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ABSTRACT

Intramolecular excimerization of 1,3-di(1-pyrenyl)propane (Py-3-Py) and fluorescence polarization
of 1,6-diphenyl-1,3,5-hexatriene (DPH) were used to examine the effects of ethanol on the rate and
range of lateral diffusion of bulk bilayer structures of plasma membrane vesicles isolated from cul-
tured mouse myeloma cell line Sp2/0-Agl4 (Sp2/0-PMV). In a concentration-dependent manner, etha-
nol increased the excimer to monomer fluorescence intensity ratio (I'/T) of Py-3-Py in the Sp2/0-PMV
and decreased the anisotropy (r), limiting anisotropy (1), and order parameter (S) of DPH in the Sp2/
0-PMV. This indicates that ethanol increased both the lateral and rotational diffusion of the probes in
the Sp2/0-PMV. Selective quenching of DPH by trinitropheny! groups was utilized to examine the
transbilayer asymmetric rotational diffusion of the Sp2/0-PMV. The anisotropy (r), limiting anisotropy
(r~), and order parameter (S) of DPH in the inner monolayer were 0.022, 0.029, and 0.063, respectively,
greater than calculated for the outer monolayer of the Sp2/0-PMYV. Selective quenching of DPH by
trinitrophenyl groups was also utilized to examine the transbilayer asymmetric effects of ethanol on
the range of rotational diffusion of the Sp2/0-PMV. Ethanol had a greater fluidizing effect on the outer
monolayer as compared to the inner monolayer of the Sp2/0-PMV. It has been proven that ethanol ex-
hibits a selective rather than nonselective fluidizing effect within transbilayer domains of the Sp2/0-
PMV.
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and related alkanols exerted their depressant ef-
INTRODUCTION fects on the central nervous system (CNS) by dis-
solving in membrane lipid bilayers, thereby per-
turbing the function of ion channels and other

For many years it has been thought that ethanol proteins embedded therein (Wood and Schroeder,
1988; Yun and Kang, 1992a,b; Yun ef al, 1993).
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). tic potency. This hypotheis has been refined by
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that showed that anesthetics caused a local disor-
dering in the lipid matrix, also referred to as
membrane fluidization.

Previous studies on ethanol-induced changes in
membrane fluidity have measured changes in ro-
tational diffusion of bulk lipid bilayers. However,
membrane lipid motions include the following:
lateral diffusion of lipid molecules in the plane of
the hemileaflet; rotational diffusion of a lipid
molecule around an axis perpendicular to the
plane of the bilayer; in contrast to the relatively
rapid motions of the preceding modes, transverse
diffusion or “flipflop” from one hemileaflet to
the other is energetically less favored and rela-
tively slow, particularly in model bilayers (Kim et
al., 1992). There is increasing evidence that the
membrane consists of domains or patches of li-
pids that differ in their fluidity and lipid compo-
sition (Chin and Goldstein, 1981; Chabanel et al.,
1985; Schroeder ef al., 1988; Yun and Kang, 1990).
Recent data indicate that ethanol exerts a specific
effect in contrast to a nonspecific effect on the
bulk membrane lipid bilayers (Chin and Gold-
stein, 1981; Chabanel ef al., 1985; Wood et al., 1989;
Yun and Kang, 1992a,b; Yun e al., 1993).

Nowadays there is an increasing tendency of
cancer patients’ drinking. Although it seems that
ethanol reduces the severe pain of cancer pa-
tients, it is not yet quite clear that ethanol in-
creases or decreases the growth rate of cancer
cells. And there is few reports whether ethanol
inceases or decreases the fluidity of cancer cell
lipid bilayers.

In this paper, exploiting intramolecular excimer
formation of 1,3-di(1-pyrenyl)propane (Py-3-Py)
and fluorescence polarization of 1,6-diphenyl-1,3,
S-hexatriene (DPH), we investigated the effects of
ethanol on the bulk bilayer fluidity of the plasma
membrane vesicles isolated from cultured mouse
myeloma cell line Sp2/0-Agl4 (Sp2/0-PMYV). Also,
selective quenching of DPH fluorescence by tri-
nitrophenyl groups was utilized to examine the ef-
fects of ethanol on the individual monolayer
structure of the Sp2/0-PMV.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle medium, fetal calf

serum, bovine serum albumin (BSA), N-2-hydro-
xyethylpiperazine-N’-2-ethanesulfonic acid (Hepes),
L-glutamate, penicillin G, streptomycin and all
buffers were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). The fluorescent probe DPH
was obtained from Molecular Probes (Junction
City, OR, USA) and the other probe Py-3-Py was
prepared by the previously reported synthesis
(Yun et al., 1990a). Ethanol and 2,4,6-trinitroben-
zenesulfonic acid (TNBS) were obtained from
Fluka (Buchs, Switzerland). All other reagents
were of the highest quality available and water
was deionized.

Media and cell culture

Mouse myeloma cell line Spl/0-Agl4 was kind-
ly provided by Dr. Chang-Mo Kang (Pusan Na-
tional University, Korea). Sp2/0-Agl4 was derived
from P3-X63Ag8 X BALB/c. These cell lines were
permanently growing in tissue culture medium as
described previously (Horibata and Harris, 1970).
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Fig. 1. Effect of ethanol on the excimer to monomer
fluorescence intensity ratio, 1'/I, of 1,3-di(l-
pyrenyl)propane in the plasma membrane ves-
icles isolated from cultured mouse myeloma
cell line Sp2/0-Agl4. Fluorescence measure-
ments were performed at 37°C (pH 74). Each
point represents the mean + SEM of 5 deter-
minations. An asterisk and double asterisk sig-
nify P < 0.05 and P < 0.01, respectively, com-
pared to control according to Student’s t-test.
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Table 1. Asymmetry of 1,6-diphenyl-1,3,5-hexatriene motion in the plasma membrane vesicles isolated from cultured

mouse myeloma cell line Sp2/0-Agl4

L . Limiting Order
Polarization Anisotropy .
Membrane anisotropy parameter
(P) (r)

(r=) &)
inner+outer 0.2511+0.003 0.1831+0.002 0.145+£0.002 0.635+0.005
inner 0.266 £0.002 0.195+0.002 0.161 £0.003 0.668 +0.007
outer 0.240£0.004™* 0.173+£0.004** 0.132+0.005** 0.605+£0.011**

Cells were treated =2 mM trinitrobenzenesulfonic acid, pH 8.5, at 4°C for 30 min, and the plasma membrane vesicles
were isolated. 1,6-Diphenyl-1,3,5-hexatriene was incorporated, and fluorescence measurements were performed at 37°C
(pH 7.4). Values from untreated membranes represent inner + outer monolayer; Values from 2,4,6-trinitrobenzenesui-
fonic acid (TNBS) treated membranes represent the inner monolayer; Valuese for the outer monolayer were calculat-
ed as described in Materials and Methods. Values are represented as the mean + SEM of 4 determinations. Double
asterisk signifies P<(0.01 compared to control by Student’s t-test.

Cells were grown in Dulbecco’s modified Eagle
medium which was supplemented with 10% fetal
calf serum, 100IU of penicillin per mi, 100 g
streptomycin per ml, and 2 mM L-glutamine. Cul-
tures were maintained at 37°C in a moist atmo-
sphere containing 5% CO, with subculturing every
4 days. All cultures were grown in disposable
plastic Petri dishes (Falcon Plastics, LA, Calif.,
although several other manufacturers’ products
were equally suitable), usually of the bacte-
riological type. The viable cell numbers were
counted on a Coulter Counter Model F (Coulter
Electronics, Hialeath, Flo.) with 0.1% trypan blue
exclusion.

Preparation of plasma membrane vesicles

The Sp2/0-PMV were isolated from cultured
mouse myeloma cell line Sp2/0-Agl4 and charac-
terized by the formerly reported method in our
laboratory (Yun and Kang, 1990; Yun et dal.,
1990b). The purity of Sp2/0-PMV was determined
by enzymatic and morphological standards. The
specific activities of Na,K-ATPase (Yun and
Kang, 1990; Yun et ol., 1990b) and 5 -nucleotidase
(Yun and Kang, 1990; Yun ef al., 1990b) were
about 5- and 3-fold, respectively, enriched in the
plasma membrane fraction as compared to crude
homogenates. Electron microscopic examination
also showed that the membranes were in vesicular
form (Yun et al, 1990b). Protein was determined
by the method of Lowry ef al. (1959) using BSA as
a standard.
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Fig. 2. Ethanol alters the anisotropy (r) of 1,6-diphen-
yl-1,3,5-hexatriene (DPH) in outer monolayer
of the plasma membrane vesicles isolated from
cultured mouse myeloma cell line Sp2/0-Agl4.
Cells were treated = 2mM trinitrobenzene-
sulfonic acid, pH 8.5, at 4°C for 30 min and the
plasma membrane vesicles were isolated. 1,6-
Diphenyl-1,3,5-hexatriene was incorporated,
and fluorescence measurements were per-
formed at 37°C (pH 7.4). Untreated (inner and
outer monolayers, l); 24,6-trinitrobenzene-
sulfonic acid (TNBS) treated (inner monolay-
er, A); calculated for outer monolayer (@) as
described in Materials and Methods. Each
point represents the mean = SEM of 4 deter-
minations. An asterisk and double asterisk sig-
nify P<0.05 and P<0.0l, respectively, com-

pared to control by Student’s t-test.
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Table 2. Effects of ethanol on the limiting anisotropy (r-) and order parameter (S) of 1,6-diphenyl-1,3,5-hexatriene
(DPH) in the plasma membrane vesicles isolated from cultured mouse myeloma cell line Sp2/0-Agi4

Limiting anisotropy (r.)

Order parameter (S)

Conc. (mM)
Inner+OQuter Inner Outer Inner+Outer Inner Outer

0 0.1451+0.002 0.161+£0.003  0.132+0.005 0.635+0.005 0.668 £0.007 0.605+0.011

10 0.141 +0.004 0.160+0.004 0.122+0.004 0.625+0.009 0.666+0.008 0.583£0.009
25 0.135+0.003* 0.159+0.004  0.116+0.003** 0.611 0.008* 0.664+0.009 0.566 £0.006™*
50 0.132+£0.005**  0.157+0.002 0.113+0.010** 0.605+0011**  0.659+0.005 0.558 £0.019**
100 0.128+£0003**  0.156+0.004  0.106+0.006** 0.597+£0.006**  0.656+0.008 0.540+0.013**
200 0.124£0003**  0.156£0.004  0.102+0.007** 0.586+0.007**  0.655+0.009 0.529+0.014**
400 0.120+0.007**  0.153+£0.006  0.096 +0.009** 0.576+0.013**  0.649+0012 0.516+0.018**
800 0.116+0.004**  0.152+0.003 0.089+0.003** 0.576 £0.009**  0.647+0.007 0.498 £0.008**

All conditions were as described in the legend to Table 1. Values are represented as the mean +SEM of 4 determina-
tions. An asterisk and double asterisk signify P<0.05 and P<0.01, respectively, compared to control by Student’s t-test.

TNBS labelling reactions

TNBS labelling reactions were performed by
the procedure of Yun and Kang (1990) with a few
modifications. The cultured cells were gently
resuspended in 2 mM TNBS+buffer A or buffer A
alone. Buffer A was composed of 30 mM NaCl,
120 mM NaHCOs; 11 mM glucose, and 2% BSA.
The reagent pH was adjusted to 8.5 with NaOH.
To assure complete exposure of all outer mono-
layers to TNBS, the cells were passed slowly
through an Eberbach tissue grinder (3 up and
down strokes). Unless otherwise specified, the
treatment was carried out at 4°C for 30 min. The
TNBS labelling reaction was terminated by
addition of 2% BSA in PBS (8g/l NaCl, 0.2g/1
KCl, 0.2g/1 KH:PO, 1.15g/l Na;HPO,-7TH.O, 048 ¢
/1 Hepes, pH 7.4). The entire suspension was then
sedimented at 1,100x g for 5min and preparation
of plasma membrane vesicles was performed as
described above.

Fluorescence measurements

The fluorescence measurements were perform-
ed as described previously (Yun ez al., 1990a; Yun
and Kang, 1992a,b; Yun er al., 1993; Chung ef al.,
1993a)

RESULTS AND DISCUSSION

Studies were undertaken to evaluate the effects
of ethanol on the lateral mobility or diffusibility
of the Sp2/0-PMV. To accomplish this, the fluo-
rescent probe Py-3-Py was used. Py-3-Py, a py-
rene derivative, which has been successfully used
to quantitate lateral mobility within native and
model membranes (Schachter, 1984; Zachariasse,
1980; Zachariasse ef al., 1982; Yun et al, 1990a),
was used to determine the rate and range of later-
al mobility in the Sp2/0-PMV. Using this probe
one monitors emission of both the monomer (I)
and excimer (I') components in such a way that a
ratio can be derived and used as a measure of lat-
eral mobility (Schachter, 1984; Zachariasse, 1980;
Zachariasse er al, 1982; Yun e al, 1990a). As
probe mobility within membranes increases, emi-
ssion from the excimer predominates since forma-
tion of the intramolecular excimer is dependent
upon lateral movement of its two components.
Therefore, an increase in the 1'/I ratio is an indi-
cation of increased lateral mobility of the probe
within the membrane. The Py-3-Py excimer fluo-
rescence technique has an advantage over its
counterpart based on intermolecular excimer-
ization since very small probe concentrations can
be employed (<107"M), and the perturbation of
the Sp2/0-PMV by the probe molecule is mini-
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mized.

We reported that the 1'/1 value in intact plasma
membrane vesicles isolated from Chinese hamster
ovary Ki-cells (CHO-K,-PMV) was 0.529+0.016
(37°C, pH 7.4). Ethanol increased the lateral diffu-
sion of the bulk CHO-K,-PMV in a concentration-
dependent manner, and a significant increase in
I’/1 value was observed at 50 mM ethanol (Yun et
al., 1993). Our study extended from the above ex-
periments demonstrated a very interesting phe-
nomenon in the Sp2/0-PMV. Ethanol increased
the range and rate of lateral mobility of the bulk
Sp2/0-PMV dose-dependently, and a significant
increase in I'/I value was observed even at
25mM ethanol (the control value: 0.608+0.008).
This result is in agreement with that of our previ-
ous study, indicating ethanol has a large influence
on the lateral mobility of native membranes.
However, the important point is the different po-
tency of ethanol between Sp2/0-PMV and CHO-
Ki-PMYV, in terms of minimal ethanol concentra-
tion for the significant increase in the I'/I values.

To evaluate the effects of ethanol on the rota-
tional mobility of the Sp2/0-PMYV, the estimation
of steady-state fluorescence polarization, using
DPH as a lipid probe, was carried out. DPH is a
rod-shaped molecule that orients with high affini-
ty in hydrophobic regions (core) of the bilayer
structures. The fluorescence polarization mainly
reflects the rotational mobility of lipid fluo-
rophores (Schachter, 1984; Molitoris and Hoilien,
1987; Yun and Kang, 1992a,b). The results of fluo-
rescence polarization determinations are conve-
niently expressed as the fluorescence anisotropy
(r). The limiting anisotropy (r.) reflects the hin-
drance to full 90° rotation of a fluorophore in a
particular microenvironment. For example, the
rod-like hydrocarbon DPH is free to rotate a full
90° in certain organic solvents, and the r.. value is
zero. In native and model membranes, the r. val-
ues of DPH are high and largely determine r. In
biological membranes, both the dynamic (rota-
tional relaxation time of fluorophores) and struc-
tural (r.) or static components may be significant,
and it seems reasonable to use “fluidity” to desig-
nate both. The structural organization of the lipid
environment in the bilayers limits the rotational
extent or the range of DPH, and r. can be used to
define an order parameter (S). Yun ef al. (1993) re-
ported that the limiting anisotropy (r-) and order

parameter (S) of DPH in the CHO-K,-PMV were
0.160+0.004 and 0.666 +0.007, respectively.

Ethanol increased the rotational diffusion of
the membrane in a concentration-dependent man-
ner with a significant decrease in the anisotropy
(r), limiting anisotropy (r.), and order parameter
(S) observed even at 25 mM ethanol. In the pres-
ent study, the anisotropy (r), limiting anisotropy
(r-), and order parameter (S) of DPH in the Sp2/
0-PMV were 0.183+0.002, 0.145+0.002, and 0.635
+0.005, respectively. Ethanol decteased the ani-
sotropy (r), limiting anisotropy (r-), and order pa-
rameter (S), and a significant decrease in the r, -
and S was observed even at 25 mM ethanol (Fig. 2,
closed squares). Therefore, even at 25 mM, ethanol
significantly decreased the range of rotational
mobility of the bulk Sp2/0-PMV. This is in agree-
ment with the study previously reported by Yun
et al. (1993), and it means that the degree of etha-
nol-induced decrease in these three parameters,
ie, 1, 1. and S, in the Sp2/0-PMV is more clear
compared to that of CHO-Ki;-PMV.

The covalently linked trinitrophenyl group dis-
plays a broad absorbance with a maximum near
420 nm. This absorption peak has a large overlap
with the fluorescence emission of DPH. This spec-
tral overlap of donor emission and acceptor ab-
sorbance is responsible in part for the high trans-
fer (quenching) efficiency of the probe. Approxi-
mately half of the DPH fluorescence is quenched
in the trinitrophenylated Sp2/0-PMV. If the TNBS
labelling is conducted under penetrating condi-
tions (37°C), nearly 100% of the fluorescence of
the DPH is quenched. The values of fluorescence
parameters in intact Sp2/0-PMV (both monolay-
ers) as compared to those for TNBS-treated Sp2/
0-PMV (inner monolayer) are listed in Table 1.
The anisotropy (r), limiting anisotropy (r.), and
order parameter (S) of the DPH in the inner mon-
olayer were 0.022, 0.029, and 0.063, respectively,
greater than calculated for the outer monolayer
of the Sp2/0-PMV. Ethanol showed a greater flui-
dizing (range of rotational mobility) effect on the
outer monolayer (Fig. 2, closed circles) as com-
pared to the inner monolayer (Fig. 2, closed trian-
gles). It suggests that the fluidizing effect (range of
rotational mobility) of ethanol is selective rather
than nonselective within transbilayer domains of
the Sp2/0-PMV.

Ethanol and related alkanols have been shown
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to decrease the temperature of the gel-to-liquid
crystalline phase transition of model membranes
(Jain and Wu, 1977), expand membranes (Seeman,
1972), and alter the surface charge of membrane
lipids (Bangham and Mason, 1979). However,
these effects have been obtained with ethanol con-
centrations in the range of 500-1500 mM, which
are usually higher than the lethal serum concen-
trations in humans and laboratory animals
(Harris and Schroeder, 1981). Moreover, the accu-
mulated results for the analysis of ethanol effect
on the cell membrane fluidity has been focused
on the normal cell membranes, not on the cancer
cell membranes. Our data presented herein shows
that, even at physiologically relevant concentra-
tions (Harris and Schroeder, 1981; Majchrowicz
and Mendelson, 1971), the increased lateral and
rotational diffusion induced by ethanol indicates
the presence of bulk lipid fluidization, and the in-
crease in bulk bilayer rotational diffusion is
mainly due to the increased range of rotational
diffusion in the outer monolayer of the Sp2/0-
PMV.

Our previous studies reported that ethanol in-
creased the range and rate of lateral mobility of
the CHO-K\-PMV (Yun et al, 1993) and synap-
tosomal plasma membrane vesicles (SPMV) iso-
lated from bovine cerebral cortex (Chung et dl.,
1993a). In addition, ethanol increased the range of
rotational mobility of the CHO-K,-PMV (Yun e
al.,, 1993) and the rate of rotational mobility of the
SPMV (Chung et al,, 1993b). Therefore, in a con-
centration-dependent manner, ethanol significant-
ly increases the range/rate of the lateral/rotation-
al mobility in both native and model membranes.
Additionally, the increase in the bulk rotational
mobility (primarily the range of the motion) is
mainly derived from increases in the motion
range in the outer monolayer of native and model
membranes. Consequently, the native membranes
that have higher fluidity are much more sensitive
to the fluidizing effect of ethanol. Also, this find-
ing can be extended to the transbilayer asymmet-
ric fluidity in native and model membranes. The
more fluid monolayer in the bilayer organization,
whether outer or inner monolayer, is the major
target site of the fluidizing effect of ethanol.

The physical state of membrane lipids has been
shown to influence such membrane enzymes as
Na,K-ATPase (Chong et al, 1985), hormone-

responsive adenylate cyclase (Dipple and Hous-
lay, 1978), and membrane transport processes
such as glucose and amino acid uptake (Balcar et
al., 1980; Carriere and Le Grimellec, 1986). Mem-
brane lipids also play an important role in mem-
brane permeability to sodium, calcium, chloride,
and potassim (Green et al, 1980). Changes in
membrane fluidity are known to be linked to
alterations in physiological processes of the cell
membrane like carrier-mediated transport, acti-
vity of membrane bound enzymes, receptor bind-
ing, phagocytosis, endocytosis, depolarization de-
pendent exocytosis, cytotoxicity, and cell growth
(Spector and Yorek, 1985). Possibly, the effects of
ethanol on the membrane may increase the
growth rate of myeloma cells, since the increased
membrane fluidity (by ethanol) is directly related
to an increase in the membrane permeability and
to the cell growth. If someone observed the sup-
pressive effect of ethanol on the growth rate of
cancer cells in vivo, it might be resulted from indi-
rect effects of ethanol through central nervous
system rather than direct effect of ethanol.
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