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Abstract—The effects of incubation temperature and CO, concentration on lipid synthesis in leaves from 7-
day-old wheat plants were studied. Plants were cultivated at 350 umol mol~' (approximately ambient CO,)
and 20° so that, irrespective of the subsequent incubation conditions, the samples were all derived from plants
at the same phenological stage of development. Leaf tissue was incubated with [1-'“Clacetate at 350 pmol
mol~' or 700 umol mol~' CO, concentration and at 20° or 24°. Doubling the CO, concentration had little or
no effect on lipid metabolism. In contrast, a 4° rise in incubation temperature not only increased the rate of
radiolabelling but also altered lipid synthesis qualitatively. Most noticeable of these changes was a marked
increase in phosphatidylcholine labelling evidently at the expense of that of diacylglycerol. The increase in
carbon flux to this extrachloroplastic lipid appeared to be restricted to the distal portions of the leaf tissue,
thus indicating that the stage of tissue development was critical. Surprisingly, an increase of polyunsaturated
fatty acid labelling was found at the higher incubation temperature. This increase was accompanied by a
decrease in labelling of oleate in the main radiolabelled membrane lipids. In phosphatidylcholine the decrease
in oleate labelling was compensated by a rise in that of linoleate while in monogalactosyldiacylglycerol, both
linoleate and a-linolenate were better labelled at 24°. A molecular basis for these alterations in lipid synthesis
and acyl desaturation is suggested. © 1997 Elsevier Science Ltd. All rights reserved

INTRODUCTION will facilitate the appropriate changes in social, eco-
logical and agricultural policies.

Elevated atmospheric temperatures accelerate plant
growth and, hence, phenological development [4].
However, enhanced growth does not necessarily mean
increased crop yield, because elevated growth rates
in determinate crops, such as wheat, limits the time
available for grain maturation and, thus, can reduce
overall grain yield [5, 6]. Indeed, we have reported
previously that grain lipid content is actually reduced
in wheat plants grown at elevated temperatures [7, §].

The effects of alterations in temperature on plant
lipids have been reviewed [9]. Considerable emphasis
has been placed on determining the effects of low
temperature on lipid synthesis because of the import-
ance of understanding cold-tolerance in economically
viable crops. As a result a greater understanding of the
Abbreviations: DAG = diacylglycerol; DiPtdGly = diphos- cot'ln'ections between af:yl desaturation and membr.ane
phatidylglycerol  (cardiolipin);  DGDG = digalacto- ﬂuldlty has been achlfeved [10, 11]. 'However, little
syldiacylglycerol; MGDG = monogalactosyldiacylglycerol;  attention has been paid to the possible effects that
PtdCho = phosphatidyicholine;  PtdEtn = phosphatidyl- ~ clevated temperatures may have on lipid metabolism,
ethanolamine; PtdGly = phosphatidylglycerol; SQDG- and yet, with the perceived threat of global warming,
= sulphoquinovosyldiacylglycerol. this scenario warrants investigation. Therefore, we

Wheat is one of the world’s major crops and the most
important cereal in temperate regions. There has been
much speculation as regards the possible effects of
elevated atmospheric temperatures, as part of the pre-
dicted global warming, may have on such crops. It
has been estimated that, by the middle of the twenty-
first century, atmospheric temperatures could rise
from anywhere between 0.5° and 5.5° [1]. It is well
recognised that such climate changes will, in turn,
have complex effects on vegetation [2] including
important crops [3]. Any changes to crop production
will, in turn, have social and economic repercussions.
Therefore, an understanding of this possible scenario
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have been investigating the effects of climate change
on lipid synthesis in wheat leaves because, since lipids
are vital components of membranes, their metabolism
can influence generally growth and development.
Wheat was chosen as a model because, as mentioned
above, it is a very important crop. As part of the
research we have investigated how growth under
different conditions can influence the ability of wheat
leaves to synthesise membrane lipids. However, in
such studies interpretation of results is complicated
by the different speed and nature of development in
the wheat plants [6]. Therefore, in this study we have
chosen to investigate short term effects in order to
examine directly alterations to enzyme reactions and
metabolism. Therefore, the data are not complicated
by overlapping effects of tissue maturation, such as
would occur when plants were also grown under
different temperatures.

Another well recognised contributing factor to the
so-called ‘Greenhouse Effect’ is that of atmospheric
gases such as CO,. Elevated atmospheric CO, is usu-
ally associated with increased photosynthesis [12, 13],
primarily because of the present sub-obtimal levels
of this gas as a substrate for ribulose-bisphosphate
carboxylase/oxygenase activity in C; plants. Although
acclimation to raised CO, is a well recognised
phenomenon in some plants [14, 15], it has not been
observed in winter wheat [16]. Elevated temperature
and CO, levels have been observed to interact as plant
growth enhancement factors [17] in soybean [18] rice
[19] and wheat [6, 20]. Therefore, we have included
elevated CO, as an interacting parameter during our
incubations. The results show marked effects of even
small changes in incubation temperature of lipid syn-
thesis. Unexpectedly. these alterations are qualitative
as well as quantitative.

RESULTS AND DISCUSSION

We have found previously that wheat seedlings
grown for 7 days in an elevated CO, environment were
characterised by marked changes in lipid synthesis,
particularly in a shift of carbon flux from the ‘pro-
karyotic’ to the ‘eukaryotic’ pathway as well as by
a S5.7-fold increase in diphosphatidylglycerol
(DiPtdGly) radiolabelling in immature post-mer-
istematic tissue [21]. The increase in formation of this
mitochondrial-localised lipid correlated well with sig-
nificant increases in the amounts of mitochondrial
specific proteins (e.g. mitochondrial 2-oxoglutarate
dehydrogenase complex and chaperonin protein) and
irt the number of mitochondria as revealed in electron
micrographs. All these observations were indicative
of increased mitochondrial biogenesis in young parts
of the leaves [22]. In contrast. the preferential chan-
nelling of newly-formed oleate into the ‘eukaryotic’
metabolic pathway [23], was found in all parts of
the leaves. Temperature also seemed. in preliminary
experiments [24], to cause a similar redistribution of
carbon.
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In order to study these effects further we chose to
use in ritro manipulations so that we could make
conclusions without having to take alterations in tis-
sue development into consideration. Whereas in our
previous studies we found that growing young wheat
plants in an elevated CO, atmosphere altered sub-
sequent lipid metabolism [21], the results in Table 1
show conclusively that changing the concentration of
CO, during the incubations had little or no effect on
the labelling of lipids. Since we used [1-"*Clacetate as
a precursor, there was clearly no change in carbon
flow into the acyl-CoA pool caused by elevated CO,.
This result agreed with previous data in showing that
MC-acetate was an effective precursor for fatty acid
biosynthesis in plants [25] and that the different levels
of dissolved CO, were probably optimal for the incor-
poration of radiolabelled acetate into lipids [26].
Therefore, for the experiment shown in Table 1, [I-
Clacetate is able to compete effectively with CO, as
a precursor of lipids. Thus, the effects of CO, which
we observed before [21] are most likely due to tissue
development.

In contrast to the lack of effect of CO-, a rise of 4°
in the incubations resulted in a significant increase in
the rate of lipid radiolabel incorporation (e.g. total
lipids 165.4 + 4.4 x 10° dpm/100mg fr wt at 20° as
opposed to 193.1 + 8.7 x 10° dpm/100mg fr.wt at 24°).
Both temperatures are within the physiological range
for wheat and, accordingly, an overall increase of
about this amount in total incorporation is not unex-
pected given that chemical reactions often have a 0,
of about 2. Phosphatidylcholine (PtdCho) and phos-
phatidylglycerol (PtdGly) were the most heavily lab-
elled phospholipids. Monogalactosyldiacylglycerol
(MGDG) was prominently labelled amongst the gly-
colipids, but digalactosyldiacylglycerol (DGDG) and
sulphoquinovosyldiacylglycerol (SQDG), also major
chloroplastic glycolipids [27], were poorly labelled.
This was probably due to the incubation time chosen
since the latter lipids show generally slow rates of acyl
turnover as noted in other studies [28, 29]. Diacyl-
glycerol (DAG) is an important intermediate in acyl
lipid synthesis. It is often well labelled and, indeed, in
the present studies was. by far, the most labelled non-
polar lipid. DiPtdGly is unique to the inner mito-
chondrial membrane and can, therefore, be considered
as a lipid marker for this organelle [30]. 1t was also
labelled, generally at 1-2% of the total incorporation.
Phosphaiidyethanolamine, the second most abundant
non-chloroplastic membrane lipid [27], was labelled
at about 5% of the total.

The results in Table 1 show that elevated incubation
temperatures caused an increase in the labelling of
most lipid classes—a notable exception being DAG.
In addition to DAG, the relative rate of labelling of
PtdCho (in comparison to that of other lipids) was
also changed, as indicated by the % labelling figures in
parenthesis. PtdGly and the glycolipids are the major
lipid constituents of thylakoid membranes, and their
content as well as transmembrane distribution in
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Table 1. The effect of temperature on the incorporation of radiolabel from [1-'*Clacetate into lipids by young wheat leaves
at two CO, concentrations

Lipid labelling (dpm x 1077);100mg fr.wt

350 ymol mol ' CO,

700 pmol mol~' CO,

Lipid 20 24 20° 24
Total lipid 1654 + 4.4 193.1 + 8.7 1645+ 3.3 187.8 + 4.7
MGDG 148 +43 169+ 29 124 + 2.8 194453
(9+3) (G2 (7+2) (10 + 3)
DGDG 31+ 1.6 41+058 26+ 08 34+16
2+ 2+t 2+ 2+
SQDG 43+ 1.9 58+19 36+ 1.3 37+ 18
3+h B3+ 2D 2+
PtdGly 249+ 5.0 320+ 3.1 252+54 337+96
(15 +3) (17 £ 2) (15 £ 3) (18 £ 5)
PtdCho 46.3 + 8.0 69.0 +23 413+ 38 57.6 + 10.7
28+ 95) (36 + 1) 25+ 2) (31 + 6)
PtdEtn 8.3 + 3.3* 94+19 54+ 1.1 89 +27
(5+2) (51 3+ 5+ 1)
DiPtdGly 1.6 +£ 0.6 29408 1.6 + tr. 294+ 1.5
(1 +1tr) 2+1r) (1+1r) 2+
DAG 246+ 1.7 19.1 +£2.0 258 +3.2 182+ 1.9
15+ 1) (10t 1) (15+£2) (10+ 1

Data represent means + s.d. (n = 6. except * where n = 3).
incorporation. tr. = trace (<0.5%).

different plant species has been shown to be relatively
conserved [31]. Although the rate of radiolabelling of
these lipids increased with elevated temperature, there
were no changes in their relative percentage labelling.
On the other hand, PtdCho which is the major extra-
chloroplastic lipid [27] and which is synthesised in
the ER primarily by the CDP-base pathway [32] was
better labelled proportionally at higher temperatures.
The increase in PtdCho labelling could be accounted
for by a corresponding decrease in the relative label-
ling of DAG, from 15 to 10% of the total lipid label-
ling. These two lipids are connected directly through
the cholinephosphotransferase step of the CDP-base
pathway, a reaction which may also be important
in the transfer of DAG to the chloroplasts via the
‘eukaryotic’ pathway for lipid synthesis (see refs [23,
25)).

The use of serial sections of leaves from mono-
cotyledons was first used over 20 years ago [33] and
has since proved to be a very useful approach to study-
ing lipid synthesis in differentiating tissue, because
each successive section distal from the basal mer-
istematic region is representative of sequential stages
of maturity. Thus, we have used this approach in order
to identify whether the above mentioned changes in
lipid labelling occurs in younger or more mature cells.
For younger tissue (segment 'B’) and in the post-
meristematic region (segment ‘A’), there were no
marked differences in the labelling rates of the indi-
vidual lipid classes (or total lipids), caused in response
to raised incubation temperature (Table 2). It is sur-
prising that an increased temperature did not raise

Numbers in parentheses represent percentages of total lipid

labelling rates in the younger (section A) tissue sec-
tions and suggests that there may be significant con-
straints to the incorporation of radioactivity from [1-
"“Clacetate, such as the availability of other substrates.
The data in Table 2 is in good agreement with
previous published work [33, 34], whereby there is a
relative increase in glycolipid labelling in the distal
regions which was thought to reflect increased plastid
development and differentiation. Indeed, typical
‘chloroplast’ lipids [27] such as MGDG or PtdGly
were considerably better labelled as a percentage of
total lipids in the more mature sections. Moreover,
because of the involvement of PtdCho in supplying
chloroplast fatty acids by the ‘eukaryotic’ pathway
[23] then its increased labelling in sections ‘C" and ‘D’
(Table 2) might also be expected. The basal region
was characterised by the least amount of radiolabel
incorporation on a fresh weight basis although there
was a relatively high proportion of labelling of non-
saponifiable lipids including surface wax components
(data not shown) which also agreed well with previous
work [21]. In contrast, segment ‘C’, the upper middle
leaf segment, was characterised by the highest rate of
incorporation in keeping with the substantial mem-
brane biogenesis in this region [33]. The differential
effect of temperature in increasing the proportional
PtdCho labelling at the expense of that in DAG was
clearly seen in the older sections, *C’ and ‘D",
Radioactivity from [1-"*Clacetate is mainly incor-
porated into the fatty acid moieties of wheat leaf lipids
[34]. Palmitate, oleate, linoleate and «-linolenate were
the main acids labelled during the incubation period
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Table 2. The effect of temperature on the incorporation of radioactivity from [1-'"“Clacetate into major lipids of serial sections
from young wheat leaves

Lipid labelling (d.p.m. x 10~%)/100mg fr.wt

Lipid Temperature Section A Section B Section C Section D
Total lipid 20° 158.7 + 32.6 422.0 £+ 63.1 523.7+ 1223 388.7 + 30.3
24° 160.8 + 69.9 507.1 + 85.3 699.6 + 133.6 544.7 + 36.0
MGDG 20° 89+ 0.7 364125 679 + 2.1 551427
(6 ® (13) (14)
24 73 +tr. 345+4.5 758 +9.5 713+£54
(5) ) (11) (13)
PtdGly 20° 16.6 + 4.2 514+ 5.1 85.2 + 18.1 639 + 12,6
(10) (12) (16) (16)
24 168 £ 7.9 60.1 + 8.2 102.8 + 25.1 86.5 + 13.1
(10) (12) (15) (16)
PtdCho 20° 322462 105.4 + 14.8 143.7 + 153 1169 +9.9
(20) (25) 27 (30)
24 367+ 2.2 115.2 £ 29.5 210.8 +4.9 189.4 + 20.1
(23) (23) (30) (35)
DAG 20° 7.9+ 06 91.7 + 12.7 89.9 + 183 69.5 + 10.3
(5) (22) an (18)
24° 78+ 1.6 97.7 + 20.3 90.5 + 14.3 55.1+6.8
(5) (19 (13) (10)

Data represent means + s.d. (n = 3). Sections A, B, C, and D are sections of the leaf 0-1, 1-2, 2-3 and >3 cm from the

base, respectively.

(Table 3). This result is in keeping with previously
published work {21, 34-36]. There was no effect of
CO, concentration on fatty acid synthesis during the
4hr incubation (data not shown), but there were indi-
cations that elevating the incubation temperature by
4° caused an increase in the relative radiolabelling of
linoleate (Table 3).

The effect of temperature on lipid metabolism has
been extensively studied [37]. It is well accepted that
reduced growth temperatures are often characterised
by increased membrane lipid unsaturation [37-39], an
observation which is most easily observed in non-
photosynthetic tissue [9]. It is thought that increased
unsaturation then contributes to the maintenance of
membrane fluidity at lower temperatures. Indeed,
Murata and coworkers have shown very convincingly
that modifications of unsaturation through genetic

manipulation can give rise to cold temperature-resist-
ant organisms [40].

In our experiments we were not concerned with
changing temperatures in a range likely to cause any
physiological damage to wheat, in contrast to experi-
ments on chilling or heat stress. Nevertheless, it was
surprising to note that raising the incubation tem-
perature from 20° to 24° actually produced an increase
in unsaturation. Thus, the proportion of radiolabel in
oleate was reduced and that in linoleate usually raised
(Tables 3 and 4). These data pointed to a proportional
increase in A'’-desaturase activity and were unex-
pected since, in general, desaturation is increased at
lower temperatures [37, 41]. The effects were par-
ticularly noticeable in the more mature tissues as had
been the effects on lipid class labelling (Table 2). Since,
PtdCho is a major substrate for the A'’-desaturase

Table 3. Effect of incubation temperature on the incorporation of radioactivity from [1-'“Clacetate into total fatty acids of
young wheat leaves

Radiolabelling (% of total fatty acids)

Incubation

temperature 16:0 18:0 18:1 18:2 18:3 Others

20° 18.1 + 1.1 27+09 28.1+ 3.0 41.6 + 3.1 7.4 + 0.8 1.1 4+ tr.

24° 1744+ 0.8 2.3 +tr. 245+ 2.1 48.1+ 2.5 78+ 1.0 N.D.
(P<0.1)

Data represent means +s.d. (» = 3). Statistical significance (Student’s -test). Abbreviations: N.D. = none detected;
16:0 = palmitate; 18:0 = stearate; 18:1 = oleate; 18:2 = linoleate; 18: 3 = a-linolenate.
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Table 4. The effect of temperature on the incorporation of radioactivity from [1-"Clacetate into the fatty acids of the total
lipids of individual wheat leaf section

Fatty acid radiolabelling (% of total)

Temperature Leaf segment 16:0 18:0 18:1 18:2 18:3 Others
20° A 255433 4.3 +tr. 344+24 304 +438 28406 24410
24° A 342+ 6.5 31+12 286+ 28 30.3 £ tr. 1.5+09 23408
(P<0.1)
20° B 17.0 £ tr. 1.7+ 0.6 26.5+ 3.8 464+ 25 7.6 +2.1 1.0 £ tr.
24° B 20.1 + 1.3 32412 217+ 16 453+ 20 83+ 1.1 1.2 4+ tr.
(P <0.02)
20° C 151+1.2 1.0 + tr. 277+ 26 470+ 2.7 87+21 tr.
24° C 16.9 + tr. 1.9+ 06 202+09 507+ 1.2 9.9+ 09 tr.
(P <0.01)
20° D 150+ 0.9 1.0 £ 0.6 339+29 438 +34 6.2+ 1.2 N.D.
24° D 179 + 1.7 1.0 £ tr. 216+22 50.3 £ 0.6 92+038 N.D.
(P <0.01) (P <0.05) (P < 0.05)

Data represent means + s.d. (» = 3). Statistical significance by Student’s s-test. Abbreviations see Table 3. For leaf segment

descriptions see Table 2.

in most leaves [23, 37, 42] and this phospholipid is
increasingly labelled at 24° (Table 2), then we pos-
tulate that more substrate oleate is available for
desaturation and this leads to a rise in the proportion
of ["*Cl-linoleate.

Because the major changes in the lipid metabolism
were associated with the more mature wheat leaf
sections, ‘C’ and ‘D’ (see Tables 2 and 4), then we
studied the lipids in these segments in more detail.
MGDG, the major chloroplastic lipid, is recognised
to be a substrate for the A'*-desaturase 36, 43] and,
thus, possesses a very high endogenous amount of -
linolenate [27]. Therefore, it was not surprising to
observe that this particular fatty acyl moiety was well
labelled in MGDG at both incubation temperatures
(Table 5). For MGDG, incubation at 24° caused
increased labelling of both linoleate and a-linolenate.
The increase in polyunsaturated fatty acid labelling
was balanced by a decrease in that of oleate, though
the increases were only statistically significant for seg-
ment ‘C’ (Table 5).

PtdCho is the major extrachloroplastic lipid and
was characterised by marked labelling of oleate and
linoleate. This observation, as well as the relatively
poor labelling of a-linolenate, is consistent with the
proposal that this lipid is a major substrate for the
A'’-desaturase in photosynthetic tissue [35, 42]. The
intracellular distribution of DAG, on the other hand,
is not known for the experiments described. It can be
formed most obviously by the Kennedy pathway in
both the chloroplast and in the endoplasmic reticu-
lum as well as by the reverse of the choline-
phosphotransferase reaction referred to earlier. The
radiolabelled fatty acid composition of the DAG pool
(Table S), having only 11-13% palmitate, precludes
the plastid as being a major site of its production [see
ref. 23]. It would also argue against newly formed
DAG from the endoplasmic reticulum being a major

contributor although it is possible for significant
amounts of polyunsaturated acids and a high C,4/C;¢
composition to be observed in tissues where the acyl-
CoA pool is dominated by such acids [44]. However,
this is not normally the case in leaves. Thus, we would
suggest that a major source of the radiolabelled DAG
observed in our experiments is the reversed chol-
inephosphotransferase reaction. The significantly
higher o-linolenate content of DAG compared to
PtdCho may be explained either because molecular
species of PtdCho containing such moieties participate
preferentially in cellular reactions (for example, to
supply some a-linolenate to the plastid) or because it
originates from other sources. In the latter regard, the
galactolipid, galactolipid galactosyltransferase [45], is
a possibility, although the poor labelling of DGDG
precludes this being a major supplier of radiolabelled
DAG. Clearly, detailed experimentation is required
to resolve these questions.

Without knowing the relative sources of the radi-
olabelled DAG pool analysed, it is difficult to com-
ment on its relative decrease in comparison to PtdCho
following incubations at 24°. However, the changes in
lipid class labelling do provide a possible explanation
for the rise in radioactive polyunsaturated fatty acids
without requiring any increase in the A'’-desaturase
enzyme per se. Thus, the higher entry of radiolabelled
oleate into PtdCho provides more substrate for the
A'*-desaturase. In turn, this leads to an increase in the
amount of linoleate either as substrate for the extra-
chloroplastic A" (w3)-desaturase (coded by the fad 3
gene {46]) or for the chloroplastic A'*-desaturase
(coded by the fad 7/fad 8 genes) which use MGDG as
substrate [46].

CONCLUSIONS

There have been many reports describing the effects
of temperature on plant lipid metabolism. Various
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Table 5. Effect of temperature on the incorporation of radioactivity from [1-'“Clacetate into the fatty acids of major labelled
acyl lipid classes of wheat leaf sections

Fatty acid radiolabelling (% of total labelling)

Leaf
Lipid class  Temperature segment 16:0 18:0 18:1 18:2 18:3 Others
MGDG 20° C 78+ 0.9 6.3+ 1.8 202+12 384+17 253438 194038
MGDG 247 C 6.2 + tr. 1.6 + tr. 114+08 4254+ tr. 378+ 1.6 N.D.
(P<002) (P<00l) (P<005 (P<00])
PtdCho 20° C 74422 37413 349+24 501429 26407 1.0+ 1.0
PtdCho 24" C 10.1+17 19407 284+ 12 565+28 27+t N.D.
DAG** 20° C 125+15 55410 256+25 247415 191 +25 125415
DAG** 24 C 105405 80420 185+05 255405 2204+ tr. 155425
(P <0.1)
MGDG 20 D 5.8+24 tr. 169+23 434411 333419 ND
MGDG 24" D 3.7+0.7 tr. 11.3 +tr. 47.1+47 378432 ND.
(P <0.02)
PtdCho 20 D 55+08 1.5+0.7 370406 524425 24415 1.1 £08
PtdCho 24 D 6.7 + tr. 17401 31.6 + tr. 573406 2.5+ tr. N.D.
(P<001) (P<0.02)
DAG** 20 D 119420 88415 305415 290420 155410 40405
DAG** 24 D 127405 94 0 185435 350405 19.7+£50 43420
(P<0.01) (P<00D)

Data represent means + S.D. (n = 3. except** where n = 2). Statistical significance by Student’s /-test. For abbreviations

see Tables 1 and 3. For segment descriptions see Table 2.

theories have been proposed in order to explain the
phenomenon of increased desaturation at low growth
temperatures. These have been recently reviewed [37].
It is noticeable that the literature is rather devoid,
though, of the effects of elevated temperature on plant
lipid metabolism. However, with ‘Global Warming’
threatening the earth’s ecosystem the effect of modest
elevations of temperature on plant metabolism needs
urgent investigation. Indeed, the unexpected results
obtained in the current work show the difficulty of
predicting what the consequences of elevated environ-
mental temperatures may be. Because the results were
obtained by short-term manipulations in vitro, the
change in fatty acid and lipid patterns are probably
mainly reflections of the properties of existing
enzymes. They may also reflect the changes in con-
nected/competing enzyme activities which have been
invoked before to explain temperature-dependant
fatty acid patterns in plants [47]. Certainly, if such
alterations in lipid metabolism are mimicked and
maintained in vivo, then it is hardly surprising (given
the vital role of lipids in membranes) that plant growth
and differentiation is altered. Since a significant
‘Greenhouse Effect’ is predicted imminently, then
more work on this important topic is clearly needed.

EXPERIMENTAL

Wheat (Triticum aestivum L. cv. Hereward) seeds
were grown for 7 days in constant environment
growth cabinet (Birchover West 2050) at 20" and a
CO, concentration of 350 umol mol~' (approximately
ambient levels) with a light/dark cycle of 14 hr/10 hr.

The light intensity was 230 gmol m~? s~'. For the
incubations with serial leaf sections whole primary
leaves were cut transversely under water into four
sections. The lower three sections were designated ‘A’—
‘C” and were each | cm long. The most distal section,
‘D’, consisted of the rest of the leaf and was generally
between | and 2 cm long.

Primary leaves were cut at soil level and incubated
with [I-"*Clacetate (1 uCi, sp. activity 60 mCi/m-
mol ") in 120 ul of water for 4 hr, which was within
the period for linear incorporation of label into lipids
(data not shown). A draft of air was used to aid
transpiration (0.7 m’ s~') and, hence, uptake of label.
There were two variables applied to the incubation
(temp and CO,). The incubation temp were either 20°
or 24, and the CO, concentrations were either 350 or
700 umol mol~'. The serial sections were incubated
with [1-"*CJacetate in a shaking water a bath for 4 hr
[48].

The incubations were stopped by briefly rinsing the
leaf samples with H,O, followed by heating in hot
propan-2-ol for 30 min. The lipids were extracted fur-
ther using the Garbus high-salt extraction method
[49] as modified for plant tissues [50]. Individual lipid
classes separated by TLC. Polar lipids separated using
pre-coated silica-gel plates (E. Merck, Darmstadt,
Germany); solvent system: CHCl,-MeOH-HOAc-
H,O (170:30:5:7.5). This solvent system is not suit-
able for the separation of DiPtdGly and phosphatidic
acid because these lipids co-chromatograph. There-
fore, DiPtdGly was separated from phosphatidic acid
in separations of polar lipids using 0.2 M ammonium
sulphate-impregnated silica plates; the solvent system:



Lipid synthesis in young wheat leaves 249

CHCl;-MeOH-6.5 M ammonia soln (17:7:1). Non-
polar lipids separated by neutral solvent system: of
petrol (60/80° fr.)-Et,O—-HOAc (80: 20: 1) which sep-
arated adequately the main non-polar lipid classes.
Identification of individual lipids: co-chromatography
with authentic lipid standards and their identities con-
firmed with specific spray reagents [51]; bands visu-
alised by either spraying lightly with H,O, prior to
scraping and scintillation counting, or by spraying
with 8-anilino-1-naphthalenesulphonic acid in dry
MeOH.

Incorporation of radiolabel into total lipid and fatty
acid methyl esters determined by lipid scintillation
counting. Quenching corrected using an external stan-
dard ratio method.

Fatty acid methy] esters analysed by GC using
either 15% EGSS-X as polar packing or 5% SE-30 as
non-polar packing material. The gas chromatogram
was connected via an effluent splitter to a LabLogic
RAGA gas flow proportional counter. The split ratio
between the flame ionisation detector (FID) and the
radio detector was 1 : 6, respectively. The flow rate for
H, and air were 8 and 300 ml min~', respectively. Ar
used as carrier gas with a flow rate of 8 ml min~". The
injector and detector temps for the polar column were
set at 230" and 250", respectively. with the oven temp
isothermally set at 180 . A temp programme was
employed for the non-polar column with an initial
oven temp of 2107 for 10 min, thereafter rising 4
min~' to a final temp of 250 .
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