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FERNANDEZ-BRIERA, A., P. LOUISOT AND R. MORELIS. Effects of chronic ethanol administration on plasma-membrane- 
bound glycosyltransferase activities. PHARMACOL BIOCHEM BEHAV 35(1) 75-84, 1990.--Physiological and membranous 
modifications induced by a 4-week ethanol administration in mouse liver plasma membrane were studied. Galactosyl- and 
glucosyltransferase activities were stimulated in the presence of dolichylphosphate alone or with phosphatidyl-choline. The 
galactosyltransferase activity was inhibited by chronic ethanol administration. These enzymes were modulated by different 
phospholipids. The phosphatidic acid was the most efficient activator. Ethanol provoked an inhibition of the galactosyltransferase 
activity whatever the phospholipid used, as well as an inhibition of the glucosyltransferase activity, chiefly in presence of 
phosphatidyl-inositol. The preincubation of control or treated mouse liver plasma membranes with liposomes loaded by dolichyl- 
phosphate and cholesterol greatly enhanced the enzymatic activities without removing the inhibition by ethanol treatment. 

Plasma membrane Glycosyltransferase Phospholipidic effectors Glycolipid Chronic ethanol consumption 

JUST like anaesthetic drugs, ethanol is known to bring about 
changes in neuronal membranes (1, 11, 27), liver cell organelles 
and blood serum enzymes (20). It is also known to modify 
membrane-bound enzymes' activities (2, 7, 22, 25). 

However, different approaches exist for measuring the meta- 
bolic alcohol effect: acute ethanol ingestion prior to killing the 
animals (22), ethanol addition to enzymatic incubation mixture 
(18) or chronic alcohol administration either on short term or long 
term (10,22). From these different studies, several coinciding or 
opposite results are found. Nevertheless, they furnish evidence to 
indicate that ethanol interacts with the membrane lipid bilayer, 
provokes alteration of membrane structure and increases lipid 
fluidity (29,21). In acute administration experiments, Corazzi (2) 
found that plasma membranes appeared to be the most interesting 
subcellular organelle in the changes produced by ethanol; he 
suggested that alterations of enzymatic activities could be due to a 
change of plasma membrane lipid composition provoked by 
ethanol exposure. 

In a previous report (4) we showed the existence of plasma- 
membrane-bound glycosyltransferase systems. In a subsequent 
study (5) we tried to establish how pbospholipids affected the 
glycosylation process. We argued that an examination of two 
membrane-bound enzymes after a 4-week ethanol administration 
could serve two purposes. The first would be to determine whether 
other cell membrane enzymes (besides Na'-K"ATPase,  5'-  
nucleotidase, glutaminyltransferase) are also affected (particularly 
the enzymes included in posttraductional processes). The second 

objective would be to determine whether the lipidic modulation of 
these enzymes remained the same in the control membranes and in 
those of alcohol-treated animals. Nishimura and Teschke's hy- 
pothesis (20) should be born in mind here, as they suggested that 
ethanol had different effects on the activities of liver plasma 
membrane enzymes. 

METHOD 

Mice, strain OF1 (IFFA Credo, Les Oncins, France), one 
month old, were used. The recently weaned mice were allowed 
free access to solid food and water, which contained increasing 
amounts of ethanol (2.5 to 17.5%) for four weeks, the percentage 
of ethanol being increased every five days. Pair-fed control mice 
were given a similar diet for the same period, but without ethanol. 
During the treatment period, the mice were housed in plastic 
boxes, 6 or 8 animals per box, at 22°C on a 12-hr light/dark cycle. 
Once killed, treated and control mice underwent laparotomy, the 
livers being rapidly removed and placed in a solution containing 1 

NaHCO 3 and 1 mM CaC12 at pH 7.5, at 4°C. 
Plasma membranes were isolated by modifying the method 

described by Ray (24). Mouse livers were homogenized and 
fractionated by differential centrifugations in 1 mM NaHCO3, 1 
m_h/l CaC12 pH 7.5, according to Fig. 1. The purification of plasma 
membranes was performed on a sucrose discontinuous gradient as 
described previously (4). The purity of plasma membrane fractions 
was assessed by several specific marker-enzymes and by electron 
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microscopy. Monoamine oxidase (EC 1.4.3.4.) as an outer mito- 
chondrial membrane marker enzyme was assayed according to 
Tabor et al. (28), alkaline p-nitrophenyl phosphatase (EC 3.1.3.1 .) 
as a plasma membrane marker enzyme, was assayed by modifying 
Ray's method (24), and by the spectrophotometrical determination 
of p-nitrophenol formed from p-nitrophenyl phosphate. Protein 
concentrations were determined by the method of Gornall (9). 

UDP-[14C]-glucose (11.2 GBq/mmol) and UDP-[14C]-galac- 
tose (12.7 GBq/mmol) were supplied by New England Nuclear. 
Benzylamine, paranitrophenyl-phosphate, dolichyl monophosphate 
(grade III), phospholipids and cholesterol were purchased from 
Sigma. 

Incubation mixtures used for the study of [14C]-glucose incor- 
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FIG. 1. Fractionating of mouse livers to isolate plasma membranes. In each step the supernatant 
was discarded and the pellet diluted in homogenizing solution (1 mM NaHCO3, 1 mM CaCI2, 
pH 7.5, 4°C) to half the previous volume. 



CHRONIC ETHANOL AND GLYCOSYLTRANSFERASES 77 

TABLE 1 

EFFECT OF DIETARY SUPPLEMENTATION WITH ETHANOL ON SOLID AND LIQUID DAILY INTAKE 

Percent of 
Ethanol 
in Water 

Liquid Consumption 
(ml/day/mouse) 

Solid Consumption 
(g/day/mouse) 

Control Treated p Control Treated p 

2.5% 4.2 _ 0.4 (5) 3.5 ± 0.3 (5) N.S. 3.9 --- 0.3 (3) 4.0 _ 0.4 (4) N.S. 
5.0% 4.7 _+ 0.4 (5) 4.0 ___ 0.2 (5) N.S. 4.8 - 0.4 (4) 4.6 --- 0.4 (4) N.S. 
7.5% 5.1 ___ 0.2 (5) 4.3 _ 0.1 (5) p<0.01 4.5 --- 0.2 (4) 4.1 ___ 0.3 (4) N.S. 

10.0% 5.1 _ 0.1 (5) 3.9 ± 0.1 (5) p<0.001 4.3 - 0.2 (3) 3.8 _ 0.3 (3) N.S. 
12.5% 4.8 ± 0.1 (5) 3.8 ± 0.1 (5) p<0.001 4.6 -+ 0.2 (3) 3.6 ___ 0.3 (3) N.S. 
15.0% 5.2 ± 0.2 (5) 3.6 ± 0.1 (5) p<0.001 4.2 ± 0.2 (4) 3.9 ± 0.3 (4) N.S. 
17.5% 5.2 ± 0.5 (5) 3.4 ± 0.1 (5) p<0.01 4.4 ± 0.7 (4) 3.5 _ 0.2 (4) N.S. 

The water of the controls was ethanol-free. The values represent the mean of the number of 
indicated between brackets, each one including 6 mice ___ S.E.M. (standard error mean). 

N.S. = not significant. 

experiments 

potation into lipidic endogenous acceptors of purified plasma 
membranes contained, unless otherwise indicated, the following 
components: 0.8 mg of plasma membrane preparation per one ml 
of incubation mixture; 5 mM MgC12; 4 mM NaF; 10 mM Tris-HC1 
pH 7.4; 8.0 o,M UDP-[14C]-glucose. Incubation mixtures used for 
the study of [14C]-galactose incorporation into lipidic endogenous 
acceptors of purified plasma membrane contained, unless other- 
wise indicated, the following components: 0.8 mg of plasma 
membrane preparation per one ml of incubation mixture; 5 mM 
MnC12; 4 mM NaF; 10 mM Tris-HCl pH 7.4; 8.0 IxM UDP- 
[ ~4C]-galactose. When dol-P (17 ~M) and/or lipidic effectors (380 
p,M) were used for glycosylation reaction they were evaporated 
under a stream of nitrogen; Tris buffer solution was added and the 
lipids were sonically dispersed in an ultrasonic water bath (Bran- 
sonic bath-type sonicator 220) until the solution was clear or 
slighty opalescent by the procedure of Mitranic et al. (19). 
Incubations were performed at 37°C and stopped by the addition of 
10 vol. of chloroform/methanol (2:1, v/v). The suspension was 
mixed vigorously, kept at room temperature for at least 10 rain, 
and centrifuged after addition of 3 vol. of water; then the 
chloroform/methanol extract was collected as previously described 
(6). Radioactivity was measured in a Tri-Carb Packard liquid 
scintillation counting system using Packard Emulsifier Scintillator 
299 as the liquid scintillation counting mixture. Enzymatic 
activity was expressed as picomol of [t4C]-glucose or [14C]- 
galactose incorporated into lipidic endogenous acceptors per mg of 
protein. Thin-layer chromatography (TLC) of the glycosylated 
lipidic products was performed on silica gel 60F-254 plates which 
were developed three times in chloroform/methanol/ammonium 
hydroxide/water (70:44:5:5, v/v/v/v), and once in chloroform/ 
methanol/water (10:10:3, v/v/v). The radioactivity on the plates 
was located by liquid scintillation counting or by scanner (Packard 
Scanner 2022). 

The statistical analyses for comparisons between control and 
treatment results were carried out using Student's t-test. Statistical 
significance was defined as p<0.05.  

RESULTS 

The chronic ethanol administration had no effect, or caused a 
slight decrease in relative liver weight. Table 1 shows the 
consumption of drink and food by treated and control animals 
during the treatment process. Dietary supplementation with etha- 
nol caused the animals to eat less; although the differences 
between control and treated mice were not statistically significant. 

Moreover, significant reductions of liquid intake were observed in 
the ethanol-treated mice (down to 75 to 80% of that of the control 
mice), which were exacerbated when the concentration of ethanol 
in the water was raised. These reductions are statistically signifi- 
cant up to 7.5% (p<0.01 or p<0.001).  Drinking water supple- 
mentation with ethanol (15%) gave a mean daily intake of 28.12 
g/kg body weight. 

After treatment with ethanol, the isolation of plasma mem- 
branes was carded out as described in the Method section for both 
treated and control animals. After the fractionation process the 
homogenate and supernatants of the differential centrifugations 
obtained from ethanol-treated mice were markedly opalescent and 
milky. Table 2 shows the percentage of enzymatic markers 
recovered in the different fractions for the isolation and purifica- 
tion of plasma membranes. As this table shows, alkaline p- 
nitrophenyl phosphatase activity from ethanol-treated mouse plasma 
membrane was increased by 40% as compared with the value 
obtained from control mice. On the other hand, the rates of 
monoamine oxidase activity recovered in purified plasma mem- 
branes were not significantly affected by the ethanol treatment. 
These results indicated that the ethanol treatment did not increase 
the contamination of isolated plasma membranes but rather pro- 

TABLE 2 

EFFECT OF CHRONIC ETHANOL TREATMENT ON THE DETERMINATION 
OF ENZYMATIC MARKERS DURING THE PREPARATION AND 

PURIFICATION OF PLASMA MEMBRANE 

Fractions 

Activity of Enzymatic Markers 

Monoamine Oxidase Alkaline p-Nitrophenyl 
(EC 1.4.3.4.) Phosphatase (EC 3.1.3.1.) 

Ethanol Control Ethanol Control 

Homogenate 100.0 100.0 100.0 100.0 
Pellet I 49.0 48.5 44.5 38.0 
Pellet II 18.7 20.0 35.0 33.6 
Pellet III 6.9 9.9 33.0 30.0 
Purified 0.0 0.0 11.9 8.5 

membrane 

Enzymatic determinations were carried out as described in the Method 
section. The results are expressed as a percentage of activity with regard to 
total homogenate activity, and they are the means of 5 alcohol treatments. 
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TABLE 3 

GALACTOSYL- AND GLUCOSYLTRANSFERASE ACTIVITIES IN PLASMA MEMBRANE 
DERIVED FROM THE LIVERS OF BOTH CHRONICALLY ETHANOL-TREATED 

AND UNTREATED MICE 

Without Exogenous + Dolichylphosphate 
Addition + Dolichylphosphate + Phosphatidyl-Choline 

Enzymatic Activity Control Ethanol Control Ethanol Control Ethanol 

Galactosyltransferase 6.15 4.51 40,75 13.95 74.73 33.36 
activity 

Glucosyltransferase 40.50 40.25 227.50 248.50 345.00 348.75 
activity 

Enzymatic determinations were carried out at 37°C as described in the Method section; 
incubation times were 8 min for galactosyltransferase assays and 5 min for glucosyltransferase 
assays. When indicated, 17 IzM dolichylphosphate and 380 IzM phosphatidyl-choline were added 
to the incubation mixture. Results (means of 4 determinations) are expressed as picomol of sugar 
incorporated into endogenous lipidic acceptors per mg of protein of plasma membrane. 

voked the recovery of a high amount of plasma membrane marker 
activity. The increase of alkaline p-nitrophenyl phosphate activity 
was due to an increased specific activity (per mg of membrane 
protein) of the enzyme (data not shown). 

Glycosyltransferase Activities in Plasma Membranes From 
Control and Ethanol-Treated Mice 

After the incubation of control plasma membranes with UDP- 
galactose or UDP-glucose, a low but significant incorporation of 
galactose or glucose occurred in lipidic endogenous acceptors 
(Table 3). There was a substantial increase in these two glycosyl- 
transferase activities whenever exogenous dolichyl monophos- 
phate was added to the incubation mixture. The incubation of 
plasma membranes with phosphatidyl-choline liposomes loaded 
with dolichylphosphate greatly enhanced the incorporation of 
glucose or galactose into endogenous lipidic acceptors. Under 
these conditions, the level of activity of glucosyltransferase was 
very high. When plasma membranes were derived from treated 
mouse liver the galactosyltransferase was markedly affected, but 
there was no significant change in glucosyltransferase activity. 
The thin-layer chromatography of these biosynthesized products 
(extracted using chloroform/methanol mixture) in different solvent 
systems showed that the exogenous dolichyl monophosphate was 
not the acceptor of glucose or galactose in the plasma membranes 
isolated from both ethanol-fed mice and water-fed control mice. 
Figure 2 shows the kinetic study of transferring galactose and 
glucose into lipidic endogenous acceptors. The plasma membranes 
of control and alcohol-treated animals were preincubated with the 
phosphatidyl-choline liposomes loaded with dolichyl monophos- 
phate. Here galactosyltransferase activity increased with respect to 
time for up to 5 minutes, but this activity is significantly lower in 
treated mice. Alcohol seemed to be responsible for its influence on 
this enzymatic activity (Fig. 2a). In the case of glucosyltransferase 
activity the enzyme from the livers of treated mice had the same 
activity in the first minutes of incubation with UDP-glucose as that 
obtained from control animals, but after 5 min of incubation its 
activity diminished, and decreased progressively in time (Fig. 2b). 
It is important to underline that the sole addition of dolichylphos- 
phate to the assay mixture markedly affected the glycosyltrans- 
ferase activities, bringing about activities 4 times greater (Table 
3). In order to throw light on this last point, we studied the effect 
of dolichylphosphate addition at different concentrations as illus- 
trated in Fig. 3; the addition of dolichylphosphate alone caused a 

pronounced increase in lipidic glycosylation. Galactosyltrans- 
ferase activity (Fig. 3a) reached a plateau when 50 IxM of 
dolichylphosphate was added to the assay mixture. The enzyme 
taken from treated animals was also affected, but less so and when 
dolichylphosphate reached 50 txM enzyme activity fell to 35% of 
that of the controls. Figure 3b shows that the glucosyltransferase 
activities of control and treated animals gradually increased when 
the amount of dolichylphosphate added to the assay mixture was 
also increased. Below 50 IxM of dolichylphosphate the glucosyl- 
transferase of treated animals did not differ significantly from that 
of control animals, but when the concentration of dolichylphos- 
phate in the assay mixture rose above 50 IxM, the activity level of 
the glucosyltransferase of treated mice was slightly but meaning- 
fully higher than in that of the controls. 

Modulation of Galactosyltransferase Activity by Different 
Lipidic Effectors: Effect of Ethanol Treatment 

Several phospholipids (all tested at the concentration of 380 
IxM) were compared in their ability to modulate galactosyltrans- 
ferase. These compounds differed from each other in the identity 
of the polar group. They were preincubated with plasma mem- 
brane galactosyltransferase in the presence of dolichylphosphate. 
The data comparing the relative abilities of these different phos- 
pholipids to stimulate enzymatic activity are summarized in Table 
4. Phosphatidyl-inositol and phosphatidic acid had a very strong 
incentive effect in the case of control galactosyltransferase. Table 
4 also shows that the enzyme included in the plasma membranes 
derived from the livers of treated mice was stimulated by the 
different phospholipids used; this stimulation was quite the same, 
whatever the phospholipid used, though it was slightly higher in 
the presence of phosphatidic acid. It should be stressed that this 
modulation was less efficient than that observed with control 
animals. The data obtained for all vesicles of phospholipid + 
DoI-P were significantly different in control and treated mice 
(p<0.001). This result suggested that ethanol treatment may 
inhibit the enzymatic activity and modify the membrane's 
structure. 

Cholesterol was added with phosphatidyl-choline which had 
been evaporated and sonically dispersed in the buffer as described 
in the Method section. The addition of cholesterol to phosphatidyl- 
choline vesicles did not bring about significant modifications of 
the galactosyltransferase activity of the plasma membranes from 
control or treated mice (Table 4). When equimolar amounts of 
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FIG. 2. Kinetic study of glycosyltransferasc activities. Assays were performed as dcscribod in the Method 
section. The reaction mixture contained 17 p,M dolichylphosphate and 380 p,M phosphatidyl-choline. The 
results are expressed in picomole of galactose (a) or picomolc of glucose (b) incorporated into endogenous 
lipidic acceptors per rag of plasma membrane protein. 0 :  Ethanol-treated mice; &: control mice. 

cholesterol and dolichylphosphate were added to phosphatidyl- 
choline vesicles, the activity of the enzyme (from control and 
treated mice) increased substantially over the level observed in the 
absence of dolichylphosphate. It is important to underline that, in 
this case, ethanol treatment provoked an inhibition of the enzy- 

matic activity. T h e  fact that cholesterol, in the presence ot 
dolichylphosphate and phosphatidyl-choline, affected differently 
and significantly the level of enzymatic activity whether the 
plasma membranes came from control or treated mice, is of 
particular interest. IndeX, cholesterol inhibited the controls' 
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FIG. 3. Effect of dolichylphosphate concentrations on glycosyltransferase activities. Enzymatic 
determinations were carded out as described in the Method section. Incubations were performed for 
8 min for galaetosyltransferase and 5 rain for glucosyltransferase assays. Results are expressed as 
picomole of galactose (a) or picomole of glucose (b) incorporated into endogenous lipidic acceptors 
per mg of plasma membrane protein. O: Ethanol-treated mice; A: control mice. 

membrane galactosyltransferase activity (80% of the level found 
without cholesterol). On the contrary, the addition of choles- 
terol increased the specific activity of treated membrane enzyme 
to 33%. 

Effects of Ethanol on Glucosyltransferase Activity After a 
Pretreatment of the Membrane With Different Liposomes 

Table 5 shows that the glucosyltransferase of control animals 

may be modulated by different phospholipids, as we reported in an 
earlier publication (5). Neutral lipids, such as phosphatidyl- 
choline, stimulated enzymatic activity, but the activation was 
more efficient when the plasma membrane was preincubated with 
vesicles constituted by phosphatidic acid or phosphatidyl-inositol. 
The glucosyltransferase of plasma membranes prepared from the 
livers of treated mice was also modulated by phospholipids. This 
enzyme showed a preferential affinity for phosphatidic acid. The 
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FIG. 4. Effect of varying phosphatidic acid (a) and phosphatidyl-inositol (b) concentrations on glucosyl- 
transferase activities. The reaction mixture contained 17 p,M dolichylphosphate. Assays were performed for 
5 rain as described in the Method section. &: Control mice; 0:  ethanol-treated mice. 

effect of ethanol consumption on the glucosyltransferase activity 
occurred because of the nature of the phospholipid used. Its 
inhibitory effect was very strong and statistically significant when 
the plasma membranes were incubated with phosphatidyl-inositol 
or phosphatidic acid vesicles. In order to elucidate this effect 
induced by ethanol, we studied the modulation of phosphatidic 
acid and phosphatidyl-inositol at different concentrations compar- 

atively on the control and ethanol-treated mice glucosyltrans- 
ferases, The results reported in Fig. 4a show the effect of 
increasing concentrations of the two phospholipids on glucosyl- 
transferase activities. It clearly appeared that the enzyme activity 
of the controls was very strongly increased by using phosphatidic 
acid at concentrations between 100 and 400 ixM. The glucosyl- 
transferase of ethanol-treated animals was also increased, but to a 
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TABLE 4 

COMPARATIVE EFFECTS OF VARIOUS PHOSPHOLIPIDS, CHOLESTEROL 
AND/OR DOLICHYLPHOSPHATE ON GALACTOSYLTRANSFERASE 
ACTIVITIES IN LIVER PLASMA MEMBRANE FROM TREATED AND 

CONTROL MICE 

Exogenous 
Addition 

Galactosyl t ransferse Activi ty 

Control Mice Treated Mice 

None 6.2 ± 0.1 (4) 4.5 ± 0.4 (4) p<0.01 
Dol-P 40.8 ± 1.5 (3) 14.0 ±. 0.4 (3) p<0.001 
PC 7.5 --- 0.3 (3) 6.8 - 0.3 (3) N.S. 
PC + Dol-P 74.7 ± 0.5 (4) 33.4 - 1.4 (6) p<0.001 
PI + DoI-P 82.0 - 7.4 (4) 35.0 ± 1.8 (4) p<0.001 
PS + DoI-P 56.4 ± 3.0 (4) 37.6 --. 0.8 (4) p<0.001 
PA + DoI-P 159.0 ± 4.8 (4) 48.8 ± 2.1 (4) p<0.001 
PE + Dol-P 64.5 ± 5.6 (4) 28.5 -± 4.2 (4) p<0.001 
PC + Chol 3.8 --- 0.1 (3) 3.6 ± 0.4 (3) N.S. 
PC + Chol + Dol-P 60.6 ± 0.3 (3) 44.5 ± 0.7 (3) p<0.001 

Assays were performed as described in the Method section for 8 min at 
37°C. When indicated, 17 I~M dolichylphosphate, 17 ~M cholesterol and 
380 ~M phospholipid were added to the incubation mixture. 

Results are expressed as picomol/mg plasma membrane protein, and are 
mean of the number of experiments in brackets ± S.E.M. (standard error 
mean). 

N.S. = not significant. 

lesser extent. The inhibition effect of ethanol was strongest when 
phosphatidic acid was used at 200 IxM. Figure 4b shows that the 
incentive effect of phosphatidyl-inositol depended on the amount 
of phospholipid added into the vesicles and reached its peak when 
the concentration reached 200 txM. The glucosyltransferase of 
treated plasma membranes was also enhanced. The inhibitory 
effect of the ethanol intoxication occurred at all concentrations 
used, but it was maximal at 200 txM of phosphatidyl-inositol. 

When equimolar amounts of cholesterol and dolichylphosphate 
were added to the assay mixture, the glucosyltransferase activity 
of the control mice was greatly enhanced as is shown in Table 5. 
Considering the first data with cholesterol, and in view of these 
findings on the phosphatidyl-inositol and phosphatidic acid mod- 
ulations, it seemed interesting to study the changes in the gluco- 
syltransferase activity when phosphatidic acid and phosphatidyl- 
inositol vesicles were loaded with cholesterol and dolichylphosphate. 
The enzyme activity in control animals still increased when 
cholesterol and dolichylphosphate were mixed with only phospha- 
tidic acid; there was no change with phosphatidyl-inositol vesicles. 
But in the presence of phosphatidyl-choline the activation obtained 
by cholesterol diminished. It is also noteworthy that all vesicles of 
mixed lipid composition stimulated the glucosyltransferase activ- 
ity of treated mice, but to a lesser extent, whatever the composi- 
tion of these mixed lipid vesicles was. The only significant 
differences between control and ethanol-treated glucosyltrans- 
ferase (p<0.001)  are obtained in the presence of phosphatidic acid 
or phosphatidyl-inositol vesicles. The results show that ethanol 
treatment provoked an inhibition of enzymatic activity, its peak 
occurring when phosphatidic acid vesicles were used. 

DISCUSSION 

Chronic ethanol consumption originates considerable meta- 
bolic disorders as well as changes affecting the ultrastructure of 
hepatic plasma membranes. In the present study, the effect of a 
4-week chronic ethanol consumption on the liver plasma mem- 
brane isolation together with the alterations of the glycosylation 

TABLE 5 

COMPARATIVE EFFECTS OF VARIOUS PHOSPHOLIPIDS, CHOLESTEROL 
AND/OR DOLICHYLPHOSPHATE ON GLUCOSYLTRANSFERASE 

ACTIVITIES IN LIVER PLASMA MEMBRANES FROM TREATED AND 
CONTROL MICE 

Exogenous 
Addition 

Glucosyl t ransferase Activi ty 

Control Mice Treated Mice 

None 40.5 ___ 2.7 (4) 40.2 ± 1.5 (4) N.S. 
DoI-P 227.5 --- 4.4 (4) 248.5 ___ 9.0 (4) N.S. 
PC + Dol-P 345.0 _ 12.6 (5) 348.8 ± 13.9 (4) N.S. 
PE + DoI-P 123.3 _+ 17.4 (3) 150.0 ± 7.5 (3) N.S. 
PA + DoI-P 641.0 ± 24.8 (5) 546.2 __- 21.0 (4) p=0.01 
PS + DoI-P 469.0 _ 2.3 (4) 414.0 ± 7.7 (4) p<0.001 
PI + DoI-P 603.8 ± 17.6 (6) 343.4 _ 29.6 (5) p<0.001 
Sphingo + DoI-P 581.7 ± 7.7 (3) 433.3 ± 6.8 (3) p<0.001 
Do1-P + Chol 363.0 ± 7.0 (2) 286.5 _+ 4.5 (2) N.S. 
PC + DoI-P 397.7 ± 24.3 (3) 380.3 ± 5.8 (3) N.S. 

+ Chol 
PI + DoI-P 602.3 __. 9.0 (3) 426.3 ± 14.5 (3) p<0.001 

+ Chol 
PA + Dol-P 1605.7 ___ 26.0 (3) 591.0 __. 18.0 (3) p<0.001 

+ Chol 

Assays were performed as described in the Method section for 5 min at 
37°C. When indicated, 17 IxM dolichylphosphate, 17 IxM cholesterol and 
380 b~M phospholipid were added to the incubation mixture. 

Results are expressed as picomol/mg plasma membrane protein, they are 
the mean of the number of experiments in brackets -+ S.E.M. (standard 
error mean). 

N.S. = not significant. 

process in this fraction are analyzed. 
Following chronic alcohol consumption, liver plasma mem- 

brane alkaline p-nitrophenyl phosphatase activity was increased as 
a result of a greater specific activity. However, recent studies by 
Nishimura and Teschke (20) showed that similar intoxication has 
no effect on the alkaline phosphatase activity. It is important to 
underline that contradictory results are obtained for different 
plasma-membrane-bound enzymes after acute or chronic ethanol 
ingestion (2, 7, 10, 22). The different results obtained by several 
authors in chronic-ethanol-fed animals could be explained by the 
distinct ethanol intake achieved. In this study, we found that the 
daily dose of ethanol ingested was 28 g of alcohol/kg body weight 
(water + 15% of ethanol). In similar conditions, Gonz~ilez-Calvin 
et al. (7) found a daily dose of ingested ethanol of 15 g/kg; these 
doses are considered sufficient to find fat infiltrated livers. 

The data presented in this study demonstrate the effect of 
chronic ethanol ingestion on enzymatic activities of two highly 
important glycosyltransferases. To our knowledge, this is the first 
report describing the localization of lipidic-UDP-galactosyltrans- 
ferase in plasma membranes. In a previous study, we showed that 
UDP-glucosyltransferase transferring glucose into lipidic endoge- 
nous acceptors was present in liver plasma membranes. These 
enzymatic activities were low (particularly the galactosyltrans- 
ferase activity), when they came from plasma membranes which 
had just been prepared. A highly noteworthy point is that when 
dolichyl monophosphate is added to the incubation mixture, the 
enzymatic activities are greatly enhanced. Considering these data, 
it should be born in mind that dolichyl monophosphate is neither 
the acceptor of galactose nor that of glucose in these two 
glycosylation systems. It is well known that dolichol exists in liver 
plasma membranes as a free dolichol, dolichol phosphate or fatty 
acyl dolichyl ester (26). Exogenous dolichols can have profound 
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effects on the structure of a biological membrane. Schroeder (26) 
showed that dolichol increased the fluidity in synaptic plasma 
membranes. 

It is well known that the membrane lipid composition and thus 
the physical properties of the membrane have a direct influence on 
membrane-bound enzyme activity (17). It is so well established 
that enzymes, and particularly different glycosyltransferases, are 
influenced by phospholipids (12,23). Our report provides evidence 
that these two plasma membrane glycosyltransferases are modu- 
lated by several phospholipids. According to Mitranic's investi- 
gations (19) the galactosyltransferase activity of bovine milk was 
stimulated by egg-phosphatidyl-choline, but contrary to our re- 
suits, he found that egg-phosphatidic acid strongly inhibited 
enzymatic activity. Other acidic lipids such as phosphatidyl-serine 
and phosphatidyl-inositol inhibited this activity, but they were 
much less efficient than phosphatidic acid. By examining the 
lipids which are effective in vitro, one may arrive at some 
understanding of how glycosyltransferases are functioning, but the 
most obvious conclusion arrived at from the study of phospholipid 
activation is that there is no specific chemical structure of the lipid 
which can be associated with transferase stimulation. A wide 
range of lipids (of differing structures and differing head groups) 
serve as successful activators. Nevertheless, it should be stressed 
that phosphatidic acid is the most efficient activator to stimulate 
both activities. Phosphatidyl-inositol is also able to greatly 
enhance the level of these activities. 

Among the many effects produced by ethanol, it has been 
suggested that membrane glycoconjugates may act as potential 
mediators of these effects of alcohol. The changes wrought by 
ethanol in the membrane may affect the function of the glycocon- 
jugates as surface receptors and the associated messenger activi- 
ties, and also the synthesis and degradation of the macromolecules 
themselves (16). Therefore, we must stress that the effect of 
phospholipid addition on glycosylation processes depends on 
whether the enzymes are from the livers of control mice or treated 
ones. For galactosyltransferase the activation by phospholipids 
seems to be the same, whatever the phospholipid used. This 
modulation is weaker than those observed in the control animals. 
Nevertheless, we must point out that the inhibition by ethanol 
treatment is strong and significant when phosphatidic acid is used. 
It should be noted especially that phosphatidic acid does not 
provoke the same increase in galactosyltransferase activity when 
the enzyme is from a control animal as when it is from a treated 
one. Ethanol inhibition, therefore, seems very strong in this case. 
The decrease in galactosyltransferase activities after chronic in- 
gestion is the result of a diminished specific activity (per mg of 
membrane protein) of the enzyme, since no significant changes 
occurred in the yield of plasma membrane proteins or in the 
recovery of any plasma membrane marker enzyme activity. 

In the case of glucosyltransferase activities, and at the phos- 
pholipid concentration used, ethanol provoked significant differ- 
ences in the activity modulation by phosphatidic acid, phosphatidyl- 
inositol, phosphatidyl-serine and sphingomyeline. Thus, in order to 

elucidate the effect of ethanol, two phospholipids are retained for 
a further study: phosphatidic acid and phosphatidyl-inositol. So, it 
clearly appears that the effect of ethanol depends on the concen- 
tration of phospholipid. When the concentration used was 200 
t~M, a strong inhibition occurred. 

This differential modulation by phospholipids of glycosyltrans- 
ferase activities brought about by ethanol becomes interesting 
when it is considered that phospholipids cause membrane toler- 
ance to ethanol (14). On these lines it has been suggested that 
specific anionic phospholipid classes are involved in adaptation to 
chronic ethanol consumption: phosphatidyl-inositol in microsomal 
membranes and cardiolipin in mitochondrial membranes (14). 
Furthermore, it has been shown that ethanol, in common with 
calcium-mobilizing hormones, activates hormone-sensitive phos- 
phoinositide-specific phospholipase C, linking the phosphoinosi- 
tide-linked signalling system with the effects of ethanol (13,15). 

Our results provide evidence that ethanol does not have the 
same inhibitory effect on glucosyl- and galactosyltransferases. As 
reported by Gordon (8), benzylalcohol also profoundly affects the 
activities of a number of intrinsic liver plasma membrane en- 
zymes. Mg2÷-ATPase is particularly inhibited in both the mem- 
brane-bound and soluble states. Our results would appear to be 
consistent with these published findings. In the light of these first 
data, alcohol may be considered to affect glycosyltransferase 
activities. 

The last point to elucidate is the simultaneous effect of lipids 
and cholesterol. Cholesterol has been shown to be involved in the 
modulation of a variety of plasma membrane functions (30): 
Cholesterol has a special ordering effect on the membrane and this 
molecular ordering may affect the activity of membrane-bound 
enzymes. An increase in phospholipids and cholesterol may cause 
a rigidity which can compensate for the disordering effect of 
ethanol. 

The present study demonstrates that chronic ethanol consump- 
tion has profound effects on the activities of two plasma-mem- 
brane-bound glycosyltransferases. It is very difficult to discriminate 
between the direct action of alcohol on enzymatic protein and the 
effects mediated by an increase in bilayer fluidity. As reported by 
Curran (3), chronic ethanol consumption alters the lipid structure 
of the membrane. Since glycosyltransferases are embedded in the 
plasma membranes, their activities may be altered indirectly by the 
interaction of ethanol with lipid portions of the membrane, thus 
disturbing the microenvironment in which these two enzymes are 
located. This fact could explain the different effect of ethanol on 
these two glycosyltransferases, but our results are also in good 
agreement with a specific action of ethanol on the glycosylation 
systems. 
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