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Summary 

Freely diffusable lipid spin labels in bovine rod outer  segment disc mem- 
branes display an apparent two-component  ESR spectrum. One component  is 
markedly more immobilized than that found in fluid lipid bilayers, and is attri- 
buted  to lipid interacting directly with rhodopsin. For the 14-doxyl stearic acid 
spin label this more immobilized component  has an outer  splitting of  59 G at 
0°C, with a considerable temperature dependence,  the effective outer  splitting 
decreasing to 54 G at 24°C. Spin label lipid chains covalently attached to rho- 
dopsin can also display a two-component  spectrum in rod outer  segment mem- 
branes. In unbleached, non-delipidated membranes the 16-doxyl stearoyl male- 
imide label shows an immobilized component  which has an outer  splitting of 
59 G at 0°C and a considerable temperature dependence.  This component  
which is not  resolved at high temperatures (24--35°C), is at tr ibuted to the lipid 
chains interacting directly with the monomeric protein, as with the diffusable 
labels. In contrast,  in rod outer  segment membranes which have been either 
delipidated or extensively bleached, a strongly immobilized component  is ob- 
served with the 16-doxyl maleimide label at all temperatures. This immobilized 
component  has an outer  splitting of  62--64 G at 0°C, with very little tempera- 
ture dependence (61--62 G at 35°C), and is at t r ibuted to protein aggregation. 

There is some disagreement in the literature regarding the interpretation of 
spin label experiments on lipid-protein interactions in rod outer  segment disc 
membranes [1--4].  On the one hand an ' immobilized'  lipid component ,  in addi- 
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tion to the fluid lipid bilayer component ,  has been observed with freely diffus- 
able lipid spin labels [ 1]. This lipid component  with significantly reduced mo- 
bility compared with the fluid bilayer lipids, was attr ibuted to the first shell of 
lipids interacting with the membrane protein. On the other hand, experiments 
with spin-labelled chains covalently linked to the membrane protein revealed a 
mobil i ty which was not  greatly different from that of  the fluid lipid bilayer 
lipids and only gave rise to an additional immobilized component  under condi- 
tions which were said to give rise to protein aggregation: prolonged bleaching, 
delipidation and low temperatures [2--4]. 

In an a t tempt  to resolve some aspects of this controversy we have performed 
a joint experiment,  similar to those described in Ref. 1, and essentially con- 
firmed the results of this latter work. A second spectral component  of 
restricted mobili ty was observed with a freely diffusable lipid spin label (14- 
doxyl  stearic acid) in a rod outer segment membrane sample which was pre- 
pared according to Ref. 2 (A2so/Asoo 2.8--3.5), and which had not  been delipi- 
dated or extensively bleached. The more motionally restricted component  was 
clearly visible over the temperature range from 0--30°C. Spectral subtractions 
and quanti tat ion performed essentially according to the methods of Ref. 3, 
indicated that  this second component  accounted for effectively 30--40% of the 
total spin label intensity over the whole of  this temperature range. An impor- 
tant feature, was that  the shape of this second spectral component  did not  
remain constant  with temperature,  but  showed a gradually decreasing effective 
outer  splitting, indicating that  it corresponds to lipid with considerable mobil- 
ity (cf. Ref. 5). The values of the outer  splitting for the more immobilized com- 
ponent  of  the 14-doxyl stearic acid label are given in Table I. It is seen that not  
only do they decrease with increasing temperature,  but  also their absolute mag- 
nitudes are considerably smaller than would be expected for a rigidly immobi- 
lized spin label {approx. 63--64 G, cf. Ref. 5). 

In this respect the ' immobilized'  component  observed with the diffusable 
lipid labels in normal membranes is different from that  seen with covalent lipid 
labels in extensively bleached or delipidated membranes. It is found that this 
latter component ,  which corresponds to that observed previously [2,3],  has a 
considerably larger outer  splitting and a much smaller temperature dependence. 
The results for the 16-doxyl stearoyl maleimide probe in samples which had 

T A B L E  I 

V A L U E S  F O R  T H E  M A X I M U M  O U T E R  H Y P E R F I N E  S P L I T T I N G ,  2 A m a x ,  O F  T H E  ' I M M O B I L I Z E D '  
L I P I D  S P I N  L A B E L  C O M P O N E N T S  IN B O V I N E  R O D  O U T E R  S E G M E N T  DISC M E M B R A N E S  

2 A m a  x (G) 

0 °C  10 °C  18 °C  24 °C 35 °C 

1 4 - D o x y l  s t ea r i c  ac id  sp in  label  
n o r m a l ,  u n b l e a c h e d  59 58 56 54 - -  

1 6 - D o x y l  s t ea roy l  ma le i rn ide  sp in  label  
n o r m a l ,  u n b l e a c h e d  59 . . . .  
65% d e l i p i d a t e d  62 62 60.5  - -  60 
to ta l ly  d e l i p i d a t e d  64 .5  63 .5  62 .5  - 61 
bleached  37°C ,  1 h 63 63 62 - -  60 
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been extensively bleached or delipidated after labelling are given in Table I. The 
original membrane preparation was similar to that used for the diffusable labels 
in untreated samples. It is seen from Table I that the outer  splitting at 0°C is 
considerably larger than observed with the diffusable label for all three cases, 
and for the fully delipidated sample approaches closely to the rigid limit of  
approx. 64 G. Moreover, the change in outer  splitting with temperature is only 
2 G or less be tween 0 and 24°C, as compared to 5 G for the diffusable label; 
and even at 35°C all splittings are 60 G or greater. For these reasons it seems 
most  probable that  this immobilized component  arises from protein aggrega- 
tion, as originally suggested [2]. Thus there are quite distinct differences in the 
mobil i ty of  the various lipid spin label components  observed in rod outer  seg- 
ment  membranes. In particular the component  at tr ibuted to protein aggrega- 
tion has a considerably greater degree of  motional restriction than the protein- 
interacting component  seen by the diffusable labels in normal membranes. The 
two are thus not  to be confused: the former corresponds more closely to the 
rigidly immobilized limit of  conventional spin label spectroscopy, whereas the 
latter has a mobil i ty more closely approaching that of  the lipid bilayer. 

Most significantly it is now found that the ' immobilized'  component  which 
was observed with the covalent label in unbleached membranes at low temper- 
atures [2] has a considerably smaller outer  hyperfine splitting than found in 
delipidated or extensively bleached samples. A splitting of 59 G is observed for 
the 16-doxyl stearoyl maleimide label in unbleached membranes at 0°C, and 
this decreases considerably with increasing temperature such that it is no longer 
resolvable at 35°C. This behaviour correlates rather well with that found for the 
diffusable stearic acid spin label, suggesting that it arises from lipid chains inter- 
acting directly with the protein and thus is a natural consequence of  lipid- 
?rotein interactions rather than a result of  protein aggregation. ESR lineshape 
calculations show that the temperature dependence of  the spectra can be 
explained if it is assumed that the 16-doxyl group of  the maleimide-linked 
chain exchanges between the first and subsequent shells of  lipid surrounding 
the protein with a frequency of approx. 107 s -t (Davoust, J., Seigneuret, M. and 
Devaux, P.F., unpublished results). A somewhat  similar explanation has been 
postulated previously [ 1 ] in an a t tempt  to reconcile the results with the diffus- 
able and covalently attached acyl chain labels. Support  for the suggestion that 
the covalently attached chain exchanges between the first shell and more fluid 
lipids comes also from the linewidth of  the fluid component  which is consider- 
ably broader than that found in bilayers of  the extracted lipids alone, In view 
of  these results it seems likely that the freely diffusable lipids also exchange at 
a somewhat  similar rate, with the first shell lipids surrounding the protein. This 
could be one of  the reasons for the apparent decrease in outer  splitting of  the 
' immobilized'  component  with temperature.  If the spin labels are in a state of 
intermediate exchange at higher temperatures,  then the quanti tat ion in terms 
of  a two-component  spectrum must  be considered only as a first approxima- 
tion, and an apparent deviation from a fixed stoichiometry of  the 'immobi- 
lized' componen t  with respect to the protein, can be most  probably at tr ibuted 
to the effects of  exchange. 

The most  significant result is that the mobil i ty of  the first shell or boundary 
lipids next  to the protein, is markedly less than that of  the bulk, as asserted 
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previously [ 1 ]. But it should be emphasized that the first shell lipids are by no 
means rigidly immobilized, nor are they strongly bound to the protein, rather 
they exchange readily with the remaining lipid phase. In terms of effective rota- 
tional rates these motionally restricted lipld chains are most probably consider- 
ably closer in correlation time to the fluid bflayer lipids (TR ~ 1 ns) than to the 
protein backbone (T R ~ 20 ps). 
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