ISOLATION OF THE PHOSPHOLIPIDS OF THE COTTON PLANT AND THEIR COMPOSITION
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and S, T. Akramov

We have investigated the phospholipids of the seed kernels of cotton plants of the me-
dium-fiber variety S-4727 and the thin-fiber variety S-6029. The indices of the seed kernels
of the cotton plants were as follows (%):

Variety Kernel 0il content Total P Lipid P Lipid P on
content the total

S-4727 56.3 38.8 1.12 0.057 5.09

5-6029 58.1 35.4 1.12 0.058 5.17

The amounts of 1ipid phosphorus were found from the figures of Table 1.

The presence of gossypol in cotton seed kernels was responsible for a specific featur.
of the isolation of the free and bound lipids. In contrast to other authors, who used acetone
for defatting the kernels [1l, 2] and extracted the free and bound 1lipids together [3], we
extracted the free lipids by the successive treatment of the comminuted kernels with petro-
leum ether and acetone and the bound lipids with a mixture of chloroform and methanol (2: 1)
[4]. This change of solvents enabled us to obtain a large fraction of free lipids practical-
ly free from gossypol, the latter being concentrated in the acetone fraction.

The yields of extractive substances and of lipid phosphorus in the extraction of the
free and bound lipids are shown in Table 1. As canbe seen from Table 1, 7.7% of the 1lipid
phosphorous in the variety $-4727 is present in the bound state, and in S-6029 the correspond-
ing figure is 5.1%. Qualitative chromatography in a thin layer of silica gel showed that this
lipid phosphorus is in the form of phosphatidylcholines.

The bulk of the phospholipids was extracted together with the other bound lipids by the
mixture of chloroform and methanol. The completeness of the extraction of the phospholipids
was checked by treating the extracted meal with water-saturated butan-l1-ol [5]; this isolated
mainly the inorganic phosphorus (about 1% of the total), since no appreciable amounts of
phospholipids were found on a qualitative chromatogram. The results obtained show that in the
kernels of the seeds of variety S-4727 the lipid phosphorus amounted to 5.09% of the total
and in variety S-6029 to 5.17%.

In the extraction of the bound lipids, carbohydrates were extracted with them, and these
were separated partially in the form of crystalline precipitates when the crude phospholipids
were treated with petroleum ether and then with chloroform [6]. The precipitates of the car-
bohydrates of the kernels of the seeds of variety S-4727 isolated in this way amounted to
2.17% of the total extracted substances and contained 2.3% of the 1lipid phosphorus. For the
variety S-6029 these figures were 0.9 and 0.6%, respectively.

Petroleum ether—chloroform solution of the bound lipids were washed with water to elim-
inate water-solubrle impurities and, after concentration, the phospholipids were precipitated
with acetone. In the acetonic purification, the yield of lipid phosphorus was 95-97%. The
yield of the combined phospholipids of the kernels of seeds of variety S-4727 was 1.34% with
a phosphorus content of 2.70%; for S-6029 the corresponding figures were 1.4 and 2.57%.

The qualitative and quantitative compositions of the phospholipids were determined by
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TABLE 1

o fe1d of the [COU" Ppistribution
Variety Ylfracdon tent | of the lipid P

Extractant and extractive substances of on th 3{1 alll. f Eh n thejon the
‘ cotton  lyer- e LI tMCler-  ftotal

frac- ffrac-
plant  |neis |ijoc Eion nels |p
%
Free lipids
Petroleum ether (gllycerides. fatty acids, | S.4727 | 31,3 | 72,4 0,0045,0,0014 2,5
traces of gossypol, etc.) $-6029 | 26,3 | 72,4 |0,0038/0,001 { 1.7
Acetone (ﬁoss pol, glycerides, fatty acids,] $-4727 | 6.1 | 14,2 10,05 0,003 ] 5,2
phospholipids, etc.) $-6029 | 5,0 13,5 |0,046 lo,oo2 3.4
Bound lipids
Chioroform—methanol (2:1) (phospholipidsy 54727 | 6,1 [ 13,4 (1,20 [0,0525) 92,3
carbohydrates, glycerides, etc,) 5-6029 5,31 14,4 (1,12 0,055 | 94,9
TABLE 2
Petroleum
Acetone Total phos-
, |ether extract| eypracy Glycerides [ pyotipids
-Fatty acids
»
s -4727'3-6029'5-4727'5-6029 S-4727|S-6029 IS -4727| S -6029
Free lipids Bound lipids
10:0 0,5] 2,21 0,4] 1.2} 1,0] 2,21 0,64 3,5
12:0 0,4/ 09/ 03| 0,6 1.0 1,8] 0,5| 0,7
14:0 05| 07| 05} 05 1,1 1,9 05[] 0,5
16:0 240(23,4122,8|23,5]21,7121,0(25,4}27,9
16:1 Tr 1,31 0,5 1.2 1,01 2,1 0,71 0,9
18:0 0,7 0,8 1,4 1,1 1,21 0,27 2,31 0,9
18:1 18,1 | 13,6 | 25,4 21,6 16,9}14,4117,3113,2
18:2 54,3 | 57,1 48,1150,3|55,4]|56,4!|520]52,4
i8:3 1,5 0 0,71 0 0,71 0 0,7 0
Total
saturated l 26,1 l 28,0 ' 25,3126,9126,0127,1129,3]33,5
Total . P
unsaturated 73,9 72,0|74,7 73,1174,0172,970,7]|66,5

*The figure before the colon denotes the number
of carbon atoms in the chain of the acid, and the
figure after the colon the number of double bonds.

two-dimensional chromatography in a thin layer of silica gel. In the case of variety §-4727
a chromatogram showed eleven spots of substances, seven of which proved to contain phospho-
rus. The spots were identified by specific reagents for the determination of the functional
groups of phospholipids [7] and by comparison with markers. In solvent system I the spots
had the following R¢ values: 1 — 0.81;2— 0.78;3— 0.68; 4 — 0.63; 5 — 0.57; 6and 7 — 0.40;

8 —0.28; 9 — 0.20; 10 — 0.08; 11 — 0.02. Substances 6 and 7 were separated by two-dimen-
sional chromatography.

The following phospholipids were identified: 2 — x,-polyglycerophosphatides (2.8%); 4 —
xz2-polyglycerophosphatides (5.8%); 5 — phosphatidylethanolamines (11.4%); 6 — phosphatidyl-
cholines (52.0%); 7 — phosphatidylinositols (21.8%); 8 — lysophosphatidylcholines (1.7%);
and 9 — an unidentified phospholipid (4.5%). By qualitative reactions [8], substances 1 and
3 were identified as sterol-containing, and 10 and 11 were identified as carbohydrates [7].

We have published information on the phospholipid composition of the kernels of seeds
of variety $-6029 previously [9]. In this variety, on the whole, the same phospholipids and
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substances composing them were found as in variety S-4727; only the x,-polyglycerophospha-
tides were not found. In both varieties, the main component, involving half the lipid phos-
phorus, - consisted of phosphatidylcholines and the bulk of the other half comsisted of phos~-
phatidylinositosl, and then phosphatidylethanolamines; polyglycerophosphatides, lysophospha-
tidycholines, and an unidentified polar lipid were present in small amounts. We determined
and compared with one another the fatty-acid compositions of all the lipid fractions ob~
tained in the extraction of the phospholipids (Table 2).

The fatty-acid compositions of the free and the bound lipids (glycerides) and the phos-
pholipids were qualitatively identical, but the lipids of variety S-4727 contained small
amount of linoleic acid. On the whole, the fatty-acid composition of this variety has a some-
what more unsaturated nature than for variety $-6029, and this was particularly noticeable
for the combined phospholipids. The fatty-acid compositions of the combined phospholipids
of both varieties were more saturated than the other lipid fractions because of a higher
content of palmitic acid, which is in harmony with literature information for phospholipids
of other o0il crops [10-12]. Of the unsaturated fatty acids, linoleic and oleic predominated.

In both varieties of the cotton plant, the freee lipids extracted by acetone contained
more oleic acid and less linoleic acid than the bulk of the glycerides, which was extracted
by petroleum ether; the amount of stearic ac¢id in the free lipids was not much more than one
third of that in variety 108-F and the new "Tashkent" breeding varieties [13].

EXPERIMENTAL METHOD

The solvents were prepared by generally used methods [l4]. For chromatography in a thin
leyer (TLC) we used type KSK silica gel (less than 150 mesh) fixed with 5% of gypsum. Solvent
systems for two-dimensional chromatography: I) chloroformmethanol—water (65:25:4); II) chlo-
roform-methanol—ammonia (14:6:1) [15].

For qualitative TLC we used one-dimensional chromatography and the solvent systems men-
tioned.

Extraction of Phospholipids. All the extraction operations were performed at room tem-
perature and the extracts were evaporated in a rotary evaporator at 35-40°C under vacumm in
an atmosphere of nitrogen and were then brought to constant weight in a vacuum-drying chest
at the same: temperature. They were filtered through a No. 4 porous glass filter under vacuum.

The seed kernels (25 g) were ground and extracted with petroleum ether by steeping for
30 min (3 x 75 ml) and were filtered off and were then treated with acetone (10 x 75 ml).
The combined lipids (including the phospholipids) were extracted by steeping the defatted
kernels with 75 ml of a mixture of chloroform and methanol (2:1) for 16-18 h and filtering
and treating the residue with the same mixture of solvents (9 x 75 ml, without steeping). The
combined chloroformmethanol extracts were evaporated to dryness and treated successively
with petroleum ether (3 x 15 ml) and chloroform<(3 x 20 ml). The precipitates of hydrocar-
bons were filtered off or were separated by centrifuging (4000 rpm). The combined filtrates
were washed with water (25% by volume) twice to eliminate water-soluble impurities and were
evaporated. The residue was dissolved in chloroform (double volume), precipitated with a
twelvefold amount of acetone, left at —15 to —20°C for 16-18 h, and filtered off, and the res-
idue was washed with c@pledacetone (2x 10 ml) and dissolved in chloroform. The chloroform
solution of phospholipids was evaporated and dried to constant weight, and their yield was
determined and analyzed.

Determination of Phosphorus. In the free lipids, the phosphorus was determined by the
gravimetric method [7], and in the other 1lipid fractions in aliquots by Tevkelov's colori-
metric micromethod [16].

The group compositions of the phospholipids were determined from the amounts of phospho-
rus in the spots of the substances obtained by separating the phospholipid fraction by two-
dimensional thin-layer chromatography., After the chromatograms had been run and the solvent
had been evaporated off, the plates were sprayed with 50% sulfuric acid and were heated at
150°C for 50 min. The carbonized spots corresponding to the individual phospholipids were
scraped into test tubes and treated as recommended by Dyatlovitskaya et al. [15]. The miner-
alization of the samples and the determination of the phosphorus were performed as described
in Stahl's Handbook [16].
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Determination of the Fatty Acids, A 20-30-mg sample of 1lipids was subjected to cold
saponification [17], and the fatty acids were isolated, methylated with diazomethane, and
analyzed in a UKh-2 gas—liquid chromatograph at 197- 198 C; column 2.25 m x 4 mm with 17% of
PEGS on Celite-545 (80-100 mesh); carrier gas helium.

SUMMARY

The yields of the free and bound lipids of the seed kernels of cotton plants of vari-
eties S-4727 and S-6029 have been determined by their successive treatment with selective
solvent, and the total and fractional proportions of 1lipid phosphorus have been found.

The phospholipids have been solated and theilr group composition has been determined; it
has been established that the main components are phosphatidylcholines, phosphatidylinositols,
and phosphatidylethanolamines, while polyglycerophosphatides, lysophosphatidylcholines, and
unidentified polar phospholipid are present in small amounts.

The fatty-acid compositions of the free and bound lipids and phospholipids have been
studied.

LITERATURE CITED

. M. Lishkevich, Masloboino-Zhirovoe Delo, No. 4, 20 (1937).
Kh. S. Mukhamedova and S. T. Akramov, Khim. Prirodn. Soedin., 663 (1972)
A. S. El-Nockrashy and Y. El-Shattory, Rev. Franc. Corpus Grass, 19, 13 (1972).
J. Folch, M. Lees, and J. H. Sloane-Stanley, J. Biol. Chem., 226, 497 (1957).
A. V. Zhukov and A. G. Vereshchagin, Second Biochemical Congress. . Abstractsof Section
X: The Chemistry and Metabolism of Lipids [in Russian], Tashkent (1968), p. 30.
6. L. A. Shustanova, A. U. Umarov, and A. L. Markman, Khim. Prirodn. Soedin., 292 (1970).
7. Handbook on Methods of Investigation, Technical and Chemical Monitoring, and the Ac-
counting of Production in the Oils and Fats Industry [in Russian], Leningrad, Vol. 1,
Book I, p. 316; Book II, '(1967) p. 847; V. E. Voskovsky and E. V. Kostetcky, J. Lipid
Res., 9, 396 (1968).
8. P, Karrer, Organic Chemistry, 4th English Ed., Elsevier, Amsterdam (1950).
9. A. Sh. Isamukhamedov, Kh. S. Mukhamedova, L. A. Shustanova, and S. T. Akramov, Khim.
Prirodn. Soedin., 653 (1974).
10. V. P. Rzhekhin, N. I. Pogonkina, and I. A. Solov'eva, Maslob -Zhir. Prom., No. 12, 11
(1964).
11. R. O. Weenink and A. P. Tulloch, J. Amer O0il Chemists Soc., 43, 327 (1966); F. Osman,,
A. E. Achour, and A. M. Cad, Fette Seifen Anstrichmittel, 71, 26 (1969).
12. L. A. Shustanov, A. U. Umarov, and A. L. Markman, Khim. Prirodn. Soedin., 3 (1971),
13. K. Sh. Kadyrov, T. V. Chernenko, and A. U. Umarov, Maslob.-Zhir, Prom., No. 11, 15
(1971)
14. Preparative Organic Chemistry [in Russian], Moscow—Leningrad  (1964), p. 155.
15. E. V. Dyatlovitskaya, T. I. Torkhovskaya, and L. D. Bergel'son, Blokhimlya, 34, 177
(1969).
16. D. Tevekelov, Izv. na Instituta po Khranen., Bolg. Akad. Nauk, 7, 21 (1968).
17. E£. Stahl, Thin-Layer Chromatography, lst English Ed., Allen and Unwin, London; Springer,
New York (1969).

Ut N
.

470



