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The synthesis of a new paramagnetic (nitroxide) analogue of cholesterol is described. This compound (called 
CNO) contains a doxyl group in the lateral chain at position 25. Our results show that CNO retains three 
molecular interactions which characterize authentic cholesterol: (1) It assumes an orientation perpendicular 
to the phospholipid bilayer with the doxyl group buried in the membrane core, as seen by ESR spectroscopy. 
(2) It widens the transition temperature of dimyristoylphosphatidylcholine, to the same extent as cholesterol, 
as measured by Raman and ESR spectroscopies. (3) It interacts with polyene antibiotics, such as 
amphotericin B and filipin, in the same manner as its model. This was proved on the one hand by the change 
in fluorescence of self quenched vesicle-entrapped calcein, after dilution in the external medium, provoked 
by filipin, and on the other hand by fluorescence quenching provoked by cobalt ions entering the vesicles 
under the influence of amphotericin B. We concluded that CNO, although it has a side chain different from 
genuine cholesterol, can help to solve many physiologically meaningful questions related to the distribution 
and movement rate of cholesterol itself. 

Introduction 

Cholesterol is one of the major components in 
biological membranes,  in some cases 50% of the 
total lipid content. The exact role of sterols in 
membrane  structure and function remains unclear, 
in spite of the extensive literature devoted to this 
topic. For example, there have been many con- 
troversies concerning the stoichiometry of lipid- 

Abbreviations: TLC, thin-layer chromatography; DMPC, di- 
myristoylphosphatidylcholine; MLV, multilamellar vesicle; 
SUV, small unilamellar vesicle; CNO, 25-doxyl cholesterol; 
ESR, electron spin resonance; Tri-Sil TBT, a powerful silylat- 
ing mixture composed of N-trimethylsilylimidazole/N,O- 
bis(trimethylsilyl)acetamide/trimethylchlorosilane. 
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cholesterol complexes [1], the factors governing 
the distribution of cholesterol in membranes [2,3], 
as well as the existence of more than one pool of 
cholesterol in cells [4,5]. Moreover, almost nothing 
is known about the origin of the large distribution 
differences between cell membranes [6]. 

In order to investigate the formation of com- 
plexes between cholesterol and lipids or proteins, 
or the mechanism of its exchange between cell 
membranes,  many analogues of cholesterol have 
been synthesized, including radiolabeled, fluo- 
rescent [7,8], 13C spin labeled [9] and para- 
magnetic [10-12] probes. The paramagnetic ana- 
logues of cholesterol are particularly interesting 
since the ESR time scale (between 10 -9 and 10 -3 
s) is convenient for determining when a small 
molecule forms complexes with larger systems. 
However, as in every probing method, it is im- 
portant  to known whether the labeling prevents 
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the analogue from correctly mimicking the be- 
haviour of genuine cholesterol. Many para- 
magnetic components used until now have been 
inadequate in this respect since cholesterol loses 
some very important parts of its structure (hydro- 
phobic tail, 3-hydroxyl group or 5-6 double bond) 
which often condition its reactivity. Recently, a 
paramagnetic analogue of cholesterol was synthe- 
sized by Keana et al. [12] by adding the 
nitroxide-containing ring after the D ring, without 
significantly disturbing the molecular properties 
of cholesterol. 

In this paper, we describe the synthesis of a 
new paramagnetic analogue of cholesterol with 
nitroxide at the end of the tail (see formula B 
below). 

We verified that the analogue possesses the 
same properties as genuine cholesterol in three 
respects: (i) its physical orientation in membrane 
as seen by ESR spectroscopy; (ii) its effect on the 
transition temperature of dimyristoylphosphati- 
dylcholine (DMPC) as measured by ESR an d  
Raman spectroscopy; (iii) its effect on the permea- 
bility properties of phospholipid membrane con- 
taining polyene antibiotics such as amphotericin B 
and filipin, as seen by fluorescence spectroscopy. 
In another paper (Lange, R, Maurin, L., Larroque, 
C. and Bienvenue, A., submitted to J. Biol. Chem.), 
we describe the evidence that this paramagnetic 
cholesterol is a good probe of cholesterol-cyto- 
chrome P-450 ~c (side chain cleavage) interac- 
tions. 

An ESR study of molecular interactions be- 
tween this new compound and some polyene anti- 
biotics is in preparation. 

Materials and Methods 

Chemicals. Egg phosphatidylcholine (type III 
E), DMPC (98%), amphotericin B, filipin and 
ergosterol were purchased from Sigma. Cholesterol 
was generously donated by Laboratory l'Oreal; 
27-nor-5-cholestene-3fl-ol-25-one was obtained 
from Steraloids Inc; 2-amino-2-methyl-l-propanol 
(99%), m-chloroperbenzoic acid, TLC plates 
(KieselGel 60/KieselGur F254), and calcein were 
from Merck. 

Miscellaneous. Measurements were done on a 
N M R  Brucker WR 300 S / Y  apparatus, on a Jeol 

JMS-DX 300 mass spectrometer and on a Perkin- 
Elmer 457 infrared spectrometer. 

Raman spectroscopy experiments. Raman spec- 
tra were displayed on a OMAR 89 apparatus from 
Dilor-France interfaced with an Apple IIe micro- 
computer. The sample (about 50 m g /m l  lipid in 
water, in the form of MLV) was irradiated by an 
Ar ÷ Spectra-Physics, model 2020-03 laser (500 
mW at 514.5 nm). The spectrum, centered on 2900 
cm-1 was obtained by retrospectroscopy on sedi- 
mented vesicles in 50 /~1 cuvettes thermostated 
( _+ 0.2 ° C) in a home-made device. After base-line 
correction, the amplitude ratios of the characteris- 
tic lines were computed. 

ESR spectroscopy experiments. Oriented sam- 
ples were obtained essentially as described by 
Oehlschlager et al. [13], by avery  slow drying of a 
water suspension of sonicated SUV on quartz 
plates. Nonoriented spectra were obtained in flat 
quartz cells with a thermoregulated device 
( _+ 1 ° C). The ESR spectrometer was a Brucker ER 
200D apparatus, interfaced with an Apple II + 
microcomputer. 

Permeability studies. Liposome SUV suspen- 
sions were prepared by dissolving known amounts 
of phospholipids and sterol in chloroform. After 
removal of the solvent, these lipids were sus- 
pended in 300 ~tl, 10 mM Tris buffer (pH 7.4) (150 
mM NaCI, 100 mM calcein), with a Vortex mixer 
and sonicated for 15 rain at 4°C,  or 20 min at 
37°C if cholesterol was present with a Branson 
B-30 sonifier. After sonication, external calcein 
was eliminated by gel filtration (ACA 202 
column, 1.2 × 10 cm). The total concentration of 
phospholipids in the new suspension was de- 
termined by total phosphate titration and sterol 
concentration by gas chromatography on a Girdel 
300 apparatus, after derivation with Tri-Sil®/TBT 
(Pierce). 

Fluorescence experiments. Calcein fluorescence 
was measured (490 nm excitation, 520 nm emis- 
sion) with a Jobin Yvon JY3 apparatus as follows: 
15 /zl of vesicle suspension (75 nmol of phos- 
pholipids) were diluted with 1.5 ml of Tris buffer; 
the desired amount of amphotericin B or filipin 
was added from a freshly made solution 2 mg 
antibiot ic/ml dimethyl formamide (DMF). For 
measurements with amphotericin B, 40 nmol of 
cobalt chloride solution were added. All experi- 



ments were carried out at room temperature. 
Synthesis. 27-Nor-25-doxyl-3-fl-ol-5-cholestene 

(hereafter called CNO) was performed from 27- 
nor-5-cholestene-3fl-ol-25-one essentially as de- 
scribed by Keana et al. [14]. The first step was the 
condensation of the 25-keto derivative with 2- 
amino-2-methyl-l-propanol to give an unstable 
oxazolidine 25-ring (A). A was then oxidized very 
gently with m-chloroperbenzoic acid in chloro- 
form at 0 ° C. The reaction was stopped by pour- 
ing into an aqueous hydrogen carbonate solution, 
when the oxazolidine derivative had disappeared, 
as checked by TLC (chloroform/ethyl  acetate 
(84 : 16, v /v )  as an eluant). A small amount (less 
than 20%) of another compound (presumably the 
5,6-epoxide derivative) appeared in this procedure. 

t 
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H 

The CNO compound B was finally purified by 
HPLC (inverted phase C18 column on a Waters 
apparatus) by elution with an acetonitri le/water 
(86:14, v /v )  mixture. The CNO chemical struc- 
ture was assessed by spectroscopic methods. In- 
frared spectroscopy gave: NO (1365 and 1380 
cm-1)  and OH (broad band around 3400 cm-1).  
1H-NMR spectroscopy showed easily identifiable 
peaks among others shifted by paramagnetic ef- 
fect provoked by the nitroxide radical:19, CH 3 
1.04 ppm; 21, C H  3 1.6 ppm; 6 H 5.35 ppm with 
the expected 1 /3  ratio of H signal to the C H  3 

241 

signal. Mass spectroscopy showed a molecular 
peak at m / z  = 472 and two other main peaks 
corresponding to the doxyl ring cleavage produc- 
ing the 25-oxo derivative (m / z  = 386), and to the 
side chain cleavage and loss of H 2 0  (m / z  = 255). 

Results 

Orientation of CNO in model membrane 
Three experiments were undertaken to show 

that cholesterol was perpendicular to membrane 
plane. Fig. 1 shows the ESR spectra of CNO 
included in oriented multilayers of phosphati- 
dylcholine. The difference between the two spec- 
tra can be characterized by three parameters (TII' 
= 18.1 G; T_~ = 12.4 G, AH'---2.5 G), where T '  
and A H '  represent the effective hyperfine param- 
eters (symbols II and _/_ refer to the direction of 
the nitroxide rr* orbital with respect to the main 
magnetic field). These three values are related to 
the residual distribution anisotropy of the probe 
in the membrane [15], due to the fast movement of 
the hydrophobic tail of CNO. As expected, the 
two T '  values were not very different, and the 
CNO order parameter [16] was almost the same 
(S = 0.22) as what was observed in the same mem- 
brane with a fatty acid probe spin labelled near 
the w end of the tail (S = 0.25, not shown). From 
these values, a theoretical non-oriented spectrum 
could be computed [17]. Fig. 1 shows that experi- 
mental and calculated spectra are in very good 
agreement. 

Another way to prove that CNO is oriented so 
that the doxyl ring is completely buried in the 
bilayer center, is to check the accessibility of the 
free radical by water soluble molecules. It is well 
known that ascorbate ions do not penetrate the 
membrane below 4 ° C  [18]. At this temperature, 
the amplitude of the ESR signal of diluted CNO 
( C N O / e g g  phosphatidylcholine,  molar  ratio 
1:200) in sonicated vesicles was not reduced by 
10 mM ascorbate for 1 h (not shown). Indeed, the 
same result was obtained at 37 o C. 

CNO effect on phospholipid phase transition 
Perhaps the most documented effect of 

cholesterol on membrane is the stabilization of its 
fluidity (for a review, see Refs. 6,20). By different 
spectroscopic and calorimetric techniques, the 
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Fig. 1. ESR spectra of oriented egg phos- 
phatidylcholine multilayers containing CNO 
at the 1:2500 molar ratio, with magnetic 
field perpendicular (a) or parallel (b) to the 
supporting plate. Spectrum (c) corresponded 
to non-oriented sample: ( ) experimen- 
tal; ( - - - - - )  calculated with the T~ and 
T~(, and a l l '  reported in the text, with the 
following widths for the low (1), middle (0) 
and high ( - 1) field peaks, in Gauss: LW± (1) 
=1.4; LW±(0) =1.3; L W ± ( - 1 )  = 2.0; 
LWI~(1 ) = 1.9; LWlI(0 ) = 1.8; LWll ( - 1) = 2.2, 
according to the results of spectra (a) and (b). 
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Fig. 2. Comparison of CNO and cholesterol 
effect on C - H  stretching band intensity by 
Raman spectroscopy. Amplitude ratio (see 
inset for definition of h 1 and h2) versus 
temperature  for pure D M P C  (A), 
CNO/DMPC (O), cholesterol/DMPC (O) 
1:50 molar ratio and CNO/DMPC (O), 
cholesterol/DMPC (n), 1 : 5 molar ratio. In- 
set: experimental Raman spectra of pure 
DMPC MLVs, above ( . . . . . .  ) or below 
( ) the transition temperature. Mean 
error bars are shown at extreme tempera- 
turcs. 
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condensing and fluidizing effects of cholesterol 
have been clearly established in model systems 
and biological membranes. As a general rule, 
cholesterol provokes an increase in membrane 
fluidity below the transition temperature, but a 
decrease above. It was thus very important to 
check the effect of CNO on the phase transition of 
the phospholipid bilayer. We chose to do this by 
observing the ratio of two C-H stretching Raman 
band intensities (at 2843 and 2875 cm -1) since it 
has been shown that this ratio clearly depends on 
the physical state of the hydrophobic fatty acid 
tail in membranes [20]. As shown in the inset in 
Fig. 2, the ratio of the band heights h 1 and h 2 
from pure DMPC MLV was higher above the 
transition temperature (23°C) than below. The 
complete variation of this ratio is displayed in Fig. 
2 as a function of temperature, with MLV contain- 
ing either pure DMPC, or cholesterol /DMPC or 
C N O / D M P C  in molar ratio of 1 :50  or 1:5,  
respectively. In the limit of our experimental error 
variation, the temperature dependance of the 
h2/h ~ ratio is identical whether DMPC is supple- 
mented with CNO or with cholesterol. This sug- 

gests a very similar CNO and cholesterol effect on 
lipid phase transition. 

In another approach, the ESR spectra of CNO 
in DMPC MLV (Fig. 3, inset) showed that the 
signal amplitude was clearly lowered by decreas- 
ing the temperature below the transition tempera- 
ture. The H~ amplitude can be used to char- 
acterize the effects (Fig. 3), /-/1 varied identically 
with C N O / D M P C  ratios of 1:2500 and 1:50. 
With a ratio C N O / D M P C  of 1:5,  broadened 
spectra were obtained and H 1 measurements are 
not comparable (not shown). 

From the Raman and ESR studies, we can 
conclude that CNO acta on the phospholipid phase 
state like cholesterol itself. 

Membrane permeabifity enhancement by CNO in- 
teraction with polyene antibiotics 

One of the most studied molecular interactions 
of cholesterol is that occurring with polyene anti- 
biotics (for a review, see Ref. 21). The main effect 
of this interaction on membrane is an increasing 
permeability for different kinds of molecules. This 
point is discussed more completely in the compa- 
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Fig. 3. Detection of DMPC phase transition 
by ESR spectroscopy of CNO, above or be- 
low the transition temperature. Variation in 
amplitude H 1 (see inset for definition of/-/1) 
versus temperature, for CNO/DMPC molar 
ratios of 1 : 2500 (A), 1 : 50 (e). Inset: experi- 
mental spectra of CNO in DMPC vesicles. 
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nion paper. As a rule, however, permeability is 
relatively specific for small molecules or ions with 
the cholesterol-amphotericin B interaction while 
cholesterol-containing membranes tend to disrupt 
when filipin is added. In the present paper, we 
describe a new method, based on fluorescence 
measurements, to prove that CNO and cholesterol 
interact similarly with these antibiotics, at least 
with respect to permeability. This method is based 
on two different properties: (i) the well-known 
self-quenching effect of high concentrations of 
calcein and (ii) the cobalt quenching of calcein 
fluorescence, which is easily measurable because 
of the very high affinity of these two particles. The 
principle of the method is described in Scheme I. 

A high concentration of calcein is enclosed in 
cholesterol- or CNO-containing SUV, thus giving 
a relatively low fluorescence yield. With the ad- 
dition of an antibiotic, permeability increases. If 
calcein cannot cross the membrane, while cobalt 
can (for example because of pore selectivity), an 
addition of cobalt outside the vesicle must pro- 
duce a decrease in fluorescence intensity as soon 
as cobalt enters the vesicles. On the other hand, if 
calcein is able to cross into the outside medium 
and become diluted, a large increase in fluores- 
cence follows the addition of antibiotic, when no 
cobalt is added. 

As seen in Fig. 4A, the addition of amphoteri- 
cin B to calcein-containing vesicles did not modify 
the fluorescence of the sample, showing that 
calcein did not leak into the external medium. By 
contrast, after the addition of cobalt, a fast fluo- 
rescence quenching occured until the fluorescence 
reached a plateau. This means that cobalt entered 
the vesicles, presumably because it is smaller than 
calcein. The position of this plateau depended in a 
saturable manner on the amount of amphotericin 
B added. The plateau reached at very high 
amphotericin B concentrations was near the fluo- 
rescence level obtained after the addition of Tri- 
ton X-100, which completely dissociated the lipo- 
somes. There was a cobalt-provoked fluorescence 
decrease even in the absence of amphotericin B, 
obviously because part of the observed fluores- 
cence came from a small amount of nonenclosed 
calcein. The same kind of experiments were repro- 
duced with different sterol/phospholipid ratios 
and with different kinds of sterols, namely 
cholesterol, CNO, and ergosterol. The plateau 
position, relative to the maximum observable ef- 
fect (see Fig. 4A for a definition of the parameters 
A F  and AFma~), is plotted in Fig. 4B versus the 
amphotericin B/sterol  molar ratio. The curves 
were hyperbolic in shape. On the other hand, the 
saturation effect was reached with a lower 
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Fig. 4. Fluorescence study of amphotericin B 
induced enhancement of membrane permea- 
bility. (A) Fluorescence intensity of en- 
trapped calcein (100 mM internal concentra- 
tion) in cholesterol/egg phosphatidylcholine 
(1:4 molar ratio) vesicles (55 #M in phos- 
pholipid) after addition of amphotericin B, 
then 5 rain later of cobalt ion (30 #M final). 
The added amphotericin B was at the follow- 
ing final concentration (#M): (a) 0; (b) 1; (c) 
5; (d) 10; (e) 15; (f) 20; (g) 30. a0 is control 
without cholesterol in vesicles treated or not 
by amphotericin B. The last position (h) was 
obtained after addition of Triton X-100 
(0.01% final concentration). (B): Effect versus 
amphotericin B/sterol molar ratio plot. A F 
and A Fm~ were defined in part A. The sterol 
concentrations were CNO: (n) 12 #M; (A) 6 
#M; (©) 2 #M; cholesterol: (O) 10 #M; ( i )  
3 #M; (-) 1/~M; ergosterol: (-~) 13 #M; ( Q )  

0.6 ~M. 
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Fig. 5. Fluorescence study of filipin inducezl 
enhancement in membrane leakage. (A) Fluo- 
rescence intensity of calcein (100 raM) ini- 
tially entrapped in cholesterol/egg phos- 
phatidylcholine (1:4 molar ratio) vesicles (55 
~M in phospholipid) in solid lines or vesicles 
without cholesterol in dashed lines (and in- 
dex o), after addition at time zero of filipin at 
final concentrations (in /~M): (a) 0; (b) 4; (c) 
5; (d) 6.6; (e) 8; (f) 9; (g) 10; (h) 11; (i) 14 
and 20; (j) 0 but 0.01% Triton-X-lO0. (a0) 0; 
(fo) 9; (Jo) 20. (B) Effect versus filipin/sterol 
molar ratio plot. / iF  and AFros, were de- 
fmod in part A. The sterol were CNO: (El) 12 
]~M; (zx) 6/~M; (C)) 2/JM; cholesterol: (A) 7 
~M; (e) 6 ~M; (I) 1.7 ~M. 



amphotericin B/sterol ratio when the sterol/phos- 
pholipid ratio was higher, quite independent of 
the chemical structure of the sterol. 

The results were quite different when filipin 
was added to calcein-containing vesicles. Filipin in 
fact provoked a fast and large fluorescence in- 
crease, corresponding to a leakage of calcein, either 
through the membrane or by disruption (Fig. 5A). 
Here again, a plateau was reached in 10-20 
minutes, its position depending on the added fill- 
pin concentration. Moreover, a very high con- 
centrations of filipin gave the same fluorescence 
enhancement as Triton X-100, which completely 
disrupted the vesicles. In Fig. 5B, the plateau 
position A F, relative to the maximum observable 
effect A Fm~ is plotted versus the filipin/sterol 
molar ratio. The curves seem much more cooper- 
ative in this case than with amphotericin B (Fig. 
4B), showing a threshold concentration of filipin 
which decreases as the sterol/phosphohpid molar 
ratio increases in the vesicle membrane. 

Discussion 

This work provides good evidence that CNO 
can be used to report the physical behavior and 
molecular associations of cholesterol, at least in 
three respects. The first is related to the molecular 
distribution in the phospholipid bilayer. ESR 
spectra of CNO in oriented multilayers (Fig. 1) as 
well as the nonreactivity of the nitroxide moiety 
with a water soluble reactant such as ascorbate, 
indicate that CNO is arranged in the membrane, 
perpendicular to its mean plane, with the hydroxyl 
group near the aqueous phase, exactly like 
cholesterol itself, as observed by many differents 
physical methods (for a review, see Ref. 6). The 
order parameter computed from ESR spec- 
troscopy at C-25 (0.22) is different from the one 
(S = 0.66) computed at C-24 by Dufourc et al. 
[22] from H2-NMR experiments. Besides the fact 
that the two values are not related to the same 
carbon atom, the difference could be due to one or 
all of the following three effects: (i) the known 
effect of a doxyl ring on order parameter [23]; (ii) 
a relative large (20-40 o ) angle between the orbital 
axis and the axis of segmental motion [24]; (iii) an 
'immobilizing' effect on the hydrophobic tail when 
a large cholesterol concentration is used for NMR 
experiments. 
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The second is related to the organizing effect of 
cholesterol on fatty acid chains in phospholipid 
membranes. It must be emphasized that this point 
was checked by method other than ESR, namely 
Raman spectroscopy, to ensure that the observa- 
tion of the probe properties did not influence the 
measurement itself. As shown in Fig. 2, the CNO 
and cholesterol effects on DMPC phase transition 
are nearly identical, as far as the trans/gauche 
conformational ratio is concerned [19]. This point 
was confirmed by the ESR spectra (Fig. 3). The 
expected effect of a temperature decrease on re- 
ducing the movement of the probe, was a decrease 
in the overall spectrum, which was exactly the 
same for CNO/phospholipid ratios of 1:2500 
and 1 : 50. 

The third point studied here concerns the evi- 
dence that CNO can mimic correctly cholesterol 
in its interactions with polyene antibiotics. The 
leakage of small ions (cobalt) or of a larger mole- 
cule (calcein) was used to determine whether CNO 
interacts with these antibiotics. As expected, the 
two antibiotics did not have the same effect. 

Amphotericin B is known to increase the per- 
meability of the membrane quite specifically for 
small molecules or ions [25,26]. For example, it is 
well known [26,27] that H ÷ and K ÷ can cross 
amphotericin-B-treated membranes, like cobalt, as 
shown in Fig. 4A. By contrast, slightly larger 
molecules like glucose (and calcein, as shown in 
Fig. 4A) cannot cross these membranes. With 
filipin, our results reported in Fig. 5A are in 
agreement with a complete disruption of the mem- 
brane by interaction between sterols and the anti- 
biotic. The other difference between the two anti- 
biotics consists on the shape of the dose effect 
curve. With amphotericin B, a simple equilibrium 
constant could be used to characterize the interac- 
tion with sterol. However, we did not attempt a 
more precise interpretation of these results be- 
cause it has been shown by Bolard et al. [28] that 
the actual concentration of amphotericin B in 
membrane is very difficult to determine, since it 
also exists in many other states, such as pure 
amphotericin B or phospholipid-mixed micelles, 
and aqueous sterol-amphotericin B complexes. 
With filipin, the dose-effect curves are much more 
cooperative (Fig. 5B) probably because an associ- 
ation between several components is needed to 
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cause  the leakage of calcein in to  the external  
med ium,  p r e s u m a b l y  by  d i s rup t ion  of  the mem-  
b rane  [29]. W h e n  the sterol  concen t ra t ion  was 
high in membrane ,  the threshold  f i l i p i n / s t e r o l  
mola r  ra t io  was a r o u n d  1, bu t  it  increased cons id-  
e rab ly  when the s terol  was less abundan t .  Larger  
amoun t s  of  ei ther  an t ib io t ic  were needed  to p ro-  
voke  a given effect when the s t e r o l / p h o s p h o l i p i d  
mo la r  ra t io  was lower, as expected  by  the mass  
ac t ion  law. Amphote r i c in ,  however,  needed  much  
more  sterol in m e m b r a n e s  than  fi l ipin to p rovoke  
a measurab le  effect (Figs.  4B, 5B). Fu r the rmore ,  
wi th  the two ant ibiot ics ,  the a n t i b i o t i c / s t e r o l  ra t io  
resul t ing in a leakage  is a lmos t  the same, wi th  
C N O  and  with cholesterol  (Figs.  4B, 5B). As  al- 
r eady  observed  the in te rac t ion  be tween a m p h o -  
ter icin B and  ergosterol  is greater  than  with  
choles terol  and,  as we saw, wi th  CNO.  

To summarize ,  C N O  can qui te  precisely mimic  
genuine  choles terol  in three of its molecu la r  ef- 
fects in membrane .  As men t ioned  above,  C N O  is 
also a good  ind ica tor  of  the in terac t ions  of 
choles terol  wi th  cy tochrome  P-450 . . . .  an enzyme 
f rom adrena l  cor tex  m i t o c h o n d r i a  [4]. Thus,  this 
pa r amagne t i c  c o m p o u n d  can be  used to s tudy 

m a n y  molecu la r  p roper t i e s  of choles terol  b y  E S R  
spec t roscopy  (such as la te ra l  and  t ransverse  diffu- 
s ion rates in membrane ,  exchange be tween  mem-  
b ranes  ei ther  in one cell type  or  be tween  two 
dif ferent  ones, etc.), wi th  the assurance  that  the 
resul ts  ob t a ined  wi th  this p robe  can r easonab ly  be  
t rans fe r red  to choles terol  itself. 
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