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Fig. 3. Effect of a single injection of puromyein on leucine-14C 
incorporation into mierosomal, mitochondrial, and supernatant 
fractions of mouse liver. Puromycin was injected at zero time. 
Leucine-14C was given 45 rain prior to the time interval indicated. 
Each value is an average of at least 3 mice, with the exception of the 
75 and 225 min values each of which are an average of 2 mice. The 
control values on the ordinate represent an average of 15 mice. 
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Fig. 4. The effect of multiple injections on catalase activity. Puro- 
mycin was injected at zero time, and at 40 rain intervals. Values 
at 40 min represents one injection; 80 rain, 2 injections; etc. The 
40 min value is an average of 7 mice, and the other values are an 
average of 2 mice. The control values are an average of 15 mice. 

d i f fe ren t  b a t c h e s  of p u r o m y c i n  as r epor t ed  b y  STUDZINSKI 
a n d  BASERGA 15. W e  used  on ly  t h a t  p u r o m y c i n  w h i c h  
ef fec ted  m a x i m u m  inh ib i t ion .  

Mul t ip le  in jec t ions  of p u r o m y c i n ,  g iven  in t h e  s a m e  
schedule  as  s h o w n  in F igu re  4, m a i n t a i n e d  inh ib i t i on  of 
leucine  i nco rpo ra t i on  t h r o u g h  160 rain.  U n d e r  these  con- 
d i t ions ,  m u l t i p l e  in jec t ions  of p u r o m y c i n  depressed  t he  
ca ta l a se  a c t i v i t y  of t he  l iver  rn i tochondr ia l  f rac t ion  more  
t h a n  50% of n o r m a l  (Figure  4). As p ro t e in  s y n t h e s i s  was  
inh ib i t ed  u n d e r  these  condi t ions ,  as  j u d g e d  by  t he  inhibi -  
t i on  of leucine  incorpora t ion ,  t he  resu l t s  ind ica te  t h a t  
depressed  ca t a l a se  a c t i v i t y  was  due  to  inh ib i t i on  of t he  
s y n t h e s i s  of a t  l eas t  t he  p ro t e in  po r t i on  of t he  ca ta l a se  
molecule .  If  t h e  ca ta lase  was  a s s e m b l e d  f rom p re - fo rmed  
par t s ,  p u r o m y c i n  would  p r e s u m a b l y  no t  be inh ib i to ry ,  
especia l ly  a t  t h e  ear ly  t i m e  in te rva l .  On  th i s  basis ,  t h e  
r e su l t s  are  in  accord  w i th  t he  concep t  6, z6 and  ev idence  ~s 
t t l a t  t h e  ca t a l a se  p ro t e in  is fo rmed  in t he  m i c r o s o m e s  
a n d  is t r a n s p o r t e d  to t he  organe ls  of t he  m i t o c h o n d r i a l  
f rac t ion .  Also, t h e  ear ly  i n h i b i t o r y  effect  of p u r o m y c i n  
on ca ta l a se  a c t i v i t y  is ind ica t ive  of t he  rap id  t u r n o v e r  
of t h e  ca ta l a se  molecule .  I n c u b a t i o n  in v i t ro  of p u r o m y c i n  
w i t h  t h e  zn i tochondr ia l  f r ac t ion  h a d  no effect  on ca ta lase  
a c t i v i t y  17. 

Zusammen/assung. Es  w urde  die D a u e r  der  H e m m u n g  
der  Leuc in-z4C-Inkorpora t ion  in P ro t e ine  yon  subzel lu-  
1Aren F r a k t i o n e n  der  MXuseleber n a c h  e inmal iger  u n d  
m e h r f a c h e r  Gabe  y o n  P u r o m y c i n  u n t e r s u c h t ,  ebenso der 
E in f lu s s  y o n  P u r o m y c i n  au f  die K a t a l a s e a k t i v i t ~ t  der  
Leber .  
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Biochemica l  Changes  of Muscle  Prote ins  in Goldfish (Carassius auratus)  D u r i n g  T h e r m a l  Accl i-  
mat i za t ion  

DAS a n d  PROSSER 1 d e m o n s t r a t e d  a t r a n s l a t i o n a l  com-  
p e n s a t i o n  of p ro t e in  s y n t h e s i s  in goldf i sh  ske le ta l  musc l e  
du r in g  t h e r m a l  acc l ima t i za t ion .  T h e  acce lera ted  incorpo-  
r a t i o n  of 14C-leucine in to  p ro te ins  of subce l lu la r  f r ac t ions  
f rom  th e  5 ~  goldf ish  musc l e  over  t he  25~ - 
a d a p t e d  f ish t i s sue  was  s h o w n  by  DAS 2 to be r e l a t i v e l y  
un i fo rm,  b u t  th i s  a u g m e n t a t i o n  was  grea te r  in 'micro-  
s o m a l '  t h a n  in 'nuc lear ' ,  ' m i t o c h o n d r i a l '  or  ' so luble '  
f ract ion.  However ,  t he  increase  of t he  to t a l  p ro t e in  con-  
t e n t  d u r i n g  cold a d a p t a t i o n  was  m u c h  less in musc le  as  
c o m p a r e d  w i th  b o t h  l iver  and  gill of th i s  f ish 3. The  p r e s e n t  

i n v e s t i g a t i o n  was  a i m e d  a t  c o m p a r i n g  t he  y ie lds  of con- 
t ract i le ,  s a r cop la smic  a nd  co l lagenous  p ro t e in  f rac t ions  
a n d  t he  levels  of r ad io -ac t ive  a m i n o  acid incorpora t ion  
in to  these  f rac t ions  f rom the  ske le ta l  musc l e  of cold- and  
w a r m - a c c l i m a t i z e d  goldfish,  Carassius auratus. 

x A. B. DAS and C. L. PROSSER, Comp. Biochem. Physiol. 21, 449 
(1967). 
A. ]3. DAs, Comp. Bioehem. Physiol. 21, 469 (1967). 
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Table I. Amino acid incorporation into different fractions of muscle protein in goldfish adapted to high and low temperatures 
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Temperature Collagenous Sarcoplasmic Myosin Actin 
of acclimatization proteins proteins protein protein 

5 ~ 164.90 4- 79.04 247.30 =L 31.73 167.50 ~= 74.38 114.00 ~c 12.84 
25~ 15.87 ~- 8.15 25.59 • 9.88 17.90 ~_ 7.68 10.50 ~ 5.82 

Significance: 5 ~ > 25 ~ 5 ~ > 25 ~ 5 ~ 2> 25 ~ 5 ~ 2> 25 ~ 
(t-test) (P = 0.01) (P = 0.001) (P = 0.01) (P = 0.001) 

DPM i4C-leucine per mg protein residue per 12 h at 5 ~ (mean of 5 samples • S.D.). 

G o l d f i s h ,  a d a p t e d  to  5 ~ a n d  2 5 ~  fo r  m o r e  t h a n  a 
m o n t h ,  were  a d m i n i s t e r e d  w i t h  14C-leucine i .p .  a t  t h e  
dose  o f  2 ac /0 .1  m l  s a l i n e / 1 0  g m  f i sh  a n d  k e p t  in  5~  
for  12 h ~ be fo r e  t h e y  we re  sac r i f i ced .  E x c i s e d  a n d  w e i g h e d  
t r u n k  m u s c l e s  f r o m  t h e s e  f i sh  we re  u s e d  for  t h e  s e p a -  
r a t i o n  of  m y o s i n ,  a c t i n ,  s a r c o p l a s m i c  a n d  c o l l a g e n o u s  
p r o t e i n  f r a c t i o n s  a c c o r d i n g  t o  a m e t h o d  s i m i l a r  t o  t h a t  
d e s c r i b e d  b y  BT~RXNY e t  al. a. T h e  e n t i r e  p r o c e d u r e  w a s  
c o n d u c t e d  a t  5~ T h e  4 p r o t e i n  f r a c t i o n s  we r e  t h e n  
t r e a t e d  w i t h  co ld  p e r c h l o r i c  ac id  (5% in  t h e  f i na l  v o l u m e )  
a n d  f r o m  t h e  p r e c i p i t a t e d  m a c r o m o l e c u l e s  d r i e d  p r o t e i n  
r e s i d u e s  we re  o b t a i n e d  a n d  t h e  r a t i o - a c t i v i t y  c o u n t e d  as  
d e s c r i b e d  ea r l i e r  b y  D a s  a n d  PROSSER 1. T h e  l eve l s  o f  
i~C- leuc ine  i n c o r p o r a t i o n  i n t o  t h e  4 p r o t e i n  f r a c t i o n s  a n d  
t h e  e x t r a c t i b i l i t y  o f  t h e s e  f r a c t i o n s  f r o m  t h e  m u s c l e  of  
5 ~ a n d  25 ~  g o l d f i s h  we re  r e c o r d e d  as  in  t h e  
T a b l e s  I a n d  I I .  

Table I1. Extractibility of different protein fractions from muscle 
of goldfish adapted to high and low temperatures 

Temperature Collagenous Sarco- Myosin Actin 
of acclimati- proteins plasmic protein protein 
zation proteins 

5 ~ 93.1 ~_ 6.9 39.5 ~_ 5.0 24.8 • 1.6 8.6 -L 1.5 
25 ~ 95.6 ~- 7.9 30.8 • 6.8 19.7 ~= 1.5 9.8 ~ 1.7 

Significance: 5 ~ -- 25 ~ 5 ~ ~ 25 ~ 5 ~ > 25 ~ 5 ~ - 25 ~ 
(t-test) (P = 0.5) (P - 0.05) (P = 0.00l) (P = 0.2) 

mg protein/g wet wt. of muscle (mean of 6 samples + S.D.) 

T h e  r e s u l t s  s h o w n  i n  T a b l e  I r e v e a l  a u n i f o r m  9- t o  
10-fold  a u g m e n t a t i o n  of  r a d i o - a c t i v e  l e u c i n e  i n c o r p o r a t i o n  
i n t o  al l  t h e  p r o t e i n  f r a c t i o n s  of  t h e  c o l d - a c c l i m a t i z e d  f i s h  
m u s c l e  o v e r  t h e  w a r m - a c c l i m a t i z e d  f i sh  t i s s u e ,  w h i c h  is 
s i m i l a r  t o  a 7 - fo ld  i n c r e a s e  in  t h i s  i n c o r p o r a t i o n  i n t o  t o t a l  
p r o t e i n  d u e  to  co ld  a d a p t a t i o n  r e c o r d e d  b y  DAS a n d  
PROSS~R 1. A l t h o u g h  t h e  e n h a n c e m e n t  of  p r o t e i n  s y n -  
t h e s i s  in  s k e l e t a l  m u s c l e  of  t h i s  f i sh  d u r i n g  a d a p t a t i o n  to  
low t e m p e r a t u r e  w a s  f o u n d  to  be  n o t  c o m p l e t e l y  n o n -  
spec i f i c  in  r e l a t i o n  to  t h e  s u b c e l l u l a r  c o m p o n e n t s  2, y e t  
for  t h e  c o n t r a c t i l e ,  c o l l a g e n o u s  a n d  s a r c o p l a s m i c  p r o t e i n s  

t h i s  s e e m s  to  be  a g e n e r a l  a n d  u n i f o r m  p h e n o m e n o n .  I n  
b o t h  t h e  t h e r m a l  c a t e g o r i e s  of  f i sh ,  t h e  h i g h e s t  l eve l  of  
r a d i o - a c t i v e  c o u n t s  w a s  o b t a i n e d  in  t h e  s a r c o p l a s m i c  
p r o t e i n  f r a c t i o n  s i m i l a r  to  t h e  o b s e r v a t i o n  of  DAS 2 
r e g a r d i n g  t h e  d i s t r i b u t i o n  of  t h e  m a x i m a l  c o u n t s  b e t w e e n  
' m i c r o s o m a l '  a n d  ' m i t o c h o n d r i a l '  f r a c t i o n s .  

A s  p r e s e n t e d  in  T a b l e  I I ,  t h e  e x t r a c t i b i l i t y  of  t h e  p ro -  
t e i n  f r a c t i o n s  f r o m  m u s c l e  in  b o t h  t h e  t h e r m a l  g r o u p s  of  
f i sh  e x h i b i t  t h e  f o l l o w i n g  o r d e r :  c o l l a g e n o u s  > s a r c o -  
p l a s m i c  > m y o s i n  > a c t i n .  T h e  y i e ld s  of  o n l y  s a r c o -  
p l a s m i c  a n d  m y o s i n  p r o t e i n s  d e m o n s t r a t e  r e s p e c t i v e l y  
2 9 %  a n d  2 6 %  i n c r e a s e  in  c o l d - a c c l i m a t i z e d  g o l d f i s h  
m u s c l e  o v e r  w a r m - a c c l i m a t i z e d  f i sh  t i s s u e  a n d  t h i s  is 
less  t h a n  t h e  5 9 %  a u g m e n t a t i o n  o f  t o t a l  p r o t e i n  c o n t e n t  
( m g / 1 0 0  m l  p r o t e i n )  s h o w n  b y  DAS e. H e n c e ,  t h e  t o t a l  
p r o t e i n  a n d  e v e n  t h e  p r o t e i n  f r a c t i o n s  e x h i b i t  l i t t l e  
a c c u m u l a t i o n  in  s p i t e  of  t h e  a c c e l e r a t e d  l eve l  of  s y n t h e s i s  
of  p r o t e i n s  in  t h e  s k e l e t a l  m u s c l e  of  g o l d f i s h  d u r i n g  co ld -  
a c c l i m a t i z a t i o n .  T h i s  is in  c o n t r a s t  to  t h e  r e m a r k a b l e  
i n c r e a s e  of t h e  p r o t e i n  c o n t e n t  of  b o t h  l i ve r  a n d  gil l  in  
t h i s  f i sh  d u e  to  c o l d - a d a p t a t i o n  2. N e v e r t h e l e s s ,  a spec i f i c  
c o m p e n s a t o r y  a u g m e n t a t i o n  in t h e  s t e a d y  s t a t e  c o n c e n -  
t r a t i o n s  of  t h e  m y o s i n  a n d  s a r c o p l a s m i c  p r o t e i n s  p l a u s i b l y  
i n c r e a s e  t h e  c o n t r a c t i l e  a n d  b i o - e n e r g e t i c  p o t e n t i a l i t i e s  
of  t h e  s k e l e t a l  m u s c l e  in  g o l d f i s h  d u r i n g  a c c l i m a t i z a t i o n  
to  low t e m p e r a t u r e  4. 

Zusammenfassung. K M t e a d a p t i e r t e  G o l d f i s c h e  (Caras- 
sius auratus) b a u e n  m e h r  L e u z i n  in  M u s k e l p r o t e i n e  t i n ,  
w o b e i  d ie  S t e i g e r u n g  in  v e r s c h i e d e n e n  M u s k e l e i w e i s s f r a k -  
t i o n e n  g l e i ch  ist .  A u s  k g l t e a d a p t i e r t e n  G o l d f i s c h m u s k e l n  
i s t  m e h r  M y o s i n  u n d  s a r k o p l a s m i s c h e s  E i w e i s s  e x t r a -  
h i e r b a r .  
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