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Abstract

A low density membrane fraction "LDM# identi_ed in developing embryos of Brassica napus was previously shown to contain
relatively high activities of the enzymes of triacylglycerol "TAG# synthesis compared to those involved in phospholipid synthesis[
The LDM fraction used in that study was highly contaminated with non!membrane proteins[ In this study\ the LDMs were
puri_ed by linear sucrose gradients followed by ~otation through a discontinuous sucrose gradient that removed most detectable
contaminating proteins[ The data presented in this work show that the low density membrane vesicles were puri_ed over 149!fold
with respect to the speci_c activities of the enzymes of TAG synthesis[ The speci_c activity of TAG biosynthesis in LDMs was over
179 times higher than TAG synthesis by puri_ed endoplasmic reticulum[ Analysis of the polypeptide composition by SDS!PAGE of
the crude and puri_ed LDMs revealed that the puri_cation process had removed a large number of contaminating proteins[ The
predominant polypeptides of the LDMs were also found in the ER fraction but a number of the main ER proteins were missing
from the puri_ed LDMs[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

Vegetable oils are an important agricultural com!
modity for the food and non!food industries[ Although
the metabolic pathways involved in oil synthesis are well
known\ the mechanism of deposition of oil as oil bodies
is not so well understood "Napier\ Stobart\ + Shewry\
0885#[ It is generally thought that storage oil is syn!
thesised by the ER and in some way secreted from the
membrane coated with oleosins which prevent coales!
cence of the oil during the desiccation:rehydration of the
seed "Abell et al[\ 0886^ Leprince\ van Aelst\ Pritchard\
+ Murphy\ 0887#[ It was previously shown that tri!
acylglycerols were synthesised by two discrete membrane
fractions in homogenates made from developing embryos
of oilseed rape "Lacey + Hills\ 0885#[ Similar het!
erogeneity of the endoplasmic reticulum with respect to
the distribution of acyltransferases has also been
observed in lactating mammary gland "Valivullah\
Dylewski\ + Keenan\ 0875#[ The membranes were iso!
lated on sucrose density gradients and although much of
the capacity for the synthesis of TAG was shown to co!
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localise with the ER marker enzymes such as DAG]
cholinephosphotransferase and lysophosphatidylcholine
acyltransferase\ a low density membrane fraction which
synthesised TAG was shown to have substantially lower
activities of the ER markers[ The LDMs contained much
larger amounts of TAG and DAG than did the bulk ER[
In the light of the relatively high activities of the TAG
synthesis enzymes it was suggested that the LDMs might
be derived from those parts of the ER which are most
actively involved in the synthesis:secretion of TAG[ Since
relatively little is understood about the mechanism of
TAG synthesis and oil body deposition\ further study of
these TAG!rich LDMs should shed light on the process[
It was found that the low!density membranes isolated by
the method previously described were heavily con!
taminated with soluble proteins[ A number of strategies
to purify the LDMs had previously been tried and the
polypeptide composition of the LDMs analysed by SDS!
PAGE "Lacey\ Pongdontri\ + Hills\ 0886#[ N!Terminal
sequencing of the most prominent polypeptide bands
revealed that the membranes were still heavily con!
taminated with soluble proteins such as cruciferin and
Rubisco amongst others "Lacey et al[\ 0886#[ This paper
describes a strategy that substantially puri_es the LDMs
in terms of enzyme activity and protein composition and
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provides evidence that the LDMs are likely to have been
derived from the ER[

1[ Results and discussion

1[0[ Puri_cation of the low density membranes by ~otation

Low!density membranes and ER were isolated by cen!
trifugation on a linear sucrose density gradient as pre!
viously described "Lacey + Hills\ 0885#[ For further
puri_cation of the LDMs\ the fraction was brought to a
sucrose density of 29) w:w\ overlaid with 19) and then
4) w:w sucrose solutions and centrifuged as described
in Section 2[ The LDMs ~oated up through the 29)
sucrose and rested at the interface between the 4 and
19) sucrose layers[ The protein content\ activities of the
acyltransferases incorporating oleoyl groups into TAG
and the other glycerolipid intermediates of the Kennedy
pathway "diacylglycerol\ phosphatidic acid and lyso!
phosphatidic acid# and acyl!CoA thioesterase were deter!
mined in the 29\ 19 and 4) sucrose fractions and
membranes from the 19:29) and 4:19) sucrose inter!
faces[ For clarity only the results from the puri_ed LDMs\
the soluble proteins and the original LDM preparation
are given "Table 0#[ Only the LDM fraction at the 4:19)
sucrose interface incorporated ð0!03CŁoleoyl moieties into
glycerolipids and no incorporation into lipids was
detected in any other fraction[ The soluble acyl!CoA
thioesterase activity was detected only in the 29) sucrose
fraction as expected[ This was an indication that the
LDMs had been isolated very well from the con!
taminating proteins of the cytosol[ The puri_ed LDMs
incorporated over 59) of the total ð0!03CŁoleoyl moieties
into TAG compared to the unpuri_ed LDM fraction
where 39) was incorporated[ The protein content of the
puri_ed LDM vesicles was very low compared to that
remaining in the 29) sucrose fraction Table 0[ The TAG
synthesis activity in the LDMs was puri_ed over 149!fold
from the crude LDM fraction on a protein basis[ The
speci_c activity of incorporation of ð0!03CŁoleoyl moieties
from ð0!03CŁoleoyl!CoA by the puri_ed LDMs was 42[8

Table 0
TAG and glycerolipid synthesis\ acyl!CoA thioesterase and protein content in low!density membranes puri_ed from developing seeds of B[ napus

Fraction Incorporation of oleate into lipid "nmol mg−0 protein min−0# Protein "mg#

TAG FA total glycerolipida

Total LDM 9[967 9[064 9[086 2199
Puri_ed LDM 22[9 n[d[ 42[8 1
Soluble n[d[ 9[057 n[d[ 2199

LDM\ low!density membrane^ n[d[\ not detectable[
a Acyl groups incorporated into triacylglycerol\ diacylglycerol\ phosphatidic acid and lysophosphatidic acid[ Acyl!CoA thioesterase determined

by amount of free fatty acid detected[

nmol mg−0 protein min−0[ For comparison\ this is about
49Ð099 fold higher than the speci_c activity determined
for the peak ER fraction of sucrose density gradients
made from rape embryo homogenates which ranged from
9[2 to 9[6 nmol mg−0 protein min−0 in _ve experiments
"Lacey\ 0885^ Lacey + Hills\ 0885#[ The activities of the
acyltransferases and thioesterase at the 19:29) sucrose
interface were identical to those measured for the 29)
fraction\ as would be expected[ Protein was not detectable
in the 19 and 4) sucrose layers[

1[1[ Polypeptide composition of puri_ed low!density mem!
brane vesicles

Since the TAG synthesis activity of the puri_ed LDMs
was so much higher than that of the endoplasmic retic!
ulum\ it would be expected that the polypeptide com!
position will also be substantially di}erent[ Proteins from
the fractions obtained during LDM puri_cation and peak
ER fraction from the linear sucrose gradient were
resolved on 7Ð04) SDS!PAGE and visualised by silver
staining since the amount of puri_ed LDM protein pro!
duced was very small "Figure 0#[ The polypeptide com!
position of puri_ed LDMs was very di}erent to that pre!
puri_cation "lanes 4 and 1\ respectively#[ There were 01
prominent polypeptides in the LDM fraction ranging in
Mr from 10Ð71 kDa[ Polypeptides with identical molec!
ular mass were also present in the peak ER fraction but
the relative staining intensities of individual bands varied
between the two fractions "lanes 4 and 5#[ These data
corroborate the hypothesis that the LDMs are derived
from the ER\ though having their own particular pattern
in amounts of any particular polypeptide[ In addition\
there were many more polypeptides in the ER fraction\
which were not present in the puri_ed LDMs[ It is poss!
ible that some of the polypeptides observed in the ER
fraction were derived from other membrane systems such
as Golgi\ plasma and vacuolar membranes that co!local!
ise with the ER[ Generally\ however\ these membranes
are much less abundant than the ER[ In future work it will
be useful to target some of the prominent polypeptides in
the LDM fraction for further study[
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Fig[ 0[ 4 mg of protein "or the entire puri_ed LDM fraction\ approxi!
mately 1 mg# were resolved by 7Ð04) SDS!PAGE and visualised by
silver staining[ Lane 0] soluble protein^ lane 1] unpuri_ed LDM^ lane
2] 19:29) interface^ lane 3] 29) sucrose cushion "soluble protein#^ lane
4] puri_ed LDMs and lane 5] peak ER fraction from linear gradient[
The molecular mass markers are shown on the right side in kDa[

2[ Experimental

2[0[ Plant Material

Developing seeds of Brassica napus L[ cv Topas were
harvested from glasshouse grown plants at the stage of
maximum oil synthesis as previously described "Lacey +
Hills\ 0885#[

2[1[ Puri_cation of low!density membranes

The developing seeds were homogenised and low!den!
sity membrane and endoplasmic reticulum fractions iso!
lated by sucrose density gradient centrifugation as
previously described "Lacey + Hills\ 0885#[ The LDM
fraction was further puri_ed by modi_cations to a ~o!
tation procedure previously described "Coughlan\
Hastings\ + Winfrey\ 0885#[ The peak LDM fraction
from the sucrose gradient was mixed with vol[ of a bu}er
containing 37) "w:w# sucrose\ 4 mM EDTA\ 0 mM
PMSF\ 09 mM KCl\ 1 mM DTT and 099 mM Hepes
"NaOH\ pH 6[4#\ to give a _nal sucrose concentration of
29) "w:w#[ The sample was overlaid with 1 ml of a
similar bu}er containing 19) "w:w# sucrose and _nally
0 ml of the bu}er containing 4) "w:w# sucrose[ The

LDMs were ~oated by centrifugation at 099\999×g for
05 h in a swing!out rotor[ The LDMs were collected at
the 4Ð19) interface with a Hamilton syringe in a volume
of 299 ml[ Other regions of the step gradient were also
removed for analysis[

2[2[ Enzyme and protein analysis

Incorporation of ð0!03CŁoleoyl moieties from ð0!03C
Łoleoyl!CoA into triacylglycerol and the intermediates
of the Kennedy pathway were determined as previously
described "Lacey + Hills\ 0885#[ Protein was estimated
by the method of Bradford "0865#[ Proteins were sep!
arated by SDS!PAGE using a Mini!Protean dual slab
cell "Bio!Rad\ Watford\ UK# on 7Ð04) gels according
to the manufacturers instructions[ The polypeptides were
visualised by silver staining "Oakley\ Kirsch\ + Morris\
0879#[
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