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Evidence for Nystatin Micelles in L-Cell Membranes from Fluorescence 
Photobleaching Measurements of Diffusiont 
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ABSTRACT: Diffusion of a nitrobenzoxadiazole derivative of the polyene antibiotic nystatin in the membranes 
of L cells is found to depend on the concentration of nystatin in the membrane. Its diffusion coefficient 
measured by fluorescence photobleaching decreases hyperbolically as the concentration of nystatin is increased. 
This behavior is reproduced when the concentration of the derivative is increased. In contrast, diffusion 
of a nitrobenzoxadiazole derivative of a phospholipid is insensitive to the nystatin concentration under these 
conditions. The nystatin-specific diffusion changes can be understood if nystatin exists in a monomer-micelle 
equilibrium within the membrane but cannot be accounted for by binding or phase partitioning. 

N y s t a t i n  is one of several polyene antibiotics used clinically 
as an antifungal agent (Hammond, 1977; Medoff et al., 1983). 
These drugs are known to be membrane-active agents which 
can induce K+ leakage and cell lysis in yeast, erythrocytes, 
and mammalian cells including murine L cells (Gale, 1974). 
A large body of work with model membranes [reviewed by 
Hammond (1977)l has led to the suggestion that polyene 
antibiotics, such as nystatin and amphotericin B, associate with 
sterols in the membrane to form transmembrane pores (de 
Kruijff & Demel, 1974; van Hoogevest & de Kruijff, 1978). 
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The polyene antibiotics produce a variety of effects on 
mammalian cells in vivo and in culture (Medoff et al., 1983) 
perhaps involving more than one mechanism. Accordingly, 
we have become interested in characterizing in more detail 
the interactions of polyene antibiotics with membranes of living 
cells. Measurements of diffusion of membrane components 
represent one approach to studying their dynamic interactions 
through, for example, binding to slowly moving structures 
(Elson & Reidler, 1979). We have recently reported the 
synthesis and characterization of nitrobenzoxadiazole deriv- 
atives of amphotericin B (Petersen, 1983), nystatin, and pi- 
maricin (Petersen, 1985) and have characterized an interesting 
and potentially useful intramolecular fluorescence energy 
transfer process in these derivatives (Petersen, 1985). In this 
paper, we present diffusion data which provide evidence for 
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formation of micelles of nystatin within the membranes of 
living cells. 

EXPERIMENTAL PROCEDURES 
Materials. N-(4-Nitro-2,1,3-benzoxadiazolyl)-6-amino- 

hexanoyl derivatives of nystatin (NBD-Nys)’ and amphotericin 
B (NBD-AmB) have been characterized (Petersen, 1983, 
1985). A nitrobenzoxadiazole derivative of phosphatidyl- 
ethanolamine from egg yolk lipids (NBD-PE) was purchased 
from Avanti (Birmingham, AL; catalog no. 8101 18, lot no. 
FPE-24). Tissue culture medium was kindly provided by the 
tissue culture facility in the Department of Biochemistry at 
The University of Western Ontario. Medium 199 (without 
phenol red) and gentamicin were obtained from Gibco, Can- 
ada. Nystatin was purchased from Sigma (St. Louis, MO). 
Other chemicals were analytical-grade reagents (Fisher). 

Cell Cultures. Murine L cells (originally provided by 
Professor W. F. Flintoff, Department of Microbiology and 
Immunology, U.W.O.) were cultured in medium 199 con- 
taining 10% horse serum and 36 mg/500 mL gentamicin and 
passed twice a week. For experiments, L cells were trypsinized 
and plated on 22 X 22 mm sterile glass cover slides (Canlab) 
contained in 35-mm-diameter tissue culture dishes (Falcon). 
Cells were plated at lo5 cells per dish 48 h before use and 
incubated at 37 OC in a 5% COz, 100% relative humidity 
incubator. Precautions were taken to standardize the growth 
conditions since the sensitivity to polyene antibiotics depends 
on the stage of growth (Gale, 1974). 

Sample Preparations. In preparation for experiments, the 
cells were rinsed with phosphate-buffered saline (PBS) several 
times, and 2 mL of Hepes-buffered medium 199 without 
phenol red (25 mM Hepes, pH 7.4) was added. Appropriate 
volumes of NBD-Nys, NBD-PE, or nystatin were added from 
1 .O mg mL-’ solutions in dimethylformamide (DMF) which 
had been stored at -5 OC in the dark under a N, atmosphere 
for no more than 10 days. Following incubation at 37 OC for 
the selected time, the cells were again rinsed several times with 
PBS and transferred to a clean 35-mm-diameter tissue culture 
dish containing 3 mL of Hepes-buffered medium 199. 

Fluorescence Photobleaching Recovery (FPR) .  FPR 
measurements were performed by using equipment described 
previously (Petersen & Elson, 1986) and were analyzed by 
curve-fitting procedures adapted from those reported (Petersen 
et al., 1984). In these experiments, the 488-nm line of an argon 
ion laser was focused with external optics and a 40X water 
immersion objective to a beam width of 1.4 pm. The laser 
power at the source was adjusted to 30 mW and attenuated 
to less than a microwatt at the sample. Photobleaching was 
achieved with 50-100-ms exposures to a 1-10-mW beam 
parfocal and concentric with the monitor beam. At each 
concentration, five to eight morphologically similar cells were 
studied. Five to ten measurements were made on each cell 
and averaged. At a given concentration, the total number of 
measurements was in the range from 20 to 80. For several 
concentrations, the experiments were repeated with good re- 
producibility, and the data reported represent overall averages 
of N bleaches. Standard statistical analyses were employed 
to calculate standard errors of the mean (SEM) at the 99% 
confidence level for two-tailed analysis. All diffusion (D) 

’ Abbreviations: NBD-Nys, [N-(4-nitro-2,1,3-benzoxadiazolyl)-6- 
aminohexanoyl]nystatin; NBD-PE, N-(4-nitro-2,1,3-benzoxadiazolyl)- 
phosphatidylethanolamine; PBS, phosphate-buffered saline; DMF, di- 
methylformamide; FPR, fluorescence photobleaching recovery; SEM, 
standard error of the mean; cmc, critical micelle concentration; Hepes, 
N-(2-hydroxyethyl)piperazine-N’-2-ethanesulfonic acid. 

Table I: Diffusion Coefficients (D) and Mobile Fractions (X,) of 
NBD-Nys as a Function of Nystatin Preincubation Time (t,) and 
Relative NBD-Nys-Nystatin Concentrations 

CNBD.Nys(l CNy: t ,  (min) D f SEM* 
13.2 13.3 0 1.9 f 1.1 

I O  0.6 f 0.1 
20 0.9 f 0.2 

15.6 10.5 0 2.4 f 0.4 
10 1.9 f 0.5 
20 2.4 i 1.0 
50 3.6 f 1.0 

18.0 9.1 0 6.6 f 1.0 
10 5.6 i 0.6 
20 4.8 f 0.8 

X, f SEM 
0.66 f 0.04 
0.79 f 0.07 
0.70 f 0.05 
0.77 i 0.04 
0.71 f 0.05 
0.79 f 0.05 
0.81 f 0.04 
0.73 i 0.03 
0.76 f 0.04 
0.74 f 0.04 

Ne 
31 
25 
18 
47 
52 
30 
39 
43 
41 
50 

- 

“Solution concentrations in micrograms per milliliter. *Diffusion 
coefficient (D) and standard error of the mean (SEM) in units of IO-’’ 
m2 s-l. CNumber of bieaches. 

measurements were made at 24 f 2 OC and are reported as 
D f SEM (N). 

RESULTS 
The fluorescence intensity measured in small regions of the 

surface of L cells exposed to varying concentrations of NBD- 
Nys increases linearly with solution concentration over the 
range from 5 to 50 pg mL-I. There is no evidence for satu- 
ration. In principle, it is possible to calibrate the fluorescence 
intensity counts in terms of the density of NBD-Nys molecules 
per square micrometer provided the illumination geometry, 
the fluorescence quantum yield, and instrumental attenuation 
factors are known (Koppel et al., 1976; Petersen & McCon- 
naughey, 198 1). In this system, the membrane concentration 
of NBD-Nys varies from about 5 X lo3 to 5 X lo4 mole- 
cules/pm2 when the solution concentration varies from 5 to 
50 pg mL-’. These numbers are approximate estimates be- 
cause among other things the quantum yield for fluorescence 
of NBD-Nys is very sensitive to the solvent environment 
(Petersen, 1985). For this reason, we present the data in this 
paper in terms of the solution concentration rather than the 
membrane concentration, bearing in mind that the two are 
linearly related. 

It is known that the effects of polyene antibiotics on cell 
membrane permeability can depend on both solution concen- 
tration and time of incubation in complex ways (Hammond, 
1977; Gale, 1974). Table I shows that the diffusion of 
NBD-Nys in cells which have been preincubated with nystatin 
for various periods and then.coincubated with NBD-Nys for 
10 min depends on both the preincubation time and the relative 
concentration of NBD-Nys and Nys. The variation in diffu- 
sion coefficient is complex, and the larger values at long times 
of incubation at higher relative nystatin concentrations suggest 
that complicated kinetic processes may be involved. Thus, to 
compare the effects of nystatin on the diffusion of NBD-Nys 
and NBD-PE, a 10-min preincubation with nystatin was used 
here to maintain a near constant set of conditions. 

In our experiments, the total volume of DMF in the incu- 
bation solution varies, but control experiments show that the 
NBD-Nys diffusion in cells exposed to 5 pg mL-’ NBD-Nys 
and an additional 25 pL of DMF remains high [D = (7.9 f 
1.5) X m2 s-l (38)]. The amount of DMF and the choice 
of DMF as a solvent do not affect the diffusion measurements 
in this system. When NBD-PE is added in DMF, D = (2.0 
f 0.4) X m2 s-’ (104), and when it is added in 95% 
ethanol solutions, D = (1.9 f 0.2) X 

Figure 1 compares the diffusion coefficients of NBD-Nys 
(5 pg mL-I) and NBD-PE (2 pg mL-’) measured after 
preincubation with various nystatin concentrations. Three 
important general observations can be made from these data: 

m2 s-I (31). 
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FIGURE 1: Variation in diffusion coefficient, D, for 5 wg mL-’ 
NBD-Nys (0) and 2 fig mL-’ NBD-PE (0) as a function of total 
solution concentration (C,) of polyene antibiotic (NBD-Nys + 
nystatin). The errors are indicated as the standard error of the mean 
at the 99% confidence level for two-tailed tests. The solid line is the 
best-fit hyperbolic curve through the data (see also Figure 2). The 
asymptotic limit is indicated as a solid horizontal line. The dashed 
line indicates the average value of the NBD-PE diffusion coefficient. 
Each data point is the average of at  least 30 bleaches and as many 
as 100-160 bleaches in some cases. 

the diffusion coefficient of NBD-PE is independent of nystatin 
concentration [total average D = (2.1 f 0.1) X m2 s-’ 
(349)l; the diffusion coefficient of NBD-Nys decreases as- 
ymptotically toward a value less than 3 X m2 s-l as the 
concentration of nystatin is increased; the diffusion of NBD- 
Nys is always more rapid than that of NBD-PE under these 
conditions. It should be noted that NBD-Nys and NBD-PE 
diffusion measurements were done in parallel as a function 
of nystatin concentration so that at a given nystatin concen- 
tration the experimental conditions were identical. The 
measurements at zero nystatin concentration are particularly 
important for the interpretation of the results, and therefore, 
more experiments were performed ( N  = 163 for NBD-Nys 
and N = 104 for NBD-PE). 

Interpretation of the diffusion coefficient changes specific 
to NBD-Nys, in terms of a monomer-micelle equilibrium 
within the membrane, predicts that the diffusion coefficient 
should vary hyperbolically with concentration (vide infra). 
Hence, D should increase linearly when plotted as a function 
of l l c .  Figure 2 illustrates this linear relationship for NBD- 
Nys diffusion. The solid line in Figure 2 represents the best-fit 
line through the data [slope = (2.8 f 0.6) X m2 s-l pg-’ 
mL; intercept = (2.6 f 0.7) X m2 s-I; r = 0.9681. The 
corresponding best-fit hyperbolic curve has been drawn 
through the data in Figure 1 along with the asymptotic limit 
of D = 2.6 X 

Figure 2 also shows the variation in the NBD-Nys diffusion 
coefficient as a function of the inverse NBD-Nys concentra- 
tion. These values are slightly more scattered but parallel the 
changes observed when the nystatin concentration is varied, 
suggesting that similar effects are induced in the membrane 
by nystatin and its nitrobenzoxadiazole derivative at compa- 
rable concentrations. 

The fractions of mobile NBD-Nys or NBD-PE were min- 
imally affected by preincubation with nystatin in these ex- 
periments but were consistently lower than unity because of 
unaccounted background fluorescence including autofluores- 
cence. There is no evidence from the fluorescence microscopy 
that the dye is internalized in vesicular structures. For 
NBD-Nys, X ,  = 0.74 f 0.02 while for NBD-PE X ,  = 0.80 
f 0.02 when all the data are considered. These values are 
typical of lipid dyes in cultures cells (Jacobson et al., 1981). 

DISCUSSION 
The effect of chemical kinetics on the interpretation of 

fluorescence correlation spectroscopy (FCS) and fluorescence 

m2 s-I. 

101 

0‘- 01 0.2 

pgmP/c, 

FIGURE 2: Variation in diffusion coefficient, D, for 5 fig mL-’ 
NBD-Nys (0) as a function of the inverse of the total solution 
concentration ( l/Cs) of polyene antibiotic (NBD-Nys + nystatin). 
The solid line is the best-fit least-squares line through the data. The 
errors are the standard error of the mean (see Figure 1). These data 
are the same as in Figure 1. The diffusion coefficients at  various 
concentrations of NBD-Nys in the absence of nystatin are indicated 
by (X) for comparison. Here Cs refers to the NBD-Nys concentration. 

photobleaching recovery (FPR) measurements has been dis- 
cussed in general (Magde & Elson, 1974; Icenogle & Elson, 
1983a,b; Elson & Reidler, 1980). In the limit of slow kinetics, 
FPR should reveal superpositions of separately diffusing species 
(van Zoelen et al., 1983; Petersen & Elson, 1986). Multiple 
and even two diffusion coefficients can be difficult to extract 
because of the slow recovery of the fluorescence at long times 
unless the diffusion coefficients are very different ( D 1 / D 2  2 
10). In this system, all the recovery curves were well fitted 
with single diffusion coefficient analysis which indicates either 
that the difference in diffusion coefficients is small ( D 1 / D 2  5 
3) or that a single mean diffusion coefficient is dominant. The 
latter will occur in the limit of fast chemical kinetics (Elson 
& Reidler, 1979), and the resultant observed diffusion coef- 
ficient is the weighted average of the diffusion coefficients of 
the species in chemical equilibrium. In general, for a fluor- 
escent probe in two environments where it can diffuse either 
rapidly at DR or slowly at Ds, the observed diffusion coefficient, 
Dobsd, is given by 

( 1 )  
where f R  andfs are the mole fractions of the probe in the rapid 
and slow environments cfR +fs = 1). The diffusion coefficient 
is therefore coflcentration dependent if the mole fractions vary 
with Concentration. In this model, the observed decrease in 
diffusion coefficient of NBD-Nys (Figure 1) must reflect an 
increase in the mole fraction of slowly moving NBD-Nys at 
higher concentrations. We believe this can be understood by 
a monomer-micelle equilibrium in the cell membrane but not 
by binding or phase partitioning. 

Monomet-Micelle Model. Amphotericin B, and by analogy 
nystatin, is believed to associate with sterols in cell and model 
membranes to form ion-conductive pores (de Kruijff & Demel, 
1974). Irrespective of the detailed structure and composition 
of such aggregates, the implication is that they are thermo- 
dynamically stable systems whose stability is derived in part 
from the amphiphilic properties of the polyene antibiotic. They 
can be thought of as inverted micelles with properties analo- 
gous to micelles in solution systems (Tanford, 1973). An 
important feature of micelles is that there exists a concen- 
tration [the critical micelle concentration (cmc)] below which 
virtually no micelles can form and above which almost all 
additional monomers form micelles. We suggest that nystatin, 
and perhaps other polyene antibiotics, interacts with cell 
membranes to form micelles within the lipid bilayer, but only 
at  concentrations exceeding the cmc in the membrane. 

Figure 3 illustrates schematically the effect of a mono- 
mer-micelle equilibrium on the mean diffusion coefficient, D. 

Dobsd = f R D R  + fSDS 
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4 '  

FIGURE 3: Schematic representation of the effects of a monomer- 
micelle equilibrium on (A) the concentration of monomers as mo- 
nomers (Cmm) or in micelles (C&, (B) the mole fraction of monomers 
as monomers Cf,,) or in micelles (f,,,), and (C) the mean observed 
diffusion coefficient, D. Each of these is shown as a function of total 
monomer concentration. The diffusion coefficient is shown as a 
function of inverse concentration in (D). The functions are discon- 
tinuous at the critical micelle concentration (cmc) as indicated. It 
is evident that (C) and (D) are schematic representations of Figures 
1 and 2. 

At concentrations below the cmc, the concentration of mo- 
nomers in the membrane increases linearly with the total 
solution concentration. Above the cmc, the concentration of 
nystatin in micelles in the membrane increases linearly with 
the total solution concentration while the monomer concen- 
tration remains constant (Figure 3A). Below the cmc, the 
mole fraction of nystatin as monomers is unity, and by eq 1, 
the observed diffusion coefficient equals the monomer diffusion 
coefficient, Omon. Above the cmc, the mole fraction of nystatin 
as monomers decreases while that of nystatin in micelles in- 
creases (Figure 3B). It is possible to rewrite eq 1 as 

0 r 
%non Lmic  

Dobsd = fmonDmon + fmicDmic = -Dmon + -Dmic 
G o t  G o t  

where C,,,,,, Cmic, and Ctot refer to the membrane concentra- 
tions of free monomers, of monomers in micelles, and of total 
monomers. In the linear region of the binding curve, these 
concentrations reflect the corresponding solution concentrations 
and hence 

where Cmon = COm = cmc of nystatin in the membrane, Cs is 
the solution concentration of nystatin, and K is a partition 
coefficient which permits converting membrane concentrations 
to solution concentrations (Cto, = KC,). Equation 2 predicts 
a hyperbolic relationship between Dobsd and C, (Figure 3C) 
and a linear relationship between DOw and l/Cs (Figure 3D) 
at  concentrations above the cmc. Figure 2 shows the fit of 
the observed diffusion coefficient to the form of eq 2 and yields 
an in-membrane micellar diffusion coefficient of D,,, = 2.6 
x 1 0 4 3  m2 s-I. 

From the data at  hand, it is difficult to calculate either Com 
or the monomer diffusion coefficient. We cannot measure 

diffusion coefficients at lower NBD-Nys concentrations since 
the fluorescence intensity approaches the limits of our in- 
strumental sensitivity. The largest diffusion coefficients 
measured for lipid probes in cell membranes at 25 OC are 
about m2 s-l (Jacobson et al., 1981). If we assume that 
the nystatin monomer diffusion coefficient approaches this 
limit, we can estimate the cmc at a solution concentration of 
3.8 pg mL-] corresponding to a membrane concentration of 
about (3-4) X lo3 nystatin molecules/pm*. The cmc then 
occurs at nystatin:lipid molar ratios of about 1:300. In model 
membrane systems, ion leakage occurs at amphotericin B:lipid 
molar ratios around 1:lOOO or 1:3000 (Vertut-Croquin et al., 
1983). Considering the approximations in the estimate of the 
cmc, the agreement is encouraging and supports the proposal 
that micelle formation is linked to ion leakage. K+ leakage 
in L cells occurs rapidly at solution concentrations above about 
5-10 pg mL-' but depends on the time of incubation (Gale, 
1974). We have initiated K+ leakage studies with our systems 
to substantiate this link between ionic leakage and micelle 
formation. 

Most of the variation in diffusion measurements on living 
cells arises from heterogeneity in the cell population. Spe- 
cifically, if uptake of drug depends on the cell cycle (Gale, 
1974), the cell to cell variation of the effect on diffusion could 
explain the larger spread of data for NBD-Nys than for 
NBD-PE. For this reason, we suspect that the monomer- 
micelle equilibrium could be studied in more detail in selected 
model membrane systems. Such studies would also clarify 
whether the equilibrium is affected by cell membrane com- 
ponents other than phospholipids and sterols. 

Binding or Partitioning. The observed diffusion coefficient 
could be modulated by binding or phase partitioning. In the 
case of binding to, for example, proteins (Elson & Reidler, 
1979): 

Dobsd = fFDE + fBDB (3) 
where the subscripts F and B refer to free (rapidly moving) 
and bound (slowly moving) polyene. In the linear region of 
binding, the fraction bound is constant while saturation causes 

fB to decrease and thus Dobsd to increase. This is contrary to 
the observed trend, and binding can be excluded. A Scatchard 
plot is a more quantitative test for simple binding (n equivalent 
and independent sites) in which the linear relation 

(4) 

is expected when S is the total concentration of binding sites, 
K is the equilibrium constant, and C denotes concentration. 
In terms of diffusion coefficients, we can express (from eq 3) 

Dobsd) / (DF  - D E ) ,  and eq 4 transforms to 

CB/CF = S / K  - C B / K  

cB/cF = (DF - Dobsd)/(Dobsd - D B )  and c B / c t o t  (DF - 

D o b s d -  DF - Dobsd D B  = - "-("F - "bsd) D B  (5)  

Irrespective of the specific values of D F  and DE, the decreasing 
diffusion coefficients observed for NBD-Nys with increasing 
nystatin concentration will generate a negative binding con- 
stant. Thermodynamically, this does not make sense. 

If the cell membrane consists of domains of different lipids 
with distinct viscosities, the partitioning of a fluorescent dye 
between these domains would affect the observed diffusion 
coefficient. In that case, the ratio of the concentrations in each 
domain is given by the partition coefficient, which is a constant. 
A decrease in the observed diffusion coefficient implies either 
an association reaction in the less fluid domains or an increase 
in the fraction of lipid in those domains. The latter can be 
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excluded, because a decrease in the fraction of more fluid 
domains and an increase in that of the less fluid domains 
should decrease the NBD-PE diffusion correspondingly and 
would not be specific for the NBD-Nys diffusion. The data 
do not exclude the possibility that micelle formation occurs 
preferentially in less fluid domains, but the monomer-micelle 
equilibrium model does not require different domains in the 
membrane. 

Relative Diffusion of NBD-Nys and NBD-PE. Figure 1 
shows that the diffusion of NBD-Nys is always more rapid 
than that of NBD-PE. This is an enigma since the molecular 
dimensions of NBD-Nys and NBD-PE are quite similar. We 
can offer two possible explanations but do not have evidence 
to favor one over the other. 

Bolard and a-workers (Bolard et al., 1980) have interpreted 
circular dichroism measurements of the interaction of am- 
photericin B with model membranes in terms of spectroscop- 
ically distinct species and have suggested that some of these 
are adsorbed on the surface of the membrane. Such sur- 
face-adsorbed molecules could diffuse more rapidly than the 
lipid in the membrane. The dower diffusion of NBD-nystatin 
at higher concentrations of nystatin could be a result of for- 
mation of complexes in the bilayer proper which diffuse at 
rates comparable to those of the lipid analogue. However, the 
change in partitioning between the surface and the bilayer 
must still be driven by an association equilibrium within the 
bilayer. Without such associations, there would be no con- 
centration dependence of the partitioning and hence no change 
in observed diffusion coefficient. 

Alternatively, if there are different lipid domains in the 
membrane, then nystatin and NBD-Nys could preferentially 
partition into the more fluid domains while NBD-PE dis- 
tributes in both. The rapid diffusion of NBD-Nys at low 
concentrations then reflects the viscous properties of the more 
fluid regions, and the slower diffusion at higher concentrations 
reflects micelle formation (which could occur in either do- 
main). The slow NBD-PE diffusion at all nystatin concen- 
trations would indicate that a large fraction of the NBD-PE 
is partitioned into the less fluid phase, reflecting largely its 
viscous properties. This explanation is reasonable since the 
diffusion measurements were performed at ambient temper- 
atures. One would predict that the ratio of NBD-Nys to 
NBD-PE diffusion should be smaller at the physiological 
temperature of 37 OC. We have recently acquired a tem- 
perature-controlled microscope stage which will permit testing 
this prediction. 

CONCLUSIONS 
The data presented in this report show that NBD-Nys 

diffusion, but not NBD-PE diffusion, is sensitive to the con- 
centration of nystatin in L cells. The concentration dependence 
of the diffusion coefficient can be explained by a model in 
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which there is a dynamic equilibrium between monomers and 
micelles of nystatin within the cell membrane. Simple binding 
or partitioning equilibria cannot account for the data without 
simultaneous association equilibria. NBD-Nys diffusion is 
more rapid than NBD-PE diffusion. This can be understood 
if there are domains of fluid membrane into which the 
NBD-Nys preferentially partitions or if the monomeric form 
of the polyene is adsorbed at the surface where it may diffuse 
more rapidly. In either case, the micelle structures would form 
within the membrane. Experiments in model membrane 
systems and with cells under different conditions may shed 
further light on the detailed mechanism whereby the observed 
diffusion coefficients are modulated by concentration. 

Registry No. Nys-A, ,  34186-10-4; NBD-Nys-A,,  96475-98-8. 
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