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STEREOSPECIFIC ANALYSIS OF SOME CRUCIFERAE SPECIES

B. Téreglrd and O.Podlaha

Introduction

If the two primary carbon atoms in the glycerol moieties in a triacylgliyce-
rol are linked to different fatty acids, a centre of asymmetry is created.
The three positions in a triacylglycerol are thus stereochemically unequal,
a8 can be meen in figure 1. The goal of stereospecific analysis is to deter-
mine how the fatty acids are distributed over the three positions. The most
commonly used nomenclature for
Figure 1: numbering the positions is based
on a standard Fischer projection

sn-nomenclature for triacylglycerols of glycerol with the middle hydro-

o ies xyl group to the left of the carbon
CHg40.0R, 8n-1-position chain, The carbon atoms are then
‘RO OC!(H sn-2-position numbered in top to bottom sequen-

ce. The prefix sn-(sterospecifically

. numbered) is placed before the

CHSQ' OR, sn-3-position name of the compound.

R = arbitrary acyl group A Procedures for stereospecific

C = asymmetric carbon atom analysis of triacylglycerols have
been available since 1965

(BROCKERHOFF, 1965, 1967), Previously, a restricted positional analy-

8is had been used, which could only distinguish between the sn-2- and the

combined sn-1- and sn-3-positions (8- and ot -positions) (LUDDY et al.,

1964; MATTSON and BECK, 1956; MATTSON and VOLPENHEIM, 1968).

Several results from analyses of triacylglycerol of Cruciferae species

with respect to 8n-2- and the combined sn-1-, -3-positions have been pub-
lished (MATTSON and VOLPENHEIM, 1968; EVANS et al. ; LITCH-
FIELD, 1971). The fatty acid distribution between the sn-1- and sn-3-po-
gitions has however only been investigated by BROCKERHOFF and YUR-
KOWSKI (1966) and by PODLAHA and TOREGARD. BROCKERHOFF and -
YURKOWSKI analysed a single sample of Brassica napus, while PODLAHA
-and TOREGARD recently studied four different samples of Brassica napus .
and campestris. The results showed a clearly non-random distribution bet-
ween the sn-1- and sn-3-positions for most of the major acids.

This paper presents further results from stereospecific analysis of Cruci-
ferae species.

Materials and methods

The seeds were obtained from the Swedish Seed Association, Svaléf. The
0il was cold pressed from the seeds and the triacylgiycerol fraction isola-
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ted by chromatography on a silicic acid column. Seed materiale and the
fatty acid composition of the triacylglycerols are apparent from table 1.

The stereospecific analysis were performed principally according to
BROCKERHOFFs procedure in the version of CHRISTIE and MOOR (1969)
and RKESSON (1969). The fundemental steps are shown in figure 2.
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First the triacylglycerols are deacylated in a completely random manner
with a Grignard reagent (ethyl magnesium bromide). The resulting sn-1,
2(2, 3)-diglycerides are isolated by preparative TLC and reacted with
phenyl dichlorophosphate to produce a mixture of the phosphatides sn-1, 2-
diacyl-3-phosphatidylphenol and sn-2, 3-diacyl-1-phosphatidylphenol. The
phosphatides are then hydrolyzed by the enzyme Phospholipase A, which
only liberates the fatty acids from the 2-position of the sn-3-phosphatides,
but leaves the sn-1-phosphatides unhydrolyzed. Affer the separation by
TLC and transesterification to methyl esters, the lysophosphatide fraction
is analyzed by gas chromatography, giving the distribution of fatty acids
in the sn-1-position. The composition in position sn-2 is determined by a ’
pancreatic lipase hydrolysis, which specifically hydrolyzes the sn-1- and
sn-3-positions in triacylglycercls. The composition in position 3 is deter-



- 293 -

L0 ¢°0 L0 9°9¢ 1 1’0 ¢6°¢2. L0 L°L 2°6 fANA 9°0 1°2 eOTUIS SAqR
aquiBda)
6°T ¥°0 £€°0 2S¢ 9°0 ¥'0 L'6 - 6°IT 1°6 8°92 670 7€ OoDI4d.L
. eqre ‘ulg
8“0 - I'T E°0§ - g0 1I°L - 9°0T L'ST  L°IT L0 £°¢ HHIINVA
m.pmm,n.m
8°0 - S0 ¥°ey g0 L0 T1°01 9°0 9°0T S°%T 9°ST 8°0 (A4 ouna
stajsodwred g
9°0 - ¢'0 9°¢gg 2°0 9°0 8°¢T ¢'0 80T ¢€°ST 9761 6°0 vy €IID
sndeu-g
T°1 20 S°0 8°L% ¥°0 S0 ¢°11 = 6°6 L'9T 8°LZ 80 9°¢2 HTHd
sta}sodwed ‘g
¥°0 - T°0c 8718 1°0 a'0 0°%T1 §°0 6°0T Z°AT 0°6Z €1 2% 9-1L AS
' sndeu *g
£€°0 T°0 1°0 L°01 2°0 20 0°8 - T: 1°81 g°S¥ 0T 0°'¢ SONIS
: sndeu-g
2°0 - - S°0 - I°0 9°'1 - 66 68T 9°'29. 2°1 8y 040
gndeu *g

1:%g 072 g%y 122 0:2% 2:0% 1:0Z 0:028 €81 281 18T 081 0:971 ALHIEVA

(4 ETOW) NOILISOJdIWOD dIDV ALLVA

bue SHIDHJS

potpms saroads QRJISFIONIY 93 JO s9PTIedA181a] Ut uoryisodwiod proe Lyyeq

:T o1qeL



- 294 -

mined indirectly by calculation from the fatty acid composition in the origi-
nhl triacylglycerols and in the sn-1- and sn-2-positions, or from the ana-
lysis of the uncleaved 2, 3-diacyl-phosphatides and that of position 2.

Resulis and discussion

Table 2 gives resulis from the analysis of a synthetic triacylglycerol,
sn-1, 2-dipalmito-3-myristin. If we assume that the triacylglycerol has
the theoretical composition, the figure indicates that the method is slightly
inaccurate, especially for the sn-1-position. The precision is fair, and

Table 2: Stereospecific analysis of 1, 2-dipalmifoyl~3-myristoyl-glycerol

cl4:0 C16:0 )
iMool % . Theor, 8 Mol % Theor. 8
sn-1-position 3.7 0 0.5 96.3 100 0.5
sn-2-pogition 1.9 0 0.2 98.1 100 0.2
gn-3-position . 99,5 100 0.5 0.5 0 2.0

on the whole the complicated and laborious method can be regarded as sa-
tisfactory.

Results from the stereospecific analysis of the oils investigatéd are presen-
ted in table 3. The analyses were checked by calculating the fatty acid com-

position in position 8n-3 in two independent ways (from 1-acyl-3-lysophos- -

phatidylphenols and from 2, 3-diacyl-1-lysophosphatidylphenols). Results,
which showed greater differences than 2 mol % were rejected.

Figures 3 - 8 show the distribution pattern for the major fatty acids from
the natural triacylglycerol mixture as a function of the erucic acid content.
The y-axis on the diagrams represents the percentage distribution in moles
of the fatty acide among the three positions, Thus a random distribution of
an acid is indicated by 33.3 % in all three positions. More than 33.3 %
means an enrichment in that particular position, and less than 33.3 % im-
plies the opposite. Symbols in parentheses indicate the non-Brassica spe-
cies.

Figure 3 shows the well-known fact that the saturated palmitic and stearic
acids are strongly accumulated in the outer positions. No significant diffe-
rence between the sn-1- and &n-3-positions can be detected because of the
relatively large error in the method for such small components as C16:0
and C18:0.

Gadoleic acid has the same strong preference for the outer positions

(Fig. 4). However, between the outer positions there appears to be a syste-
matic distribution pattern, in that the preference for sn-3 i8 changed to a
preference for sn-1 when the erucic acid content rises above about 30 %.




Stereospecific analysis of the Cruciferae species studied

.

Table 3
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FATTY ACID COMPOSITION (MOLE

POS.

SAMPLE
(variety)
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24
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24
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22

1

22

0

22

2

20

1

20

0

20

:3

18

2

18

11

18

0

.
:

16

18:0

0.2

7.4 0.2
15.7

15.8

64.7

ORO

52.7 30.6

0.1

0.3

2.7
10.4

5.4
6.5
21.4

10.3

70.4
48.3

0.1

12.4

0.1

12.5 0.1 0.3

1.5

6.6

SINUS

0.1 43.3 34.6

0.2

19.7 0.2

0.5

44.0 7.2 5.4 13.5 0.3
30.2 5.9
23.8

1.4
1.5

8.2

17.2 1.0 25.4 0.3
0.1

0.1

SV 71-6

0.3
24.5

36.3

38.2

18.6 3.0 1.4 0.4 0.2 38.9
0.2

35.2
41.7

2.4
1.7

18.5 0.2

16.5 0.1

7.0
20.8

13.4

BELE

0.3

0.1

0.6
16.8

35.8

0.3

1.9
3.2
27.5

6.5 0.9
19.2

0.7

3.3

o

20.0 1.2

1.5 0.2

0.1

GULLE

38.9

32.9

0.9

0.6

1.1
1.5

7.4
2,9

58.3

0.6 52.9 0.9 0.1

1.5
0.1

3.1 2.2 0.4 18.0
27.3

39.3

13.5

DURO

0,4

32.0

1.4

2.3

1.3

0.9

70.1 1.3

1.0

0.1
0.4

12.9

PANTER

39.2 30.1 0.3

29.9

0.1

2.0

80.2

8.1

0.4 17.4 0.5 0.2 35.0 0.2 0.1

3.9

1

SINAPIS AILBA

1.3 0.5 0.3 0.6 4.2 0.2
26.0 20:8

0.1

2.3

CRAMBE

1.5

50.0

ABYSSINICA

0.1

2.8

1.5

2.0




Figure 3:
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Figure 5;
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Figure 5 gives the distribution of erucic acid. Again there is a nearly com-
plete concentration to the outer positions with the exception of the very low }
erucic acid species. The concentration to the sn-3-positions is clearly evi-
dent for the Brassica and Sinapis species, while for Crambe the distribu-
tion is symmetrical between sn-1 and sn-3. Palmitic and stearic acids, as
well as, gadoleic and erucic acids, are called the Category I-acids, indi-
cating that they are first esterified to the outer positions (LITCHFIELD,
1971). The unsaturated C18-acids, the Category Il-acids, are then distri-
buted on the remaining positions.

As can be seen from figure 6, oleic acid is concentrated to the inner posi-
tion. The distribution between the sn-1- and sn-3-positions is non-random
and correlated to the erucic acid content. Oleic acid begins to be unequally
distributed beiween sn-1 and sn-3 with erucic acid contents above 10 %,
and then again becomes fairly equally distributed when the erucic acid
reaches the highest levels. The sn-1-position is preferred, in some in-
stances very strongly.
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Figure 8;
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The linoleic acid also shows a random distribution {(Fig. 7) in species high
in erucic acid, but a strong accumulation to the sn-1-position in the others.

The linolenic acid has the same over-all distribution pattern, shown in fi-
gure 8, but the asymmetry i8 not as pronounced ag for linoleic acid, -

Figure 9 gives a survey of the positional disiribution of the Category II
acids between sn-1 and sn-3. The curves represent the deviations from
random distribution using the differences (mole per cent at sn-1 minus
mole per cent at sn-3). It is clearly evident that the non-random distribu-
tion decreases with increasing unsaturation. '
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