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Abstract

The phospholipid-glycolipid mixture, isolated
chromatographically from the ‘‘free’” (hexane
soluble) and ‘““bound’’ (hexane insoluble, water-
saturated butanol extractable) lipid of wheat
endosperm, was fractionated by column and thin-
layer silicic acid chromatography. The compo-
nents were identified by hydrolysis followed by
thin-layer or paper chromatography of the prod-
ucts. They included a sterol-containing glyco-
lipid, hitherto unreported in wheat. The fatty
acid and sterol compositions of the phospholipid-
glycolipid components were determined by gas-
liguid chromatography. Differences were found
between varieties and between components.

Introduction

HE 1MPORTANCE of lipids in flour has long been
Trecognized and studies of the composition of wheat
lipids have received increasing attention (1). Lapid
classes have been separated by chromatography (2,3)
and by solvent fractionation (4). The phospholipid
fraction has been studied by counter current extrac-
tion (5) and by chromatography (6) and Carter has
made an extensive study of glycolipids (7). Sitosterols
and other plant sterols (8) as well as sitosterol glu-
coside (7) have been reported. A study of wheat
endosperm lipid classes (2) was made in this labora-
tory and the complexity revealed in this earlier study
showed the need for a more detailed investigation of
the phospholipid-glycolipid mixture. This paper pre-
sents the results of this investigation.

Materials and Methods

Three wheat varieties, Thatcher, Lemhi and Min-
dum, representing Hard Red Spring, Soft White
Spring and Amber Durum respectively were used in
this investigation. The embryos were removed and the
degermed kernels milled to 65-70% extraction in a
laboratory micro mill (2). The free lipids were ex-
tracted from the flour with hexane and the bound
lipids released by a further extraction with water-
saturated butanol (9). Solvent was removed in a
rotary evaporator at temp below 30C and an atmo-
sphere of nitrogen was maintained over the lipid at
all times.

Silicic Acid Chromatography. Preparative separa-
tions were made by a combination of column and thin-
layer chromatography (TLC). Approx 200 mg free
lipid or 150 mg bound lipid, representing 24 g flour
or 30 ¢ wheat, were fractionated on a 2.0 em. 0O.D.
column containing 20 g 325 mesh silicic acid (Bio-Rad
Laboratories, 32nd & Griffin, Richmond, Calif). Sterol
esters were eluted with hexane, triglycerides with 5%
diethyl ether in hexane and the free sterols with
chloroform. The phospholipid-glycolipid mixture was
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then separated by a five step inerease in the conen
of methanol in chloroform 2% (100 ml), 5% (75 ml),
10% (75 ml), 509% (75 ml) followed by methanol (75
ml). The individual components of the fractions were
further separated on a preparative scale by means of
TI.C; 20 x 20 cm plates coated with 0.25 mm layers
Silica Gel G (Merck, Darmstadt). Four solvent sys-
tems were used: a) hexane-diethyl ether-acetic acid,
90:10:1 (10); b) diisobutyl ketone-acetic acid-water,
40:25:5 (11) ¢) chloroform-methanol 95:5 and d)chlo-
roform-methanol-water, 65:25:1 (12). System ‘‘a”’
was used to separate the lipid classes and ‘‘b’’ for most
of the phospholipid glycolipid components. In the
latter separation ‘‘b’’ was supplemented by ‘¢’ for
the high Rf components and ‘‘d’’ to separate phos-
phatidyl choline of bound lipid from an unknown
component. lodine vapor (13) was used as a general
detecting agent. Specific spray reagents, ninhydrin
(14) for the amino group, Dragendorff reagent (15)
to detect choline containing lipids and molybdate (16)
to detect phospholipids, were also used. Different
types of lipids reacted with characteristic color when
sprayed with 20% aqueous perchloric acid (17). Less
than 1 pg lipid/spot was detected by iodine vapor,
However, because of limitations of sensitivity of some
sprays and differences in the proportion of compo-
nents, it was necessary to apply 100 ug mixture at the
origin. In preparative separations a guide strip was
exposed to iodine vapor while the main portion of
the plate was protected with Saran® wrap (18).
Lipid corresponding to the guide spots was removed
from the plate and the guide strip sprayed with
specific reagents for further identification. Separa-
tions for identification were made by means of two-
dimensional TLC (17) using system ‘‘d’’ in the x-
direction, followed by system ‘b’ in the y-direction.

Hydrolysis. Mild alkaline hydrolysis was performed
in toluene-pyridine, 10:1, using methanolic potassium
hydroxide in a modified Dawson procedure (19).
Acid hydrolysis was accomplished by refluxing the
lipid overnight in a 5% solution of anhydrous hydro-
gen chloride in absolute methanol. The water-soluble
products of mild alkaline hydrolysis were chromato-
graphed on paper using water-saturated phenol as
developing agent. The sugar-containing spots were
made visible by means of a periodate-benzidine spray
(20) and their identity determined by comparison
with known Rf values.

Gas-Liguid Chromatography. Fatty acid methyl
esters were prepared by heating with hydrogen chlo-
ride in absolute methanol (2) and purified by TLC.
They were then analyzed on a 4 ft x 3¢ in. column
packed with 10% polyvinyl acetate (w/w) (Union
Carbide, type AY AC 8285) on 60-80 mesh ‘‘ Gas Chrom
P’ (Applied Science Laboratories, State College,
Pa.). These separations were effected on a Research
Specialties Series 600 gas chromatograph, operating
with a beta lonization detector, a column temp of 185C
and an argon flow of 45 ml/min.

The sterols were converted to the trimethyl silyl
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F16. 1. Two-dimensional thin-layer chromatoplate of endo-
sperm lipid of Thatcher wheat.

1,2,3. Complex mixture including 12. Sterol glycoside
lysophosphatidyl cheline 13. Mono-galactosyl glyceride

4. Unknown 14. Unknown

5. Unknown 15. Esterified sterol glycoside

6. Phosphatidyl inositol 16. Phosphatidic acid

7. Phosphatidyl choline 17. Triglyeceride

8. Unknown 18. Free sterols

9. Di-galactosyl glyeeride 19. Unknown

10. Phosphatidyl ethanolamine 20, Sterol esters

11. Unknown

ethers (21) and separated on a 2 ft x %4 1. column
containing 3% SE 30 (General Electrie, Silicone Prod-
ucts Dept., Waterford, N.Y.) on 80-100 mesh ‘‘Gas
Chrom P. For sterol derivative separations the Series
600 gas chromatograph was operated with a flame
ionization detector, column temp of 218C and nitrogen
flow of 83 ml/min. A hydrogen pressure of 7.5 1b/sq
in. and air pressure of 12 lb/sq in. proved suitable
for the operation of the detector.

Test mixture D distributed by the National Insti-
tutes of Health was used as a reference standard for
the quantitative determination of the methyl esters,
and for the sterol analysis the reference was a deriva-
tive mixture prepared from sterols of known identity.
Reference mixtures were used daily and no analyses
were carried out until the reference mixtures could
be analyzed to within 1 unit per cent.

Experimental and Results

Tdentification. The distribufion pattern shown in
Figure 1 is characteristic of that obtained with all
the wheat endosperm lipid samples analyzed in the
present study. Differences in degree rather than kind
served to differentiate the samples on a lipid class
basis, e.z. the triglycerides, spot 17, the largest com-
ponent of the free lipid samples, was present in only
small amt in the bound lipid. Similarly, free sterols
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TABLE 1
Sterol Composition *
Weight %
B8-Sitosterol »
Thatcher Lemhi Mindum
Sterol esters
Freelipid ....................... 80.8 81.8 73.8
Bound lipid ....c..oooooene 77.3 73.9 76.0
Free sterols
Free Bpid ..., 75.0 73.5 72.3
Bound lipid o 79.5 76.4 J 75.9
Esterified sterol glycoside
Free lipid 85.2 85.2 82.0
Bound lipid .................... 84.4 82.6 76.4
Sterol glycoside
Freelipid ............. R 84.9 T7.4 80.1
Bound lipid 34.5 83.6 75.9

a Percentage of ~-sitosterol = 100 minus ¢ of B-sitosterol.

{spot 18) were present in both free and bound lipid;
but sterol esters (spot 20) were almost completely
absent from bound lipid. The bound lipid samples,
however, did contain material of low Rf not found
in free lipid.

Some of the components c¢ould be identified satisfac-
torily on the initial chromatoplate by means of their
reaction with speeific reagents. Other compounds re-
quired more elaborate treatment and these were pre-
pared in mg guantity by fractionation on a silicic acid
column followed by further separation on thin-layer
plates. Through this procedure, low Rf spots and
lysophosphatidyl choline in particular, were resolved
in greater detail.

Tipid material, corresponding to spots 13 and 9,
was separated in this way and subjected to mild alka-
line hydrolysis. The water-soluble products were chro-
matographed on paper in phenol-water as the solvent
system, using galactose as a marker and periodate-
benzidine as spray reagent. These products were
found to have the same Rf values as monogalactosyl
glycerol and di-galactosyl glycerol respectively.

Component 15 proved to be of partieular interest;
this component, as well as 12, showed a characteristic
sterol color when the plate was sprayed with aqueous
perchloric acid. After milk alkaline hydrolysis of 15,
a produet chromatographically identical with 12, and,
in addition, fatty acids were found. Acid hydrolysis
of these chromatographically identical compounds lib-
erated the same free sterols and sugar, probably glu-
cose. Component 12 was therefore identified as a
sterol glycoside and 15 as an esterified sterol glycoside,
previously unreported in wheat lipids. This esterified
sterol glyeoside was chromatographically identical
with that isolated from potatoes and characterized by
Lepage (22), who has shown that the linkage between
fatty acid and sterol glycoside is through the carbon-
6 of the sugar.

Component 6, corresponding to phosphatidyl inositol
in its Rf value, gave a color characteristic of sugar
when sprayed with aqueous perchlorie acid. Compo-

TABLE 1T

Fatty Acid Compvosition of Sterol Esters and Esterified Sterol Glycosides
Weight 9%

14:0 16:0 16:1 18:0 l‘ 18:1 1 18:2 18:3
Sterol esters
Thatcher, free lipid ..... 0.6 70.9 1.1 2.0 4.9 20.8 0
bound lipid . 0 68.5 4.9 10.3 5.5 10.8 0
Lembhi, free lipid ... 0.6 75.6 0.5 0.7 2.8 1.8 0O
bound lipid .. 0 76.5 2.8 2.3 7.5 10.9 0
Mindum, free lipid ..... 1.8 42.9 1.0 1.8 12.2 40.3 0
bound lipid o} 46.3 13.2 2.9 8.2 29.4 0
Esterified sterol glycoside
Thatcher, free lipid ... 0 31.7 Q Q 5.9 61.3 1.1
bound lipid... ¢ 50.2 1.1 0 8.2 40.5 0
Lemhi, freelipid ..... 0 36.4 0 0 5.0 58.6 0
bound lipid .. 0 67.5 1.5 0.8 17.0 13.3 0
Mindum, free lipid ..... 0 57.6 0.4 3.9 7.4 30.9 0
bound lipid . 0 46.9 2.7 2.6 8.1 39.6 0
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TABLE III
Fatty Acid Composition of Phospholipids and Glycolipids
Weight %

15:1 16:0 16:1 18:0 18:1 18:2 18:3 20:1
Mono-galactosyl glyceride
Thatcher, free lipid ................... 2.5 28.0 0.7 1.6 15.0 57.2 Q Q
bound lipid . 0 8.3 0.4 0.8 50.9 29.5 7.9 2.2
Liemhi, free lipid . 0 18.5 0 4] 9.0 74.5 Q 4]
bound lipid .. 0 16.4 0.7 0.3 9.3 72.6 0.8 0
Mindum, freelipid . ...... . 1] 22.0 0 1.5 10.9 64.9 0.7 0
bound pid ... ....... 0 22.7 QO 2.2 11.4 63.6 0 0
Di-galactosyl glyceride
Thatcher, free lipid ..................... 0 13.4 Q 0 8.5 76.3 1.8 0
bound lipid . 0 16.0 0 0.5 3.3 75.2 0 0
Lembhi, freelipid .. 0 16.2 Q 2.4 3.7 70.6 2.2 0
bound lipid . 0 17.8 0.3 0.6 7.6 73.0 0.7 [0}
Mindum, freelipid ... ... . 4] 24.1 Q 2.5 10.3 631.2 q [«
bound lipid ... ... Iy] 19.1 1.3 3.0 8.4 65.8 2.5 Q
Phosphatidyl ethanolamine
Thatcher, free lipid ... ... ... 0 26.1 1.0 0 9.7 63.8 0 0
bound lipid . 3.0 25.4 Q [} 8.3 63.4 o) 0
Lemhi,  freelipid ... 0 28.1 0.4 0.8 7.6 61.9 1.2 [
bound lipid 4.3 31.2 1.3 0 8.2 55.0 Q 0
Mindum, freelipid ... ... 0 27.7 0.9 1.9 11.0 58.8 0 0
bound lipid 0 22.8 0 0 14.0 83.2 0 0
Phosphatidyl choline
Thateher, free ipid ........... ... 0 48.8 0 Q 19.3 31.9 0 0
bound lipid ... 1.5 38.0 0 0 17.1 43.4 4 0
Lemhi, freelipid ... 1.6 46.5 0.9 0.6 14.8 35.6 0 o]
bound lipid ... 0 20.4 O 0 21.7 55.17 2.2 0
Mindum, freelipid ... 0 28.2 1.4 3.0 16.7 50.7 0 0
bound lipid 0 25.9 0.6 2.3 16.1 52.9 2.3 0
Lysophosphatidyl choline
Thatcher, free lipid .. ... 0 34.4 0.6 0.7 21.8 42.0 0.7 0
bhound lipid .... . 0 45.7 0 1.2 8.0 45.2 0 [
Lemhi, free lipid 0 63.4 0.7 3.6 5.3 27.1 0 0
bound lipid 0 79.2 1.2 3.6 10.0 5.9 0 0
Mindum, free lipid 0 65.0 1.2 5.8 5.4 22.6 0 0
bound lipid 0 47.0 1.3 2.4 6.8 42.5 0 0
Phosphatidyl inositol
Thatcher, bound lipid ............. 9.1 28.4 [} 0 10.9 51.7 [} 0
Lemhi,  bound lipid ... .. 0 9.0 0 0 44.8 35.9 10.3 0
Mindum, bhound lipid 0 6.4 0.4 1.1 61.7 21.5 6.3 2.5

3 Carbon number 15.2.
b Carbon number 15.3.

nent 16 corresponded in Rf value to phosphatidic acid
and was shown to contain phosphorus.

Similar patterns were observed in all three wheat
varieties. The main components of the phospholipid-
glycolipid mixture were di-galactosyl glyceride, mono-
galactosyl glyceride and phosphatidyl choline. The
sterol-containing glycolipids were also present in ap-
preciable quantities. A complex mixture of low Rf
material was encountered in the bound lipid. This
material contained some free amino acid and some
phosphorus, but remained essentially unidentified.

Sterol-Containing Lipids. A comparative study was
made of the composition of the sterol-containing glyco-
lipids and the sterol esters and free sterols. Gas-liquid
chromatography was used to determine the sterol com-
position, and, in the case of the esterified eomponents,
the fatty acid composition as well. The sterol com-
position, Table I, showed only minor variation between
classes and between varieties. Beta sitosterol was pres-
ent to the extent of more than 70%. The earlier ap-
pearing sterol had the same retention time as the
previously reported y-sitosterol (23). If any other
sterols were present, they were in quantities too small
to deteet (less than 1%).

Differences in the fatiy acid composition of both
free and bound lipid were observed between Spring
and Durum wheat, Table II. In the sterol esters of
the Spring wheats, palmitic acid accounted for at least
70% of the fatty acids and linoleic for about 20%. In
the Durum wheat the level of saturation was lower;
the free lipids were characterized by less palmitic and
more linoleie and oleic acids, and the bound lipid con-
tained more palmitoleic as well. In the esterified
sterol glycoside of Spring wheats there was much less
palmitic and more linoleic acid especially in the free
lipid. In the free lipid of Liemhi the ratio of saturated
to unsaturated was 3.3 in the sterol esters and only
0.6 in the esterified sterol glycoside, while in Mindum
the ratio was essentially one.

Fatty Acid Composition of Phospholipids and Gly-
colipids. The fatty acids of the phospholipids and
glycolipids were mainly linoleie, palmitic and oleic
acids, Table IIT. Differences in proportion were ob-
served between components as well as between varie-
ties. The most highly unsaturated components were
the galactolipids in which a saturated/unsaturated
ratio of 0.1-0.4 was found in both free and bound
lipid of all varieties. An especially interesting feature
was the difference in unsaturation of the fatty acids
of phosphatidyl choeline and lysophosphatidyl choline,
those of the former being much more unsaturated,
especially in free and bound lipid of Lemhi and Min-
dum. Nevertheless, the percentage of unsaturated
fatty acid in the lysophosphatidyl choline was ap-
preciable.

Discussion and Conclusion

In a study such as this, the possibility of artefacts
must be considered and the presence of lysophospho-
lipids raises the question of degradation. Considerable
unsaturated fatty acid, however, was found in the
lysophosphatidyl choline suggesting that this lyso
compound was not primarily a degradation product.
This possibility is under investigation.

Positive identification is still lacking for a number
of the components of the phospholipid-glycolipid mix-
ture. Some of these have not been completely sepa-
rated by the solvent systems used, others have not
been separated in sufficient quantity for positive
identification. In both thin-layer and column chro-
matography, the high proportion of galactolipids and
phosphatidyl choline resulted in some overloading of
these components on plate or column, with a conse-
quent decrease in resolution even when the econen of
minor components was very low. The objeet of this
study was to determine components present in suf-
ficient quantity to exert an influence on the properties
of Hour. Thus no attempt was made to achieve the
ultimate in separation of minor components.
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Methanesultonic Acid-Catalyzed
Additions to Methyl Linoleate’

ABNER EISNER, THEODORE PERLSTEIN and W.C.

Laboratory * Philadelphia, Pennsylvania

Abstract

Varied aromatic compounds including phenol,
o-chlorophenol, 2-naphthol, resorcinol, methyl sal-
icylate, anisole, phenetole, p-toluenethiol, p-chlo-
robenzenethiol and 2-napthalenethiol were added
to methyl linoleate. Using methanesulfonic acid
as a solvent-catalyst the additions took place as
readily as to oleic acid in previous experiments.
The recovery of mono-adducts, however, was com-
plicated by the presence of di-adducts and pre-
sumably polymeric material,

As observed in the earlier oleie acid studies, evi-
denee for the formation of ether intermediates
was obtained. The only identified produets from
arylthiol additions were thicethers.

Introduction

ETHANESULFONIC AcID, like H,SQy, has a hydro-
gen bonded struecture, high dielectric constant
and, although weaker than HySO, has high proton
availability (1). It does not have the tendency to
oxidize organic compounds as readily as HoSO,. This
latter property suggested its possibilities as a sub-
stitute for HoSO, as a carbonium ilon producer and
catalyst for addition reactions. Recent reports from
this laboratory (2,3,4) have deseribed the acid-cata-
lyzed addition of phenols, arylthiols, phenyl ethers
and benzoic acid to oleic acid and to cyclohexene with
methanesulfonic acid playing the role of both solvent
and catalyst for the reaction. It was particular note-
worthy that arylthiols could be added in this medium
since previous investigators (9) experienced difficul-
ties with this reaction when sulfuric acid was used.
This report concerns the investigation of the ad-
dition reaction directed toward linoleic acid as its
methyl ester. In this case, both mono-addition and
di-addition products are possible. A number of the
nucleophilic substances that were successfully added
to oleic acid and to cyclohexene were tried similarly
with methyl linoleate. In most instances good yields
of products were obtained but the recovery of the

1 Presented at the AQCS Meeting in Minneapolis, 1963.
2 A laboratory of the E, Utiliz. Res. & Dev. Div., ARS, USDA.
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produects was more involved. Methyl linoleate, a more
reactive compound than oleic acid, had a greater
tendency to form polyaddition products and polymeric
substances. The presence of these materials com-
plicated the separation procedures. The results of
the addition experiments are summarized in Table I.

In an earlier communication (3), it was noted that
previous investigators, particularly Niederl et al. (6,
7,8), had proposed a mechanism for the addition of
a phenol to an olefin which involved the formation
of an ether intermediate which subsequently rear-
ranged to form the final product. Evidence support-
g this mechanism was obtained by us from an IR
study of fractions resulting from the methanesul-
fonie acid-catalyzed addition of m-cresol to oleic acid.
A similar type of evidence was obtained by IR exami-
nation of the product obtained from the methanesul-
fonic acid-catalyzed addition of 2-naphthol to methyl
linoleate. The crude product showed a high degree
of absorption at 1250 em! characteristic of arylalkyl
ethers, and absorption present in the 3300-3700 em-t
region indicated the presence of free hydroxyl groups.
These findings suggested that the product contained a
mixture of both 2maphthoxy and hydroxynaphthyl
derivatives. Both of the characteristic absorptions
were present in the spectra of the early fractions ob-
tained from molecular distillation of the erude prod-
uct. This indicated that other means were necessary
to effect the separation. As expected, the analyses
of these fractions agreed well with theory for a mono-
addition product in all respects except for hydroxyl
content.

By adoption of the procedures found to be suc-
cessful in our earlier work oun oleic acid, it was pos-
sible to effect a separation by chromatography. The
2-naphthoxy derivative is less polar than the deriva-
tive containing a free hydroxyl group, and the separa-
tion of the isomers was made by chromatography
on a Florisil column. The early fractions eluted from
the column when examined by IR had a strong ab-
sorption peak at 1250 em! showing the presence of
alkylaryl ether. The loss of absorption in the 3300--
3700 cm-! region indicated the absence of free hy-
droxyl groups. The fractions obtained from later



