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Abstract—A tissue culture line of a1l palm produced embryoids and during the embryogenesis large quantities of liptd
were stored 1n the cells The synthesis of the lipid was monitored by measuring incorporation of [ 1-!4ClJacetate, under
optimum conditions, mto the total ipid and separation by TLC into neutral and polar lipid Both synthesis of
triacylglycerol and polar lipid increased during embryoid formation A rapid increase 1n the formation of polar lipid
occurred 1n the period just before the embryoids became visible and this probably corresponded with the increased rate

of cell division that occurred at that time

INTRODUCTION

Undifferentiated callus cultures of otl palm differentiate
to form hard globular embryoids [1] These embryotds
resemble embryos developed i vivo 1n their ability to
deposit triacylglycerols in oleosomes [2] The m wtro
embryoids may develop root and shoot primordia and 1n
some cases plantlet regeneration from somatic embryoids
occurs [3]

The 1ncorporation of radioactive precursors into fatty
acids in vivo has been widely employed 1n studies of lipid
synthesis 1n both developing o1l seeds and 1n plant tissue
cultures Gurr et al [4] showed that, 1n Crambe abyssinica
seeds, radioactive acetate was incorporated preferentially
mto phospholipids, but the proportion of radioactivity
incorporated nto triacylglycerol increased as the seed
developed Almost all the acetate was incorporated into
the fatty acyl moteties of the hpids, whereas [U-
14C]glucose was incorporated 1nto the glycerol moiety In
developing sunflower seeds acetate incorporation into
fatty acids increased rapidly from ten days after flowering
during the time at which triacylglycerol accumulation
began [5,6] Similar results have been obtained with
developing seeds of soybean [7,8] and Nasturtium [9]
Radroactive acetate 1s also readily icorporated into ltpids
of plant tissue cultures [10-15]

During embryogenests 1n tissue cultures of o1l palm, an
ncrease i lipid content of the cells was observed [16] In
culture lines 1n which embryogenesis did not occur there
was no rise 1n total ipid Electron microscopic examin-
ation showed that stored lipid was a specific product of
differentiated embryoid cells A rise in the activity of acetyl
CoA carboxylase in vitro was also correlated with the
mcrease m hpid In this work the incorporation of [1-
14Clacetate into hipids w vivo during a time course of
embryogenesis was studied Acetate was incorporated
to phospholipids of o1l palm callus and into phos-
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pholipids and triacylglycerols of embryoid cells During a
time course of embryogenesis the rate of incorporation of
acetate 1nto both total hpids and triacylglycerols increased
Just before the appearance of embryoids in the cultures

RESULTS AND DISCUSSION

Optimisation of incubation conditions for incorporation of
[1-*4C]acetate into ol palm lipuds

The optimum pH of the incubation buffer was de-
termmed for maximum mcorporation of [1-!*Clacetate
A mixture of o1l palm callus and chopped embryoid tissue
was mncubated with 10 nmol [1-'4CJacetate (21 7 kBg) n
buffers at pH between 5 0 and 8 5 for 4 hr at 25° No non-
radioactive acetate was included in the incubation mix-
ture The amount of acetate taken up by the cells was
determined by sampling the incubation medium before
and after incubation (Fig 1a) The amount of radioac-
tivity incorporated into total hpid (chloroform-methanol
soluble maternial, Fig 1b) and into triacylglycerol sep-
arated by TLC (Fig 1c) was also measured In these
optimisation experiments duplicate samples were assayed
and the results did not deviate from the mean value by
more than 5%/

The amount of acetate taken up by the tissue decreased
with increasing pH Incorporation of radioactivity into
total hpid increased up to pH 6 5 in MES buffer, but was
highest at pH 6 0 1n phosphate buffer Acetate incorpor-
ation nto tnacylglycerols was highest at pH 73 n
phosphate buffer, although only shght differences m
mcorporation mto total lipid or trnacylglycerols were
observed between pH 60 and 7 3 1n phosphate buffer
Acetate 1ncorporation into lipids was low at pH 80-8 5
At pH 6 5 ca 25 %, of the radioactivity taken up by the cells
was mcorporated mto total ipid and of this, 449, was
present 1n triacylglycerols For further experiments 0 7 M
phosphate buffer pH 6 5 was used Increasing the concen-
tration of acetate 1n the external medium resulted 1n an
Increase 1n acetate incorporation into total ipid up to a
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Fig 1 Optimisation of ncubation conditions for incorporation
of [1-'*CJacetate into lipids 1n o1l palm cultures Effect of
mcubation buffer pH on [1-'*Clacetate uptake by cells (a),
and incorporation nto total hpids (b) and tnacylglycerols (c)
(@——®, 007 M MES buffer, O-——O0, 007 M sodium phos-
phate buffer, &——A4, 007 M Tris—~HCl buffer) Effect of acetate
concentration In incubation mixture on rate of incorporation
into total ipids (d) and time course of incorporation {e)

substrate concentration of 5 mM acetate (Fig 1d) Above
this concentration the incorporation began to decline
slowly A substrate concentration of 5 mM was therefore
used 1n subsequent experiments

A time course of acetate incorporation into total hpid 1s
shown in Fig le An incubation time of 2 hr was chosen
for time course experiments

Analysis of radioactive lipids

Callus or embryoid tissues were incubated separately in
007 M phosphate buffer, pH 6 5, containing 10 nmol [ 1-
14Clacetate for 4 hr at 25° No non-radioactive acetate
was included in the incubation buffer The extracted lipids
were analysed by TLC and the amount of radioactivity
mcorporated 1nto the different lipid classes determined
Radioactive profiles of the chromatograms of callus and
embryoid lipids run in heptane—diethyl ether—acetic acid
and chloroform~methanol-water are shown m Figs
2a-d In callus tissue 829 of the radioactivity in-
corporated mnto hpid remamed at the origin when
heptane—ether—acetic acid was used, this probably rep-
resented incorporation into polar lipids Only 89 of
applied radioactivity cochromatographed with tniacylgly-
cerols Recovery of radioactivity from the TLC plate was
789, of the total radioactivity apphed When
chloroform-methanol-water was used 76 %, of the ap-
plied radioactivity cochromatographed with phospha-
tidyl choline and other polar lipids

Chromatography, using heptane—ether—acetic acid, of
radioactively labelled lipid from embryoid tissue showed
that 40 %/ of the radioactivity remained at the ongin and a
further 409, cochromatographed with triacylglycerols
When analysed with chloroform—methanol-water, 589,
of the total radioactivity cochromatographed with neutral
hipids

Samples of Lpid from callus and embryoids were
saponified and rechromatographed with heptane—ether—
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Fig 2 Radioactivity profiles of thin layer chromatograms of o1l palm caltus and embryoid lipid samples (a) Callus,

heptane—diethyl ether-acetic acid (15 10 1), (b) Embryoid, TLC solvent as (a), (c) Callus, chloroform-

methanol-water (65 25 4), (d) Embryoid, TLC solvent as (c) The positions of marker hipid samples are indicated on
(b) and (d)

acetic acid (Fig 3a, b) The majority of the radioactivity
ran at the position of free fatty acids The ratio of
radioactivity present in the chloroform extract compared
to the aqueous phase after saponmification was 11 1 for
callus and 135 1 for embryoid tissue This indicated that
the radioactivity from [1-*Clacetate was ncorporated
mostly into the fatty acyl chains of the hpid and not into
glycerol moieties The recovery of radioactivity after
sapontfication was 94 % (callus) and 1169, (embryoids)

Incorporation of [1-'*Clacetate into hipids during a time
course of embryogenesis of oil palm tissue culture line JH

Callus of line JH when grown on medium containing
2 5mg 3-napthyl acetic acid/l spontaneously differen-
tiated to give rise to embryoids During a time course of
growth of 63 days, samples of tissue (0 5 g) were incubated
in 10ml 007 M phosphate buffer pH 65 containing
30 umol potassium hydrogen carbonate, 5 umol sodium
acetate and 10 nmol [ 1-'*C]acetate (21 7 kBq) for 2 hr at

25° Incorporation of radioactivity into total Lpid
(chloroform-methanol soluble material) and tracylgly-
cerols was measured (Fig 4) At each time point two tissue
samples were assayed separately The results did not
deviate from the mean value by more than 109
Embryoids were visible 1n the cultures from 35 days

Over the time course of 63 days changes in the rate of
mncorporation of [1-'4Clacetate imnto total hpids and
triacylglycerols were observed After an imtial drop in the
rate of acetate incorporation into both triacylglycerols
and total lipid, there was a rapid increase from day 21 to
day 35 There was 3 4-fold increase 1n incorporation mto
total lipid over this period and the incorporation mto
triacylglycerols increased 5-fold, the incorporation then
dechined The peak of incorporation into triacylglycerol or
total lipid coincided with the time at which embryoids
became visible 1n the cultures

Although ncreases 1n acetate incorporation into both
total lipid and triacylglycerol occurred, the incorporation
into total lipid always remained much higher than in-
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Fig 3 Radioactivity profiles of thin layer chromatograms of ol palm callus and embryoid lipid samples after
saponification (a) Callus, heptane—diethyl ether-acetic acid (15 10 1), (b) Embryoid, TLC solvent as (a) The
position of a marker fatty acid sample 1s indicated on (b)
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Fig 4 Changes 1n the rate of mcorporation of [1-'*ClJacetate
into total hpids (®——®) and tnacylglycerols (O——O) during
a time course of embryogenests of o1l palm tissue cultures
Embryoids became visible 1n the cultures on day 35 (arrowed)

corporation 1nto triacylglycerol Incorporation of acetate
into other ipad classes e g polar lipids, also occurred 1n o1l
palm tissue cultures and the incorporation into these
hipids increased during the time course However, the
proportion of radioactivity from [1-'*CJacetate ncor-
porated nto triacylglycerol compared to other hipid
classes varied during the time course, from 7 % at day 21 to
119 at day 35, with a further increase to 229/ at day 49,
and 179 at day 63 Thus reflects an increasing synthests of
triacylglycerol compared to other lipids as embryogenesis
occurred

The prominent hipids of most heterotrophic cell cul-

tures are sterols, steryl esters and steryl glycosides [17]
Phospholipids are synthesized at a high rate during
periods of rapid cell division [18] Tracylglycerols are
usually present at a level of 5% or less [19, 20] During in
vitro embryogenesis of o1l palm cultures, storage lipid 1s
deposited 1n the embryoid cells [2] This deposition of
triacylglycerol was preceded by an increase in the activity
of acetyl CoA carboxylase 1n the tissue cultures [16] The
results presented here demonstrate that the incorporation
of labelled acetate into lipids in viwo increased concom-
1itant with embryoid appearance However, the increase in
hpid synthesis was not due entirely to increases in
triacylglycerol synthesis A rapid increase 1 1ncorpor-
ation of radioactive acetate into other lipid classes,
especially polar lipids, occurred just before embryoids
became visible Turnham and Northcote [16] showed that
an increase 1n the rate of cell division and primary wall
deposition occurred, together with the appearance of
embryoids 1n the tissue cultures and the rise 1n acetate
ncorporation mto polar lipids shown here may reflect
increases 1n cell membrane phospholipid synthesis during
this phase of rapid cell division As the embryoids
developed 1n the tissue cultures and increased 1n size from
35 days onwards, lipid synthesis declined but the propor-
tion of radioactive acetate incorporated nto triacylgly-
cerols compared to other lipid classes increased, probably
reflecting the continuing deposition of storage tnacylgly-
cerol 1n the embryoid cells

EXPERIMENTAL

All chemicals used were of A R quality wherever possible
Murashige and Skoog medium was obtamned from Flow
Laboratonies, Irvine, Ayrshire, Scotland Agar Noble and
casamino acids were from Difco Laboratories, Detroit, MI,
USA [1-'*C]Acetic acid, sodium salt (sp radioactivity
217 GBg/mmol) was purchased from Amersham International,
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Amersham, Bucks, UK

Growth of oil palm tissue cultures Tissue cultures of o1l palm
(Elaeis guineensis Jacq ) line JH were obtained from Unilever
Research, Sharnbrook, Bedford, U K The cultures were main-
tained on half-strength Murashige and Skoog medium [21] with
the addition of 1 g casamino acids/1, 2 59 sucrose and 2 5 mg 3-
napthylacetic acid/l The medium was solidified by the addition
of 19, Agar Noble The cultures were maintained at 25° and
luminated at a hght intensity of 100 lux with an 18 hr photo-
period They were routinely subcultured every 8-10 weeks All
manipulations were carried out on a sterile lamnar air-flow
bench Media and instruments were sterilized by autoclaving at
120° and 103 kPa for 20 min Under these culture conditions,
cultures of oil palm line JH differentiated spontaneously to
produce small hard globular embryoids

Incubation of tissue cultures with [1-*4CJacetate Samples of oil
palm cultures were incubated with [1-'*Clacetate i wivo,
followed by extraction and analysns of ipids The opumum
conditions for the incorporation of acetate imio lipids were
determined The standard incubation muxture contamned
007 mmol NaP:1 buffer, pH65, 30 umol KHCO;, 5 pumol
NaOAc and 10 nmol [1-!*CJacetate (21 7 kBq) 1n a total vol of
1 0ml Tissue (ca 500 mg) was added and the samples incubated
at 25° for up to 6 hr At the end of the incubation the tissue was
removed and the incubation medium sampled to determine the
amount of radioactivity remaining The tissue was washed with
buffer and lipids extracted

Lipid extraction and analysis At the end of the incubation, the
tissue was homogemized 1n propan-2-ol at 80° (20 ml/g tissue) to
inhibit lipase activity After filtration the residue was extracted
overnight at 4° with CHCl;-MeOH (3 2) (20 ml/g tissue) and
then refiltered The propanol extract was rotary evaporated to
dryness, taken up in CHCl;-MeOH (3 2) and recombined with
the first CHCl;-MeOH (3 2) extract The extracted hpids were
purified by washing by the method of Folch et al [22], rotary
evaporated to dryness and taken up 1n a small vol of CHCl,

Samples of the extracted lipids were saponified The CHCI,
solvent was removed by evaporation and the lipids redissolved 1n
10, KOH 1 90 %; EtOH followed by mcubation at 75° for 2 hr
The samples were acidified to pH 10 using HCI and free fatty
acids extracted into CHCl; The CHCI, extract was washed with
an equal vol of 19, HOAc plus 19, malonc acid

Samples of sapomfied or unsaponified hipids were analysed by
TLC on silica gel plates 1n heptane-Et,O-HOAc (15 10 1)ormn
CHCIl;,-MeOH-H,0 (65 25 4) Both solvent systems contained
00059, butylated hydroxytoluene to prevent lipid oxidation
Lipids were visualized by exposure. of the air-dnied plates to I,

vapour Lipid markers were run in parallel with the samples
The TLC plates were cut into 1 cm strips and radioactivity
determined 1n the strips using a Searle Mark III hquid scintil-
lation counter, after immersion of the strips 1n scintillation fluid
(151 toluene, 0751 Trton X-100, 6 g 2,5-diphenyloxazole)
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