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The binding of cationic butyltrimethylammonium derivative of pyrcne to bt~vine platelets was initially rapid and then increased 
gradually, unlike the bindings of other anionic and neutral derivatives of p~,rene tested. The rate of increase in binding of the 
cat'.'onic probe depended on temperature and was due to its incorporation in:o the cytoplasmic side of the platelet membranes, as 
shown quantitatively by monitoring decrease in its extractability with albumin. The penetration into the inner membrane 
compartment did not reach equilibrium even after 4 h at 37°C. Slow penetrltion of a fluorescent probe such ~s this is useful in 
studies on the physico-cbemice| properties of the outer layer and cytoplasmi c side of the platelet membranes and their changes. 
Initial rapid binding of the cationic probe to platelets, representing the biiiding of the probe to the outer layer of the plasma 
membrane, was increased by ionomycin-induced platelet activation. Fluorescence spectra in the presence of a relatively high 
concentration of the cationic probe showed increase of the excimer of the cationic probe accompanied with the incorporation of 
the probe to the cytoplasmic side. On ionomycin-induced activation, the ex¢imer-to-monomer intensity ratio of the probe in the 
cytoplasmic side of the platelct membranes decreased, possibly due to dec'ease in fluidity of the lipid layer near the probe or 
change in distribution of the probe. 

Introduction 

Many fluorescent probes have been used to evaluate 
the fluidity of lipid bilayers in biological membranes 
[1]. These fluorophores become localized at different 
depths in the lipid bilayer depending on their chemical 
structures and give information on the lipid mobility in 
the region in which they are located [2-4]. Moreover, 
due to the asymmetric distribution of lipids in biologi- 
cal membranes [5,6], charged probes also seem to I:~- 
come distributed asymmetrically dependent on their 
electrical charges. We recently determined the loca- 
tions of diphenylhexatriene (DPH) and its cationic and 
anionic derivatives in platelet membranes [7]. Transbi- 
layer movement of the cationic trimetbylammonium 
derivative of DPH (TMA-DPH) was first shown by 
Bevers et al. [8]. It first binds to the outer layer of the 
plasma membrane and then gradually penetrates to the 
cytoplasmic side by a flip process, binding to the cyto- 
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plasmic surface of the membrane which has a negative 
surface potential. Due to this characteristic behavior, 
TMA-DPH reveals the fluidity of the cytoplasmic side 
of the platelet membrane as well as that of  the outer 
layer of the plasma membrane [7]. Thus, we demon- 
strated asymmetry of membrane fluidity in the lipid 
bilayer of blood platelets by the change in distribution 
of TMA-DPH from its initial location in the outside 
layer to its location on the cytoplasmic side at equilib- 
rium [7]. 

Pyret~e derivatb, es, which are al~o probes for moni- 
toring membrane fluidity, give infot~uation on mem- 
brane fluidity by a different mechanism from DPH 
derivatives. The excimer of pyrene is formed by colli- 
sion of monomers, which is controlled by the diffusion 
rate of  the latter [9,10]. The excimer-to-monomer ratio 
of  pyrene derivatives has been regarded as a measure 
of the resistance of solvent against lateral diffusion of 
the monomer [9,10], and has been used as an index to 
evaluate the fluidity of  the lipid bilayer in biological 
membranes [10-13]. Like TMA-DPH, the quaternary 
ammonium l-pyrenebutyltrimethylammonium deriva.. 
tire is thought to be a promising probe to reveal the 
asymmetrical membrane fluidity in biological mem- 
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branes, but its binding and transport behaviors in bio- 
logical membranes have not been studied. Therefore, 
in this work we examined the binding of this cationic 
derivative of pyrene to whole platelets and investigated 
its incorporation into the inner membrane compart- 
ment in comparison with those of other pyrene deriva- 
tives. We also examined the fluorescence spectrum due 
to excimer formation and its relation with the localiza- 
tion of the cationic probe. To determine the value of 
this cationic probe for use in studies on changes of the 
physico-chemical properties of either the outside layer 
of  the plasma membrane or the cytoplasmic side of the 
platclet membranes, we also examined the effect of 
platelet activation by ionomycin on the binding of the 
cationic probe to the outside layer of the plasma mem- 
brane and the fluorescent spectrum of the incorpo- 
rated probe on the cytoplasmic side. 

Materials and Methods 

Materials 
Pyrene derivatives were purchased from Molecular 

Probe (Eugene, OR). Bovine serum albumin (essen- 
tially fatty acid free) was from Sigma Chemicals (St. 
Louis, MOil. !onomycin was from Calbiochem (LaJolla, 
CA). Other reagents were all from Wako Pure Chemi- 
cal Industries (Osaka, Japan). 

Preparation of platelet suspension 
Platelet-rich plasma was obtained from fresh bovine 

(Holstein) blood with 10% by volume of ACD anti- 
coagulant solution (74.8 mM sodium citrate, 38.1 mM 
citric acid and 122 mM dextrose) [14]. The platelet-rich 
plasma was then centrifuged at 1000 × g for 8 rain and 
the platelets were suspended in Na,K-Tris medium 
(137 mM NaCI, 5.4 mM KCI, 11 mM dextrose, 25 mM 
Tris-HCI adjusted to oH 7.4). Spontaneous platelet 
aggregation during preservation was prevented by 
adding 129 mM citrate (adjusted to pH 7.4) to this 
suspension at a volume ratio of 1 : 9. 

Measurement of binding of pyrene derivatives to platelets 
The platelet suspension described above at a final 

concentration of about 8" 105 platelets//zl was incu- 
bated with 1.5 p,M concentrations of pyrene deriva- 
tives. After incubation for various times, 0.5 ml of the 
suspension was collected and centrifuged at 3000 × g 
for 1 min, aud 0.2 ml samples of the supernatant and 
pellet were collected for solubilization with 0.5% 
sodium dode,:yl sulfate (SDS). Fluorescence intensities 
were measured in a 4010 spectrofluorometer (Hitachi 
Seisakusho, T o , o ,  Japan). The excitatioi~ and emis- 
sion wavelengths used with pyrene derivatives were 342 
and 377 nm, respectively. Amounts of binding to 
platelets w e ~  evaluated from both decrease in the 
concentration of the probe in the supernatant and its 

increase in the pellet. The resulting values were consis- 
tent with each other and mean values from the two 
evaluations were used. 

Measurement of transbilayer incorporation of butyltri- 
methylammonium derivative 

Incorporation of cationic probe into the inner mem- 
brane compartment was quantitated by following de- 
crease in extractability with albumin by a modification 
of a reported method [6]. After incubation of the 
platelet suspension (8 .10s /p . I )  with 1.5 p.M 1- 
pyrenebutyltrimethylammonium bromide for various 
times, 0.5 ml of the suspension was collected and 
transferred to 1 ml of 3% albumin solution. Albumin is 
necessary to extract the probes located in the outer 
leaflet of the plasma membrane because of the high 
affinity of the cationic probe to the membrane. The 
samples were centrifuged at 3000 × g for 1 rain. The 
precipitated platelets were washed once more with 1.5 
ml of 1% albumin solution, and then solubilized with 
0.5% SDS containing Na,K-Tris. The fluorescence in- 
tensity of the cationic probe was measured as de- 
scribed above, and the amounts of the probes incorpo- 
rated into the cytoplasmic side were calculated. 

Measurement of excimer formation by the butyltrimeth- 
ylammonium derivative in platelets 

The fluorescence emission spectrum of the cationic 
probe in the platelet suspension described above was 
measured after incubation in the presence of 80 .tLM 
probe at 37°C with excitation at 342 nm. The fluores- 
cence spectrum of the probe on the cytoplasmic side of 
the platelet membrane was also measured. Sample:~ of 
0.5 ml of platelet suspension were collected and the 
probe remaining in the medium and bound to the 
outside layer of the plasma membrane was washed out 
with albumin as described above, and resuspended in 
0.5 ml Na,K-Tris for measurement of its fluorescence 
spectrum. 

Results 

Binding of pyrene derivatives to platelets 
We first examined the binding to whole platelets of 

the butyltrimethylammonium derivative of pyrene and 
the other pyrene derivatives shown in Fig. I. Pyrcne 
derivatives have been used for measuring the fluidity of 
the lipid bilayer in biological membranes and model 
lipid memlrranes [9-13,15] and as markers of the effect 
of lipid peroxidation on biological bilayer membranes 
[16]. However, the relationships of the structures of 
pyrenc derivatives and their binding affinities to mem- 
branes are still unknown. As shown in Fig. 2, the 
cationic butyltrimethylammonium derivative bound to 
the platelets immediately after its addition to a platelet 
suspension, and then its binding increased gradually. 
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Fig. I. Chemical structures of the butyltrimethylammonium deriva- 
tive of pyrene and other pyrenc derivatives tested in this study. 1, 
I-pyrenebut~ltrimethylammonium; II, l-pyrenebutannic acid; Ill, I- 
pyrenedodeeanoie acid; IV, l-pYzenesulfonic acid; V, 3-(N,N-di. 

methyl-N-( I -pyrenemethyl)ammonium)propanesulfonate, 

After 4 h at 37°C the fraction bound to platelets was 
66% of the total probe added and after 8 h it became 
93% (data after 8 h not shown in Fig. 2). The rate of 
increase depended on the temperature, being much 
greater at 37°C than at 25°C. These characteristics of 
binding of the quaternary ammonium probe are consis- 
tent with those of TMA-DPH [7]. 

We also examined the bindings of other probes to 
whole platelets. Unlike the binding of the cationic 
probe, those of other derivatives did not change during 
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Fig. 2. Time courses of change in binding of the butyltrimethylammo- 
nium derivative to platelets during incubation at 37°C (o) and 25°C 
(o). A final concentration of 8'10 s platelets/pA was incubated with 
1.5 b~M derivatives at each temperature. Then 0.5 ml of the suspen- 
sion was collected and centrifuged. The fluorescence intensities of 
the probe in the superoatant and pellet were measured and bindings 
were calculated as described in Materials and Methods. Data arc 

means 4- S.D. for four experiments, 
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TABLE I 

Binding of pyrene derivatit'es to plutelets 

Samples of platelet suspension were incubated with 1.5 p,M concen- 
trations of pyrene derivatives for 2 mir, at 37°C. Experimental 
procedures were as for Fig. 2. Data are means±S,D, for four 
experiments. The roman numbers correspond to those of the pyrene 
derivatives shown in Fig. 1. 

Probe Bound probe 
(10 s molecules/platel¢O 

Ii 1,82±0.19 
Ill 5A8±0.lg 
1V 0,09 ± 0.02 
V 0.35 4- 0.06 

incubation. As shown in Table I, of the derivatives 
tested, fatty acid derivatives, especially dodecanoic 
derivatives, bound to platelets markedly. The sulfonie 
acid derivative and zwitterionic derivatives bound much 
less, indicating that they are not good probes because 
for use as probes, pyrene derivatives must have high 
affinity to membranes as they are fluorescent in aque- 
ous medium. 

Transbilayer incorporation of  the butyltrimethylammo- 
nium derivative 

In previous studies on T M A - D P H ,  it was found that  
t ime-dependent  increase in binding of  the quaternary  
ammonium probe to platelets is due to its transbilayer 
incorporation [7,8]. Therefore ,  we next examined the 
incorporation of  the butyl t r imethylammonium deriva- 
tive of  pyrene into the inner membrane  compar tment .  
As shown in Fig. 3, incorporation of  the cationic probe 
into the inner membrane  compar tment  was gradual  

6 
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Fig. 3. Incorporation of the bdtyltrimethylammonium derivative into 
the inner membrane compartment at 37nC (o)  and 2.5°C (*). incor. 
poration of the derivative into the inner membrane c,~mpartment was 
assayed by measuring increase of the f[action not extractable v,,ith 
albumin. After incubation with 1.5 /zM derivative, platelets were 
washed twice with a solution of albumin and solubilized with SDS, 
The amount of incorporated probe was determined by measuring the 
fluorescence intensity. Data are means:t:S.D, for four experiments, 
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and did not reach equilibrium even after 4 h. After 4 h 
at 37°C the fraction incorporated into the cytoplasmic 
side was 42% of total probe added and after 8 h it 
became 69% (data after 8 h not shown ig Fig. 3). At 
25°C the rate of incorporation was much less. These 
results are consistent with those on increases in the 
total binding shown in Fig. 2 and prove that the in- 
crease in total binding is due to the incorporation of 
the butyltrimethylammonium derivative into the inner 
membrane compartment. The data shown in Fig. 2 
minus those in Fig. 3 indicate the binding of the probe 
to the outer leaflet of the plasma membrane. The data 
obtained by this calculation revealed that the ratio of 
the amount of the probe in the outside layer of the 
plasma membrane to that on the inner membrane 
compartment was 1.0:1.8 after 4 h and it became 
1.0:2.9 after 8 h when most of the probe added had 
already bound to the platelets. Preferential binding of 
the probe to the cytoplasmic side is consistent with that 
fur TMA-DPH reported previously [7,8]. However, the 
ra'e ,ff transl:,ilayer incorporation of the butyltrimeth- 
ylammonium derivative of pyrene was much slower 
than that of TMA-DPH, although its affinity to the 
platelet membrane was rather more than that of TMA- 
DPH, possibly due to a difference in its molecular 
structure from that of TMA-DPH. 

Change in binding of  the butyltrimethylammonium 
derivatice to the outer leaflet of  the plasma membrane 
after platelet activatian 

The slow penetration of the quaternary ammonium 
probe described above suggests that this probe should 
be useful in studies on the physico-ehemical properties 
of both the outer layer and the cytoplasmic side of the 
platelet membrane. In the initial stage, this probe was 
scarcely incorporated in the inner leaflet of the plasma 
membrane, allowing study of its binding to the outside 
of the plasma membrane without consideration of its 
incorporation into the membrane. Binding of this 
cationic probe to the outer leaflet of the plasma mem- 
brane is thought to be affected by change of the 
membrane surface rotential [17]. Therefore, change in 
the surface potential of the platelet plasma membrane 
on activation of platclets could be examined by mea- 
suring the binding of the probe to the outer leaflet of 
the platelet plasma membrane. Platelet activation is 
reported to be associated with the appearance of the 
acidic phospholipid phosphatidylserine in the outer 
leaflet of the plasma membrane [18,19]. We inve::,;- 
gated the effect of the Ca 2+ ionophore ionomycin on 
the binding of the butyltrimethylammonium derivative 
to the outer leaflet o1 the platelct plasma membrane. 

As shown in Table I1, binding of the cationic probe 
to platelets (binding to the outer leaflet of the plasma 
membrane) increased on activation of the platelets 
with 5 #M ionomycin. About 30% !ncrease of binding 

TABLE II 
Effects of 5 tt M ionomycin or, binding of pyrene dericatitz, s to platelets 
Samples of platelet suspension as for Fig. 2 were incubated with 1.5 
/LM concentration of pyrene derivatives in the presence or absence 
of 5 #M ionomycin for 2 rain at 37°C. Binding was assayed as 
described for Fig. 2. Binding of each derivative in the absence of 
iouomyein was defined as 1.00 and mean relative values=i:S.D, in 
four experlmt:nts in the presence of ionomycin arc ligtcd. The roman 
numerals for pyrene derivatives correspond to those in Fig. 1. The 
statistical significance was determined by Studen:.'s t-test: *** P < 
0.001. 

Probe Relative binding amount 
l 1.18 +0.04 *** 
II 0.98 + 0.02 
I I I 0.98 + 0.04 

was observed in the presence of 10 /.~M ionomycin 
(data not shown in Table 1I). Although there is a 
possibility that the increase in membrane binding of 
the probe stemmed from the increase in its transbilayer 
movement as suggested by Bevers et al. [8], we con- 
firmed that the increase was not due to the incorpora- 
tion of the probe into the inner membrane compart- 
ment (data not shown). On the other hand, the bind- 
ings of membrane permeable fatty acid derivatives to 
platelets were net changed by activation of the platelets. 
The increase of the binding of the cationic probe to the 
outer membrane layer corresponded with decrease in 
the fluorescence intensity of the anionic, membrane 
impermeable probe 2-p-toluidinylnaphthalene-6-sulfo- 
hate (TNS), which represents decrease of its binding to 
the outside layer of the plasma membrane (about 10% 
decrease in fluorescence intensity was observed in these 
conditions). These changes may correspond with the 
appearance of phosphatidylserine on the platelet sur- 
face mentioned above and associated change of mem- 
brane surface potential. 

Excimer formation of  the btcorporated butyltrimethylam- 
monium derivative and its change on platelet activation 

Pyrene derivatives are known to form excimers in 
membrane lipid bilayers and their formations have 
been measured in studies on membrane fluidity [9-13]. 
The rate of pyrene excimer formation in a phospho- 
lipid bilayer is reported to be related with the lateral 
diffusion coefficient of the probe [9,10]. Th,=refor,', 
using a higher concentration of the cationic derivative, 
we next examined its excimer formation during its 
incorporation. 

As shown in Fig. 4, just after the addition of 80 p,M 
probe to the platelet suspension, a highly structured 
band (peak at 377 rim), which corresponds to the 
emission of the excited monomer [10], was observed 
but scarcely any exeimcr formation at longer wave- 
length was detected. At this stage, the fluorescence was 
that of the probe in the medium and that present in 
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Fig. 4. Fluorescence spectra of 80 pM butyltrimethylammonium 
derivative after incubation with platelet suspension for 2 rain at 37°C. 
The solid line shows the spectrum of whole probes in platelet 
suspension and the broken line shows the spectrum of probes on the 
cytoplasmic side. Platelets were incubated with 80 p.M derivative for 
2 rain at 37°C before measurement of the fluorescence spectrum. 
The fluorescence spectrum of the probe on the cytoplasmic side was 
measured after washing the platelets with a solution of albumin 
and resuspending them in Na,K-Tris. The excitation wavelength 

was 342 nm. 

the outer  leaflet of the plasma membrane.  However, as 
shown in Fig. 5, af ter  120 rain incubation of the probe 
with the platelets,  a broad structureless band (peak at  
479 nm) was seen, which represented emission of the 
excimer [10], and the intensity of emission of the 
monomer  had decreased. The spectrum of the incorpo- 
rated probe present  in the inner  membrane  compart-  
ment,  which is shown in Fig. 5, indicates that  the 
excimer was formed by the probe incorporated into the 
cytoplasmic side. At  this stage, the concentrat ion of the 

2," " " " - - : ~  
46o Ao s6o ssb 

Wa'velef~gth tnrn) 
Fig, 5. Fluorescence spectra of 80 p,M butyltrimethylammonium 
derivative after incubation with platelet suspension for 120 min at 
37'C. The solid line shows the spectrum of probe in a whole platelet 
suspension, the broken line shows the spectrum of probes on the 
cytep)asmlc side and the dot-dash I:ne shows the difference spec- 
trum, Experimental procedures were as for Fig, 4 except for the 

incubation time. 

G 
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Fig. 6. Change of the fluorescence spectrum of the buiyltrimethylam- 
monium derivative incorporated into the cytoplasmic side by activa- 
tion of platelets with 5 ~M ionomyein. The solid line shows the 
control spectrum and the broken line shows the spectrum of the 
probe in the presence of ionomycin. After incubation with 80 ~M 
derivative for 120 rain at 37'C, the platelets were washed with 
albumin and resuspended in Na,K-Tris as described for Fig, 2, Then 
the suspension was incubated for 2 rain at 37'C in the presence 
or absence of 5 pM ionomycin and fluorescence spec!ra were 

measured. 

prone on the cytoplasmic side was similar  to that  in the 
outer  layer of the plasma membrane.  Moreover,  the 
spectrum due to excimer formation was observed ear-  
lier (even after 60 min; data  not  shown), These results 
suggest that  on the cytoplasmic side the probe is in a 
condit ion in which it readily forms excimer, a l though it 
is difficult to conclude the lack of  excimer formation in 
the outer  layer only from these experimental  results. 

We next examined the effect of ionomycin on the 
fluorescent spectrum of the incorporated probe. The  
results in Fig. 6 show that  after  platelet  activation, the 
ratio of excimer decreased. The rat io of  the fluores- 
cence intensity of excimer at 479 nm to that  of monomer  
at 377 nm was 0.192 5:0.011 for control platelets  and 
0.168 5:0.005 for ionomycin.aetivated platelcts  (means 
+ S.D. for four experiments).  This  decrease could be 
due to decrease in fluidity near  the probe. Another  
possibility is change in distribution of  the cationic 
probe because its distr ibution may be heterogeneous 
due to possible heterogeneity in the distr ibution of 
phospholiplds in the leaflets. 

Discussion 

Quaternary  ammonium ions such as 1-pyrenebu- 
tyl tr imethylammonium tested here seem to bind first to 
the outer  layer of  the plasma membrane  and then 
gradually penetra te  into the cytoplasmic side by a flip 
process. Theoretically, in equil ibrium conditions, they 
should become bound preferential ly to the cytoplasmic 
surface of the membranes  which has a negative surface 
potential  due to the presence of acidic phospholipids 
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[20]. For example, in erythrocytes, quaternary alkyl 
ammonium ions have been shown to flip slowly to the 
inner leaflet and change the initial echinocytogenic 
shape to a stomatocytogenie shape by preferentially 
binding to the inner layer [21]. Likewise, the results 
shown in Figs. 2 and 3 show that the butyltrimethylam- 
monium derivative of pyrene bound preferentially to 
the cytoplasmic surface of the membranes in equilib- 
rium conditions. 

The characteristic of the butyltrimethylammonium 
derivative of pyrene of slow penetration through the 
plasma membrane is favorable for use of this derivative 
to study the physico-chemieal properties of both the 
outer layer of the plasma membrane and cytoplasmic 
side of platelet membranes and their changes. The 
observation that formation of excimer of the probe was 
associated with its incorporation into the inner mem- 
brane compartment suggests that the lipid environment 
near the cationic probe on the cytoplasmic side of 
platelet membranes is more fluid than that in the 
outside layer. This possibility is supported by previous 
results on the fluorescence anisotropy of TMA-DPH 
[7]. However, our findings do not exclude the possibil- 
ity that binding sites of the probe on the cytoplasmic 
side are more condensed than those on the outside 
layer and that excimer forr,-ation is facilitated by a 
possible heterogeneous distribution of lipids in the 
leaflets. Moreover, the binding sites of the probe on 
the cytoplasmic side may be complex. As shown in 
fibroblasts [13], some proportions of cationic probes 
penetrating to the cytoplasmic side seem to bind to 
organella membranes. Exeimer formation may also stem 
from binding of the probes to intrinsic proteins which 
would restrict their lateral mobility. 

Significant loss of membrane phospht~lipid asymme- 
try occurs when platelets are stimulated with a Ca 2+ 
ionophore [19]. This loss of asymmetry is probably 
related to the observed changes in fluorescence prop- 
erties, namely, the increase in the binding of the probe 
to the outside layer of the plasma membrane and 
change in the fluorescence spectrum of the orobe on 
the cytoplasmic side of the platelet membranes, be- 
cause phosphatidylserive appears in the outer layer 
possibly resulting in loss of asymmetry of membrane 
fluidity. 

Bevers et al. revealed that ionomycin stimulated 
rapid flip-flop of TMA-DPH in human platelets which 
induced more than three times increase in total amount 
of its membrane binding [8]. We also observed that 
ionomycin induced an about 2-fold increase in fluores- 
cence intensity of the same probe in bovine platelets 
[7]. Since the probe incorporated into the inner mem- 
brane compartment seems to be easily extracted with 
albumin when rapid flip-flop occurs. Therefore, it 
seems to be difficult for TMA-DPH to clearly distin- 
guish the increase in binding to the outer membrane 

layer from the increase in transbilayer incorporation, 
which may have caused discrepancies in the results of 
the previous papers [7,8]. The transbi!ayer incorpora- 
tion rate of 1-pyrenebutyltrimethylammonium is much 
lower than that of TMA-DPH. Therefore, for the 
cationic pyrene derivative, ionomyein-induced increase 
in its binding to platelets probably reflects only the 
increase in its binding to the outer leaflet of the plasma 
membrane. These things may be the reason why iono- 
myein-induced increase in binding of the pyrene 
derivative to platelets was much less than that of 
TMA-DPH [7,8]. 

The transport mechanism of quaternary ammonium 
ions through biological membranes is still unknown. 
Transport is significantly temperature-dependent, sug- 
gesting the presence of a large energy barrier. Some 
investigators have suggested that various quaternary 
ammonium ions permeate through the lipid bilayer as 
lipophilic ion-pairs with endogenous anions [2?]. Re- 
cently TMA-DPH has been suggested to be internal- 
ized by L929 cells and macrophages by endocytosis 
[23]. Because of the slow penetration of quaternary 
ammonium probes, two conditions can be distin- 
guished: that in which the probes are localized in the 
outer leaflet of the plasma membrane and that in 
which they become localized in the cytoplasmic side of 
the platelet membrane after albumin washing. There- 
fore, these quaternary ammonium probes seem to be 
useful for studies on the physico-chemical properties of 
both sides of biological membranes and their changes. 

References 

1 Beddard. G.S. and West, M,A, (1981) Fluorescent Probes. Aca- 
demic Press. London. 

2 Thulborn, K.R., Tilley, L.M., Sawyer, W.It. and Treloar, F.E. 
(1979) Biochim. Biophys. Acta 558, 166-178. 

3 Trotter, P.J. and Storch, J. (1989) Bioehim. Biophys. Acta 982, 
131-139. 

4 Collins, J.M. and Grogan, W.M. (1991) Biochim. Biophys. Acta 
1067, 171-:76. 

5 Zwaal, R.F.A. (1978) Bioehim. Biophys. Acta 515, 163-205. 
6 Lubin, B.H., Knypers, F.A.. Chiu, D.T.-Y. and Shohet, S.B. 

(1988) in Red Cell Membrane (Shohet, S.B, and Mohandas. N., 
eds.), Methods Hematol. 19,171-201. 

7 Kitagawa. S., Matsubayashi, M., Kotani, K., Usui, K. and 
Kametani. F. (1991)J. Membr. Biol. 119, 221-227. 

8 Bevers, E.M., Verhallen. P.FJ.. Visser, AJ.W.G., Comfurius. P. 
and Zwaal, R.F.A. (1990) Biochemistry 29, 5132-5137. 

9 Galla, H.-J. and Saekmann. E. (1974) Biochim. Biophys. Acta 
339, 103-115. 

10 Dembo, M., Glushko, V., Abcrlin, M.E. and Sonenberg. M. 
(1979) Biochim. Biophys. Acta 522, 201-21 I. 

I1 Kowalska, M.A. and Cierniewski, C.S. (1983) J. Membr. Biol. 75, 
57-64. 

12 Macdonald, A.G., Wahle, K.W.J.. Cossins, A.R. and Behan, M.K. 
(1988) Biochim. Biophys. Acta 938, 231-242. 

13 Dix, J.A. and Verkman, A.S. (1990) Biochemistry 29, 1949-1953. 
14 Kitagawa, S., Hongu, Y. and Kametani, F. (1982) Bioehem. 

Biophys. Res. Commun. 1114, 1371-1375. 



15 Utsunomiya, N., '1 suboi, M. and Nakanishi, M. (1986) Proc. Natl. 
Acad. Sci. USA 83, 1877-1880. 

16 Viani, P., Cervato, G. and Cestaro, B. (1991) Biochim. Biophys. 
Acta 1064, 24-30. 

17 Eisenbcrg, M., Gresalfi. T., Riccio, T. and McLaughlia, S. (1979) 
Biochemistry 18, 5213-5223. 

18 Bevers, E.M.. Rosing, 3. ~nd Zwaal, R.F.A. (1987) in Platelets in 
Biology and Pathology: ill (Macintyre, D.E. and Gordon, J.L., 
eds.), pp.127-160, Elsevier, Amsterdam. 

19 Schroit, A.J. and Zwaal, R.F.A. (1991) Biochim. Biophys. Acta 
1071, 313-329. 

237 

20 Sheetz, M.P. and Singer, SJ. (1974) Proc. Nail, Acad. Sci. USA 
71, 4457-4461. 

21 Isomaa, B., H';igerstrand, H. and Paatero, G. (1987) Biochim. 
Biophys. Acta 899, 93-103. 

22 Newburger, J. and Kostenbauder, H.B. (1977) Life Sci. 20, 627- 
630. 

23 Illinger, D., Poindron, P., Fonleneau. P., Modollel, M. and Kuhry, 
J,-G. (1990) Biochim. Biophys. Acta 1030, 73-81. 


