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Liposomes as Model for Taste Cells: Receptor Sites for Bitter Substances 
Including N-C=S Substances and Mechanism of Membrane Potential Changest 

Takashi Kumazawa, Tadashi Nomura,* and Kenzo Kurihara* 
Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo, Japan 060 

Received July 13, 1987; Revised Manuscript Received October 9, I987 

ABSTRACT: Various bitter substances were found to depolarize liposomes. The results obtained are as follows: 
(1) Changes in the membrane potential of azolectin liposomes in response to various bitter substances were 
monitored by measuring changes in the fluorescence intensity of 3,3’-dipropylthiocarbocyanine iodide 
[diS-C3(5)]. All the bitter substances examined increased the fluorescence intensity of the liposome-dye 
suspension, which indicates that the substances depolarize the liposomes. There existed a good correlation 
between the minimum concentrations of the bitter substances to depolarize the liposomes and the taste 
thresholds in humans. (2) The effects of changed lipid composition of liposomes on the responses to various 
bitter substances vary greatly among bitter substances, suggesting that the receptor sites for bitter substances 
are multiple. The responses to N-C=S substances and sucrose octaacetate especially greatly depended 
on the lipid composition; these compounds depolarized only liposomes having certain lipid composition, while 
no or hyperpolarizing responses to these compounds were observed in other liposomes examined. This 
suggested that the difference in “taster” and “nontaster” for these substances can be explained in terms of 
difference in the lipid composition of taste receptor membranes. (3) I t  was confirmed that the membrane 
potential of the planar lipid bilayer is changed in response to bitter substances. The membrane potential 
changes in the planar lipid bilayer as well as in liposomes in response to the bitter substances occurred under 
the condition that there is no ion gradient across the membranes. These results suggested that the membrane 
potential changes in response to bitter substances stem from the phase boundary potential changes induced 
by adsorption of the substances on the hydrophobic region of the membranes. 

A m o n g  various taste stimuli, substances that elicit bitter 
taste are most abundant. The structures of bitter substances 
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are extremely diverse, and it is difficult to find a chemical 
structure common to bitter substances. An attempt to isolate 
the receptor protein for bitter substances was made (Dastoli 
et al., 1968), but it was pointed out that the protein isolated 
from the porcine tongue epithelium was not a true receptor 

rihara, 1971). 

of Japan and a grant from Nissan Science Foundation. 
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In a previous paper (Kumazawa et al., 1985), we have 
reported that the mouse neuroblastoma (N-18 clone)’ is de- 
polarized by various bitter substances and that there is a good 
correlation between threshold concentrations to induce the 
depolarization in the cells and taste threshold concentrations 
in humans. These result suggest that a specific receptor protein 
unique to taste cells is not involved in the reception of bitter 
substances since the N-18 cell must not provide such protein. 
Koyama and Kurihara (1972) examined the interaction of 
various bitter substances with lipid monolayers and found that 
there is a good correlation between concentrations of bitter 
substances to give an increase in the surface pressure in the 
monolayers and their taste threshold concentrations. Hence, 
there is a possibility that bitter substances are adsorbed on the 
lipid layers of taste cell membranes and cause membrane 
potential changes of the cells. In the present study, we have 
used liposomes as model for taste cells and found that lipo- 
somes are depolarized by various bitter substances in similar 
concentration ranges to those where taste cells are depolarized. 

It has been pointed out that the receptor sites for bitter 
substances in taste receptor membranes are not single. 
Multiplicity of bitter receptor sites was first implied by ge- 
neticists studying the bimodal distribution of taste thresholds 
for the N-C=S substances including phenylthiocarbamide 
(PTC) (Kalmus, 1971). The idea of multiple receptor sites 
for bitter substances in humans was further advanced by a 
number of investigators (McBurney et al., 1972; Hall et al., 
1975). Data for multiple bitter receptor sites were also implied 
for rats (Stewart et al., 1983), mice (Lush, 1981; 1982 Harder 
et al., 1984), hamsters, and frogs. For example, one strain 
in mice showed a strong aversion to drinking sucrose octa- 
acetate (SOA), while other strains tended to prefer the SOA 
solution. Electrophysiological studies revealed that the dif- 
ference in such behavior of mice to SOA comes from that in 
their taste receptors (Shingai & Beidler, 1985). In addition, 
it was shown that the receptor sites for the bitter substances 
other than the N-C=S substances in hamsters (Herness & 
Pfaffmann, 1986) and frogs (Sugimoto & Sato, 1981, 1982) 
are also multiple. In the present study, the effects of changed 
lipid composition of liposomes on the response to various bitter 
substances are examined, and it is shown that the multiple 
receptor sites for bitter substances are explained in terms of 
difference in lipid composition of the taste receptor membranes. 

The mechanism of generation of the taste receptor potential 
in response to bitter substances has been examined by inserting 
a microelectrode into taste cells. It was reported that the input 
resistance of taste cells in the frog (Akaike et al., 1976), 
mudpuppy (West & Bernard, 1978), and mouse (Tonosaki 
& Funakoshi, 1984) is little changed or slightly increased 
during depolarization by quinine. It is still unknown by what 
mechanism the depolarization by bitter substances is induced. 
In the present study, we examine the mechanism of depolar- 
ization of the lipid membranes by various bitter substances 
and show evidence indicating that the depolarization is induced 
by changes in the phase boundary potential. 

MATERIALS AND METHODS 
Materials. The following chemicals were obtained from the 

companies indicated: soybean phospholipids (azolectin), 

’ Abbreviations: PC, egg phosphatidylcholine; PE, egg phosphatid- 
ylethanolamine; SM, egg sphingomyelin; diS-C3(5), 3,3’-dipropylthio- 
carbocyanine iodide; Hepes, N-(2-hydroxyethyl)piperazine-N’-2-ethane- 
sulfonic acid; bis-Tris, 2,2-bis(hydroxymethyI)-2,2’,2”-nitrilotriethanol: 
N-18 cell, mouse neuroblastoma cell (N-18 clone): PTC, 
phenylthiocarbamide; SOA, sucrose octaacetate. 

cholesterol, quinine hydrochloride, theophylline, and thiouracil, 
Wako Pure Chemical Industries, Tokyo; sphingomyelin (SM) 
from egg yolks and lincomycin hydrochloride, Sigma Chemical 
Co., St. Louis; egg phosphatidylcholine (PC), Nihon Seika Co., 
Osaka; L-leucine, caffeine, thiourea, 111-diphenyl-2-thiourea, 
and 2,2~bis(hydroxymethy1)-2,2’,2’’-nitrilotriethano1 (bis-Tris), 
Nakarai Chemicals, Kyoto; phenylthiocarbamide (phenyl- 
thiourea) and brucine, Tokyo Kasei Industries, Tokyo; sucrose 
octaacetate, Kanto Chemical Co., Tokyo. 

Soybean phospholipids purchased were washed 3 times with 
ice-cold acetone and extracted with ice-cold diethyl ether. The 
extract was evaporated to dryness and stored as a 10% (w/v) 
solution in chloroform at -20 “C  until use. Egg phosphatid- 
ylethanolamine (PE) was extracted from fresh chicken egg 
yolks according to the method of Lea et al. (1955). The purity 
of PC, PE, and SM was checked by thin-layer chromatography 
on silica gel plates. Cholesterol purchased was recrystallized 
twice from methanol. 

Preparation of Liposomes. Liposomes were prepared es- 
sentially as described previously (Nomura & Kurihara, 
1987a,b). The dried lipid film in the flask was dispersed in 
100 mM NaCl solution or 100 mM KC1 solution containing 
5 mM N-( 2-hydroxyethyl)piperazine-N’-2-ethanesulfonic acid 
(Hepes)-NaOH buffer (pH 7.3). The lipid suspension was 
sonicated in a bath type sonicator, followed by centrifugation 
of the sonicated suspension. The supernatant was used in this 
study. The phospholipid concentration was determined by 
measuring phosphorus content (Allen, 1940). 

The bitter substances were dissolved in 100 mM NaCl so- 
lution or 100 mM solutions of various salts containing 5 mM 
Hepes buffer of pH 7.3; pH was adjusted to 7.3 when nec- 
essary. 

Monitoring the Membrane Potential Change. Changes in 
the membrane potential of liposomes in response to bitter 
substances were monitored by measuring changes in the 
fluorescence intensity of 3,3’-dipropylthiocarbocyanine iodide 
[diS-C3(5)]. The fluorescence intensity changes were mea- 
sured essentially as described previously (Nomura & Kurihara, 
1987). The fluorescence changes of diS-C3(5) added to li- 
posome suspension occurred immediately after addition of 
bitter substances and reached the maximal level within at most 
2 s and remained constant for at least 30 min. The fluores- 
cence intensity changes in response to bitter substances were 
measured within 10 min after addition of the substances. The 
fluorescence intensity change, AF, is defined as 

AF(%) = (F - Fo)/Fo X 100 (1) 
where F and Fo represent the fluorescence intensity in the 
presence and in the absence of bitter substances, respectively. 
The value of Fo was unchanged for liposomes of different lipid 
composition used in the present study. Final concentration 
of phospholipids was 50 pM. The temperature was maintained 
at 30 “C  by circulating water through the cuvette holder of 
the photometer. 

Measurement of Changes in the Membrane Potential of the 
Planar Lipid Bilayer. The planar lipid bilayer was formed 
from monolayers of azolectin essentially according to the 
method of Montal and Mueller (1972). Detail for measure- 
ment of the membrane potential changes was described in 
previous papers (Nomura & Kurihara, 1987a,b). The cell for 
preparation of the bilayer consisted of two chambers that had 
a volume of about 2 cm3 and an air interface of 1.2 cm in 
diameter. A Teflon sheet that had a hole of 0.2-0.4 mm in 
diameter was intercalated between the chambers. The bilayer 
was formed on the hole by raising the water phase on which 
monolayers of azolectin were formed by gentle application of 
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FIGURE 1 :  Time course of the membrane potential changes of the 
planar bilayer made of azolectin in response to 0.2 mM quinine, 1 
mM brucine, and 0.5 mM papaverine. Arrow in the figure indicates 
injection of a bitter substance solution to the water phase at cis side. 

5 p L  of a hexane solution containing 2% azolectin. Formation 
of the bilayer was checked by measuring the electric resistance. 
The resistance of the bilayer was 100-200 GQ. A small 
volume of a bitter substance solution was added under gentle 
stirring to the chamber where an electrode was connected to 
the ground. This side of the chamber is referred to as the cis 
side. Changes in the membrane potential of the bilayer in 
response to bitter substances were measured by using a 
Keithley 610C electrometer with Ag/AgCl electrodes. Both 
water phases contained a 100 mM NaCl solution containing 
5 mM Hepes buffer (pH 7.3). 

Culture of Neuroblastoma Cell. Clonal cell line N-18 
derived from the mouse C- 1300 neuroblastoma was used to 
examine the relationship between electrophysiological data and 
changes in the fluorescence intensity of diS-C,(5). The N-18 
cell was cultured as described in previous papers (Miyake & 
Kurihara, 1983a,b; Kumazawa et al., 1985). 

Changes in the fluorescence intensity of diS-C,(S) added 
to the N-18 cell suspensions were measured essentially ac- 
cording to the method for liposomes: 2 pL of 0.91 mM diS- 
C3(5) was added to 2 mL of Ringer solution containing the 
cells ( 5  X lo5 cells/mL) in a cuvette. After the cell suspension 
containing diS-C3(5) was stirred for 15 min, the fluorescence 
intensity (Fo) was measured. A small volume of a bitter 
substance solution was then added to the cuvette. After the 
cell suspension containing the bitter substance was stirred for 
10 min, the fluorescence intensity (F) was measured. The 
fluorescence intensity change, AF, was defined by eq 1. 

RESULTS 

Membrane Potential Changes of Planar Lipid Bilayer in 
Response to Bitter Substances. Figure 1 shows typical ex- 
amples of membrane potential changes in planar lipid bilayer 
made of azolectin in response to quinine, brucine, and pa- 
paverine. The bitter substances were added to the water phase 
at cis side by injection of a small volume of solution containing 
the bitter substances of high concentration. The membrane 
potential across the bilayer starts to change immediately after 
application of the bitter substances and reaches a steady level. 
Here the potential at  the trans side is changed to a positive 
direction (we refer to a potential change of this direction as 
depolarization in this paper). The time course of the mem- 
brane potential changes depended on the stirring speed with 

0 u ! n I n e 
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FIGURE 2: Comparison of threshold concentrations of various bitter 
substances to induce the membrane potential changes (AF) monitored 
with fluorescence changes of diS-C3(5) with respective thresholds (PE) 
determined electrophysiologically in the N- 18 cell. The thresholds 
for the fluorescence changes were determined by extrapolating the 
concentration-response curves to control level. The thresholds de- 
termined electrophysiologically were taken from a previous paper 
(Kumazawa et al., 1985). 

a magnetic bar of the water phase: a faster stirring led to a 
rapid change in the membrane potential. In the experiments 
for Figure 1, a 100 mM NaCl solution was placed in two 
chambers at both sides of the membrane. Essentially similar 
membrane potential changes to those shown in Figure 1 were 
observed in response to the bitter substances when 100 mM 
NaCl solution and 100 mM KC1 solution were used for the 
solutions at the cis side and trans side, respectively (data not 
shown). This indicates that the ion gradient across the 
membrane does not contribute the potential changes in re- 
sponse to the bitter substances. 

The changes of the planar lipid bilayer by the bitter sub- 
stances were measured with quinine, brucine, and papaverine, 
but those by other bitter substances were not measured because 
addition of a large volume of saturated solutions of the bitter 
substances was needed to generate the membrane potential 
changes and hence led to unbalance of the water level in both 
chambers. Systematic studies on the membrane potential 
changes by bitter substances were carried out by using lipo- 
somes as shown below. 

Membrane Potential Changes of Azolectin Liposomes by 
Various Bitter Substances. Changes in the membrane po- 
tential of liposomes in response to various bitter substances 
were monitored with a fluorescent dye, diS-C3(S), in the 
present study. In the previous paper (Kumazawa et al., 1985), 
we showed that the N-  18 cell responds to various bitter sub- 
stances. In order to confirm that the fluorescence changes of 
diS-C3(5) in response to bitter substances closely monitor the 
membrane potential changes, the fluorescence changes of the 
dye-N- 18 cell suspension in response to bitter substances were 
compared with the membrane potential changes measured 
directly with a microelectrode. Figure 2 compares threshold 
concentrations of various bitter substances that induce the 
fluorescence changes of the dye-N- 18 cell suspension with 
respective thresholds determined electrophysiologically. The 
thresholds were determined by extrapolating the concentra- 
tion-response curves for various bitter substances to the control 
level. As seen from the figure, the two sets of data for each 
bitter substance closely correlate with each other, which 
suggests that the changes in the fluorescence intensity of 
diS-C3( 5) in response to bitter substances closely correspond 
to the membrane potential changes. 

Addition of bitter substances to diS-C3( 5)-liposome sus- 
pensions induced changes in the fluorescence intensity. As 
shown later, an ion gradient across the liposomal membrane 
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FIGURE 3: Changes in the fluorescence intensity of diS-C3(5) added 
to azolectin liposome suspension as a function of concentration of bitter 
substances. Internal and external solutions for liposomes were 100 
mM NaC1. Each point is the mean value of data obtained from at 
least five preparations. (0 )  Quinine; (0) papaverine; (A) brucine; 
(0) caffeine; (m) theophylline; (A) lincomycin. 
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FIGURE 4: Threshold concentrations of various bitter substances to 
induce the fluorescence changes in diS-C3(5)-azolectin liposome 
suspension with taste thresholds in humans. The thresholds in the 
liposomes were determined by extrapolating the curves in Figure 2 
to zero level. The human taste thresholds were taken from a previous 
paper (Kumazawa et al., 1985). 

was not necessary for generation of the fluorescence changes, 
and hence a 100 mM NaCl solution was used for both internal 
and external solutions for liposomes. Figure 3 shows changes 
in the fluorescence intensity of diS-C3(5) added to azolectin 
liposome suspensions as a function of concentrations of bitter 
substances. Various bitter substances increase the fluorescence 
intensity in a dose-dependent manner, which indicates that 
bitter substances change the potential a t  the inside of the 
liposomes to a positive direction. The potential change of this 
direction corresponds to depolarization. In taste systems, only 
depolarizing potential changes are effective to generate im- 
pulses in the taste nerves. Concentrations of bitter substances 
that depolarize the liposomes greatly vary among bitter sub- 
stances. The threshold concentration for each bitter substance 
was obtained by extrapolating a concentration-response curve 
for the mean value of data obtained from at least five prep- 
arations to zero level. Figure 4 compares threshold concen- 
trations of various bitter substances with taste thresholds in 
humans (Kumazawa et al., 1985). As seen from the figure, 
there is a good correlation between both thresholds. 

Effects of Changed Lipid Composition of Liposomes on 
Response to Various Bitter Substances. Figure 5 shows the 
relative magnitude of the fluorescence change (AF value) in 
suspensions of liposomes having different lipid composition in 
response to various bitter substances. The liposomes made of 
azolectin or a mixture of azolectin and S M  show relatively 
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FIGURE 5: Effects of changed lipid composition of liposomes on the 
responses to various bitter substances. Each column represents 
magnitude of a fluorescence change (AF) * SD. The lipid compo- 
sitions of liposomes were as follows: Azo. (azolectin alone); Azo. + 
SM, 1:l w/w; PC (PC alone); PC + PE, 4:l w/w; PC + SM, 1O:l 
w/w; PC + chol. (cholesterol), 1O:l w/w. The internal and external 
solutions for liposomes were 100 mM NaC1. The AFvalue is the mean 
of data obtained from at least five preparations. 
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FIGURE 6:  Effects of changed lipid composition of liposomes on the 
responses to N-C=S substances and sucrose octaacetate. The lipid 
compositions of liposomes were the same as those in Figure 4. The 
internal and external solutions for liposomes were 100 mM NaC1. 
The AF value is the mean of data obtained from at least five prep- 
arations. 

large responses to various bitter substances. Liposomes con- 
taining PC show relatively small responses to lincomycin, 
brucine, quinine, and papaverine, while the liposomes show 
relatively large responses to caffeine and theophylline. Thus, 
effects of changed lipid composition on the responses greatly 
vary among bitter substances. 

Figure 6 shows the effects of changed lipid composition on 
the response to thiourea derivatives [phenylthiourea (phe- 
nylthiocarbamide), thiourea, thiouracil, and 1,l-diphenyl-2- 
thiourea]. Only liposomes made of azolectin or a mixture of 
azolectin and SM show the fluorescence change in a direction 
corresponding to depolarization. On the other hand, liposomes 
of other lipid compositions show no fluorescence change or 
changes in a direction corresponding to hyperpolarization of 
these compounds except for the response of liposomes made 
of a mixture of PC and SM to l,l-diphenyl-2-thiourea. The 
response of liposomes to sucrose octaacetate also greatly vary 
with the lipid composition. 

Mechanism of Membrane Potential Changes. In order to 
explore the changes in the membrane potential in response to 
bitter substances, the effects of ions in external medium on 
the responses to the bitter substances were examined. Figure 
7 compares the magnitude of the fluorescence change in re- 
sponse to 0.1 mM quinine and 0.5 mM brucine when external 
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FIGURE 7: Relative magnitude of the fluorescence change of diS-C,(S) 
added to azolectin liposome suspension in various salt solutions in 
response to 0.1 mM quinine and 0.5 mM brucine. Solutions of 100 
mM KCl, NaCl, bis-Tris chloride, and choline chloride were used 
for external solution. The magnitude of the fluorescence change (AF 
value) in 100 mM KC1 solution is taken as unity. Internal solution 
for the liposome was 100 mM KC1. Each column represents data 
obtained from at least five preparations. 

solutions containing various species of cations are used. Here 
a 100 mM KCl solution is used for the internal solution. The 
magnitudes of the fluorescence changes in response to the bitter 
substances in solutions of salts carrying K’, Na+, bis-Tris+, 
and choline+ are not greatly different, although the responses 
in the solutions containing the inorganic cations are a little 
larger. The fact that the magnitude of the responses in 100 
mM NaCl solution is practically equal to that in 100 mM KCl 
solution indicates that the magnitudes of the responses to the 
bitter substances are independent of ion gradient across the 
liposomal membrane, similar to the responses in the planar 
lipid bilayer. These results suggest that permeability of ions 
across the membrane does not contribute to the membrane 
potential changes. This is consistent with the fact that re- 
placement of inorganic catons by impermeable organic cations 
does not lead to a decrease in the responses to the bitter 
substances. 

DISCUSSION 
In the present study, the membrane potential changes of 

liposomes in response to bitter substances were monitored with 
a fluorescent dye, diS-C,( 5 ) .  Comparison of fluorescence 
changes in the dye-N-18 cell suspension with electrophysio- 
logical data suggested that the fluorescence changes of diS- 
C3(5) in response to bitter substances closely correspond to 
the membrane potential change. In addition, the membrane 
potential changes of lipid bilayers in response to bitter sub- 
stances were electrically measured by using the planar lipid 
bilayer. 

As seen from the fact that many drugs elicit bitter taste, 
there are multifarious bitter substances. The structures of 
bitter substances are extremely diverse, and hence the idea that 
reception of the stimuli occurs via specific receptor protein may 
not be applicable a priori to the reception of bitter substances. 
The present results showed that bitter substances cause changes 
in the membrane potential of liposomes in similar concen- 
tration ranges to those where taste cells are depolarized. This 
strongly suggested that bitter substances are adsorbed on lipid 
layers of taste receptor membranes and cause the membrane 
potential changes. While there was a good correlation between 
the minimum concentrations of the bitter substances to de- 
polarize azolectin liposomes and taste thresholds in humans, 
the correlation did not hold for PC liposomes (data not shown). 
This is probably because the lipid composition of azolectin 
(total lipids from soybean) resembles more closely the average 

lipid composition of taste cell membranes in humans than PC 
alone. 

It is well-known that there is bimodal distribution of taste 
thresholds for the N-C=S substances such as PTC: there 
are “taster” and %ontaster” for certain concentrations of the 
substances. One may question how this phenomenon is ex- 
plained by the idea that the bitter substances are perceived 
by lipid layers of the receptor membranes. The present study 
demonstrates that the difference in taster and nontaster for 
the N-C=S substances can be explained in terms of the 
difference in the lipid composition of taste receptor membranes. 
There may be a different gene controlling the lipid composition 
of taste cell membranes between taster and nontaster. It is 
interesting to note that the sensitivity of the N-18 cell to PTC 
greatly varies from cell to cell: the first and second types of 
cells are depolarized by PTC of above 3 and 0.2 mM, and the 
third type of cells is hyperpolarized by PTC, while the sen- 
sitivity to other bitter substances is constant from cell to cell 
(Kumazawa et al., 1985). 

Genetic variation in taste receptor for SOA in mice (Lush, 
1981; Shingai & Beidler, 1985) is also explained by the above 
mechanism. It has been pointed out that the receptor sites 
for bitter substances besides the N-C=S substances and 
SOA are also multiple (McBurney et al., 1972; Sugimoto & 
Sato, 1981; 1982; Herness & Lush, 1982; Steward et al., 1983; 
Pfaffmann, 1986). The present study showed that the effects 
of changed lipid composition of liposomes on the response to 
various bitter substances greatly vary among the substances, 
suggesting that the multiplicity of the receptor sites for the 
bitter substances besides the N-C=S substances and SOA 
can be also explained in terms of a difference in the lipid 
composition of the receptor membranes. Unfortunately, no 
information on lipid composition of taste cell membranes of 
taster and nontaster is available at  the present. 

In the taste systems, no specific ion in the solution perfusing 
the taste organ is concerned with generation of the response 
to bitter substances (Kumazawa et al., 1986). In addition, 
the membrane resistance is little changed or slightly increased 
during depolarization. The present results showed that the 
membrane potential changes of liposomes and the planar lipid 
bilayer in response to the bitter substances occur under the 
conditions that there is no ion gradient across the membranes. 
It is noted that the membrane potential of liposomes and the 
planar lipid bilayer in response to various odorants occurred 
under the conditions that there is no ion gradient across the 
membranes (Nomura & Kurihara, 1987a). In general, the 
membrane potential is composed of two phase boundary po- 
tentials at either side of the membrane and the diffusion po- 
tential of ions within the membrane. Under the above con- 
ditions, changes in the diffusion potential do not occur since 
there is no ion gradient across the membranes. Hence, the 
membrane potential changes in response to bitter substances 
seem to be brought about by changes in the phase boundary 
potential at cis side of the membrane. 

In the membrane system having high permeability for ions, 
ion distribution within the membrane easily reaches an 
equilibrium state. In the equilibrium state, the phase boundary 
potential change does not lead to the membrane potential 
change (Kurihara et al., 1986). In the lipid bilayer membranes 
having a high membrane resistance, the ion distribution in the 
membrane does not easily reach an equilibrium state, and 
hence the phase boundary potential change leads to the 
membrane potential change. This type of membrane potential 
is called “asymmetric membrane potential” (Kamo & Koba- 
take, 1974), which is produced only in a nonequilibrium state. 
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It is noted that the membrane potential change of the planar 
lipid bilayer membrane induced by protons comes from the 
phase boundary potential change (Tien, 1974). Recent studies 
demonstrated that taste cells of various animals have high input 
membrane resistances [see a review by Kurihara et al. (1986)], 
suggesting that asymmetric membrane potential can be pro- 
duced in taste cells. Changes in the phase boundary potential 
in response to bitter substances seem to be induced by the 
following mechanism. The bitter substances are adsorbed on 
the lipid membrane, which will induce a conformational change 
of the membrane. The conformational change will alter the 
orientation of the fixed charges and dipoles within the mem- 
brane and in turn lead to changes in the phase boundary 
potential. 

Recently, possibilities that cyclic nucleotides may play a role 
in transduction in the chemosensory systems have been pointed 
out. Data in taste systems from different laboratories are not 
consistent with each other. Bitter substances suppressed 
(Kurihara, 1972) or activated (Price, 1973) the activity of 
phosphodiesterase in tongue epithelium. While a delivery of 
cyclic AMP through the frog lingual artery into taste cells led 
to suppression of the taste nerve responses to chemical stimuli 
(Nagahama & Kurihara, 1985), an injection of cyclic AMP 
into isolated taste cells led to a slow depolarization of the cells 
(Avenet & Lindemann, 1987). It is unknown at the present 
whether or not cyclic nucleotides play a role in transduction 
mechanism in taste cells under physiological conditions. The 
present study demonstrated that bitter substances depolarize 
the lipid bilayer membranes, suggesting that adsorption of 
bitter substances on lipid layers of taste receptor membranes 
leads to depolarization of the cells. The depolarization at the 
receptor membranes will spread electrotonically to the synaptic 
area of taste cells and activate the voltage-dependent Ca 
channels, which leads to a release of a chemical transmitter. 
There may be a possibility that cyclic nucleotides modulate 
the above mechanism. 

Registry No. Quinine, 130-95-0; brucine, 357-57-3; papavarine, 
58-74-2; caffeine, 58-08-2; theophylline, 58-55-9; lincomycin, 154-21-2; 
phenylthiourea, 103-85-5; thiourea, 62-56-6; thiouracil, 141-90-2; 
l,l-diphenyl-2-thiourea, 3898-08-6; sucrose octaacetate, 126- 14-7; 
cholesterol. 57-88-5. 
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