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Abstract

Sphingophosphoglycolipids, phytoglycolipid-1 (PGL-I) and phytoglycolipid-1I (PGL-ID),
which show a single spot each on silisic acid plates, were separated from leafy stems in rice.
T'he components and the chemical structures were then studied. The compaonent fatty acids
of PGL 1 and PGL 1. consisted of hydroxy and normal acids, the former heing predominant.
The major component of PGL-1 and PGL-II was mostly 2-hvdroxylignoceric acid (40 46%).
The component sphingoids of PGL-T and PGL-II consisted of trihydroxy and dihidroxy
bases, the former being predominant, and the major one was mostly 4 hvdroxysphinganine
(82-93%).

similar to that of free ceramide than that of cerebroside.

The molecular species of ceramide moieties in PGL-I and PGL-1T were more
PGL-I contained the component
sugars of mannose, N-acetylglucosamine, glucuronic acid and inositol in approximately
equal ratios for sphingoid. According to analysis of components by GLC, we supposed PGI-
[T had at least two types of sugar chains because the proportion of arahinose, galactase
mannose, N-acetylghicosamine, glucuronic acid and inositol for sphingoid were 0.4: 0.9 : 0.4 :
0.9:0.7:1.0.
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1. Introduction

Sphingolipides (neutral and acidic types) are
known to be one component of cell membranes!.
The neutral sphingolipids are reported to widely
occur in higher plants®, animals” and fungi®.

Previously. we established the chemical strue-
tures of neutral sphingolipids; ceramides, mono
glveosyl | diglycosyl , triglycosyl- and
Ivcosvlceramides, in rice and wheat grains®®,
However, only a few studies by Carter et al.*” and
Lester et al ®*¥ af the acidic sphingolipids (sphingo-

tetrag-

phosphoglycolipids, PGL) have been carried out on
their structures, their metabolic pathway and their
physiological role. They examined the structure
of PGL from seeds and leaves, and suggested the
complicated constitution of the oligosaccaride
moieties in several types of molecules.  Previously,
we reported that we proved the chemical character-
ization of ceramides, a series of sphingoglycolipids
and PGL of rice brans and the results were
compared'™.  Also, we proved the chemical charac-

terization of ceramides and neutral sphingo-

glycolipids in leafy stems of rice'. This paper
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describes the separation and the chemical charac-
terization of PGL in leafy stems of rice.

2. Experimental Methods

2.1 Preparation of sphingophophoglveolipids from
rice leafy stems.

Field-grown leaves of rice leafy stems (Owyza
safiva 1..) were harvested in the flowering season (in
the middle of August). One Kg of leafy stems was
homogenized in a polytoron with 750 ml of 100%;
(w/v) trichloroacetic acid and 2330ml of 93%
ethanol. This mixture was reflluxed at 60°C for 60
min with continuous stirring. The homogenate
was then added to an ethanol-diethyl ether-
pyridine mixture (12:5: 1, v/v) and brought up to
pH 8.5 with conc. NIL,OIL.  The filter mixture was
adjusted to pH 5.0 by adding acetic acid. ‘The
precipitate was most conveniently sedimented by
storing the mixture at 5°C for 10 days and then
centrifuged. The resulting precipitate was mixed
with 1.5 times the volume of Hyflo Super Cel and
then washed with acetone. The washed precipi-
tate was poured into a glass column and eluted with
a chloroform-methanol-water mixture (CHCl,-
MeOH H,0. 16:16 :5, v/v) containing 0.05 M CH,
COONH.. This eluate was concentrated, and one
half volume of CIL,OI was added. The resulting
precipitate was allowed to sediment for 16 days at
5C. This precipitate slurry was centrifuged to
remove the supernatant remaining after siphoning.
The resulting precipitate was extracted with
pyridine H,O (3:7, v/v) and then the extract solu-
tion was added to chelex 100 resin (Na*) to change
its ion form. The eluate was reprecipitated by
adding acetone. The precipitate was then dis-
solved in a tetrahydrofuran(THF)-H,O (3:1, v/v)
solution.  The TIF-11,00 solution was separated
on a Porasil column (4.5 <43 cm) treated with base
equilibrated with CHCL., and solvenl system of
eluation is shown as legend. The volume of each
fraction was >00ml. An aliquot was taken for
phosphorus determination.  Iractions were pooled

as indicated in Fig. 1. The pooled fractions, A and
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Fig.1.  Porasil column chromataegraphy of crude
Na'-phytoglycolipid in rice leafy stems.
The solvent system used the following
mixture, A: CHCl,-MeOH (65:40), B:
CHCl;-MeOH-H.Q (65:40:3), C:
CHCL-MeOIT H,O (56.4:38.4:58), D;:
CHCL-MeOH 11,0 (54.5:394:7.3), E:
CHCL-MeOH-H.O (43:43:14), F:
CHCL-MeOI 1,0 (3:48:47). The
eluate volume of each fraction was 500
ml, and fr. 7-11 (Fr. A), fr.15-19 (Fr. B)
and fr. 36-37 (Fr. C) were collected.

B, were passcd through DEAE-cellulose columns
(acetate form).  After the column was washed with
100 ml of CHClL-MeOH-HO (16:16:5, v/v), the
acidic lipids (mainly sphingophospholipids) were
eluted with 40 ml of CIICl;-MeOII-T.0O (16:16: 5,
v/v) containing 2M CH,COONH,. The eluate was
dialyzed for water and the inner solution was
evaporated to get crude phytoglveolipid I (PGL-1
from Fr. A), and crude phytoglvcalipid-11 (PGL-11

from Fr. B). Each crude PGL was applied to re
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Porasil column chromatography by stepwise elu-
tion with CTICI; MeOTT H,O (from 65:40:3 to 65:
44:7, v/v), and 10ml
[Finally PGL-1 was checked for purity by phospho-
and TLC™® Crude PGI.-II
applied to the re-porasil column hy stepwise elution
with CHCL, MeOIT 1LO (from 65: 42 :5to 65:47: 9

v/v), and checked in the same way as PGL [ was.

of eluate was collected.

rus determination

2.2 Analytical methods

Phosphorus in each fraction and PGL-T and PGL-
II were determined after perchloric acid digestion
according to the Bartllet method'. Component
sphingoids, fatty acids in PGL I and PGL II were
analvzed as reported'™. Analyses of component
sugar was as follows: PGL 1 and PGL Il were
heated under reflux with 525 methanolic HCI for
dhr.

with

The reaction mixture was cooled and washed
The

evaporated after adding MeOll to remove HCI, and

hexane. methanolic  solution  was
then after was acetylated with 1.2 ml of dry MeOH -
dry acetic acid (3:1) and 7 mg of CH,COOAg for
18hr at room temperature. After filtering, the
eluate was evaporated several times to remove all
the acetic acid. As for analyses of associated
hexuronic acid, PGL-T and PGL-II were reduced
using the Tayler method'®. The sample dissolved
in 2ml of H,O was added to 1 ml of aqueous (0.3M
1 -ethyl - 3 (3 - dimetylaminopropylicarbodiimide
hydrochloride. The solution was stirred at room
temperature for Zhr having a resulting pH of ahout
1.8 and then changed with cone. NH,OH to pH 8.0
A drop of octyl aleohol fallowed by 5 mg of solid
NaBH, were added and refluxed for 18hr at b5°C.
The reaction mixture was dialyzed with 11,0 and
the resulting inner solution was evaporated to get
carboxyl reduced PGL-1 and PGL-IL

reduced samples were analyzed using the same

Carboxy

methanolysis method.  As for existence of a phos-
phorus inositol structure, the methanolic solution
after extraction of methyl esters was evaporated,
dissolved in an aliquot of MeOIl, and then devel-
oped on the cellulose TLC with 1-propanol conc.
NILOM-TLO (6:3: 1, v/v), with detection by the

13
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Hanes Ischerwood reagent'®. These spots were
extracted and resolved with 6N HCI for 40hr to get
the 1nositol and the phosphoric acid.  After the
addition of a known amount of mannitol as an
internal standard, inositol was analyzed by GLC

using the SE-30 column at 180°C'".

3. Results and discussion

3.1 Identification of sphingophosphoglycolipids

PGL-T and PGL-II were separated from rice
Yields of PGL I and PGL II from
these separation methods were 1l mg and 16 mg,
respectively. When PGL I and PGL II
chromatographed with CHCl,-MeOH-4NNH,0OH
(9:7:2, v/iv)onthesilica gel TLC, PGL [ and PGL
IT each gave a single spot having Rf 0.45 and Rf 0.

leaty stems.

were

30, respectively.  Color reactions on silica gel TLC
were similar to those of standard sphingophosphog-
Ivcolipids from corn seeds with anthrone and Ditt-
mer reagents. Moreaver, purity of these lipids was

confirmed by infrared spectrometric analyses,
which showed the characteristic absorptions at 1650
cm 'and 1550 em ! for the acid amide linkage, and
4 weak absorption at 1240 cm ! for P=0. A broad
band at 1100-1000 cm ™' was for C-O (alcohol) of the
sugar moieties. FEach absorption pattern was
almost identical with those of corn and rice hran'®,
and was the characteristic absorption pattern of
sphingophosphoglyvcolipid.
3.2 Fatty acid compuosition

The compositions and relative proportions of
fatty acids associated with PGL-1 and PGL-II are
shown in Table 1. Normal, 2-hvdroxy and 2, 3-
dihydroxy fatty acids were abserved in sphingo-
phospholipids from rice leafy stems. The middle
acids were predominant, as is generally the case in
plant sphingolipids (ceramides, cerebrosides and
other plant

oligoglycosylceramides)*®  and in

sphingophospholipids®=®. Major normal fatty
acids were commonly saturated C16. C24. C22 and
C18, and major 2. 3 dihvdroxy fatly acids were

saturated C20 in PGL 1. and €23, C20 and C26 in
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Table 1. Composition of fatty acids in PGL-I and
PGL-11 from rice leafy stems (%)

PGL-1 PGL-II
Fatty acid ==
2-H* 2,3-H* N 2-H 2,3-H
16: 0 4.0 2.4 —
18: 0 L 0.4 —
2000 0.9 2:8 572 0.4 1.8 0.6
250 R 059 Gif ir. 1.0 tr.
22:0 1.7 12.4 tr. L.l Tl 0l
23:0 0.6 1.5 0.4 0.2 86 0.8
2:0 58 395 -— 2.3 455 L
2000 tr. 6.9 — tr. 7.6 0.2
26:0 0.3 9.8 0.2 b8 106 0.5
(thers 22 0.2 3.9 8
Ratio of X _ _
79 6 7 90 3
types***

*N, 2-H and 2, 3-H show tvpes of normal,

‘2_
hydroxy and 2, 3-dihydroxy fatty acid, respec-
tively.

**Trace (tr.) show less than 0.1

**+*Measured by quantitative TLC.

PGL-II.
slightly different from each other in the two PGLs.

The relative amounts of these acids were

As component 2-hydroxy acids, at least seven
species, from C20 to C26, were found. Especially,
(24, C22 and C26 were major hydroxy acids in PGL-
I and PGL-II, being the same components of

ceramides, but not those of cerebrosides and oligo-
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glycosylceramides in rice leafy stems'",
3.3 Sphingoid composition

Table 2 shows the sphingoid compositions, which
were analyzed by GLC of fatty aldehydes derived
The
rates of trihydroxy base and dihvdroxy base were
90:10 in PGL-I and 98:2 in PGL-IIL.
constituent of the two PGLs was 4 hydroxysphin-
ganine (82% in PGL | and 93% in PGL-II). We

reported that the major component in ceramides

from sphingods by oxidation with NalO,.

The major

was 4-hydroxysphinganine, but in the case of three

sphingoglycolipids  (monoglycosyl-, diglycosyl ,
triglvcosylceramide) the major bases were com-
8 and 4, 8-

It is very interesting that the

monly 4 - hydroxy sphingenine
sphingadienine*".
hydrophobic component of PGL-T and PGL-II is
presumably closely related to free ceramides, but
nol to sphingoglycolipids.
3.4 Sugar composition and mole ratio

The methanolic solution after extraction of fatty
acids of PGL-T and reduced PGL-1 from the previ-
ously described method. which was reduced from
uronic acid to neutral sugar by the carbodiimide
methad'®, were N-acetylated and trimethylsilylat-
ed to examine the component sugar (Fig. 2). We
found the existence of about 1mol of hexuronic
acid as glucuronic acid (standard sugar) by the
colorimetric method (Bitter and Muir method)!®,

but the hexuronic acid peak can not be detected

Table 2. Composition of sphingoids in PGL I and PGL I from rice leafy stems (%)

Sphingoid Aldehyde* PGL 1
4-Hydroxysphinganine 165: 0 82.0
4-Hydroxy-8-sphingenine 15 18 7.6
Sphinganine 16: 0 6.3
8-Sphingenine 16: 18 4.1
4-Sphingenine 16 12 <0.1
4. 8§ Sphingadienine T 2% 0.1
Trihydroxy sphingoids C.s-Aldehydes 89.6
Dihydroxy sphingoids C.s-Aldehydes 10.4

PGL 11 Ceramide™*  Cerebroside**
92.7 R3.0 2.7
4.9 9.2 56.6
2.1 1.8 0.1
0.3 4.3 0.4
0.1 <0.1 1.4
il 1.7 38.9
97.6 92.2 59.3
2.4 7.8 40.7

*Measured hy GLC of fatty aldehvdes derived from sphingoids by NalO, oxidation.

**Information from ref. 11.
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(B
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Gas-liquid chromatogram of TMS deriva-
tive of methylglycoside from PGL-L
(A): PGL-I, (B): carboxy!l reduced
PGL-1.

Abbreviations ; Man, mannose ; Gle, glu-
cose, GleNAc, N-acetvlglucosamine ; P
Ino, invsitol phosphate ; Sph, sphingoid.

from the methanolyzate of intact PGL 1 on the
GLC chart. When

hodiimide before methanolysis, we found the exis-

it was reduced with car-
tence of glucose which was derived from glucuronic
acid. At the same time, we found only one peak of
sphingoid and confirmed the existence of phospho-
rus inositol which did not show expected molar
ratios.  The composition of methylgyleosides pre-
pared from PGL-I is shown in Table 3 and Tig. 2.
After PGL-1 and PGL-II were reduced, mannose.
glucose derived from glucuronic acid, N acetyl-
glucosamine and sphingoid were found in a molar
ratio of 0.9:1.0:1.0:1.0 in PGL-1.
tion in PGL-IT contained arahinose and galactose in
addition to those of PGL-T (Table 3). It then

supported the form that PGL-1I was a mixture of

The composi-

two molecular species.  The sugar components of
two species may consist of one group of arabinose,
and N

glucosamine, the other having galactose, mannose,

mannose,  glucuronic  acid acetvl-

glucuronic acid and N-acetylglucosamine.
When PGL-T and PGL-II were resolved by meth-

45

on the sugar chain.
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Table 3. Sugar compositions and mol ratios in
PGL | and PGL-II from rice leafy stems.

PGL 11

Sugar PGL-I

9 mol% 9% mol%
Arabinose - 108 (0.4)
Mannose 3.6 (0.9* 268 0.9)
Galactose = 13.4 (0.4)
(Glucuronic acid 33.8 (1. 27.9 (0.9)
N-Acetylglucosamine 34,6 (1.0)  21.0 {0.7)
[nositol =+ 1.0** -+ 1.0

*Numbers of parentheses show mol ratios for
associated sphingoids.
**The mole ratio of inositol calculated for man-

nitel (internal standard).

anolysis, they gave a single Hanes-Ischerwood
reagent positive spot with 1-PrOH-conc. NTI,OH-
H,O(6:3:1, v/v) on the cellulose TLC. After that
these spots were extracted and resolved with 6N
11C1 for 40 hr, and only about 1 mol inositol was
detected on GLC. Then it was found with color-
imetric determination of phosphoric acid that PGL-
I had about 1 mol phosphoric acid. We must ana-
lyze the binding form of the PGL-1 and PGL-II, but
because of the existence of only minor amounts we
cannot examine in detail their sugar chain struc-
These described

together with the information on PGL in the

tures. resulls as previously
literature® ' suggest that the possible structure of
PGL-T isolated from leafy stems of rice is 1-O-[N-
acetylglucosaminosyl-glucuronosyl-inosityl]-phos-
pharyl - 2 - N'- hydroxylignoceroyl - 4 - hydroxy-
sphinganine, being mannose combined somewhere
PGL-II is the mixture of two
molecular species, with the possible structure of
one of them being 1-O-[N-acetylglucosaminosyl-
glucuronosyl - inosityl] - phosphoryl -2 - N’- hydrox-
vlignoceroyl-4-hydroxysphinganine with mannose
and arabinose, while the other is 1 O [N acetyl-
glucosaminosyl glucuronosyl-inosityl]-phosphoryl
-2-N'-hvdroxylignoceroyl -4 -hydroxysphinganine

with mannose and galactose.
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