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The Duration of Action of Single and Multiple Injections of Puromycin on Leucine Incorporation 
and Hepatic Catalase Activity 

P u r o m y c i n  is an  i nh ib i to r  of p ro te in  s y n t h e s i s  a n d  h a s  
been  used  in in v i t ro  and  in v ivo  s tud ie s  of p ro te in  syn-  
thes i s  a n d  e n z y m e  i n d u c t i o n  ~ -4. T h e  pu rpose  of the  p r e s e n t  
s tud ie s  was  to:  (a) d e t e r m i n e  t h e  d u r a t i o n  of t he  inhibi -  
t o r y  effect  of s ingle a n d  mul t ip l e  in jec t ions  of p u r o m y c i n  
on t h e  inco rpora t ion  of leucine-t4C in to  p ro t e ins  of sub-  
cel lular  f rac t ions  of m o u s e  liver, a n d  (b) d e t e r m i n e  t he  
effect  of p u r o m y c i n  on  hepa t i c  ca ta lase  ac t iv i ty .  

M a t e r i a l s  and  methods .  T h e  average  we igh t  of t he  
S t rong  A male  mice  used  in th i s  s t u d y  was  33 g. L-leucine- 
U-14C (New E n g l a n d  Nuclear ,  200 m c / m M )  was  neu t r a l -  
ized, a n d  3.3 Vc p e r  0.2 ml  in jec ted  i.p. P u r o m y c i n  di- 
hydroch lo r ide  (Nut r i t iona l  B iochemica l s  Corporat ion)  
was  d i sso lved  in isotonic  sa l ine  c o n t a i n i n g  0 . 0 4 M  phos -  
p h a t e  buffer ,  p H  7.2, to m a k e  a 0.5% solu t ion .  The  puro-  
m y c i n  (2.5 mg) was  g iven  i.p. ( In jec t ion  of 5 m g  of puro-  
m y c i n  gave  er ra t ic  resu l t s  a n d  s o m e t i m e s  killed t he  mice.) 
Th e  mice  were killed b y  cervical  separa t ion ,  and  the  l ivers 
f r a c t i o n a t ed  b y  t he  m e t h o d  of SCHNEIDER and  HOGE- 
~OOMS Th e  t r ich loroace t ic  acid (TCA) insoluble  m a t e r i a l  
of t h e  v a r i o u s  f rac t ions  was  w a s h e d  twice w i th  5% TCA 
an d  once wi th  m e t h a n o l .  The  m e t h a n o l  was  a b o u t  8 ~ 
The  p rec ip i t a t ed  p ro te in  of t he  va r ious  f rac t ions  was  
solubi l ized wi th  H y a m i n e  (Packard  I n s t r u m e n t  Co.), a nd  
c o u n t e d  in a P a c k a r d  Tr i -Carb  l iquid  sc in t i l l a t ion  spec t ro-  
p h o t o m e t e r .  Ca ta lase  a c t i v i t y  is expressed  in t e r m s  of t he  
f i rs t  o rder  ve loc i ty  c o n s t a n t  d iv ided  by  t he  m g  p ro te in  
(K/P)  6. P ro t e in  was  d e t e r m i n e d b y  the  m e t h o d  of LOWRY 7 
as modi f ied  b y  HENRY s. 

Resu l t s  and  d i scuss ion .  Leuc ine  was  chosen  for t hese  
e x p e r i m e n t s  because  leucine pa r t i c ipa t e s  in re la t ive ly  few 
me tabo l i c  r eac t ions  o the r  t h a n  p ro te in  s y n t h e s i s  a nd  is 
i nco rpora t ed  in to  p ro te ins  largely  as }eucine '~-1'2 by  de 
novo  s y n t h e s i s  of p ro te in  is. I t  h a s  also been  shown  t h a t  
m o s t  p ro t e ins  differ  re la t ive ly  l i t t le in the i r  leucine 
c o n t e n t  ~. 

The  f i rs t  e x p e r i m e n t  (Figure 1) shows  t h a t  m a x i m u m  
inco rpora t ion  of leucine-14C in to  subce l lu la r  f rac t ions  of 
mou se  l iver is obse rved  a t  45 rain a f te r  in ject ion.  Suf- 
f icient  leucine-~4C is ava i lab le  to m a i n t a i n  h igh  incorpora-  
t ion  levels  for 180 min.  A single in jec t ion  of 2.5 m g  of 
p u r o m y c i n  effect ively  inh ib i t s  i ncorpora t ion  of leucine-  
~4C in to  a l l  subcel Iu lar  f rac t ions  by  10 ra in  (Figure  2). 
The  d u r a t i o n  of m a x i m a l  inh ib i t ion  was  a p p r o x i m a t e l y  
45 rain for all f rac t ions .  Af te r  45 rain, t he re  was  a rap id  
rise in all subce l lu la r  f rac t ions .  The  low p l a t e a u  va lues  
in F igure  2 can  be ascr ibed  to excre t ion,  b r eakdown ,  or 
d i lu t ion  of the  labeled Ieucine du r ing  t he  per iod of 
m a x i m u m  inh ib i t ion  of leucine-~4C incorpora t ion  by  puro-  
m y c i n  (compare  wi th  F igure  3). The  fol lowing e x p e r i m e n t  
(Figure 3) was  des igned  so t h a t  an  a d e q u a t e  s u p p l y  of 
leucine-14C was  ava i lab le  for incorpora t ion .  P u r o m y c i n  
was  in jec ted  a t  zero t ime.  Mice were killed a t  50, 75, 100, 
and  225 min.  However ,  leucine-~4C was  g iven  45 m i n  
before t h e  mice  were killed. The  resu l t s  in F igure  3, 
assessed  w i th  t h e  resu l t s  in F igure  2, show t h a t  fol lowing 
m a x i m a l  inh ib i t i on  of leucine-~4C incorpora t ion ,  a r e t u r n  
to cont ro l  levels of i nco rpo ra t ion  was  ob t a ined  by  100 rain 
in the  p resence  of suf f ic ien t  leucine-~4C. Few or no c o u n t s  
were obse rved  in the  ac id-soluble  f rac t ion  nor  in ho t  TCA  
washes .  E x p e r i m e n t a l  control ,  t h a t  is t he  add i t i on  of 
r ad ioac t ive  leucine to t he  h o m o g e n a t e  i m m e d i a t e l y  be- 
fore b e g i n n i n g  t h e  f r a c t i ona t i on  and  followed t h r o u g h  in 
the  s a m e  m a n n e r  as the  expe r imen ta l ,  showed  no c o u n t s  
in a n y  of the  f rac t ions .  Pa ren the t i ca l l y ,  m e n t i o n  shou ld  
be m a d e  t h a t  we, too, obse rved  di f ferences  in p o t e n c y  for 
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Fig. 1. Leucine-14C incorporation into microsomal (Mic), mito- 
chondrial (Mit), and supernatant (Sup) fractions of mouse liver. 
Leueine was injected at zero time. Each value is an average of at 
least 4 mice. 
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Fig. 2. Effect of a single illjection of purolnycin oil leucine-14C 
incorporation into mierosomal, mitochondrial, and snpernatant 
fractions of mouse liver. Puromycin was injected at zero time, and 
lcucine-14C 5 min later. Each value is an average of at least 3 mice, 
with the exception of the 120 rain value which is an average of 
2 inice. Control values are shown ill Figure 3. 
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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. 
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