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i n c u b a t e d  for  30 m i n  a t  37°C, w i t h  occas iona l  a g i t a t i o n .  
At  t h e  e n d  of t h e  i n c u b a t i o n  per iod ,  t h e  f ibr i ls  a n d  m i t o -  
c h o n d r i a  were  p r e c i p i t a t e d  b y  a d d i t i o n  ~ 2 ml  2 0 %  t r i -  
ch lo roace t i c  acid.  A f t e r  c en t r i f ug ing ,  t h e  i n o r g a n i c  P 
c o n t e n t  of t h e  c lea r  s u p e r n a t a n t  f lu id  was  d e t e r m i n e d  
w i t h  a ]~ECKMAN S p e c t r o p h o t o m e t e r  b y  t h e  m e t h o d  of 
FISKE a n d  SUBBAROV¢ "~, o n  I ml  a l i quo t .  To  e s t a b l i s h  t h e  
in f luence  u p o n  e n z y m a t i c  a c t i v i t y  of  p r o g e s t e r o n e  a n d  
d e s o x y c o r t i c o s t e r o n e ,  s i m i l a r  s y s t e m s  were  p r e p a r e d  in  
which  0.35 m l  b o r a t e  b u f f e r  was  r e p l a c e d  b y  e i t h e r  0-35 
ml of d e s o x y c o r t i c o s t e r o n e  g lucos ide  1 × 10 -a  M solu-  
t ion  or  0-35 ml  of 1 × 10 -3 M s u s p e n s i o n  of p roges t e rone ,  
wh ich  is n o t  so lub le  in  w a t e r .  A p p r o p r i a t e  b l a n k  d e t e r -  
m i n a t i o n s  were  ca r r i ed  o u t  on  m i x t u r e s  f r o m  w h i c h  e i t h e r  
the  m i t o c h o n d r i a  a n d  f ibr i l s  or  t h e  s u b s t r a t e  h a d  b e e n  
o m i t t e d .  T h e  P a m o u n t s  o b t a i n e d  were  s u b s t r a c t e d .  
Cor rec ted  va lues  were  e x p r e s s e d  as a r a t i o n  Y P / m g N .  

T h e  t o t a l  n i t r o g e n  c o n t e n t  was  d e t e r m i n e d  b y  usua l  
micro K j e l d a h l  m e t h o d .  

T h e  r e s u l t s  of e x p e r i m e n t s  are  s u m m a r i z e d  in t h e  
Table .  

As  s h o w n  i n  t h e  Tab le ,  d e s o x y c o r t i c o s t e r o n e ,  as  well  
as p r o g e s t e r o n e ,  p r o d u c e d  a s t r o n g  i n h i b i t o r y  a c t i o n  on  
A T P a s e  a c t i v i t y  of b o t h  ca rd iac  a n d  ske l e t a l  musc le  
fibrils a n d  m i t o c h o n d r i a .  Such  a n  i n h i b i t i o n  was  a b o u t  
30 % for  h e a r t  m i t o c h o n d r i a  a n d  20 % for  musc le  mi to -  
chondr ia .  S imi l a r  i n h i b i t i o n  v a l u e s  were  o b t a i n e d  w i t h  
b o t h  ca rd i ac  a n d  ske l e t a l  musc l e  f ibr i ls .  H i g h e r  ac t i -  
vit ies were  s h o w n  b y  f ibr i ls  p r e p a r e d  w i t h  t h e  f i r s t  
me thod ,  i n c l u d i n g  t r y p t i c  d iges t ion ,  t h a n  b y  t h o s e  
i so la ted  w i t h o u t  t r y p s i n .  Th i s  f ac t  agrees  w i t h  PERRY'S 
o b s e r v a t i o n  on  f resh  f ibri ls .  

On  t h e  g r o u n d s  of t h e  r e su l t s  of t h e  p r e s e n t  exper i -  
ments ,  t h e  i n h i b i t i o n  on  A T P a s e  a c t i v i t y  b y  b o t h  s t e r o i d  
h o r m o n e s  m a y  be  r e spons ib l e  for  t h e  i n h i b i t i o n  of t h e  
c o n t r a c t i o n  of m y o f i b r i l s  w h i c h  was  p r e v i o u s l y  desc r ibed .  

S ince  no  c o n s i d e r a b l e  d i f fe rences  b e t w e e n  m i t o c h o n -  
dria a n d  f ibr i ls  A T P a s e  a c t i v i t i e s  were  o b s e r v e d ,  t h e  
ques t ion  ar ises  w h e t h e r  m u s c u l a r  g r a n u l e s  a re  d e r i v e d  
from t h e  d i s r u p t u r e  of myof ib r i l s .  

F u r t h e r  r e s e a r c h e s  o n  t h i s  p r o b l e m  are  in  p rogress .  
MARIA ASSUNTA MOR 

Department  o/ General Pathology and Bacteriology, 
University o/Genoa,  March 21, 1953. 

Riassunto 
L ' a u t r i c e  h a  s t u d i a t o  l ' a t t i v i t h  A T P a s i c a  dei  m i t o -  

condri  e miof ib r i l l e  i so la t e  d a  m us co l o  e cuo re  di c a v i a  
ed h a  t r o v a t o  : 1) I1 p r o g e s t e r o n e  e il d e s o s s i c o r t i c o s t e r o n e  
eserc i tano  u n a  az ione  i n i b e n t e  su t a l e  a t t i v i t ~ .  2) Le 
miofibri l le  p r e p a r a t e  con  t r i p s i n a  h a n n o  u n a  a t t iv i t~ t  
maggiore  di que l le  p r e p a r a t e  con  saccaros io .  3) N o n  
esiste n o t e v o l e  d i f f e r e n z a  t r a  a t t i v i t ~  A T P a s i e a  dei  
m i t o c h o n d r i  e que l l a  del te  miof ib r i l l e .  

1 K. G. STERN and coll., J. Biol. Chem. 188, 273 (1951). 
2 C. H. FISKE and Y. SUBBAROW, J. Biol. Chem. 66, 375 (1925). 

m i t o c h o n d r i a .  A l t h o u g h  i t  was  r e p o r t e d  b y  iV[EYER 1, a n d  
more  r e c e n t l y  b y  ZOLLINGER 2, t h a t  m i t o c h o n d r i a  s h o w  
a g r e a t  r e s i s t a n c e  a g a i n s t  p r o t e a s e s  (peps in  in  acid,  
t r y p s i n  in a l ca l ine  m e d i u m ) ,  t h e  a c t i o n  of some  pur i f i ed  
p ro teases ,  n a m e l y  p a p a i n  a n d  t r y p s i n ,  on  t he  m o r p h o -  
logy  a n d  on  t h e  e n z y m a t i c  ac t i v i t i e s  of i so l a t ed  m i t o -  
c h o n d r i a  was  s t u d i e d  in  t h i s  w o r k  in  o r d e r  t o  see w h e t h e r  
t h e  i n a c t i v a t i n g  i n f l uence  of  h o m o g e n a t e s  m i g h t  be  
c o n n e c t e d  w i t h  t h e i r  p r o t e a s e  a c t i v i t y .  

P a p a i n  used  in t h i s  work  was  a c rude  p r e p a r a t i o n  f rom 
t h e  l a t e x  of Carica papaya.  T r y p s i n  was a c ry s t a l l i ne  
p r e p a r a t i o n  f rom panc rea s ,  i so l a t ed  a c c o r d i n g  to  
KUNITZ 3. P r o t e a s e  a c t i v i t y  of b o t h  e n z y m e s  was  t e s t e d  
b y  t i t r a t i n g  w i t h  0.01 N N a O H  t h e  ac id ic  g r o u p s  l iber -  
a t e d  f r o m  a d e n a t u r a t e d  h e m o g l o b i n  2 % s o l u t i o n  a f t e r  
an  i n c u b a t i o n  t i m e  of 30 m i n  a t  38°C w i t h  1 m g  of t h e  
e n z y m e  m a t e r i a l .  B o t h  p a p a i n  a n d  t r y p s i n  were  f o u n d  
to  be  v e r y  ac t ive ,  a n d  d e v o i d  of d e s o x y r i b o n u c l e a s e ,  
r i bonuc l ea se ,  l e c i t h ina se  a n d  l ipase  ac t iv i t i es ,  as t e s t e d  
r e s p e c t i v e l y  w i t h  t h e  m e t h o d s  of LASKOWSKI a n d  SEI- 
DEL 4, KUNITZ 5, MACFARLANE 6, W'ILLSTXTTER 7. 

M i t o c h o n d r i a  were  i so l a t ed  f r o m  1 g l i ve r  w i t h  t h e  
t e c h n i q u e  of HOGEBOOM et al. s, b y  c e n t r i f u g a t i o n  of 
0.25 M sucrose  10% h o m o g e n a t e s ,  a l b i n o  r a t s  f r o m  a 
se lec ted  s t r a i n  b e i n g  used  as e x p e r i m e n t a l  a n i m a l s .  
Af t e r  a p r e v i o u s  c e n t r i f u g a t i o n  a t  1500 g for  15 min ,  
w h i c h  p r o d u c e d  s e d i m e n t a t i o n  of t i s sue  ddbr is ,  u n -  
b r o k e n  cells, red  cells, nuc le i  a n d  of  some  m i t o c h o n d r i a ,  
t he  m a i n  p o r t i o n  of  m i t o c h o n d r i a  was  co l l ec ted  b y  a 
second  c e n t r i f u g a t i o n  a t  12,000 g in t h e  SS- I  SERVALL 
Cent r i fuge ,  in  t h e  cold  r o o m  a t  a m a x i m a l  t e m p e r a t u r e  
of 5 ° C. W a s h i n g s  were  m a d e  b y  r e s u s p e n s i o n  w i t h  0.25 M 
suc rose  a n d  s e d i m e n t a t i o n  a t  12,000 g for  30 m i n .  
M o r p h o l o g i c a l  o b s e r v a t i o n s  were  m a d e  w i t h  t h e  ZEIss -  
WINKEL p h a s e  c o n t r a s t  mic roscope .  T u r b i d i m e t r i c  r ead -  
ings  were  m a d e  w i t h  a BECKMAN Mod.  D U  s p e c t r o p h o t o -  
me te r ,  b y  m e a s u r i n g  t h e  e x t i n c t i o n  a t  750 m/ , .  

E n z y m a t i c  ac t i v i t i e s  were  s t u d i e d  a t  38°C in a WAR- 
BURG c o n v e n t i o n a l  a p p a r a t u s ,  t h e  e x p e r i m e n t s  l a s t i n g  
i h .  A f t e r  t h e  f ina l  s e d i m e n t a t i o n  of m i t o e h o n d r i a ,  t h e  
pe l l e t  o n  t h e  b o t t o m  of  t h e  c e n t r i f u g e  t u b e  was  sus-  
p e n d e d  i n t o  6 m l  of 0-067 M p h o s p h a t e  b u f f e r  s o l u t i o n  
(pH  7.4) a n d  t h e  h o m o g e n e o u s  s u s p e n s i o n  was  d i s t r i -  
b u t e d  i n t o  2 WARBURG vessels ,  3 ml  for  e a c h  of t h e m .  
0.2 ml  of s o d i u m  succ ina te ,  or  of 0,2 M d l - a l a n i n e  or  1 M 
s o d i u m  l a c t a t e  were  a d d e d  r e s p e c t i v e l y  for  t h e  s t u d y  of 
succ in ic  ac id  ox idase ,  d - a m i n o a c i d  ox idase  a n d  l ac t i c  
ac id  ox idase ,  f ina l  c o n c e n t r a t i o n  of s u b s t r a t e s  b e i n g  
0.0125 ~ I  for  s u c c i n a t e  a n d  d l - a l a n i n e  a n d  0.0625 M for  
l a c t a t e .  0.20 ml  K O H  3 0 %  were  p l a c e d  in  t h e  c e n t r a l  
well. Gaseous  e n v i r o n m e n t  was  air ,  

C y t o c h r o m e  ox idase  a c t i v i t y  was  s t u d i e d  b y  t h e  
m e t h o d  of STOTZ et al. ~. 0.2 ml  of a m i t o c h o n d r i a l  
s u s p e n s i o n  p r e p a r e d  b y  d i l u t i n g  t h e  pa r t i c l e s  i so l a t ed  
f r o m  1 g of  t i s sue  to  5 ml  w i t h  0.067 ~ I  p h o s p h a t e  b u f f e r  
we re  u sed  as e n z y m e  source .  C o n c e n t r a t i o n  of a d d e d  
c y t o c h r o m e  c was  2.4 x 10 -4 M a n d  t h a t  of h y d r o -  
q u i n o n e  was  7 m g  p ro  vessel .  Con t ro l s  for a u t o x i d a t i o n  

Action of Papain  and of Tryps in  on the 
Morphology  and s o m e  E n z y m a t i c  Activit ies  

of Isolated Mitochondria  

I t  was  s h o w n  in  p r e v i o u s  e x p e r i m e n t s  t h a t  some  
e n z y m a t i c  p r inc ip l e s  p r e s e n t  in  l i ve r  h o m o g e n a t e s  e x e r t  
an i n a c t i v a t i n g  i n f l uence  on  s u c c i n o x i d a s e  of i so l a t ed  

1 H. MEYER, reported by ZOLLINGER. 
2 H. C. ZOLLINGER, Rev. Hdmatol. 5, 696 (1950). 
s M. KUNITZ and J. H. NORTHROP, Science 80, 505 (1934). 
4 M. LASKOWSKI and M. K. SEIDEL, Arch. Biochem. 7, 465 (1945). 
5 M. Kunn'z, J. Gen. Physiol. 24, 15 (1940). 
6 M. G. MACFARLANE, Biochem. J. 47, 270 (1950). 
7 R. WILLSTATTER~ E. WALDSCIiMIDT-LEITZ, and F. MEMMEN', Z. 

physiol. Chem. 125, 93 (1923). 
8 G. H. HOGEBOOM, W. C. SCHNEIDER, and G. E. PALLADE, J. 

Biol. Chem. I7Z, 619 (1948). 
9 E. STOTZ, A. E. SXDWELL, and T. R, HOG~ESS, J. Biol. Chem. 

12d, 733 (1938). 
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Table I 

Effect of proteases on enzymatic activities of isolated mitochondria. (The data represent mm 80z  consumed in 1 h at BS°C with air as 
gaseous environment). 

Enzymes 

Succino-oxidase 

Cytochrome oxidase 

D-aminoacid oxidase 

Lactic acid oxidase 

Experiment 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Protease 
added 

Amount of 
protease 

added 
mg 

Papain  1 
Papain  1 
Papain  2 
Papairt 2 
Papairt 5 
Papa in  8 
Papain  10 

Control 
without 
protcase 

added 

311-48 
322.47 
311.48 
322.47 
322.47 
311.48 
315-98 

In the 
presence of 

protease 

200-40 
206-56 
132-72 
137 -26 

77.63 
82.30 
64.80 

Trypsin 
Trypsin 
Trypsin  
Trypsin  
Trypsin 
Trypsin  
Trypsin  
Papain  
Papain  
Papa in  
Papain  
Trypsin 
Trypsin 
Trypsin 
Trypsin 
Papa in  
Papain  
Trypsin  
Trypsin  
Papain  
Papa in  
Trypsin 
Trypsin 

0-1 
1 
1 
2 
2 
5 

i0  
0.5 
1 
5 

10 
0.5 
1 
5 

10 
1 

10 
1 

10 
1 

10 
1 

10 

321-03 
321.03 
313.78 
313.78 
321,03 
313.78 
310.40 

21.07 
14.57 
18.33 
15-30 
21-07 
14.57 
18.33 
15.30 
24.43 
26.12 
25.87 
23,6 
44.42 
47.52 
44.42 
49.12 

70-51 
51.97 
51.05 
47.03 
48.09 
34.18 
27.12 

7.12 
5.04 
3.93 
1.90 
1.2 
0.7 

0 
0 

22.69 
12.40 
10.42 

8.4 
29.23 
20-12 
19.94 
11.72 

Inactivation 
% 

35 "7 
35 "9 
54"18 
57"4 
75 "9 
73'6 
79"5 
78"04 
83"8 
83 "7 
85"02 
85"02 
88"9 
91 "3 
66"2 
65 "4 
78"6 
87"6 
94-4 
95"2 

100.0 
100"0 

7-2 
52"6 
59"8 
64"5 
34"2 
57-7 
55"2 
76'2 

of h y d r o q u i n o n e  in p r e s e n c e  of bo i led  m i t o c h o n d r i a  a n d  
for  e n d o g e n o u s  O , - u p t a k e  of m i t o c h o n d r i a  p lus  cy to -  
c h r o m e  c were  p e r f o r m e d .  C y f o c h r o m e  c w as  p r e p a r e d  
f r o m  ho r se  h e a r t  a c c o r d i n g  to  KEILIN a n d  HARTREE I a n d  
was  f o u n d  t o  c o n t a i n  0 -37% I ron .  

As  s h o w n  i n  T a b l e  I ,  s u c c i n o x i d a s e  a n d  c y t o c h r o m e  
ox ida se  a c t i v i t i e s  of  i s o l a t e d  m i t o c h o n d r i a  a re  p r a c t i -  
ca l ly  c o m p l e t e l y  i n a c t i v a t e d  b y  b o t h  p a p a i n  a n d  t r y p s i n  
a t  a v e r y  low c o n c e n t r a t i o n .  T r y p s i n  s e e m e d  t o  possess  
a m o r e  d r a s t i c  i n a c t i v a t i n g  i n f l uence  t h a n  p a p a i n .  I n -  
a c t i v a t i o n  was  n o t  so s t r o n g  o n  d - a m i n o  ac id  a n d  on  
l ac t i c  ac id  ox idases .  I t  was  seen  also t h a t  t h e  t u r b i d i t y  
of  m i t o c h o n d r i a l  s u s p e n s i o n s  is v e r y  s t r o n g l y  r e d u c e d  
as  a c o n s e q u e n c e  of t r e a t m e n t  w i t h  p a p a i n  a n d  w i t h  
t r y p s i n  (Tab le  I I ) .  I n  t h e  a t t e m p t  t o  s t u d y  w h e t h e r  t h i s  
f ac t  is due  t o  a d i s r u p t i o n  of m i t o c h o n d r i a ,  m i t o c h o n d r i a l  
c o u n t s  were  m a d e  fo l lowing  t h e  gene ra l  p r o c e d u r e  
o u t l i n e d  b y  ALLARD et al.*. I t  is d i f f icu l t  t o  m a k e  v e r y  
e x a c t  c o u n t s  w i t h  t h i s  m e t h o d ,  o w i n g  t o  t h e  s m a l l  
d i a m e t e r  of t h e  pa r t i c l e s ,  t o  t h e i r  n o n - c o n s t a n t  size a n d  
to  t h e i r  g r e a t  t e n d e n c y  to  c o n g l u t i n a t e .  M i t o c h o n d r i a l  
c o u n t s  t h u s  g ive  o n l y  a p p r o x i m a t e  v a l u e s  a n d  o n l y  v e r y  
large  d i f f e rences  c a n  be  r e g a r d e d  as s ign i f i can t ,  T h e  
c o u n t s  were  r e p e a t e d  5 -6  t i m e s  for  e ach  e x p e r i m e n t  a n d  
t h e  a v e r a g e  v a l u e  was  t a k e n .  M i t o c h o n d r i a  f rom 1 g of 
l i ve r  were  s u s p e n d e d  in 10 m l  of 0.067 M p h o s p h a t e  

z D. KEILIN and E. F. HARTREE, Biochem. J. 39, 289 (1945). 
2 C. ALLARD, R. MATIIIEU, G. DE LAM1RANDE, and A. CANTERO, 

Cancer Res. 12, 407 (1952). 

b u f f e r  a n d  t h e  h o m o g e n e o u s  s u s p e n s i o n  was  d i v i d e d  into 
2 f rac t ions ,  b a c h  of 5 ml.  2 m g  of t r y p s i n  or  of papain 
were  a d d e d  to  t h e  s econd  one  a n d  b o t h  f r a c t i o n s  were 
i n c u b a t e d  a t  38°C Ior  1 h.  C o u n t s  were  t h e n  m a d e  under 
t h e  p h a s e  c o n t r a s t  mic roscope ,  w i t h  P h 2  ob jec t ive ,  by 
u s i n g  a c o m m o n  B/)RKER a p p a r a t u s  for  b lood  elements 
coun t s .  A v e r y  s t r o n g  dec rease  of t h e  n u m b e r  of mito- 
c h o n d r i a  as  a c o n s e q u e n c e  of t h e  t r e a t m e n t  w i t h  prote- 
uses was  f o u n d  w i t h  t h i s  p r o c e d u r e .  I n  fac t ,  t h e  control 
w i t h o u t  p a p a i n  gave  t h e  v a l u e  of  24.2 ± 5-1 × 10 ~° 
m i t o c h o n d r i a  p ro  g r a m  of f r e sh  t i ssue ,  wh i l e  t h e  papain- 
t r e a t e d  s a m p l e  c o n t a i n e d  o n l y  6.4 ~ 1-2 × 10 -1° mito- 
c h o n d r i a .  T h e  v a l u e s  for  t r y p s i n  were  respect ively 
25.0 ~ 4"6 × 101° a n d  6.2 ~ 1.6 × 10 x°. Residual 
m i t o c h o n d r i a  a p p e a r e d  to  be  d e e p l y  d a m a g e d .  The 
a c t i o n  of s m a l l  a m o u n t s  of p a p a i n  or  of t r y p s i n  on the 
m o r p h o l o g y  of m i t o c h o n d r i a  was  t h e n  s t u d i e d  and 
fol lowed a t  v a r i o u s  pe r iods  of t i m e  f rom t h e  beginning 
of  t h e  e x p e r i m e n t .  V e r y  la rge  c h a n g e s  a re  p roduced  by 
b o t h  e n z y m e s .  N o r m a l  m i t o c h o n d r i a  a p p e a r  as vesicles 
w i t h  a d i a m e t e r  of  I - 3 / z  a n d  h a v e  a more  dense  shadowy 
r i n d  r e s e m b l i n g  a n e w  m o o n  a t  one  side of t he  sphere. 
A few m i n u t e s  a f t e r  t h e  a d d i t i o n  of t h e  p r o t e a s e  prepara- 
t ion ,  m a n y  m i t o c h o n d r i a  b e g i n  t o  a p p e a r  more  rifran- 
g e n t  t h a n  t h e  n o r m a l  ones.  T h e  p rocess  seems  to  start 
in  t h e  c e n t r e  of t h e  pa r t i c le ,  w h i c h  is soon  t ransformed 
i n t o  a r i f f a n g e n t  s p h e r e  s u r r o u n d e d  b y  a dense  peri- 
p h e r a l  layer .  20-30  m i n  a f t e r  t h e  b e g i n n i n g  of t he  experi- 
m e n t  some  i m a g e s  c a n  be  seen  w h i c h  r e su l t  probabIy 
f r o m  t h e  coa lescence  of m a n y  d a m a g e d  e lement s .  These 
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images  r e s e m b l e  s t r o n g l y  t h o s e  r e p o r t e d  b y  ZOLLINGER 1 
to  b e  p r o d u c e d  b y  t r e a t m e n t  w i t h  c r y s t a l l i n e  de s oxy -  
r ibonucIease ,  b u t  d e s o x y r i b o n u c l e a s e  a c t i v i t y  was  a b s e n t  
in  t h e  p r o t e a s e  p r e p a r a t i o n s  u sed  in t h i s  work .  T h e  
n u m b e r  of  m i t o c h o n d r i a  t h e n  b e g a n  t o  decrease .  A f t e r  
m a n y  hours ,  o n l y  a few m i t o c h o n d r i a  cou ld  be  seen  in 
the  t r e a t e d  p r e p a r a t i o n s .  

Table II  

Extinction at 750 rn/Z as a measure of the turbidity of nornml and 
protease treated mitochondrial suspension. (Blank with distilled wa- 
ter; values for extinction of the added amount of enzymes subtracted) 

Protease added 

Papain  
Papain  
Trypsin  . . . .  
Trypsin . . . .  

Amount of 
protease 

added 
nag 

Extinction of Extinction o~f 
the control the sample in 

without pro- the presence 
tease added of protease 

1.175 
0.960 
1.120 
1.070 

0.530 
0.330 
0,500 
0.430 

I n  o t h e r  e x p e r i m e n t s ,  t h e  a c t i o n  of p r o t e a s e s  on  t h e  
re lease  of N a n d  of nuc le ic  ac ids  P f r o m  m i t o c h o n d r i a  
i n to  t h e  s u s p e n s i o n  f lu id  was  i n v e s t i g a t e d .  M i t o c h o n d r i a  
f rom 1 g l i ve r  were  d i l u t e d  to  5 m l  w i t h  0-067 M phos -  
p h a t e  bu f f e r  a n d  t h e  h o m o g e n e o u s  s u s p e n s i o n  was  d iv id -  
ed i n t o  2 f rac t ions ,  to  t h e  s e c o n d  of w h i c h  3 m g  of  p a p a i n  
or of  t r y p s i n  were  added .  A f t e r  1 h of i n c u b a t i o n  a t  
38°C, m i t o c h o n d r i a  were  c e n t r i f u g e d  d o w n  f r o m  t h e  
suspens ions  a t  15,000 g for  30 ra in  a n d  t h e  s u p e r n a t a n t  
f luids were  a n a l y z e d  for  iN" a n d  nuc le ic  ac ids  P c o n t e n t .  
N was  d e t e r m i n e d  b y  m i c r o k j e l d a h l  t e c h n i q u e .  Nucle ic  
acids  P was  d e t e r m i n e d ,  fo l lowing  t h e  t e c h n i q u e  of 
SCHMIDT a n d  TMANNIIAUSER 2. C o n t r o l s  for  1% a n d  nu -  
cleic ac ids  P of  t he  e n z y m e  m a t e r i a l  a d d e d  were  sub-  
t r a c t e d .  

As  s h o w n  in  T a b l e  III, l a rge  a m o u n t s  of N are  r e l eased  
in t h e  s u p e r n a t e  as a c o n s e q u e n c e  of t h e  a c t i o n  of  p r o t e -  
ases. T h e  a m o u n t s  of nuc le ic  ac ids  P r e l eased  in  t h e  
s u p e r n a t e  were  also h i g h e r  for  t h e  t r e a t e d  s a m p l e s  t h a n  
for t h e  u n t r e a t e d  ones.  

C h r o m a t o g r a p h i c  ana ly s i s  of t he  a m i n o  ac ids  r e l eased  
in t h e  s u p e r n a t a n t  f lu id  was  m a d e  a c c o r d i n g  to  t h e  t w o  
d i r ec t ions  c a p i l l a r y  a scens ion  m e t h o d  of WILLIAMS a n d  
KIRBY 3, m i x t u r e s  of (1) 80 ml  i s o b u t a n o l ,  20 m l  ace t i c  
acid,  20 ml  d i s t i l l ed  w a t e r  a n d  of (2) 50 m l  i s o b u t a n o l ,  

1 H. C. ZOLLINGER, Expcr. 6, 14 (1950). 
2 G. SCHmDT and S. J. TtIANNHAUSER, J. Biol. Chem. 161, 83 

{1945). 
3 R. J. WILLIAMS and H. KIRBY, Science 107, .155 (19.18). 

50 ml  p y r i d i n e  b e e i n g  u sed  as  so lven t s .  T h e  spo t s  were  
d e v e l o p e d  a t  70°C for  30 m i n  w i t h  n i n h y d r i n  0 , 5 %  in  
i s o b u t a n o l .  I t  was  f o u n d  t h a t  b o t h  t r y p s i n  a n d  p a p a i n  
p r o d u c e  reIease of  a m i n o  ac ids  f r o m  m i t o c h o n d r i a  i n t o  
t h e  s u p e r n a t e .  O n l y  a v e r y  s l i g h t  a m o u n t  of  a m i n o  ac ids  
a re  re leased  f r o m  u n t r e a t e d  m i t o c h o n d r i a ,  a n d  o n l y  v e r y  
f a i n t  spo t s  of g lyc ine  a n d  g l u t a m i c  ac id  cou ld  be  obse r -  
ved.  The  spo t s  were  l a rge r  a f t e r  a c t i o n  of t h e  p ro teases ,  
a n d  were  p a r t i c u l a r l y  s t r o n g  a f t e r  t r e a t m e n t  w i t h  
t r y p s i n e .  T h e  fo l lowing  a m i n o  ac ids  were  i den t i f i ed  f rom 
p a p a i n - t r e a t e d  c h r o m a t o g r a m s :  lys ine ,  a rg in ine ,  h y s t i -  
d ine ,  g lyc ine ,  g l u t a m i c  acid,  a l an ine ,  t r y p t o p h a n .  T h e  
fo l lowing  a m i n o  ac ids  were  i den t i f i ed  in t h e  t r y p s i n -  
t r e a t e d  c h r o m a t o g r a m s :  Ieucine,  p h e n y l a l a n i n e ,  t y r o -  
sine,  t r y p t o p h a n e ,  va l ine ,  m e t h i o n i n e ,  p ro l ine ,  a l an ine ,  
t h r e o n i n e ,  g l u t a m i c  acid ,  a s p a r t i c  acid,  g lyc ine ,  ser ine ,  
h y d r o x y p r o l i n e ,  a rg in ine ,  lys ine ,  h i s t i d ine ,  n a m e l y  a l l  
a m i n o  acids  w h i c h  were  f o u n d  t o  be p r e s e n t  in  m / t o -  
c h o n d r i a  h y d r o l y s a t e s  (DIANZAml).  

F r o m  t h e  e x p e r i m e n t s  de sc r ibed  in  t h i s  pape r ,  evi-  
dence  is g i v e n  t h a t  m i t o c h o n d r i a  a re  d iges ted  b y  p r o t e -  
ases.  T h e  p r e s e n c e  in  m i t o c h o n d r i a  of a s e m i p e r m e a b l e  
m e m b r a n e ,  p r o b a b l y  p h o s p h o l i p i n  in n a t u r e ,  h a s  b e e n  
s u g g e s t e d  b y  m a n y  a u t h o r s  (CLAuDB a n d  FULLAML 
DALTON et al. a, de D v v E  et al. 4, ZOLLINGERL). Since  
n e i t h e r  l e c i t h i n a s e  n o r  l ipase  a c t i v i t i e s  were  f o u n d  to  b e  
p r e s e n t  i n  t h e  p r o t e a s e  p r e p a r a t i o n s  u s e d  in  t h i s  work ,  
i t  sugges t s  t h a t  a p r o t e i n  a l so  m a y  be  c o n t a i n e d  in  t h e  
m i t o c h o n d r i a l  m e m b r a n e .  M . U .  DIANZANI 

Department o/General  Pathology, University o/Genoa.  
March 10, 7953. 

Rdsumd 

L ' a u t e u r  a ~ tudi6  F a c t i o n  de  la  p a p a i n e  e t  de la  
t r y p s i n e  su r  l a  m o r p h o l o g i e  e t  su r  q u e l q u e s  ac t i v i t 6 s  
e n z y m a t i q u e s  des  m i t o c h o n d r i e s  isol6es d u  foie de  r a t .  
L a  succinoxida~se e t  la  c y t o c h r o m e - o x i d a s e  s o n t  fo r t e -  
mer i t  i nh ib6es  p a r  les d e u x  p ro t6ases ,  t a n d i s  que  l ' i n h i -  
b i t i o n  de  la  d . a m i n o a c i d o x i d a s e  e t  de  la  l a c t i c o x i d a s e  
e s t  p lus  faible .  Le  n o m b r e  des  m i t o c h o n d r i e s  e s t  n o t a b l e -  
m e n t  r 6 d u i t / ~  la  su i t e  du  t r a i t e m e n t  a v e c  les d e u x  p ro -  
t6ases  e t  u n e  for te  q u a n t i t 6  de  1% e t  d ' a c i d e s  a m i n g s  s o n t  
auss i  l i b6 r f s  darts  la  l i q u e u r  s u r n a g e a n t e .  L ' a u t e u r  
m o n t r e  auss i  les m o d i f i c a t i o n s  de l ' i m a g e  en  c o n t r a s t e  de  
p h a s e  des  m i t o c h o n d r i e s  apr~s  t r a i t e m e n t  avec  la  
p a p a i n e  e t  la  t r y p s i n e .  

1 ~{. U. DIANZANI, Arkiv fLr Kemi 4, I (1952). 
2 A. CLAUDE and E. F. FULLAM, J. Exp. Med. 81, 51 (1945). 
It A. H. DALTON, H. KAHLER, M. G. KELLY, B. J. LLOYD, and 

M. J. STRIEnlCH, J. Nat. Cancer Inst. 9, 439 (1949). 
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Table 111 
Release of Nitrogen (N) and of nucleic acids Phosphorus (P) from mitoehondria as a consequence of treatment with proteases 

(N and P contents of proteases added were substraeted) 

Protease added 

Papain  
Papa in  
Papain 

Tryps in .  
Tryps in .  
Tryps in .  

Amount of 
protease added 

mg 

mg N of Control 
without 
protease 

mg N 
In the presence 

of protease 

y of nucleic acids P 

Control without 
protease 

t 
11-7 
11-7 
11-6 

11.7 
12-0 
11.8 

21.5 
21 '7 
22.5 

27"7 
28'5 
29.2 

2.6 
2.6 
2.3 

2-3 
2-3 
2.01 

In the presence 
of protcase 

5-76 
6"34 
6'62 

6"34" 
6'62 
7'2 


