@ Pergamon

0031-9422(95)00459-9

Phytochemistry, Vol. 40, No. 5, pp. 1383- 1386, 1995
Copyright © 1995 Elsevier Science Ltd

Printed in Great Britain, All rights reserved
0031-9422/95 $9.50 + 0.00

EFFECTS OF DROUGHT-STRESS ON LIPIDS IN RAPE LEAVES

WAFAA SEQQAT DAKHMA, MOKTAR ZARROUK* and ABDELKADER CHERIFt

Unité de Biotechnologie Végétale et de Ressources Génétiques, INRST BP 95, 2050, Hammam-Lif, Tunisia; t+Ecole Supérieure des
Industries Alimentaires, Tunis E! Khadra 1002 Tunis, Tunisia

(Received in revised form 15 May 1995)

Key Word Index - Brassica napus. Crucifereae; rape; drought-stress; fatty acids; lipids.

Abstract—One-month-old plants of rape (Brassica napus cv. Drakkar) were subjected to water-deficit stress by
withholding irrigation. Leaf lipid composition from control plants (well-hydrated) and water-stressed plants was
analysed. Drought-stress induced a sharp decrease in galactolipid and phospholipid contents, whereas the content of
neutral lipids increased. The fatty acid composition of leaf lipids was also affected under water-deficit stress. The
percentage of linolenic acid (18:3) decreased mainly in monogalactosyldiacylglycerol and that of linoleic acid

(18:2) in phospholipids.

INTRODUCTION

Drought has profound effects on the lipid metabolism of
higher plants. Various studies showed that water-stress
resulted in alteration of phospholipid and galactolipid
contents in plant tissues [1-5]. Other work showed an
increase of triacylglycerol contents in the leaves of plants
subjected to water-deficits [6, 7]. It has also been shown
[8] that water-stress induced a decline in the amounts of
sterols in rape roots; similar results have been found in
maize leaves [9]. Increased saturation of fatty acids in the
roots of cotton under water-stress was also observed
[10]. In cotton leaves, drought inhibits the biosynthesis
of polyunsaturated fatty acids [3] and desaturase acti-
vities [11].

In a previous study, it was reported [8] that water-
deficit leads to a large decline in phospholipids and to
a slight decrease in esterified and free sterols in rape
roots. The aim of the present investigation was to study
the effects of drought on the lipid and fatty acid compost-
tion of rape leaves.

RESULTS

Brassica napus belongs to the so-called 16:3 plants,
therefore the fatty acid composition of the leaf lipids was
characterized by an appreciable content of hexadeca-
trienoic acid (16:3) which represented 15% of the total
fatty acids. The other important fatty acids were 18:3
(the major component), 16:0, 16:1, 18:0, 18:1 and 18:2
(Table 1).

The total fatty acid composition of rape leaves was
altered by drought treatment. There was a decrease in the
percentages of 18:3 and 16:3 mainly in severely stressed
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leaves (¥ = — 2.7 MPa) (Table 1). This decrease was
paralleled by an increase in 16:0 and 16:1 percentages.

The content of total lipids of rape leaves, as measured
by total fatty acid content (mgg ™! dry wt), was observed
to decline significantly with increasing degree of water-
stress (Table 2). In severely desiccated plants, the amount
of total lipids represented only 46% of the control. The
drop in lipid content was due to a large decrease in the
amounts of galactolipids and phospholipids (Table 2).
Therefore, in highly-stressed leaves the amounts of these
compounds were, respectively, 25.5% and 30% of con-
trols. On the other hand, neutral lipids increased under
water-stress and reached 172% of control levels in
severely stressed leaves (Table 2 and Fig. 1).

Changes in the contents of main lipid components
produced by water-stress are shown in Fig. 1. There was
a pronounced decrease in the amounts of monogalac-
tosyl diacylglycerol (MGDG), digalactosyldiacylglycerol
(DGDG), phosphaditylcholine (PC), phosphatidyl-
glycerol (PG) and phosphatidylethanolamine (PE), while
amount of phosphatidic acid (PA) increased and that of
phosphatidylinositol (PI) varied slightly.

These results are similar to those obtained by Svenn-
ingsson and Liljenberg [8], who reported a significant
decrease in total lipids, galactolipid and phospholipid
contents and an increase of neutral lipids of rape roots
submitted to drought treatment. In the same way, it has
been shown [12] that water-deficit resulted in a large
decrease in various lipid classes (MGDG, PC and PE),
while the triacylglycerol amounts increased considerably
in leaves of two Lupinus albus genotypes.

The changes in fatty acid composition due to stress
differed somewhat between the individual lipids (Tables
3 and 4). Within MGDG, the 18:3 content varied from
56% in control to 42% in severely stressed leaves. The
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Table 1. Effect of water-deficit on total fatty acid composition of rape leaves*

% of total fatty acids

Treatment* 16:0 16:1 16:3 18:0 18:1 18:2 18:3
C 14.0 2.6 14.7 2.1 5.3 13.8 47.3
+ 1.3 +0.3 + 0.6 +0 +1.0 + 1.5 + 1.7
MS 12.1 6.4 14.9 2.5 5.7 12.9 45.5
+09 + 2.1 + 1.2 +0.2 + 0.7 + 0.8 +14
SS 19.7 10.6 10.5 2.8 40 11.5 40.8
+22 + 1.6 + 1.2 +04 + 0.9 + 0.7 +20

*Results are given as % of total fatty acids. Values are means of 10 plants + s.d.
+C. control; MS, mild stress: SS. severe stress.

Table 2. Effect of water deficit upon the lipid content (mg g~ ! dry
wt) of rape leaves*

Control Mild stress  Severe stress
Total lipids 280 204 129

+ 20 + 22 + 16
Phospholipids 10.9 7.5 33

+ 07 + 08 + 03
Galactolipids 13.6 6.6 3.5

+ 06 + 04 + 05
Neutral lipids . 64 6.1

+ 0.2 + 0.5 + 03

*Values are means of 10 plants + s.d.

16:3 content decreased slightly only in severely stressed
leaves and that of 16:0 increased. The fatty acid composi-
tion of DGDG was not affected. Similar changes in fatty
acid composition of phospholipids were observed. There-
fore, in all phospholipids, the 18:2 percentage decreased
with an increase of 16:0. In neutral lipids, 18:3 increased
at the expense of 16:1. These results showed that water-
stress tends to reduce the degree of unsaturation of rape
leaf lipids. Svenningsson and Liljenberg [8] have also
reported decreased unsaturation in the phospholipids in
rape roots under water stress. Zuily-Fodil et al. [13] also
showed a decrease in the degree of unsaturation of
MGDG, PC and PG in three cultivars of Cajanus cajan
submitted to water deficit. This decrecase was due to
decreased levels of 18:2.

DISCUSSION

Water stress induced a large decline in the amount of
total lipids in the leaves of rape. The galactolipids
(MGDG and DGDG) and phospholipids (PC, PG and
PE), the major lipid classes present, decreased signifi-
cantly to very low levels in response to water deficit. Such
findings are in agreement with previous studies [5.8,12].
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Fig. 1. Lipid classes of rape leaves subjected to water-stress.

The decrease in galactolipids (main chloroplastic lipids)
and in phospholipids (PC and PE) indicates that drought
affects the chloroplast as well as the extrachloroplastic
compartment.

Fatty acid composition of the main lipids of rape
leaves was also affected under water stress. The major
changes concerned the decrease in levels of 18:3 and 16:3
of MGDG and that of 18:2 in phospholipids. These
results are in agreement with those obtained by Pham Thi
[14] on cotton leaves submitted to drought.

In parallel with the decrease in the amounts of polar
lipids, an increase in the neutral lipids was observed in
rape leaves subjected to drought conditions. Such neutral
lipid content and mainly triacylglycerol accumulation
has been previously observed in other plants submitted
to water stress [7,12]. Some authors [8] suggested that
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Table 3. Fatty acid composition of neutral and galactolipids from rape leaves after water-deficit stress”

% of total fatty acids

Lipid Treatmentt 16:0 16:1 16:3 18:0 18:1 18:2 18:3
MGDG C 36 343 1.1 0.6 3.7 56.6
+ 08 + 23 1 01 +02 +04 + 1.6

MS 11.0 332 1.5 0.9 34 50.0

+ 06 + 11 + 00 02 +0.5 + 24

SS 15.4 1.4 29.1 33 2.6 53 42.8

+ 09 + 05 + 16 + 04 £02 + 0.4 + 3.1

DGDG C 214 0.7 29 23 22 9.1 61.2
+ 10 + 02 + 08 + 14 +04 +0.7 + 19

MS 19.7 0.8 53 2.6 1.8 8.2 61.5

+ 1.7 4+ 05 + 04 4+ 03 100 +0.5 + 14

SS 222 09 5.7 3.6 29 7.9 56.7

+ 06 + 03 + 06 + 10 +07 +0.7 + 33

Neutral lipids € 20.1 30.0 13.7 5.5 26 9.6 18.4
+ 20 + 33 + 14 + 04 +£03 +0.7 + 09

MS 16.1 10.9 30.7 5.5 27 7.0 26.7

+ 17 4+ 10 + 36 + 02 101 + 1.0 + 21

SS 29.8 10.0 133 10.3 20 6.9 27.6

+ 31 + 05 + 15+ 08 + 0.1 + 0.6 + 18

*Values are means of 10 plants + s.d.
+C, control; MS, mild stress; SS. severe stress.

Table 4. Fatty acid composition of phospholipids from rape leaves after water-deficit stress*

% of total fatty acids

Lipid Treatment+ 16:0 16:1 16:3 18:0 18:1 18:2 18:3
PC C 350 1.5 0.5 4.1 8.7 222 279
+ 24 + 05 + 0.6 + 14 +0.5 + 13 + 22

MS 40.8 2.2 24 3.7 6.5 17.8 26.6

+ 16 + 03 +04 +0.9 +04 + 08 + 26

SS 514 1.3 25 34 35 12.9 248

+ 29 4+ 05 +0.2 +0.5 +02 + L1 + 45

PG C 33.0 243 3.1 1.6 34 15.7 18.7
+ 20 + 12 +04 +05 +03 + 13 + 0.6

MS 371 278 26 1.9 23 12.7 154

+ 14 + 36 + 0.6 +02 + 0.1 + 07 + 14

SS 44.4 227 7.0 4.1 8.7 12.8

+ 4.1 + 1.6 + 50 + 04 + 0.8 + 0.5

PE C 313 3.1 20 53 6.5 329 18.8
+ 15 + 09 104 + 0.7 +13 + 18 + 0.7

MS 40.7 4.5 1.5 5.3 44 26.7 16.7

+ 19 + Il +05 +10 +0.2 + 08 + 23

SS 40.6 9.1 5.6 5.1 4.6 144 20.5

+ 1.7 + 20 + 1.3 +10 +0.2 + 05 + 04

*Values are means of 10 plants + sd.

+C. control; MS, mild stress: SS, severe stress.

the adaptation significance of this accumulation resides
in the properties of these molecules, their high calorific
value and their hydrophobic character. Alternatively, it
could be supposed that free fatty acids, produced during
water stress by action of lipases on polar lipids, could be

stored in triacylglycerols, in order to avoid oxidation by
free radicals and activated oxygen forms. Neutral lipid
production can be considered as a defence mechanism of
the plant against drought [12]. However, the decreased
contents of polar lipids in rape leaves upon exposure to
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water stress indicates disorganization of cellular mem-
branes, particularly those of chloroplast. A reduction in
amounts of membrane lipids was observed in senescent
plants [15]. It could be supposed that drought induced
an anticipated senescence in rape.

EXPERIMENTAL

Plant material and drought treatments. Rape (Brassica
napus L. cv. Drakkar) plants were cultivated in clay pots
(20 cm diameter) filled with sand and kept in a green-
house under controlled conditions:14 hr day at 25°,
10 hr night at 20°, relative humidity 50%. Plants were
irrigated x 3 per week using a nutrient soln [16] and
used for experimentation when they were 4 weeks old. At
this stage, plants had four well-developed leaves. 4-
week-old plants were then subjected to 2 levels of water
deficit by withholding irrigation. Watering was sus-
pended for 5 days for mildly stressed plants (MS, leaf
water potential ¥ = — 1.3 MPa) and 10 days for severely
stressed ones (SS, leaf water potential ¥ = —2.7 MPa).
Control plants (C, well hydrated) were irrigated every day
and maintained a leaf water potential (¥ = —0.5 MPa).
Leaf water potentials were measured in a pressure cham-
ber [17]. Ten plants were used for sampling and the third
and fourth leaves starting from the apex were harvested.

Lipid analysis. Total lipids were extracted using
CHC1;-MeOH-H,0O (1:1:1) [18]. Polar lipids were sep-
arated by TLC on silica gel plates 60 (Merck) in
CHCl3-Me,CO-MeOH-HOAc-H,0 (1:4:2:2:1) [19].
Lipid spots were detected by brief exposure to I, vapour.
Identifications were by comparison with reference lipids
and by specific stains for phospholipids and galacto-
lipids. Fatty acids from total lipids and lipid classes were
transmethylated with MeOH-BF; [20]. Fatty acid Me
esters were analysed by FID-GC on a metal column
(1.8 m x3mm 1d.) packed with GP 3% SP-2310/2%
SP-2300. Carrier gas N,, flow rate 20 mimin~*. The
column was maintained isothermally at 190°. Injector
and detector temps were held, respectively, at 210° and
240°. For measuring the amounts of fatty acids, 17:0 was
added as int. standard before methylation. Calculation of
fatty acid quantities was obtained using an integrator.
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