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SUMMARY 

With the use of continuous sucrose density gradient a highly purified prepara- 
tion of vesicles of fragmented sarcoplasmic reticulum was obtained and its lipid 
content was determined. 

Short mild t reatment  of fresh vesicles with aqueous diethyl ether or aqueous 
heptane removes only a part  of the cholesterol. Aqueous heptane t reatment  does not 
lead, contrary to that  of aqueous diethyl ether, to the loss of the ability of vesicles 
to actively accumulate Ca 2+. Exhaust ive extraction of lyophylized vesicles with dry 
diethyl ether or dry heptane enables removal of all cholesterol and most of the other 
neutral lipids without any changes in the Ca 2+ uptake ability. Thus, the results show 
that  the loss of specific properties of fragmented sarcoplasmic reticulum as a result 
of t reatment  with aqueous diethyl ether is due to the specific action of this solvent 
but  not a result of the removal of some part  of cholesterol from the membranes.  
Contrary to phospholipids, cholesterol and other neutral lipids seem to be bound 
"loosely" to the membranes of sarcoplasmic reticulum; can be easily extracted with 
apolar solvents in the absence of water and do not play any direct role in the specific 
function of this biomembrane system. 

Cholesterol can be bound to the sarcoplasmic reticulum vesicles in large 
amounts. 

INTRODUCTION 

I t  is already well established that  vesicles of fragmented sarcoplasmic reticulum 
exhibit the specific capacity to accumulate Ca 2+ coupled with the splitting of ATP. 
(For review see ref I.) 

Several authors 2-4 have recently observed that  a short, mild t reatment  of the 
vesicles with aqueous diethyl ether causes an uncoupling of Ca ~+ accumulation from 
the ATPase activity; in spite of a loss of Ca 2+ uptake capacity, Ca2+-dependent ATPase 
is even increased. Fiehn and Hasselbach 3 interpreted this phenomenon as being due 
to the leakiness of vesicular membranes as a result of t reatment  with diethyl ether. 

* Permanent address: Department  of Cellular Biochemistry, Nencki Insti tute of Experi- 
mental Biology, Warsaw. 
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The authors found that  only a small part  of cholesterol esters was extracted under 
these conditions, and assumed that  the appearence of leaks in the membranes was 
due to the removal of this lipid constituent. 

I t  seemed, however, difficult to understand how a removal of a minute amounts 
of cholesterol esters could be sufficient to e~plain a loss of ability of reticular mem- 
branes to accumulate Ca 2+ on the basis of leakiness. Hence, in this work an a t tempt  
was made to examine this problem in detail with the use, under various conditions, 
of other solvents besides diethyl ether and to correlate the removal of particular lipids 
with the changes in the specific function of this muscle subcellular fraction, These 
studies seemed to be also appropriate in view of the important  role of cholesterol in 
biological membranes postulated currently 5. Part  of the results was presented on the 
7th FEBS Meeting in Varna s. 

MATERIAL AND METHODS 

Preparation of sarcoplasmic reticulum vesicles 
Sarcoplasmic reticulum vesicles were prepared from rabbit  leg and back skeletal 

muscle as previously described 7. Muscle mince was homogenized in 5 vol. of o.i M 
KC1 and 20 mM histidine buffer (pH 7.2); fraction sedimenting between 5000 and 
30000 × g (crude microsomal fraction) was collected, suspended in 0.25 M sucrose 
and purified in a continuous sucrose density gradient essentially according to Sreter s. 
Usually 5 ml of microsomal suspension (15-2o mg protein/ml) was layered on top 
of 50 ml of sucrose density gradient system prepared from equal volumes of 0.25 and 
2 M neutralized solutions of sucrose, containing I mM EDTA. After centrifugation 
for 60-9 ° rain at 2500 × g in MSE Refrigerator centrifuge two layers were obtained, 
the upper one not penetrating into the gradient, the lower located usually 6-8 cm 
below. Both fractions were collected and centrifuged at 90o00 × g for I h. Pellets 
were suspended in o.I M KC1 and 20 mM histidine buffer (pH 7.2). 

Chemical determinations 
ATPase activity was measured in 2 ml reaction mixture containing o.I M KC1, 

2.5 mM MgC12, o.i mM CaC12, IO mM histidine (pH 7.2), 2.5 mM potassium oxalate 
and vesicles of sarcoplasmic reticulum (0.025-0.05o rng protein/ml). Reaction was 
started by addition of 2.5 mM ATP and after 5 rain incubation at 25 °C was stopped 
with 2 ml io % trichloroacetic acid. The activity of Ca2+-dependent ATPase was 
obtained by subtracting the basal ATPase measured in the presence of I mM ethylene 
glycol bis-(~-aminoethyl ether) tetraacetate instead of CaC12. 

Ca 2+ uptake was measured in the same reaction mixture as for determination 
of the ATPase activity with the exception that  45CaClz was used, instead of 4°CAC12. 
After incubation for 5 mill at room temperature 45Ca 2+ bound to the vesicles was 
removed by filtration through Milipore filters (HA o.45 #m). Samples of the filtrate 
were counted in Chicago Nuclear Corp. gas-flow counter with Micromil window. 

Total lipids were extracted using Folch et al. 1° or Blight and Dyer 11 procedures. 
Lipids were analyzed b y  thin-layer chromatography in a system containing n-hexane-  
diethyl ether-formic acid (6:4: o.16, by vol.). The content of total  stelols was deter- 
mined according to Searcy et al. ~2. Lipid phosphorus was determined according to 
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Bartlett  1~. Phospholipid content was calculated by multiplying the amount of phos- 
phorus by 25. 

Homogeneous suspensions of cholesterol were prepared by 2 rain sonication 
with cooling in o.I M KC1 and 20 mM histidine buffer (pH 7.2) using MSE, London 
sonicator. 

Protein was determined by biuret method ~4 using bovine plasma albumin as 
a standard. 

Electron microscopy 
Samples of pellets were fixed in 6 % glutaraldehyde in o.I M cacodylate buffer 

(pH 7.2) postfixed with 1% buffered OsQ,  dehydrated with increasing concentrations 
of ethyl alcohol and acetone and finally embeded in Epon. Sections were cut in a 
Reichert ultramicrotolne, stained with uranyl acetate and poststained with lead 
citrate. 

For negative staining samples of suspension of sarcoplasraic reticulura vesicles 
were placed on Formvar-coated grids and stained with 2 % ammonium molybdate 
(pH 7.2) as previously described 15. All specimens were examined in a JEM 7 A electron 
microscope. 

Materials 
ATP and cholesterol were purchased from E. Merck, Darmstadt, Germany, 

EGTA from Sigma Chemical Co., U.S.A., 45CaCle was obtained from the Institute of 
Nuclear Research, Poland and [4-14Clcholesterol from the Radiochemical Centre, 
Amersham, England. All organic solvents were distilled before use. 

RESULTS 

Purification of the fragmented sarcoplasmic reticulum 
The heavy microsome fraction of skeletal muscle obtained by differential 

centrifugation yielded in the continuous sucrose density gradient two fractions. The 
lighter one contained homogenous population of sarcoplasmic reticulum vesicles, 
freed of mitochondrial and miofibrillar contaminations, whereas lower layer from 
the sucrose density gradient contained myofibrils, fragments of mitochondria and 
usually only some vesicles originating from sarcoplasraic reticulura (Fig. i). Nega- 
tively stained vesicles were more or less spherical with the surface covered with small, 
about 4 ° A particles, as previously described by other workers TM,17 (Fig. 2). In the 
presence of MgC12, ATP, oxalate and CaC12 the average Ca 2+ uptake was 3.6o #moles 
Ca 2+ per rag protein. In the electron microscope an appearance of nodular deposits 
of calcium oxalate was easily visible inside vesicles. When the suspension of sarco- 
plasmic reticulum vesicles after loading with calcium oxalate was fractionated on 
sucrose density gradient, as described by Graeser et al.l*, the bottom fraction consisted 
entirely of loaded vesicles (Fig. 3). 

Vesicles of fragmented sarcoplasmic reticulum purified as described in Material 
and Methods were found to contain about 60 mg of lipids per ioo mg of protein. 
About 75 % of lipids consisted of phospholipids, two third of which was lecithin. In 
the neutral lipid fraction predominanted triglycerides. Besides smaller amount of 
diglycerides, cholesterol was present in the amount of about 4.4 mg per ioo mg of 
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Fig. I. E lec t ron  mic rog raph  of t h i n  sect ions of (A) uppe r  and  (B) lower f rac t ion  f rom con t inuous  
sucrose  dens i t y  gradient .  
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Fig. 2. Purified vesicles of tile sarcoplasmic reticulum negatively stained with 2% phospho- 
molybdate. 

protein, from which only about IO % was esterified. The amount of lipids found in the 
vesicular membranes in the present work is somewhat higher than that  previously 
obtained by  us 19 and by  other workers. This is most probably due to tile fact that  
vesicles of much higher purity were used at present. 

Treatment of vesicles with aqueous solvents 
In agreement with Fiehn and Hasselbach s we found that  a mild t reatment  of 

vesicles with 6-8 % diethyl ether caused a rapid decrease of the ability to accumulate 
calcium (Fig. 4). Simultaneously, an increase of Ca2+-dependent ATPase took place. 
With much higher amounts of diethyl ether the activity of Ca 2+ dependent ATPase 
also considerably decreased. However, when instead of diethyl ether heptane was 
used, its effect was completely different. No uncoupling of the ATPase activity from 
Ca ~+ uptake was observed and, instead, an increase of both of these activities occurred. 
Even at the ratio of heptane to water equal one to one, Ca 2+ uptake was still equal 
to that  of the control. In spite of the pronounced difference between the effect of 
these two solvents on tile properties of vesicular membranes the amounts and patterns 
of lipids extracted did not differ substantially (Fig. 4). In both cases cholesterol, 
especially in the esterified form, was the predominantly extracted lipid at low solvent 
to water ratio. The amount of total cholesterol being extracted increased slightly 
with the increasing proportion of solvent in the extracting mixture, reaching a value 
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Fig. 3- Purified vesicles of the  sarcoplasmic ret iculum loaded wi th  calcium oxalate. Incuba t ion  
mix ture  contained:  vesicles (I mg protein/ml) ,  o.I  M KC1, 20 mM Tris-maleate  (pH 6.5), 5.0 mM 
MgC12, 5.0 mM potass ium oxalate,  5 mM ATP, I mM EGTA and 0. 5 mM CaC12 added dropwise 
at  every 3 ° s during s t i r r ing.  After , incubat ion for 5 min at  2o °C the  suspension was centriluged 
for 3 ° min at  1o000o × g. Pellet was suspended in 0. 5 ml 0.25 M sucrose and layered on the  
sucrose densi ty gradient,  according to ref. 18 and centrifuged in a Spinco SW-39L swing-out  ro tor  
for i h at  390o0 rev./min. Fract ion sedimented at  the bo t t om of the tube  was collected and 
negatively stained wi th  2 % a m m o n i u m  molybdate.  

of about 25-3o % of total  cholesterol at the highest solvent to water  ratio examined. 
Concomitantly with cholesterol some triglycerides, diglycerides and fa t ty  acids, but  
only traces of phospholipids were extracted. 

Repeating extraction with water-solvent mixture lead during each extraction 
to the removal of a new portion of cholesterol and traces of phospholipids. The highest 
amounts of phospholipids were removed when an excess of diethyl ether in the 
presence of water was used. Even in this case however, the quanti ty extracted ac- 
counted only for a few percent of the total amount of phospholipids present in the 
vesicles. All the results showed that  the changes in the ATPase activity and Ca 2+ 
uptake depended on the kind of solvent used, but not on the amount of cholesterol 
removed. 

Treatment of lyophylized vesicles with dry solvents 
When the t reatment  with the solvents was performed on dried vesicles the 

obtained pat tern was entirely different. For this purpose lyophylized vesicles were 
used. Control determinations showed that  freeze-drying of sarcoplasmic reticulum 
fragments did not change activity of Ca2+-dependent ATPase or Ca 2+ storage ability. 

During a single, 1 tl extraction of dried vesicles with diethyl ether about 75 % of 
the total  cholesterol, including all cholesterol esters, was removed (Table I). Dry 
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heptane extracted under the same conditions somewhat less, about 5o % of cholesterol. 
Other neutral lipids were at the same time also removed but in the amounts somewhat 
smaller than these of cholesterol (about 4 ° and 20 % of the total amount with diethyl 
ether and heptane, respectively). In both cases only few percent of phospholipids 
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Fig. 4. Effect of single t r ea tmen t  of sarcoplasmic vesicles with so lven t -wate r  mixtures  on the 
ATPase activity, Ca 2+ uptake  and removal  of cholesterol and phospholipids. Vesicles suspensions 
(1- 5 mg protein/ml) in o.i M KC1 and 20 mM histidine (pH 7.2) were incubated with various 
amoun t s  of organic solvents for 20 rain at  room tempera ture  in closed tubes with gently shaking. 
After incubation samples were centrifuged for i h in Spinco ultracentrifuge at iooooo × g. 
Pellets were resuspended in KCl-histidine medium and taken for the ATPase act ivi ty and Ca 2+ 
uptake  measurements .  Aliquots of superna tan t s  were extracted 3 t imes with an excess of required 
solvent. Ex t rac t s  were collected and evaporated.  Lipids were dissolved in chloroform and taken 
for the  cholesterol and phospholipid phosphorus  determination.  Checkered bars, ATPase activity;  
emp ty  bars, Ca ~+ uptake;  dashed bars, total  cholesterol; full bars, phospholipids. 

TABLE I 

REMOVAL OF LIPIDS FROM THE LYOPHYLIZED SARCOPLASMIC RETICULUM VESICLES 

20 mg of lyophylized vesicles were extracted wi th  io ml of dry  solvent at 4 °C for I or 20 h. 
Ext rac t s  were collected and evaporated.  The total  amoun t  of lipids extracted was determined 
by  weighting. Cholesterol and phospholipids were determined as described in Material and 
3Iethods. 

Treatment Lipids removed (rag~zoo mg protein) 

Total Phospholipids Neutral 

Cholesterol Others 

Diethylether 
i h  11.2 2.6 3 .2 5.4 

2 o h  12.o 3.2 3.6 5.2 

Heptane 
I h  7.2 2. 4 2.0 2.8 

2 o h  9.0 3.2 2.5 3.3 
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were released. The increase of the time of extraction to 2o h did not increase sub- 
stantially the amount of lipids extracted (Table I). As a result of two to three reextrac- 
tions with ether the remaining 25 % of cholesterol was removed. A similar amount 
was released during reextraction with heptane. Since the thild extraction with the 

ETHER 
dry aqueous dry aqueous 

=, 1001 ~--~ 100 

o HEPTANE .~,,615( dry aqueous dry aqueous .~ 

5C 50 

Fig. 5. E x t r a c t i o n  of lyophyl ized  vesicles wi th  organic  solvents .  A. E x t r a c t i o n  wi th  d ry  solvents .  
2o m g  of lyophyl ized  vesicles were ex t r ac t ed  twice for i h wi th  2o ml  of requi red  solvent .  E x t r a c t s  
were collected for lipid de t e rmina t ions .  Res idue ,  af ter  careful  evapora t ion  off t he  solvent ,  was 
s u s p e n d e d  in KCl -h i s t id ine  m e d i u m  and  t a k e n  for AT Pase  ac t iv i ty  and  Ca 2+ u p t a k e  measu re -  
men t s .  ]3. E x t r a c t i o n  wi th  aqueous  so lvents .  2o m g  of lyophil ized vesicles were su spended  in 
4 ml  KCl -h i s t i d ine  m e d i u m ,  gen t ly  shaken  for 2o m i n  w i th  i ml  of d ie thyl  e the r  or h e p t a n e  
and  t h e n  cen t r i fuged  in Spinco u l t racent r i fuge .  Af ter  r e suspens ion  of t he  pellets  in KCl -h i s t i d ine  
m e d i u m ,  ATPase  ac t iv i ty  and  Ca 2+ u p t a k e  were measured .  F r o m  t h e  s u p e r n a t a n t s  lipids were 
ex t rac ted .  For  detai ls  see legend to Fig. 4. Checkered bars ,  ATPase  ac t iv i ty ;  e m p t y  bars ,  Ca 2+ 
u p t a k e ;  dashed  bars ,  to ta l  cholesterol;  full bars,  phosphol ip ids .  

latter solvent did not remove any lipid material it seemed that  about one third of 
cholesterol remained not extracted from the vesicles with dry heptane. Some part  of 
glycerides and practically all phospholipids were not removed from lyophylized 
vesicles by either of the solvent used. 

Fig. 5 compares the removal of lipids and the changes in the specific properties 
as a result of extraction of freeze-dried sarcoplasmic reticulum vesicles. One can see 
that  in this case rtot only heptane but also diethyl ether, in spite of the removal of 
most of cholesterol, caused only a slight decrease of both Ca ~+ storage ability and 
activity of Ca2+-dependent ATPase. On the other hand, when water  was added to 
the system, in agreement with the results discussed above, a substantial difference 
between the effect of diethyl ether and that  of heptane was observed. The t reatment  
with heptane-water  mixtures did not, but  that  with diethyl e ther-water  mixtures 
did drastically change properties of the vesicles. All these results showed that  the 
decline of Ca 2+ accumulation ability was not directly related to the removal of 
cholesterol or its esters. 
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Fig. 6. Lyophylized vesicles of sarcoplasmic ret iculum extracted with dry  diethyl ether  and nega- 
t ively stained with 2 ~o a m m o n i u m  molybdate.  Magnification: 1140oo × .  

.1° I 
sol-'e,. 

2 2c 

o;s ;o t; 20 2's 
Cholesterot added, .urnotes/mgFSR protein 

1.5 "~ 
"5 

1.0 

Q5 ~ 

o 

Fig. 7. Binding of cholesterol to  sarcoplasmic vesicles and its effect on the ATPase act ivi ty and 
Ca ~+ uptake.  Samples of vesicles (i mg protein/ml) were incubated with ultrasonically dispersed 
[14C]cholesterol for 3o rain. After incubat ion samples were centrifuged at  io 5 ooo X g for 30 rain. 
Pellets were resuspended in the s tandard  KCl-hist idine medium. In  one port ion lipids were ex- 
t racted and the radioact ivi ty of bound cholesterol was measured. In  the other  port ion ATPase 
activity and Ca ~+ uptake  were measured. , ,  binding of cholesterol; ©, ATPase act ivi ty;  G, 
Ca ~+ uptake. FSR protein = fragmented sarcoplasmic ret iculum protein. 
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When the residue of lyophilized vesicles after extraction with dry diethyl ether 
or heptane was reextracted with the mixtures of either one of these solvent with the 
absolute ethanol the remaining neutral lipids and a large part  of phospholipids were 
released. Concomitantly, activity of Ca~+-dependent ATPase and Ca ~+ uptake were 
completely abolished. 

Negatively stained preparations of sarcoplasmic reticulum vesicles showed 
after t reatment  with aqueous diethyl ether, in agreement with Graeser et al. 4, an 
appearance of transparent patches. The latter were not observed after extraction of 
fresh vesicles with heptane-water  mixture. No visible changes in size or shape were 
also found as a result of exhaustive extraction of lyophylized vesicles with dry diethyl 
ether or heptane (Fig. 6). In all these cases small 4o-A particles covering outer surface 
of native vesicles were still present. 

Binding of cholesterol by the vesicles 
Sarcoplasmic reticulum vesicles easily bound considerably amounts of 

cholesterol added in the form of sonicated aqueous suspension. Fig. 7 shows that  
cholesterol added in the amounts up to about 2.5 #moles per mg protein, i.e. several 
times in excess over the amount of cholesterol originally present, was almost entirely 
bound by the vesicles. The extent of binding was the same whether fresh, native 
vesicles, vesicles devoid of cholesterol by the extraction with dry diethyl ether after 
lyophylization, or vesicles delipidated according to Folctl et al. 1° were used. Con- 
comitantly a parallel decrease of both, Ca~+-dependent ATPase and Ca ~+ uptake, took 
place, reaching about 5 ° % inhibition when about I #mole of cholesterol was bound 
per I m g  of vesicular protein. Higher amounts of bound cholesterol caused further 
decrease of Ca ~+ uptake ability without change in the ATPase activity. Cholesterol- 
treated vesicles had a tendency to aggregation. In the negatively stained vesicles 
t reated with cholesterol the surface seemed to be rather smooth and 4o-~ particles 
were less prominent. I t  is difficult to decide at present whether these phenomena were 
connected with some lytic effect of cholesterol bound to the vesicles or a result of 
much more difficult staining of vesicles covered with a layer of bound cholesterol. 

DISCUSSION 

Method of purification of sarcoplasmic reticulum vesicles, used first by  Sreter s 
and employed in this work, seems to be the simplest and fastest method yielding 
fragmented sarcoplasmic reticulum of a high purity. I t  has an advantage over the 
methods in which discontinuous sucrose gradient was used 2° since it does not require 
an ultracentrifuge with a swing-out rotor but only a low-speed centrifuge with cooling. 
I t  is also certainly bet ter  than a t rea tment  with o.6 M KC1 (ref. 21) which removes 
only myofibrillar impurities but not contaminations with mitochondria. Besides, one 
cannot exclude that  high KC1 concer~trations remove some material from the vesicular 
membranes.  

The present results indicate that  from the point of view of extractabili ty one 
can differentiate between particular classes of lipids in the membranes of sarcoplasmic 
reticulum. Neutral  lipids seem to be "loosely" bound and hence can be relatively 
easily removed with nonpolar solvents. They seem not to play any essential role in 
the specific function of this subcellular structures, that  is in the active t ransport  of 
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Ca e+. Even among neutral lipids it is also possible to distinguish two fractions of 
different extractability. About one third of cholesterol is not removed from freeze- 
dried vesicles with dry heptane; part  of other neutral lipids is not extracted with 
either of the solvent used. On the other hand, phospholipids are bound to the vesicular 
membranes much more "strongly" and this class of lipids is virtually not removed by 
nonpolar solvents, and only with the solvents of higher polarity. In agreement with 
previous studies in which phospholipases for decomposition of vesicular phospho- 
lipids 9, 22, 23 were used, the present results employing extraction with various solvents 
show that  whenever phospholipids are removed from the membranes the loss of 
specific function of sarcoplasmic reticulum vesicles occurs. 

Similar studies on the effect of various solvents performed previously on the 
erythrocyte ghosts by Parpart  and Ballentine 24, as well as Roelofsen and co- 
workers25, 26 also enabled a distinction between various classes of lipids classified from 
the point of view of their extractabil i ty and, consequently, of the kind of binding to 
protein. Thus, diethyl ether removed from the lyophylized red cell ghosts all sterols 
and about 2o % of phospholipids which were not essential for the activity of (Na + + 
K + + Mg2+)-activated ATPase 26. 

Lipids of red cell ghosts contain up to about 4 ° % of cholesterol and 55 % of 
phospholipids 27, hence, their pat tern considerably differs from that  of lipids of 
fragmented sarcoplasmic reticulum. In spite of this some analogy between both kinds 
of membranes can be drawn. In both cases cholesterol is only " loose ly"  bound and 
can be removed with the use of solvents of very low polarity, whereas phospholipids 
are in general " t ight ly" bound. Thus, the results of this work fit well to these recently 
proposed structures of biomembranes 27,28, according to which they are built from 
a protein lattice penetrated by lipid cylinders. Phospholipids are supposed to be bound 
through their hydrocarbon chains with the apolar regions of protein segments and 
through the heads with the polar groups of proteins, whereas cholesterol and possibly 
other neutral lipids are supposed to be associated chiefly with the apolar sites of the 
strongly bound phospholipids, and consequently are only "loosely" bound. 

The present observations show that  the effect of small amounts of diethyl- 
ether, only sufficient to saturate aqueous phase, which causes drastic changes in 
the properties of sarcoplasmic reticulum cannot be directly related to a specific 
removal of particular lipid and especially cannot be due to the removal of minute 
amounts of cholesterol esters, as it was suggested by Fiehn and Hasselbach 3. On 
the one hand the presence of water during extraction with heptane does not 
abolish Ca 2+ uptake and, on the other hand, ether also does not alter properties 
of sarcoplastic reticulum in the absence of water, in spite of the removal of all 
cholesterol. Alterations in the ultrastrueture of vesicles are parallel to the bio- 
chemical changes. All present results indicate that  leaks appearing in sarcotubular 
vesicles as a result of a t rea tment  with aqueous diethyl ether are due to a very 
specific effect of this mixture causing some conformational changes in the structure 
of the membrane. Similar phenomenon was observed by Roelofsen and co-workers 
who found that  the t reatment  of lyophylized red cell ghosts with wet diethyl ether 
inhibited the activity of (Na + + K+ + Mg2+)-activated ATPase, contrary to dry 
diethyl ether, being without effect, 

One may  speculate, consistently with the suggestions made by Roelofsen 
et al. zg, that  at critical concentration of diethyl ether essential bounds between 
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phospholipids and  protein  are weakened, altered or even broken. I t  is possible 

tha t  after t r ea tmen t  with aqueous diethyl  ether phospholipids do not  occupy 
anymore  their  in i t ia l  b ind ing  sites on the membrane  proteins.  This  view seems 
to be supported by  our unpubl i shed  observat ions showing tha t  the digestion of 
phospholipids bound  to sarcoplasmic re t iculum membranes  with phospholipase 
C, proceeding very slowly with na t ive  vesicles, is considerably increased when t ra-  
ces of diethyl  ether are added to the incuba t ion  medium.  

Sarcotubular  vesicles can b ind  large amount s  of cholesterol. Our expel iments  ~ 
with a polyene antibiotic-fil ipin,  used as a fluorescence probe is order to characterize 
polar i ty  of the env i ronment  of bound  cholesterol seem to indicate tha t  added 
cholesterol is bound  to the outer surface of sarcoplasmic re t iculum membranes .  
This view is consis tent  with the results of this work showing tha t  added cholesterol 
gradual ly  inhibi ts  both,  Ca2+-dependent ATPase and  Ca 2+ uptake,  as well as with 
the morphological changes in the u l t ras t ruc ture  of vesicles t ra ted  with cholesterol. 
All present  results show tha t  the effect of cholesterol is different from those of 
oleate 7,15 or lysolecithin ~, 23, as 

The effect of various sterols on the propelt ies  of sarcoplasmic ret iculum 
fragments  was s tudied previously by  Maltonosi  31 who found that ,  contrary  to some 
other sterols, cholesterol up to the concentra t ions  used in the present work, did 
no t  affect Ca ~+ t ranspor t  and  ATPase act ivi ty.  At  the momen t  no resonable expla- 
na t ion  for the discrepancy between these and  the present  results can be found. 
Perhaps the s ta te  of dispersion of cholesterol was different in both works and  this 
led to different ex tent  of b ind ing  of lipid to the vesicles. This is, however, difficult 
to reconcile since the  la t ter  was not  measured by  Martonosi. 
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