
Biophysical Chemistry, 43 (1992) 51-59 
Elsevier Science Publishers B.V., Amsterdam 

51 

BIOCHE 01650 

Acetylcholine receptor-enriched membrane vesicles in 
response to ethanol: Activity and microcalorimetric studies 

Ying Wang a and Chang-Hwei Chen a*b 
a Wadsworth Center for Laboratories and Research, New York State Department of Health, Albany, NY (USA) 

b Graduate School of Public Health, State University of New York at Albany, P.O. Box 509, Albany, hJY 12201-0509 (USA) 

(Received 13 August 1991; accepted in revised form 5 November 1991) 

The activity of acetylcholinesterase (AChE) in acetylcholine receptor (AChR)-enriched membrane vesicles 
isolated from electric organ of Torpedo ca/ifomica exhibited a biphasic response to ethanol action. Below an 
ethanol concentration of 35 mM, AChE activity increased with increasing concentration of ethanol. At 
ethanol concentrations greater than 35 mM, the activity was found to decrease montonically. In contrast, 
ethanol (35-400 mM) increased the activity of soluble AChE. This biphasic behavior was consistent with the 
proposed important role of ethanol-membrane interaction. Microcalorimetric measurements revealed that the 
enthalpy change in acetylcholine (ACh) hydrolysis reaction was 586 J/mol in association with membrane-bound 
AChE in AChR-enriched membrane vesicles, as compared to -544 J/mol with the isolated soluble AChE. 
This discrepancy was attributed to the presence of membranes. Unlike its action on the enzyme activity, 
ethanol did not affect the enthalpy change in ACh hydrolrjis reaction catalyzed by eilher membrane-bound or 
soluble AChE. Comparison of results on activity and heat measurements suggested that the interaction of 
ethanol with membrane vesicles was nonspecific with no ethanol-induced membrane structural or conforma- 
tional change. 
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1. Introduction 

One approach to investigating ethanol toxicity 
in neurotransmission is to focus on whether 
ethanol alters the level of neurotransmitters in 
various brain regions. For example, the release of 
acetylcholine (ACh) in the cerebral cortex is de- 
creased in response to ethanol exposure [1,2]. 
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Furthermore, the levels of several enzymes, sub- 
strates and receptors associated with neurotrans- 
mission have been found to change along with the 
neurotransmitter [3,4]. However, the relationships 
between these changes are difficult to establish in 
whole-tissue studies. A complementary approach 
to clarifying ethanol toxicity is to study the effects 
of ethanol on proteins involved in neurotransmis- 
sion, such as acetylcholinesterase (AChE) and 
acetylcholine receptor (AChR). These two pro- 
teins are required for synaptic transmission. This 
subject was recently reviewed by our laboratory 
151. 
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To probe the structural aspect of this effect, 
we previously studied the action of ethanol on the 
structural stability of AChR-enriched membrane 
vesicles isolated from the electric organ of Tor- 
pedo califomica [6]. In the presence of ethanol up 
to 200 m M, the thermogram of these membranes 
exhibited no significant decrease in the tempera- 
ture of receptor transition at 57°C but a decrease 
in the enthalpy change (AH,), indicating an 
ethanol-induced structural perturbation. A de- 
crease in AH,, of the receptor transition was also 
observed in the presence of a-bungarotoxin. The 
addition of ethanol did not cause a recovery of 
the transition, suggesting that ethanol interacted 
with the receptor noncompetitively. 

To elucidate mechanisms of alcohol-mem- 
brane interaction, a biphasic action of ethanol on 
the activity of membrane-bound enzymes has at- 
tracted increasing interest [7-111. It has been 
suggested that a low concentration of ethanol 
could increase the activity of these enzymes by 
enhancing lipid fluidity. Sublethal concentrations 
of ethanol could suppress the function of mem- 
brane-bound enzymes by disrupting membrane 
lipid-protein interaction. Such a biphasic effect 
was well demonstrated for (Na+-K’)-ATPase 
[lo], but not established for AChE yet. It has 
been shown that ethanol decreased the activity of 
isolated membrane-bound AChE from the elec- 
tric organ [6] and an insensitivity to a low concen- 
tration of ethanol was found for AChE prepared 
from synaptic plasma membranes of rat cerebral 
cortex [lo]. However, a biphasic ethanol effect on 
membrane-bound AChE prepared from bovine 
erythrocytes was recently observed in our labora- 
tory Ill]. Such a discrepancy on membrane-bound 
AChE in response to ethanol requires further 
investigations. 

Ethanol-dependent disordering of lipids in 
AChR-enriched membrane vesicles is correlated 
with some effects on AChR activity, such as de- 
sensitization [12]. AChR-enriched membrane 
vesicles are known to retain the ligand-binding 
and ion-permeability-control properties expected 
from AChR [13,14]. These membrane vesicles 
contain membrane-bound AChE, providing a 
useful system for the studies of ethanol action on 
membrane-bound AChE. 

In extension of our previous work on AChR- 
enriched membrane vesicles and AChE [6,11], we 
have performed enzyme activity assays to exam- 
ine the action of ethanol on membrane-bound 
AChE in AChR-enriched membrane vesicles. The 
important role of membrane lipids in response to 
alcohol was demonstrated. To elucidate ethanol- 
membrane interaction, microcalorimetry was em- 
ployed to examine the enthalpy change in ACh 
hydrolysis reaction catalyzed by membrane-bound 
and soluble AChE in the absence and presence 
of ethanol. 

2. Materials and methods 

2.1 Chemicals 

The fresh electric organ from Torpedo califor- 
nica was obtained from Pacific Biomarine 
(Venice, CA). Acetylcholine (ACh) chloride, 
acetylthiocholine iodide (ATC), 5,5’-dithiobis (2- 
nitrobenzoic acid), c-amino-n-caproic acid, ben- 
zamidine-HCl, diisopropyl fluorophosphate 
(DFP) and phenylmethylsulfonyl fluoride were 
purchased from Sigma Chemical Company, (St. 
Louis, MO). Other chemicals were of reagent 
grade and obtained from commercial sources. 
Double distilled water was used in all experi- 
ments. 

2.2 Preparation of AChR-enriched membrane vesi- 
cles 

AChR-containing membrane vesicles were 
prepared according to the procedure described 
by Sobel et al. [15]. Typically, 500 g of the electric 
organ from Torpedo califomica that had been 
freshly excised and frozen in liquid nitrogen was 
thawed overnight at 4°C. It was minced into small 
pieces and resuspended in a 1: 1 volume ratio of 
cold medium solution containing 0.1 mM 
PhMeSO,F and 0.02% NaN,. The suspension 
was homogenized with a Waring Blender (model 
10431 for 3 min at maximal speed. The ho- 
mogenate was then centrifuged at 5,000 rpm (GSR 
rotor) for 10 min. The supernatant was collected 
through four layers of cheese cloth. The pellet 
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was resuspended in two volumes of medium solu- 
tion, homogenized and centrifuged under the 
same conditions to collect additional supematant. 
The combined supematants were centrifuged at 
8,000 rpm for 2 h. The pellet was resuspended in 
about 120 ml of 32% sucrose and homogenized in 
a motor-driven homogenizer with a teflon pestle. 
About 10 ml of the homogenized pellet was lay- 
ered on the top of a discontinuous sucrose gradi- 
ent (10 ml at 41.5%, 8 ml at 37.5%, 6 ml at 35%, 
w/w) in a 35-ml tube and centrifuged at 25,000 
rpm in a Beckman SW-27 rotor for 16 h. The 
37.5% layer, which contains AChR-enriched 
membrane vesicles, was collected, diluted with 
one volume of medium solution and centrifuged 
at 40,000 rpm in a 60 Ti rotor for 30 min. The 
pellet was resuspended in a minimum volume of 
medium solution and homogenized in a motor- 
driven homogenizer with a teflon pestle. The 
homogenate was stored under liquid nitrogen for 
later use. All manipulations were performed at 
4°C. 

2.3 Preparation of soluble acetylcholinesterase 
(AChE) 

To differentiate the characteristics of mem- 
brane bound AChE from soluble AChE in re- 
sponse to alcohol, the soluble enzyme was iso- 
lated from the electric organ according to Lee et 
al. [161. This allows a comparison between mem- 
brane bound AChE and soluble AChE from the 
same source. The tissue, previously stored under 
liquid nitrogen, was thawed overnight at 4°C and 
homogenized for 3 min in 0.75 ml volume of 10 
mM tris-HCl buffer (pH 8.0) containing 0.1 M 
NaCl, 10 mM EDTA, 2 mM benzamidine-HCl 
and 2 m M e-amino-n-caproic acid, using a model 
1040 Waring Blender. The homogenate was cen- 
trifuged at 12,000 rpm (GSR rotor) for 60 min. 
The pinkish, somewhat cloudy supernatant was 
centrifuged at 18,000 rpm (SS-34 rotor) for 90 
min. The clear, pinkish supernatant was reported 
to contain a hydrophobic fraction of AChE [16]. 
Higher-speed centrifugation showed no loss of 
the activity of the supernatant, indicating the 
presence of soluble enzyme. The clear, pinkish 
supernatant containing soluble AChE was con- 

centrated using a 50-ml Amicon ultrafiltration 
cell, and dialyzed against Torpedo physiological 
saline buffer (TPS buffer). TPS buffer was made 
of 5 m M NaPi, pH 7.0 containing 250 m M NaCl, 
4 mM KCI, 3 mM CaCl, and 2 mM MgCl,. The 
dialysate containing soluble AChE was stored 
under liquid nitrogen for later use. All manipula- 
tions were performed at 4°C. 

2.4 Spectrophotometric assay of AChE activity 

Using a Lambda 4B UV/visible spectropho- 
tometer (Perkin-Elmer), the activity of AChE (EC 
3.1.1.7) in soluble enzyme and AChR-enriched 
membrane vesicles was assayed according to a 
modified Ellman et al. procedure [17], while using 
acetylthiocholine (ATC) as the substrate, The 
enzyme activity was measured by following the 
increase of yellow color produced from thio- 
choline when it reacted with dithiobisnitroben- 
zoate ion. The rate of color production was meas- 
ured spectrophotometrically at 412 nm. The reac- 
tion mixture, in a final volume of 3 ml, contained 
20 ~1 of 75 mM ATC, 20 )11 of 10 mM 5,5’-di- 
thiobis(2nitrobenzoic acid), 2.95 ml of 0.1 M 
potassium phosphate buffer (pH 8.0) and 10 ~1 of 
enzyme solution. The hydrolysis reaction of ATC 
was initiated by adding the enzyme solution to 
the sample cuvette. Ten seconds after mixing, the 
increase in the absorbance of the sample at 412 
nm was monitored to obtain a linear plot of the 
absorbance versus time for 30 s. The specific 
activity of AChE obtained on the basis of the rate 
of hydrolysis (pmole of product/(min mg of pro- 
tein) or units/mg of protein) was calculated on 
the basis of an extinction coefficient of the yellow 
anion (13.6 mM_’ cm-‘) 1171. 

2.5 Microcalorimetry studies of ACh hydrolysis re- 
action catalyzed by AChE 

A twin-reaction cell batch microcalorimeter 
was used to examine the heat of reaction associ- 
ated with the hydrolysis of acetylcholine (ACh) 
catalyzed by AChE. Its instrumentation has been 
described previously [18-201. It was employed in 
our previous studies of protein interactions [18], 
membrane fluidity 1191 and energetics of mem- 
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brane transport 1201. Both sample and reference 
cells were divided into two compartments with 
capacities of about 1.2 ml. For a typical run, the 
two compartments of the sample cell were loaded 
with 0.3 ml of 5 mM ACh and 0.3 ml of AChR- 
containing membrane vesicles or soluble AChE in 
buffer solution, respectively. The two compart- 
ments of the reference cell contained 0.3 ml of an 
appropriate concentration of ACh and the same 
volume of buffer solution, respectively. The buffer 
solution was TPS buffer (see above). The cells 
were then allowed to thermally equilibrate at 
room temperature for 20-30 min before mixing. 
The mixing thermogram was recorded on a Leeds 
and Northrup Speedomax XL (North Woods, PA) 
recorder. The area under the thermogram was 
measured with a sonic digitizer (Science Acces- 
sories Corp., Southport, CT) and was converted 
into thermal units. 

2.6 Ethanol effects 

To study the effect of ethanol on AChE, the 
ionic strength of the sample solution was kept 
constant over various concentrations of ethanol 
and the dilution effect was considered. In mi- 
crocalorimetric measurements, ethanol was added 
to both the sample and reference cells. 

3. Results 

3.1 AChE activity in AChR-enriched 
vesicles 

membrane 

AChE activity in AChR-enriched membrane 
vesicles is shown in Fig. 1 curve (a). A linear 
increase in the absorbance at 412 nm as a func- 
tion of time was found, after mixing membrane 
vesicles with the substrate, acetylthiocholine io- 
dide (ATC). The increase in the absorbance as 
the reaction proceeded arose from the hydrolysis 
of ATC catalyzed by AChE. In contrast, if mem- 
brane vesicles were pre-equilibrated with diiso- 
propyl fluorophosphate (DFP) for about 30 min 
before mixing with ATC, no change in the ab- 
sorbance was observed (curve b). The absence of 
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Fig. 1. Enzyme activity assay profile of AChE bound to 
AChR-enriched membrane vesicles in TPS buffer (see text). 
The substrate is acetylthiocholine (ATC): curve (a) in the 
absence of an inhibitor, and curve (b) in the presence of the 
inhibitor, diisopropyl fluorophosphate (DFP). The concentra- 
tions of membrane vesicles, ATC and DFP are 9.13 pg of 

proteins/ml, 0.50 mM and 0.1 mM, respectively. 

ACh hydrolysis reaction in curve (b) was due to 
the inhibition of AChE activity by DFP. 

3.2 Heat of ACh hydrolysis reaction 

The hydrolysis reaction of acetylcholine (ACh) 
was performed with microcalorimetric measure- 

I Ii I, 

0 2 4 6 
MINUTES 

Fig. 2. Microcalorimetric measurements of the mixing of 
AChR-enriched membrane vesicles with acetylcholine: curve 
(a) in the absence of an inhibitor. The amount of heat 
observed = -5.24 mJ; curve (b) in the presence of the in- 
hibitor (DFP). The amount of heat observed = 0.05 mJ. The 
concentrations of ACh, membrane vesicles and DFP are 4 

m M, 1.35 mg of protein/ml and 0.1 mM, respectively. 
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ments. Fig. 2 curve (a) shows a typical thermo- 
gram involving the mixing of AChR-enriched 
membrane vesicles with ACh. The mixing reac- 
tion involving soluble AChE (final concentration 
= 1.82 mg/ml) was essentially as rapid as shown 
in Fig. 2 curve (a). The thermogram is a profile of 
dQ/dr versus t, where Q is the heat released in 
the mixing reaction and t is the time. The area 
under the thermogram represents the observed 
Q. The observed sharp exothermal peak was due 
to the heat released in the hydrolysis of ACh (see 
below for a quantitative analysis). This peak es- 
sentially disappeared if membrane vesicles were 
equilibrated with the inhibitor DFP for about 30 
min prior to the mixing experiment (curve (b) in 
Fig. 2). The figure shows that DFP inhibits the 
enzyme activity of ACHE, resulting in the elimi- 
nation of AChE-catalyzed hydrolysis reaction. 

3.3 AChE activity in AChR-enriched membrane 
vesicles in response to ethanol 

Figure 3 shows that, below [EtOH] of 35 mM, 
the AChE activity in AChR-enriched membrane 
vesicles increases with increasing [EtOH]. At 
[EtOH] > 35 mM, the activity was found to de- 
crease monotonically. This biphasic behavior is 
consistent with our previous observation on mem- 

110 1 1 

ETHANOL (mM) 

Fig. 3. The dependence of the relative enzyme activity of 
AChE in AChR-enriched membrane vesicles on the concen- 
tration of ethanol. The AChE activity in the absence of 
ethanol is taken as 100%. The concentrations of membrane 
vesicles and ATC are 4.57 /rg of protein/ml and 0.50 mM, 

respectively. 

.IliT-l 
100 200 300 400 

ETHANOL (mM) 

Fig. 4. The effect of ethanol on the enzyme activity of soluble 
AChE. The AChE activity in the absence of ethanol is taken 
as 100%. The concentrations of AChE and ATC are 2.43 

pg/ml and 0.50 m M, respectively. 

brane-bound AChE from bovine erythrocytes. 
The activity of a membrane-bound enzyme is 
usually influenced by its association with mem- 
brane lipids [21]. A lower concentration of ethanol 
can cause an increase in membrane fluidity of 
membrane-bound AChE in AChR-enriched 
membrane vesicles and consequently an increase 
in the AChE activity. However, as [EtOH] contin- 
ues to increase, ethanol can disrupt the protein- 
lipid interaction needed to maintain the confor- 
mation of membrane-bound AChE, thus causing 
a decrease in the enzyme activity. 

Comparative studies were also performed on 
the effects of ethanol on membrane-bound AChE 
in AChR-enriched membrane vesicles with those 
on soluble AChE. Fig. 4 shows that, In contrast 
to membrane-bound AChE, the enzyme activity 
of soluble AChE increases up to 18% at [EtOH] 
= 25 to 400 m M, and exhibits no biphasic charac- 
teristic. An increase in the enzyme activity in the 
presence of ethanol was also observed for soluble 
AChE isolated from electric eel [ll], honeybee 
head [22], and cockroach [231. 

Table 1 lists the enzyme activity data for AChE 
isolated from various sources and their response 
to ethanol. The table shows activity profiles dis- 
tinguished between membrane-bound AChE and 
soluble AChE. For membrane-bound AChE, the 
enzyme activity increases with the addition of a 
lower [EtOHl, but decreases at a higher [EtOH]. 
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Table 1 

Comparison of the effects of ethanol on the enzyme activity of 
AChE isolated from various sources 

[Eth- Activity of soluble Activity of membrane- 
anol] AChE bound AChE 
(mM) Torpedo Electric AChR-enriched Bovine 

califomica eel a membrane vesicles erythro- 
from Torpedo cytes a 
califomica 

Ob 100 100 100 100 
10 103 105+2 100 
20 106+2 104 
25 108+6 104 
30 109*2 103 
40 104+3 
50 llli4 103*2 103 

loo tCI9i6 106 101+3 98 
200 llOz3 98&3 92 
250 113z3 
300 118*4 108 95+3 
400 11tQS 108 95*3 81 

a Data taken from Shin et al. Ill]. 
b At [EtOH]= 0, activity is taken as 100% (as the control). 

The activity of soluble AChE and membrane-bound AChE 
(from Torpedo califomica) in each measurement contains 
900 and 700 units, respectively. 

In contrast, the enzyme activity of soluble AChE 
gradually increases with increasing [EtOH] up to 
400 m M. 

3.4 The heat of ACh hydrolysis reaction catalyzed 
by AChE in AChR-enriched membrane vesicles 

Solution microcalorimetry was employed to 
quantitatively examine the heat change in the 
hydrolysis of ACh catalyzed by membrane-bound 
AChE in AChR-enriched membrane vesicles. 
Control experiments involving the mixing be- 
tween membrane vesicles and buffer solution re- 
vealed that the observed heat was small and 
negligible (0.04 mJ; figure not shown). In a typical 
measurement involving the mixing of membrane 
vesicles (1.35 mg of proteins/ml) with ACh (4 
mM) as shown in Fig. 2 curve (a), the observed 
heat (AQ) was -5.24 mJ. The value of AQ is 
dependent on the ACh concentration and reaches 
a plateau at [ACh] = 5 mM. The above mixing 
experiment was also performed in the presence of 

DFP to inhibit the hydrolysis reaction (Fig. 2 
curve b). A value of only 0.05 mJ was obtained. 
This value is equivalent to that in the control 
experiment, suggesting that the observed heat 
change in Fig. 2 curve (a) is derived from the heat 
of hydrolysis reaction. Taking into consideration 
of the amount of ACh hydrolyzed (3.0 10m6 mol), 
the enthalpy change (AH) in the ACh hydrolysis 
reaction can be calculated as - 1.63 & 0.21 
kJ/mol (average value). 

While the hydrolysis reaction at equilibrium 
should be essentially complete, inhibition of the 
enzyme action could prevent this from occurring 
[24]. At a higher substrate concentration, the 
hydrolysis reaction velocity (as measured by the 
rate of production of thiocholine) can be reduced 
due to an inhibition by the excess substrate. It 
has been demonstrated that, in the range of 
[ACh] = 0.3 to 3.0 pmol, the reaction is accompa- 
nied with insignificant enzyme inhibition [25]. The 
present experiments were carried out within this 
substrate concentration range. An essential com- 
pletion of the hydrolysis reaction under our ex- 
perimental conditions was further supported by 
the reasonable agreement of our determined 
value for AH with the literature data, using solu- 
ble AChE (see Section 3.5 and Table 2). 

Table 2 

The enthalpy change (AH) in acetylcholine hydrolysis reac- 
tion catalyzed by AChE from various sources and different 
media at 25°C 

[Eth- AH (J/mol) 
an011 
(m M) 

Membrane-bound Soluble Soluble 
AChE in AChR- AChE from AChE from 
enriched membrane Torpedo Electrophorus 
vesicles from califomica a electricus 
Torpedo califomica a 

0 586 -544 -448b 
1300 586 -544 

a The buffer is Torpedo physiological saline buffer 5 mM 
NaP, pH 7.0 containing 250 mM NaCI, 4 mM KCl, 3 mM 
CaCI, and 2 mM MgCl,. The mixing solution in a mi- 
crocalorimetric measurement contains ACh ( < 3 wrnol) and 
AChR-enriched membrane vesicles (0.41 mg of proteins) or 
soluble AChE (0.54 mg). Each value is an average of 3 to 5 
measurements with an experimental error of 9-12%. 

b 0.1 M phosphate buffer pH 7.2. Data taken from Ref. [25]. 
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The ACh hydrolysis reaction at neutral pH is 

CH,COOCH,CH,N+(CH,), + H,O 

+ CH,COO-+ HOCH2CH2N+(CH& + H+ 

(I) 

where one proton is liberated. In phosphate 
buffer, the released H+ in the ACh hydrolysis 
reaction can be uptaken by phosphate ion. This 
heat of protonation of phosphate should be cor- 
rected for in order to obtain the actual heat of 
hydrolysis [25,26]. In TPS buffer (see above), the 
ionic strength @L) is about 0.27. At 25”C, the 
enthalpy change in the second ionization of phos- 
phoric acid has been reported as 987 cal/mol for 
p = 0 and - 200 cal/mol for p = 0.70 [26]. Inter- 
polation of these data gives a value of 530 cal/mol 
for p = 0.27. That is, the enthalpy change in the 
protonation reaction is - 530 Cal/m01 or - 2218 
Joule/mol. After correction for this buffer proto- 
nation heat, the determined AH in ACh hydroly- 
sis reaction is 586 J/mol [ - 1632 - (- 2218)] as 
shown in Table 2. 

3.5 The heat of ACh hydrolysis reaction catalyzed 
by soluble AChE 

To examine the contribution of membrane 
lipids to ACh hydrolysis reaction, the enthalpy 
(AH) of ACh hydrolysis reaction catalyzed by 
soluble AChE was also determined as -2.76 + 
0.25 kJ/mol in TPS buffer, pH 7.0 (figure not 
shown). After correction for buffer protonization 
heat, the value became - 544 Joule/mol, as com- 
pared to 586 J/mol obtained above for mem- 
brane-bound AChE in AChR-enriched mem- 
brane vesicles. The discrepancy between these 
two values is due to the presence of membranes 
(see the discussion in Section 4). It is interesting 
to note that our determined figure of - 544 J/mol 
for AH catalyzed by soluble AChE isolated from 
Torpedo californica is comparable with -448 
J/mol reported for that catalyzed by soluble 
AChE prepared from Electrophorus electricus 1251 
(Table 11, demonstrating the reliability of our 
data. 
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Fig. 5. The action of ethanol on the enthalpy change (AH) of 
ACh hydrolysis reaction catalyzed by: cuwe (A) AChE in 
AChR-enriched membrane vesicles (1.35 mg of proteins/ml); 
and curve (B) isolated soluble AChE (1.82 mg/ml). The 

concentration of ACh is 4 mM. 

3.4 Effects of ethanol on the heat of ACh hydroly- 
sis reaction catalyzed by membrane-bound and sol- 
uble AChE 

Unlike the enzyme activity of AChE which is 
affected by ethanol (Figs. 3 and 4), Fig. 5 curve 
(A) shows that the enthalpy change (AH) in the 
ACh hydrolysis reaction catalyzed by membrane- 
bound AChE in AChR-enriched membrane vesi- 
cles is essentially unchanged in the presence of 
[EtOH] from 25 to 300 mM. The shape of the 
thermogram in the mixing reaction is also unaf- 
fected by ethanol (not shown here). The observed 
AH of the hydrolysis reaction should not be 
affected by the presence of a low concentration 
of ethanol, unless a secondary reaction such as a 
membrane structural or conformational change 
accompanies the hydrolysis reaction. A similar 
observation of no effect on AH by ethanol was 
found for soluble AChE (Fig. 5 curve B). 

4. Discussion 

In extension of our previous work on the struc- 
tural stability of AChR-enriched membrane vesi- 
cles ill], the present study investigated the action 
of ethanol on membrane-bound AChE in these 
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membrane vesicles. The results presented above 
show that ethanol increases the activity of mem- 
brane-bound AChE at [EtOH] < 35 mM and de- 
creases it at [EtOH] > 100 mM. In contrast, 
ethanol (35-400 mM) increases the activity of 
soluble AChE. Comparison of these results (Figs. 
3 and 4) reveals a critical role of ethanol-mem- 
brane interactions. This observed biphasic nature 
of ethanol action on membrane-bound AChE in 
AChR membrane vesicles is an interesting phe- 
nomenon which may be of importance in under- 
standing physiological and biochemical effects of 
alcohol. The result is in consistence with the 
reported ethanol effect on (Na+-K+) [lo] and 
membrane-bound AChE prepared from bovine 
erythrocytes [61. 

A catalyst can change the Gibbs free energy of 
activation (AC ‘1, but not the Gibbs free energy 
of the reaction (AG”) at any temperature or the 
entropy change (AS) (= - (?I AG/U),). Conse- 
quently, AH (calculated from AG + T As) will 
not be affected by the enzyme. However, Table 2 
or Fig. 5 shows that the value of AH in ACh 
hydrolysis reaction is +586 J/mol with mem- 
brane-bound AChE in AChR-enriched mem- 
brane vesicles, as compared to -544 J/m01 with 
soluble enzyme under identical experimental con- 
ditions. These results suggest that an additional 
process must be occurring in association with 
membrane-bound AChE. The presence of mem- 
branes in the medium could alter the solvent 
property so as to affect the observed AH. More 
importantly, it could contribute to the stability of 
membrane-bound AChE. A structural perturba- 
tion on AChR-enriched membrane vesicles would 
be required in the interaction of membrane-bound 
AChE with ACh in the process of ACh hydrolysis 
reaction. Such a structural perturbation could 
well be this additional process. 

In the hydrolysis reaction of ACh catalyzed by 
AChE, the products are choline and acetic acid. 
The enzyme, AChE, is present at a concentration 
much lower than that of the substrate. An impor- 
tant aspect derived from the law of enzyme reac- 
tions is that an effector (inhibitor or activator) of 
an enzyme influences the forward and backward 
reaction rate by the same factor-the ratio has to 
remain the same to keep the equilibrium constant 

unchanged [27]. Accordingly, ethanol is not ex- 
pected to change the equilibrium constant or AC” 
of ACh hydrolysis reaction. 

Figure 5 reveals that ethanol at 25-300 mM 
affects neither the value of AH of ACh hydroly- 
sis reaction catalyzed by membrane-bound AChE 
nor that catalyzed by soluble AChE. The finding 
that the observed AH in the presence of mem- 
branes is not affected by ethanol suggests that no 
secondary reaction such as a membrane struc- 
tural or conformational change accompanies the 
hydrolysis reaction. This result implies that the 
interaction of ethanol with membrane vesicles is 
nonspecific (such as increasing lipid solubility), 
which does not contribute to the observed en- 
thalpy change in the hydrolysis reaction. 
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