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SUMMARY 

Electron microscope analysis of skeletal muscle microsomes was carried out 
by negative staining with potassium phosphotungstate. The size and shape of micro- 
somes are influenced by species differences, the conditions of preparation and storage. 
The outer surface of the microsomal luembrane is covered by subunits of 4 ° 2~ 
diameter, with center to center separation of 9o-I2O A. 

Chenlical nlodification of microsomal membrane by treatment  with phospholi- 
pase C, digitonin, or trypsin produced characteristic changes in the surface structure, 
shape or size of microsomes, parallel with the loss of Ca 2+ transport  function. The 
surface structure of microsomes does not indicate temperature-dependent structural 
changes of the kind observed on liver cell surface nlembranes, and the Arrhenius plot 
of ATPase activity is linear. 

INTRODUCTION 

Tile heavy microsome fraction of skeletal muscle consists of vesicles and 
tubules bounded by a phospholipid-protein menlbrane of 7o-8o .~ thickness 1. I t  is 
generally believed that  these elements are largely derived from the sarcoplasmic 
reticulum, although small admixtures of T-system, sarcolemma and mitochondrial 
fragments are likely to be present. 

The nlicrosome particles contain the KIELLEY-MEYERHOF 2,a ATPase, and a 
powerful Ca2+-transport apparatus 4-7, which forms an important link between the 
excitation and contraction in skeletal muscle. 

The ATPase activity and Ca2+-transport processes are uniquely dependent on 
the structural integrity of the membrane. Both ATPase activity and Ca 2+ transport  
are inhibited by treatment  of lnicrosomes with phospholipase C, parallel with the 
hydrolysis of lecithin into phosphorylcholine and diglycerides. The process is ac- 
companied by  the formation of diglyceride droplets in association with the microsome 
membrane. The phospholipase C-treated membrane retains its unit membrane 
structure and is able to combine with finely dispersed synthetic phospholipids re- 
sulting in complete restoration of its ATPase and Ca ̀ '+ transport activities t.8-n. 

These observations support the idea that  in the structural stability of biological 
membranes, non-phospholipid materials (proteins, sterols) play an important,  although 
rarely emphasized role. 
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STRUCTURE OF MICROSOMES 695 

In the present report a detailed morphological description of rabbit  and mouse 
microsome preparations is presented together with some correlative biochemical data  
on the ATPase activity and Ca 2+ transport.  

EXPERIMENTAL PROCEDURES 

Skeletal muscle microsomes were prepared from predominantly white leg 
muscles of mice, rabbit, rat  and frog, according to the procedure earlier reported by  
usS, 9. This method includes washing of crude microsome suspension with o.6 M KC1 
in order to remove adhering actomyosin contamination. 

Electron microscope studies were carried out on a Philips EM 2oo electron 
microscope operating at 6o kV accelerating voltage. A double condensor system and, 
in some cases~ cooling stage were used. 

Specimens were mounted on formvar- or parlodion-coated grids and negatively 
stained with o.5 % potassium phosphotungstate (pH 7.o) or o.5 % uranyl acetate 
(pH 5.o). Preservation of surface detail was considerably better  with potassium 
phosphotungstate. 

A TPase assay. Incubation was generally carried out in a solution of o.I M KC1, 
IO mM histidine, 5 mM MgC12 and 5 mM ATP at 25 ° as described earlierS, 9. Total 
volume, 2 ml. Protein concentration, o.o5-o.1 mg/ml. Incubation was stopped after 
i - IO nlin with o.5 ml IO % trichloroacetic acid and I -2-ml  aliquots were used for 
assay of inorganic phosphate, by the technique of FISKE AND SUBBARow 12. 

Ca 2+ uptake was measured bv Millipore filtration technique s. Incubation medium 
contained o.I M KC1, 5-1o mM histidine (pH 7.3), 5 mM oxalate, 5 mM MgCI,,, 
5 mM ATP and IO 4 M ~aCaC12. Protein concentration, o.o2-o.I mg/ml. Total volume, 
2 ml. Incubation time, 5-15 min. Reaction was stopped by filtration through Millipore 
filter. Radioactivity of filtrate was determined by Packard liquid scintillation counter 
according to LOFTFIELD AND EIGNER 13. 

Cholesterol determination. Cholesterol was extracted with a ethanol-acetone 
(1:1, v/v) solution. After precipitation with digitonin the cholesterol digitonide was 
washed by repeated centrifugation as described by SPERRY A~'D WEBBa4.The digitonin 
content of the precipitate was determined using the anthrone method of VAHOUXV 
et al. 1~. 

Materials. Distilled ion-exchanged water was used throughout. The source of 
the special reagents was as follows: cholesterol (Calbiochem.), digitonin (Mann Re- 
search Laboratories), saponin (Fisher Scientific Co.), ATP (Pabst Laboratories, Inc.). 
Trypsin (EC 3.4-4.4) and subtilisin (EC 3.4.4.16) were purchased from Sigma Chemical 
Co. and crystalline bacterial protease Novo from Novo Industries A/S. 

RESULTS 

Morphology of microsomes 
Microsome preparations, obtained by differential centrifugation from rabbit  or 

mouse skeletal muscle, consist of membrane-bound vesicles whose shape, size and 
fine structure are strongly influenced by experimental conditions. 

In fresh preparations, isolated froin mouse leg nmscles, tadpole-shaped particles 
predominate, which consist of a spherical head (diameter 8OO-13OO A) and a tail of 
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696 a. MARTONOSI 

Fig.  1. Mouse  mic roso lnes .  Mouse  m i c r o s o m e  p r e p a r a t i o n  was  i s o l a t e d  f r o m  leg i nusc le s  of 4 ° 5o- 
d a y - o l d  h o m o z y g o u s  n o r m a l  m i c e  of t he  129/J  s u b l i n e  o b t a i n e d  f rom Roscoe  B. J a c k s o n  M e m o r i a l  
L a b o r a t o r i e s ,  B a r  H a r b o r ,  Me. P r e p a r a t i o n  was  c o m p l e t e d  w i t h i n  3 h a f t e r  the  a n i m a l s  were  
k i l led ,  a n d  f o l l o w i n g  n e g a t i v e  s t a i n i n g  w i t h  o. 5 °~ o p o t a s s i u m  p h o s p h o t u n g s t a t e ,  t he  s p e c i m e n s  
were  i m m e d i a t e l y  v i ewed .  M a g n i f i c a t i o n  : .\, ,: IO8OOO; B, < ~70ooo. 

Fig. 2. Mouse  mie ro somes .  Igor d e t a i l s  sec le~4end to  Fig. i .  M a g n i f i c a t i o n :  . 52oooo .  
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variable length (Figs. IA, zB and z). The diameter of the tail is about I3O-3Zo A, 
not including the spherical particles attached to the surface. On the basis of tail 
length, the microsomes appear to fall into three classes. In a large portion of the 
particles, the length of the tail is about o.7/z (o.6-o.8/z). The next class is character- 
ized by a tail length of about o.2-o.3 t*. A relatively small number of particles have no 
or very small tubular projections. 

A nulnber of particles with long tail projections display a characteristic differ- 
entiation of the head portion, which appears to be divided into a section situated in 
the area where the tail originates, and a dense spherical coinpartment which is barely 
penetrated by the stain and is located distant from the origin of the tail (Figs. IA, 
IB, 2). This type of differentiation is evident on less than Io °o of the particles. 

Rabbit  microsome pret)arations also contain tadpole-shaped particles, but their 
occurrence is less frequent, the length of the tail is variable and the tubular projections 
are usually thicker than those observed in mouse microsome preparations. 

The surface of the microsomes is densely covered with spherical particles of 
approx. 40 A diameter (Figs. zA, IB, 2). By virtue of their small size, the microsomal 
particles can be clearly distinguished from the elementary particles of the mito- 
ehondria, especially in pictures which contain small amounts of fragmented mito- 
chondria, permitting direct comparison of the two types of elements. 

Membrane thickness in negatively stained microsome preparations can be 
measured only after sufficient permeability increase takes place to permit the pene- 
tration of phosphotungstate into the particles. The average thickness of the membrane 
of a large number of microsomes, disregarding the row of particles, fell between 6o and 
8o A. The inner surface of microsomal membrane is devoid of particles. 

Fig. 3- Effect  of t ryps in  on microsonles.  Tryps in  t r e a t m e n t  was carr ied  out  in a med ium of o.t  M 
KCI, IO mM his t idine,  o.5 mM CaC12 and o.5 mg t ryps in  per  ml. Concen t ra t ion  of n l ic rosoma/  
proteins,  5 .6- Io .  5 ing/ml.  The series of p ic tures  was conlpi led from different  exper iments .  Control  
microsomes (Fig. 3A; X 9oooo) were i ncuba t ed  a t  room t e m p e r a t u r e  for -' h w i t h o u t  t ryps in .  
Dura t ion  of t r yps in  t r e a t m e n t  was IO rain for B ( x  69ooo), I h for C (~  64ooo ) and  2 h for 
l) ( : ,  8oooo), a t  room tempera tu re .  

Biochivn. Biophys. ~4cta, 15o (1968) 694-704 



698 a. MARTONOSI 

During storage for a few days in ice, an increasing fraction of microsomes 
becomes permeable to negative stain. Vesicles of spherical or elongated shape become 
predonfinant over the tadpole-shaped particles, implying a change in microsomal shape 
with aging. These changes are not accompanied by the loss of subunit particles from 
the surface. 

The effect of to,psin on the structure of microsomal membrane 
The structure of microsomal membrane undergoes significant changes as a 

result of trypsin treatment (Figs. 3A, B, C, D). After even a short digestion, the 
number of tadpole-shaped particles decreases, the membrane permeability to potas- 
sium phosphotungstate increases and the subunit particles become less prominent 
(Fig. 3B). 

After prokmged trypsin treatment, the microsomal membrane undergoes 
fragmentation with the frequent appearance of small microsonles of 3oo-4oo A 
diameter. Ultinmtely, smooth-surfaced, translucent membrane ghosts are frequently 
obtained (Figs. 3C, 3D). 

The effect of proteolytic enzymes on the ATPase activity of rabbit skeletal 
nmscle microsomes is illustrated in Fig. 4. Trypsin, Novo proteinase and subtilisin 
produce a transient activation of ATPase activity, which coincides with the previously 
reported inhibition of Ca 2~ transport ~6 and with the rapid solubilization of 2o--3o % of 
the microsomal proteins. Prolonged incubation of microsomes with proteolytic 
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Fig .  4. E f f e c t  of  p r o t e o l y t i c  e n z y m e s  o n  n f i c r o s o m e s .  M i c r o s o m e s  (5.4 m g  p r o t e i n  p e r  nil) w e r e  
i n c u b a t e d  w i t h  t r y p s i n ,  N o v o  p r o t e i n a s e  o r  s u b t i l i s i n  (o.2 m g / m l  each )  fo r  t i m e s  i n d i c a t e d  o n  t h e  
a b s c i s s a  in  a m e d i u m  c o n t a i n i n g  20 m M  Tr i s  ( p H  8.0) a n d ,  w h e n  i n d i c a t e d ,  5 m M  A T P .  A l i q u o t s  
w e r e  t a k e n  a t  i n t e r v a l s  of  p r o t e i n  r e m a i n i n g  in t h e  s n p e r n a t a n t  f o l l o w i n g  c e n t r i f u g a t i o n  a t  
~ S o o o  ,< g for  ~ h a t  2 . A T P a s e  a c t i v i t y  w a s  m e a s u r e d  a t  r o o m  t e m p e r a t u r e  in a m e d i u m  c o n -  
t a i n i n g  i o  m M  h i s t i d i n e  ( p H  7-3.), 5 m M  MgCl.z, 5 m M  A T P  a n d  o.2 n l g  m i c r o s o m a l  p r o t e i n  p e r  ml  
in  a t o t a l  v o l u m e  of  2 ml .  T h e  a m o u n t  o f  p r o t e i n  r e l e a s e d  i n t o  t h e  s u p e r n a t a n t  1)y p r o t e o l y t i c  
e n z y m e s  is e x p r e s s e d  as  % of t o t a l  m i c r o s o m a l  p r o t e i n .  O p e n  s y m b o l s  r e p r e s e n t  e x p e r i m e n t s  
c a r r i e d  o u t  in t h e  p r e s e n c e  of  5 m M  , \ T P .  , A T P a s e  a c t i v i t y ;  - - , p r o t e i n  l i b e r a t i o n  w i t h o u t  
ATI) ;  • - , p r o t e i n  l i b e r a t i o n  w i t h  A T P .  

13iochim. Biophys. dcta, I 5 o  ( I968)  6 9 4 - 7 0 4  



STRUCTURE OF MICROSOMES 699 

enzymes results in inhibition of ATPase activity, accompanied by a slow release of 
microsomal proteins, which results in the morphological changes represented in 
Figs. 3C and 3D. 

7"he effect of digitonin on microsomes 
Electron Inicroscope analysis of digitonin-treated microsoines revealed the 

presence of rigid tubules with an apparently structureless wall (Fig. 5), which are 
similar to those observed by DOURMASCHKI.N, DOUOI-IERTY AND HARRIS 17 in digitonin- 
treated liver cell membrane preparations, and considered by them to be modified cell 
membranes. The rigid tubules lie frequently adjacent to apparently intact microsomes 
with the characteristic subunits attached to them. 

Fig. 5-Effect of digitonin on microsomes. Rabbi t  skeletal nmscle microsomes were treated wittl 
0.25 % digitonin for 2 h at room temperature .  "['he microsonles were centrifuged at 30oo rev./min 
for io min. The superna tan t  was negatively stained with o. 5 % potassium phosphotungs ta te .  
Magnification: × Iooooo. 

Fig, 6. Electron microscope appearance of cholesterol-digitonin complexes, o.64 1111 of a E nlg/ull 
cholesterol solution in ace tone-e thanol  (I :I, v/v) was slowly diluted with ld~O to 5 ml and 1 ml 
of 2 % digitonin was added with stirring, After a i -h incubation in ice, the opalescent suspension 
was negatively stained with 0. 5 % potass ium phosphotungs ta te .  Magnification: × 188ooo. 

Particles indistinguishable from those found in digitonin-treated microsome 
preparations, form occasionally in mixtures of pure cholesterol and digitonin (Fig. 6), 
although the predominant form of the eholesterol-digitonin complex is that of a 
spherical micelle. 

Skeletal muscle microsomes contain about 0.02-0.025 mg total cholesterol per 
mg protein, about 9 ° % of which is present as free cholesterol (Table I). Digitonin 
treatment, followed by repeated washing, leads only to a small decrease in the free 
cholesterol content as expected from the low solubility of cholesterol digitonide. 

Biochim. Biophys. Acta, 15o (1968) 694-704 
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T A I 3 L E  ] 

C H O L E S T E R O L  C O N T E N T  OF S K E L E T A L  /~{USCLE M I C R O S O M E S  

n - -  n u m b e r  of d e t e r m i n a t i o n s .  Cho l e s t e ro l  c o n t e n t  is  e x p r e s s e d  as  m g  c h o l e s t e r o l  pe r  m g  
p ro t e in .  M i c r o s o m e s  (p ro t e in  c o n c e n t r a t i o n  5.I  7.o m g / m l )  were  t r e a t e d  w i t h  o. 3 °o d i g i t o n i n  in a 
m e d i u m  buf f e r ed  w i t h  5" IO-2 M h i s t i d i n e  for  24 -48  h in ice. The  m i c r o s o m e s  w e r e  d i l u t e d  to  a 
p r o t e i n  c o n c e n t r a t i o n  of o .6 -o .8  m g / m l  w i t h  H 2 0  a n d  w e r e  c e n t r i f u g e d  a t  28 ooo ?< g for  45 lnin.  
T h e  s e d i m e n t  w a s  r e s u s p e n d e d  in o r i g i n a l  v o l u m e  of H2O a n d  c e n t r i f u g a t i o n  r e p e a t e d .  Cho le s t e ro l  
d e t e r m i n a t i o n s  on  c o n t r o l  a n d  d i g i t o n i n - t r e a t e d  m i c r o s o n l e s  were  c a r r i e d  o u t  as  d e s c r i b e d  u n d e r  
E X P E R I M E N T A L  P R O C E D U R E S .  

Free cholesterol Total cholesterol 

Control microsomes Digilonin-treated Control microsomes Dtgilonin-treated 
microsomes microsomes 

Cholesterol n S.E.  Cholesterol n S.E.  Cholesterol n S.E. Cholesterol n S .E.  
content conlenl content content 

o.o153 22 ~ o .oo16 o.o145 i i  ~ o . o o l o  o.o194 i2  : o .oo l  4 0 .020 2 - -  

Treatment of microsomes with digitonin inhibits Ca 2+ uptake, while the ATPase 
activity is slightly activated (Fig. 7). The inhibition of the Ca 2+ uptake and the 
activation of ATPase activity are not reversed by addition of cholesterol in a wide 
range of concentrations. 

Effect of phosphotipase C o~z microsomes 
Treatment  of microsomes with phospholipase C inhibits the ATPase activity 3 

and Ca 2+ transporO 0, la, ~s. In spite of these profound biochemical changes, the surface 
structure of the microsomal membrane remains similar to that of control microsomes. 
Part of the surface of phospholipase C-treated microsomes is covered with a diglyceride 

_z 1.0 1.0 o_ 

~0 .5  

:~ 0 0.1 0.2 

CONCENTRATPON OF DIGITONPN., % 

I:ig. 7- E f fec t  of d i g i t o u i n  on t h e  ~Vl'Pase a n d  Ca 2+ u p t a k e  of m i c r o s o m e s .  F r e s h l y  p r e p a r e d  
n l i c r o s o n l e s  w e r e  i n c u b a t e d  w i t h  d i g i t o n i n  (o 0.25 }~) a t  r o o m  t e m p e r a t u r e  in t h e  p r e s e n c e  of 
5 m M  h i s t i d i n e  buf fer  (pH 7-3), for  2 h. P r o t e i n  c o n c e n t r a t i o n ,  2. 5 mg / in l .  A t  t h e  end  of i n c u b a t i o n ,  
t h e  s o l u t i o n  was  c e n t r i f u g e d  a t  3ooo r e v . / m i n  for i o  in in  a n d  t he  A T P a s e  a c t i v i t y  a n d  Ca ~ u p t a k e  
n l e a s u r e d  as  d e s c r i b e d  u n d e r  EXPERIMENTAL PROCEDURES. P r o t e i n  c o n c e n t r a t i o n  d u r i n g  A T P a s e  
a s s a y :  O - O ,  o . o 6 2 m g / i n l ;  • • ,  o . 1 2 5 m g / m l ;  A A ,  o . 2 5 m g / m l .  P r o t e i n  c o n c e n t r a t i o n  
in Ca 2+ u p t a k e  m e a s u r e m e n t s :  ~k A ,  o.o22 m g / m l .  

tHochim. Biophys.  Acta, i 3 o  ( i968)  694 704 
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Fig .  8. l ' ; f lect  of p h o s p h o l i p a s e  C o n  m i c r o s o m e s .  P h o s p h o l i p a s e  (" t r e a t m e n t  w a s  c a r r i e d  o u t  a s  
d e s c r i b e d  ea r l i e r  TM, u s i n g  o. 5 m g  p h o s p h o l i p a s e  C p e r  ml  a n d  5.7 nag m i c r o s o m a l  p r o t e i n  p e r  ml .  
I n c u b a t i o n  a t  r o o m  t e n l p e r a t u r e  fo r  1 h.  M a g n i f i c a t i o n :  ~ l o 4 5 o o .  

Fig .  9. l{ffect  of  t e m p e r a t u r e  o n  t h e  s u r f a c e  s t r u c t u r e  of r a b b i t  s k e l e t a l  m u s c l e  m i c r o s o m e s .  
M i c r o s o m e s  w e r e  e x p o s e d  t o  r o o m  t e m p e r a t u r e  fo r  2 h in a s o l u t i o n  of  o. t M KC1, lo  m M  h i s t i l l i ne ,  
p r i o r  t o  s t a i n i n g  w i t h  o. 5 ° o p o t a s s i u m  p h o s p h o t u n g s t a t e .  M a g n i f i c a t i o n :  "< 7 6 o o o .  

droplet ,  which appears  as a t r anspa ren t  spherical  contour  on negat ive  s ta in ing 
(Fig. 8). 

Temperature effect on microsomes 
BENEDETTI AND EMMELOT 19 repor ted  a marked  change in the surface s t ruc tu re  

of l iver cell membrane  depending  on whether  the  s ta ining was carr ied out  a t  2 :' or 37 ° 
t empera tu re .  

Al though the subuni t  par t ic les  became less p rominen t  af ter  incubat ion of 
microsomes for 2 h at  25 ° or 37 °, no definite mosaic pa t t e rn  appea red  (lrig. 9). The  
Arrhenius  plot  of the  t empe ra tu r e  dependence  of microsomal  ATPase  did  not  ind ica te  
any  sharp  t rans i t ion  in the  range of 0-4 o~ (Fig. IO) which could be corre la ted with the 
t r ans fo rmat ion  of the  membrane  from par t i cu la te  into mosaic s t ructure .  

Effect of sapou in on microsomes 
Adsorp t ion  of saponin to e ry th rocy te  and l iver cell membranes  causes the  

appea rance  of a hexagonal  a r r a y  of pi ts  sur rounded  by  rings 17, 2~, 21. 
T r e a t m e n t  of microsomes with saponin (1-2 %) for 5-6 h at  o ° causes only smal l  

and  var iable  inhibi t ion  of the Ca 2+ up t ake  with no change in the  ATPase  ac t iv i ty .  
Al though the subuni t  s t ruc ture  of the  microsomal  surface became less p rominen t  af ter  

Biochim. Biophys..4eta, 15o (1968) 6 9 4 - 7 0 4  
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saponin t reatment ,  the characteristic mosaic structure described for other types of 
membranes  was not observed. 
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Vi~. IO. ]Lffect of t e m p e r a t u r u  on the  .Vl'Pase ac t i v i t y  ol ske le ta l  musc le  m ic rosomcs .  ATl 'asc 
ac t i v i t y  was measured in a medium contain ing ] o mM hist id ine (pH 7.3), 5 mM MgCI2, .5 mM ATP,  
a n d  l l l i c r o s o m c s  a t  a p r o t e i n  c o l l c c l l t r a t i o l /  of o.o5 I l lg / l l l l .  I n c u b a t i o n  t i m e  w a s  3 ° m i l l  a t  o a n d  

8 ,  ~o rain at  t5", and 5 rain at  25 , 32 , and 38. (O O).  In some experiments ro a M ('aCl 2 was 
added to the above incubation medium (LJ D). 

DISCUSSION 

As r e p r e s e n t e d  b y  DAVSON a x l )  DANIELLI 2e, b io log ica l  m e m b r a n e s  cons i s t  of a 

bimolecular leaflet of phospholipids coated on both sides with proteins. While the 
basic content  of this model is supported by  a large body of evidence 2a, impor tant  
s tructural  features were recently recognized in a var iety of biological membranes 
which were not  predictable on the basis of the original unit membrane theory. Such 
differentiation of biological membranes  is shown by the presence of elementary 
particles on the membranes of mitochondria~4, 2~, liver cel ls  19, and Rous sarcoma 
virus ~7. Pat terns  consisting of a hexagonal ar ray  of subunits were observed on the 
synapti(- disc of the goldfish Mauthner cell 2~. 

T h e  p r e s e n c e  of d i s t i n c t  p a r t i c l e s  of a b o u t  4 ° A d i a m e t e r  on  t h e  su r f ace  of 

s a r c o p l a s l n i c  r e t i c u l u m  m e m b r a n e s  is r e p o r t e d  in t h e  p r e s e n t  pape r .  T h e  p a r t i c l e s  

a re  c l ea r ly  o b s e r v e d  on  m i c r o s o m e s  n e g a t i v e l y  s t a i n e d  w i t h i n  a few h o u r s  a f t e r  

p r e p a r a t i o n .  P r o l o n g e d  ag ing ,  t r e a t m e n t  w i th  t r y p s i n ,  s a p o n i n ,  or  e x p o s u r e  to  2 5 - 4  o° 

t e m p e r a t u r e  for  a few hour s ,  r e s u l t s  in  a m o d e r a t e  r e o r g a n i z a t i o n  of t h e  su r f ace  
s t r u c t u r e  w h i c h  m a k e s  t h e  s u b u n i t s  less pr<)minent .  

T r a n s f o r m a t i o n  f r o m  p a r t i c u l a t e  to  a m o s a i c - t y p e  su r f ace  s t r u c t u r e  was  re-  

13i~chim. /Giophys. d c/a, 15 ° { ig08} 094 704 
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ported to occur at elevated temperatures m and following saponin t reatment  17 on 
different surface membranes. The temperature-dependent transformation of liver cell 
membranes is assumed to accompany the change of the lamellar phospholipid frame- 
work into a micellar one at higher temperatures. 

Surprisingly, the temperature dependence of the microsomal ATPase did not 
indicate any sharp change in the range of o-4 °o which could be correlated with some 
structural change of the membrane, although the ATPase activity of microsomes is 
known to be dependent upon phospholipids. Furthermore, the surface structure of 
skeletal muscle microsomes did not assume the characteristic mosaic pattern shown 
by cell surface membranes, after prolonged exposure to temperatures of 25-37 ° or 
following saponin treatment.  Even phospholipase C-treated microsomes which lost 
6o-7 o % of their phospholipid content displayed a surface structure rather similar to 
control microsomes. These observations tend to emphasize the structural role of non- 
phospholipid constituents in membranes of sarcoplasmic reticulum. 

The changes in the surface appearance of microsomes subjected to prolonged 
trypsin t reatment  might be explained by the susceptibility of the surface particles 
to tryptic hydrolysis. 

The physiological role of the observed subunits is unknown. Their identification 
with the ATPase enzyme implicated in the Ca 2+ transport was a t tempted using the 
histochemical procedure of TICE AND BARRNETT 2v, without conclusive results. 

DOURMASCHKIN, DOUGHERTY AND HARRIS a7 concluded that  the rigid tubular 
structures which appear in preparations of liver cell membranes after t reatment  with 
digitonin represent modified cell membranes. Under similar experimental conditions, 
identical structures are formed in digitonin-treated skeletal muscle microsomes, and 
in water suspensions of cholesterol and digitonin. These latter observations suggest 
that  the structures probably represent cholesterol digitonides rather than modified 
mierosomal membranes. An explanation nmst be sought for the fact that  while the 
rigid tubules form abundantly when microsomes are treated with digitonin, in 
cholesterol-digitonin suspensions small micellar droplets prodominate. The loss of Ca" 
transport  in digitonin-treated microsomes suggests that  cholesterol is in some way 
involved in the Ca 2+ accunmlation process. 

I t  is generally argued that,  during the isolation of skeletal muscle microsomes, 
the sarcoplasmic reticulum undergoes fragmentation. 

The frequent occurrence of tadpole-shaped particles in fresh microsome prep- 
arations isolated from rat, mouse and rabbit  nmscles might indicate that large 
segments of the sarcoplasmic reticulum membranes remain intact during the prepara- 
tion procedure. I t  must be emphasized, however, that  the shape, as well as the surface 
structure of microsomes, is probably influenced by the preparation procedure, making 
all conclusions regarding membrane morphology entirely tentative. 
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