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Preferential Interactions of Fluorescent Probe Prodan with Cholesterol

Olga P. Bondar and Elizabeth S. Rowe
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ABSTRACT The fluorescent probe Prodan has been widely used as a probe of model and biological membranes. Its
fluorescent maxima in phospholipid bilayers vary as a function of phase state, with maxima at 485 for the liquid crystal L_,
435 nm for the gel L, and 507 nm for the interdigitated gel Lzl phase, with excitation at 359 nm. These spectral changes have
been used for the detection of phase changes among these phases. In the present study, the fluorescent properties and
partition coefficients of Prodan in model membranes of phosphatidylcholines and phosphatidylethanols have been studied as
a function of lipid phase state and cholesterol content. It is shown that the Prodan spectrum in the presence of cholesterol
no longer reflects the known phase state of the lipid; in each phase state, the presence of cholesterol leads to a spectrum
with the maximum at 435 nm, characteristic of the noninterdigitated gel phase. The partition coefficient of Prodan into these
lipids also varies with the phase state, giving values of 0.35 X 10 in the interdigitated gel, 1.8 X 10* in the noninterdigitated
gel, and 7.6 X 10% in the liquid crystal phase. In the presence of cholesterol these partition coefficients are increased to 13 X
10* for the liquid crystal and the gel phase, and 5.1 X 10 in the presence of 100 mg/ml ethanol. These results suggest that
Prodan has preferential interactions with cholesterol, and is thus not a randomly distributed fluorescent reporter probe in
membranes containing cholesterol. These results suggest that Prodan should be used only with great caution in complex lipid
mixtures, particularly biological membranes.

INTRODUCTION

Since its introduction by Weber and Farris (Weber andused to study lipid behavior in cell membranes, for example
Farris, 1979; Macgregor and Weber, 1986), the hydrophogoldfish brain synaptic membranes, liver microsomes, inner
bic probe Prodan has been widely used to determine thmembranes of mitochondria, and red blood cells (Rotten-
physical properties of phospholipid membranes. It has beeherg, 1992). Microsomes and inner mitochondrial mem-
shown that in the gel phase the emission spectrum of Prodasranes, which contain little or no cholesterol, exhibit a
has a maximum at-435 nm, with excitation at 359 nm, Prodan fluorescence spectrum similar to phospholipids in
which is interpreted as Prodan in hydrophobic surroundingsthe liquid-crystalline state. The Prodan spectra in synaptic
while in the liquid-crystalline phase the emission maximummembranes and red blood cell plasma membranes, which
shifts to the region around 485—-490 nm, suggesting a moreontain cholesterol and sphingolipids, were more similar to
hydrophilic environment. Prodan fluorescence has beephospholipids in the gel phase.

shown to respond to the formation of interdigitated lipids in Prodan has a weak affinity for most proteins, and it has
the presence of ethanol (Zeng and Chong, 1991, 1995; Zeritpt been used effectively to probe hydrophobic binding sites
et al., 1993; Bondar and Rowe, 1996). The emission max0f proteins (Mazumdar et al.,, 1992). Thus, Prodan binds
imum of Prodan fluorescence is shifted dramatically toBSA with an affinity of 1x 10° M~* and tubulin with an
longer wavelength, i.e., 507 nm, by the ethanol-inducecffinity of 5 x 10* M™%, and these affinities are lower, for
phase transition from the noninterdigitated to the fully in- €xample, than for ANS (Weber and Farris, 1979; Mazumdar

terdigitated gel phase. Prodan fluorescence has also be&hal-, 1992). Atthe same time it has been shown that Prodan
can bind to spectrin with high affinity (Chakrabarti, 1996).
The fluorescence of Prodan exhibits a wavelength shift from
520 nm in water to 433 nm in the presence of dimeric
spectrin.
Received for publication 30 July 1998 and in final form 29 October 1998. | the present investigaﬁon we have studied the effect of
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dylcholine; Peth, phosphatidylethanol; PG, phosphatidylglycerol. ential interactions with cholesterol. These results suggest
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MATERIALS AND METHODS 55.6 M, Eq. 3 may be rewritten as
Chemicals F = FoL/(55.6K, + L) (4)

DMPeth and DPPC were obtained from Avanti, Birmingham, AL; the or
ethanol was purchased from PhaRmco, Linfield, PA; and Prodan was _
obtained from Molecular Probes (Eugene, OR). Cholesterol was purchased 1F = [55-6’(KPF0)](1/L) + 1/F0 (5)
from Sigma Chemical Co. (St. Louis, MO). K, can then be calculated from the plot oFlvs. 1L:

K, = —55.6x-intercepj (6)
Sample preparation

The MLVs were prepared using Bangham’'s method (Bangham et aI'RESULTS

1967). Chloroform stock solutions of lipids and ethanol solution of Prodan

were dried under a gentle stream of nitrogen gas and then kept overnigiProdan fluorescence

on a vacuum pump to remove all solvent residuals. Distilled water or 50 ) ]

mM Tris-HCI buffer was added to the dry film and the suspensions wereProdan fluorescence has been widely used to characterize

hydrated at a temperature above the temperature of the phase transition fgpid phase behavior. Fig. 1 shows the fluorescence spectra

at leas 2 h with occasional vortexing. Lipid concentrations were deter- of Prodan for DPPC at 23.5°C in the presence of increasing

mined by Bartlett's method (Bartlett, 1959). L . .
cholesterol concentration. Prodan in pure DPPC in the gel

phase has its main fluorescence maximum at 435 nm and a

weak shoulder at-530 nm (Fig. 1B). Increasing the con-

centration of cholesterol significantly increases the fluores-

The fluorescence experiments were performed using the SLM 8300 spegence intensity at 435 nm. At the same time, as low as 5 mol

trofluorometer. 'I"h'e temperature of sgmples was monltored W{th an Instru% of cholesterol reduces the shoulder at 530 nm: this
lab Model 700 digital thermometer, with the thermistor placed in a parallel

reference cuvette. The sample was magnetically stirred during the meas-U(-:](-:](:"StS that increasing cholesterol concentration causes

surements. The lipid:probe ratio used was 500:1 and the concentration 4/€Creasing polarity in the probe environment. The increas-
lipids was 1.1-1.2 mM. The excitation wavelength was 359 nm, and theng intensity at 435 nm can be attributed to increased

fluorescence spectra were measured from 400 to 610 nm, and were ngfartitioning (see below) as well as possible probe relocation.

corrected for instrument response. The excitation and emission slits were 4 The phase transition of DPPC from the gel to liquid-
nm and 16 nm, respectively. A control sample prepared without a fluoro-

probe had<1% scattering signal for all fluorescence experiments. crystalline phase dramat_lca‘”y changes the shape of the
fluorescence spectrum. Fig. 2 shows the spectra of Prodan

in DPPC at 50°C with a series of cholesterol concentrations.
Determination of partition coefficients The fluorescence maximum of Prodan in pure liquid-crys-
talline DPPC shifts to 480 nm, compared to the gel phase

The partition coefficients for Prodan into lipids were measured accordin . P . . .
to the methods described by Huang and Haugland (1991). In this metho%anImum at 435 nm, indicating that the probe is located in

Prodan is located in the fluorescence cuvette and its fluorescence at 435 nfh MOre polar region compared to the gel phase. In the
measured as a function of added lipid.

DMPC MLVs were used for the determination of the partition coeffi-
cient of Prodan into the various phases of lipid bilayers. The partitioning of
Prodan into the gel phase was measured at 10°C, and into the liquid- 50000 |
crystalline phase at 30°C. In the case of the interdigitated gel phase, DMPC

Fluorescence measurements

in the presence of 2.5 M ethanol was added to the cuvette containing
Prodan in the presence of the same concentration of ethanol. <., 40000 [
The partition coefficientK,, of the Prodan is defined as "5,’
C
)]
Kp = (C/DI(CIW) 1) & 30000 |
. (0]
whereC, andC; are the molar concentrations of the membrane-bound andg
free probe, respectively, aridand W are the concentration of lipid and % 20000

water (Huang and Haugland, 1991; Harris, 1971). Since free Prodan ing)
water at 435 nm is essentially nonfluorescent (Hutterer et al., 1996), thed
fluorescenceR) should be proportional to the concentration of membrane- u—:’_ 10000
bound probe, i.e., -

F=kG 2
[}
wherek is a proportionality constant. Since the total probe concentration
C = C, + C;, Eq. 1 can be rearranged to Anm
F = Fol/(WK, + L) (3) FIGURE 1 @) Prodan fluorescence spectra in DPPC in the presence and

absence of cholesterol at 23.5°C. Excitation at 359 hd% cholesterol;
whereF, = kC is the maximum fluorescence resulting from total probe 2, 5 mol % cholesterol3, 10 mol % cholesteroé4, 40 mol % cholesterol;
incorporation into membrane. Assuming the concentration of water to beé, 50 mol % cholesterol.K) Expansion of region 500—600 nm.
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Anm FIGURE 3 Prodan fluorescence in DPPC in the presence of ethanol and

cholesterol in water at 22°C. Excitation at 359 nin.DPPC-0 mol %
FIGURE 2 Prodan fluorescence spectra in DPPC in the presence argholesterol2, DPPC in the presence of 100 mg/ml ethadpDPPC-5 mol
absence of cholesterol at 50.5°C. Excitation at 359 hrd% cholesterol; o4 cholesterol in the presence of 100 mg/ml ethanol.
2, 5 mol % cholesterol3, 10 mol % cholesterol, 20 mol % cholesterol;
5, 40 mol % cholesterol§, 50 mol % cholesterol.

cholesterol is~50% in the fully interdigitated phase (Kom-

atsu and Rowe, 1991; Bondar and Rowe, 1998).

Prodan fluorescence has been used to detect the interdig-
presence of 5 mol % cholesterol the fluorescence intensityateq phase in Peths (Bondar and Rowe, 1996) as well as
increases without changing the spectral shape. Increasingscg (Zeng and Chong, 1991, 1995; Zeng et al., 1993;
the cholesterol concentration to 10 mol % leads to a broadchong, 1988; Chong et al., 1989). It was shown previously
ening of the fluorescence peak with a shift of the maximumin our laboratory that Peth can form the interdigitated gel
to 470 nm. Beginning from 10 mol % cholesterol ashoulderphase in the presence of Tris (Bondar and Rowe, 1996).
appears at 430 nm. Increasing the cholesterol concentratiqsyodan fluorescence data correlated with DSC in the dem-
up to 50 mol % shifts the fluorescence maximum to 430 nmpnstration of interdigitation for DMPeth and DPPeth
with increasing fluorescence intensity, indicating that the(Bondar and Rowe, 1996). Fig. A shows the Prodan
probe has relocated to a less polar environment. The spectrgbectra in DPPeth in 50 mM Tris-HCI and in a mixture of
shape for 40 mol % cholesterol and above is similar to thabppeth with 5 mol % cholesterol in the presence and
seen in the gel phase (Fig. 1). absence of ethanol. The main fluorescence maximum at 507

Prodan fluorescence spectra in DPPC in the interdigitate@m for pure DPPethspectrum lindicates that the Prodan
phase in the presence and absence of cholesterol weggvironment is more polar and the partitioning of the probe
studied. The interdigitated gel phasg(L. in which the acyl  into the lipid bilayer is restricted. As was shown earlier, this
chains from opposing monolayers interpenetrate, is amongpectrum of Prodan corresponds to the interdigitated gel
the most recently described stable lipid phase states, and hpRase of DPPeth in Tris-HCI (Bondar and Rowe, 1996). The
been well demonstrated for the saturated symmetrical angombination of 5 mol % cholesterol with DPPeth signifi-
asymmetrical PC (McDaniel et al., 1983; Mcintosh et al.,cantly changes the shape of the fluorescence spectrum
1983, 1984; Rowe, 1985; Wilkinson et al., 1987; reviewed(spectrum 2 The fluorescence maximum at 507 nm disap-
in Slater and Huang, 1988). It has been demonstrated preyears and the intensity of the fluorescence at 435 nm in-
viously that increasing concentrations of cholesterol abolisltreases. This Prodan spectrum is similar to that for DPPC in
the interdigitated phase in DPPC, but ethanol can partiallthe normal Ly phase (Zeng and Chong, 1995). Adding 100
restore the interdigitation of DPPC in the presence of 5-2Gng/ml ethanol to the DPPeth-cholesterol mixture does not
mol % of cholesterol (Komatsu and Rowe, 1991; Bondarsignificantly change the shape of the fluorescence spectrum
and Rowe, 1998). Fig. 3 shows the Prodan spectra of DPP&pectrum 3, giving only a weak shoulder in the region of
with 5 mol % cholesterol in the presence and absence d§07 nm. Fig. 4B shows the series of Prodan spectra for
ethanol, and the spectrum of pure DPPC with ethanol. Fomixtures of DPPeth with 20 mol % cholesterol in the
pure DPPC in the presence of ethanol Prodan gave a flugresence of increasing concentrations of ethanol. As seen
rescence maximum at 507 nm, which is characteristic ohere, the fluorescence spectra do not change with ethanol
interdigitation of the gel phasesigectrum 2 The DPPC addition. The data shown in Fig. 8,andB suggest that no
with 5 mol % cholesterol in the absence of ethanol shows énterdigitation occurs in the presence of any amount of
Prodan spectrum typical of the normg} el phase. In the cholesterol, even with the addition of up to 100 mg/ml
presence of ethanol the spectrum in DPPC with 5 mol %ethanol. These results are not consistent with the DSC
cholesterol remained characteristic of the noninterdigitatedesults indicating that DMPeth and DPPeth containing up to
gel phase. This is in contrast to previous studies showin@0 mol % cholesterol are at least partially interdigitated in
that under these conditions DPPC containing 5 mol %the presence of ethanol (Bondar and Rowe, 1998).
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200 - | - . - T - . the K, of Prodan was 1.84<x 10%. This value ofK, for
DMPC is close to the value previously reported fy of
Prodan into DPPC in the gel phase by Zeng and Chong
(1995). TheK,, of Prodan into the gel phase increased with
increasing cholesterol concentration, giving a value of
13.2 X 10* at 40 mol % cholesterol. This suggests that
Prodan preferentially locates in the vicinity of cholesterol
within the bilayer.

The transition of DMPC from the gel phase to the liquid-
crystalline phase increases the partitioning of Prodan into
the lipid bilayers. The ProdaK, in DMPC in the liquid
crystalline phase was 7:6 10*. The addition of cholesterol
increases th&, of Prodan in the liquid-crystalline phase.
Increasing cholesterol concentration abolishes the gel-to-
liquid-crystalline phase transition of DMPC, and the values
of K, at the liquid crystal temperature were the same as at
the gel phase temperature in the presence of 40 mol %
cholesterol. In the presence of 40 mol % cholesterol Prodan
exhibited the characteristic gel phase spectrum even at 50°C
(Fig. 2).

In the presence of 2.5 M ethanol DMPC forms the inter-
digitated gel phase and the partitioning of Prodan into the
lipid decreases significantly. Th&, of Prodan for the
interdigitated gel phase was only 0.3510". As little as 5
mol % of cholesterol significantly increaséd, supporting
our suggestion that the probe is preferentially located in the
400 ' 450 ' 500 ' 550 cholesterol-rich regions. Again, increasing cholesterol leads

Mom to an increasing partition coefficient for Prodan. At 40 mol
% cholesterol the interdigitated phase is abolished, so it
FIGURE 4 Prodan fluorescence spectra of DPPeth in the presence dahight be expected that the partition coefficient would be the
cholesterol in 50 mM Tris-HCl at 23.5°C. Excitation at 359 n#) ¢ffect same as for the gel phase lipid at the same temperature. The
of cholesterol on the emission spectra of Prodan fluorescence in DAPeth: lower value found suggests that the presence of 2.5 M

0 mol % cholesterol2, 5 mol % cholesterol3, 5 mol % cholesterol in the th | babl d th titioning b th |
presence of 100 mg/ml ethanoB)(Effect of ethanol on the emission ethanol probably reduces the partitioning because the solu-

spectra of Prodan fluorescence in DPPeth-20 mol % cholesterol in 50 mMPility of Prodan in the aqueous phase is enhanced.
Tris-HCl at 22°C. The arrow shows the increasing concentration of ethanol
from O (top spectrumto 100 mg/ml ethanolkottom spectrum
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DISCUSSION

Prodan has found widespread use in membrane studies
The present data suggest that Prodan is not uniformly dibecause of its large spectral shifts associated with phospho-
tributed in the lipid in the presence of cholesterol. To furtherlipid phase transitions. Prodan possesses a ketone carbonyl,
understand the distribution of Prodan in lipid bilayers in the—C = O, and dimethyammonium (Gl N— groups, each of
absence and presence of cholesterol, we have determinadhich may form hydrogen bonds with water or with mem-
the partition coefficient of Prodan in lipid bilayers as a brane components. In addition, it is known that the dimeth-
function of cholesterol concentration and phase state. Acylammonium group plays an important role in the interac-
cording to Eg. 4 and as shown in Fig./& the Prodan tion of probes with the lipid headgroups (Hsieh and Wu,
fluorescence enhancement by titration with DMPC lipo-1995; Sprinz et al., 1986). These structural properties of
somes exhibits a saturating tendency. FigB andC show,  Prodan explain its behavior in lipid bilayers. Some previous
as examples, the corresponding double reciprodalvkl  investigations of Prodan fluorescence in lipid bilayers have
1/L plots for pure DMPCl{ne 1), in the presence of 10 mol been made by Chong and co-workers (Zeng and Chong,
% cholesterol ljne 2), and 20 mol % cholesterolife 3). 1991, 1995; Zeng et al., 1993; Chong, 1988; Chong et al.,
1/F increases linearly with increasing concentration of lipid, 1989). They showed that in the gel phase the fluorescence
and thex-intercepts of these lines give the values for cal-emission maximum is around 435 nm, which was inter-
culation of the Prodan partition coefficieri,. Partition  preted as a low polarity environment in the region of the
coefficients of Prodan into DMPC in various phase states iflipid acyl chains. In the liquid-crystalline phase the fluores-
the presence of increasing concentrations of cholesterol aence emission maximum is shifted to the region of 485 nm,
shown in Table 1. In the case of pure DMPC in the gel phassuggesting a hydrophilic high polarity location near the

Partition coefficient for Prodan
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FIGURE 5 @) Effect of increasing concentration of lipid on the fluorescence intensity of Prodan in DPPC. Excitation at 35®%ura.DPPC2, DPPC
in the presence of 10 mol % cholesterd.gndC) Reciprocal plots of fluorescence intensity versus concentration of fipjpure DPPC2, DPPC in the
presence of 5 mol % cholesterd, DPPC in the presence of 20 mol % cholesterol.

phospholipid headgroup. Formation of the interdigitated gebqueezed out of the acyl chain region to the interfacial
phase shifted the main fluorescence maximum to the regioregion, or into the aqueous phase.

of 510 nm, suggesting an additional increase in the polarity Our results have correlated the partition coefficient of
of the Prodan environment (Zeng and Chong, 1991, 19952rodan into the gel or liquid-crystalline phases with the
Zeng et al., 1993; Bondar and Rowe, 1998). This suggestspectrofluorescence characteristics of the probe. The forma-
that in the interdigitated gel phase the Prodan has beetion of the liquid crystalline phase increases the partitioning

TABLE 1 Partition coefficients of Prodan in DMPC MLVs

K, (10%
Cholesterol 0 5 mol % 10 mol % 20 mol % 40 mol %*
Gel PhaseT = 10°C) 1.8 55 5.8 9.2 13.2
Liquid-Crystalline PhaseT(= 25°C) 7.6 9.6 7.8 11.1 13.0
Interdigitated Gel Pha&dT = 10°C) 0.35 3.6 2.8 657 5.1%

*Forty mol % of cholesterol abolishes the phase transition.
*These samples contain 2.5 M ethanol.
$The interdigitated phase is abolished above 20 mol % cholesterol.
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of Prodan into DMPC bilayers compared to the gel phasecharacteristic of the noninterdigitated gel phase for all con-
even while the fluorescence maximum shifts to 485 nmditions, including those where it is well established that the
indicating a more polar environment for the Prodan in thelipid is at least partially interdigitated. This is consistent
liquid-crystalline relative to the gel phase. This could occurwith the Prodan locating near the cholesterol in noninter-
either by relocation of the probe nearer to the interfacialdigitated regions of the bilayer.
region or by a greater penetration of solvent water into the The mechanism of the spectral changes in Prodan that
acyl chain region in this phase due to the greater disorddeads to the large change during the transition from gel to
and decreased packing density. interdigitated gel shown in Fig. 4 for DPPC has been
The partition coefficients of Prodan are significantly de- discussed by ourselves and others (Zeng and Chong, 1991,
creased for the interdigitated gel phase, suggesting that tHE995; Zeng et al., 1993; Bondar and Rowe, 1996; Chong,
tighter packing of the acyl chains in this phase compared td988; Chong et al., 1989; Komatsu and Rowe, 1991;
the noninterdigitated gel phase has “squeezed” the ProddBondar and Rowe, 1998). The behavior of Prodan with
out. This is consistent with the large shift of the fluorescentregard to these two lipid phases has been described as being
maximum to 510 nm, suggesting that the Prodan is locatedaused by changes in partitioning of the probe between the
on the lipid surface or even in the aqueous phase. Thessqueous solvent and the lipid bilayer (Zeng and Chong,
results are similar to those obtained by Zeng and Chond995). The spectrum for the gel phase represents Prodan in
(1995). It is this large fluorescent maximum differencethe lipid phase, whereas the spectrum for the interdigitated
between the interdigitated gel phase and the noninterdigiphase is similar to that of Prodan in water, indicating that
tated gel phase which has made Prodan a useful probe ftlhe Prodan is either in the solvent phase or in the agueous
studying the interdigitated phase. interfacial region. Our measurement of the partition coeffi-
The addition of cholesterol to the lipid bilayers dramati- cient supports this interpretation that the partitioning of
cally changes the behavior of Prodan. In the presence d®rodan into the interdigitated phase is low because of the
cholesterol in the gel phase the surface density of lipidighter acyl chain packing in this phase. The smaller bilayer
bilayers increases (De Young and Dill, 1988, 1990; Luxnathickness could also be a factor. The present study has
and Galla, 1986), which might be expected to decreasshown that Prodan continues to exhibit the characteristic
Prodan partitioning. However, in contrast, as low as 5 mohoninterdigitated spectrum in the presence of cholesterol,
% of cholesterol in the gel phase increases the partitioningven when a majority of the membrane lipids are interdig-
of Prodan into the PC bilayers, with increasing fluorescencétated. This again suggests that Prodan interacts preferen-
intensity at 435 nm. Raising the concentration of cholesterotially with cholesterol, and remains in the lipid phase in the
up to 20 mol % leads to an increase in fluorescence intensitgholesterol-rich regions, even in membranes containing
without a change in the position of the fluorescence maxi-only 5 mol % cholesterol.
mum. This increase of intensity of the emission spectrum Similar results have been observed for FME, a compound
reflects the increased partitioning resulting from the presstructurally similar to Prodan, in DPPC-cholesterol and
ence of cholesterol. DPPeth-cholesterol membranes (Bondar et al., 1998). This
In the liquid-crystalline phase, at 50°C for DPPC and atprobe is also effective for monitoring formation of the
35°C for DMPC, Prodan exhibited its maximum fluores- interdigitated gel phase in pure lipid bilayers. In the pres-
cence at 485 nm, indicating decreased hydrophobicity in itence of increasing concentration of cholesterol the FME
environment. At this temperature the introduction of cho-spectra were indicative of the noninterdigitated gel phase
lesterol leads to a shift in the maximum fluorescence ofeven where it is well known that lipid is at least partially
Prodan to 435 nm and an increase in Prodan partitioningnterdigitated (Bondar et al., 1998).
This spectrum is similar to that of Prodan in the gel phase. We have shown that Prodan fluorescence in the phospho-
These results suggest the probe has preferential interactiofipid membranes increases in the presence of cholesterol,
with cholesterol and locates in a cholesterol-rich region ofwith the fluorescence maximum shifting to a characteristic
the bilayer, which has a polarity similar to the gel phase. wavelength of 435 nm. A similar result has been shown by
Previously, Prodan fluorescence has been successfullassey et al. (1985) for Prodan fluorescence in high-density
used to study the formation of interdigitated lipid bilayers. lipoprotein (HDL) model membranes in the presence of
Fig. 4 shows the clear difference in its spectrum between thapoA with increasing concentrations of cholesterol. They
fully interdigitated and the noninterdigitated gels for DPPC.also showed that the emission maximum of Prodan in apoA/
We have also used Prodan in our study of the phase behaldMPC vesicles with 18 mol % of cholesterol was 433 nm
ior of DMPeth and DPPeth to investigate the effects ofboth in the gel and the liquid-crystalline phases, whereas in
Tris-HCI and other solvents on its tendency to becomehe absence of cholesterol the maximum fluorescence oc-
interdigitated (Bondar and Rowe, 1996). In the presenturred at 435 nm in the gel phase and at 493 nm in the
study, however, Prodan did not give results consistent withiquid-crystalline phase. However, this effect of cholesterol
the other methods used in investigating the effect of choen Prodan fluorescence was attributed to changes in hydra-
lesterol on the interdigitation of DPPeth and DMPeth. Astion rather than to increased Prodan partitioning or redistri-
shown in Fig. 4 for DPPC containing cholesterol, whosebution due to preferential cholesterol-Prodan interactions.
behavior is well documented, the Prodan spectrum waSimilarly, alterations in the wavelength maxima of Prodan
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