PHOSPHOLIPIDS OF Crambe amabilis
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We have investigated the phospholipid (PL) complex of the seeds of Crambe amabilis (family Cruciferae)
growing in the Bostanlykskii region of Tashkent oblast in the environs of Burchmulla, The yield of combined
phospholipids obtained by Folch's method and freed from carbohydrates by gel filtration on Sephadex G-25 was
0.85% of the weight of the air-dried seeds, On a two-dimensional chromatogram (direction I ~ system 1; direc-

tion IT — system 2) seven phosphorus-containing spots were revealed, and their quantitative distribution was as
follows:

Phosphatidylcholines (PCs) 56,1
Phosphatidylethanolamines (PEs) 20,6
Phosphatidylinositols (PIs) 13.2
Phosphbhatidylserines (PSs) 3.0
N-Acylphosphatidylethanolamines (N-acyl-PEs) 2.8
N-Acyllysophosphatidylethanolamines (N-acyllyso-PEs) 2.3
Lysophosphatidylcholines (1lyso~PCs) 2,0

It can be seen from this that the total PLs of this species of Crambe differ from those of C, schugnana
[1] both qualitatively and quantitatively, It is interesting to note that in the seeds of the plants that we studied
previously [1, 2] the amount of PIs was greater than of PEs, In this case, conversely, there are more PEs
(20.6%) than PIs (13,2%). The total PLs were separated into their components by column chromatography on
silica gel and, in contrast to the total PLs of other seeds [1, 2], the individual PL fractions of the combined
material were eluted from the column in homogeneous form,

In the individual PL fractions, the nitrogen and phosphorus contents were determined, the IR spectra were
recorded, and the water-soluble products of acid hydrolysis were analyzed, On the basis of the results obtained,
the PLs under study were assigned to the glycerophospholipid group. The fatty acids of the triglycerides, of the
total PLs, and of the individual homogeneous fractions of it were isolated under mild conditions #nd, in the form
of methyl esters, were analyzed by GLC (Table 1),

The compositions of the fatty acids of the oil and of the total phospholipids were the same so far as con-
cerns the acids present, but their ratios were different: in both cases the FAs consisted of a set of 11 acids
among the saturated representatives of which palmitic acid predominated, but its amount in the triglycerides
was one third of its amount in the total PLs., Among the unsaturated acids in the oil, erucic predominated
(30,1%), while in the total PLs it was linoleic (24,9%).

The individual PLs contained the same main acids, but the minor acids were distributed nonuniformly:
the PCs contained no low-molecular acids — Cyy,p0 Cyp.o and Cyy.9 —, while the PCs contained the Cyy,q acid,
Arachidic acid (Cyy,0) was absent from the PCs, the N-acyl PCs, and their lyso analogs, According to increas-
ing degree of saturation, the PLs formed the following sequence: PCs -~ PEs — PIs — N-acyllysoPEs — PSs —
N-acyl-PEs. The most saturated fraction of this combined material consisted of the N-acyl-PEs, in which
more than half (50,7%) of the acids were saturated.

The position distribution of the FAs in the glyceride part of the PC, PE, PI, and PS molecules was deter-
mined by enzymatic hydrolysis using as the source of phospholipase A, the venom of the Azerbaidzhan kufi in
0.1 M Tris buffer with pH 8.5, From the results of GLC analysis of the FAs (see Table 1) it can be seen that,
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TABLE 1, Fatty Acids of the Triglycerides, of the Total Phospho-
lipids, and of the Individual Fractions of the Phospholipids of the
Seeds of Crambe amabilis

Fatty acid
Fraction 10:0] 12:0] 14:0] 16:0] 161} 18:0] 18:1] 18:9] 18:3] 20:0] 221 5|

Tnglycendes 2,0l 1,8] 0,8 4,5 2,0} 2,0{18,5(14,0[21,1! 3,230,1}14,3/85,7
Phospholipids 1,6] 1,4 0,5|13,0| 3,7| 3,3{23,3/24,9(13,7] 8,3| 6,3128,1{71,9
Phosphau ylcholines

total — 1 —1 =172 2,00 1,9142,4]26,2(16,3] 1,7} 2,310,8/89,2

position 1 — 1 — 1 —114,2| 1,7] 1,0{50,0117,0| 8,0f 3,6] 4,5{18.8{81,2

position 2 - | —1=1]1,6/1,0 — |35,8|33,825,8] ~— { — | 1,6/98,4
Phosphatidylethanolamines

total 1,2| 1,01 1,0{12,0| 2,11 1,4{20,0;35,6/18,01 4.8] 2,9121,4{78,6

pOSlD.(Jnl 3 | 2,5 2,5]21,5] 4,4} 2,1]17.1{19,5]13,6| 8,6] 5,6[40,2{59,8

— 1 - 1—=11,51,0] 0,923,830,0122 8| — | — | 2,497,6

Pl?osphaudylmosnols

total 0,4 0,8 0,424,0) 1,4 0,4]20,0i3),0/16,3} 3,3{ 3,0!29,3{70,7

position 1 1.6f 2,1] t.0148.5] 1,31 1,420,5{12,3! 2,0 5.0f 4,3159,6/40,4

osition 2 - —1—-11,0{0,6 —120,448,030,0] — | — | 1,0/99,0
Phosphatidylserines

total . — | 6,1] 0,5130,4 1.5 4,2/16,0}25,0113,2f — | 3,1141,2!58,8

p081t10n1 - 18,71 1,060,4 — | — | 9,2|116,4] 4,3] — | — |70,1]29,9

.pos - 13,30 — 5,1} 1,2 41121,1§136,1423,1. — | 6 {12,5]87,5"
N-A Flphosphandyleth— l

total 20,0( 2,8 3,9120,01 4,4 4,0i13,5.17,5 6,5 — | 7,4+50,749,3

O=-acvl 10.2f 2,61 3,6125,31 4,5] 5,3|{17,419,0] 9,5 — 2,6147,053,0

N-acyl 30,0 3.1| +.6[15.3] 4.0| 25| 8.6]16°0 7,11 — | 8.6/55.7|44.3
Lysophosphatidylcholines | 6,0( 8.0! 2.2{16.6| 3.7| 1,7/30,0[23,0/10,0; 1,7 2.1'31,2/68.8
N-Acyllysophosphatidyl- SR ‘ |

ethano ﬁmmes 3,6|13,7] 1,0116,1] 2,1} 2,0;20,0{25,6;11,5 — | 4,4 36,4{63,6

as was to be expected, the unsaturated acids occupied position 2 in the molecules of the PLs studied: 99% in
the PIs, 98.4% in the PCs, 97.6% in the PEs, and 87,5% in the PSs, The PIs were characterized by a high speci-
ficity of the distribution of the acids: 59.6% of the saturated acids were esterified in position 1, Positions 2 of
the PC and PI molecules contained no stearic acid, while in the phosphatidyl serines this acid was present com~
pletely in position 2, In the PCs, PEs, and PIs, the erucic acid was mainly esterified in position 1, and in the

PCs exclusively in position 2, Arachidic acid is esterified only in position 1 in the molecules of the main PL
fractions.

In the N-acyl-PE molecules, the fatty acids localized on the N atom are more saturated (55.7% of saturat-
ed acids) than the acids in the glycerol moiety of the molecule {O-acyl groups),. The degree of saturation of the

N-acyl groups is due to an unusually high content of Cy4. (30%). The overwhelming amount of erucic acid is
present in the nitrogen~bound form,

Information on the position distribution of the FAs in the PC, PE, PI, and PS molecules enabled their pos-
sible molecular compositions to be calculated.

Type PCs PEs Pis PSs
Disaturated 0.2 0,5 0,5 8.1
Diunsaturated 77.8 58,56 39.6 26.9
Saturated —unsaturated 20,6 39.9 59.6 62,0
Unsaturated — saturated - 1.4 1,1 0,3 3.0

The number of molecular forms calculated for the PCs was 32, for the PEs 45, for the PIs 38, and for the
PSs 34, Inthe PCs, the amounts of disaturated and saturated—unsaturated types decreases considerably, This
change in the molecular composition of the PCs is connected with the selectivity of the pairing of the fatty acids
of the PCs, where the saturated Cyy:p, Cy,0» and Cyy.9 acids are completely absent, and the stearic acid is pre-~
sent in position 2, This situation is also explained by the fact that the amount of the 16 : 0 acid in position 1
(14.2%) is smaller than in the other PL fractions and, consequently, so is the total degree of unsaturation of the
molecule, In all cases, disaturated types are formed with palmitic acid. The diunsaturated types are predomi-
nant for the PCs and PEs, and the saturated-unsaturated types for the PIs and PSs,

EXPERIMENTAL

As absorbent for chromatographic analyses we used type KSK silica gel with particle sizes of up to 125 pum
which had been washed with hydrochloric acid, water, and acetone, and ground in a ball mill together with 5% of
gypsum for thin-layer chromatography and the same material with a particle size of 160-250 ym for column
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chromatography, The following solvent systems were used for chromatography: 1) chloroform —methanol —
water (65:35:5), and 2) chloroform—methanol—25% ammonia (65 :35:5), The fatty acids of the oil and of the
phospholipids were isolated by alkaline saponification (5% KOH in methanol, room temperature, 15-18 h), The
mixtures of fatty acid methyl esters were separated on a UKh-2 chromatograph using a 2500 x 4 mm column
containing 18% of polyethyleneglycol succinate on Celite-545 (60~80 mesh) at 197°C with helium as the carrier
gas. The pressure of helium at the outlet was 2.5 atm, The IR spectrum was recorded on a UR-20 instrument
with the substances in the form of films. The phosphorus was determined quantitatively by a known method,
The acid, alkaline, and enzymatic hydrolyses of the PLs were performed by procedures described previously
[2]. The N-acyl-PEs and N-acyllyso-PEs were also analyzed as described previously Bl

SUMMARY

The phospholipid complex of seeds of the plant Crambe amabilis has been studied for the first time, From
the combined phospholipids freed from carbohydrates three main components (phosphatidylcholine, phosphatidyl-
ethanolamine, and phosphatidylinositol) and four minor components (lysophosphatidylcholine, N-acylphosphati-
dylethgnolamine, phosphatidylserine, and N~acyllysophosphatidylethanolamine) have been isolated and charac-
terized, : :

The position distributions of the fatty acids in the phosphatidylcholine, phosphatidylethanolamine, phos-
phatidylinositol, and phosphatidylserine molecules have been determined by enzymatic hydrolysis with phospho-
lipase A,. On the basis of these results, their possible molecular compositions have been calculated, The com-~
positions of the fatty acids esterified in the glyceride moiety and acylating the nitrogen atom in the N-acylphos-
phatidylethanolamine molecule have been established,
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AMOUNTS OF PHOSPHOLIPIDS AND PHYTIN IN
THE SEEDS OF VARIOUS PLANTS

Kh, S. Mukhamedova and 8, T. Akramov UDC 547.953:665,37

Over a number of years, we have systematically studied the phospholipid complexes of the seeds of a
number of plants of the family Malvaceae: various types of cotton plant [1-5] and kenaf [6].

In order to determine the materials of the greatest interest in the theoretical or practical respect, we
have begun to study the seeds of plants belonging to different families for their phospholipid and phytin contents,

The phospholipids were extracted by chloroform —methanol (2:1) from the comminuted and acetone-de-
fatted seeds, For the preliminary purification of the combined phospholipids from accompanying substances
(oil, pigments, carbohydrates, steriods, etc,), the dry extract was treated with acetone, The acetone-insoluble
residue was dissolved in chloroform —methanol ~water (90: 10: 1), and for final purification from carbohydrates
this mixture was passed through a column with preswollen Molselekt G-25, As compared with the combined
phospholipids from other sources, the combined phospholipids from the seeds of Onopordon acanthium L. and
Rhaponticum integrifolium (family Compositae) possess some unusual properties: they do not precipitate from
2 concentrated chloroform solution on the addition of acetone, and when a dry residue is treated with acetone a

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Uzbek SSR, Tashkent, Trans-
lated from Khimiya Prirodnykh Soedinenii, No, 4, pp. 505-507, July~August, 1977. Original article submitted
March 29, 1977,

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No ;!art
of this publication may. be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for 37.50.

422



