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Abstract—Rape, Brassica napus is a C .5 plant, the leaves of which contain mainly “‘prokaryotic’’ molecular
speciest of monogalactosyldiacylglycerol (MGDG) (18:3/16:3, 76 mol%) and ‘‘eukaryotic” molecular species
of digalactosyldiacylglycerol (DGDG) (18:3/18:3, 70 mol%). Phosphatidylglycerol (PG) contains nearly
exclusively “prokaryotic” molecular species (18:3/16:1', 18:3/16:0 and 18:2/16:1%), whereas phos-
phatidylcholine (PC) and phosphatidylethanolamine (PE) are exclusively formed by “‘eukaryotic” (C /C g,
C,s/C,s) molecular species. A heat shock provoked a great decrease in [1-'*C] acetate incorporation into rape
leaf lipids, a decrease in the labelling of polyunsaturated fatty acids and an increase in the labelling of palmitic
acid. After a heat shock, more saturated labelled molecular species (16:0/18:2, 16:0/18:3) appeared in PC
and DGDG. The biosynthesis of prokaryotic MGDG molecular species was more inhibited by a heat shock
than the biosynthesis of those of eukaryotic MGDG. Heat shock provoked an increase of 18:3/16:0 and
18:2/16:0 MGDG molecular species ; thus, the chloroplastic palmitoyl MGDG desaturase could be affected.
@ 1998 Published by Elsevier Science Ltd. All rights reserved

INTRODUCTION dependent on the stability of the chloroplast mem-
brane [3].

Brassica napus is a C,q; plant, incorporating cis-
7,10,13 hexadecatrienoic acid (C,.;) into mono-
galactosyldiacylglycerol (MGDG) [4]. It has been
shown, that in such plants, MGDG is synthesized
both by chloroplastic (or prokaryotic) and cyto-
plasmic (or eukaryotic) pathways, the former leading
to C,4/C,, molecular species, the latter to C,53/C,s and
C,6/C s molecular species [S]. We reported herein, the
consequences of a heat shock on molecular species
composition and on the biosynthesis of the main polar
lipids in rape leaves.

Rape (Brassica napus) is an oilseed plant of great
potential economical interest for Algeria. The main
problem for growing rape in this country, however,
is the high environmental temperature encountered
during the summer.

Many organisms respond to a change in environ-
mental temperature by altering the fatty acid com-
position of their membrane lipids. Growth at high
temperature usually results into a decrease in the
polyunsaturated fatty acid content ; such a decrease is
associated with reduced membrane fluidity [1]. On
the contrary, growth at low temperature is usually
accompanied by an increase in the unsaturation of
membrane fatty acids, possibly to maintain a high RESULTS AND DISCUSSION
mcmbrane fluidity [2]. The upper lim?t of temperature Composition of rape leaf lipids
at which most plant species can survive appears to be

The main polar lipid classes found in rape leaves
are monogalactosyldiacylglycerol (MGDG), diga-
lactosyldiacylglycerol (DGDG), phosphatidylglycerol
* Author to whom correspondence should be addressed. (PG)] phosphahdylcholme (PC) and  phos-
+ A molecular species is defined by its fatty acid com- phatidylethanolamine (PE) (Table 1). The major

position ; the fatty acid esterified in position snl of glycerol molecular species of MGDG is the 18:3/16:3 pro-
is given first, the fatty acid esterified in position 2 being given ~ karyotic molecular species (77%). MGDG is very rich
after the slash bar. in molecular species containing six double bonds
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Table 1. Molecular species composition (mol%) of main
polar lipids of rape leaves

Molecular

species MGDG DGDG PG PC PE

77.1 5.3 - -
18.2 -
[.1
1.1 1.5
0.4

18:3/16:
18:3/18:
18:3/16:
18:2/18:
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(18:3/16:3 and 18:3/18:3), which represent 95% of
the total MGDG. In marked contrast to MGDG, the
18:3/18 : 3 eukaryotic molecular species is the most
abundant (71%) in DGDG. Three kinds of molecular
species, all of “prokaryotic type”, are abundant in
PG: 18:3/16:0, 18:3/16:1", and 18:2/16:0. In PC
and PE, the eukaryotic molecular species. 18:3/18:3,
18:2/18:3, 18:2/18:2, 16:0/18:3 and 16:0/18:2,
are predominant,

Effect of heat shock on composition of molecular species

Applying a heat shock (36 ' for 24 h) to rape plants
caused small changes in the molecular species com-
position of MGDG (Table 2). The percentage of the

F. Ap eral.

18:3/16:3 prokaryotic molecular species decreased
in MGDG from 77% to 72%. but those of all the
eukaryotic molecular species (18:3/18:3, 18:2/18:3
and 16:0/18:3) increased in MGDG. The ratio of
C4/Cs (prokaryoticy MGDG molecular species to
Cs/C)g (eukaryotic) MGDG molecular species was
reduced from 4.0 in control plants to 3.0 in stressed
plants. This result shows that the chloroplastic path-
way of MGDG biosynthesis was more sensitive to a
heat shock than the extrachloroplastic pathway, sug-
gesting that the non-chloroplastic biosynthesis path-
way contributed to maintain a correct amount of
MGDG in stressed plants. There were also significant
changes in PC and DGDG molecular species,
16:0/18:3 PC and 16:0/18:3 DGDG increasing
from 18% to 36% and 18% to 30%, respectively, with
18:2/18:3 PC decreasing from 25% to 6% (Table 2).

After heat shock, the appearance or the increase
of content more saturated PC, MGDG and DGDG
molecular species, like 16:0/18:1 PC, 18:0.18: 3 PC,
18:1/18:2 PC and 16:0/18:3 MGDG were noted.
16:0/18:3 eukaryotic molecular species increased
noticeably in the three lipid classes.

Effect of heat shock on incorporation of [1-'*C] acetate
into polar lipids

Microdroplets of [1-'*C] acetate were deposited on
the leaf surface of control and stressed plants. After
24 h of labelling, a marked decrease in the labelling
of leaf lipids was observed in heat stressed plants
cultivated at 36° (["*C] incorporation decreased from
43x10° dpm g' FW to 13x10° dpm g=' FW).
Because acetate is a direct precursor of fatty acid
synthesis, the decrease in labelling probably reflected
inhibition of fatty acid synthetase activity. The dis-
tribution of label in polar lipids after 24 h in control
and stressed plants is shown in Fig. 1. The [1-"C]
radioactivity was recovered mainly in MGDG (40%)
and PC (30%) in control plants.

Table 2. Effects of heat shock on composition (mol%) of main molecular species of MGDG, DGDG and PC of rape leaf

lipids

MGDG DGDG PC
Molecular
species Control Stressed Control Stressed Control Stressed
18:3/16:3 77.1 72.0 5.3 - — -
18:3/18:3 18.2 19.8 71.2 69.0 24.4 15.0
18:2/18:3 [.1 33 1.5 t 25.8 6.2
16:0/18:3 0.8 4.5 17.8 30.0 17.7 36.5
18:2/18:2 — . — 10.0 10.4
18:1/18:3 —- - - 5.0 5.2
16:0/18:2 4.2 11.4 10.2
18:1/18:2 — 4.0 2.6
18:0/18:3 - - — 7.0
16:0/18: 1 6.2
Others 2.8 04 1 1.7 0.7
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Fig. 1. Distribution of radioactivity in polar lipids from control or stressed plants after 24 h labelling by [I1-'*C] acetate.
Results are expressed as % of total lipid radioactivity and each value is the average of two independent assays.

After a heat shock, the incorporation of radio-
activity into DGDG and MGDG decreased by 10%
and 90%, respectively: the relative radioactivity
decreased markedly in MGDG but remained quite
constant or slightly increased in all other lipid classes
(Fig. 1). Thus, heat treatment decreased the labelled
MGDG to labelled DGDG ratio from 11.4 to 1.5, but
did not affect so much DGDG synthesis and decreased
the MGDG/DGDG ratio. These fluctuations have
already been correlated with the heat tolerance of the
photosynthetic apparatus of chloroplasts in vivo [6]. In
contrast, the labelled phospholipid/galactolipid ratio
(PL/GL) increased from 1.3 to 2.6 MGDG biosyn-
thesis was thus apparently more sensitive to heat
shock than that of DGDG and phospholipid.

Effects of heat shock on incorporation of [1-'*Cl acerate
into fatty acids

Table 3 shows the labelling of fatty acids in the
main polar lipids of rape leaves 24 h following the
deposition of ["*C]-acetate microdroplets onto control

or stressed plants. In control plants, the main labelled
fatty acids synthesized in leaf total lipids were palmitic
acid (Cyq.0) (19.5% of total fatty acid radioactivity),
linoleic acid (C,g.) (32.3%), linolenic acid (C,q.5)
(26%). InMGDG, C,,;(32%) and C ;.. (48.5%) were
the most labelled fatty acids (Table 3). In DGDG, PG
and PC, the fatty acids labelled the most were palmitic,
linoleic and linolenic.

After a heat shock, there was a marked decrease in
the amount of labelling of unsaturated fatty acid in
total, as well as in polar lipids. For example, labelling
of linolenic and hexadecatrienoic acids in MGDG
decreased from 48% to 23% and from 32% to 13%,
respectively (Table 3). The relative labelling of pal-
mitic acid increased in DGDG, PG and PC and that
of stearic acid increased in MGDG, DGDG and PC.

A 24 h heat shock produced a drastic decrease of
labelled polyunsaturated fatty acids in phospholipids,
as well as in galactolipids. On the other hand, the
same heat shock increased the percentage of labelled
palmitic acid in phospholipids and in galactolipids.
To explain these modifications, it can be supposed

Table 3. Effect of heat shock on incorporation of sodium [1-'*C] acetate into rape polar lipid fatty acids (results expressed
as % of total fatty acid radioactivity within a lipid class)

MGDG DGDG PG PC
Lipids Control Stressed Control Stressed Control Stressed Control Stressed
Cuoo 20 27.1 316 63.8 52.0 74.7 176 45.2
Crori 4.1 42
Choa 8.9 125 4.1 1.0 — —
Cion 317 12.5 2.1 - —
Cisa 4.1 4.2 _ 2.1 3.0 16.8
Cra 7.3 6.1 9.6 5.1 1.5 10.0 18.9
Cisa 8.9 13.5 25.5 12.8 235 7.4 57.3 13.7
Cigs 48.5 229 30.6 8.5 153 12.1 53

Mean values from four experiments.
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that the heat shock partially inhibited chloroplastic
palmitoyl-ACP elongase in chloroplasts. However, we
also observed that the labelled stearic acid content
increased in all polar lipids ; thus, a simultaneous inhi-
bition of chloroplastic stearoyl-ACP desaturase and
an increased export of stearic acid towards cytoplasm
can also be postulated. In good agreement with this
hypothesis, Cheesbrough [7] has demonstrated the
regulation of stearate biosynthesis by growth tem-
perature.

Effects of heat shock on incorporation of [1-'*Cl acetate
into molecular species

In PC and DGDG, we observed. after a heat shock,
a decrease in the relative labelling of polyunsaturated
molecular species, such as 18:3/18:3,18:2/18:3 and
18:2/18:2, and an enhancement of the relative label-
ling of more saturated molecular species, such as
16:0/18:3and 18:0/18:3,16:0/18: 1 and 18:0/18:2
(Fig. 2). In PC, the absolute lowering of the biosyn-
thesis of the 18 : 3/18 : 3 molecular species is confirmed
by the decrease in the specific activity of Cy; in this
molecular species (1702 dpm ug ' FA incontrols; 171
dpm pug ' FA in stressed plants). On the other hand,
the specific activities of the fatty acids in more satu-
rated molecular species increased after heat shock.

The heat shock caused a decrease in the labelling of
prokaryotic MGDG molecular species from 93.6%
to 77.7% and the percentage of labelled eukaryotic
MGDG molecular species increased from 6.4% to
22.3%. The ratio of labelled prokaryotic molecular
species vs eukaryotic molecular species varied from
14.6 in control plants to 3.4 in stressed plants. The
relative labelling of prokaryotic MGDG containing
more unsaturated molecular species (18:3/16:3 and
18:3/16:2) decreased, while the prokaryotic MGDG
comprising more saturated molecular species slightly
increased (18:3/16:1, 18:2/16:2, 18:3/16:0 and
18:2/16:0). On the other hand, the percentage of
more saturated MGDG molecular species, both of
eukaryotic (16:0/18:3 and 16:0/18:2) and pro-
karyotic (18:3/16:0and 18:2/16:0) types, increased.
Thus, considering the prokaryotic molecular species,
18:3/16:0 MGDG increased from 0.5% to 13.1%
and 18:2/16:0 MGDG increased from 2.3% to
10.5% (Fig. 2). In marked contrast, 18:3/16:3
MGDG decreased from 65.7% to 20.2% after heat
shock.

The quantitative variations of molecular species
constituting MGDG in rape leaves showed that the
unsaturation of this lipid class did not vary so much
after a 48 h heat shock. To explain these results we
suppose that an increase in the saturation of unla-
belled lipids could not be detected after 48 h of heat
shock, whereas the decrease in unsaturation of newly
synthesized labelled lipids became fully apparent after
48 h of heat shock. On the other hand. the mass of
DGDG was not significantly altered by the heat shock
and the incorporation of [1-"*C] acetate into this par-

F. A et al.

ticular lipid decreased only by ca 10%: thus the
biosynthesis of DGDG could be relatively insensitive
to temperature. This is in good agreement with out
quantitative data.

Considering the reaction sequence known for the
prokaryotic MGDG species [8]:

18:1/16:0 > 18:1/16:1 - 18:2/16:2 > 18:3/16:3

we propose that the palmitoyl MGDG desaturase
could be specifically inhibited by the heat shock treat-
ment, thus giving the following reaction sequence :

18:1/16:0—>18:2/16:0 > 18:3/16:0

which would explain the relative accumulation of
18:3/16:0 and 18:2/16:0 molecular species after a
heat shock.

In conclusion, a heat treatment reduced the activity
of several enzymes involved in the chloroplastic path-
way of MGDG biosynthesis. Chloroplastic (pro-
karyotic) molecular species of MGDG represented
93.6% of total MGDG in control plants and 77.7% in
plants shocked at 36°. The biosynthesis of eukaryotic
molecular species of MGDG (18:3/18:3 MGDG and
16:0/18:3 MGDG) was less affected by a heat shock
than the synthesis of prokaryotic molecular species.
Thus, a 48 h heat shock at 36" had the same conse-
quences as growth at a constant high temperature [9].
These results could be explained by the presence of
different types of fatty acid desaturases in plant cells
as suggested by Williams et af. [10] and Gibson e al.
[11]: the synthesis of certain desaturases would be
controlled by temperature and other desaturases
would function equally well at all temperatures.

In good agreement with these proposals, we
observed that a heat shock strongly inhibited the chlo-
roplastic palmitoyl MGDG desaturase but only par-
tially the chloroplastic stearoyl ACP desaturase.

However, it must be noted that Brockman et a/. [12]
found that in Arabidopsis thaliuna calli, the pro-
karyotic pathway of linoleate desaturation pre-
dominated in tissue grown at 28 . while at 18", the
eukaryotic pathway predominated. Thus, in different
species and under different culture conditions one or
the other pathway of fatty acid desaturation (chlo-
roplastic or extrachloroplastic) could be induced by
low temperature or be inhibited by a heat shock.

EXPERIMENTAL

Plant material

Brassica napus L. var. Bienvenue, was grown in a
growth chamber with a 16 h photoperiod at 307/21
light/dark. After one week, plants were transferred to
a greenhouse at 12°. For thermic stress expts, 4 to 5-
week-old plants were transferred from 12 to 36" dur-
ing 48 h.
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Fig. 2. Labelling of MGDG, DGDG and PC molecular species 24 h after treatment with [1-'*C] acetate. ¥ control and
[1stressed.

In vivo-labelling experiments

Microdroplets of [1-'*C] Na acetate (2.1 GBq
mmol~") deposited on the leaf surface of 24 h stressed
and control plants were incorporated during 24 h at
36 or 129, respectively.

Lipid analysis

Lipids were extracted according to Ref. [13]. Polar
lipids were separated by silica gel TLC [14]. After

spraying with primuline and observation under UV
light, lipid spots were scraped off the plates, eluted
and counted in a liquid scintillation counter or fatty
acids were transmethylated according to Ref. [15] and
analysed by radio-GC [16]. Polar lipids were separated
by HPLC on a column packed with silica acid
(7.8 x 300 mm Waters S.A.)[17]. Separation of molec-
ular species was performed by HPLC [18] on a §
um ODS ultraphere HPLC column (Beckman) and
collected. For radioactive samples, radioactivity in
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each compound eluted from the HPLC column was
measured using a continuous flow apparatus. Lipids
from each HPLC fr. were extracted [13]. For quanti-
fication on a mass basis, an appropriate amount of
int. standard (heptadecanoic acid) was added to the
pooled eluate representing each peak. Fatty acid Me
esters from each lipid class were prepd by trans-
methylation [19] and analysed by radio-GC [16]. To
determine fatty acid positions, each molecular species
was hydrolysed with purified lipase A, [20]. Products
of hydrolysis, 2-acyl lysoMGDG and free fatty acids
were separated by TLC [14] and then counted for
radioactivity.
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