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Cathepsin A in Nutritional and Hereditary 
Muscular Dystrophy 

DURING the past few years, several laboratories1- 8 have 
reported that the activities of many of the acid hydrolases 
of skeletal muscle are greatly increased in wasting diseases 
from different causes. Although the progressive loss of 
muscle mass in these conditions is generally attributed 
primarily to this enhanced activity of the acid hydrolases, 
there is little direct experimental evidence in support of 
this hypothesis. Furthermore, other enzymes involved in 
protein catabolism, such as alkaline protease• and pep
tidases•, have been shown to be elevated in dystrophic 
muscle. The normally low levels of these enzymes in 
skeletal muscle and the limited knowledge of their sub
strate specificities havo hindered a better understanding 
of the mechanism of the wasting process. 

From ,;keletal muscle of rabbits and chickens we have 
isolated a highly purified protease10, similar in its 
properties to cathepsin D of spleen11, which in liver has 
been shown to be localized in the lysosomes12• Unpub
lished data obtained with this purified enzyme freed of 
other known cathepsins show that it does hydrolyse 
certain muscle constituents but that, in itself, it cannot 
account for all the observed increase in dystrophic muscle 
autolysis. 

This communication reports our finding that the activity 
of another proteolytic enzyme, cathepsin A, shown by 
Fruton and Bergmann to hydrolyse a number of peptides 
containing tyrosine or phenylalanine and glutamic acid 13

, 

s greatly increased in skeletal muscle of dystrophic animals. 
Nutritional muscular dystrophy was produced in rabbits 

by feeding them a vitamin E-deficient diet14• Two types 
of control were used: animals maintained on the deficient 
diet but given oral supplement s of DL-Ol'.-tocopherol, and 
animals maintained on stock diets. There were no 
demonstrable differences in enzyme-levels in either type 
of control. Chickens with hereditary dystrophy15, and 
some controls, were raised from eggs supplied by the 
Department of Genetics, University of Connecticut; other 
controls were purchased from commercial suppliers. 
There was likewise no difference in enzyme-levels in either 
type of control. All chickens were 3-4 months old when 
used for these experiments. 

Cathepsin A levels in breast muscle of the chicken and 
in mixed thigh, leg and back muscles of the rabbit were 
measured in a 2 per cent potassium chloride homogenate 
(1 : 4 w/v) prepared in a Waring blender to which 'Triton 
X-100' had been added in a final concentration of 0·2 per 
cent. In experiments to be reported elsewhere, cathepsin 
A has been found to be associated with the lysosomes 
isolated from liver and to be fully released under these 
conditions. The release of tyrosine due to the enzymatic 
hydrolysis of carbobenzoxy-Ol'.-glutamyl-L-tyrosine (Mann 
Research Laboratories, Inc.) by cathepsin A was determ
ined by the ninhydrin colorimetric procedure of Moore 
and Stein'"· There was no detectable non-enzymatic 
release of tyrosine under the assay conditions used, nor 
did the substrate itself react with ninhydrin. The reaction 
mixture, containing 0·4 ml. homogenate, 0·2 ml. 0·2 M 
sodium acetate, pH 5·0, and 0·4 ml. 0·038 M substrate or 
H 2O, was incubated at 37°-38° C for 2 h. Tho reaction 
was stopped by the addition of l·0 ml. of 10 per cent 
trichloroacetic acid and the mixture was heated in a 
50°-55° C bath for 10 min and centrifuged for 15 min at 
low speed. The supernatant was diluted 1 : 5 with water. 
Aliquots of 0· 10-0·20 ml. of the diluted supernatant were 
used for the colorimetric ninhydrin determination, with 
the appropriate level of tyrosine as a standard. Protein 
was estimated by the procedure of Lowry et al. 17 • The 
results are shown in Table I. 

The data indicate that the activity of cathepsin A is 
significantly increased in both types of muscular dys
trophy. It is noteworthy that the skeletal muscle of 
normal rabbits appears to be almost free of this protease, 

Table I. CATHEPSIN A ACTIVITY IN DYSTROPIIIC MUSCLE 
µmol•s tyrosine liberated 

per mg protein 

Rabbit 
Control (5) 
Vitamin E-deficient (5) 

Chicken 
Control (7) 
Dystrophic (8) 

0·012 [0-0·032] 
0·197 [0·118-0·371] 

0·126 [0·094-0·170l 
0·292 [0·230-0·365 

The numbers in parentheses refer to the number of animals iu that group 
and the square brackets enclose the range of values obtained. 

whereas in the breast muscle of the chicken the level of 
this enzyme is comparatively high and approaches that 
seen in muscle of the vitamin E-deficient rabbit. The 
significance of these results in terms of the overall enzym
atic hydrolysis of proteins in various species and in 
dystrophy cannot be evaluated until a more highly 
purified enzyme preparation, free of other cathepsins, has 
been obtained. Indeed, it is not yet known whether 
cathepsin A does actually h ave proteolytic activity or 
whether it is restricted in its action to the hydrolysis of 
small peptides. However, preliminary data obtained with 
a partially purified cathepsin A preparation indicate that 
haemoglobin, at least, is not a good substrate for this 
enzyme. 

Our present investigations with isolated cathepsin A, 
as well as other proteases, are directed toward the 
elucidation of the role of these enzymes in protein cata
bolism and a bettor understanding of the wasting process. 
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HISTOLOGY 

Visualization of the Nuclei of the Basal 
Melanocytes of the Black Guinea-pig and of 

Human Skin under the Bright Field 
Microscope 

THE nuclei of the melanocytes isolated from the black 
guinea-pig and from human skin by the method of Shukla, 
Karkun and Mukerji1 are always masked by the dense 
melanin present in the cytoplasm (Figs. IA and 2B). A 
method to demelanize the cells and visualize the nuclei is 
reported here. 

A saline suspension of melanocytes isolated by the tech
nique of Shukla et al. from the skin of the dorsal surface of 
tho black region of the ear of the spotted guinea-pig, or 
the peroneal surface of the leg of normally pigmented 
human subjects, is mounted on albuminized slides and 
dried at 58° C in an oven. After an hour of drying the 
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