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Evidence of differential effects produced by ethanol on specific
phospholipid biosynthetic pathways in rat hepatocytes
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1 The aim of the present study was to investigate the effects of ethanol in vitro on the phospholipid
biosynthetic pathways in hepatocytes isolated from the rat. We have used [methyl-'*C]-choline, [1-*H}-
ethanolamine and L-[3->H]-serine as exogenous precursors of the corresponding phospholipids,
phosphatidylcholine (PC), phosphatidylethanolamine (PE) and phosphatidylserine (PS).

2 Incubation of hepatocytes in the presence of ethanol significantly alters the incorporation of
radiolabel from [““C]-choline and [*H]-ethanolamine into the metabolic intermediates and the final
products of the CDP-choline and CDP-ethanolamine pathways. Radioactivity in the metabolic
intermediates of both pathways was significantly decreased and the amount of label in PE was reduced
whilst that of PC was not modified.

3 In the presence of 4-methylpyrazole, an inhibitor of alcohol dehydrogenase (ADH) activity, ethanol
produces a reduction in the label of choline phosphate, ethanolamine phosphate and a significant
decrease in the amount of PC and PE radiolabel.

4 On the other hand, ethanol increases the incorporation of serine into phosphatidylserine,
phosphatidylethanolamine and phosphatidylcholine, although this effect is observed only in the absence
of 4-methylpyrazole, indicating that this alteration is produced by some metabolite generated as a
consequence of hepatic alcohol metabolism.

5 FEthanol also interferes with the methylation of phosphatidylethanolamine produced via the CDP-
ethanolamine pathway but it does not alter phosphatidylethanolamine methylation when this
phospholipid is produced by mitochondrial phosphatidylserine decarboxylation, suggesting the existence
of different intramembrane pools of phosphatidylethanolamine, which may exhibit different sensitivity to
alcohol.

6 Our results indicate that ethanol exerts two different effects on phospholipid metabolism in
hepatocytes: a stimulatory effect on the incorporation of exogenous substrates into different
phospholipids probably related to an alteration in the availability of lipogenic substrates as a
consequence of ethanol metabolism, and another inhibitory effect produced by ethanol per se, which can
be observed only when ethanol metabolism is inhibited by the presence of a specific inhibitor of alcohol

dehydrogenase activity.
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Introduction

It has been widely shown that chronic alcohol ingestion pro-
duces marked alterations in lipid metabolism both in hepatic
and extrahepatic tissues (Forman, 1988; Sanchez-Amate et al.,
1991). The main pathway for ethanol metabolism involves
hepatic alcohol dehydrogenase (ADH), a cytosolic enzyme
that catalyzes the transformation of ethanol into acetaldehyde,
which is in turn converted to acetate through acetaldehyde
dehydrogenase activity. Both enzyme reactions generate an
excess of reducing equivalents in the liver, primarily in the
form of reduced nicotinamide adenine dinucleotide (NADH).
Thus, after prolonged ethanol consumption NADH produces
an increase in the concentration of a-glycerophosphate, which
favours hepatic lipid accumulation by trapping fatty acids
(Brindley, 1988). In addition, an excess of acetate and NADH
may promote the synthesis of fatty acids (reviewed by Lieber,
1994). However, in spite of the fact that hepatic triacylglycerol
accumulation has been consistently described in chronic alco-
holism (for revision see Lieber, 1994), reports on the effects of
ethanol administration on the biosynthesis of phospholipids
are scarce and contradictory. Thus, Castro et al. (1987) re-
ported that acute ethanol administration stimulates the
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synthesis of phospholipids from exogenous fatty acids in rat
hepatocytes, whilst other authors have indicated a marked
decrease in rat reticulocytes (Le Petit-Thevenin et al., 1995).

The biosynthesis of different phospholipids takes place via
specific pathways. Phosphatidylcholine (PC) and phosphati-
dylethanolamine (PE) can be synthesized in microsomes via
cytidine diphosphate-derivatives (CDP-derivatives) whilst both
these phospholipids may also be produced from mitochondrial
phosphatidylserine (PS) decarboxylation. To our knowledge
there are few reports on the effects of ethanol on the biosyn-
thetic pathways of individual phospholipids in spite of their
importance as components of biological membranes and their
involvement in processes such as membrane fusion, membrane
asymmetry or interactions with specific proteins. Slomiany et
al. (1994) have shown that in alcoholic rats, PC biosynthesis is
reduced by 50% as compared to pair-fed controls. Also in our
laboratory we have recently demonstrated that in rat hepato-
cytes, chronic alcohol treatment alters the incorporation of
exogenous polar bases into PE and PC via CDP-derivatives
and into PS via base-exchange reaction increasing PE and PS
biosynthesis and decreasing synthesis of PC (Carrasco et al.,
1996).

Although in vitro studies cannot totally reflect in vivo me-
chanisms, they allow the possibility of eliminating many en-
dogenous and exogenous factors, which could influence
metabolism in vivo. To date, the studies on the effects of
ethanol in vitro have been focused exclusively on the in-
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corporation of exogenous fatty acids into phospholipids, but
there are no reports on the effects of ethanol on individual
phospholipid biosynthetic pathways. Thus in this work we
have analysed the effects of ethanol in vitro on the biosynthesis
of PC, PE and PS in rat isolated hepatocytes. To do this we
have used serine, ethanolamine and choline as exogenous
precursors to explore the possible interference of ethanol in the
different steps of the phospholipid biosynthetic pathways. We
have also studied the effects of ethanol in the presence of 4-
methylpyrazole, a specific inhibitor of ADH activity, in order
to analyze the effects of ethanol alone, with no relation to the
action of different metabolites produced as a consequence of
ethanol metabolism.

Methods

Animals

Male Sprague-Dawley rats (200—250 g) were fed ad libitum on
a standard chow diet in a chamber with a light cycle from
09h00min to 19 h00 min and controlled temperature
(25°C). The rats were deprived of food overnight when the
hepatocytes were to be isolated.

Isolation of hepatocytes

Hepatocytes were isolated by the perfusion technique of Seglen
(1976) using collagenase. After perfusion the liver was trans-
ferred to a Petri dish and gently dispersed. Aliquots of the
suspension were tested for viability by Trypan blue exclusion
and preparations with a viability lower than 70% were not
used. The suspensions were filtered through a nylon mesh and
the hepatocytes were placed on Percoll (1.08 mg ml~!) in a
centrifuge tube. After centrifugation for 30 min at 30000 g, the
viable cells were collected and washed twice at 50 g for 2 min
before being resuspended in buffered Krebs-Henseleit con-
taining 1.5% bovine serum albumin (w/v) and 10 mM glucose.
By this procedure a suspension of hepatocytes was obtained
from the different hepatic zones. The cellular viability was
higher than 90% in all the preparations used and it was
maintained throughout all our experiments both in control and
ethanol-treated cells.

Incubation of hepatocytes

Cells (5 x 10°) were incubated at 37°C in a shaker water bath
(80 oscillations min~!) in 2.5 ml of Krebs-Henseleit solution,
pH 7.4, containing 1.5% bovine-serum albumin (w/v) and
10 mM glucose both in the presence and absence of 100 mM
ethanol, under an atmosphere of carbogen (95% O,: 5% CO,).
After 150 min incubation the reactions were initiated by the
addition of 125 nmol of methionine and L-[3-*H]-serine
(125 nmol; 150968 d.p.m. nmol~!) or [1-*H]-ethanolamine
(100 nmol; 119920 d.p.m. nmol~!) or [methyl-'*C]-choline
(125 nmol; 32667 d.p.m. nmol~'). The reactions were con-
tinued for 30 min at 37°C and stopped by the addition of
7.5 ml of ice-cold Krebs-Henseleit. The cells were washed twice
in Krebs-Henseleit medium at 50 g for 5 min and the pellet
was collected and used for analysis of lipid and water-soluble
metabolites. Incubations in the presence of 4-methylpyrazole
were made as described above, except that the Krebs-Henseleit
medium also contained 3 mM 4-methylpyrazole.

Extraction and analysis of lipids and water-soluble
metabolites

Lipids were extracted from the cell pellet according to the
procedure of Folch et al. (1957). The chloroform layer was
dried by evaporation with a stream of nitrogen whilst the
water-methanol phase was collected and used to determine
water-soluble metabolites. The lipid residue was dissolved in
chloroform and the different phospholipids were separated on

silica-gel 60 G t.l.c. plates, as indicated by Higgins (1987).
Phosphatidyl-N-monomethylethanolamine and phosphatidyl-
N,N-dimethylethanolamine were isolated by t.l.c. on silica-gel
H plates, using chloroform/methanol/acetic acid (70:30:4) as
solvent, according to Marino et al. (1986).

The water-soluble intermediates, ethanolamine phosphate
and CDP-ethanolamine, were separated from the aqueous
fractions by the method of Wang and Moore (1991), using
silica-gel G t.l.c. plates and a solvent system composed of 96%
ethanol/3% NH,OH in water (1:2).

The water-soluble PC precursors, choline phosphate and
CDP-choline, were separated from the aqueous fractions ac-
cording to Vance et al. (1981) using silica-gel G t.l.c. plates and
methanol/0.6% CINa/28% NH,OH in water (50:50:5) as
solvent.

The spots corresponding to each compound were visualized
by exposing the plates to iodine vapours, then scraped and
transferred to scintillation vials for measurement of radio-
activity by a Beckman 6000-TA liquid scintillation counter.

The results are expressed as means+s.e.mean as indicated
in the legends to the tables. Data from ethanol-treated and
control hepatocytes were compared by Student’s ¢ test, taking
a value of P<0.05 as significant.

Phospholipid head-group analysis

The amount of radioactivity from L-[3-*H]-serine associated
with the head-group of PC, PE and PS molecules was de-
termined by phospholipase C digestion according to the
method of Kuksis et al. (1991) with minor modifications.
Phospholipids isolated by t.l.c. were dried under nitrogen.
Each phospholipid was dissolved in 1 ml of diethyl ether and
5.5 ml of Tris-HCl buffer (13.3 mM, pH 7.4) containing 0.24%
CaCl, and 1 unit of phospholipase C from B. cereus was added
to the sample. The tubes were incubated at 30°C for 3 hin a
shaker bath (250 oscillations min~"). Digestion was stopped
by the addition of 15 ml of chloroform/methanol (2:1) and
0.2 ml of 0.1 M HCI. The radioactivity associated with each
fraction was determined after the isolation of diacylglycerides
and phospholipids by t.l.c. in silica-gel G plates using hexane/
ethyl ether/acetic acid (80:20: 1) as solvent.

Chemicals

L-[3-°H]-serine, [1-°H]-ethanolamine and [methyl-'*C]-choline
were bought from Amersham International (Amersham,
Bucks, U.K.). Fatty-acid-free bovine-serum albumin and col-
lagenase (Type A from Clostridium histolyticum) were supplied
by Boehringer Mannheim. Choline, ethanolamine, L-serine
and L-methionine were bought from Sigma. T.l.c. plates were
from Sigma and Percoll was from Pharmacia. All other re-
agents used were of analytical grade.

Results

Incorporation of [methyl-'*C]-choline

The main pathway for PC biosynthesis in eukaryotic cells is the
Kennedy pathway (Kennedy & Weiss, 1956), which involves
the production of different water-soluble intermediates such as
choline phosphate and CDP-choline. Results of the analysis in
the incorporation of choline into these metabolic intermediates
and into the final product, PC, are shown in Table 1. The
incubation of control hepatocytes in the presence of [me-
thyl-'*C]-choline produces a marked incorporation of this
polar base to the corresponding phospholipid, PC. Choline
phosphate also exhibits a significant radioactive label whilst
the radioactivity in CDP-choline is markedly lower than that
found in the other metabolites.

The effects produced by the incubation of hepatocytes in the
presence of 100 mM ethanol are also shown in Table 1 and
demonstrate a significant decrease in the radioactivity of both
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choline phosphate and CDP-choline; the radioactive label of
PC was not different in ethanol and control hepatocytes. It is
noteworthy that when the cells were incubated in the presence
of ethanol and 4-methylpryrazole, and consequently ethanol
metabolism via ADH was inhibited, alcohol still produced a
significant decrease in the label of choline phosphate. Also a
marked reduction in the radioactive label of PC from choline
was observed after incubation in the presence of ethanol and 4-
methylpyrazole but no change in incorporation into CDP-
choline.

Incorporation of [1-H ]-ethanolamine

To study the influence of ethanol on the biosynthetic pathway
of PE via CDP-ethanolamine we have determined the in-
corporation of [1-*H]-ethanolamine into the different meta-
bolic intermediates (results shown in Table 2). Similar to
results obtained in the biosynthetic PC pathway in control
hepatocytes, the highest radioactivity levels were observed in
the final product, PE, although in this case ethanolamine
phosphate also shows considerable label levels.

Ethanol produces significant alterations in the CDP-etha-
nolamine pathway. A significant reduction of radioactivity
incorporated into ethanolamine phosphate and CDP-ethano-
lamine was observed in ethanol-treated hepatocytes, whilst the
final product, PE, exhibited higher radioactivity than that of
the control cells. Interestingly, when the metabolism of ethanol
was inhibited by the addition of 4-methylpyrazole, the reduc-
tion in ethanolamine-phosphate synthesis persisted whilst a
significant decrease in the incorporation of radioactivity into
PE was observed with no change in CDP-ethanolamine in-
corporation.

Bearing in mind that PE can be successively methylated to
give PC, we have also quantified the distribution of radio-
activity between the different methylated intermediates (Table
2). It is noteworthy that in control hepatocytes only a small
quantity of PE was methylated to PC. In fact, the value of the
PC/PE; radiolabel ratio is lower than 0.02 (PEr is the total PE
synthesized de novo and is calculated as the sum of the
radioactivity found in the methyl-derivatives and PE produced
from [1-°*H]-ethanolamine). As far as the effect of ethanol on
the microsomal methylation of PE is concerned, our results
demonstrate that in spite of the higher radioactivity in PE
found in the presence of ethanol, both the methylated inter-
mediates, phosphatidyl-N,N-dimethylethanolamine and phos-
phatidyl-N-monomethylethanolamine and the final product of
this biosynthetic pathway, PC, exhibited a significant decrease
in their radioactive label when compared to control hepato-
cytes. These effects were observed even when ethanol meta-
bolism was suppressed by 4-methylpyrazole, although under
these experimental conditions PE also showed a decrease in its
radioactive label.

Table 1 Effect of 100mM ethanol in the absence and
presence of 4-methylpyrazole on the incorporation of label
from [methyl-! C]-cholme into choline phosphate, CDP-
choline and PC in rat hepatocytes

Incorporation of L-[3->H]-serine

It is well established that serine is incorporated into the head-
group of PS by a microsomal base-exchange reaction (Bell &
Coleman, 1980). The PS is further decarboxylated in the mi-
tochondria to give PE by a PS decarboxylase activity and this
PE can then be methylated to PC via three enzymatic steps,
which take place in the endoplasmic reticulum.

In addition to the head-group, L-[3->H]-serine may also be
incorporated into the fatty-acyl moiety of phospholipids
(Samborski & Vance, 1993). Thus, we have quantified the
distribution of radioactivity in both polar and apolar moieties
by phospholipase C digestion of the intact phospholipids. The
head-groups of PS, PE and PC contained 96%, 49% and 30%
respectively of the total phospholipid label. Therefore, in the
results shown in Table 3, the radioactivity of phospholipids
labeled from serine was corrected for the percentage of label in
the head-group moiety.

Table 3 shows the results obtained after incubation of he-
patocytes with L-[3-*H]-serine either in the presence or absence
of ethanol. As might be expected, in control hepatocytes serine
was mainly incorporated into PS, although a substantial
amount of the radioactivity was distributed between PE and

Table 2 Effect of 100mM ethanol in the absence and
presence of 4-methylpyrazole on the incorporation of label
from [I-H]-ethanolamine into metabolic intermediates of
phosphatidylethanolamine biosynthesis and their methylated
derivatives, (phosphatidyl-N-monomethylethanolamine
(NPE), phosphatidyl-N,N-dimethylethanolamine (NNPE)
and phosphatidylcholine) in rat hepatocytes

Methyl + Ethanol
pyrazole Control (100 mm)
Ethanolamine None  7.33+0.36  5.14+0.59°
phosphate 3 mM 7.294+0.18 4.99+0.25°
CDP-ethanolamine None 2.29+0.23 1.55+0.182
3 mM 3.29+40.16 3.7440.35
Phosphatidyl- None 51.40+1.46 57.89+1.07°
ethanolamine 3mM 47.86+0.75 38.39+1.05°
NNPE None 0.2740.01 0.26+0.03
3 mMm 0.274+0.03 0.1740.02*
NPE None 6.46+0.54 4.33+047°
3 mM 7.04+0.66 6.07+0.46
Phosphatidylcholine None 1.71+0.07 1.3340.06°
3 mM 1.614+0.02 0.714+0.04°

Data are expressed as pmol of [1-H}-ethanolamine
incorporated min™’ per 19% cells. Values are expressed as
means+s.e.mean for six different experiments. Statistical
significance of difference from the controls are indicated by
2P<0.035; ®P<0.01; °P<0.0001.

Table 3 Effect of 100 mM ethanol in the absence and
presence of 4-methy1pyrazole on the incorporation of label
from L-[3->H]-serine into the phospholipids PC, PE and PS
in rat hepatocytes

Methyl
pyrazole

+ Ethanol
Control (100 mm)
43.61+1.08 37.47+1.96*
48.97+1.40 43.59+0.25°
1.42+0.07 1.2140.04%
1.91+0.06 1.96+0.07
69.53+1.15 63.19+3.18
52.62+2.14 36.51+2.30°

None
3 mMm
None
3 mmM
None
3 mM

Cholinephosphate
CDP-choline

Phosphatidylcholine

Data are expressed as pmol of [methyl-'*C]-choline
incorporated min~' per 10° cells. Values are expressed as
means+s.e.mean for six different experiments. Statistical
s1gn1ﬁcance of differences from the controls are indicated by:
2P<0.03; °P<0.005; °P<0.001.

Methyl + Ethanol

pyrazole  Control (100 mm)

Phosphatidylcholine None 0.13+0.01 0.19+0.01*
3mM  0.14+0.01 0.124+0.01

Phosphatidylethanolamine None 0.24+0.01 0.36+0.01°
3mM 0.194+0.01 0.1940.01

Phosphatidylserine None 1.83+0.01 2.27+0.01°
3mM 1.9340.14 1.98+0.11

Data are expressed as pmol of L-[3->H]-serine incorporated
min~ per 10° cells. Values are expressed as means +s.e.mean
for nine different experiments. Statistical significance of
dlﬂ"erences from the controls are indicated by: 2P<0.001;

®P<0.0001.
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PC. In the presence of ethanol the hepatocytes showed higher
radioactive levels in all the phospholipids compared to control
cells. The increase was more marked in PS and PE than in PC
and it was noticeable that when the ethanol metabolism was
inhibited, alcohol did not produce any effect on the amount of
radiolabel in the different phospholipids.

Discussion

We have made a comparative study in rat hepatocytes of the
effect of ethanol in vitro on the incorporation of different polar
bases into the metabolic intermediates and into the head-group
moiety of phospholipids, PC, PE and PS. Hepatocytes were
exposed to 100 mM ethanol concentration for 3 h. Although
the ethanol amount was higher than clinically-relevant plasma
concentrations it does not alter the cellular viability and this
concentration is similar to that used by different authors in rat
hepatocytes (Gutierrez-Ruiz et al., 1995; Sergent et al., 1995)
and other cell types (Le Petit-Thevenin et al., 1995).

Ethanol may exert its pharmacological effects by direct in-
teraction with different structural components of biological
membranes or by some metabolites produced during its he-
patic oxidation. It must be borne in mind that in hepatocytes,
ethanol is metabolized producing different lipogenic sub-
strates, such as acetyl-CoA, a-glycerophosphate, diacylglycerol
and phosphatidic acid (Brindley, 1988; Lieber, 1991), and thus
it is difficult to distinguish between the effects produced by
these metabolites and those caused by the interaction of
ethanol with biological membranes. Thus, to obtain further
insight into the mechanism of the effects of ethanol we have
analyzed the alterations induced by alcohol on phospholipid
biosynthesis, both in the absence and presence of 4-methyl-
pyrazol, a specific inhibitor of ADH activity, and thus of
ethanol metabolism in the liver.

Our results show that the incorporation of radiolabelled
ethanolamine into PE is clearly increased after incubation of
hepatocytes in the presence of ethanol whilst choline in-
corporation into PC was practically unaltered. In addition,
radioactivity of the different metabolic intermediates of the
CDP-choline and CDP-ethanolamine pathways was sig-
nificantly decreased by ethanol. To the best of our knowledge,
no experimental evidence concerning the effects of ethanol in
vitro on the biosynthesis of the individual phospholipids exists,
although Castro ez al. (1987) have demonstrated that hepato-
cytes incubated in the presence of ethanol show an increase in
the incorporation of radiolabelled palmitate in both triglycer-
ides and total phospholipids. Also in our laboratory we have
observed an increase in the incorporation of radioactive oleic
acid into polar and neutral lipids after ethanol incubation of
hepatocytes for 3 h (results not shown). This increase in the
lipid biosynthesis induced by ethanol has been related to an
enhancement in the hepatic a-glycerophosphate levels pro-
duced as a consequence of the shift in the redox state after
ethanol metabolism (Castro et al., 1987). The higher amount of
radioactivity in PE found in the present study could also be the
result of an increase in the levels of lipogenic substrates pro-
duced as a consequence of ethanol metabolism.

The mechanism of the effects of ethanol was further ap-
proached by use of the inhibitor of ADH activity, 4-methyl-
pyrazole. The analysis of the PC and PE biosynthetic pathways
when ethanol metabolism is inhibited, reveals that alcohol
produces a reduction in the radioactive levels of both choline
phosphate, ethanolamine phosphate and a significant decrease
in the amount of PC and PE radiolabel. In the presence of 4-
methylpyrazole, ethanol metabolism is inhibited and conse-
quently there is no change in the availability of «-glycer-
ophosphate or other lipogenic substrates and hence the effects
observed are exclusively due to a direct action of alcohol on
enzymes of the biosynthetic pathway. In this sense, the amount
of radiolabel in the different metabolic intermediates in the
presence of 4-methylpyrazole, suggests a specific inhibition
induced by ethanol in the activity of the corresponding kinases

and phosphotransferases that could explain the decrease in the
label of choline phosphate, ethanolamine phosphate and the
corresponding phospholipids PE and PC. Since the amount of
radiolabel in CDP-derivatives is not modified, it could be in-
dicative that the cytidylyltransferases, enzymes involved in the
rate-limiting steps in PC and PE synthesis, are not altered after
exposure to ethanol, in spite of the fact that it has been widely
shown that these enzymes are sensitive to different hormonal
and dietary factors (reviewed by Tronchere et al., 1994).

All these results indicate that ethanol can exert two different
effects on the CDP-derivatives biosynthetic pathways: a sti-
mulatory effect depending on an increase in the availability of
lipogenic substrates, as a consequence of alcohol metabolism,
and another inhibitory effect on specific enzymes involved in
the biosynthetic pathways. This last effect is produced by the
presence of ethanol per se and can be observed only when
ethanol metabolism is inhibited. Hence when cells are exposed
to ethanol, the final effect on the individual phospholipid
biosynthetic pathways is the result of two opposite effects. In
this connection, we have recently demonstrated in our la-
boratory that hepatocytes isolated from alcoholic rats show
opposite changes in the biosynthetic pathway of the major
phospholipids, PE and PC (Carrasco et al., 1996). Thus, whilst
incorporation of ethanolamine into PE is significantly in-
creased after chronic ethanol treatment, synthesis of PC from
exogenous choline is markedly decreased.

Synthesis of PS is a complex process involving several cell
compartments and some transport steps between different
subcellular membranes. Our results demonstrated that when
serine or choline are used as exogenous precursors, sphingo-
myelin does not show any isotopic label although both sub-
strates are necessary precursors for the biosynthesis of
sphingomyelin.

Ethanol markedly increases the incorporation of radio-
activity from serine to PS, PE and, to a lesser extent, PC,
although in the presence of 4-methylpyrazole these effects are
not observed. These results show therefore that the effects of
ethanol on phospholipid biosynthesis from serine are linked to
the metabolism of ethanol. Other authors have demonstrated
that free fatty acids exert a marked activator effect on phos-
phatidylserine synthase activity both in rat liver (Siddiqui &
Exton, 1992) and brain (Kanfer & McCartney, 1991). Since the
cytosolic fatty acids increase significantly as a consequence of
ethanol metabolism (Lieber, 1994), they may be responsible for
an enhancement in the synthase activity and thus in the
synthesis of all the serine-derived phospholipids found in our
study.

On the other hand, it is interesting to note that the high
levels of radioactivity found in PS demonstrate that in control
hepatocytes, PS is efficiently synthesized from exogenous serine
and that approximately 17% of the total radioactivity initially
incorporated into this phospholipid, appeared afterwards in
PE plus PC, indicating that a substantial amount of the total
PS synthesized in control hepatocytes is decarboxylated to PE.
In addition, this PE, newly synthesized in the mitochondria, is
actively methylated, producing PC. In fact, 38% of the PE
labelled by this route is used in microsomes to give PC, as can
be deduced from the PC/PE; radioactivity ratio. This value is
in marked contrast to the low production of PC from PE
synthesized via the CDP-ethanolamine pathway and demon-
strates that PE is more efficiently methylated to give PC when
PE is produced in the mitochondria by PS decarboxylation
than when it is synthesized in microsomes from ethanolamine.
Other authors have also indicated that in liver the methylation
of PE derived from PS apparently provides up to 30% of the
cellular PC, the remainder being synthesized from the CDP-
choline pathway (Vance & Vance, 1986a).

All this indicates that PE may be located to different extents
in microsomal membranes depending upon the biosynthetic
pathway which produces it. In this sense, Vance (1991) has
suggested that there are pools of newly synthesized phospho-
lipid different from the pools of older phospholipid pre-exist-
ing in the membranes and recently Ellingson & Seenaiah (1994)
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have also indicated the existence of metabolic domains of
membrane phospholipids, determined by the acyl-chains in the
sn-1 and the sn-2 positions. In our study, however, we have
found differences in the methylation of PE originated from two
different biosynthetic pathways and thus our results are con-
sistent with different pools in the membrane which differ in
their accessibility to methyltransferases activity. In fact, two
distinct methyltransferase activities have recently been de-
scribed, probably involved in the methylation of serine- and
ethanolamine-derived PE (Cui ez al., 1993). In addition there is
evidence indicating that both pathways may be differently
regulated (Vance & Vance, 1986b). In summary, it is possible
that serine-labelled PC may be synthesized at a separate in-
tramembrane location from ethanolamine-labelled PC, as a
consequence of differences in the location of specific pools of
microsomal PE.

With regard to the effects of ethanol on PE methylation, to
date there are few and contradictory reports. It was reported in
1976 that chronic ethanol ingestion markedly increases hepatic
phosphatidylethanolamine methyltransferase activity (Uthus
et al., 1976), although recently Lieber ez al. (1994) have in-
dicated that chronic alcohol consumption significantly de-
creases this activity. Our results demonstrate that the exposure
of hepatocytes to ethanol induces a clear decrease in PE me-
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