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Abstract-Leaves of pea and broad bean plants were incubated with acetate-[14C] at temperatures varying from 7 to 
34”. No significant difference was observed in the distribution of radioactivity between phosphatidylcholine and the 
galactosylglycerides in pea with different temperatures. However, increasing temperatures increased the labelling of 
phosphatidylcholine in broad bean leaves, at the expense of polar lipids other than the galactosylglycerides. The 
incubation temperature had no significant effect on the pattern of labelling of the fatty acids of the major leaf lipids. 
A correlation was seen in the specific radioactivity of oleate and linoleate in phosphatidylcholine and, especially, in 
the galactosylglycerides. The data emphasise the rapid equilibration of oleate and linoleate (which probably occurs by 
transacylation) between the two galactosylglycerides and phosphatidylcholine in leaf tissues. 

INTRODUCTION 

Higher plant leaves contain large amounts of acyl lipids, 
much of which is associated with the thylakoid mem- 
branes. These lipids are remarkably rich in the poly- 
unsaturated fatty acids, linoleic and cc-linolenic, which 
may account for up to 95 % of the acyl moieties of certain 
lipids [ 11. In spite of the huge quantities of lipid involved, 
the details of polyunsaturated fatty acid synthesis in 
plants are not only unclear but also, at present, a subject 
of some controversy [2]. 

Palmitoyl-acyl carrier protein is produced by fatty acid 
synthetase, elongated by palmitate elongase and the 
resultant stearoyl-acyl carrier protein is desaturated by 
a A9-desaturase to form oleate. These 3 steps in leaves are 
probably mainly localized in the chloroplast [3]. Two 
types of substrate have been suggested for oleate (and 
linoleate) desaturation. Firstly, oleoyl-CoA has been 
used as a substrate in two storage tissues [4,5]. From their 
studies with oleoyl-CoA in leaves, however, Slack et al. 
[6] suggested that the acyl moiety was transferred to 
phosphatidylcholine which was the true substrate. In- 
deed, some years before, the high rates of labelling of the 
fatty acid moieties of a number of complex lipids in 
photosynthetic tissues had led to the suggestion that 
intact lipids could act as substrates for desaturation. 
These proposals included diacylgalactosylglycerol which 
was implicated in green and blue-green algae [7] and 
phosphatidylcholine which was suggested to be involved 
(possibly as the actual substrate) in linoleate synthesis in 
Chlorella [8]. Direct evidence for phosphatidylcholine as 
a substrate for oleate desaturation has been obtained in 
rat liver [9] and in various micro-organisms [lO-121. 
This has supported the hypothesis that this lipid is the 
substrate for oleate and linoleate desaturation in higher 
plant leaves [13-161. The same lipid has also been pro- 
posed as a donor for linolenate of the chloroplastic 
galactolipids [14, 161, possibly via a phospholipase 
reaction [17]. In addition to a sequential desaturation of 

fatty acids at the C,, level to a-linolenate [18, 191, a 
second pathway has been proposed which involves 
desaturation at the C,, level to a trienoic acid which is 
then elongated [20]. 

Environmental temperature has been found to cause 
significant changes in the endogenous fatty acid composi- 
tion of plant tissues, including leaves. Part of the reason 
for these changes is undoubtedly the correlation of 
membrane fluidity with enzyme activity [21]. The mecha- 
nism(s) by which plants are able to adapt to temperature 
variation are, at present, unclear. The solubility of oxygen 
[22, 231, and induction [24] or modification [25] of 
desaturase activity have all been proposed. 

We have used the incubation of leaf preparations at 
different temperatures to obtain some information con- 
cerning the above proposals. In addition, large differences 
in temperature were used in an effort to change the 
strikingly similar specific radioactivities which were 
observed for oleic and linoleic acids in phosphatidyl- 
choline and the galactolipids of several plant leaves [26]. 
This similarity has important implications in the pro- 
posed routes for fatty acid desaturation. Two plants were 
chosen for the experiments, Pisum sativum and Viciafaba, 
both of which exhibit high rates of fatty acid synthesis 
but markedly different esterification of the newly syn- 
thesized moieties [26, 271. In addition, the specific prep- 
arations used in the present experiments were physio- 
logically different (see Experimental) from those used 
previously [26, 271. 

RESULTS AND DISCUSSION 

As a preliminary to the examination of fatty acid 
labelling, I determined the distribution of radiolabel 
amongst different acyl lipid fractions (Table 1). In com- 
mon with other studies using mature or expanded leaves 
[13, 161, the fatty acids of phosphatidylcholine were 
highly labelled in pea leaves. Interestingly, raising the 
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Table 1. Distribution of radioactivity in complex lipids of pea 
and broad bean leaves incubated at different temperatures with 

acetate-[“VI?] 

Lipid Distribution (7; total) 

I’ 24 34’ 
Pea NL 11.2 &- 2.4 9.5 & 2.2 

MGDG - 3.2 + 0.2 3.3 f 0.2 
DGDG 4.1 * 0.5 3.7 + 0.2 
PC - 81.5 & 2.5 83.5 + 1.1 

Broad NL 2.9 k 0.6 2.8 I_ 0.6 2.6 + 0.1 
bean MGDG 38.5 + 1.0 33.9 f 3.2 36.8 + 1.4 

DGDG 6.7 & 2.1 7.1 t 1.5 7.2 _+ 0.4 
PC 12.4 + 1.1 20.2 + 3.4 21.6 + 3.6 
PL 39.7 + 1.9 36.6 k 5.8 25.5 + 4.8 

Results are expressed as means +_ s.d. (n = 4, pea; n = 3, 
broad bean). MDGD = Diacylgalactosylglycerol, DGDG = 
diacylgalabiosylglyceroi, NL = other neutral lipids, PC = 
phosphatidylcholine, PL = other polar lipids (mainly phos- 
phatidylglycerol, phosphatidylethanolamine, and sulpholipid). 
Incubations were carried out for l-4 hr, with no difference in 
distribution of counts observed between different incubation 
times. 

temperature of incubation from 24 to 34 did not alter 

the relative distribution ol’ counts between the galacto- 
sylglycerides and phosphatidylcholine. Since the broad 
bean tissue was younger, more counts were observed in 
the diacylgalactosylglycerol fraction, again in keeping 
with previous results [15,26] including broad bean [27]. 
Because the previous data with developing pea, barley 
and wheat leaves had indicated such a close relationship 
between the fatty acids of galactosylglycerides and phos- 

phatidylcholine [26], we included other polar lipids in 
our study of broad bean (Table 1). With increasing 
incubation temperature, the fatty acids of these polar 
lipids were less well-labelled, while those of phos- 
phatidylcholine were more heavily labelled. These data 
are interesting since they may indicate an adaptive 
alteration in the rate of synthesis of certain complex 
lipids as a result of environmental temperature. In a 
similar fashion, changes in the growth temperature of 
alfalfa did not alter the fatty acid compositions of indi- 
vidual lipids--variations were induced by increases in 
the relatively more saturated lipids [28]. In broad bean 
as with pea (Table l), the proportion of total label in the 
galactosylglycerides was not changed with incubation 
temperatures. 

We next studied the fatty acid moieties of the acyl 
lipid fractions (Tables 2 and 3). Phosphatidylcholine was 
highly labelled in its oleoyl moiety, particularly in the 
case of pea leaves. Broad bean leaves contained a higher 
proportion of radioactivity in palmitic acid and the 
‘other polar’ lipids also contained a substantial percen- 
tage of label in palmitate. The galactosylglycerides of pea 
contained relatively more radiolabel in linoleic acid 
when compared with phosphatidylcholine but in the 
broad bean preparations the distribution of counts were 
rather similar. The general features of labelling seen in 

Tables 2 and 3 are broadly similar to previous data from 
higher plant leaves [13~-16, 26, 27, 291. However, it is 
important to note that. presumably because of the dif- 
ferent physiological state of the tissues used, n-linolenate 
was only poorly labelled in the present experiments 
(cf. [27]). In addition, the labelling patterns were not 
significantly affected in either tissue by the temperature 

lablc 2. Dlstrlbution of radioactivity in the fatty acids of phospholipids of pea and broad bean lca~cs incubated a1 dlffcrcnt 
temperatures 

Plant Lipid 
Incubation 

temp. (“) 16:O 
[‘“Cl-Fatty acids (‘I,, total) 

18:O 18:l 18:2 Others 

Pea 

Broad 
bean 

PC 
PC 
PC 
PC 
PC 
PL 
PL 
PL 

24 8.5 j 1.7 
34 10.6 F 1.9 

7 32.5 + 1.9 
24 34.4 + 3.4 
34 29.5 i_ 0.5 

7 21.5 + 0.7 
24 21.3 * 1.1 
34 20.9 _+ 0.4 

1.1 4 0.3 
1.5 + 1.2 
1.7 & 1.1 
1.7 * 0.2 
1.5 i 0.6 
1.5 + 0.8 
1.5 _+ 0.5 
1.9 * 0.4 

72.7 -i_ 7.0 
64.2 $ 1.5 
j2.5 i 3 5 

46.5 ; I.5 
52.6 + 0.7 
57.7 + 0.8 
49.5 * 1.0 
5X.3 & 1.5 

17.3 * 4.3 
23.6 + ?.l 
18.2 * 0.6 

18.0 F 2.6 
16.3 t 3.2 
20.2 * I.’ 
17.8 & 6.5 
‘1.6 & 0.4 

0.4 .+ 0.1 
0.1 _t 11 
0.1 _c tr 

tr 
0.1 -k tr 
0.1 * tr 

lr 
2.3 + 0.8 

Results are expressed as means f sd. (n = 4, pea; n = 3, broad bean). For abbreviations, see Table 1. 

Table 3. Distribution of radioactivity in the fatty acids of galactolipids of pea and broad bean leales incubated at different 
temperatures 

Plant Lipid 
Incubation 

temp. (“) 16:0 
[‘4C]-Fatty acids (“0 total) 

18:O 18:l 18:2 Others 

Pea 

Broad 
bean 

MGDG 
DGDG 
MGDG 
DGDG 
MGDG 
DGDG 
MGDG 
DGDG 
MGDG 
DGDG 

24 
24 
34 
34 

7 
24 
24 
34 
34 

Results are expressed as means 

3.0 * 1.2 
16.4 I 4.1 
3.7 _t 0.7 

18.9 + 3.2 
19.4 & 0.4 
17.6 f 1.5 
22.9 + 2.9 
22.1 & 2.5 
24.8 i 7.2 
21.5 I 2.9 

ksd.(n=4,pea;n 

tr 
tr 
tr 
tr 

4.5 * 2.1 
1.8 f 0.7 

0.7 ‘: 0.2 
2.8 I 1.9 
2.3 * 0.2 

= 3. broad bean). For 

54.3 I_ 6.4 
55.2 & 5.2 
43.2 2 3.8 
47.0 + 2.3 
58.0 * 2.3 
59.3 + 3.1 
54.0 k 0.6 
53.6 2: 1.2 
5.3-O + 5.5 
57.6 + 2.5 ._ 

abbreviations. 

35.6 k 5.9 
2x.3 & 3.1 
40.9 _c 4.9 
34.1 & 4.0 
18.1 jI 0.5 
19.8 * 1.4 
21.6 i_ 1.4 
23.6 + 1.6 
18.9 + 3.3 
17.8 + 3.2 

7.0 _i 2.0 
tr 

12.2 + 2.9 
t1 
11 

2.3 2. 0.8 
1.5 f 0.5 

0.5 :’ 0.1 
0.8 + 0.2 

see Table I 
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EXPERIMENTAL 12. Pugh, E. 1. and Kates, M. (1975) Biochim. Biophys. Actn 380, 

Pea seeds (Pisum satinurn cv Kelvedon Wonder) were obtained 

from Thompson and Morgan Ltd., Ipswich, and broad bean 

seeds (Vicia fabu cv Beagle) from the Scottish Horticultural 
Research Institute, Invergowrie, Scotland. Seeds were grown in 

John Innes Seed Compost under normal daylight conditions 
(14 hr daylight, 15-19”). Expanded pea leaves were used from 

plants ca 20 days old. Broad bean plants were pruned after 10 

days and the tirst pair of expanding leaves which subsequently 

developed were used. Both prepns, therefore, contrasted with pea 

and broad bean leaves previously used [26, 271. 
Zncorportrtinn studies. Leaves were detached and incubated 

with Na acetate-[1-‘“Cl (Radiochemical Centre, Amersham, 

60 mCi/mmol) as previously [26]. Incubations were for 0.5 to 

4 hr under constant temp. of 7, 24 or 34’. Total lipids were 

extracted from leaves [26] and total radioactivity in the non- 

lipid and lipid portions determined. In addition, aliquots were 

taken from the incubation soln as an additional check for total 

uptake of radioisotope. 

Lipid wudysis. Total lipids were separated by TLC on Si gel 

G using Me,CO-C,H,-H,O (90:31 :S) and visualized with 

O.oOl”/, aq. Rhodamine 6G. Radioactivity in the separated 

lipids was detected with a spark chamber scanner and fatty 
acids transmethylated with 0.5 M NaOMe in MeOH. Fatty 

acid Me esters were separated and quantitated as previously [26]. 
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