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Accumulation of polyunsaturated free fatty acids coincident
with the fusion of rough endoplasmic reticulum membranes
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The accumulation of polyunsaturated free fatty acids (PUFAs) was observed coincident with GTP-dependent fusion
of liver rough microsomes. Whereas 0.5 mM NADPH led to a parallel reduction (> 50%) in membrane fusion and
PUFA accumulation, indomethacin (50 uM) either had little effect or slightly augmented both processes. CTP was
observed to stimulate accumulation of PUFAs and diacylglycerol (DAG). Therefore PUFAs may be relevant for
GTP-dependent membrane fusion and together with DAG may play a role in fusion stimulated in the presence of

CTP.

Recently while comparing the effects of GTP on
phespholipid metabolism and on fusion of rough endo-
plasmic reticulum (RER) membranes cell-free incuba-
tion conditions were found which promoted fusion in a
GTP-independent manner. RER membranes were ob-
served to fuse in the absence of GTP if allowed to
incubate in the presence of co-factors required for the
synthesis of phosphatidylinositol (PI) [1]. This observa-
tion and the previous demonstration that polyunsatu-
rated free fatty acids (PUFAs) can promote membrane
fusion using natural membranes [2-4] prompted us to
examine for the presence of phospholipase activity in
'RER membranes. This paper describes evidence for
this activity and furthermore using electron microscope
stereology the GTP-dependent fusion of RER mem-
branes is compared quantitatively with that of PUFA
accumulation.

Stripped rough microsomes (SRM) were prepared
from rat liver homogenates as previously described [5).
The cell-free membrane fusion assay was carried out
by morphometric measurement of embedded and sec-
tioned membranes using electron microscopy [6].

Endogenous lipids from SRM were extracted by a
modification of the Schact procedure [7] as outlined by
Smith and Wells [8]. The organic extract was used fresh
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or was stored no longer than 12 h at 4°C under
nitrogen gas before use.

For identification of lipids, aliquots (10 ul) of lipid
extracts were spotted using a Drummond Microdis-
penser (Drummond Scientific Co., Broomall, PA,
U.S.A)) on thin-layer plates of silica gel 60 which had
been pre-activated for 1 h at 110°C. Application of
lipid extracts was done in a room with controlled
humidity (60 + 3%) and temperature (21 + 1°C).
Chromatograms were developed in a rectangular glass
tank (N-tank) with either of the following solvent mix-
tures, chloroform/methanol /water (140: 60: 10, v/v)
[9] or n-hexane/diethyl ether/acetic acid (70: 30: 1,
v/v) {10}. The chambers were lined with Whatman 3
MM filter paper wetted with developing solvent. The
lipids were detected by staining with 10% ethanolic
phosphomolybdic acid using the dipping technique and
a dipping chamber of 125 ml capacity (Chromato-
graphic Specialties Inc., Boucherville, Canada). The
lipids were identified by co-chromatographed phospho-
lipid and fatty acid standards detected by the same
procedure. Polyunsaturated free fatty acids were quan-
titated by densitometric scanning using the LKB Ultra
Scan XL laser densitometer with Gel Scan XG soft-
ware (LKB Pharmacia, Montréal, Canada) after expo-
sure of the plate to ammonia vapors to decolorize the
background. A linear relationship for the range of
absorbance units (area of absorbance curves, 0-4.8),
and the amount of phosphomolybdic acid staining was
observed for the different concentrations of the PUFA



standard employed (arachidonic acid, 0.5 to 8 ug)
(data not shown). Corrections for variations in lipid
extractions were carried out using absorbance data for
lipid spots which were observed not to vary under the
experimental conditions employed.

We looked for the endogenous formation of PUFAs
in SRM incubated in the absence or presence of
medium containing 100 mM Tris-HCI (pH 7.4), 0.5 mM
GTP and 2 mM MnCl,. When the extracted lipids
were analyzed by thin-layer chromatography and the
lipids detected with 10% phosphomolybdic acid a dis-
tinct difference was observed in the amount of lipid
which co-migrated with arachidonic acid (Fig. 1). More
of this product was accumulated in the presence of
medium (Fig. 1). Control experiments indicated that
saturated free fatty acid and PUFA standards had
similar chromatographic mobilities in the solvent sys-
tems used (data not shown). However, since only the
PUFA standards (ec.g. linoleic, linolenic and arachi-
donic acid) were stained with 10% phosphomolybdic
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Fig. 1. Identification of lipids in lipid extracts of SRM by thin-layer
chromatography. Stripped rough microsomes (200 g of membrane
protein) were incubated for 120 min at 37 °C in the absence (A) or
presence (B) of medium (100 mM Tris-HCI (pH 7.4) plus 0.5 mM
GTP and 2 mM MnCl,). Lipid< were extracted and separated by
thin-layer chromatography vsitg chloroform/methanol /water
(140:60: 10, v/v). The positions of migration of phospholipid and
fatty acid standards are indicated to the left of the results. Lipid
standards were obtained from Sigma (St-Louis. MO, U.S.A.) and
Ser.Jary (London, Canada). AA, arachidonic acid; PC, phosphatidyl-
choline; FE, phosphatidylethanolamine; P1, phosphatidylinositol; PS,
phosphatidylserine; Fr, front of solvent; Or, origin.
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Fig. 2. Relationship of accumulation of PUFAs and membrane
fusion in the presence of GTP. Stripped rough microsomes (200 pg
membrane protein) were incubated in the presence of 2 mM MnCl,
and 0.5 mM GTP at 37°C for varying periods of time. Lipids were
extracted and analysed as described in Fig. 1. Duplicate samples
were fixed and processed for morphometric analysis of membrane
fusion as previously described [6]. Amount of PUFAs is expressed in
relative absorbance units (ABS, ¢) and amount of membrane fusion
is expressed in percent values (%, a) obtained by comparing mem-
brane lengths of fused vesicles wiih those of unfused vesicles [6). The
data is derived from one of thrce experiments which yielded similar
results and calculated to a straight line with a coefficient of correla-
tion of r =0.989, with a significance of P <0.01.

acid we concluded that the differences in the amount
of lipid observed in SRM under different experimental
conditions were primarily due to variations in amounts
of PUFAs.

The kiaetics of PUFA accumulation werc examined
using medium containing Tris-HCI {(pH 7.4), 0.5 mM
GTP and 2 mM MnCl,. Polyunsaturated free fatty acid
accumulation was linear for the first 30 min and started
to plateau after 60 min (data not shown). The effect of
cations was examined. In the presence of Tris-HCI (pH
7.4), 0.5 mM GTP none of the cations examined (e.g.
Mg?*, Mn?*, Ca?*) stimulated PUFA accumulation to
any significant degree at concentrations varying be-
tween 0 and 10 mM (data not shown). Polyunszaturated
free fatty acid accumulation occurred in the presence
of 5 mM EGTA suggesting Ca?* independence (data
no: shown).

We next wanted to examine the relation between
accumulation of PUFAs and GTP-dependent mem-
brane fusion. In three separate experiments we ob-
served a time dependent increase in the accumulation
of PUFAs and a coincident increase in amount of
membrane fusion as assayed by morphometric analysis
(Fig. 2). Linear regression analysis of the three results
defined a high correlation between accumulation of
PUFAs and increases in the amount of membrane
fusion. The coefficients of correlation varied between
r=0912 and r =0.989 and were found tc be statisti-
cally significant with P values equal to or less than
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0.05 as evaluated by the Student’s t-test. Since PUFA
accumulation and membrane fusion exhibit similar ki-
netic properties we suggest that GTP-dependent mem-
brane fusion may be facilitated by PUFA accumula-
tion.

Because PUFAs are major substrates for lipid per-
oxidation in endoplasmic reticulum membranes [11] we
next determined the effect of the presence of NADPH,
a cofactor in lipid peroxidation, on accumulation of
PUFAs and on GTP-dependent membrane fusion.
Stripped rough microsomes were incubated in the pres-
ence of Tris-HCI (pH 7.4), 0.5 mM GTP, 5 mM MgCl,
and 0.5 mM NADPH. This led to significant inhibition
of accumulation of PUUFAs and coincident inhibition of
membrane fusion (Table I). In contrast when mem-
branes were incubated in the presence of 0.5 mM GTP,
5 mM MgCl, and indomethacin, a cyclooxygenase in-
hibitor, either at 10 uM or 50 uM PUFA accumula-
tion and GTP-dependent membrane fusion were not
inhibited (Table I). The inhibitor of the lipoxygenase
pathway of arachidonic acid metabolism, nordihydro-
guaiaretic acid at either 10 or 50 uM, was also ob-
served to have little effect on either PUFA accumula-
tion or membrane fusion (data not shown). Although
these studies are consistent with PUFAs being involved
in GTP-dependent membrane fusion they suggest that
metabolites of arachidonic acid per se are probably not
implicated.

The formation of PUFAs was stimulated by CTP
but not by any of the following, ATP, GTP, ITP, UTP
or GTPyS (Table ID). Although GTP has been impli-

TABLE |

Effect of NADPH or indomethacin on accumulation of PUFAs and on
GTP-dependent membrane fusion

Stripped rough microsomes (150 ug membrane protein) were incu-
bated in the presence of 0.5 mM GTP. 5 mM MgCl, and in the
absence or presence of either 0.5 mM NADPH or indomethacin for
120 min at 37°C. Lipids were extracted and separated by thin-layer
chromatcgraphy using n-hexane diethyl ether acetic acid (70:30:1,
v/v). Purified arachidonic acid was used to generate standard curves
for the experiments and these were used to convert absorbance
values into ug units. Membrane fusion was assayed in duplicaie
samples as previously described {6). Values indicated in parentheses
represcat data obtained from a separate experiinent using mem-
branes froi a different fractionation experiment,

Incubation Polyunsaturated Fusion
condition free fatty acids index
(ng) (%)
Control 237 19.7
(2.20) (36.2)
+NADPH 1.12 0
(0.95) )
+ indomethacin (10 M) 283 238
(202) (27.6)
+ Indomethacin (50 uM) 3.76 3038
(2.25) (35.0)

TABLE 11
Effect of different nucleotides on the accumulation of PUFAs

Stripped rough microsomes (150 ug membrans protein) were incu-
bated in the presence of 5 mM MgCl, and one of the following
nucleotides at 0.5 mM; ATP, CTP, GTP, ITP, UTP or GTPys.
Incubations were carried out 120 min at 37°C. Lipids were then
extracted and analyzed as described in Table 1. n.d., not determined.

Nucleotide Polyunsaturated free fatty acids (ug)
Expt. 1 Expt. 2 Expt. 3
None 391 3.00 2.06
ATP 2.92 272 1.34
CTP 6.08 5.37 340
GTP 3.24 2.49 1.91
ITP 324 2.59 211
uTP 3.65 2.55 2.06
GTPys 3.18 1.73 1.61
GTP+CTP nd. 533 343

cated in the activation of phospholipase activity in
some membrane systems [12,13] we were unable to
confirm this using SRM (Table I1). ATP had a slight
inhibitory effect and the presence of both CTP and
GTP yielded similar results to CTP alone (Table II).

When examined in greater detail CTP was observed
to be able to promote the formation of an additional
lipid which co-migrated with diacylglycerol (data not
shown). We studied this further by using membranes
pre-labeled in vivo by injecting [U- " Clarachidonic acid
(from New England Nuclear, Boston, MA) into the
portal vein of rats 15 min before killing for purification
of rough microsomes. In vivo-labeled SRM were incu-
bated in medium containing 2 mM MnCl, in the
absence or presence of CTP. CTP was observed to
stimulate the accumulation of radiolabeled lipid which
comigrated with an aracuidonic acid standard (Fig. 3).
A [U-"“Clarachidonic acid-labeled lipid with the chro-
matographic mobility of standard diacylglycerol was
also formed in thc presence of CTP (Fig. 3). We
conclude that CTP in addition to being able to stimu-
late PUFA accumulation can lead to the appearance of
diacylglycerol. Such lipids have been shown to express
fusogenic properties [2-4,14] and thus could be candi-
dates involved in the fusion of RER membranes stimu-
lated in the presence of CTP [1].

The phospholipase activity we describe resembles
that previously observed in liver microsomes by Lumb
and Allen [15] based on kinetics of activity and Ca?"
independence at neutral pH. It is unlikely to be the
calcium-dependent phospholipase A, previously de-
scribed in various rat liver subcellular fractions [16,17)
since we observed PUFA accumulation both in the
absence of calcium and in the presence of 5 mM
EGTA. A more detailed characterization of this activ-
ity especially using in vivo-labeled membranes is re-
quired not only because it may lead to a better unde:-
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Fig. 3. Effect of incubation of SRM in the presence of CTP on the
lipid profile observed after extraction and analysis by thin-layer
chromatography. Endoplasmic reticulum membranes were {1ibeled in
vivo as described by Valtersson et al. {28] by injecucn of [U-
HClarachidoric acid (56 mCi/m mol, 12 xCi injected into the portal
vzin of three rats). After 15 min animals were killed and microsomes
prepared. Stripped rough microsomes (200 xg membrane protein)
were incubated for 120 min at 37 ° C in the absence or presence of 3
mM CTP and 2 mM MnCl,. Lipids were extracted and analyzec as
described in the legend to Fig. 1. Radivautographic detection was
done as previously described [1]. The positions of migration of
phospholipid and fatty acid standards are indicated to the left of the
results. AA, arachidonic acid; DAG, diacylglycerol; PA. phospha:idic
acid; PC, phosphatidylcholine; PE, phosphatidylethar~ amine: PG,
phosphatidviglycerol; PI, phosphatidylinositol; PS, phosphatidyl-
serine; Fr, front of solvent; Or, origin. This experiment was repeated
three times with similar results.

standing of the mechanism of fusion of RER mem-
branes but aiso because it could provide information
reievant to nreviously described changes in membrane
permeability induced in the presei.ce of PUFAs [18,19]
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or GTP [20,21]. Further studies could also provide
information relevant to previously described calcium
release by membranes in the presence of PUFAs [22-
24] or GTP [25-27].

We concur with the previous proposal that arachi-
donic acid and/or DAG maybe important for mem-
brane fusion [2-4,14] and suggest that GTP may acti-
vate metabolic events upstream (e.g. initially Ariring
membrane recognition [29]) from those involved in
direct membrane coalescence. CTP maybe abie to by-
pass GTP-dependent events by virtue of its capacity to
stimulate formation of both arachidonic acid and DAG.
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