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The qualitative and quantitative fatty acid compositions of the phospholipids of 
the generative organs of the cotton plant of variety 150-F in the period of mass 
fruit-formation has been studied. 

There is information in the literature on the fatty acid composition of ripe cotton 
seeds [i, 2] and the fatty acid composition of the lipids of the vegative and generative 
organs of the cotton plant [3] which shows that the qualitative and quantitative composi- 
tions of the lipids of different organs and plant differ in their complexity from the lipid 
composition of ripe seeds. 

The aim of the present investigation was to study the fatty acid composition distribu- 
tion of the fatty acids in individual phospholipids (PLs) isolated from the generative organs 
of the cotton plant of variety 159-F in the period of mass fruit-formation -- buds, flowers 

of the first and second days, and bolls. 

As we have reported previously, the qualitative and quantitative compositions of the 
phospholipids in different organs differ from one another and, correspondingly, their fatty 
acid compositions are not identical. It can be seen from the results obtained that in the 
PLs of the generative organs there are three times as many fatty acid (FAs) in the qualita- 
tive respect than in the PLs of the ripe seeds [5], which explains the far higher number of 
molecular species of the individual PLs. This is apparently normal for the regular develop- 
ment of the plant. The main fatty acids are the 16:0, 18:1, 18:2, and 18:3 acids, while 
there is none of the 18:3 acid in the ripeseeds. 

In the buds (Table i), the amount of unsaturated acid, which is high in the PCs,* falls 
in the sequence PCs > PAs > PEs > Y3 > PIs > X3 > Y~ > X~. In position 1 of the PCs there 
is a larger amount Of unsaturated FAs than in the PEs and far more than in the PAs in which 
there are more saturated FAs in position 1 and more unsaturated FAs in position 2. It was 
found that in the PL Y3 there was more of the i0:0 acid than in the other PLs, and in the PL 

XI more of the 16:0 and 16:1 acids. 

The flowers of the first day were collected immediately after their opening in the 
practically unpollinated state, while in the flowers of the second day pollination was total 
(Table 2 and 3). In the flowers of the first day the amount of the 15:0 acid fell in the 
sequence X~ > PIs > PEs > X~ > PAs > Y5 > PCs, and an increased amount of the 16:1 acid was 
observed. The largest amount of 16:1 acid was found in the PL X~ and it decreased in the 
sequence X~ > Y~ > PEs > PIs. The total unsaturation of the fatty acid radicals was greatest 
in the PCs and least in the PL XI: PCs > PEs > PAs > Y3 > PIs > X~ > Y~ > Y5 > X~. With re- 
spect to the amount of unsaturated acid in position 2, the sequence was PEs = PCs > PIs, and 
position 2 was more unsaturated than position i. As compared with the other organs, in the 
flowers of the first day the amount of the 20:0 acid was higher in a large number of PLs 
(apart from the PLs YI and Y3 from the buds) and decreased in the sequence Y5 > Y~ > Y3 > 
X3 > XI > PAs > PEs. 

*PCs -- phosphatidylcholines; PEs -- phosphatidyiethanolamines; PIs -- phosphatidylinositols; 

X and Y -- unidentified phospholipids [9]. 
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TABLE i. Composition and Position Distribution of the FAs in 

the PLs from the Buds 

Fatty acid 

9 : 0  
10:0 
11;0 
1~:0  

Unidentif ied 

Iso-14 : 0 
!4,o 

Unidentified 

Iso--16 : 0 
16:0  
16:1 

Unidentified 

Iso-18 : 0 
15:0 
18:1 
18:2 
18:3 
20 :0  

E S 

EU 

0l 01 
i ,2 01~ 

1,8 0A 
0,1 0,1 

0.~ 0.3 
1,6 0,1 
0 , 2 0 A  

38.5 35 f 
1,8 1,~ 

2.7 O( 

1.3 O. (. 
4,7 2,~ 
3,9 7.( 
3,6 28.( 
5,41 18.t 
2,51 1." 

7.3 43,6 

2.7 56,~ 

Pcs ] 

total pos. 2 I Yl Xt X a Yl 

In the PLs of the flowers of the second day, the total unsaturation fell in the 
sequence PAs > PCs > PIs > Y3 > PEs > Y~ > Y5 > X~. The highest amount of the 16:1 acid was 
found in the PL Ys. 

Phospholipids form one of the main components of biological membranes and they are char- 
acterized by the phenomenon of asymmetry which is shown by the distribution of the FAs over 
the positions of attachment -- a larger amount of unsaturated FAs is usually attached in posi- 
tion 2 than in position i. 

It has been shown [6, 7], that only the 18:1 FA behaves anomalously -- in the PLs it adds 
equally or even to a greater extent in position 1 than in position 2. 

Similar anomalies were observed in the distribution of the FAs of the PLs of the genera- 

tive organs, but now not only with the 18:1 FA but also with the 18:2 and the 18:3 FAs -- 18:1 
in the PCs of the buds, the PCs and the PIs of the flowers of the first day, the PCs of the 

flowers of the second day, the PCs and the PEs of the 18:2 in the PCs of the flowers of the 
second day; and 18:3 in the PCs from the buds. A completely anomalous addition of the FAs 
has been observed only by Bergelson and Dyatlovitskaya [8]. We have detected the same phenom- 
enon in the PIs of the flowers of the second day: 70% of unsaturated FAs in position 1 and 
70% of saturated FAs in position 2. 

On comparing the flowers of the first and second days with one another, we see the fol- 

lowing differences: anomalous PIs in the flowers of the second day: The total unsaturation in 
the position 1 of the PEs decreased as a consequence of a marked fall in the amount of the 
18:2 and 18:3 FAs; the sums of the unsaturated FAs in the PL Ys of the two types of flowers 
were similar but in the flowers of the first day the amount of i0:0 acid was far higher; in 

the flowers of the second day the 20:0 FA was present in larger amounts in all the PLs. 

In the PLs isolated from the bolls (Table 4), the total unsaturation was greatest in the 
PL X3 and fell in the sequence X3 > PAs > Y3 > PCs > X1 > YI > PI > PEs, while unsaturation 
in the FAs in position 2 decreased in the sequence Pls > PEs > PCs. In comparison with the 
PLs of the other generative organs, an increased amount of the 20:0 acid in position 2 of the 
PCs was observed. 

It was observed that in all the PEs apart form the PEs from the buds, the 16:1 FA pre- 
dominated in position i. 
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TABLE 2. Composition and Position Distribution of the Fatty 
Acids in the Phospholipids from the Flowers of the First Day 

Fatty acid 

9..0 
10=0 

Unidentified 
1!:0 

Unidentified 
12:0 

Unidentified 

Iso-14 : 0 
14:0 

Anteiso-15 = 0 

Unidentified 
Is0-16:0 

16:0 
16.1 

Unidentified 
Iso -18 : 0 

18,0 
18tl 
18:2 

: 20:0 
18:3 

E S 
2U 

Pls PCs l "PEs 
pos. [tot. pos. PAs y~ tot. ~os. tot. 2 2 

I - - I  
O,1 

7.8 
i_9! 

37,01 
3.6 ~ 

3,4[ :o7/0 1.3 

50.8 
49.2 

X~ 

0~_ 076i 
0,6 

t 0,! 
i~.l 1,2 

0,l 
~, o2o 

O,z 
O,6 0,6 

0.~ 0,2 
1,8 

0 2 i~.3 0.4 
O,g ~,8 

) 
) 

¥a i Y~ 

-0,9 I 

0.2 

2,0 1 

, .J 0.3 - 1.3 ~,1 - z,7 F4 ,~I- %-I - 0., . . . . . .  0,4 ~:1 - I  
~' ,2  0 , I  - -  i 0.8 0,8i F.o g.6 F,, ~,3 . ,4! ~01 
- I  - 03 o.3 - - t  03 i 
o 

i 

6 0,5 0 4 0,7 0,4 0,! 2,4 1,1 l,I O,6J 
0,2 012, O.l 0, t 0,' CJ,. 0,-t o,, 

30,3[ 24,9 18,3 28.9 12,3 28,, 26.7 ,5~5 29,71 26,1 

0.'2 0,4 
0 8 1.1 0,8 1,4 0,6 15 0,9 0 9 1.0 0 5 

2.8 ,,4 2 3 0,6 3., 5.3 2,6 

44,69"2' 61,6 72,91 

li,5] 28:014J:; 27.51 I9 :898 .3  ll,l[ 7,2l 27:~ 6~ 34,01 36,41 8 426,21 27,41 ] r ,,4 i i ,o., , , . o , , , . , ,  2.4 0,9 1.6 3.5 6,7 69! 
17.9i 4,6 20.8, ,9.s ,7.728.017:319,382,712314563 ; 

~1.6 i 34,4 27.0 44,0 20.2 
58.4[ 65.6 73,0 56,0 73,8 55.4 38.4 27,11 47,3 

I 

16,1 

0.2 

0.6 

2,0 
05 
05  
i,5 

1.5 
0.4 

27,5 
2,8 

1.1 
1,3 
3.0 
6,0 
8.5 

22.9 
3,5 

65,2 
.24,8 

TABLE 3. Composition and Position Distribution of the Fatty 
Acids in the Phospholipids of the Flowers of the Second Day 

Fatty acid 

10:0 
Unidentified 

ll.O 
12:0 

Unidentified 

14;0 
Unident tried 

Anteiso-15 : 0 

Unidentified 
Iso46 .. 0 

,6:0 
'6:1 

Unidentified 

Iso-18,0 
18:0 
18:1 
18=2 
20 =0 
13=3 
2 S 
E U 

PIs I PCs PEs 
tot PAs [tot. pos. pos. tot. pos. Y, 

2 2 i 

o.,_ o.6i 1 o.412 ::: :o il 
~8 ~4 ,:4 ~.5 9 I 0o 

0,2 O,l 0,1 -- 

1.31 ~8 ~,3 

~21 -- ~6) O,7J 0.8 0,6 1,0 
0,3 0.4 

~: 8,o ,~,61 3 4 25,7 
!,2] 3.0 1,7 / 

0,8 f, 1 0,4 - / 
4,2 1,9 

34,2 i 44,9 

,~:°1 ,o°:~l~l:?l 39.61 55,71 26,91 60,41 44,3173,1 1 

0,71 -- 
5,1 -- 
- $,s 

1,5 -- 
0,7 -- 
[ , 9  0 . 4  

1'81 - -  

- -  1.3 
- -  0.8 

1, 1.2 
- -  1 , 0  

48,1 / 35,6 
4,51 3,1 

2,01 2,0 

4,01 5,2 
8,3] 12,0 
9,1] 24,3 

70,1 50,7 
29,9 49,3 

Y5 

0,7 

4,6 

3 , 0  

0,, $', 

2,9 
0,6 

41,5 
8,4 

1,8 

F,3 
8,8 

13,1 
5,1 

70,0 
30,0 

Having considered generally the PLs of the generative organs of the cotton plant of 
variety 159-F in the stage of mass fruit formation the following observation can be made: 
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TABLE 4. Composition and Position Distribution of the Fatty 
Acids in the Phospholipids from the Bolls 

Fatty acid 

9.'0 
I0:0 

Unidentified 
11:0 

Unidentified 
12,0 

Unidentified 

Iso-14 : 0 
14:0 

Unidentified 
Anteiso-15 : 0 

Unidentified 
Iso-16,0 

16z0 
l~ . l  

Unidentified 

Iso-18 .. 0 
18.0 
18,1 
18.2 
20.0 
18,3 

Zu 

Pls pos. PCs 

tot. 2 itot. 
PEs 

pos. 
tot, 2 

PAs 
L 

7 5  0,,6 777 

0,6 0.1 
- I  - o,~ 

F a I ;7.2 o,2 
0.7 

_ _ oA2 
1.6 0,5 

0 5: 0.8 0,4 

0 '8 I • 

t 

0,2 

0,5 0,2 0 3  
0.3 0,1 0,2 
9,0 10,9 13,2 
0,9 0.5 0,6 

0.7 1.0 0,7 
0,7 121 0,8 
2,7 0.7 1,1 
7,2 7,~ 14,7 
0 61 36,6 26,8 
111, 1,3 8.3 

19,81 38,61 19,21 23.8 
34,1 41,8 51,5 16.7 

48,5 83,3 58.2 65.9 

oO,61 0.3 

2,0 

2.1 O.4 

1,7 0,5 
0,6 0,I 

34,2 14,4 
3.4 1.0 

1.2 0,8 
T.3 ;,3 
4.0 2,0 
8.2 7,9 

19,6 38,9 
2,6 1,8 

15,9 31,3 
52,9 20,9 
47,1 79,1 

0,9 
0,7 
I,O 
3,1 

11,2 
21,4 
9,6 

25,2[ 19,8 
33,0 46,1 
67,0 53,9 

0,3 
~_,5 0,3 

0,1 - -  

0.2 0,5 
0,9 0,3 

0,2 

if3 F l 

1,0 0,8 
0,2 

25,2 3"-~.C 
1,5 2,8 

Tr. 

1,2 
2,1 
8,g 

18,7 
4,2 

23,8 
45,8 
54,2 

Xt X~ Y~ 

7 0_3 

0,1 0,4 

O, 1 " 0,2 
0,1 
0,9 1,0 

_"7_ 

o,71 0,6 
0,1 0,3 

20.1 26,5 
1,8 1,0 

0,4 1 ,I 

1,8 1,6 
7, 1 12,8 

42,5 32,6 
4,7 3.2 

18,2[ 17,0 
30,41 36,6 
69,61 63,1 

different qualitative and quantitative compositions of the fatty acids of the PLs; 

different position distributions of the PAs in the PLs with the predominant distribution 
of the unsaturated FAs in position 2 but with exception both on the Whole and in details. 

EXPERIMENTAL 

The investigation was carried out basically in the same way as in [5, 9]. The FAs 
were identified by comparison with standard acids, and also from their retention times [i0, 
li]. 

SUMMARY 

i. The qualitative and quantitative fatty acid compositions of the individual PLs of 
the generative organs of the cotton plant -- the buds, the flowers of the first and the second 
days, and the bolls --have been studied. As compared with the ripe seeds, three times as 
many fatty acids have been detected qualitatively. 

2. The position distribution of the FAs in the PCs, PEs, and PIs of the generative or- 
gans have been determined. The predominant distribution of the unsaturated FAs in position 
2 has been observed, but there are exceptions both in general (anomalous PIs in the flowers 
of the second day) and in details without disturbing the general position asymmetry but with 
a change in the internal ratios of some FAs. 

LITERATURE CITED 

I. S. G° Yunusova and S. D. Gusakova, Khim. Prir. Soedin., 44 (1982). 
2. S.V. Skvortsova, R. R. Rakhmanova, and A. G. Vereshchagin, Dokl. AN UzSSR, 7, 57 (1966). 
3. N. I. Iskhakov and A. G. Vereshchagin, Biokhimiya, 29, No. 3, 487 (1964). 
4. F. Yu. Gazizov, A. Sh. Isamukhamedov, and S. T. Akramov, Khim. Prir. Soedin., 706 (1981). 
5. F. Yu. Gazizov, L. A. Shustanova, and S. T. Akramov, Khim. Prir. Soedin., 198 (1977). 
6. Yu. A. Tadzhibaev, Kh. S. Mukhamedova, and S. T. Akramov, Khim. Prir. Soedin., 435 (1976); 

109 (1977); 508 (1977); 623 (1977). 

159 



7. Kh. S. Mukhamedova and S. T. Akramov, Khim. Prir. Soedin., 12 (1979). 
8. L. D. Bergelson and E. V. Dyatlovitskaya, in: Tumor Lipids, Biochemistry and Metabolism, 

R. Wood, ed., American Oil Chemists' Society Press, Champagne, Illinois (1973), p. iii. 
9. F. Yu. Gazizov, A. Sh. Isamukhamedov, and S. T. Akramov, Khim. Prir. Soedin., 485 (1980). 

i0. H. P. Burchfield and E. E. Storrs, Biochemical Application of Mass Chromatography, 
Academic Press, New York (1962). 

ii. A. Sh. Isamukhamedov and S. T. Akramov, Khim. Prir. Soedin., 780 (1979). 

FATTY ACID COMPOSITION OF THE PHOSPHOLIPIDS OF THE VEGETATIVE 

ORGANS OF THE COTTON PLANT OF VARIETY 159-F AT THE STAGE OF 

MASS FRUIT FORMATION 

F. Yu. Gazizov, A. Sh. Isamukhamedov, 
and S. T. Akramov 

UDC 547.953:665.37 

The qualitative and quantitative compositions of the fatty acids (FAs) of the in- 
dividual phospholipids (PLs) of the vegetative organs of the cotton plant of 
variety 159-F have been studied. In the PLs of the stems there was a wide range 
of FAs (26), a large proportion of which have retention times in GLC shorter than 
those of the 16:0 FA. The position distribution of the FAs in the phosphatidyl- 
choline, phosphatidylethanolamine, and phosphatidylinositols of the vegetative 
organs have been established. 

The total fatty acid compositions of all phospholipids (PLs) of the generative organs 
of the cotton plant and the position distributions of the fatty acids (FAs) in the main PLs -- 
the phosphatidylcholines (PCs), phosphatidylethanolamines (PEs), and phosphatidylinositols 
(PIs) -- have been established previously (see [i]). Continuing work in this direction, we 
have isolated individual PLs from the vegetative organs -- the leaves, bark of the stems, 
stems without the bark, and roots -- and have determined their total fatty acid compositions 
and the position distributions of the FAs in the PCs, PEs, and PIs. 

In the leaves (Table i), the PL XI contain the largest amount of unsaturated FAs, and 
the degree of unsaturation increased in the sequence XI > PCs > PAs > PEs > PIs > Y3. The 
degree of unsaturation in position 2 of the main PLs decreased in the sequence PIs > PCs > 
PEs. In the PIs of the leaves there was a pronounced asymmetry of the distribution of the 
FAs: In position 1 there was 91% of the saturated FAs, of which 37.3% was due to the 16:0 
acid, and in position 2 there was 81.8% of the unsaturated FAs, the main representatives of 
them being the 18:3 acid (51.2%) and the 18:2 acid (26.1%). As in the PLs of the generative 
organs, in the PLs of the vegetative organs an anomalous distribution of the FAs was observed: 
In the PCs of the ].eaves there were larger amounts of the 18:1 and 18:3 acids in position 1 
than in position 2, in the PEs the same was observed with the 18:1 FA. In the PL X~ of the 
leaves there was more of the 16:1 acid (10.8%), and in the PIs, PEs, and the PL XI there was 
none of the iso-16:0 acid. As compared with all other vegetative and generative organs there 
was more of the 18:3 acid in the PCs, PIs, and PEs of the leaves, and more unsaturated FAs in 
the phosphatidic acid (PAs). 

The most unsaturated PLs from the bark of the stems were the PAs (Table 2), and the 
degree of ur~saturation decreased in the sequence PAs > Y~ > PEs > Y~ > PCs > PIs > X3. The 
asymmetry of the addition of the FAs was pronounced in the PIs (91.3% of saturated FAs in 
position 1 and 81% of unsaturated FAs in position 2). In the PEs an anomalous addition of 
more of the 18:3 FA in position 1 than in position 2 was observed. The 20:0 acid was present 
only in the PIs and PCs. The PEs of the bark contained more of the 18:2 acid than the PEs 
of the other organs. 
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