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An improved procedure was developed for .the isolation of 
skeletal muscle plasm membranes. This method includes a DNAse 
treatmnt of the hcuxgenate prior to the isolation of membranes by 
differential and sucrose gradient centrifugation techniques. We 
obtained two light fractions which were highly enriched in many 
biochemical and chemical plasma membrane markers. These fs$ctions 
were shown to be mstly inside-out vesicles containing a Ca -ATPase 
activity. These results suggested that this a2Yn-e could 
participate in the extrusion of calcium ions fran the muscle cells. 

Introduction. The understanding of the role played by the skeletal 

muscle surface mesbranes (i.e. T-tubule and sarcolemra) has been 

restricted by the difficulty of preparing pure fractions of these 

nrsnbranes. 

Several purification schemes for sarcolemm and/or t-tubule 

mxbranes have been published (l-5). These two a-er&rahes have been 

distinguished on the basis of different amounts of specific markers 

(for a review, see in 2 and 6). 

In this commnication, we present a technique for the isola- 

tion of skeletal muscle surface seabane fractions by a sucrose 

gradient centrifugation technique. Tm light fractions were shown 

to originate from the surface mxrbranes by using several biochemi- 

cal and chemical markers. 2+ Measuremnts of specific Mg -ATPase 

activities showed that these mmbranes were implicated in the 

control of Na+ and K' ions and also of -I+. Ca ions mxemants. 

This last result combined with the marker study will be dis- 

cussed with respect to the actual source of these rrpmbrane 

fractions. 
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Materials and Methods 

Determination of enzymatic activities. The 5' nucleotidase activity 
was measured as in (7); Ca2 '-ATPase was determined in 10 m Henes- 
Tris, pH 7.3, 100 rrbl KCl, 2 m-Es1 , 2 rrM ATP 10 kg/ml of proiein 
9 the presence of either 5.10 PI &Cl or 1 r&l EGIA at 37°C; (Na+t 
K )-ATPase was carried out in 10 nM He 2 s-Tris pH 7.5, 1 nM EDIYA, 4 
n-t-l w&r 4 r&l ATP) in the presence of either 120 n-M NaCl plus 40 
r@l KC1 or 1 WI ouabain. For these activities the released inorganic 
phosphate was measured as in (8).The acetylcholinesterase activity 
was determined according to Elknan (9). 

Binding assays. 
membrane proteins and 2.23 10 
(lO)(specific radioactivity 900 Ci~/yl). Non-specific binding was 
measured in the presence of 5.5 10 M of unlabelled insulin (Novo). 
Ouabain binding was performed after 15 min incubation at 37OC with 
60 kg of protein in 1 ml of 10 til apes-Tris buffer pH 7.4, 100 IIM 
NaCl, 1 rrM EDNA, 4 sM MgC12, 1 ).LM [ H 1ouabai.n (Amsrsham : specific 
radioactivity 37 Ci/mol) with or without 4 rr&l ATP. 

Chemical analysis. Lipid phosphorus was determined according to 
Napias (11). Cholesterol was extracted in CHCl,/EtOH 2:l and 
rte&ured by the cholesterol oxidase-catalase procedwe @c&ringer 
no 139050). Sialic acid contents was measured according to Warren 
(12). Proteins were determined by the m method. (13) or by the 
fluorescamine reaction (14) using bovine senrm albumin as the 
standard. SDS polyacrylamide gel electrophoresis was perfonted 
using the nethod of La&i (15). 

Vesicle sidedness. Acetylcholinesterase activity and ouabain bind- 
ing assays for the determina tion of the vesicle sidedness were 
performed in the presence of increasing arrounts of deoxycholate as 
already described (2). 

Purification of surface nenbranes. The entire procedure was done at 
4OC. Rabbit white muscles were ground in a seat grinder and mixed 
with 10 volumes of buffer I (20 r&l Tris-HCl, pH 7.8, 2 n-M EGTA, 300 
r&l sucrose, 1 til MT and 300 r&l NaCl). 30 g of minced n-eat were 
hcsogenized in a Waring blendor twice for 15 set at half win-al 
speed. The crude homogenate (H) was centrifuged for 50 min at 
39,CCXJg. The pellet was washed with 5 volms of buffer I and cen- 
trifuged 50 min at 39,ooOg. The pellet was then resuspended in 3 
~01~s of buffer II (20 m Tris-HCl pH-1.5, 2 r&l MgCl , 300 m 
sucrose, 1 n-M DTl') and treated by 5 pg ml of DNAse I (&n-a) for 
30 min at 20°C. The reaction was stopped by addition of 2 r&l EDNA. 
This solution was horrogenized twice for 10 set in a Polytron hcmo- 
genizer pT 20s at 21, Ooo qn and centrifuged for 20 min at 13,ooOg. 
The resultant pellet was re-hcncqenized under the same conditions. 
The pooled supematants were collected and centrifuged for 90 min 
at 105,ooOg. The pellet was resuspended in 36 ml of 10 nM Hepes pH 
7.4, 300 til sucrose, 600 r&l KC1 and maintained on ice for 1 hour. 
The microsomal fraction (M) was obtained after a 90 min c+rifuga- 
tion at 105,030g. After resuspension (16-11 mg protein ml ) in 11 % 
(w/v) sucrose, 3.2 ml of this fraction were layered onto a sucrose 
density gradient consisting of 20 % (w/v) sucrose (3 ml), 30 % 
sucrose (4,5 ml), 35 % sucrose (1,5 &) and 45 % sucrose (3 ml) 
buffered with 10 r&l Hepes pH 7.4. The gradients were centrifuged in 
a MSE SW 6x16.5 rotor at 105 03oa for 12-14 hours. Four oarticle 
fractions banding at the 11:26 (Fi), 

L ~~~ ~~--- 
26/30 (F2), 30/35 (F3), 35-35 

(F4) interfaces were collected, then diluted in 10 r&l Hepes buffer 
pH 7.4 to bring them at 300 til sucrose, centrifuged at 105,ooOg for 
60 minutes and finally resuspended in 0.5 to 0.9 ml of 10 r&l Hepes 
pH 7.4, 3cO rrM sucrose for further analysis. 
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Results. Microscmal fractions (M) obtained from muscle homogenate 

(H) by rreans of the procedure described above allowed. us to isolate 

four membrane fractions. Their characteristics are presented in 

Table 1. 

Two liqht fractions Fl and F2 show considerable enrichmant in 

plasma mmbrane enzymatic and binding activities as compared to the 

hcmoqenate. In addition, ACHE and ouabain binding specific activi- 

ties can be enhanced by addition of detergent (Deoxycholate) as 

shown in Table 2. 

Their high cholesterol to phospholipid ratio and their sialic 

acid content (Table 1) confirmed their surface origin. They are 

very different frcxn the fractions F3 and F4 which contain nxx-e than 

94 % of the total microsma proteins loaded onto the gradient. 

The presence of the mitochondrial membranes in the light 

fractions is tested by masurinq the oliqomycin and the aurovertin 

sensitivity of Mq 2+ -ATPase. Such masurements indicate a tiny 

contamination (less than 8 %; not shmn). 

We have determined the sidedness of these mmbranes by a slight 

rmdification of the mathod similar to that described in (2). Such 

measurements (Table 2), similar for Fl and F2, indicate that about 

75 % of the mambranes are sealed. This sealed material is actually 

composed of about 55 % and 20 % of inside-out and right side-out 

TABLE 1 CHARACTERISTICS OF 'IHE FRACTIONS OBTAINED AS DESCRIBED IN~MATERIALS AND METHODS 

Fractions Yield ACHE S'-nucleoti.dase Ouabain Insulin Cholesterol/PL Sialic 
midst nmol/min/mg nmol Pi/mm& binding binding molar ratio acid 

Pmol/mg fmwmg kg/ml? 

H 155 14 2.9 0.07 M 3.1 57 14 0.39 Z 0.06 23 
Fl 0.04 136 186 4.84 2.42 0.30 101 
F2 0.06 143 92 4.52 3.71 (a) 0.20 58 
F3 1.2 76 15 0.57 0.89 (a) 0.04 14 
F4 0.6 52 8 0.55 0.9 0.04 22 

n.d. = not detectable. Average of 3 determinations of 2 to 6 different preparations. 
(a) Bmax is 62.2 and 16.7 fmol/mg for F2 and F3 respectively. 
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TABLE 2 SIDEDhESS OF PURIFIED PI&X4 MR#XANE VESICLES 

Fl F2 

Acetylcholinesterase” - Deco 135.7 (5) 142.6 (6) 

+DX 0 310.5 (3) 315.1 (5) 

% (Ro + L) 43.7 45.2 

% (IO) # 56.3 54.7 

Ouabain binding ’ -DE 4.64 (7) 4.52 (6) 

+m 20.4 (2) 16.1 (5) 

% (L) 23.7 28.1 

% (Ro + 10)X 76.3 71.9 

( + ) run01 of acetylthiocholine hydrolyzed min-’ . -1 

( l ) pool (II’) ouabain bound mg protein-l ; ( # )m!~r$$s~ 
acetylcholinesterase activity deducted. from 100 $ gives the per- 
centage of (IO) vesicles; ( x ) the increased ouabain binding 
deducted from 100 % gives the percentage of (RO + IO) vesicles; 
( 0 ) 0.45 mg ml-'. 
RO : right-side out vesicles; IO : inside-out vesicles; L : leaky 
material ; Dot : sodium deoxycholate. 

vesicles respectively. The leaky mterial is estimated to be about 

25 %. 

In order to assess the functional state of the fractions, we 

measured the (Na++K+)-dependent 1%q 2+ -ATPase which is kncwn to be 

associated with the surface tiranes and the Ca2+-dependent 

r4g 2+ 
-ATPase (Table 3). 

The (Na++K+)ATPase activity is found in both light fractions, 

even though F2 is less sensitive to cations, the specific 

TABLE 3 ATPase ACTIVITY IN SUCROSE GRADIENT FRACTIONS. 

Fractions 

Fl 
F2 
F3 + 4 

(Na+ + K+) ATPase (Ca ‘+I -ATPase 

CrmDl Pi/mg/b umol Pi/m0 
Basal ATPase (Na*+K+)activity Basal ATPase (~92+) -activity 

45.6 52.2 0.91 1.02 
50.4 40.2 0.71 1.79 

0.26 3.95 

Basal ATPase represents the activity measured in the presence of 1 nM 
ouabain or 1 ti EGTA for (Na+ + K+) ATPase and Ca2+-ATPase res- 
pectively. The ion dependent activity represents the activity 
measured in the presence of specific ions minus basal ATF’ase.The 
concentrations of the cations are 120 mM KCI, 40 I+! NACl and 
5.10-6 M CaC12. 
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activities are higher than those already published (1, 3, 16, 17). 

Fl,F2 and the cabined fractions F3+F4 shcw a high affinity Ca 2+ - 

dependent ATPase activity. The activity of F3+F4 is clearly distin- 

guishable from that of the fractions Fl and F2 in that the former 

is much nore activated by calcium ions than the latters. This 

enzymic activity, the cholesterol to phospholipid ratio (Table 1) 

and the pattern in SDS electrophoresis (not shown) of F3+F4 are 

identical to that described for SR aenbrane fractions (18). 

Discussion 

Our method of purification is based on extraction of microso- 

mas from hcamgenate which was treated with 0.15 M NaCl to solubili- 

ze the actcmyosin cmplex, 1 ti MT to protect the -SH groups of 

the proteins and 5 erg/ml of DNAse to decrease the medium viscosity. 

After one hour incubation with 0.6 M KC1 to solubilize the remaining 

contracti1.e proteins, the microscms were fractionated through a 

discontinuous sucrose gradient. 

Using this procedure, we den-on&rated clearly that two light 

fractions Fl and F2 were coqxxed of surface xtmbranes while SR 

membrane fractions, F3 and F4, banded in the dense regions of the 

gradient (See Tables 1 and 3). 

The praninent result of this study is the presence of an 

ATPase activity having high affinity for calcium ions in Fl and F2 

which showad at the sam tirre high (NA+K)ATPase activity (Table 3). 

Ca2+-ATPase activity has been found in T-tubule (1, 19) and this 

activity was supposed to be absent in the sarcolenma (2) or present 

with a small specific activity (17, 20). 

In this study, it is difficult to assert that Fl and/or F2 

were conpsed of T-tubule or SL membranes: (i) because of the high 

(Na-K)ATPase, 5'-nucleotidase activities and sialic acid content of 

Fl and insulin binding, ACHE activity of F2, since all these markers 
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have been considered as characteristics of sarcolemral mmbrane (2, 

5, 7, 16); (ii) we found a Na-F dependent adenylate cyclase 

activity of 1.46 and 0.95 nml/min/nq for F2 and Fl respectively, 

and no basal ATPase activity (Table 3), both activities which have 

been considered to be T-tubule markers (Table 5 in ref. 6). 

In conclusion, the highest specific activities for all 

positive surface msnbrane markers in fractions Fl and F2 strongly 

suggested that these mmbrane markers were originating from the 

cell surface. Although soms markers might indicate that F1 is 

mostly composed of sarcolm, one cannot exclude the presence of 

T-tubule in this fraction. The sama reasonning is valuable for F2. 

Anyway, the high affinity Ca 2+ -ATPase activity observed in Fl and 

F2 cannot be attributed only to SR contaminating membranes. Thus, 

this activity is intrinsically associated with muscle cell surface 

rrienbrane. Its presence in our fractions which were shown to be 

mostly oriented inside-out (Table 2.) suggest that this enzyma could 

participate in the extrusion of calcium ions out of the cell as it 

was demnstrated in erythroqte (21), cardiac mscle (22) or liver 

cell (23) plasma mmbranes. 

Acknowledgemnts We wish to thank Dr. P. Vigneron for helpful 
discussions, Dr. C. Napias for his critical reading of the mnus- 
cript and T. Volker t-or carrying out the adenylate cyclase assay. 

References 
1. Rosertblatt, M., Hidalgo, C., Vergara, C. and Ikermto, N. (1981) 

J. Biol. Chem. 256, 8140-8148. 
2. Seiler, S. and Fleischer, S. (1982) J. Biol. Chem. 257, 

13862-13871. 
3. Kidwai, A.M., Radcliffe, A., Lee, Y.E. and Daniel, E.E. (1973) 

Biochim. Biophys. Acta 298, 593-607. 
4. Schapira, G., Dubocz, J., Piau, J.P. and Delain, E. (1974) 

Biochim. Biophys. Acta 245, 348-358. 
5. Desnuelle, C., Lo&et, A., Liot, D., Maroux, S. and Senatrice, 

G. (1983) Bicchem. Biophys. Res. Canmn. 112, 521-527. 
6. Mitchell, R.D., Volpe, P., Palade, P. and Fleischer, S. (1983) 

J. Biol. Chem. 258, 9867-9877. 
7. Wallis, I., Koenig, E. and Rose, S. (1980) Biochim. Biophys. 

Acta 559, 505-517. 

221 



Vol. 123, No. 1, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

8. Ottolenghi, P. (1975) Biochem. J. 151, 61-66. 
9. Ellrran, G.L., Courtney, K.D., Andres, V., Jr. and Featherstone, 

R-PI. (1961) Biochem. Pharmcol. 7, 88-95. 
10. Posner, B.I. (1974) Diabets 23, 209-217. 
11. Napias, C. (1975) These de Doctorat d'Etat, Bordeaux. 
12. LJarren, L. (1959) J. Biol. Chem. 234, 1971-1975. 
13. Imry, O.H., Rmenbrough, N.J., Farr, A.L. and Randall, R.S. 

(1951) J. Biol. Chem. 193, 265-275 
14. Bijhlen, P., Stein, S., Dairmn, W. and Udenfriend, S. (1973) 

Arch. Bicxzhem. Biophys. 155, 213-220. 
15. Ladi, U.K. (1970) Nature 227, 680-685; 
16. Smith, P.B. and Appel, S.H. (1977) Biochim. Biophys. Acta 466, 

109-122. 
17. Bar&i, R.L., Bonilla, E. and Wong, M. (1977) Proc. Natl. Acad. 

Sci. USA 74, 34-38. 
18. Meissner, G., Conner, G.E. and Fleischer, S. (1973) Bicxzhim. 

Biophys, Acta 298, 246-254. 
19. Lau, V-H., Caswell, A.H. and Brunschwig, J.P. (1977) J. Biol. 

Chm. 252, 5565-5574. 
20. De Boland, R.R., Gallego, S. and Boland, R. (1983) Bic&im. 

Biophys. Acta 733, 264-273. 
21. Niggli, V., Penniston, J.T. and Carafoli, E. (1979) J. Biol. 

Chem. 254, 9955-9958. 
22. Caroni, P. and Carafoli, E. (1981) J. Biol. Chem. 256, 

3263-3270. 
23. Lotersztajn, S., Hanoune, J. and Pecker, F. (1981) J. Biol. 

Chem. 256, 11209-11215. 

222 


