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S u m m a  ry  

Cata lase  p r e p a r a t i o n s  of d i f f e ren t  or igin i nd ica t e  dif- 
f e r en t  b e h a v i o u r  du r ing  t h e  sp l i t t i ng  of t h e  HzO 2. The  
m o n o m o l e c u l a r  r eac t ion  c o n s t a n t  in sp i te  of t h e  s a m e  
a m o u n t  of e n z y m e  can  be c h a n g e d  b y  v a r i a t i o n  of t h e  
b e g i n n i n g  c o n c e n t r a t i o n  of HaO2, or r ema in  c o n s t a n t .  
An i n t e r p r e t a t i o n  of t h e  f i r s t  case t h r o u g h  i n a c t i v a t i o n  
of t h e  e n z y m e  leads to  no s a t i s f a c t o r y  e x p l a n a t i o n .  

A T P a s e  A c t i v i t y  of  M y o f i b r i l s  a n d  G r a n u l e s  
I s o l a t e d  f r o m  M u s c l e  

A c t i o n  o[ Progesterone and  Desoxycort icosterone 

I t  was  e x p l a i n e d  in  some  r ecen t  r e sea rches  m a d e  in 
our  I n s t i t u t O  t h a t  t he  c o n t r a c t i o n  of myof ib r i l s  i so la ted  
f rom gu inea  p ig  ske le ta l  and  h e a r t  musc le  is i nh ib i t ed  b y  
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  a d d e d  in smal l  
a m o u n t s .  As a c o n t i n u a t i o n  of t he  i nves t i ga t i ons  on th is  
ques t ion ,  t he  r eac t ion  of A T P a s e  a c t i v i t y  of b o t h  m y o -  
f ibri ls  a n d  granules  f r o m  musc le  a n d  h e a r t  t o w a r d s  t h e  
s ame  two  h o r m o n e s  was  now t e s t ed .  The  resu l t s  are  
desc r ibed  in th i s  paper .  

The fibri ls  were  i so la ted  f r o m  m y o c a r d i c  and  ske le ta l  
musc le  of gu inea -p ig  acco rd ing  to  SCHIKE and  HASS 2, a 
v e r y  pure  p r e p a r a t i o n  be ing  o b t a i n e d  w i t h  t h i s  m e t h o d .  
Since t r y p t i c  d iges t ion  is i n v o l v e d  in th i s  m e t h o d ,  a n e w  
p r o c e d u r e  was  also t r i ed  in  o rde r  to  avo id  th i s  s tep ,  
s ince t r y p s i n  m i g h t  p rodude  some mod i f i ca t i ons  of en-  
z y m e  ac t iv i ty .  The  t i s sue  was  cu t  to  slices w i th  a f reez-  
ing  m i c r o t o m e  a n d  the  slices k e p t  in 0.25 M sucrose .  
The  suspens ion  was  h o m o g e n a t e d  in a b l e n d o r  for 30 s, 
t h e n  c e n t r i f u g e d  for  10 min  a t  600 g. The s e d i m e n t  was 
aga in  s u s p e n d e d  in 0.25 2¢[ sucrose  a n d  s u b m i t t e d  to  a 
n e w  c e n t r i f u g a t i o n  for 3 rain a t  400 g in o rde r  to  el imi-  
n a t e  t he  larger  impur i t i e s .  The  s u p e r n a t a n t  f luid was  
t h e n  c e n t r i f u g e d  for  10 rain a t  2000 g and  the  s e d i m e n t  
par t i c les  w a s h e d  w i t h  p i t  6-9 bo ra t e  buffer ,  un t i l  a 
p e r f e c t l y  c lear  s u p e r n a t a n t  f luid was  ob t a ined .  The 
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s e d i m e n t  cons i s ted  of pu re  myof ib r i l s  w i t h o u t  cyt0- 
p l a s m a t i c  e l e m e n t s  c o n t a m i n a t i o .  

M a n y  m e t h o d s  h a v e  been  desc r ibed  in t h e  las t  years 
p e r m i t t i n g  the  s e p a r a t i o n  of c y t o p l a s m i c  granules 
( m i t o c h o n d r i a  ?) f rom skele ta l  and  h e a r t  musc le  homo- 
genate (PAUL et  coll. 1, I{ARMAND and  FEIGELSON 2, 
GREEN a n d  coll. ~, PLAUT a n d  I)LAUT4). Since all these 
m e t h o d s  did n o t  give o p t i m a l  resu l t s  because  of the 
g rea t  c o n t a m i n a t i o n  w i t h  myof ib r i l s  a n d  cel lular  debris 
ma te r i a l ,  a n e w  m e t h o d  was  deve loped ,  inc lud ing  the 
p r e p a r a t i o n  of these  sec t ions  w i th  a f reez ing  microtome 
pr io r  t o  h o m o g e n i z a t i o n  in b lendor .  The  guinea-pig 
ca rd iac  a n d  ske le ta l  musc le  was  cu t  in 15/, slices with a 
f reezing m i c r o t o m e  a n d  the  slices k e p t  in 50 ml of 0.25 M 
sucrose .  The slices su spens ion  was  t h e n  h o m o g e n a t e d  in 
b l e n d o r  for 45 s. The  h o m o g e n a t e  was  c e n t r i f u g e d  for 10 
rain a t  600 g a n d  t h e  s e d i m e n t  was  w a s h e d  w i t h  0-25 M 
sucrose  a n d  c e n t r i f u g e d  again  a t  600 g for  10 rain. The 
c o m b i n e d  s u p e r n a t a n t  f lu ids  were  c e n t r i f u g e d  a t  12 000 g 
for 15 min.  A Serval l  t y p e  S-S-1 cen t r i fuge  was  used for 
t h i s  i n v e s t i g a t i o n s  and  all p rocedu re s  were  pe r fo rmed  in 
a cold r o o m  a t  + 5°C. 

A v e r y  f ine m i t o c h o n d r i a  p r e p a r a t i o n  was  obtained. 
The  granules  h a d  cha rac t e r i s t i c  spher ica l  s h a p e  and 
a p p e a r e d  to  be smal le r  t h a n  l iver  m i t o c h o n d r i a .  No 
mod i f i ca t i on  was  o b s e r v e d  in t he i r  shape  a f t e r  suspension 
in wa te r .  T h e y  were  able to  be m a i n t a i n e d  for 2 days at 
2°C w i t h o u t  a n y  e v i d e n t  mod i f i ca t ion  of shape  and 
e n z y m a t i c  ac t iv i ty ,  b u t  c o m p l e t e  d i s i n t e g r a t i o n  occured 
a f t e r  th is  t ime .  The  t e r m  " m i t o c h o n d r i a "  is used  in this 
p a p e r  for  i nd i ca t i ng  these  granules .  

The  A T P a s e  a c t i v i t y  of myoI ibr i l s  a n d  mitochondr ia  
was  d e t e r m i n e d  in t he  fo l lowing m a n n e r  n. As a rule the 
t e s t  s y s t e m  was  c o m p o s e d  of 1 ml  myof ib r i l s  a n d  mito- 
c h o n d r i a  suspens ion ,  1 ml  s u b s t r a t e  so lu t ion  (1 × 10 .3 M 
ATP) ,  0.05 ml  of 0.1 2vI CaC12, and  0.35 ml  of borate 
buffer ,  p H  6-9 (con ta in ing  0.05 M boric  acid  a n d  0-008 M 
NaOH) ,  a m o u n t i n g  to  a t o t a l  of 2.4 ml. The m i x t u r e  was 
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ATPase activity expressed by P/rag N 
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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  
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