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spread of typical slow potential changes in 
nearby cortex. '2. Where previously absent, 
typical slow potential changes and spreading 
depressions were produced in the cingular 
area by a )  prolonged exposure of the cortex, 
b) intravenous infusion of concentrated su- 
crose solution, c) cooling of the cortex, d )  
treatment of the cortex with isotonic sucrose 
solution, and e)  with Ringer's solution con- 
taining 10 times the normal amount of potas- 
sium. 3. Asphyxia1 potentials were recorded 
both from the cingular area and from the cor- 
tex on the convexity of the hemisphere. How- 
ever, the latent period of this potential from 
the cingular area was markedly longer than 
that recorded from the convexity. 
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Enzyme Studies in Muscular Dystrophy. 11. Muscle Dipeptidase Activity 
and Vitamin E-Deficiency." (22244) 

I. If. WEINSTOCK, A.  D. GOLDRICH, AND A. T. MILHORAT. 
Depart itients of Psychiatry and Medicine, Cornell University Medical College, Russell Sagv Institute 

of Pathology, and X e w  York Hospital, N .  Y .  C i t y .  

I%. E-deficiency in the rabbit and other 
species results in characteristic muscular 
wasting and weakness. In  previous investiga- 
tions, on a number of tissues of the deficient 
rabbit, we found the cathepsin activity, in 
vitro, to be markedly increased in muscle. but 
unchanged in the other tissues( 1). To in- 
vestigate further the metabolism of protein in 

*Aided by Grants from Muscular Dystrophy As- 
sociations of America, and National Institutes of 

this form of muscular dystrophy, we have 
studied the activity of two previously charac- 
terized peptidase systems of muscle, glycyl-1- 
leucine and glycylglycine dipeptidase ( 2-4). 

lldethods. Vit. E-deficiency was induced in 
young rabbits by maintaining them on Diet 11 
of Goettsch and Pappenheimer( 5)  treated 
with 1% ethereal FeC13. Control animals re- 
ceived the untreated diet supplemented with 
25 mg 70 dl-a-tocopherol. After the appear- 

Health, U. S. Public Health Service. ance of symptoms of Stage I I (6)  of muscular 
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dystrophy, the animals were sacrificed. Mixed 
portions of the muscles of the leg, thigh and 
back were homogenized with 2 volumes of 
either water or 276 KCI. The enzyme source 
was either a muscle extract obtained by cen- 
trifuging at 1400 x g, or the whole muscle 
homogenate. The extracts were diluted to 
5-15 times their original volumes, and activity 
was determined at 2 or more different dilu- 
tions. The homogenates were diluted to 5-10 
times their original volumes and strained 
through gauze. The observed values of ac- 
tivities of duplicate aliquots were averaged. 
Protein nitrogen content of all of the prepara- 
tions was determined by a colorimetric nessler- 
ization procedure. The assay system con- 
sisted of 0.15 ml buffer (1  11: phosphate, pH 
7.4-7.6 or 0.015 hI veronal, pH 7.7-7.9), 0.15 
ml 0.01 31: metal ion activator when used, 
0.5 ml 0.1 31 substrate, 0.5 ml of the enzyme 
source, and sufficient water to make the final 
volume 1.5 ml. The mixtures were incubated 
at  37.5 t .5"C for periods of one and 2 hours. 
Hydrolysis of the dipeptides was determined 
by the colorimetric ninhydrin procedure of 
Moore and Stein(7) as adapted by Schwartz 
and Engel (8) .  Preparations containing the 
enzyme source showed no measurable change 
in ninhydrin reacting material in the absence 
of substrate. 

Results. Dipeptidase activities of the mus- 
cle extracts are shown in Table I and those of 
the whole homogenates are given in Table 11. 
The incubation periods used were relatively 
short as compared to previous studies on these 
systems. Although the rates of hydrolysis of 
both substrates decreased somewhat during 
the second hour of incubation, as previously 
reported for rat muscle(9), the hydrolysis of 
glycylglycine had to be determined over a 
2-hour period in order to obtain measurable 
values in the control group. Hydrolysis of 
glycyl-1-leucine is reported for one hour per- 
iods of incubation although in many experi- 
ments activity during the second hour also was 
determined. The addition of Mn+' did not 
increase glycyl-1-leucine hydrolysis by either 
the normal or E-deficient tissues, and, in fact, 
was somewhat inhibitory. We do not know 
why the Mn+ + activation of glycyl-1-leucine 

dipeptidase activity reported by Smith (2,4) 
was not observed in these experiments; how- 
ever, it is noteworthy that in a t  least one in- 
stance, this investigator also failed to note any 
stimulation by Mn++(2) .  The addition of 
Co++ caused a slight increase in glycylglycine 
hydrolysis by the control group and a consid- 
erable increase by the E-deficient group. 
During vit. E-deficiency there was a marked 
increase in dipeptidase activity of the rabbit 
muscle extracts and whole homogenates. The 
increase in glycyl-1-leucine dipeptidase activ- 
ity was not dependent upon the addition of 
Mn++,  but the increase in glycylglycine di- 
peptidase activity during vit, E-deficiency re- 
quired the addition of C o + t  activator. Ele- 
vation in dipeptidase activity was observed 
during both the first and the second hours of 
incubation, although the absolute rates of 
hydrolysis by (both the control and deficient 
groups decreased slightly during 'the second 
hour. In  one experiment, hydrolysis of gly- 
cyl-1-leucine by a mixture of extracts from 
control and vit. E-deficient rabbit muscle was 
equal to the sum of hydrolysis by the indi- 
vidual extracts. This result suggests that the 
difference between the activities of normal and 
E-deficient muscle was not due to the presence 
of either an inhibitor in the control group or 
of an activator in the deficient preparations. 
Although there was usually some decrease in 
protein nitrogen content of the muscle during 
the deficiency, which could give slightly higher 
values for the specific activity, this relatively 
small difference in nitrogen contenit cannot 
account for the large increases in dipeptidase 
activity we have observed. 

An increased incorporation of glycine into 
muscle protein, in vivo, occurs, at  least over 
short periods of time, in deficiency of vit. E 
( 10). Therefore, the decrease in muscle mass 
that is observed in this condition appears to 
be due to an even greater increase of protein 
catabolism. Both dipeptidase and catheptic 
( 1 )  activity of muscle is increased in vitro 
during the deficiency. It has been demon- 
strated that purified cathepsins have the abil- 
ity, under proper conditions, to synbhesize 
polypeptides in vitro by transpeptidization 
(1 1,12). While the functioning of these en- 
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zymes in vivo is yet to be demonstrated and 
other and more important enzyme systems are 
probably involved in protein metabolism, it is 
plausible to speculate that the net breakdown 
of muscle protein, observed in vivo during vit. 
Eddeficiency, may be due to increase in rate, 
and a shift in the equilibrium of a reversible 
enzyme system (s) catalyzing peptide bond 
formation and breakdown. 

Summary. The effect of vit. E-deficiency 
on hydrolysis of glycylgl ycine and glycyl-l- 
leucine by skeletal muscle extracts and homo- 
genates was investigated. During this de- 
ficiency there was a marked increase in dipep- 
tidase activity of both muscle extracts and 
homogenates. The increase in glycylglycine 
dipeptidase activity could be demonstrated 
only after the a'ddition of Co++. 
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Measurement of Cell Growth in Tissue Culture with a Phenol Reagent 
(Folin-Ciocalteau) . (22245) 

VANCE I. OYAMA AND HARRY EAGLE. 
Section on Experimental Therapeutics, Laboratory of Infectious Diseases, National Micro biological 

Institute, National Institutes of Health,* Bethesda, M d .  

In  tissue culture studies, the determination 
of the amount of growth under varying en- 
vironmental conditions is often of central 
importance. In  this laboratory, the actual 
enumeration of the cells( 1 )  proved a useful 
but laborious procedure (2-4) ; and studies 
were therefore undertaken to devise a rapid 
yet reliable method of measuring growth. 
Consideration was given to the direct turbidi- 
metric measurement of the resuspended cells, 
the determination of total nitrogen by nessler- 
ization, or of cell protein by precipitation pro- 
cedures; but the method to be here described 
proved superior to any of these in its sim- 
plicity and reproducibility. Essentially, the 
technic is a modification of the colorimetric 
method of Lowry, et a l . (S)  for measuring 

*Public Health Service, U. S. Department of 
Health, Education and Welfare. 

protein, using a phenol reagent (Folin-Ciocal- 
teau) for the development of color. As here 
described, the method is designed for use in 
cultures adherent to a glass surface, and over- 
laid with a fluid medium. 

Materials. 1. Earle's salt solution (6) (or 
any similar balanced salt solution) for wash- 
ing the cell layer in the culture flask. 2. Al- 
kaline copper solution to dissolve the cells. 
This is kept as 2 stock solutions, A and B: 
A, Na2C03, 200 g; NaOH, 40 g; NaK tar- 
trate, 2 g;  q.s. to 10 liters; B, CuSO4. 5H20, 
5 g;  q.s. to 1 liter. (The tartrate was incor- 
porated with the alkali, rather than the 
CuSOi, because of the slow development of a 
precipitate in the copper-tartrate mixture.) 
Solutions A and B are mixed in the proportion 
of 50 parts of A to 1 part of B to form Low- 
ry's solution C, which is prepared fresh daily. 


