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Abstract

We examined membrane fluidity of bovine adrenal chromaffin cells and chromaffin granules using cationic
trimethylammonium derivative of diphenylhexatriene (TMA-DPH) as a fluorescence probe. After adding TMA-DPH to
the suspension of chromaffin cells and that of granules, it first bound to the outer layer of the plasma membrane of the cells
and that of the granule membrane, then gradually penetrated the inner layer of each membrane and distributed to both
leaflets of the respective membranes. Accompanying increases in the ratio of incorporated probe on the cytoplasmic side of
the chromaffin cell membrane, its fluorescence anisotropy gradually decreased. However, in chromaffin granules, the
fluorescence anisotropy gradually increased with increases in the ratio of incorporated probe. These findings suggest that the
inner layer of the plasma membrane and outer layer of the granular membrane are more fluid than the corresponding side of
each membrane, which is suitable for the fusion between both membranes. We also examined the effect of trichosporin-B-
VIa, a fungal ion channel forming K-aminoisobutyric acid-containing peptide, on the fluidity of chromaffin cells using TMA-
DPH. The peptide decreased the fluorescence anisotropy and increased the fluorescence intensity in the concentration range
that induced Ca2� dependent catecholamine secretion, suggesting that a change in lipid dynamics of the lipid bilayer of the
plasma membrane was induced by this peptide. ß 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The asymmetrical distribution of membrane phos-
pholipids across the lipid bilayer is well known [1^4].
This asymmetry seems to be responsible for cellular
functions such as coagulation and membrane fusion
and cellular stability [1,2,5,6]. Moreover, associated
with this compositional asymmetry, the £uidity of
cellular membranes also seems to be asymmetric. In
a previous paper we revealed the asymmetrical £uid-
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ity of platelet membrane by using gradual transbi-
layer incorporation of the quaternary ammonium
£uorescence probe, trimethylammonium derivative
of diphenylhexatriene (TMA-DPH), into the cyto-
plasmic side of the membrane [7]. TMA-DPH ¢rst
binds to the outer layer of the plasma membrane.
Therefore, its £uorescence anisotropy re£ects the £u-
idity of the outer layer of the plasma membrane. The
cationic probe gradually penetrates the cytoplasmic
side of the membrane by a £ip process [8]. Therefore,
in a state of equilibrium its £uorescence anisotropy
re£ects the £uidity of whole membrane. If negatively
charged lipids are asymmetrically distributed, the
equilibrium £uorescence anisotropy mainly re£ects
that of the negatively charged lipid layer on which
the cationic probe preferentially binds [7].

Adrenal chroma¤n cells are a good model with
which to study the characteristics of both plasma
membrane and granular membrane of secretory cells
and the relationship between the change in mem-
brane properties and cellular activation. Bovine adre-
nal chroma¤n cells secrete catecholamines via stim-
ulation of the nicotinic receptor by a physiological
secretagogue, acetylcholine; binding of acetylcholine
to the receptor leads to depolarization of the cell
membrane due to an in£ux of Na� through recep-
tor-operated Na� channels, causes an in£ux of Ca2�

through voltage-dependent channels, and results in
catecholamine secretion by exocytosis [9,10]. In this
study we tried to reveal the asymmetry of membrane
£uidity of adrenal chroma¤n cells and chroma¤n
granules (adrenomedullary catecholamine storage
vesicles) using TMA-DPH. Electrical neutral diphen-
ylhexatriene (DPH) and anionic propionic acid de-
rivative of DPH (DPH-PA) were also used for com-
parison.

The trichosporin-B-VIa, an K-aminoisobutyric
acid (Aib)-containing peptide, which was isolated
from the culture broth of Trichoderma polysporum
as one of 11 kinds of fungal peptides with similar
sequences [11], causes Ca2�-dependent catecholamine
secretion from bovine adrenal chroma¤n cells [12].
However, the precise mechanism of activation of
chroma¤n cells by trichosporin-Bs is still unknown.
Since this group of peptides show various membrane
modifying actions [13^17], the change in membrane
properties by this peptide may be related to the acti-
vation of chroma¤n cells. Therefore, in this study we

examined the e¡ect of trichosporin-B-VIa on the lip-
id dynamics of the chroma¤n cell membrane using
TMA-DPH.

2. Materials and methods

2.1. Materials

1-(4-Trimethylammoniumphenyl)-6-phenyl-1,3,5-
hexatriene (TMA-DPH) and 3-(p-(6-phenyl)-1,3,5-
hexatrienyl)phenylpropionic acid (DPH-PA) were
purchased from Molecular Probe (Junction City,
OR, USA). 1,6-Diphenyl-1,3,5-hexatriene (DPH)
and bovine serum albumin (essentially fatty acid
free) were obtained from Sigma (St. Louis, MO,
USA). Trichosporin-B-VIa was synthesized and sup-
plied [18]. Other reagents were all from Wako
(Osaka, Japan).

2.2. Preparation of adrenal chroma¤n cells and
granules

Bovine adrenal glands were kindly provided by the
Center of Iwate Livestock Industry. Adrenal chro-
ma¤n cells were isolated by collagen digestion, using
a method described previously [19]. Chroma¤n gran-
ules (catecholamine storage vesicles) were prepared
essentially according to the method of Kirshner
[20]. Chroma¤n cells were suspended in oxygenated
Krebs-Ringer-HEPES (KRH) bu¡er (125 mM NaCl,
4.8 mM KCl, 2.6 mM CaCl2, 1.2 mM MgSO4,
25 mM HEPES-NaOH, 5.6 mM glucose, pH 7.4)
at a concentration of 3.0U106 cells/ml, and chromaf-
¢n granules were suspended in 0.3 M sucrose and
10 mM HEPES-NaOH (pH 7.4) at a concentration
of 220 Wg protein/ml.

2.3. Measurement of binding and transmembrane
incorporation of TMA-DPH

Binding of TMA-DPH to chroma¤n cells or gran-
ules was quanti¢ed by measuring £uorescence inten-
sity in the cells or granules after centrifugation. After
incubation of chroma¤n cell suspension or granule
suspension, which is described above, with a 1.5 WM
concentration of TMA-DPH at 37³C, 0.5 ml of the
suspension was collected periodically. The samples
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were centrifuged at 1000Ug for 2 min (chroma¤n
cells) or 35 000Ug (chroma¤n granules) for 4 min
at 4³C. The precipitated cells or granules were then
solubilized with 1.5% sodium dodecyl sulfate and
£uorescence intensity of TMA-DPH in the solubi-
lized sample was measured using excitation and emis-
sion wavelengths of 365 nm and 428 nm, respec-
tively, and the amounts of bound probe were
calculated.

Reorientation of TMA-DPH into the inside mem-
brane layer of chroma¤n cells and granules was
quanti¢ed by measuring £uorescence intensity re-
maining after albumin extraction. The albumin ex-
traction method has been used by many investigators
to evaluate the amount of amphiphiles incorporated
in the membrane inner layer [21,22]. After incubation
of chroma¤n cell suspension or granule suspension
described above with a 1.5 WM concentration of
TMA-DPH at 37³C, 0.5 ml of the suspension was
collected periodically and transferred to 1 ml of 3%
albumin solution which was kept at 4³C. The sam-
ples were centrifuged as described above and the pre-
cipitated cells or granules were washed twice more
with 1.5 ml 1% bovine serum albumin solution at
4³C and then solubilized with 1.5% sodium dodecyl
sulfate. Fluorescence intensity of TMA-DPH in the
solubilized sample was measured as described above
and the amounts of the probes incorporated were
calculated.

2.4. Measurement of £uorescence intensity and
anisotropy

The £uorescence intensities and anisotropies of
TMA-DPH and other analogs in chroma¤n cells
and granules were measured as described [7]. Suspen-
sion of adrenal chroma¤n cells or granules was
mixed with 14 vol of KRH bu¡er (chroma¤n cells)
or 9 vol of 0.3 M sucrose and 10 mM HEPES-NaOH
(pH 7.4) (granules), respectively. The suspension was
then incubated with a ¢nal concentration of 0.5 WM
TMA-DPH or other analogs for a period of time
between 2 and 120 min at 37³C and the £uorescence
intensities of these probes were measured at the same
temperature in an F-4010 spectro£uorometer (Hita-
chi Seisakusho, Tokyo, Japan) equipped with excita-
tion and emission polarizers. The excitation and
emission wavelengths used for TMA-DPH were as

described above, and those of DPH and DPH-PA
were 363 and 428 nm, and 366 and 430 nm, respec-
tively. Steady-state £uorescence anisotropy, Q, was
calculated according to the equation

Q � �IVV3GIVH�=�IVV � 2GIVH�
where IVV and IVH are the £uorescence intensities
measured with a vertical polarizer and analyzer
mounted vertically and horizontally, respectively.
G = IHV/IHH is the correction factor [23].

3. Results

3.1. Binding and transbilayer incorporation of
TMA-DPH in chroma¤n cells and granules

As previously revealed in platelet membrane, the
quaternary ammonium cation TMA-DPH is ex-
pected to slowly penetrate the cytoplasmic side of
the cellular membrane by a £ip process [7,8]. There-
fore, we ¢rst examined the binding and transbilayer
incorporation of TMA-DPH in adrenal chroma¤n
cells during their incubation with the cationic probe.

Fig. 1. Time courses of total binding (a) and amount of TMA-
DPH incorporated into the inside layer (b) of adrenal chromaf-
¢n cells. After incubation with 1.5 WM TMA-DPH, the cells
were centrifuged with or without albumin washing. Then the
cells were solubilized with sodium dodecyl sulfate and the
amounts of total binding and incorporated probe were deter-
mined by measuring the £uorescence intensity. Data are
means þ S.D. for three experiments.
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As shown in Fig. 1, the amount of TMA-DPH
bound to the chroma¤n cells increased during incu-
bation. As was also shown in the same ¢gure, incor-
porated TMA-DPH into the inner sides markedly
increased during the incubation as observed in bo-
vine platelets [7]. The incorporated TMA-DPH
quickly increased during the ¢rst 15 min and then
slowly increased over the 2 h of the experiment. Of
the molecules of the cationic probe bound to the
chroma¤n cells, more than 60% was present on the
cytoplasmic side after 120 min incubation when the
binding equilibrium of the cationic probe seemed to

have been almost obtained both between medium
and outer membrane lea£et and between outer lea£et
and inner lea£et.

Likewise, TMA-DPH was gradually incorporated
to the inner membrane layer of catecholamine stor-
age granules as shown in Fig. 2. About 45% of the
cationic probe bound to the granules was found in

Fig. 2. Time courses of total binding (a) and amount of TMA-
DPH incorporated into the inside layer (b) of adrenal chromaf-
¢n granules. After incubation with 1.5 WM TMA-DPH, the
granules were centrifuged with or without albumin washing.
Then the cells were solubilized with sodium dodecyl sulfate and
the amounts of total binding and incorporated probe were de-
termined by measuring the £uorescence intensity. Data are
means þ S.D. for three experiments.

Fig. 3. Time courses of change in £uorescence intensity (a) and
£uorescence anisotropy (b) of TMA-DPH in bovine adrenal
chroma¤n cells. Chroma¤n cells were incubated with 0.5 WM
TMA-DPH at 37³C, and the £uorescence intensity and aniso-
tropy were measured as described in Section 2. Data are
means þ S.D. for four experiments. The signi¢cance of di¡eren-
ces between initial values (values after 2 min incubation) and
values after longer incubation were determined by Student's
t-test: **P6 0.01, ***P6 0.001.

Table 1
E¡ect of incubation time on £uorescence intensity and £uorescence anisotropy of di¡erent concentrations of TMA-DPH in adrenal
chroma¤n cells

TMA-DPH (WM) Time (min) Fluorescence intensity Fluorescence anisotropy

0.1 2 25.1 þ 2.4 0.246 þ 0.002
60 34.8 þ 2.8** 0.235 þ 0.003**

0.2 2 42.8 þ 3.7 0.246 þ 0.003
60 57.2 þ 9.4* 0.233 þ 0.003**

0.5 2 94.7 þ 3.6 0.248 þ 0.003
60 128.7 þ 15.5* 0.236 þ 0.004**

The experimental procedure was the same as described in Fig. 3. Data are expressed as the means þ S.D. of four experiments. Fluores-
cence intensity is expressed in arbitrary units. The signi¢cance of di¡erences between initial values (values after 2 min incubation) and
values after 60 min incubation were determined by Student's t-test: *P6 0.05, **P6 0.01.
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the inner layer after 120 min incubation. However, in
chroma¤n granules the transbilayer incorporation of
the cationic probe proceeded more slowly than that
in the cells, according to a comparison between the
rates of increase in the ratio of probe incorporated
into the inner layer in the cells and granules.

3.2. Fluorescence intensity and anisotropy of
TMA-DPH and its analogs in adrenal chroma¤n
cells and granules

We next examined the change of £uorescence in-
tensity and anisotropy of TMA-DPH in both chro-
ma¤n cells and granules that accompanied the in-
crease of incorporated probe during incubation.
TMA-DPH is virtually non-£uorescent in aqueous
medium and becomes £uorescent by binding to mem-
branes like other DPH derivatives. As shown in Fig.
3 for the results on the chroma¤n cells, £uorescence
intensity of TMA-DPH quickly increased during the
¢rst 15 min and then slowly increased. The time
course of the increase in this £uorescence intensity
is similar to that of the binding of the cationic probe
shown above. Corresponding to the increase of £uo-
rescence intensity, the £uorescence anisotropy of the
probe decreased as observed in the platelets [7]. Sim-
ilar changes in the £uorescence intensity and aniso-
tropy were also found in di¡erent concentrations of
TMA-DPH as shown in Table 1. From these results
on the gradual decrease in £uorescence anisotropy
and corresponding increase in the ratio of cationic
probe incorporated into the cytoplasmic side shown
in Fig. 1, it is suggested that binding sites for TMA-
DPH on the cytoplasmic side of chroma¤n cells are
more £uid than those in the outer lea£et of the plas-
ma membrane.

Fig. 4. Time courses of change in £uorescence intensity (a) and
£uorescence anisotropy (b) of TMA-DPH in bovine chroma¤n
granules. Chroma¤n granules were incubated with 0.5 WM
TMA-DPH at 37³C, and the £uorescence intensity and aniso-
tropy were measured as described in Section 2. Data are
means þ S.D. for three experiments. The signi¢cance of di¡eren-
ces between initial values (values after 2 min incubation) and
values after longer incubation were determined by Student's
t-test : *P6 0.05, **P6 0.01.

Table 2
E¡ect of incubation time on £uorescence intensity and £uores-
cence anisotropy of DPH-PA in adrenal chroma¤n cells and
granules

Sample Time
(min)

Fluorescence
intensity

Fluorescence
anisotropy

Cell 2 105.2 þ 5.5 0.234 þ 0.002
60 158.4 þ 13.3 0.237 þ 0.003

120 142.9 þ 10.4 0.235 þ 0.005

Granule 2 107.8 þ 18.3 0.238 þ 0.002
60 86.9 þ 10.7 0.239 þ 0.002

The experimental procedure was as for Figs. 3 and 4. Data are
means þ S.D. for four experiments. Fluorescence intensity is ex-
pressed in arbitrary units.

Fig. 5. E¡ect of trichosporin-B-VIa on £uorescence intensity of
TMA-DPH in adrenal chroma¤n cells. Chroma¤n cells were
incubated with 0.5 WM TMA-DPH at 37³C for 2 min and tri-
chosporin was added. Concentration of trichosporin (WM) was:
a: 0; b: 1.7; c: 5; d: 10.
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We also examined the change of £uorescence in-
tensity and anisotropy of TMA-DPH in chroma¤n
granules. As shown in Fig. 4, £uorescence intensity
of TMA-DPH in the granules increased gradually,
which is consistent with the increase in binding of
the probe to the granules as shown in Fig. 2. In
contrast to the change of the £uorescence anisotropy
in chroma¤n cells mentioned above, the £uorescence
anisotropy of TMA-DPH in the granules gradually

increased with increases in the ratio of cationic probe
incorporated into the inner side as shown in Fig. 2,
suggesting that binding sites for TMA-DPH in the
inner lea£et of chroma¤n granules are more solid
than those in the outer lea£et of the granule mem-
brane.

We also observed changes of £uorescence anisotro-
py of anionic DPH-PA during incubation in both
adrenal chroma¤n cells and chroma¤n granules to
compare them with the changes of TMA-DPH. In
contrast to the cationic probe, transbilayer move-
ment of DPH-PA quickly occurs because most of
the anionic probe can be easily extracted by albumin
as previously reported [7]. As shown in Table 2, the
£uorescence intensity of this probe gradually in-
creased during 60 min in chroma¤n cells, but the
£uorescence anisotropy did not change during the
incubation in either chroma¤n cells or granules.

3.3. E¡ects of trichosporin-B-VIa on £uorescence
properties of TMA-DPH and its analogs in
chroma¤n cells

Trichosporin-B-VIa, an K-aminoisobutyric acid
(Aib)-containing peptide, is known to induce cate-
cholamine secretion by causing Ca2� in£ux into the
cells and an increase in intracellular free Ca2� con-
centration [12]. The secretion was completely de-
pendent on the external Ca2� at concentrations of
2V5 WM of trichosporin-B-VIa, while partly inde-
pendent on Ca2� at higher concentrations (10V30
WM) [12]. From the characteristics of Ca2� in£ux it

Fig. 6. E¡ect of trichosporin-B-VIa on £uorescence anisotropy
of TMA-DPH (b) and its relationship with induction of cate-
cholamine secretion (a). Chroma¤n cells were incubated with
0.5 WM TMA-DPH at 37³C for 2 min and trichosporin was
added. After further incubation for 3 min, £uorescence aniso-
tropy was measured. Data of catecholamine secretion induced
by trichosporin-B-VIa is cited from Tachikawa et al. [12]. Val-
ues of £uorescence anisotropy were means þ S.D. for four ex-
periments and the signi¢cance of di¡erences between control
values and those in the presence of trichosporin-B-VIa were de-
termined by Student's t-test: *P6 0.05, **P6 0.01.

Table 3
E¡ects of 5 WM trichosporin-B-VIa and of 100 WM acetylcholine on £uorescence intensity and £uorescence anisotropy of TMA-DPH
and its analogs in chroma¤n cells

Probe Stimulant Fluorescence intensity Fluorescence anisotropy

TMA-DPH None 72.3 þ 1.2 0.248 þ 0.003
Trichosporin 122.1 þ 2.7*** 0.236 þ 0.003**
Acetylcholine 74.8 þ 4.4 0.248 þ 0.003

DPH-PA None 107.5 þ 4.3 0.231 þ 0.002
Trichosporin 134.8 þ 2.2*** 0.232 þ 0.002

DPH None 94.7 þ 9.7 0.167 þ 0.004
Trichosporin 127.1 þ 11.8* 0.164 þ 0.003

The experimental procedure was as for Figs. 5 and 6. Data are means þ S.D. for four experiments. Fluorescence intensity is expressed
in arbitrary units. The signi¢cance of di¡erences between control values and values in the presence of trichosporin-B-VIa or acetylcho-
line were determined by Student's t-test: *P6 0.05, **P6 0.01, ***P6 0.001.
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was proposed that activation of chroma¤n cells by
lower concentration of trichosporin-B-VIa was due
to the formation of Ca2�-permeable ion channels
[12]. However, the precise mechanism of activation
of the chroma¤n cells is still unknown. Since Aib-
containing peptides show membrane-modifying
actions such as induction of hemolysis [13], fusion
of lipid vesicles [14] and ion channel formation [15^
17], we examined the change in dynamics in the
membrane lipid bilayer in the chroma¤n cells by
observing the £uorescence intensity and anisotropy
of TMA-DPH together with its analogs for compar-
ison.

As shown in Fig. 5, £uorescence intensity of
TMA-DPH gradually increased on addition of tri-
chosporin-B-VIa at the concentration that induced
catecholamine secretion as shown in Fig. 6. Corre-
sponding with this increase, as also shown in Fig. 6,
there was a decrease in £uorescence anisotropy in the
concentration range that induced catecholamine se-
cretion. Signi¢cant decrease in £uorescence anisotro-
py was observed even at the concentration (3 and
5 WM) that induced catecholamine secretion, com-
pletely dependent on the external Ca2�. The decrease
was not induced in chroma¤n cell membrane pre-
pared by hypotonic lysis (data not shown). These
changes in £uorescence properties seemed to have
been partly due to the increased incorporation of
the cationic probe into the cytoplasmic side, because
about 15% of the increased incorporation of TMA-
DPH was observed after a 3-min incubation of the
chroma¤n cells with 5 WM trichosporin-B-VIa. Fur-
thermore, these changes in £uorescence were not
common for stimulants to the chroma¤n cells.
Although acetylcholine also induces catecholamine
secretion [9], no signi¢cant change was observed in
either £uorescence intensity or £uorescence aniso-
tropy at the concentration of 100 WM, as shown
in Table 3, at which maximal activity (induction
of about 30% catecholamine secretion) was ob-
tained.

We furthermore observed the e¡ect of trichospor-
in-B-VIa on the £uorescence properties of anionic
DPH-PA and electrical neutral DPH. As also shown
in Table 2, increases of £uorescence intensity of
DPH-PA and DPH were observed; however, no sig-
ni¢cant changes in £uorescence anisotropy of these
probes were observed.

4. Discussion

DPH and its derivatives have been widely used to
monitor membrane £uidity. However, they seem to
di¡er in their localization in the membrane lipid bi-
layer due to their electric charge [7]. That is, quater-
nary ammonium cation TMA-DPH binds ¢rst to the
outer layer of the plasma membrane and then grad-
ually penetrates the cytoplasmic side by a £ip proc-
ess, distributing to both membrane lea£ets but
mainly to the side with a more negative surface
charge. However, anionic DPH-PA quickly pene-
trates the cytoplasmic side and was mainly located
in the layer with less negative surface charge because
of electronic repulsion and neutral DPH is localized
within the hydrophobic core of the membrane.
Therefore, their £uorescence anisotropy seems to re-
£ect mainly the £uidity of the membrane region
where they preferentially distribute.

The decrease in the £uorescence anisotropy of
TMA-DPH in the chroma¤n cells accompanying
the increase in the ratio of probe incorporated into
the cytoplasmic side of the cellular membrane sug-
gests that the outer layer of the plasma membrane of
chroma¤n cells is relatively rigid compared to the
cytoplasmic side. The present ¢ndings on the asym-
metry of £uidity in the chroma¤n cell membrane
may be due to the asymmetric distribution of poly-
unsaturated fatty acids in phospholipid acyl chains
and that of cholesterol as suggested in mammalian
erythrocytes and platelets [7,24].

In contrast, the £uorescence anisotropy of TMA-
DPH in the chroma¤n granules increased accompa-
nied with the increase in the ratio of the incorporated
probe into the inner layer. These ¢ndings suggest
that the outer layer of the chroma¤n granules is
more £uid than the inner layer. This asymmetry of
£uidity of membrane lea£ets in both chroma¤n cells
and granules is suitable for the fusion between plas-
ma membrane and intracellular granule membranes
during exocytosis because a £uid lipid is more favor-
able for membrane fusion [25].

The values of £uorescence anisotropy of DPH-PA
in chroma¤n cells and granules, which seems to be
distributed to both the outer and inner membrane
layer because of the quick incorporation into the
inner layer [7], did not change during incubation
and resembled equilibrium values of £uorescence ani-
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sotropy of TMA-DPH in both preparations. Gradu-
al increase in £uorescence intensity of the anionic
probe in chroma¤n cells may be related to its trans-
fer into cytoplasmic granules.

The values of £uorescence anisotropy of TMA-
DPH and DPH-PA in chroma¤n granules were
smaller than those in platelets [7] and intestinal brush
border membrane [26]. This ¢nding suggests that the
lipid bilayer in chroma¤n granules is relatively £uid
compared with the lipid bilayer of other biological
membranes. The relatively £uid nature of chroma¤n
granule membrane is consistent with previous ¢nd-
ings by electron spin label study [27]. We also con-
¢rmed this by using 5-doxylstearic acid as a spin
label (data not shown). The £uid state of the lipid
bilayer of the chroma¤n granules is possibly due to
the lower cholesterol content and high content of
lysolecithin in the granule membrane [28] as sug-
gested by Marsh et al. [27].

Addition of trichosporin-B-VIa induced a prompt
increase in £uorescence intensity and decrease in £u-
orescence anisotropy of TMA-DPH. These changes
occurred in the concentration range that induced cat-
echolamine secretion completely dependent on the
external Ca2�, although the changes were larger at
10 WM of trichosporin-B-VIa, which seems to induce
partial cell damage [12]. Since acetylcholine did not
induce any change in the £uorescence properties of
TMA-DPH, the changes by trichosporin-B-VIa ob-
served here seem to be related to the membrane mod-
ifying action of this peptide. In fact trichosporin-B-
VIa stimulated transbilayer incorporation of TMA-
DPH. Since £uorescence anisotropy of neither
anionic DPH-PA nor electrical neutral DPH changed
by this peptide, it seems that the mean £uidity of
plasma membrane was not changed by this peptide.
Therefore, redistribution of membrane lipids may be
induced by this peptide, which may be related to the
induction of Ca2� in£ux and stimulation of chromaf-
¢n cells.
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