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ABSTRACT 

Ceramides and cerebrosides were isolated from immature and mature soybeans, and structures of 
the constituents were investigated. As component fatty acids, normal, 2-hydroxy and 2,3-dihydroxy 
acids were found in ceramides, whereas only normal and 2-hydroxy acids were identified in cerebro- 
sides. The principal fatty acid component was 2-hydroxylignoceric acid in ceramides, and 2-hydroxy- 
palmitie acid in cerebrosides. Sphingoids in ceramides consisted mainly of trihydroxy bases, with 
4-hydroxy-trans-8-sphingenine being predominant. In contrast, cerebrosides contained mainly dihy- 
droxy bases, the principal constituent being trans-4,trans-8-sphingadienine. The only sugar in cerebro- 
sides was glucose. The constituents of the two sphingolipids were similar to each other in immature 
and mature seeds. Possible metabolic relations of plant sphingolipids, based on composition, are 
discussed. 
Lipids 17:803-810, 1982. 

INTRODUCTION 

Sphingolipids are known to occur widely in 
organisms as components of the biomembranes. 
However, few studies have been carried out on 
the structure, the metabolic pathway and the 
physiological role of plant sphingolipids. Several 
analyses have been done concerning plant cere- 
brosides, a representative sphingolipid, but the 
detailed chemical composition, especially the 
component sphingoids, has not  yet been com- 
pletely elucidated. Previously, we examined 
cerebrosides isolated from rice, wheat grains 
and Azuki beans and found that typical sphin- 
goids in seeds were 4,8-sphingadienine or 8- 
sphingenine, but  not  phytosphingosine (4-hy- 
droxysphinganine) and dehydrophytosphingo- 
sine (4-hydroxy-trans-8-sphingenine ) (1-3). 

Free ceramide, a metabolic precursor of 
sphingolipids in animal tissues, was isolated for 
the first time in the plant kingdom from alfalfa 
leaves in this laboratory (4). Our recent papers 
reported that a comparatively large amount  of 
ceramides was present in seeds such as rice, 
wheat and Azuki bean (1-3). As a preliminary 
survey of plant sphingolipids showed that cera- 
mide was commonly distributed together with 
cerebroside in cereals, beans and leaves (3), 
ceramide seemed to be one of the typical sphin- 
golipids in higher plants. 

In this paper, we describe the chemical 
constituents and structures of ceramides and 
eerebrosides from immature and mature soy- 
beans, and structural and possible metabolic 
re lat ions  of the two sphingolipids. Although 
c trebros ide  in immature soybeans has been 

*Author to whom correspondence should be 
addreued. 

isolated previously (5), individual components 
were not  identified. 

EXPERIMENTAL METHOD 

Isolation and Fractionation of Sphingolipid$ 

Mature soybeans (Kitamusume variety, 2 
kg), harvested at Hokkaido prefecture in 1978, 
were ground to powders, and extracted with 
hexane and then with chloroform/methanol 
(2:1, v/v) and water-saturated butanol. The 
latter two extracts were concentrated and 
washed with water to get pure lipids (1). Alter- 
natively, soybeans of the same variety were 
cultured at the experimental farm in the uni- 
versity, and the immature plants were collected 
at 35 days after flowering. The beans (100 g) 
separated from the pods were extracted with 
hot isopropanol and chloroform/methanol to 
prepare total lipids (6). Both lipids (81 g and 
40 g from mature and immature seeds, respec- 
tively) thus obtained were hydrolyzed with 
mild alkali to remove contaminating glycero- 
lipids (1). Ceramides and cerebrosides were 
isolated from the alkali-stable lipid fractions 
by silicic column chromatography followed by 
acetylation, preparative thin layer chromatog- 
raphy (TLC) and subsequent deacetylation as 
described previously (1,2). 

Purified ceramide was fractionated by silica 
gel TLC into three fractions according to degree 
of hydroxylation (7). On the other hand, cere- 
broside was subjected to silica gel/borax (98:2, 
w/w) TLC in order to separate into subfractions 
roughly according to the number of hydroxy 
groups on the ceramide moiety (8,9). These 
subfractions were analyzed directly by gas 
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chromatography-mass spectrometry (GC-MS) 
(7,10). 

Analyses of Components 

Each sphingolipid was degraded with meth- 
anolic 1 N HCI, aqueous methanolic I N HCI 
(11), aqueous dioxanic 10% Ba(OH)2 (12) and 
methanolic 1 N KOH, respectively. Thus, meth- 
ylglycosides, fatty acid methyl  esters and sphin- 
golds were obtained in every case, and analyzed 
as described previously (1-3). 

The position of the double bonds in sphin- 
goids was determined by periodate-permang- 
anate oxidat ion (Von Rudloff  degradation) and 
subsequent gas liquid chromatography (GLC) 
of the resultant monocarboxyl ic  acid (13). The 
result was confirmed by GC-MS analyses of 
polyhydroxyla ted  products of methyl ethers 
derived from sphingoids by oxidation with 
NalO4 followed by reduction with NaBH4, 
methylat ion and subsequent oxidation with 
OsO4 (1). 

Each sphingolipid was dissolved in methanol  
and oxidized with NalO4 to determine fatty 
acid composit ions of the two groups, which 
comprised the d ihydroxy and t r ihydroxy bases 
(14). The products were subjected to silica gel 
TLC with chloroform/methanol  (95:12, v / v ) t o  
be fractionated into the groups described 
above, and methanolyzed.  2-Hydroxy fat ty acid 
methyl  esters were isolated by silica gel TLC 
from the methyl  ester fractions and analyzed 
by GLC. 

For  the determination of  the anomeric con- 
figuration of the glycosidic linkages, acetyl 
cerebrosides were analyzed by a nuclear mag- 
netic resonance spectrometer,  operating in the  
Fourier transform mode at 200 MHz using 
deuterium chloroform as a solvent. 

RESULTS 

Confirmation of Sphingolipids 

Purified ceramides were isolated in yields of  
10 mg and 50 rag, and cerebrosides in yields of  
33 mg and 130 rag, from immature and mature 
soybeans, respectively. These sphingolipids 
showed the same mobilities as those of  authen- 
tic ones isolated from rice bran and Azuki 
beans on silica gel TLC (1,2). Moreover, infra- 
red (IR) spectra of the lipids (not shown) 
exhibited the typical patterns of  sphingolipids. 

An oligoglycolipid, tentatively identified as 
diglycosylceramide, was also recognized in the 
fraction eluted from the silicic acid column by 
chloroform/methanol  (80:20, v/v), but was 
not  analyzed further in this work because of 
the insufficient amount.  

Composition of Fatty Acids 

The fatty acid composit ion,  calculated from 
th.e relative ratio of  each type and analyses by  
GLC, is shown in Table 1. The major acids in 
decreasing order were 2-hydroxylignoceric,  
2-hydroxybehenic and palmitic acids in cera- 
mides, whereas 2-hydroxypalmit ic ,  2-hydroxy- 
lignoceric and 2-hydroxybehenic acids, particu- 
lar ly the first one, were in cerebrosides. 

Characterization of Component Sphingoids 

Silica gel TLC, of  the component  sphingoids 
prepared from alkaline degradation of each 
sphingolipid, with chloroform/methanol /2  N 
ammonia (40:10:1,  v/v) gave commonly three 
spots corresponding to trans-4-sphingenine (SI),  
sphinganine ($2) and 4-hydroxysphinganine 
($3). From GC-MS analyses of  these spots as 
N-acetyl, O-trimethylsilyl ether  derivatives (15), 
trans-4-sphingenine and sphingadienine were 
identified in $1, sphinganine and x ( n o t 4 ) -  
sphingenine in $2 and 4-hydroxysphinganine 
and 4-hydroxysphingenine in Sa. 

Von Rudloff oxidation of the acetyl sphin- 
golds gave essentially a Cl0-monocarboxylic 
acid, showing that  the position of  the double 
bond besides C-4 was exclusively C-8, which 
was confirmed by GC-MS analyses. The mass 
spectrum of the oxidized product  originating 
from sphingadienine (Fig. I (A))  showed ions 
at m/z 371 and 147 indicating the presence of  
a vicinal t r imethylsi loxy group at C-2 and C-3 
and ions at m/z 229, 257 and 289, which were 
the assignments for the other pair of tr imethyl-  
siloxy groups at C-6 and C-7. The mass spec- 
trum of the polyhydroxyla ted  compound 
derived from x(not4)-sphingenine (Fig. I(B)) 
exhibited ions at m/z 203 and 229, whereas 
that from unsaturated sphingoid $3 (Fig. I(C)) 
gave ions at m/z 189 and 229. These ions sug- 
gested that the presence of  a vicinal tr imethyl-  
siloxy group were at C-6 and C-7 in the former, 
and at C-5 and C-6 in the latter,  respectively. 
Thus, the positions of the double bonds in 
sphingoids turned out to be C-4 and/or  C-8. 
When N-, O-acetyl derivatives of  spots St and 
Sa in (mature) cerebroside were subjected to 
silica gel-AgNOa TLC (1), three spots (a, b and 
c) were found in both cases. Judging from their 
mobilities on TLC and results described above, 
St-a, -b and -c were characterized as trans-4- 
sphingenine, trans-4,trans-8-sphingadienine and 
trans-4,cis-8-sphingadienine, respectively. S3-a, 
-b and -c were identified as 4-hydroxysphing- 
anine, 4daydroxy-trans-8-sphingenine and 4- 
hydroxy-cis-8-sphingenine, respectively (1,3, 
16). Although spingoid $2 was not  analyzed in 
detail, 8-sphingenine was considered to be a 
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TABLE 1 

C o m p o s i t i o n  o f  F a t t y  A c i d s  in C e r a m i d e s  a n d  C e r e b r o s i d e s  from Soybean Seeds (%) 
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I m m a t u r e  s e e d s  M a t u r e  s e e d s  

F a t t y  ac id  C e r a m i d e  C e r e b r o s i d e  C e r a m i d e  C e r e b r o s i d e  

1 6 : 0  1 3  1 8 4 
1 8 : 0  5 1 2 2 
2 2 : 0  1 < 1  2 < 1  
2 4 : 0  2 < 1  1 < 1  
h I 1 6 : 0  a 3 7 3  2 7 9  
h I 2 2 : 0  1 4  1 0  2 6  5 
h I 2 3 : 0  4 < 1  6 < 1  
h I 2 4 : 0  4 2  1 3  4 1  9 
h I 2 5 : 0  5 < 1  3 < 1  
h I 2 6 : 0  2 I < 1  < 1  
h 2 2 2 : 0  b 1 --  < 1  --  
h 2 2 4 : 0  3 -- 3 - 
h 2 2 5 : 0  1 - 2 - 
h 2 2 6 : 0  < 1  - 1 - 
O t h e r s  4 1 3 1 

ah~ s i g n i f i e s  2-monohydroxy acid. 
b h  2 signifies 2,3-dihydroxy acid. 

CH ( C H )  CH CH-(CH ) CH Cf l - -CH -O-CH 
3 2 8 I I 2 2 I I 2 3 

50 ~lq 90 ~ 1 ~ 9 - ~ 0  

1 0 0 ~ 2 2 9  257 289 46J 95 ~ 9u-tos 

Cil 3 (CH 2 ) 8~II-- !CH (CH 2 ) 4Cl i2-O-CH 3 
o O T M  OTM5 

50- :'o~ 
229 

. . . . . .  203~ 41~t" 
. , i t  1 7 1  t k ~ I 

I00 

C 85 CH3 (CH2) 8CH-- I C H  ( C I i 2 )  3 C H 2 - 0 - C I 1 3  

O T M S  OTH~ " 
50' :e~ 

229 

~" ': 189 4 0 ' ~  157 

i00 2 0 0  3 0 0  400 
m/z 

FIG. 1. Mass spectra of the trimethylsilyl ether 
derivatives of polyhydroxylated methyl ethers ob- 
tained from 4,8-sphingadienine (A), 8-sphingenine (B) 
and 4-hydroxy-8-sphingenine (C). 

mixture of cis- and trans-unsaturated isomers, 
as in case of wheat sphingolipids (3,16). 

Composition of Sphingoids 

Table 2 shows the sphingoid composit ion 
analyzed and identified by GLC and GC-MS 
of aldehydes derived from sphingoids liberated 
by acid degradation (1). GLC of  pentadecenals 
derived from the two geometric isomers of 
4-hydroxy-8-sphingenine had the same reten- 
tion t ime, so that the ratio of the isomers was 
determined by a combination of silica gel- 
AgNO3 TLC and GLC of  acetyl sphingoids. The 

principal constituents were 4-hydroxy-8-sphing- 
enine and 4-hydroxysphinganine,  the former 
being predominant  in ceramides, whereas 
sphingadienines predominated in cerebrosides. 
Component  sphingoids in soybeans generally 
possessed a trans-double bond rather than a cis- 
one at C-8, as in case of  Azuld beans (2). This 
finding was supported by IR spectra of  intact 
sphingotipids, in which the intensity of the 
absorption band at 970 cm -1 was significantly 
stronger than that of  rice sphingolipid (1). 

Identification of Component Sugars 

Constituent sugars in cerebrosides isolated 
from immature and mature soybeans were 
found by GLC analyses to consist only of  glu- 
cose. PMR spectra of the acetates (not shown) 
revealed the sharp doublet  at 4.47 ppm (Jl,~ = 
7.8 Hz), indicating the ~-glycosidic linkage 
(17,18). Therefore, the glucose linkage to the 
sphingoid moiety have the ~configurat ion.  

Characterization of Molecular Species 
of Ceramide and Cerebroside 

Table 3 shows hydrOxy fatty acid composi- 
tion based on sphingoid types of ceramide and 
cerebroside in mature soybeans. Consti tuent 
fatty acids in the dihydroxy base-containing 
species, which was minor  in ceramide whereas 
major in cerebroside, were essentially only 
2-hydroxypalmit ic  acid. On the other hand, 
the composit ions in t r ihydroxy base-containing 
ceramide and cerebroside were similar to each 
other, the principal constituents being 2-hy- 
droxylignoceric and 2-hydroxybehenic acids. 
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In order to confirm the results, subfraction I 
with Rf:0.4 and II with Rf:0.3 obtained by 
silica gel/borax TLC of  immature soybeans  
were analyzed by GC-MS (7). The data are sum- 
marized in Table 4 (19). A single peak, compris- 
ing C16 hydroxy  acid and sphingadienine, was 
found in fraction I, and five peaks in fraction 
II. The retention time and mass spectrum of  
p e a k 2  were identical with those o f  peak 1, so 
that peak 2 was assumed to be contaminant  
dihydroxy base-containing species, due to the 
incomplete resolution of fractions I and II. 
Peaks 3-6 were identified as t r ihydroxy base- 
containing species combined with hydroxy 
acids of C22.2s. 

To confirm the major molecular species of  
ceramide, t h e  principal ceramide c o m p o n e n t s  
(Rf:0.6)  were converted to tr imethylsilyl  ether  
derivatives and analyzed by GC-MS (Table 5) 
(7,19,20). Five peaks were found, the principal 
species being characterized as N-2 '-hydroxy- 
l ignoceroyl-4-hydroxysphingenine. The result 
was in good agreement with that  deduced from 
the analyses of components  described above. 
The other peaks, also identified as ceramides, 
were composed mainly of 4-hydroxysphing- 
enine and 2-hydroxy acids of  C22.26. 

D I S C U S S I O N  

In this s tudy,  the composit ion of  ceramide 
and cerebroside in immature soybeans was sub- 
stantiaUy the same as that  of  sphingolipids in 
mature seeds. This suggests that  the constitu- 
ents in the two sphingolipids, unlike other lipid 
classes in soybeans (5), hardly changed during 
maturat ion.  

The pnncipal  ceramide in soybean, identi-  
fied as N-2'-hydroxy-l ignoceroyl-4-hydroxy- 
trans-8-~phingenine, was identical with that  of 
Azuki bean ceramide (2). Moreover, the major 
components  in ceramide isolated from alfalfa 
leaves (4) and green bush bean leaves (21) were 
reported to be 4-hydroxysphingenine and 2-hy- 
droxylignoceric acid. Regarding ceramide in 
cereals (rice and wheat) (1,3), we found that 
the principal fatty acid consti tuent was also 
2-hydroxylignoceric acid, but  the predominant  
base "was the saturated homologue (4-hydroxy- 
sphinganine). Thus, in general, plant ceramide 
seems to consist mainly of saturated or 8-un- 
saturated t r ihydroxy bases of  18 carbons and 
2-hydroxy fat ty  acids with longer ca rbon  
chains, particularly C24 acid, so that  the struc- 
ture of plant ceramides are not  unique for plant 
species and organs but  similar to one another.  
2,3-Dihydroxy acids found in soybean ceramide 
have been recognized in rice, wheat and Azuki 
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TABLE 3 

Composition of 2-Hydroxy Fatty Acids Based on Sphingoid Type 
in Ceramide and Cerebroside from Mature Soybean Seeds (%) 
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Ceramide Cerebroside 

Dihydroxy Trihydroxy Dihydroxy Trihydroxy 
2-Hydroxy base-containing base-containing base-containing base-containing 
fatty acid species species species species 

16: 0 92.4 0.4 100.0  2.9 
22:0 0.3 29.9 <0.1 36.3 
23:0 -- 5.7 -- 3.7 
24:0 <0.1 58.2 <0.1 50.6 
25:0 -- 4.6 -- 3.2 
26:0 -- 1.0 -- 3.1 
Others 7.3 0.2 - 0.2 

bean seeds (1-3) and are, there fore ,  p re sumed  
to  be widespread as the minor  c o m p o n e n t  of  
ceramide in higher  plants.  In any case, the  
s te reoconf igura t ion  of  the  h y d r o x y  groups  of  
2 ,3 -d ihydroxy  acids as well as m o n o h y d r o x y  
ones in plant  sphingol ipids  should  be eluci- 
da ted .  

F rom the present  f indings,  the major  s t ruc-  
ture of  cerebroside  in soybean  can be charac- 
ter ized as 1-O-~-glucosyl-N-2'-hydroxy-palmi-  
toyl-trans-4,trans-8-sphingadienine, as in the 
case of Azuki bean (2). The main fa t ty  acid 
(2 -hydroxypa lmi t i c  acid) was ca. 40% in Azuki  
bean cerebros ide ,  whereas  ca. 70% in soybean  
cerebros ide ,  though  the compos i t i ons  of  const i -  
tuen t  sphingoids  in bo th  cerebrosides  were 
similar. Thus,  it  appears tha t  soybean  cerebro-  
side is o f  the ra ther  simple compos i t i on .  

Biogenetically,  ceramide has been proved to  
be the direct  precursor  of  cerebroside in the 
animal tissues. However ,  overall compos i t ions  
of  cons t i tuen ts  in ceramide and cerebroside 
isolated f rom soybean  differed largely f rom 
each o the r ,  as in case o f  Azuki  bean.  This indi- 
cates a complex  metabol ic  re la t ionship be tween  
the two sphingolipids .  However ,  the d thyd roxy  
base- and t r i hyd roxy  base-conta in ing ceramides 
were, respect ively,  highly similar to the  cera- 
mide moiet ies  of  d ihydroxy  base- and t r ihy-  
d roxy  base-containing cerebrosides.  It may 
suggest tha t  the major  d ihyd roxy  base-conta in-  
ing cerebroside  species is syn thes ized  by the 
preferent ia l  g lycosylat ion of  the minor  dihy- 
d roxy  base-containing ceramide species. On the  
o the r  hand ,  sphingoid and fat ty  acid compo-  
nents  in the  ceramide were nearly ident ical  with 
those in phy tog lyco l ip id  obta ined f rom soy-  
beans (22). The cons t i tuen t s  o f  the  ceramide 
moie ty  in phytog lyco l ip id  f rom green bush 
beans leaves were also d i f fe rent  f rom those  in 
their  cerebroside,  and significantly similar to 

those o f  their  free ceramide (21). Thus,  it seems 
to  be general tha t  p lant  ceramide is s t ructural ly  
related more  to phy tog lyco l ip id  than  cere- 
broside.  
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