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The presence of increased amounts of free 
lysosomal hydrolytic enzymes and decreased 
protein concentration within the muscle cell 
of dystrophic animals is well established 
(1-4). The role of these enzymes in the 
mechanism of the disease is not clear (5, 6).  
Barany et al. found that among the cellular 
proteins proportionally the sarcoplasmic pro- 
teins were decreased most in the dystrophic 
muscle cell ( 7). 

Sreter et al. discovered that the Ca2+ 
transport function of the sarcoplasmic reticu- 
lum was impaired in dystrophic animals 
(8-10). These observations led us to investi- 
gate some characteristics of the sarcoplasmic 
proteins and lipids and to study the effects of 
protease and phospholipase C on fragmented 
sarcoplasmic reticulum using both normal 
and dystrophic animals. 

Materials and Methods. Dystrophic chick- 
ens were generously given by Dr. D. W. 
Peterson, Department of Poultry Husbandry, 
University of California, Davies, California. 
Dystrophic mice (129 B6F1-dy) were pur- 
chased from The Jackson Laboratory, Bar 
Harbor, Maine. 

Fragmented sarcoplasmic reticulum of var- 
ious sources was prepared according to the 
method of Martonosi and Feretos (11). 
Great care was taken to remove the contami- 
nant proteins by repeated washings with 0.6 
M KCl. For the determination of the amino 
acid composition of sarcoplasmic protein 
about 30-60 mg (wet weight) of sarcoplasmic 
reticulum was dissolved in 1 ml 90% phenol 
solution and the sarcoplasmic protein was 
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precipitated by the addition of 6 ml ice-cold 
acetone. The dried and well washed protein 
was hydrolyzed by 6 M HCl at 110" for 2 
days and the amino acid composition deter- 
mined with a Phoenix Model M-7800 auto- 
matic amino acid analyzer using an auto- 
mated version of the Moore and Stein tech- 
nique ( 1 2 ) .  The yield of the phenol-acetone 
extraction procedure was 0.3 mg protein per 
1 .O mg (wet weight) sarcoplasmic reticulum. 

For enzymic and 45Ca uptake studies the 
protein concentration of the sarcoplasmic re- 
ticulum was determined by the Lowry 
procedure (13)  after the addition of 0.16% 
deoxycholate and heating on a steam bath 
(14). Aliquots containing 4 mg protein were 
used for the enzymic experiments and sam- 
ples containing 0.2 mg protein were employed 
for the 45Ca uptake measurements ( 11). 

The effects of protease (from streptomyces 
type VI) and phospholipase C (Sigma Bio- 
chemicals) were studied at 26" in a Radiome- 
ter TTTl + SBV + SBR 2 combination 
which was used as a pH stat. One milligram 
phospholipase C was added to an aliquot of 
sarcoplasmic reticulum containing 4 mg pro- 
tein in 0.1 M KC1 at pH 7.5 in 4.0 ml total 
volume. The digestion was allowed to proceed 
for 40 min at  26' using 0.01 M NaOH as 
the titrant. Protease effect was studied under 
similar conditions except that 1 mg protease 
was added to the mixtures instead of the 
phospholipase C. Alternatively the 1.0 mg 
protease was added to such mixtures which 
were previously digested for 40 min by phos- 
pholipase C. Lipid phosphorus content of the 
sarcoplasmic reticulum was assayed as de- 
scribed by Masoro (15). 

Results. It may be seen from Table I that 
we were unable to detect any conspicious 
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4.0 
differences in amino acid composition of the 
sarcoplasmic proteins obtained from various 
normal and dystrophic muscles. According to 
the results compiled in Table 11, the total 
phospholipid concentration of the sarcoplas- 
mic reticulum in normal and dystrophic 
chickens was similar. On the other hand, af- 
ter 40 min of phospholipase C digestion the 
dystrophic sarcoplasmic reticulum lost 
45.68% of its phospholipid content while un- 
der similar conditions the phospholipid con- 
tent of the normal controls was diminished 
only by 25.14%. 

Figure 1 shows the effect of protease on the 
sarcoplasmic reticulum of normal and dys- 
trophic chickens. I t  may be seen that this 
enzyme digested the normal and dystrophic 
sarcoplasmic reticulum more or less equally. 
After 40 min of phospholipase C digestion, 
however, the sarcoplasmic reticulum of the 
dystrophic chickens was hydrolyzed some- 
what faster by proteinase than that of the 
similarly treated normal controls. 

As Fig. 2 shows, the sarcoplasmic reticu- 
lum obtained from dystrophic chickens ac- 
cumulated indeed less 45Ca than its normal 

- 

TABLE 11. Effect of Phospholipase C on Total 
Lipid Phosphate Contcnt of the Sarcoplasmic 

Reticiilum of Normal and Dystrophic Chickens. 

Total lipid phos- 
phate of the sarco- 
plasinic reticulum 

( p g  PO,/nig protein) 
Loss of lipid 

40 inin of phos- 
pholipase C 

Of phospllo- phosphate after 
li~xisc C cligcstioii 

in  minutes 

0 40 cligestioii (%) 

Xom:il cliickcn 
2 26.50 15.08 
3 20.04 15.29 
4 25.14 20.88 
5 21.93 17.47 

Avc.~*ngc 23.40 17.18 

1 )ystr. clbickcn 

2 26.22 14.10 
3 25.74 13.78 
4 23.23 14.12 
5 21.21 10.43 

Average 24.10 13.10 

40.10 
23.70 
16.45 
20.34 
25.14 

46.22 
46.46 
39.22 
50.83 
45.68 

Y 1 I I I I I 

5 10 15 20 25 30 
Time in minutes 

FIG. 1. Effect of protease before and after phos- 
pholipase C digestion on the sarcoplasmic reticulum 
of normal and dystrophic chickens. The amount of 
NaOH consumed by 4 mg sarcoplasmic protein dur- 
ing protease digestion is plotted as a function of the 
time of proteolysis. Each tube contained 4 mg sarco- 
plasmic protein, 0.1 mole KCL, AND 1.0 mg pro- 
teinase a t  pH 7.5. Total final volume was 
4.0 ml. (For details see Materials and Methods). 
Normal (0); dystrophic ( 0 )  ; after 40 m h  of 
phospholipase C digestion: normal ( A )  dystrophic 
(A). 

control (8-10). A 1-min digestion with pro- 
tease depressed the first minute uptake in 
case of both sarcoplasmic reticulum. If the 
digestion time was increased from 2-5 rnin 
(not shown in the figure) protease destroyed 
the 45Ca uptake of both preparations more or 
less similarly. A marked difference was, how- 
ever, observed between the 45Ca uptake of 
the sarcoplasmic reticulum of normal and 
dystrophic chickens if these preparations 
were digested by phospholipase C for 40 min. 
This treatment depressed 64% of the total 
5-15 min 45Ca uptake of the dystrophic sarco- 
plasmic reticulum while the 5-15 min 45Ca 
uptake of the normal controls was not at  all 
inhibited. 

Discussion. Several previous authors sug- 
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5 10 15 
Time in minutes 

FIG. 2. Effect of phospholipase C and protease on 
the “Ca uptake of sarcoplasmic reticulum obtained 
from normal and dystrophic chickens. Each tube 
contained 0.05 mg/ml sarcoplasmic protein, 0.1 
mmole 45CaCl, 1.0 mmole ATP, 5.0 mmoles MgCI, 
6.0 mmoles oxolate, 0.1 mole KCI, 0.02 mole NaCl 
and 0.05 mole p H  7.2 Tris buffer. Total final volume 
was 5.0 ml. Normal (0); dystrophic ( 0 )  ; 
after 40 min of phospholipase C digestion: normal 
( A )  ; dystrophic (A) ; after 1 min of protease 
digestion: normal (0) ; dystrophic (I). One hun- 
dred per cent of Ca uptake was 2.0 ,umoles/mg 
protein. 

gested that muscular dystrophy may involve 
a biochemical lesion of the phospholipid 
membranes (10, 16). The amino acid com- 
position and the total phospholipid concen- 
tration of the sarcoplasmic reticulum was 
similar in normal and dystrophic chickens. 
The availability of sarcoplasmic proteins for 
protease digestion was also similar in the nor- 
mal and dystrophic preparations. 

On the other hand, after 40 min of phos- 
pholipase C digestion the sarcoplasmic reticu- 
lum of the dystrophic chickens compared to 
the normal controls lost a larger percentage 
of its total phospholipid content along with 
its 45Ca-accumulating capacity. Also the 
effectiveness of protease to digest sarcoplas- 

mic proteins became substantially increased 
in the case of the dystrophic animals. 

These results would seem to suggest that 
perhaps the phospholipid structure of the sar- 
coplasmic reticulum was altered in case of 
the dystrophic chickens. In the dystrophic 
muscle cell the various structures are con- 
stantly exposed to an increased free ly- 
sosomal hydrolytic enzyme activity (1-4). 
Sawant et al. have shown that lysosomal en- 
zymes are able to digest mitochondria and mi- 
crosomes (17) .  Whether a prolonged in vivo 
exposure to lysosomal enzymes or a primary 
biochemical alteration of the phospholipid 
composition is responsible for the increased 
phospholipase C sensitivity of the dystrophic 
preparations can not be answered at this 
time. Further research will hopefully enable 
us to gain more insight into this problem. 

The authors are greatly indebted to Dr. E. J. 
Masoro and Dr. Byung Pal Yu for their help and 
interest throughout this work. 
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