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SUMMARY : A long chain spin labeled fatty acid and the corresponding ester 
have been introduced into receptor rich membranes from Torpedo Marmorata. 

Superimposed to a mobile component, typical of the Lipid phase, a strongly 
immobilized component is seen on the ESR spectra, both at Low temperature 
(-4°C) and at room temperature. An estimation of the amount of immobilized 
signal as a function of the concentration of spin Label in the membrane shows 
that a saturation is reached which corresponds to approximately twice the 
concentration of receptor protein. In the same membranes, a spin labeled 
phosphatidytchotine was introduced by the release of the phosphatidytchotine 
analog from purified phosphatidytcholine exchange protein, pretoaded with 

this spin Label. No immobilized component is seen in this Latter case even 
at low temperatures. Therefore the immobilized component seen with the fatty 
acid cannot be considered as reporting on an immobilized boundary Layer of 

phosphotipids surrounding the proteins. We attribute the immobilized signal 
seen with fatty acids and esters to a particular interaction of amphiphilic 
molecules with the cholinergic receptor protein. Very likely this effect can 
be associated with the local anaesthetic effect detected previously with 
this fatty acid. 

INTRODUCTION : 

In 1975 we have shown that a spin Labeled fatty acid can have pharmaco- 

logical properties on Torpedo membrane fragments Cl). Namely 8 doxyt patmi- 

tic acid behaves like a local anaesthetic as judged from etectrophysiotogicat 

experiments. At that time we were unable to show any evidence of the binding 

by electron spin resonance. Recently Marsh and Barrantes demonstrated that 

it is possible to see with spin Labeled fatty acids incorporated into Torpedo 

membranes an immobilized component in addition to the fluid component which is 

found in aqueous bitayer dispersions of the extracted Lipids (2). To observe 

the spectrum at tow temperature (-4°C) helps to separate the 2 components whe- 

never using 16 doxyt stearic acid; however using different spin Labeled fatty 
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acids the authors could show that very Likely 2 components exist even at hi- 

gher temperatures. Their interpretation of the results was that the immobiti- 

zed component corresponded to a rigid phosphotipid phase, which was assumed 

to be the total interstitial Lipids occupying the area between the densely 

packed protein units in acetytcholine receptor rich membranes. In this arti- 

cle we wilt show that a spin Labeled phospholipid, introduced in the membra- 

nes with the help of purified phosphatidytchotine protein does not give rise 

to an immobilized component. Furthermore the amount of immobilized signal 

obtained with a fatty ester (or acid) is saturable when the concentration of 

fatty ester is increased. The maximum number of immobilized spin Labels cor- 

responds to about twice the cx toxin binding sites. 

MATERIALS AND METHODS 

Membranes enriched in chotinergic receptors were prepared from fresh 
electric organ from Torpedo marmorata, according to the method of A. SobeL 
et at. (3). The number of receptor sites was determined by the millipore fit- 
tration method (4); protein determination by the method of Lowry et al. (5) 
and phosphate titration by the method of Rouser et al. (6). The specific 
activity of our preparations was about 3 p mole of 3H a toxin binding sites/g 
of protein. 

Spin Labels : 16-doxyt stearic ester and acid were synthesized accor- 

ding to Hubbell and MC ConneLl (71, with the nitroxide ring at the 16th car- 
bon atom. The corresponding spin labeled phosphatidytchotine was synthesized 
by reacting excess spin Labeled anhydride with egg lyso Lecithin (7). 

Phosphatidytchotine exchange protein was purified from bovine Liver as 
described in (8). It was stored at -10°C in 50% glycerol (voL/vol) at a con- 
centration of 250 pg (8.6n mote of protein/ml). 

Incorporation of the spin Labels : The spin Labeled fatty acid or ester was 
added to a glass tube from a concentrated ethanolic solution. The ethanol was 
dried under nitrogen and the membrane suspension added. This mixture was 
gently shaken for a few minutes and transfered to a 50 1.11 ESR flat quartz 
cell. The maximum amount of labels per membrane phosphotipid was calculated 
to be < 1%. Double integration of the ESR signal showed that usely Less La- 
bel was present due to adsorption onto the glass tube. 

In order to incorporate the spin Labeled phosphotipid, sonicated vesi- 
cles of this pure spin label were prepared (ULtrason Amemasse, 20' at 0°C 
under nitrogen), and freed of all fatty acid traces by incubation with a bo- 
vine serum albumin polymer (9). The purified exchange protein was mixed with 
the vesicles at 37°C. After one hour incubation, the phosphatidytchotine ex- 
change protein was separated from the vesicles and glycerol on a column of 
Biogel A.0.5 M (Biorad Laboratories) equilibrated and eluted with Hepes so- 
dium chloride buffer. 

Phosphatidylchotine exchange protein was then mixed with the Torpedo 
microsacs at room temperature C2n mote cholinergic receptor plus 2 to 4 n 
mote of phosphatidylchotine exchange protein in 0.4 ml Torpedo ringer). The 
membranes were concentrated after 10 minutes incubation and transfered to an 
ESR quartz cell. Final spin labeled phosphatidylcholine concentration was 40 
to 80 pMoLar (obtained from double integration of spectra) for 40 pflolar cho- 
Linergic receptor. For experiments at -4"C, 10% sucrose was added to the 
Ringer solution. More details about the procedure of incubation with the phos- 
phatidylcholine exchange protein wit1 be published elsewhere (IO). 

872 



Vol. 90, No. 3, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ESR experiments : A Varian E 109 spectrometer connected to a Tektronix 4051 

computer and provided with a field frequency lock was used to obtain the ESR 
spectra which were stored on tape. Spectra could be subtracted from each 
other and plotted on the XY recorder. 

In order to estimate the amount of immobilized component present in the 
various samples, an arbitrary strongly immobilized signal, having an adequate 
extreme splitting C2T'//), was computer subtracted from the experimental 

spectra. This procedure was employed ulrtit evidence of a negative signal 
could be detected, particularly in the tow field region. For more details on 

such quantitative estimations as first introduced by Jost et at. (II) see 
Davoust et at. (12). When very high concentrations of ester were used, it was 
found necessary to subtract another component corresponding to a single very 

broad tine due to micette formation or spin Label segregation in the membra- 
nes which is Likely to happen at Low temperatures. As a result, in this Lat- 
ter case, a greater uncertainty was introduced in the determination of the 
ratio of immobilized versus free Labels present in the membranes. 

RESULTS -- 

The ESR spectra of the stearic acid spin Label and of the corresponding 

phosphatidytchotine spin Label in acetytchotine rich membranes, at -4"C, are 

shown in figure IA and B. The top spectrum is identical to that observed by 

A 

Figure 1 : ESR spectra of lipid spin labels in acetylcholine receptor rich 
membranes from Torpedo marmorata electric organ. The upper spectrum A is ob- 
tained with 16 doxytstearic acid at -4°C (the arrows indicate evidence of a 
strongly immobi Lized component). Middle spectrum B is obtained with the cor- 

responding phospholipid. Spectrum C is the difference between A and B. Spin 
label concentration is equal to CL toxine binding site concentration.40 PM. 
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A 

B 

Figure 2 : Comparison of the ESR spectra of the fatty acid CA) and the phos- 
pholipid spin label 03) at 17°C in Torpedo membrane fragments. The low field 
region is enlarged to show the immobilized component present on the fatty 
acid spectrum CA). 

Marsh and Barrantes (2). It can be obtained both with the fatty acid and the 

ester of 16 doxyl stearic acid. An immobilized component is clearly seen. It 

is indicated by an arrow on figure IA. The spectrum B does not have the immo- 

bilized component. If it exists, it must correspond to a much smatter frac- 

tion C< 10%). Spectrum C is in fact the difference between A and B. It shows 

a characteristic immobilized signal superimposed with very narrow lines cor- 

responding to the fatty acid in water. At the normal physiological temperatu- 

re of Torpedo membranes C= 17"C), the immobilized component is also visible 

on the spectrum corresponding to the fatty acid but not on the spectrum ob- 

tained with the spin labeled phosphatidytcholine (figure 2). An estimation 

of the fraction of immobilized component in the various samples is summari- 

zed on Table I. A striking difference exists between the fatty acid and the 

phosphotipid. No evidence of competitive effect of the Local anaesthetic 

quotane with the spin labeled fatty acid or ester was found. 

In the case of the ester, various concentrations of probes were tested 

in order to see if a saturation exists. Figure 3 shows the results. The un- 

certainty increases as the concentration increases due to micette formation 

(see materials and methods). However it appears from figure 3 that it is not 

possible to assume a linear increase of the amount of immobilized component. 

The results suggest a saturation corresponding to about twice the concentra- 

tion of receptor sites. 
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TABLE I 

Spin label T°C % Immobilized spin label 

16 Doxyl stearic acid -4 35 - 40 

+17 35 - 40 

16 Doxyl stearic ester 0 35 - 40 

+17 35 - 40 

16 Doxyl phosphati - -4 < 10 

dylcholine +17 < 5 

+ quotane ImM 

35 - 40 

35 - 40 

< 10 

Spin label concentrations are equal to the concentration of 
3 

Hotoxin 

site present in the membrane suspension. 

100 200 300 400 500 

TOTAL SPIN LABELED ESTER IN THE MEMBRANE (?M). 

Figure 3 : Estimation of the immobilized spin label ester amount as a function 
of its total concentration in the membranes. 

DISCUSSION 

The results presented here show that in chotinergic receptor rich mem- 

ranes from Torpedo marmorata, a fatty acid or ester can be strongly immobi- 

lized but that phosphotipid chains are not. 
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In this study the spin labeled phosphatidylcholine is introduced with 

the help of purified phosphatidyt choline exchange protein. Such a proce- 

dure certainly does not perturbe the membrane structure. However it is likely 

that the labeled phospholipid is introduced only at the outer layer of the 

membrane (9). The fatty acid and the ester also penetrate the membranes on 

the outer layer but the flip-flop rate of a single chain is certainly much 

higher than that of phospholipids. Therefore one may question if the diffe- 

rence observed on the ESR spectra is due to differences in the distribution 

of spin labels. This assumption is very unlikely for the following reasons. 

MC Namee and MC ConneLL (13) have shown that in excitable microsacs of elec- 

tric eel, which are comparable to the Torpedo membranes, the flip-flop rate 

of phosphatidytchotine is fast (a few minutes). Furthermore, we have recorded 

the spectrum given by the spin Labeled phosphatidylchotine in the membranes 

after 12 hours incubation at room temperature, without seeing the appearance 

of an immobilized component. 

The immobilized signal produced by fatty acid is better seen at Low 

temperature (-4"~) and its quantitative estimation easier. Very Likely the 

amount of immobilized component is identical at 17°C. However, the uncertain- 

ty is Larger at this temperature, so that it cannot be ruled out that a small 

temperature dependance effect exists. We have shown, using a spin Labeled 

fatty acid chain covalentty bound to rhodopsin incorporated in egg Lecithin, 

that low temperatures induce the appearance of an immobilized component. 

This immobilized component desappears at physiological temperature. This 

phenomenum is attributed to partial seggregation of the Lipids at Low tempe- 

rature favouring protein-protein aggregation (14). The same explanation can- 

not be valid in the case of the Torpedo microsacs. Since the chotinergic re- 

ceptor protein does not diffuse even at 30°C (15). As judged from electron 

micrographs protein are permanently in close contact. 

We therefore conclude that fatty acids and esters have access to a spe- 

cial region of the cholinergic protein not accessible to a phosphatidytcho- 

Line. The immobilized component seen with a spin Labeled fatty acid or ester 

would not be representative of a rigid phosphotipid phase surrounding the 

proteins as suggested by Marsh and Barrantes (2). It would rather correspond 

to the binding of these amphiphilic molecules to the proteins. This conclusion 

is supported by the fact that fatty acids have a Local anaesthetic activity 

which could imply the binding to an hydrophobic site of the proteins. It 

should be recalled that several toxins Ccrotoxin for example (16)) are site 

directed phosphotipase A2 enzymes. The toxicity seems to come from the release 

of fatty acids in the direct vicinity of the cholinergic receptor protein. 
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