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Biochemistry of the Sphingolipides. X. Phytoglycolipide, a Complex
Phytosphingosine-Containing Lipide from Plant Seeds™

HERBERT E. CARTER, WALTER D. CELMER? DIMITRIS S. GALANQOS,* R. H. GIGG,* WILLIAM
E. M. LANDS,® JOHN H. LAW,® KATHERINE L. MUELLER, TEISH! NAKAYAMA *
H. H. TOMIZAWA,” and EVELYN WEBER, Division of Biochemistry, Noyes Laboratory

of Chemistry, University of lllinois, Urbana, lllinois

HE INOSITOL-CONTAINING PHOSPHATIDES have been
Tthe subject of many investigations since Klenk

and Sakai (20) first reported the presence of
inositol in soybean lipides. Progress has been slow,
partly because of the lack of satisfactory fraction-
ation methods and of adequate criteria of purity;
nevertheless some useful information has been ob-
tained as to the nature and number of the inositol-
containing lipides of corn and soybean (11-13; 17,
18, 24-26, 32-35, 37). Foleh (12, 13), Woolley (37),
and others (18, 24, 26) have obtained purified frac-
tions of higher inositol content by solvent-fractiona-
tion procedures. These materials were reported to
contain fatty acids, glycerol, inositol, and phosphate;
certain preparations had, in addition, carbohydrate
components and tartaric acid. The only nitrogenous
substances detected were ethanolamine and serine,
which is of some interest in the light of the results
to be presented in this paper.

Dutton. and co-workers (32, 83) and McGuire and
Barle (22) have applied countercurrent distribution
techniques to the lipides of corn, soybean, and flax-
seed. By using a methanol-hexane system, two inosi-
tol-containing fractions were obtained, one moving
with the hexane, the other remaining in the early
methanol tubes. These results give no information as
to the homogeneity of the fractions, and with this
system emulsion problems limit the practical exten-
sion of the distribution process. However, in the
course of these studies, galactose, arabinose, and man-
nose were identified by paper chromatography in
various inositol lipide fractions (33).

The results of the countercurrent distribution and
solvent-fractionation studies have established the oc-
currence of two types of inositides in plant lipides.
The better characterized of these is phosphatidyl
inositol, to which structure I has been assigned.
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Phogsphatidyl inositol has been isolated from several
plant sources [soybean (25), wheat germ (11), peas

(35) ], and a phosphatidyl inositol-like material with
a phosphorus to inositol ratio of 1.8 has been obtained
in a partially purified form from soybean (32).

The more complex carbohydrate-confaining inosi-
tides have been less well-characterized. Foleh (13)
fractionated soybean phosphatides by a chloroform-
ethanol technique and obtained a fraction which con-
tained inositol, carbohydrate, glycerol, primary amine
(unidentified) fatty acids, and phosphoric acid. Haw-
thorne and Chargaff (18), by a similar solvent-frac-
tionation procedure, obtained an inositol lipide, which
on hydrolysis gave an organic phosphate containing
inositol, galactose, and arabinose. More recently Mal-
kin and Poole (24) have purified similar fractions
further and have tentatively assigned structure II
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to the main constituent. It should be noted that none
of these materials were established to be homogeneous.

Some years ago in our laboratories a procedure was
devised for preparing a purified inositol lipide mix-
ture® essentially devoid of lecithin, cephalin, sterols,
and non-lipide contaminants (1). Countercurrent dis-
tribution studies on this material, using a methanol-

1'The soybean phosphatide work was done under contract with the
U. S. Department of Agriculture and was authorized by the Research
and Marketing Act. The contract was supervised by Herbert J. Dutton
and John C. Cowan of the Northern Utilization Research and Develop-
ment Division of the Agricultural Research Service, Peoria, Iil. The
corn phosphatide work was supported in part by research grants
(B574-02, 3, 4) from the National Ingstitutes of Health, United States
Public Health Service. Part of the material in this pa,per was_taken
from the theses submitted by Walter D. Celmer, William E, M. Lands,
John H. Law, and H. H. Tomizawa to the Graduate College of the
University of Illinois in partial fulfilment of the requirements for the
degree of Doctor of Philosophy in Chemistry.

2 A preliminary report of this work has heen published (4). For
number IX in this series see referemce (2).

3 Present address, Chas. Pfizer and Sons, Brooklyn, N, Y.

4 Postdoctorate Research Associate, Department of Chemistry.

5 Present address, Department of Biological Chemistry, University of
Michigan, Ann Arbor Mich.

¢ Present address, Converse Memorial Laboratory, Harvard Univer-
sity, Cambridge, Mass.

? Present address, University of Washington, School of Medicine,
Seattle, Wash. :

&Tn this paper the term inositol lipide (IL) will be used to designate
the mixture of inositol-containing lipides which were obtained from a
variety of plant seed phosphatides by this procedure.
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hexane system, gave results essentially identical with
those of Scholfield and Dutton. Degradation studies
on the erude corn 118 led to the discovery of the pres-
ence of a long-chain basic constituent. This substance
was shown to be identical with cerebrin base [iso-
lated previously from yeasts and molds (5)], and its
structure (IT1) was established by periodate oxida-

CH;(CH.)»CH—CH—CH—CH.OH (I11)

|
OH OH NH.

tion (1). The base was designated as phytosphingosine
because of its origin and close similarity in structure
to sphingosine. Prostenik and Stanafev (29) have
synthesized a mixture of the racemic forms of this
substance.

The discovery of the presence of phytosphingosine
in corn (and later soybean) phosphatides provided
an additional analytical tool [McKibben-Taylor long-
chain base determination (23)], with which to follow
fractionation procedures. It was decided therefore to
make a further study of the countercurrent distribu-
tion as a method for the fractionation of inositol lipide
mixtures. Investigation of several solvent systems
provided one (m-heptane, n-butanol, methanol, water)
which gave satisfactory distribution of the components
with less difficulty with emulsions. Using this system,
30-, 100-, and 400-transfer distributions have been car-
ried out on corn IT.

In the 100-transfer (single withdrawal) distribu-
tion three peaks were observed [tubes 6 (peak A),
24 (peak B), and 56 (peak C), respectively]. Peaks
A and B overlapped, but peak C moved almost with
the heptane front (Figure 1).

WEICHT, MG,

M L "
100 92 84 78 68 60 54
TUBE NUMBER
WITHDRAWN SERIES

n-Heptane Soluble —————

FUNDAMENTAL SERIES
4———— BuOH, MeOH, Water Soluble

F1e, 1. 100-transfer eonntereurrent distribution of ecorn IL in
n-heptane, n-butanol, methanol, water system. o—o—o ex-
perimental. -—-—— — theoretical.

Through the courtesy of H. J. Dutton (Northern
Regional Utilization Branch, U.S.D.A.), a 400-trans-
fer (single withdrawal) separation was made with a
200-tube automatic apparatus. Unfortunately several
fractions were lost (tubes 46-60). However the ana-
lytical data (Tables I and II) show a cleaner separa-
tion of peaks A; and B; and the partial resolution of
B, into three peaks (B,, Ci, D;). The main heptane-
soluble fraction has been separated into two peaks
(Ey, Fy). All fractions contained inositol, and all
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TABLE I
Countercurrent Distribution of Corn Inositol Lipide®

Tuhbes Nitrogen Phos-
Fraction com- Weight |—————— horus Carb.c
bined Total | LCBY | P
gm. % o %0 %
0-11 1.55 0.44 0.15 2.90 | ...
12-18 0.52 0.76 0.32 2.92 5.0
19-30 0.62 1.17 0.45 1.98 8.3
31-53 0.40 1.18 0.54 1.41 12.7
54-62 0.57 1.05 0.24 5.35 5.5
4.00 0.80 0.31 3.70 6.0

&= Four grams of corn Iinositol lipide dissolved in 80 ml. of upper
phase (n-heptane-n-butanol-methanol-water system); solution introduced
as upper phase of Tube 0 in 54-tube apparatus and subjected to a
100-transfer single withdrawal distribution. All analytical data ex-
pressed as weight 9% of the lipide fraction analyzed.

b Long chain base nitrogen as determined by the McKibben-Taylor
procedure (19); both sphingosine and phytosphingosine are determined
by this method.

¢ Carbohydrate values determined as galactose by the anthrone pro-
cedure (30) applied to the unhydrolyzed lipide fraction.

except E; contained glycerol. Fraction A; was car-
bohydrate-free and low in nitrogen. It appeared to
contain mainly phosphatidyl inositol and, by the lead
salt precipitation procedure of Scholfield and Dut-
ton (32), yielded an essentially nitrogen-free inositol
phosphatide.

Fractions C; and Dy were rich in phytosphingosine
which accounted for 30-50% of the total nitrogen.
They contained in addition glycerol, inositol, and
carbohydrate.

Fraction E; (the major heptane peak) contained
an unusual substance, high in phosphorus and ash.
On acid hydrolysis it yielded inositol polyphosphate,
fatty acids, a small amount of glyeerol, and several
ninhydrin-positive substances. Alkaline hydrolysis of
Fraction E; gave an insoluble product (salts of in-
ositol polyphosphate?) with an ash content of 60—
65%. Since Fraction E; material occurred in several
of the phosphatides examined and was obtained con-
sistently by procedures described later, it was decided
to name it lipophytin. In our experience lipophytin is
always present in inositol lipide preparations, the
phosphorus content of which exceeds 4.0%. Its pres-
ence in crude phosphatides and in the inositol lipide
preparations complicates purification of the phyto-
sphingolipides. Hence considerable effort was devoted
to devising procedures for its removal other than the
tedious countercurrent distribution method. It was
discovered that lipophytin can be precipitated from
chloroform (or hexane) solutions of inositol lipide by
adding a limited amount of ethanol (not more than
one volume). However the main bulk of the inositol
lipide is precipitated when two volumes of ethanol
are added. This procedure therefore is not sufficiently
specific but can be used to remove the bulk of the
lipophytin together with small amounts of other
inositol-containing lipides. A somewhat cleaner sep-
aration was obtained by dissolving the inositol lipide
in the upper (hexane-rich) phase of a hexane-butanol-

TABLE 1T
Countercurrent Distribution of Corn Inositol Lipidea
7 Nitrogen
Moot Tuhes . Phos-
Fraction combined Weight Total L.oB phorus Carb.
g % % % %
25-45 2.40 0.37 0.11 3.95 none
80-95 1.50 0.43 0.16 2.95 none
115-140 1.74 1.25 0.53 2.22 8.5
Ds.. 150-175 1.50 1.12 0.38 2.91 5.5
Ei(heptane) 205-235 1.20 0.96 0.19 10.08 4.5
Fi(heptane).........| 290-335 0.61 0.30 0.10 2.90 10.8
Corn ITi..couunenens 16.00 0.80 0.31 3.70 6.0

% Sixteen grams of corn inositol lipide dissolved in 160 ml. of upper
phase; solution distributed as upper phase of tubes 0-7 in 200-tube
apparatus and subjected to 400 transfer single withdrawal distribution.
Data recorded as in Table I.
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methanol water system and adding an equal volume
of the lower phase. Lipophytin separated, and cen-
trifugation of the lower phase at —5° gave a light
tan solid (about 5-8% yield) with a phosphorus con-
tent of 11-12%. The purified inositol lipides obtained
by this procedure generally had a phosphorus content
of 3.7-3.8%.

Although fractions C; and D; of the 400-trans-
fer distribution were cousiderably enriched in long-
chain base, it was obvious that many more transfers
would be necessary to obtain homogeneous samples
of these components. In addition, this method limits
the amount of material which can be obtained, and
it seemed probable that large samples might be neces-
sary for chemical studies. Therefore, before pursu-
ing countercurrent distribution methods further, it
was decided to attempt the purification of the phyto-
sphingolipide fraction by other procedures.

Schmidt et al. (31) have employed mild alkaline
saponification for the separation of sphingolipides
from glycerolipides. Under the conditions employed,
ester groups are hydrolyzed and glycerol-derived
phosphatides are converted to fatty acid salts and
other water-soluble products. Sphingomyelins and
cerebrosides are stable under these conditions and can
be separated readily from the hydrolysis mixture. In
the hope of obtaining the phytosphingolipide frac-
tion free of other phospholipides, corn II. was sub-
jected to mild alkaline hydrolysis. The product was
an amorphous insoluble preecipitate, which could be
freed of fatty acids by acetone extraction and fur-
ther purified by precipitation from pyridine solution
with ethanol. The same material could be obtained
(in proportionately lower yields) from the original
corn phosphatide. Similar products were subsequently
obtained from soybean, flax, peanut, wheat, eotton-
seed, and sunflowerseed phosphatides. In view of the
similarity in properties and constancy of chemical
composition of these products the term phytoglyco-
lipide has been applied to them. Typical data on the
preparation and purification of phytoglyeolipide from
‘several sources are presented in Tables I1I, IV, and V.
The purified phytoglycolipide samples were obtained
as white amorphous powders, which were almost in-
soluble in the common organic solvents except in the
basic ones, such as pyridine and morpholine. Phyto-
glycolipide dissolved slowly in agueous alkali, giving
a soapy solution from which the free acid could be
precipitated by acidification to pH 1. Addition of
acetone to the aqueous suspension resulted in a pre-
cipitate which filtered more readily. Phytoglycolipide,
obtained by precipitation from pyridine, was ash-
free and gave a nitrogen to phosphorus ratio of about
2:1 and a total nitrogen to long-chain-base nitrogen
of 2:1. [An uncharacterized material with similar
nitrogen and phosphorus analyses and similar solu-
bility properties has been prepared from soybean
phosphatides by van Handel (34)]

TABLE III
Analyses of Tnositol Lipides and Commercial Phosphatides
Starting material Nitrogen nitIrJ(?g]zn a pﬁggs;
%o %o %o
Corn Th....ooviimmmiiiiiiininn e 0.94 0.32 - 4.83
Flaxseed IL... 0.92 0.41 3.46
Soybean lecithin 0.99 0.056 2.79
Peanut lecithin..... 3.21 0.051 1.27
Cottonseed phosph 1.32 0.044 3.89
Sunflowerseed phosphatides.. 1.03 0.129 2.93
‘Wheat germ phosphatides..................... 1.46 0.089 3.17

a Long-chain base nitrogen.
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TABLE IV
Crude Phytoglycolipides from Thannhauser-Schmidt Hydrolyses
3 . : . Nitro- LCB Phos-
Starting material l Yield ‘ cen nitrogen | phorus
% o Yo %
Corn ITicuiiiiiiiiniicreeniericranreerreenonns 37.0 1.53 0.75 2.66
Flaxseed IL.. 38.0 1.57 0.80 2.06
Soybean lecithi 7.2 0.62 0.37 0.49
Peanut lecithin 11.0 0.82 0.40 1.10
Cottonseed phosphat 3.8 0.83 0.36 1.09
Sunflowerseed phosphatides. . 7.5 | . 044 | ...
‘Wheat germ phosphatides.............. 16.5 0.95 0.25 1.03

As indicated earlier, the preparation of phytogly-
colipide is complicated by the presence of lipophytin,
which forms the high phosphorus, water-insoluble
material on alkaline hydrolysis. This difficulty can
be avoided by removal of lipophytin prior to the
hydrolysis step. Or, alternatively, the degradation
product, which is relatively insoluble in pyridine,
can be removed in the purification of the phyto-
glycolipides. However mechanical difficulties compli-
cate this step, and some phytoglycolipide is lost.

Since the preparation of inositol lipide is a tedi-
ous process, a study was made of the preparation
of phytoglycolipide directly from commercial phos-
phatides. Commercial soybean lecithin from several
sources was employed in these studies. Mild alka-
line saponifieation yielded a erude phytosphingolipide
fraction containing sterol glucoside, in addition to the
“‘high-phosphorus’’ impurity. The former can be re-
moved by extraction with chloroform-ethanol (1:1)
and the latter in the usual way. By this procedure it
is possible to prepare large quantities of phytoglyco-
lipide directly fromn erude soybean and ecorn phospha-
tides with the minimum of operations.

Composition of Phytoglycolipide. The purified phy-
toglycolipides gave strong positive Molisch and an-
throne tests. The Scherrer inositol test was. positive,
and a weak ninhydrin test was obtained with an
anhydrous pyridine reagent (not in 50% aqueous
pyridine). Since long-chain base nitrogen accounted
for about half of the total nitrogen, it was presumed
that an ethanolamine moiety was responsible for the
ninhydrin test. The purified lipide gave a negative
Tieberman-Burchard sterol test.

The infrared spectra of various samples of phyto-
glycolipide were identical and showed the expected
peaks, including strong amide bands at 1,530 and
1,640 em.”l. In addition, a broad medium strength
peak at 1,720 em.”! was present. This could result
from a carboxyl or a lactone group and was particu-
larly interesting in view of the reported presence of
tartarie acid in soybean lipositol (37).

Further information (both qualitative and quan-
titative) concerning the composition of phytoglyco-
lipide was obtained by various hydrolytic degrada-
tions. Previous studies (16, 17, 33) had shown the
presence of soybean inositol lipides of galactose,
arabinose, and mannose, and the first two had been
detected in corn (33) and peanut (17) phosphatides.
A careful chromatographic study was made of the

TABLE V
Properties of Purified Phytoglycolipides

: LCB [ald
Nitro- N Phos- An- D
Source gen ngf phorus | throne (pyri-
g dine)
Y% %o Y% % degrees
1.88 0.73 1.93 20 +50
1.68 0.83 1.84 15 +4-47.3
1.66 0.79 2.07 20 453
1.73 0.64 1.93 ~+50.6
1.66 0.80 2.01 15 . +47
Sunflowerseed............... 1.60 0.60 1.66 20 +51
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water-soluble material produced by mild acid hy-
drolysis of various phytoglycolipide samples, using
lutidine-water and butanol-acetic acid-water systems.
Galactose, arabinose, and mannose were found in
hydrolysates of all the samples tested. Furthermore
in a rough semi-quantitative comparison there ap-
peared to be approximately equimolar concentrations
of the three sugars. The presence of mannose was
confirmed by preparation of the phenylhydrazone.
A preparative scale isolation and separation of the
three sugars is now under way in order to charac-
terize each by physical properties and preparation
of derivatives.

It is interesting to note that in the course of these
studies, involving many individual experiments, no
disaccharide was ever detected. Although far from
conclusive, this observation might suggest that the
three sugars are not attached to each other. Other
explanations are of course possible. This relationship
will make elucidation of structure of the intact lipide
more difficult.

Inositol and inositol monophosphate have been
shown to occur in soybean phosphatide by Klenk
and Sakai (20) and in soybean IL in our labora-
tories. These substances could have arisen however
from the phosphatidyl inositol compounds. There-
fore it was necessary to carry out similar studies
on phytoglyecolipide. (It should be noted that phos-
phatidyl inositol is cleaved by mild alkaline hy-
drolysis whereas no inositol or inositol phosphate is
Liberated from phytoglycolipide under these condi-
tions.) Paper chromatography of a 6-hour, 6 N HCl
hydrolysate of phytoglycolipide established the pres-
ence of inositol, but no inositol phosphate was de-
tected. With a 1-hour hydrolysis, inositol monophos-
phate did appear and has heen characterized by paper
chromatography. It should be noted that no other
sugar phosphate has been detected in acid or alkaline
hydrolysates. This observation is of importance in
considering possible structures for phytoglycolipide.

Three nitrogenous bases, ethanolamine (37), serine
(19), and phytosphingosine (1), have been reported
in inositol lipides from plant sources. Since phytogly-
colipide has a nitrogen to phosphorus ratio of 2:1 and
half of the nitrogen in long-chain base nitrogen, it was
assumed that ethanolamine and/or serine contributed
the remaining nitrogen. Chromatography of acid hy-
drolysates of phytoglycolipide gave a number of nin-
hydrin-positive spots. Two of these corresponded ap-
proximately to ethanolamine and serine (or perhaps
ethanolamine phosphates). Isolation of the basic sub-
stance(s) by ion exchange chromatography gave an
amine hydrochloride, the iafrared spectrum of which
showed polyhydroxy absorption, and was indeed essen-
tially identical to the spectrum of glucosamine hy-
drochloride. A large-scale isolation gave a crystalline
hexosamine hydrochloride in almost 109 weight yield.
Infrared spectrum, X-ray diffraction pattern, optical
activity, and chromatographic behavior of this ma-
terial were identical with those of p-glucosamine hy-
drochloride. D-Glucosamine alone when subjected to
treatment with 6 N HCl gives several ninhydrin-
positive spots, one of which resembles that of ethan-
olamine hydrochloride. It is essential to use some
caution in interpreting paper chromatographic re-
sults on strong acid hydrolysates of glycolipides. We
believe that the ninhydrin-positive spots observed in
hydrolysates of phytoglycolipide can all be accounted
for by the presence of phytosphingosine and glucos-
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amine although the presence of minor amounts of
ethanolamine cannot be rigorously excluded. Al-
though bp-glucosamine has been observed in several
animal glycolipides (for review see 3), it has not
been reported previously as a constituent of plant
lipides.

The presence of phytosphingosine in soybean 1L
was established by Carter et al. (1), and in the course
of this work the long-chain base determination of
MceKibben and Taylor (23) was used to follow the
purification of phytoglycolipide. The analytical data
show that 70~-909 of the phytosphingosine of inositol
lipide fractions is recovered as phytoglyeolipide. The
recovery from soybean phosphatide is considerably
lower, suggesting that other types of phytosphingo-
lipides may be present in the commercial phosphatide.
This point is under investigation. It is interesting
that, whereas corn phosphatide yields phytosphingo-
sine (and its anhydro derivative) on acid hydrolysis,
soybean IL yields in addition an unsaturated de-
rivative of phytosphingosine, the structure of which
is under study. The phytoglycolipides obtained from
the two sources show a similar behavior.

The fatty acid constituents of phytoglycolipide
were also characterized. Soybean phytoglycolipide
fatty acids consisted of about 5% cerebronic acid
(a-hydroxytetracosanoic acid) and 95% of a mixture
of stearic and palmitic acids; corn phytoglycolipide
gave a mixture of Cqy and Cag a-hydroxy acids (6569%),
lignoceric acid (11%), and a stearic-palmitic acid
mixture (24%). It is interesting to note that animal
sphingolipides also contain high proportions of Ca,
acids (cerebronie, lignocerie, nervonic).

The established components of phytoglycolipide
(fatty acid, phytosphingosine, inositol, glucosamine,
galactose, arabinose, mannose, phosphate) accounted
for most, but not all, of the properties of phytoglyeo-
lipide. Although analytical data on substances of
such high molecular weight are not highly definitive,
nonetheless the nitrogen and phosphorus values were
consistently lower than would be expected from sub-
stances containing these moieties, joined by glycosidie,
phosphate diester, and amide bonds. The analytical
data clearly indicated the presence of a highly oxy-
genated constituent of at least four carbons. Fur-
thermore the carboxyl absorption in the infrared
spectrum remained to be allocated.

Since tartaric acid had been reported as a constitu-
ent of soybean lipositol, several attempts were made
to isolate tartaric acid or a derivative thereof from
phytoglycolipide. These attempts were uniformly un-
successful. In reviewing various types of hexosamine
derivatives known to oceur in nature, hyalobiuronie
acid (36) and chondrosine (8) came under consider-
ation. The presence of a hexuronic acid moiety in
phytoglycolipide would satisfy the analytical data
and provide a carboxyl group. The failure to detect
the unknown substance on papergrams would be ex-
plained by the known instability of the hexuronie
acids to strong acids. Application of the Dische
carbazole reaction (10) indicated eclearly the cor-
rectness of this surmise, and degradation studies,
to be reported in a subsequent paper, established
the presence of a hexuronic acid-glucosamine moiety
in phytoglycolipide.

All of the properties of phytoglycolipides can now
be accounted for on the basis of the known constitu-
ents. The uniform presence of these substances and
the similar physical properties of phytoglycolipide
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samples from several different sources strongly sup-

ports the view that phytoglyecolipide as prepared is a

relatively homogeneous new type of sphingolipide
derivative which occurs generally in plant seeds.

Further studies on this interesting substance are
now in progress. Omne of the immediate problems is
whether phytoglycolipide occurs as such or as a more
complicated derivative in the original phosphatides.
The solubility properties of phytoglyeolipide are so
markedly different from those of erude inositol lipide
that it seems hardly possible to account for the dis-
crepancies on the basis of mutual solubility effects.
It seems more probable that a less polar moiety was
cleaved from phytoglycolipide during the alkaline
hydrolysis. The presence of glycerol in the phyto-
sphingolipide fractions of the countercurrent distri-
bution suggests that a phosphatidyl moiety may be
attached to phytoglycolipide, and the analytical data
of fractions C and D are consistent with this hypothe-
sis. The final answer to this question will require the
isolation of the intact lipide by non-hydrolytic meth-
ods, and to this end the countercurrent distribution
studies are now being renewed.

Experimental .

Analytical Methods.. Nitrogen was- determined by
the micro-Kjeldahl method and phosphorus by a
slight modification of the  procedure of Harris and
Pranjivar (15). ‘‘Liong-chain base’’ nitrogen was de-
termined by the procedure of McKibben and Taylor
(23). Paper chromatographic procedures are referred
to in the individual sections.

Preparation of Corn I1L. A sample of Vodol corn
phosphatide (400 g.) was placed in a 12-liter flask,
and four liters of glacial acetic acid were added. The
mixture was stirred for 1 hr. The solution was filtered
on a Biichner funnel. The insoluble material was
resuspended in two liters of glacial acetic acid and
again filtered. The moist insoluble material (weight
180 g.) was divided between two 500-ml. centrifuge
bottles; 45 ml. of water and 80 ml. of benzene were
added to each bottle. The bottles were tightly corked
and shaken manually for 5 min. until no large
particles settled to the bottom. Then the bottles
were centrifuged, and the clear upper phase was
siphoned off. (When the upper phase contained some
suspended material even after prolonged centrifuga-
‘tion, the upper phase was allowed to settle in the
cold over-night). The aqueous layer was re-extracted
with 30 ml. of benzene for each bottle, and the ben-
zene layer was separated by centrifugation. The
combined benzene layers were lyophilized, giving 53
g. of brownish powder. This was extracted with
530 ml. of chloroform-ethanol mixture (1:2 v/v)
with stirring for 1 hr. The mixture was filtered,
and the insoluble material was separated by filtra-
tion and washed with a small amount of chloroform-
ethanol. The moist insoluble material was dissolved
in a minimum amount of benzene and lyophilized.
The inositol lipide thus obtained weighed 46 g.

Preparation of Soybean Inositol Lipide. A 400-g.
sample of Sta-sol (soybean lecithin) was added to
four liters of glacial acetic acid with continuous stir-
ring in a 12-liter flagsk, and the mixture was stirred
for 1 hr. The glacial acetic acid beecame dark brown
in color. After the stirring was stopped, a dark
brown, gummy solid settled to the bottom. The
acetic acid was separated by decantation, the gum
was washed with 400 ml. of glacial acetic acid, which
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was also decanted. The moist gum (weight 115 g.)
was dissolved in 500 ml. of benzene and divided
evenly in two 500-ml. centrifuge bottles; 25 ml. of
water were added to each bottle. The bottles were
shaken and ecentrifuged. The clear benzene layer
was siphoned off and lyophilized. The lyophilizate
weighed 53 g. The product was next treated with 500
ml. of chloroform-ethanol (1:2 v/v). The mixture
was stirred for 1 hr. and centrifuged. The super-
natant was decanted, and the remaining solid was
dissolved in 250 ml. of benzene and lyophilized. The
crude inositol lipide was obtained in a yield of 35 g.

Countercurrent Distribution Studies. These stud-
ies were made in the Craig type of apparatus. The
100-transfer distribution was performed in a 53-tube
machine (tube capacity, 80 ml. of each phase) by the
single withdrawal technique (17). The 400-transfer
distribution was performed in a fully automatic 200-
tube apparatus (tube capacity 40 ml. of each phase),
again with the single withdrawal technique. In order
to obtain better distribution behavior the hexane-
methanol system of Scholfield and Dutton (33) was
modified systematically until a satisfactory combi-
nation was found in n-butanol-n-heptane-methanol
water. The system was prepared by mixing n-hep-
tane, 6,000 ml.; n-butanol (saturated with water),
4,000 ml. ; methanol, 1,900 ml.; water, 100 ml.; and
by allowing the system to equilibrate. The inositol
lipide was dissolved in the upper phase in 5% con-
centration (higher concentrations affect the nature
of the distribution (27). The solution was equili-
brated with the lower phase, and the mixture was
introduced into tube 0. In the case of the 400-trans-
fer distribution 16 g. of corn inositol lipide were
dissolved in 160 ml. of the upper phase, and the
solution was distributed  over the first eight tubes
(tubes 0-7) to begin the distribution. At the end
of the distribution small aliquots were removed for
determination of the weight distribution. Appropri-
ate tubes were combined, and the solvents were

‘removed i vacuo under reduced pressure. The resi-

dues were dissolved in benzene, lyophilized, and
finally dried 4n wvacuo over phosphorus pentoxide.
The distribution results and the elementary and
group analyses are summarized in Tables I and 11
and Figure 1.

Preparation of Crude Phytoglycolipide.

a) From Corn IL. Fifty grams of crude lipide
were placed in a 2-liter glass bottle with a ground
glass stopper. One liter of 1 N KOH was added, the
bottle was tightly stoppered, and the mixture was
shaken on a mechanical shaking machine in a con-
stant temperature room at 37° for 24 hrs. The yel-
low soapy solution was poured into a 4-liter beaker,
surrounded by an ice bath, and cooled with stirring
to 20°. 5 N HC1 was added slowly with cooling and
vigorous stirring to bring the solution to pH 1, and
1,650 ml. of acetone were added. The fatty acids
dissolved, and a white solid settled fairly rapidly.
After centrifugation the supernatant solution was
decanted and replaced with 300 ml. of a solution
consisting of two parts of acetone and one part of
0.5 N HCl. The precipitate was resuspended by shak-
ing the stoppered centrifuge bottles for 20 min. on a
mechanical shaker, the suspension was then centri-
fuged, and the acetone-acid wash solution was de-
canted. This washing procedure was repeated three
times.
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The final precipitate was suspended in 300 ml.
of acetone by shaking, and the heavy powder was
filtered on a medium fritted glass funnel. The prod-
uct was dried wm vacuo for 24 hrs. (yield 19.0 g.).

b) From Soybean Phosphatide (Acetone-extracted).

One hundred grams of crude phosphatide were placed
in a l-gal. glass bottle with ground glass stopper;
2.5 liters of 1 N KOH were added, and the bottle was
tightly stoppered. The mixture was shaken on a me-
chanical shaking machine in a constant temperature
room at 37° for 24 hrs. Then the bottle was put into
an ice bath, and 500 ml. of 5 N HCl were added
slowly with cooling and vigorous shaking. The neu-
tralized mixture was then brought to pH 1 by the
addition of 58.5 ml. of 98% formic acid. Stirring
was continued until the temperature reached 20°
when 4,740 ml. of acetone were added. The fatty
acids dissolved, and a white precipitate, which set-
tled fairly easily, was separated by centrifugation.
The precipitate thus obtained was again shaken with
500 ml. of acetone, containing 2.8% of formie acid,
for 20 min. on a mechanical shaker. The suspension
was centrifuged, and the acetone-acid solution . was
decanted. Next the procedure was repeated, using
anhydrous acetone. The final precipitate was sus-
pended in 500 ml. of anhydrous acetone by shaking,
and the suspension was filtered, giving a white amor-
phous powder. The product was dried ¢n vecuo for
24 hrs. in a desiccator, which contained both sul-
phuric acid and sodium hydroxide. The yield in
several runs varied between 15 and 18 g.

¢) From Other Lipides. Flaxseed 1L was prepared
according to the method of Carter et al. (1). Com-
mercial peanut lecithin was exhaustively extracted
with acetone, and the insoluble material was used as
a starting material for the saponification. The same
acetone treatment was applied to phosphatides from
cottonseed oil, sunflowerseed oil, and wheat germ oil.
Individual saponification procedure was essentially
identical to that applied to soybean phosphatides.

The phytoglycolipide fractions obtained by this
procedure were white amorphous solids with the
exception of that from peanut, which was a light
brown. Analytical data on these products are re-
corded in Table IV. The product from corn gave a
high phosphorus value as a result of contamination
by the lipophytin degradation product. The soybean
and peanut produects contained a high proportion of
sterol glucoside, accounting in part for the low nitro-
gen and phosphorus values.

Purification of Crude Phytoglycolipides. The solu-
bility properties of phytoglycolipide made purifica-
tion difficult. Chromatography of pyridine solutions
on alumina failed to bring about any significant puri-
fication. Attempts to devise pyridine-containing sol-
vent systems which could be used for countereurrent
distribution also failed. Extraction with a chloroform-
ethanol mixture (1:1 or 1:2) removed sterol glyco-
sides and some of the impurities but failed to remove
the high-phosphorus impurity. However this impur-
ity remained insoluble on pyridine extraction, and
the lipide was recovered from the pyridine solution
by precipitation with ethanol and purified by wash-
ing with acetone and dilute acid to remove pyridine.

a) Crude Product from Corn Inositol Lipide. In
the case of the crude phytoglycolipide prepared from
corn inositol lipide, the pyridine-ethanol precipitation
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_procedure only was applied. Ten grams of crude

phytoglycolipide were placed in a 500-ml. centrifuge
bottle. Reagent grade pyridine (100 ml.) was added,
and the bottle was corked and shaken for 5 min. The
suspension was centrifuged, and the supernatant solu-
tion was decanted. If the solution was not clear, one
teaspoonful of ‘‘Hyflo-Super-Cel’’ was added, and
the suspension was filtered through a medium sintered
glass funnel. The clear filtrate was poured into a
500-ml. centrifuge bottle, and 200 ml. of ethanol were
added with stirring. The thick suspension was centri-
fuged, and the light yellow pyridine-ethanol super-
natant solution was decanted. The voluminous pre-
cipitate was washed once with pyridine-ethanol (1:2)
and once with 300 ml. of acetone. The precipitate was
suspended in 200 ml. of acetone, and 100 ml. of 0.5 N
hydrochloric acid were added with stirring. A sticky
solid settled rapidly. The suspension was centrifuged,
and the acid-acetone was decanted. The sticky pre-
cipitate was resuspended in acetone, and the heavy
powder thus obtained was filtered onto a medium sin-
tered glass funnel and dried in a vacuum desiceator
(yield 7.10 g. of purified phytoglycolipide).

b) Crude Product from Corn Phosphatide. Crude
phytoglycolipide (117 g.) was shaken with 4 liters of
chloroform saturated with water for 1.5 hrs. Then
four liters of 95% ethanol were added to the mix-
ture, which was allowed to stand for 4 hrs. at room
temperature. The mixture was centrifuged, and the
insoluble fraction which gave a negative Lieberman-
Buchard sterol reaction was separated by decanta-
tion. The sterol-free product (72.0 g:.) was then sub-
jected to the pyridine-ethanol procedure described
above, giving 29.4 g. of purified phytoglycolipide.

c) From Soybean Phosphalide. A sample of crude
phytoglycolipide (60 g.) was placed in a 2-liter cen-
trifuge bottle, and 1.5 liters of reagent grade pyridine
were added. The mixture was thoroughly stirred and
immediately centrifuged. The supernatant, which
contained most of the sterol glycoside, was separated
by decantation. The sticky insoluble material was
then transferred to a I-liter flask with 900 ml. of
pyridine and left for 72 hrs. The phytoglycolipide
gradually dissolved. Then the mixture was again
centrifuged, and the pyridine solution was separated
by decantation. To this pyridine solution 1.8 liters of
95% ethanol were added. A cloudy precipitate sep-
arated and was allowed to settle over-night in the
cold room. The major part of the supernatant was
siphoned off, and the remaining solid was further
separated by centrifugation. The voluminous precipi-
tate was suspended in 300 ml. of acetone and centri-
fuged. The acetone supernatant was decanted. The
precipitate was suspended in 200 ml. of acetone, and
100 ml. of 0.5 N HCI were added with stirring. A
sticky solid settled rapidly and was centrifuged. The
acid-acetone was decanted, and the sticky precipitate
was suspended in acetone. The heavy powder was
filtered onto a medium sintered glass funnel and
dried in a vacuum desiccator, giving 4.30 g. of puri-
fied phytoglyeolipide.

The pyridine insoluble fraction (6.15 g.) was again
extracted with 25 volumes of pyridine for a week at
room temperature with occasional shaking. The pyri-
dine extract was treated by the procedure described
above. The extraction procedure was once more ap-
plied to the pyridine insoluble fraction obtained from
the second extraction. In this way 4.47 g. of addi-
tional purified phytoglycolipide were obtained.
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The low yield of phytoglycolipide in this purifica-
tion procedure was probably the result of loss in the
original pyridine extraction to remove sterol glyco-
side. It seems likely that use of the chloroform-meth-
anol extraction subsequently developed for removal
of sterol glycoside from corn phytoglycolipide would
have improved the yield here.

d) From Other Lipides. The purification methods
were identical with those applied to corn and soy-
bean lipides.

Table V shows the analytical data and specific
rotations of the purified phytoglycolipides.

Purified phytoglycolipide is an amorphous solid,
varying in color from light tan to pure white. It is
obtained as a fine, nonhygroscopic solid. Phytoglyco-
lipide does not melt, but it browns and chars above
200°. Carefully prepared samples leave no ash when
ignited. Phytoglycolipide is soluble in organic bases
(pyridine, morpholine). It is insoluble in water and
in aqueous acid but dissolves in an agueous base to
give a clear soapy solution, from which the excess
base can be removed by dialysis against water or
against a buffer of desired pH (above 3). The elec-
trophoretic behavior of these solutions was examined
with corn and soybean products. Both phytoglyco-
lipides behaved as a mixture of two acidie materials.
The components moved. toward the anode even at pH
3. The corn lipide was composed of 65% of -a major
component and 35% of a minor component while the
soybean lipide showed a distribution of 95 and 5%.

The infrared spectrum. of phytoglyeolipide showed
the presence of hydroxyl groups (broad absorption
at 3,300-3,400 em.™') of an amide group (strong ab-
sorption at 1,640 and 1,530 em.') and of methylene
groups (2,820-2,890 em.”! and 1,470 em.!). In ad-
dition, there was a rather broad medium strength
peak at 1,720 em.™?, indicating the presence of a non-
amide carbonyl group (free acid or possibly lactone).

Removal of Lipophytin from Corn Inositol Lipide.
A two-phase system was prepared by mixing n-hex-
ane, 1,500 ml.; n-butanol saturated with water, 1,000
ml.; methanol, 475 ml.; water, 25 ml. A sample of
corn inositol lipide (108 g.) was dissolved in 1,080
ml. of upper phase, and the solution was equilibrated
with 1,080 ml. of lower phase for 2 hrs. The dark
brown turbid lower phase was withdrawn and centri-
fuged for 45 min. (2,500 r.p.m.) at —5°. The clear
brown supernatant was decanted. The light brown
residue was dissolved in benzene, and the solution
was lyophilized. The residue was dried for 48 hrs.
over Ps05 in vacuo, giving 6.24 g. of tan powder (N
0.85%, P 11.97%). This material resembles closely
the heptane-soluble fraction (E) obtained in the 400-
transfer countercurrent distribution.

The upper and lower phases were combined and
evaporated to dryness under reduced pressure. The
residue was dissolved in benzene and lyophilized, giv-
ing 95.5 g. of purified corn IL (N 0.77%, P 3.73%,
LCB N 0.31%).

Composition of Phytoglycolipide.

a) Detection of Sugars. A 20-mg. sample of phyto-
glycolipide was hydrolyzed with 0.5 ml. of 0.5 N
H,S0, at 100° for 12 hrs. The aqueous solution was
filtered and neutralized with Dowex 2 (HCO;3~ phase).
The resulting solution was subjected to descending
chromatography in two solvent systems and com-
pared with a standard mixture of arabinose (A),
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galactose (G), and mannose (M). The spots were
developed with aniline phthalate. The fastest-mov-
ing spot was assigned an ‘‘Rx’’ value of 1.00 and the
others were compared with it. The results are sum-
marized below.

Solvent System “Rx” of Hydrolysate “Rx” of Standards

Lntidine-Water pink 1.00 | pink (A) 1.02
13:7 brown 0.95 | brown(M) 0.96

red-brown 0.84 | red-brown(G) 0.84
n-Butanol-acetic pink 1.00 | pink(A) 1.00
acid-water brown 0.96 | brown(M) 0.95
(4:1:1) brown 0.88 | brown(@G) 0.86

Two-dimensional chromatography, using these two
systems, also showed identical behavior of the hy-
drolysate and the standard solution.

b) Isolation of Mannose Phenylhydrazone. A sam-
ple of phytoglycolipide (6.2 g.) was refluxed with
100 ml. of 0.3 N methanolic HC1 for 3 hrs. The solu-
tion was cooled to 0° and filtered. The filtrate was
concentrated under reduced pressure. The residue
was dissolved in 50 ml. of 0.5 N HzS0,, and the solu-
tion was refluxed for 12 hrs, cooled, and filtered.
The solution was neutralized with Dowex 2 (HCO;~
phase) to pH 6. The filtrate was concentrated to a
syrup (0.46 g.) on the water pump; 150 mg. of the
syrup were dissolved in 4 ml. of water, and two drops
of phenylhydrazine were added. The solution was
allowed to stand 1 hr. at room temperature. The
heavy precipitate was filtered and recrystallized from
methanol, giving 15 mg. of phenylhydrazone melting
at 182-184° (hot stage, uncorr.).

Cr2H1505Ns. Calculated: C 53.31, H 6.71, N 10.83
Found: C 53.24, H 6.48, N 11.01

The infrared spectrum of this material was identical
with that of authentic. mannose phenylhydrazone
(m.p. 186-188°). .

¢) Inositol. Inositol was liberated from phytoglyco-
lipide by hydrolysis with 6 N HCI at 100° for 6 hrs.
It was visualized on paper with the silver nitrate-
sodium hydroxide or the periodate-permanganate
reagent. In 2-propanol-acetic acid-water (3:1:1),
inositol (R 0.14-0.20) was cleanly separated from
glucosamine.

Pure inositol was obtained in the course of the
glucosamine isolation procedure. The effluent from
the IR 120 column before elution with acid was
lyophilized. The dry residue (0.26 g.) was dissolved
in 3 ml. of water, and ethanol was added to make
30 ml. The mixture was stored at 2°. White crystals
formed slowly. The solution was stored at —10° for
2 days. The white solid was collected, washed with
ethanol, and dried. This crop of crystals weighed
44 mg. (from 1.5 g. of lipide) and melted at 218—
223°. The infrared spectrum of this material was
identical with that of authentic inositol. In three
solvent systems it showed an R; on paper identical
with that of authentic inositol. After one recrystal-
lization from ethanol-water the material melted at
227-230°. Authentic inositol melted at 227-228° on
the same stage.

d) Inositol Phosphate. One gram of corn phytogly-
colipide was hydrolyzed with 20 ml. of 6 N HCI under
reflux for 1 hr. The hydrolysate was placed in the
cold room for 3 hrs., and the floating solid was re-
moved. The filtrate was lyophilized, and the residue
was dissolved in 10 ml. of water. The solution was
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clarified with Super-Cel to remove humin-like ma-
terial. An excess of lead acetate solution was added
to the filtrate. The precipitate which formed imme-
diately was separated by centrifugation and washed
with water several times. The residue was suspended
in 10 ml. of water and treated with H,S. The lead
sulphide formed was removed by filtration, and the
colorless filtrate was concentrated in vacuo to 0.3 ml,
Absolute ethanol (25 ml.) was added, and the turbid
solution was left in the cold room over-night. The
white powdery precipitate was separated by decanta-
tion, washed with ether, and dried (yield 10.7 mg.).
This material behaved exactly like authentic inositol
monophosphate on paper chromatography [R; 0.4
with 2-propanol:conc. NH,OH :water (5:4:1) (9) vis-
ualized with the Hanes-Isherwood and with the peri-
odate permanganate reagents] and gave an identical
infrared spectrum. In another hydrolysis 100 mg. of
inositol monophosphate were obtained. The ecrude
product was twice reprecipitated as described above.
The purified product decomposed at 200-210°.

e) Ninhydrin Positive Materials. Paper Chroma-
tography. Phytoglycolipide samples were hydrolyzed
with 3 N sulfuric acid at 170° for 4 hrs., or prefer-
ably with 6 N hydrochloric acid at 100° for 6 hrs.
for the detection of ninhydrin-positive materials.

The solvent system 2-propanol-acetic acid-water
(3:1:1) was found to be most effective for separating
the ninhydrin-positive components of phytoglycolip-
ide. Two other systems were used for the tentative
identification of ethanolamine.

R: of Materials in Various Solvent Systems

2-Propanol-acetic | n-Butanol-acetic | n-Propanol-acetic
acid-water acid-water acid-water
3:1:1 4:1:1 (10:1:9)
Ethanolamine | 0.62 red-violet | 0.57 red-violet }0.61 red-violet
Serine 0.34 violet 0.41 violet
Phosphoryl
ethanolamine [0.22 violet 0.35 violet
0.65 red-violet
0.46 violet 0.56 red-violet [0.63 red-violet
Hydrolysate |[0.32 gray violet | long streak of |0.40 light violet
0.26 intense lower R:. 0.23 black-violet
black-violet

D-Glucosamine. The first isolation was accomplished
by chromatography on IR 120, hydrogen phase, fol-
lowed by chromatography on a wide strip of What-
man No. 1 filter paper and elution of the band of
proper R;. This gave 3 mg. of a white solid. The
infrared specrum suggested an amino sugar, and
comparison with the spectrum of glucosamine hy-
drochloride revealed a remarkable similarity.

A large-scale isolation was then undertaken. A
sample of purified phytoglycolipide (1.5 g.) was re-
fluxed with 150 ml. of 6 N hydrochloric acid for 6
hrs. The hydrolysate was cooled and filtered. The
filtrate was reduced to dryness in a vacuum desic-
cator. The residue was dissolved in 5 ml. of water and
neutralized to pH 4 by addition of Dowex 2, (HCOj3~
phase). The resin was filtered, and the filtrate was
passed onto a eolumn consisting of 30 ml. of TR 120,
(H* phase), packed into a 50-ml. burette. The resin
was washed with water, and the neutral fraction was
collected. (This material was used in the isolation of
inositol.) The resin was eluted with 0.3 N HCI. The
ninhydrin-positive fraction was eluted between 50
ml. and 150 m]. of acid. This fraction was reduced
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to small volume, neutralized with Dowex 2, HCOjy"
phase), and lyophilized. The residue weighed 0.141 g.

A portion of this erude base fraction (0.12 g.) was
dissolved in 0.5 ml. of water, 2 drops of concentrated
hydrochlorie acid were added, and absolute ethanol
was added to make a total volume of 25 ml. This
solution was cooled, and then 3 ml. of acetone were
added. The mixture was permitted to stand at —10°
over-night, giving a crop of fine white crystals.

After two recrystallizations the total crude base
fraction yielded 58.5 mg. of pure p-glucosamine hy-
drochloride.

CeH,05;NC1. Calculated: C 33.40, H 6.58, N 6.48
Found: C 3371, H 6,57, N 6.49

On paper this material gave a double spot identical
with that of authentic p-glucosamine hydrochloride
(21), as visualized with silver nitrate, periodate, or
Elson-Morgan sprays. The infrared spectrum and
X-ray diffraction pattern were identical to those of
D-glucosamine hydrochloride. The optical rotation
and mutarotation were observed.

[a] & (in water) Time
degrees hours
+96.2 1
+78.3 2
—+70.0 4
+68.8 24

t) Phytosphingosine. Corn and soybean phyto-
glycolipides were hydrolyzed with methanolic HySO,,
and the acetone compound and N-benzoyl derivative
of the free base were prepared as previously ‘de-
seribed (1). Corn phytoglycolipide gave characteris-
tic phytosphingosine derivatives, but the soybean
products differed in melting point as summarized
below.

Compound ﬁl_p (Corn) ( M.p.(Soybean)
Free base....ccoeveeeereeieeeeeeeeeeeenne, 101.5-103° 91.5- 93°
105 —107° 114 -117°
N-benzoyl derivative.........cccoeeceernneee. 136 -137° 125 -127°

Furthermore the soybean products showed a sharp
trans double bond peak in the infrared at 970 cm.t.
The absence of the anhydro base or O-methyl ether
was indicated by the lack of infrared peaks in the
region 1,110-1,150 em.,

Microhydrogenation [apparatus similar to that of
Frampton et al. (14)] gave an uptake of 0.65 moles
of hydrogen per mole of N-benzoyl derivative. The
reduced product gave no peak at 970 ¢m. ! and melted
at 135°. It seems probable that the soybean N-benzoyl
derivative is a mixture of N-benzoyl-phytosphingosine
and an unsaturated derivative of phytosphingosine.
The structure of this material is being investigated
further.

f) Fatty Acids. A sample of crude corn phyto-
glycolipide (1.20 g.) was hydrolyzed with 6 N hydro-
chloric acid for 6 hrs. at 100°. The hydrolysate was
filtered, and the black residue was washed thoroughly
with water. The residue was washed with a few ml.
of acetone and then dissolved in 200 ml. of a chloro-
form-methanol mixture (4:1). The acetone wash was
added to the chloroform-methanol solution, 1 g. of
Darco was added, and the mixture was warmed to
boiling. The hot solution was filtered through a pad
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of ‘“Hyflo-Super-Cel.”” The brown filtrate was taken
to dryness. The dark residue weighed 0.53 g.

A slurry of silicie acid (Mallinkrodt No. 2847,
acid- and acetone-washed) was prepared in reagent
grade chloroform (contains 0.75% ethanol). This
slurry was poured into a 2.5 by 40-cm. column fitted
with a stopcoek at the bottom and containing a glass
wool plug. The slurry was allowed to settle to give
a column of adsorbent 2.5 by 26.5 em. The sample
was applied in 10 ml. of warm chloroform. The
column was eluted with reagent grade chloroform.
No pressure was applied other than a 20-cm. head
of chloroform. Fractions of about 10 ml. each were
collected with a time-controlled fraction -collector.
The flow rate varied somewhat and had to be con-
trolled by means of the stopcock in order to collect
fractions of wuniform volume. The fractions were
evaporated to dryness in tared test tubes, and the
residues were weighed after thorough drying.

The total weight of material eluted was 207 mg.
(17.3% of the weight of original lipide). Three peak
fractions (I, II, 1II) were obtained (I and Il not
cleanly separated).

Fraction I (tubes 6-10; weight 50.2 mg.) melted
at 39-49°, and the neutralization equivalent and in-
frared spectrum indicated a mixture of palmitic and
stearic aeids. '

Fraction IT (tubes 11-21; weight 22.5 mg.) melted
at 75-77.5°. On recrystallization from ethyl acetate
the melting point sharpened to 76-77.5°. This mate-
rial gave analytical data in good agreement with
those of lignoceric acid (m.p. 84°) although the melt-
ing point is somewhat low.

024H4802. Caleulated: C 7819, H 133
Found: € 78.30, H13.33

Fraction IIT (tubes 28-40; weight 127 mg.} was
recrystallized from 2 ml. of ethyl acetate giving 103
mg. of a white solid melting at 100-102°. After a
second recrystallization the acid melted at 103-104°.
The infrared spectrum of this material was identieal
with that of authentic cerebronic acid. However the
analytical data were not in good agreement.

024H4803. Caleulated: C 7493, H12.58
026H5003. Caleulated: C 7572, H12.61
Found: C175.30,H1241
Found (soybean): C 74.39, H 12.20

Furthermore pure cerebronic acid melts at 100-
101°. Chibnall et al. (6) reported that yeast cerebrin
gave, on hydrolysis, a 90:10 mixture of a-hydroxy-
hexacosanoic acid and cerebronie acid. This mixture
melted at 103.5-103.7°. Pro§tenik (28) has also iso-

. lated an o-hydroxy acid from yeast cerebrin, melting
at 101-103°, to which he assigned the Csg structure.
On the basis of melting point behavior and analytical
data it seems almost certain that the material from
corn phytoglycolipide is a mixture of cerebronic and
a-hydroxyhexacosanoic acid while a similar sample
from soybean gave analytical data corresponding
more closely to those for cerebronic acid.

Summary

A new complex lipide, phytoglycolipide, has been
isolated from soybean, corn, flaxseed, peanut, sun-
flowerseed, cottonseed, and wheat phosphatides. This
material is obtained by a mild alkaline saponification
procedure which destroys glyeerol-containing lipides.
The new lipide constitutes about 5% of the crude
phosphatides and is obtained as a white amorphous
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powder of identical composition, optical activity, and
solubility properties from the various sources. Phy-
toglycolipide gives on hydrolysis phytosphingosine
(and, in the case of soybean only, an unsaturated
derivative of phytosphingosine) fatty acids, inositol,
glucosamine, a hexuronic acid, galactose, arabinose,
mannose, and phosphate.

Phytoglycolipide is the first sphingolipide of plant
origin to be described and is unique among complex
sphingolipides in that it has the structural features
of a glycolipide and of a phosphatide.
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