols from sphingoids were tri-
methylsilyl ether derivatives, and fatty aldehydes from
sphingoids were intact, which were analyzed with GLC.
As for the results of spinach leaves (Ohnishi et al., 1983),
seven peaks were obtained for both lipids. The quanti-
tative ratio of sphingoids differed for ceramides and cere-
brosides, but ceramides of the two beans and their
cerebrosides were alike. After these results previously
described were taken into considerations, the composition
of the sphingoids in the two beans is shown in Table II.
The major sphingoid of both ceramides is composed of
4-hydroxy-trans-8-sphingenine and 4-hydroxysphinga-
nine, in a ratio of 4:1 (scarlet runner bean) and 3:1 (kidney
bean). The major sphingoid of both cerebrosides is
composed of trans-4,trans-8-sphingadienine, trans-4,cis-
8-sphingadienine, and 4-hydroxy-trans-8-sphingenine,
formed in a ratio of 1:1.5:2 (scarlet runner bean) and 1:1:2
(kidney bean). These three sphingoids in the two beans
occupied more than 90% of the total sphingoids.

The sugar was prepared from cerebrosides in the two
beans, which was converted to the trimethylsilyl deriv-
atives of methyl glycosides and alditol acetates, and then
analyzed with GLC. These data agreed with the relative
retention time of standard methyl a- and 8-glucosides and
glucitol acetate. These results showed that the sugar of
each cerebroside consisted of only glucose.

Molecular Species of Ceramide and Cerebroside.
Trimethylsilyl ether derivatives of ceramide were analyzed
by GLC (Figure 1) and GC-MS (Figure 2) and showed at
least five peaks. The chromatogram patterns of the two
bean ceramides were alike and showed a similarity between
the two ceramide species. The mass spectrum of peak 1
in Figure 1 is shown in Figure 2. Molecular weight ions
at m/z 941 (M), 926 (M - 15), 831 (M - 90), and 748 (M
- 103 - 90), fragment ions of fatty acid at m/z 500 (b +
1+ 73), 426 (b + 2), 542 (M - a), and 616 [M - (a — 73)],
and fragment ions of sphingoid at m/z 297 (c), 644 (M -
c), and 218 [M - (b + ¢)] were found to come from the
trimethylsilyl ether of N-(2’-hydroxybehenyl)-4-hydroxy-
trans-8-sphingenine. In the same manner, peaks 2-5 in
Figure 1 were analyzed. The mass spectrum of each peak

0 5 10 15 20 25

Retention time

Figure 1. Gas-liquid chromatograms of ceramides from scarlet
runner beans (A) and from kidney beans (B). Trimethylsilyl
ether derivatives of ceramides were analyzed by gas-liquid chro-
matography. A glass column, 3 mm X 1 m, was packed with
Diasolid ZT and temperature programmed at 3 °C/min from
200 to 260 °C.
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Figure 2. Mass spectrum of peak 1 in Figure 1. Trimethylsilyl
ether derivatives of ceramides were analyzed by GC-MS. A glass
column, 3 mm X 1 m, was packed with Diasolid ZT. Column
temperature was 300 °C. The energy level of the ion source was
20 eV, and the ionizing current was 80 uA.

showed the molecular weight ion (M - 15) at m/z 940
(peak 2), 954 (peak 3), 968 (peak 4), and 982 (peak 5),
fragment ion of fatty acid (b + 1 + 73) at m/z 514 (peak
2), 528 (peak 3), 542 (peak 4), and 556 (peak 5), and a
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Figure3. Mass chromatogram of cerebroside from kidney beans.
Trimethylsilyl ether derivatives of cerebrosides were analyzed
by GC~MS with a computer data system. A glass column, 3 mm
X1 né, was packed with Diasolid ZT and temperature set at
330 °C.

fragment ion of sphingoid (c) at m/z 297 (peaks 2-5). On
the basis of analyses of components and GC-MS data, the
major ceramide species of the two beans were 2-hydroxy
Cao-96 fatty acids—4-hydroxy-trans-8-sphingenine. A mi-
nor ceramide could not be elucidated because the fatty
acid and sphingoid fragment ions in the mass spectra were
not clear.

GLC of the trimethylsilyl ether derivatives of the cere-
broside in two beans gave mainly three peaks, which formed
in a ratio of about 11:3:1 for the two bean cerebrosides. To
confirm the three species of the kidney bean cerebrosides,
trimethylsilyl ether derivatives of the cerebroside were
assayed by the mass chromatographic technique (Ohnishi
et al., 1983) (Figure 3). A total ion chromatogram gave
three peaks, the mass chromatogram of m/z 309 due to
4,8-sphingadienine revealed three peaks (1-d, 2-d, 3-d),
and that of m/z 297 due to 4-hydroxy-8-sphingenine
revealed three peaks (1-t, 2-t, 3-t). These peaks agreed
with those in the mass chromatograms of m/z 458 due to
2-hydroxypalmiticacid, m/z 500 due to 2-hydroxybehenic
acid, and m/z 528 due to 2-hydroxylignoceric acid. The
results indicated that the species of peak 1 were 1-O-3-
glucosyl-N-(2’-hydroxypalmitoyl)-4,8-sphingadienine (main)
and 1-0-8-glucosyl-N-(2’-hydroxypalmitoyl)-4-hydroxy-
8-sphingenine (minor), of peak 2 were 1-O-3-glucosyl-N-
(2’-hydroxybehenyl)-4-hydroxy-8-sphingenine (main) and
1-0-8-glucosyl-N-(2-hydroxybehenyl)-4,8-sphingadien-
ine (minor), and of peak 3 were 1-O-8-glucosyl-N-2’-hy-
droxylignoceroyl-4-hydroxy-8-sphingenine (main) and 1-O-
B-glucosyl-N-2’-hydroxylignoceroyl-4,8-sphingadienine
(minor). Inthis GLC and GC-MS technique, the isomers
having cis and trans configurations of 8-position unsat-
uration in the sphingoid moiety cannot be separated. To
confirm the geometric isomer of cerebroside species, un-
derived cerebrosides in bean seeds were analyzed by
reversed-phase HPLC. Underived cerebrosides in kidney
bean and pea seeds gave at least 10 major peaks (5 groups)
(Figure 4), which turned out to have combinations of 2-hy-
droxy fatty acids (Ci4-25) and sphingoids 8-sphingenine
(d18:18), 4-hydroxy-8-sphingenine (t18:18) and 4,8-sphin-
gadienine (d18:248). The geometrical isomers of the B
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Figure 4. Reversed-phase HPLC chromatograms of cerebro-
sides in kidney bean and pea seeds. The Inertsil ODS-2 column,
250 X 4.6 mm, was used, and the column temperature was set at
40 °C. About 1 mg of the cerebroside was injected, and the
detector range was set at the level of 0.05. Group numbers
correspond to Table III. The molecular species of ceramide
residues of pea cerebrosides, group a was 18h3:0-t18;18, 18hy:0-
d18:248, and 18hy:0-d18:18, group b was 20h,:0-t18:18 and 20h,:
0-d18:248, peak c was 20hy:0-d18:18, and peak d was 22hy:0-d18:
18, Abbreviations are the same as indicated in Tables I and II.

Table III. Molecular Species of Cerebroside from Several
Bean Seeds (Percent)

ceramide

residues scarlet

(fatty acid- kidney runnmer Adzuki soy-
group sphingoid) bean bean bean bean pea

14h3:0-d18:18

A 16h-0_t18:15 <1 <1 <1 <1 16
(B1) (4t,8¢) (18) (23) ()] (14)
B 16hy:0-d18:2 55 53 59 % 5
(By) (4t,8t) (37) (30) (50) (60)
(Cy (8c) 13)
o 16h5:0-d18:1 a o< < <1 3
(Co) h0md (8‘2 18)
21hy:0-d18:2
D {22h,:0—t18:18 6 9 7 9 14
22h5:0-d18:248
E 93hy0-t18:18  ° ¢ 5 6 8
93hg:0-d18:248
F {24h::0—t18:15 19 17 17 6 6
24h,:0—118:248
G o5hg0-t18:18 13 15 10 6 2
others 2 2 2 2 236

% Abbreviations are the same as indicated in Tables I and II. ¢ 20hg:
0-d18:18 (peak C in Figure 4) species include about 10%.

and C groups were completely separated by reversed-phase
HPLC. Namely, peak B; was the 4-trans,8-cis isomer and
peak B the 4-trans,8-trans isomer of the sphingoid moiety
in kidney bean cerebroside, and peak C, was the 8-cis
isomer and peak C, was the 8-trans isomer of that in pea
cerebroside (Table III). Other groups were not confirmed
cis and trans isomers, because of the mixture of at least
four species having geometrical isomers on each peak group
(Table III).

DISCUSSION

It has been assumed that plant cerebrosides participate
in important physiological actions of the tonoplast and
plasma membrane, because this lipid is located in these
membranes as a major lipid constituent (Yoshida and Ue-
mura, 1986; Rochester et al., 1987) and has high phase
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transition temperatures (Yoshida et al., 1988). The phase
transition temperatures of cerebrosides in tonoplast and
plasma membrane differed between mung beans (chilling
sensitive plant) and peas (chilling resistant plant), being
7-10 °C higher in mung bean cerebrosides (Yoshida and
Washio, 1987). The difference may be occurrence due to
the structural variety of the ceramide residue according
to plant species. The structures of ceramide residues in
cerebrosides are quite complicated compared with those
of animal sphingoids, due to the presence of the nine species
of plant sphingoids and more than seven species of 2-hy-
droxy fatty acids (Ohnishi and Fujino, 1981, 1982; Ito et
al., 1985a). The molecularspecies of cerebroside in kidney
bean seeds resembled those of scarlet runner beans.
Although the phase behavior of the cerebroside is signif-
icantly affected by the presence of other lipid molecules
such as phospholipids, substantial difference was not noted
in the molecular species of cerebrosides and phospholip-
ids in two similar family beans. Byreversed-phase HPLC
analysis, we concluded that the species patterns of cere-
brosides in the two similar family beans are the same as
those of Adzuki bean and soybean cerebrosides but
different from those of pea cerebrosides. The major cere-
broside species, except for peas (1-0-8-glucosyl-N-(2'-hy-
droxypalmitoyl)-trans-8-sphingenine), was 1-O-3-glucosyl-
N-(2’-hydroxypalmitoyl)-trans-4,trans-8-sphinga-
dienine, while the major ceramide species of five beans
was N-2'-hydroxylignoceroyl-4-hydroxy-trans-8-sphinge-
nine. We found that phase transition temperatures of the
cerebroside species varied with the configuration at the
8-position unsaturation in sphingoid, and generally the
trans-8-unsaturated species revealed higher phase tran-
sition temperatures (45-65 °C) than the cis-8-unsaturated
ones (18-38 °C) (Ohnishi et al., 1989). Those results may
show that the physiological characteristics of both bean
membranes are similar to each other.

The clarification of the biosynthesis pathways of cere-
brosides will also serve to elucidate the role of the
physiological function of cerebroside species in plants.
Since the major molecular species of cerebrosides and ce-
ramide residues of cerebroside were different, we theorized
that special species of ceramide were often connected with
glucose and the cerebrosides were synthesized. Another
species of ceramide was composed of phosphorus oligosac-
charide and were synthesized to phytoglycolipid, which is
aclass of sphingolipids. Because the phytoglycolipid-like
compounds showed that sphingoids contained 4-hydroxy-
8-sphingenine and 4-hydroxysphinganine (about 2:1) and
the major fatty acid was 2-hydroxylignoceric acid as
reported (Ito et al., 1985h; Kondo and Nakano, 1987),
components of the phytoglycolipid-like compounds were
quite alike, not so much in cerebroside components as in
ceramide components. It would be of interest to extend
the research to the level of biosynthetic mechanism of the
many sphingolipids, that is, unsaturation in associated
sphingoids, hydroxylation in associated sphingoids, and
glycosylation in ceramides.

Recently, it was reported that the sphingoid derivatives,
which are the most potent inhibitors of protein kinase C
in neutrophiles (Wilson et al., 1986), also inhibit trans-
plasmalemma electron transport in oat mesophyll cells in
the dark (Dharmawardhane et al., 1989). However, these
model experiments were carried out with sphingoids found
in animals, namely sphinganine, trans-4-sphingenine,and
4-hydroxysphinganine. It will be necessary to examine
whether the plant sphingoids, especially with the config-
uration at the 8-position unsaturation in sphingoid, are
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effective or not and to study breakdown products of cellular
sphingolipids and mechanism of sphingolipid turnover in
plants.
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