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ABSTRACT. Separate geographic forms of sea buckthorn (Hippophae rhamnoides L.) are characterized not
only by different composition of triacylglycerols (TAGs) of their fruit mesocarp oil, but also by a different
biosynthetic pattern of the TAGs. Siberian, Central Asian, and Baltic forms contain TAGs, which include mostly
hexadecenoic (C16:1) and palmitic (C16:0) fatty acid (FA) residues and are synthesized according to the theory of
1,3-Random, 2-Random Distribution of FAs between the respective OH groups of glycerol. At the same time, the
mechanism of formation of TAGs of the Caucasian form rich in the residues of C16:0 and octadecenoic acid (C18:1)
is in accordance with the theory of Restricted Random Distribution of FAs. The occurrence of two different
patterns of TAG biosynthesis in the mesocarp of the same biological object is demonstrated here for the first
time. As for seed oils, the geographic forms studied here virtually do not differ from each other in the FA
composition of their TAGs. This paper is dedicated to Professor Guivi Sanadze on the occasion of his 80th

birthday. © 2010 Bull. Georg. Natl. Acad. Sci.

Key words: [A]1,2,3, [A]2, and [A]1,3 = the content of a fatty acid “A” in the sn-1,2,3, sn-2, and sn-1,3 positions of
TAGs, respectively (mol %), [A]2calc. = the “A” content in the sn-2 position of TAGs (mol %) calculated from the
[A]1,2,3 data, FA = fatty acid, H = hexadecenoic acid (sum of positional isomers), KAS II = 3-ketoacyl-acyl carrier
protein synthase II, L = linoleic acid, LPAAT = lysophosphatidic acid acyltransferase, O, octadecenoic acid (sum of
positional isomers), P = palmitic acid, P = confidence limit of correlation, r = correlation coefficient, S and U =
total saturated and total unsaturated FAs, TAG = triacylglycerol, TLC = thin-layer chromatography.

Introduction

Previously, we have determined the composition of
triacylglycerols (TAGs) of fruit mesocarp (hypanthium)
oil of three cultivars of sea buckthorn (Ozerinina et al.,
1988). The structure of the TAGs has been shown to
conform to the theory of 1,3-Random, 2-Random Distri-
bution of fatty acid (FA) residues in TAG molecules
(Gunstone, 1962; Litchfield, 1972; Vereshchagin, 1972).

All of the cultivars studied by us up to now belong
to a Siberian geographic form of sea buckthorn. How-

ever, throughout the former Soviet Union area, there are
a number of other geographic forms of this plant, viz.
Central Asian, Baltic and Caucasian ones, which were
formed under the influence of various growth condi-
tions and, possibly, different genotypic factors (Eliseev,
1982). Earlier, we have pointed out that these forms are
characterized by a significant variability in the FA com-
position of mesocarp oil (Berezhnaya et al., 1993). Thus,
Siberian and Central Asian plants are distinguished by
the prevalence of hexadecenoic acid (Zham’yansan, 1978;
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Zhmyrko et al., 1978, 1984, 1987; Loskutova et al., 1989).
At the same time, TAGs of the Caucasian form are rich
in octadecenoic acid and saturated (S) acids, and simul-
taneously are marked by a lower concentration of
hexadecenoic acid (Mamedov et al., 1981, 1984; Murav’ev
et al., 1985; Aslanov and Mamedov, 1986). The Baltic
form is yet to be investigated in this respect.

Sea buckthorn fruit mesocarp oil is made up almost
exclusively of TAGs, and, therefore, the differences be-
tween the plants of various forms in the total FA com-
position of the oil reflect first of all different qualitative
and quantitative compositions of reserve TAGs them-
selves (Berezhnaya et al., 1988, 1993; Ozerinina et al.,
1988). Therefore, the investigation of the molecular spe-
cies composition of TAGs of plants of all geographic
forms and of the patterns of TAG formation would be of
significant interest. Nevertheless, respective data are
scarce and fragmentary (Mamedov et al., 1981; Zhmyrko
et al., 1984, 1987).

The subject of the present work was the compara-
tive investigation of Central Asian, Baltic, and Cauca-
sian geographic forms as regards the composition, struc-
ture, and formation pattern of their mesocarp TAGs as
well as the comparison of the results obtained with the
respective data for the Siberian form published earlier
(Ozerinina et al., 1988).

Materials and Methods

Mature fruits of sea buckthorn (Hippophae
rhamnoides L.) of Central Asian, Caucasian, and Baltic
forms were collected during the same summer season in
the flood-plains of the Pyandzh (Tadzhikistan) and
Chorokhi (Georgia) rivers as well as on the Baltic sea-
shore (Baltic Spit, Donskoye settlement), respectively.

Fruits were fixed in boiling iso-propanol and sepa-
rated into mesocarp and seeds; lipids of these fruit parts
were extracted separately (Berezhnaya et al., 1988). TAGs
were isolated from a total lipid mixture by preparative
TLC, subjected to lipase (EC 3.1.1.3) hydrolysis, and the
sn-2 monoacylglycerols separated by TLC (Ozerinina et
al., 1987). The FA composition of both TAGs and their
hydrolysis products was established (Berezhnaya et al.,
1988). The positional-species and molecular species com-
positions of TAGs were calculated on the basis of both
experimental data and existing hypotheses of FA distri-
bution in TAGs (Gunstone, 1962; Gunstone et al., 1965;
Litchfield, 1972; Vereshchagin, 1972).

All experiments were performed in triplicate. Signifi-
cance of the confidence limit of correlation (P) between
the plants of various geographic forms in their actual
FA and TAG composition as well as between an experi-

mentally found TAG composition of a plant of a given
form and a theoretically calculated one was determined
by standard procedures, using respective correlation
coefficients (r).

Results

Fatty acid composition of mesocarp triacylglycerols

Differences mentioned above among various geo-
graphic forms in the total FA composition of mesocarp
TAGs ([A]1,2,3 values) have not yet been proven to be
statistically significant. Therefore, first of all, the [A]1,2,3
data for the TAGs of the three geographic forms were
obtained (Table 1). One can see that these forms are
indeed different in the FA composition of their TAGs. In
the plants of Central Asian and Baltic forms, as well as
in Siberian ones (Ozerinina et al., 1988), hexadecenoic
and palmitic acids are the major FAs. At the same time,
in Caucasian sea buckthorn TAGs, octadecenoic acid
predominates among all unsaturated FAs, and in their
palmitic acid  concentration they exceed the TAGs of all
other geographic forms. Also noteworthy is the fact that
the TAGs studied here (Table 1) are devoid of
hexadecadienoic acid, which is present in an appreciable
amount (2 - 4 %) in TAGs of the Siberian form
(Berezhnaya et al., 1988; Ozerinina et al., 1988).

The [A]1,2,3 values from Table 1 as well as the re-
spective results for the Siberian form (Ozerinina et al.,
1988) were subjected to correlation analysis (Table 2). It
follows from Table 2 (values outside of brackets) that,
as regards FA composition of fruit mesocarp TAGs, the
Caucasian form is significantly different from other ones,
which as a whole are similar to one another in this re-
spect. The data obtained suggest that, in this regard, all
geographic forms investigated here can be divided into
two groups: Siberian, Central Asian, and Baltic ones
belong to Group 1, and Caucasian, to Group 2.

Concentrations of individual FAs in the mid- ([A]2)
and extreme ([A]1,3) positions of sea buckthorn fruit
mesocarp TAG molecules are also presented in Table 1.
One can see that the sn-2 position of all TAGs studied
here includes mainly monoenoic acids. As for palmitic
acid, it is almost exclusively concentrated in the extreme
positions of TAGs of Central Asian and Baltic plants;
however, TAGs of the Caucasian form are characterized
by a significant amount of palmitate in the sn-2 position
as well (11.8 mol %).

Moreover, the values of [A]1,2,3, [A]2, and [A]1,3 in
Table 1 demonstrate that Baltic sea buckthorn, while fall-
ing into Group 1, is nevertheless in most cases interme-
diate between Central Asian and Caucasian forms both
in the concentration of individual monoenoic FA spe-
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cies in the respective positions of TAG molecules and
in the relative content of total C16 FAs and total C18
FAs in these positions.

Finally, Table 1 includes not only FA concentrations
in the sn-2 position of Central Asian and Baltic sea buck-
thorn TAGs found experimentally, but also those calcu-
lated using the equations of Litchfield ([A]2calc., see
Ozerinina et al., 1987). These equations are based on the
theory of 1,3-Random, 2-Random Distribution of FA resi-
dues between the respective positions of a TAG glyc-
erol moiety (Litchfield, 1972). One can see that as re-
gards Central Asian and Baltic sea buckthorn these re-
sults are as a whole consistent with the [A]2 values
found experimentally. For the Caucasian form, calcula-
tion of [A]2calc. values was impossible, because the satu-
rated FA level in its TAGs ([S]1,2,3 = 47 mol %) was more
than 1.5 times higher than that allowed for Litchfield’s
equations, i.e. 30 % (Litchfield, 1972). As regards the
extent of affinity of each unsaturated FA species to the

sn-2 position of TAGs, the three geographic forms stud-
ied here are generally similar to the Siberian one (see
Table 2 in Ozerinina et al., 1988).

Positional-species composition of mesocarp TAGs

Because of the evidence that various forms differ
from each other both in the total FA composition and
the positional distribution of FAs in mesocarp TAGs,
and in order to draw a definite conclusion that there is a
significant difference between Groups 1 and 2 in the
TAG composition of their mesocarp oil, we compared
them with each other in respect of the most differential
category of TAG composition, viz. their positional-spe-
cies composition. The latter represents concentrations
(mol % of total TAGs) of TAG positional species, which
are characterized, first, by specific individual FA compo-
sition, and, second, by a mid- (sn-2) or extreme (sn-1,3)
position of the residues of these FAs in a TAG molecule
(Vereshchagin, 1972).

Table 1

Fatty acid composition of the sn-1,2,3, sn-2, and sn-1,3 positions of fruit mesocarp triacylglycerols of various geographic
forms of sea buckthorn.

a

a
 The means of three analytical replications and their standard errors are presented. TAGs of Baltic form contain also linolenic

acid; its concentration in the sn-1,2,3, sn-2, sn-1,3, and sn-2calc. positions is 0.7, 1.6, 0.3 and 1.0 mol %, respectively.  For Central

Asian and Baltic forms, correlation between [A]2 values found experimentally and [A]2calc. calculated according to Litchfield is

significant (r = 0.996 and 0.973, respectively; P > 99 %). [A]2calc. values for the Caucasian form were not calculated (see text).

Geographic 

forms 

Position in 
triacyl-

glycerols 

Fatty acid composition, mol % 

  P H O L Total C16 Total C18 

Central sn-1,2,3 34.2+1.0 54.8+1.6 11.0+0.2 0.0 89.0 11.0 

Asian sn-2 0.6+0.2 80.3+2.5 19.1+1.6 0.0 80.9 19.1 

 sn-1,3 51.0+1.0 42.0+3.0 7.0+1.6 0.0 93.0 7.0 

 sn-2calc. 2.0 83.7 14.3 0.0 85.7 14.3 

Baltic sn-1,2,3 32.6+1.2 42.4+0.9 20.8+1.2 3.5+0.8 75.0 24.3 

 sn-2 2.1+0.6 53.6+2.1 34.9+1.1 7.8+0.6 55.7 42.7 

 sn-1,3 47.8+1.3 36.8+2.3 13.7+1.6 1.4+1.0 84.6 15.1 

 sn-2calc. 2.0 64.3 26.7 6.0 66.3 32.7 

Caucasian  sn-1,2,3 47.0+1.7 16.4+0.7 35.0+1.0 1.6+0.5 63.4 36.6 

 sn-2 11.8+1.0 19.5+0.9 65.4+1.2 3.3+0.6 31.3 68.7 

 sn-1,3 64.6+2.0 14.9+1.1 19.8+1.5 0.7+0. 79.5 20.5 
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In Table 3 (column 1), the major positional species of
TAGs are arranged in order of decreasing equivalent
lipophilicity and saturated acid content (Vereshchagin,
1981). To simplify the characterization of a given geo-
graphic form as regards positional-species composition
of its TAGs and the comparison of various forms with
each other in this respect, we took into account only the
“major” TAG species, with a concentration in a TAG mix-
ture of at least one of the geographic forms of > 1.0 mol
%. It can be seen that the forms studied here are gener-
ally similar to each other in the number of such species.

The data of Table 3 (columns 2, 4, 6, and 8) enable
one to determine the extent of difference between vari-
ous forms in the positional-species TAG composition
found experimentally; the results obtained are shown in
Table 2 (values inside of brackets). It is seen that Group
1 forms are generally close to each other in this respect.
At the same time, there is a highly significant difference
between Group 1 forms and the Caucasian form in their
positional-species TAG composition.

In order to understand a possible mechanism of TAG
biosynthesis in the mesocarp, it was necessary to com-
pare the quantitative composition of TAGs found ex-
perimentally with that calculated according to the exist-
ing theories of TAG structure, which were developed on
the basis of various concepts of TAG formation path-
ways in plants (Litchfield, 1972; Vereshchagin, 1972).
Previously, it has been shown that the composition of
Siberian sea buckthorn TAGs, containing 32.4 mol % of
saturated acids, can be accurately established without
recourse to lipase hydrolysis by using only [A]1,2,3 val-
ues and the equations of Litchfield mentioned above

(Ozerinina et al., 1988; Vereshchagin, 1972). Because the
saturated acid level in Central Asian and Baltic forms is
similar to that in the Siberian one, we considered it pos-
sible to use the same equations for calculating the com-
position of their TAGs. Therefore, the values of concen-
trations of separate TAG positional species were calcu-
lated from the [A]2calc. and [A]1,2,3 data (Table 1 and
Table 1 in Ozerinina et al., 1988) by using Litchfield’s
equations. These values are shown in Table 3 (columns
3, 5, and 7). It can be seen that in the plants of Siberian,
Baltic, and Central Asian forms they agree very closely
with those found experimentally, the respective correla-
tions being significant with P > 99 % confidence limit (r
= 0.995, 0.993, and 0.947).

Because the theory of 1,3-Random, 2-Random Dis-
tribution of FAs is unsuitable for computing the TAG
composition of the Caucasian form (see above), we have
applied for this purpose the theory of Restricted Ran-
dom Distribution of Kartha, which has been employed
successfully in the past for calculating the molecular
species composition of TAG mixtures that include more
than 30–35 % of saturated acids (Vereshchagin, 1972).
For these calculations, we used the values of [A]1,2,3,
[S]1,2,3 , and [U]1,2,3 from Table 1, as well as those of S3,
S2U, SU2, and U3 content of TAGs found according to
Kartha (4.9, 43.3, 39.7, and 12.1 mol %, respectively) and
the equations published earlier (Vereshchagin, 1972). The
results thus obtained (Table 3, column 9) were compared
with the TAG molecular species composition values
found experimentally; where necessary, these values were
derived by adding the concentrations of TAG positional
species identical in their FA composition (Table 3, col-

Table 2

Coefficients of correlation (r) between various geographic forms of sea buckthorn as regards the fatty acid composition and the
experimentally found positional-species composition (in brackets) of their fruit mesocarp triacylglycerols.

a

a
 The number of pairs of measurements n for Siberian, Central Asian, Baltic and Caucasian forms is equal to 7, 4, 5, and 4

(number of fatty acid species), and to 24, 15, 21, and 20 (number of TAG species, in brackets), respectively. 
b
 No correlation (P

< 95 %). Other r coefficients indicate the correlation significant with the confidence limit P > 99 %. 
c
 Ozerinina et al., 1988. 

d

Zhmyrko et al., 1984. 
e
 Mamedov et al., 1984. 

f
 Zhmyrko et. al., 1987.

Geographic forms Siberian c Central Asian Caucasian 

Central Asian 0.986 (0.955) -  - 

Baltic 0.921 (0.798) 0.963 (0.914) 0.644b  (0.347b) 

Caucasian 0.473b  (0.000b) 0.266b (0.091b) - 

Central Asian d - 0.994 (0.967f) - 

Caucasian e - - 0.999 

Siberian f 0.900 - - 
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umn 8). One can see that the respective data of columns
8 and 9 agree with each other (r = 0.992).

Fatty acid composition of sea buckthorn seed
triacylglycerols

Fatty oils (i.e. TAGs) are known to be present not
only in the mesocarp of sea buckthorn fruits, but also in

their seeds, and seed TAGs are quite different from the
mesocarp ones in their FA composition (Berezhnaya et
al., 1993). Earlier, it was shown that the plants of Siberian
(Berezhnaya et al., 1988, 1993; Ozerinina et al., 1987), Cen-
tral Asian (Zhmyrko et al., 1978, 1984, 1987), and Cauca-
sian (Aslanov et al., 1985; Aslanov and Mamedov, 1986;
Murav’ev et al., 1985) geographic forms are more similar

Table 3

Composition of major fruit mesocarp triacylglycerol positional species of various geographic forms of sea buckthorn (mol %).
a

a 
Columns 2 ¾ 8: positional-species composition found (even columns) from [A]2 and [A]1,3 values (Table 1) and calculated

(odd columns) from [A]2calc. values (Table 1); column 9: molecular species composition of Caucasian form TAGs calculated from

the S3, S2U, SU2, and U3 content of TAGs found experimentally (see text) and the S and U concentrations in the sn-1,2,3 positions

of TAGs (Table 1). n ¾ number of TAG species. 
b 

Ozerinina et al., 1988. TAG mixture of Siberian form also contains TAGs of

hexadecadienoic acid (Hd): PHdP, PHdH, PHHd, and HHHd; their total concentration amounts to 5.8 mol %.  
c
 Calculated content

of a TAG molecular species equals the sum of calculated concentrations of two respective TAG positional species with the same

FA composition (column 1).

Major 
triacylglycerol 

species 

Geographic forms 

Siberian b 

(n = 24) 
Central Asian 

(n = 15) 
Baltic 

(n = 21) 
Caucasian 
(n = 14) 

1 2 3 4 5 6 7 8 9 

PPP 0.4 0.4 0.0 0.0 0.5 0.5 4.9 4.9 

POP 1.8 1.4 5.0 3.6 8.0 6.1 27.3 28.6c 

PPO 0.1 0.1 0.0 0.2 0.3 0.3 3.0  

POO 0.2 0.2 1.4 1.3 4.6 4.6 16.7 17.3 

OOO 0.0 0.0 0.1 0.1 0.7 0.8 2.6 3.5 

PHP 16.2 17.3 20.9 21.2 12.2 14.8 8.1 13.4c 

PPH 0.7 0.8 0.0 0.8 0.7 0.6 2.3  

POH 3.5 2.4 8.2 5.8 12.3 8.1 12.6 16.2c 

PHO 2.1 2.9 5.7 7.8 7.0 11.0 5.0  

PLP 3.0 2.2 0.0 0.0 1.8 1.4 1.4 1.3 

PLO 0.4 0.4 0.0 0.0 1.0 1.0 0.8 1.6 

HOO 0.2 0.2 1.1 1.1 3.5 3.0 3.9 4.8c 

OHO 0.1 0.1 0.4 0.7 1.0 2.0 0.8  

PHH 30.6 30.9 34.4 34.0 18.9 19.4 3.7 3.8 

OHH 1.9 2.6 4.7 6.3 5.4 7.2 1.1 2.4c 

HOH 1.6 1.1 3.4 2.3 4.7 2.7 1.5  

PLH 5.6 3.9 0.0 0.0 2.7 1.8 0.6 0.7c 

PHL 1.4 2.7 0.0 0.0 0.7 1.3 0.2  

HHH 14.4 13.8 14.2 13.7 7.3 6.4 0.4 0.4 

HLH 2.7 1.7 0.0 0.0 1.1 0.6 0.1 0.1c 

HHL 1.3 2.4 0.0 0.0 0.6 0.9 0.0  

Total 86.1 85.3 99.0 97.1 91.5 90.8 94.1 99.0 
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in this respect than in the case of mesocarp. Usually,
seed TAGs include the same predominant FAs, viz. oleic,
linoleic, and linolenic. Nevertheless, it was of interest to
compare seed TAGs of various geographic forms of sea
buckthorn with respect to their FA composition. Such a
comparison would be essential for understanding the TAG
formation process in diverse tissues of the same fruit, viz.
the water-rich mesocarp and the drying seed.

The present results (Table 4; Table 1 in Ozerinina et
al., 1987) generally confirm the previous ones: there is no
significant difference between the geographic forms in
the seed TAG composition. Thus, with regard to the FA
composition of the seed TAGs, the individual geographic
forms cannot be divided into definite groups, as could be
done in the case of mesocarp TAGs. Because, in this
respect, the forms studied here are close to Siberian sea
buckthorn, whose TAG composition has been established
earlier (Ozerinina et al., 1987), the same similarity can be
suggested to occur with regard to the composition of
TAGs of these geographic forms. Therefore, the TAG
composition of Central Asian, Caucasian, and Baltic sea
buckthorn seeds were not determined in this work.

Discussion

From Table 2 it can be seen that with respect to the
FA composition of its mesocarp TAGs the wild-growing

Central Asian sea buckthorn from the flood-plains of
the Pyandzh river studied here is almost identical to the
Uzbek sea buckthorn described earlier (Zhmyrko et al.,
1984), and the Caucasian sea buckthorn from the flood-
plains of the Chorokhi river is similar to the M-2 form
from Azerbaijan (Mamedov et al., 1984).  It follows also
from Table 2 that the results on positional-species com-
position of TAGs agree with respective data for sea
buckthorn fruits from Altai (Siberian form) and Western
Pamirs (Central Asian form) published earlier (Zhmyrko
et al., 1987).

The data in Tables 1-3 demonstrate that Groups 1
and 2 of sea buckthorn geographic forms are really dif-
ferent in both FA composition and positional-species
composition of mesocarp TAGs. Based on the data of
Table 2 (values outside of brackets), the Caucasian form
was assumed to be distinct from the other ones in the
FA composition of its TAGs, and therefore it had to be
recognized as a separate group. The results on the com-
position of TAGs themselves (Table 2, values inside of
brackets) show that the division of the geographic forms
into two groups was fully justified, and there is a nearly
complete analogy between the respective data of FA
composition and TAG positional-species composition.

As shown in Table 1, the distinction between these
two groups manifests itself primarily in the increased

a
 Correlation between Siberian (see Table 1 in Ozerinina et al., 1988) and Central Asian; Siberian and Baltic; Siberian and

Caucasian; Central Asian and Baltic; Central Asian and Caucasian; Baltic and Caucasian forms as regards FA composition of their

TAGs is significant at P > 99 % confidence limit (r = 0.957, 0.986, 0.970, 0.972, 0.959, and 0.941, respectively; number of fatty

acid species n = 6). Correlation between the experimentally found FA composition of TAGs of a given form and a previously

published one is also significant (P > 99 %), r values for Siberian, Central Asian, and Caucasian geographic forms being equal to

0.996, 0.981, and 0.989, respectively. 
b
 TAGs include also myristic (0.1 mol %) and n-pentadecanoic (0.2 mol %) acids. 

c

Zham’yansan, 1978. 
d
 Zhmyrko et al., 1984. 

e
 Aslanov et al., 1985.

Table 4

Fatty acid composition of seed triacylglycerols of various geographic forms of sea buckthorn (mol %).
a

Geographic forms Fatty acid 

molecular species 
Central Asian Baltic Caucasianb Siberianc Central Asiand Caucasiane 

Palmitic 8.6 7.1 7.9 7.2 10.6 11.6 

Hexadecenoic 2.5 1.1 0.9 1.8 5.9 4.5 

Stearic 2.8 2.6 3.7 2.8 1.5 5.3 

Octadecenoic 24.0 21.1 16.3 18.4 26.6 15.0 

Linoleic 36.2 34.9 45.2 39.0 34.1 42.4 

Linolenic 25.9 33.2 25.7 30.3 21.2 21.1 

[U] 88.6 90.3 88.1 89.5 87.8 83.0 
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content of C18 FAs and the reduced amount of C16 FAs
in the TAGs of Caucasian sea buckthorn. This pattern
can be assumed to be brought about by an enhanced
activity, in the Group 2 fruit mesocarp, of a condensing
enzyme of the FA biosynthesis system, 3-ketoacyl-acyl
carrier protein (ACP) synthase II (KAS II; EC 2.3.1.41),
which catalyzes the extension of saturated and unsatur-
ated C16 FAs by a malonyl-CoA C2-unit to give C18 FAs
(Golz et al., 1994; Schuch et al., 1994; Toepfer and Mar-
tini, 1994). This assumption can be supported by recent
results of Ramli and Sumbanthamurthi (1997). These
workers demonstrated that, in the fruits of different va-
rieties of oil palm, there was a strong positive correla-
tion between the activity of KAS II in their mesocarp
and the amount of total unsaturated C18 FAs in the oil
of the latter, but a negative correlation with the palmi-
tate content. Thus, a high concentration of C16 FAs in
the oils of the Group 1 mesocarp tissue (75 ¾ 90 %,
Table 1) can be supposed to result from a decreased
KAS II activity in this tissue. When such is the case,
the Baltic form must be intermediate in the magnitude of
this activity between the Siberian and Central Asian
forms, on the one hand, and the Caucasian one, on the
other (see above).

At the same time, the difference between Groups 1
and 2 shows up not only as regards the biosynthesis of
FAs, but also with reference to the formation of the TAGs
themselves. The data of Table 1 demonstrate that Group
2 significantly exceeds Group 1 in the concentration of
palmitate in the sn-2 position of TAGs (11.8 % against
0.6 ¾ 2.1 %). This pattern is in contradiction with a
general feature of plant TAGs that their sn-2 position is
almost completely occupied with unsaturated FAs
(Vereshchagin, 1972).

The acylation of this position in plant acylglycerols
is known to be effected by a tightly bound microsomal
or plastidial enzyme, acyl-CoA:sn-1-acylglycerol-3-phos-
phate acyltransferase (lysophosphatidic acid
acyltransferase, LPAAT, EC 2.3.1.51), with the formation
of sn-1,2-diacylglycerol-3-phosphate (Hares and
Frentzen, 1987); the enzyme has been identified both in
seeds and in mesocarps, e.g., in the mesocarp of avo-
cado (Eccleston and Harwood, 1992). In most plants,
due to the pronounced specificity and selectivity of
LPAAT for unsaturated C18 acyl groups, saturated FAs
are excluded from the sn-2 position of the glycerol back-
bone (Cao et al., 1990). However, in the Caucasian sea
buckthorn mesocarp, in contrast to the Group 1 ones,
there is apparently no discrimination against the incor-
poration of palmitate into this position (Tables 1 and 3).
In support of this statement, one can mention other in-

stances of various forms of a same plant species dis-
playing different acyl specificity of LPAAT. For example,
erucic acid is generally excluded from the sn-2 position
of seed oil TAGs of Brassica oleracea; however, by
screening more than 300 accessions of this species, 9
accessions with more than 30 % sn-2 erucic were iso-
lated, indicating the ability of the LPAAT to insert eru-
cic acid into the sn-2 position (Taylor et al., 1994).

Finally, the distinction between Groups 1 and 2 is
caused by the occurrence of different FA distribution
patterns in the mesocarp TAGs of these groups. In turn,
this fact is due to the functioning of different systems
of TAG formation in Group 1 and 2 mesocarp. Thus, in
the mesocarp of Group 1 forms, TAG biosynthesis in-
volves random esterification of the bulk of unsaturated
FAs in the sn-2 position; at the same time, all saturated
FAs and also unsaturated ones left unesterified are dis-
tributed randomly between the sn-1,3 positions of glyc-
erol moiety. As a result, the 1,3-Random, 2-Random Dis-
tribution pattern of FA residues is established
(Vereshchagin, 1972).

Evidently, this pattern excludes the formation of
trisaturated TAGs. On the contrary, according to
Kartha’s theory of Restricted Random Distribution, the
occurrence of solid trisaturated TAG components (S3)
is possible, but their concentration is restricted in or-
der to maintain the oil, being formed by a growing plant
cell, in liquid state at an environmental temperature.
This is exactly the case in the Caucasian form fruit
mesocarp: the amount of solid S3 glycerides actually
formed (4.9 mol %) is considerably less than their theo-
retically possible level (11 mol %) calculated by using
the 1,2,3-Random Distribution theory (Vereshchagin,
1972). Kartha’s theory is based on the assumption that,
after termination of S3 synthesis, saturated acids re-
mained unesterified, as well as total unsaturated acids,
become randomly distributed between glycerol mol-
ecules, forming, however, only S2U, SU2, and U3 types
of TAGs. The restriction of S3 content is an adaptive
feature developed during the evolution of plants
(Litchfield, 1972). Thus, we can conclude that the me-
socarp TAGs of Caucasian sea buckthorn are formed
according to the theory of Restricted Random Distri-
bution of FA residues.

To the best of our knowledge, the eventual pres-
ence of two different mechanisms of assembly of an
ordered structure of TAG molecules in the fruit meso-
carp is demonstrated here for the first time. Mean-
while, specific biochemical mechanisms bringing about
a particular pattern of FA distribution between indi-
vidual hydroxy groups of the glycerol moiety in sea



Effect of Geographic Origin of Sea Buckthorn on the Triacylglycerol Composition of its Fruits 99

Bull. Georg. Natl. Acad. Sci., vol. 4, no. 1, 2010

buckthorn mesocarp are yet to be established. For
the moment, this statement holds not only for
H.rhamnoides TAGs, but also for TAGs of all other
plant species studied so far.

In conclusion, it should be emphasized that the dif-
ferent mechanisms of TAG formation occur only in the
mesocarp, which is known to possess an exclusively
maternal genotype (Berezhnaya et al., 1993). On the con-

trary, in seed embryo, which includes equal shares of
genes of both parents, there is only one system of TAG
biosynthesis, regardless of the geographic origin of
plants. Thus, if it will be shown that the difference be-
tween various sea buckthorn forms in their mesocarp
TAG composition is indeed caused by genotype fac-
tors, one will have to look for them only in female sea
buckthorn plants.

mcenareTa bioqimia

qacvis geografiuli warmoSobis gavlena maTi nayofebis

triacilgliceridebis Semcvelobaze

a. vereSCagini, v. cidendambaevi

timiriazevis sax. mcenareTa fiziologiis institutis lipidebis metabolizmis laboratoria, ruseTis

mecnierebaTa akademia, moskovi

(warmodgenilia akademikos T. beriZis mier)

daxasiaTebulia qacvis (Hippophae rhamnoides L.) calkeuli geografiuli formebis nayofis

mezokarpis zeTi, rogorc maTi triacilgliceridebis (tag) Semcvelobis mixedviT, aseve tag-is

biosinTezuri gzis Taviseburebebis TvalsazrisiT. cimbiris, centraluri aziisa da baltiis

formebi ZiriTadad Seicaven heqsadekenoidisa da palmitinis cximovani mJavebis naSTebs da

sinTezirdebian 1,3–Tanabari, 2–Tanabari ganawilebis Teoriis mixedviT, glicerinis Sesatyvis

hidroqsilis jgufebs Soris. amave dros, kavkasiuri formebis warmoqmna, romlebic mdidaria C
16:0

da oqtadekenoidis mJaviT (C
18:1

), Seesatyviseba cximovani mJavebis SezRuduli ganawilebis Teorias.

pirveladaa naCvenebi mezokarpSi tag-is biosinTezis ori gansxvavebuli gzis arseboba erTsadaimave

obieqtSi. iseve rogorc Teslebis zeTis SemTxvevaSi, Seswavlili geografiuli formebi faqtobrivad

ar gansxvavdebian erTmaneTisagan maTi tag-is cximovani mJavebis Semcvelobis mixedviT.

REFERENCES

Aslanov, S.M. and S.Sh. Mamedov (1986), Fatty acid composition of oils of different varieties of sea buckthorn (in Russian).
Maslo-Zhirovaya Promyshlennost’,  no. 5, 9-10.

Aslanov, S.M., S.Sh. Mamedov, and M.T. Farkhadova (1985), Fatty acid composition of sea buckthorn seed oil (in Russian).
Maslo-Zhirovaya Promyshlennost’,  no. 8, 11-12.

Berezhnaya, G.A., I.P. Eliseev, V.D. Tsydendambaev, and A.G. Vereshchagin (1988), Fatty acid composition and quantitative
content of lipids in the sea buckthorn fruits. Applied Biochem. Microbiol. (Moscow), 24, 471-475.

Berezhnaya, G.A., O.V. Ozerinina, I.P. Eliseev, V.D. Tsydendambaev, and A.G. Vereshchagin (1993), Developmental changes in
the absolute content and fatty acid composition of acyl lipids of sea buckthorn fruits. Plant Physiol. Biochem. 31, 323-332.



100 Andrei G. Vereshchagin, Vladimir D. Tsydendambaev

Bull. Georg. Natl. Acad. Sci., vol. 4, no. 1, 2010

Cao, G.-Z., K.-C. Oo, and A.H.C. Huang (1990), Lysophosphatidate acyl transferase in microsomes from maturing seeds of
meadowfoam (Limnanthes alba). Plant Physiol. 94, 1199-1206.

Eccleston, V.S. and J.L. Harwood (1992), Acyltransferase reactions in Avocado microsomes. In: Cherif A. et al. (eds.): Metabo-
lism, Structure, and Utilization of Plant Lipids, pp. 79-82. Centre National Pedagogique, Tunis.

Eliseev, I.P. (1982), Ecological, physiological and biochemical characteristics of sea buckthorn in relation to the species
formation history, acclimation and breeding. In: Eliseev I.P. (ed.), Problems of biochemistry and physiology of cultivated
plants (in Russian), pp. 50-62. Gorky Gos. Agricultural Institute, Gorky.

Golz, A., M. Focke, and H.K. Lichtenthaler (1994), Inhibitors of de novo fatty acid biosynthesis in higher plants. J. Plant
Physiol. 143, 426-433.

Gunstone, F.D. (1962), The distribution of fatty acids in natural glycerides of vegetable origin. Chem. Ind. 1214-1223.
Gunstone, F.D., R.J. Hamilton, F.B. Padley, and M.I. Qurechi (1965), Glyceride studies: 5. The distribution of unsaturated acyl

groups in vegetable triglycerides: J. Am. Oil Chem. Soc. 42, 965-970.
Hares, W. and M. Frentzen (1987), Properties of the microsomal acyl-CoA:sn-1-acylglycerol-3-phosphate acyltransferase from

spinach (Spinacia oleracea L.) leaves. J. Plant Physiol. 131, 49-59.
Litchfield, C. (1972), Analysis of triglycerides. Academic Press, New York.
Loskutova, G.A., V.G. Baikov, A.V. Starkov, and F.A. Medvedev (1989), Fatty acid composition of Hippopha¸ rhamnoides L.

fruits (in Russian). Rastitel’nye Resursy  25, 97-103.
Mamedov, S.Sh., S.M. Aslanov, N.M. Ismailov, and E.I. Gigienova (1984), Fatty acid composition of sea buckthorn oil (in

Russian). Maslo-Zhirovaya Promyshlennost’, no. 2, 18-19.
Mamedov, S.Sh., E.I. Gigienova, A.U. Umarov, and S.M. Aslanov (1981), Lipids of leaf and fruit oil of Hippophae

rhamnoides. Khimiya Prirodn. Soedin.  no. 6, 710-715.
Murav’ev, I.A., D.C. Lagazidze, and V.S. Bostoganashvili (1985), Physical and chemical properties of mesocarp and seed fatty

oils of fruits of sea buckthorn growing in Georgia. In: Eliseev I.P. (ed.), Biological aspects of sea buckthorn acclimation,
breeding, and agronomy practice (in Russian), pp. 132-135. Gorky Gos. Agricultural Institute, Gorky.

Ozerinina, O.V., G.A. Berezhnaya, I.P. Eliseev, and A.G. Vereshchagin (1987), Composition and structure of Hippophae
rhamnoides  seed triacylglycerols. Khimiya Prirodn. Soedin.  no. 1, 52-57.

Ozerinina O.V., G.A. Berezhnaya, I.P. Eliseev, and A.G. Vereshchagin (1988), Composition and structure of triacylglycerols
from sea buckthorn fruit mesocarp. Applied Biochem. Microbiol. (Moscow) 24, 422-429.

Ramli, U.S. and R.Sambanthamurthi (1997), -Ketoacyl-acyl carrier protein [ACP] synthase II in the oil palm (Elaeis guinensis
Jacq.) mesocarp. In: Williams J.P., M.U.Khan, and N.W.Lem (eds.), Physiology, Biochemistry and Molecular biology of
Plant Lipids, pp. 69-71. Kluwer Academic Publishers, Dordrecht, Boston, London.

Schuch, R., M. Brummel, and F. Spener (1994), b-Ketoacyl-acyl carrier protein (ACP) synthase III in Cuphea lanceolata seeds:
identification and analysis of reaction products. J. Plant Physiol. 143, 556-560.

Taylor, D.C., S.L. MacKenzie, A.R.McCurdy, P.B.E. McVetty, E.M. Giblin, E.W. Pass, S.J. Stone, R. Scarth, S.R.Rimmer, and
M.D.Pickard (1994), Stereospecific analysis of seed triacylglycerols from high erucic acid Brassicaceae: detection of erucic
acid at the sn-2 position in B. oleracea genotypes. J. Am. Oil Chem. Soc. 71, 163-167.

Toepfer, R. and N. Martini (1994),  Molecular cloning of cDNAs or genes encoding proteins involved in de novo fatty acid
biosynthesis in plants. J. Plant Physiol, 143, 416-425.

Vereshchagin, A.G. (1972), Biochemistry of triglycerides (in Russian). Nauka, Moscow.
Vereshchagin, A.G. (1981), Patterns of triglyceride structure and biosynthesis in oil-bearing seeds (in Russian). Izv. Akad. Nauk

SSSR, Ser. Biol. no. 1, 54-65.
Zham’yansan, Ya. (1978), Investigation of seed and mesocarp oils of Hippophae  rhamnoides fruits. Khimiya Prirodn. Soedin.

no. 1, 133-134.
Zhmyrko, T.G., E.I. Gigienova, and A.U. Umarov (1978), Vitamins of Hippophae  rhamnoides fruit oils. Khimiya Prirodn.

Soedin. no. 3, 313-317.
Zhmyrko, T.G., A.I. Glushenkova, A.B. Zegelman, and V.A. Andronov (1987), Neutral lipids of freone extracts of Hippophae

rhamnoides fruits. Khimiya Prirodn. Soedin. no. 2, 231-234.
Zhmyrko, T.G., N.P. Goncharova, E.I. Gigienova, and A.I. Glushenkova (1984), Group composition of neutral lipids in

Hippophae  rhamnoides fruit oil. Khimiya Prirodn. Soedin. no. 3, 300-305.

Received  October, 2009




