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t h e  a c t i v i t y  of t he  e n z y m e  b u t  on ly  e n h a n c e  the  per-  
m e a b i l i t y  of A T P  t h r o u g h  t h e  m e m b r a n e  to t h e  ac t ive  
e n z y m e  centre .  

The  a c t i v i t y  of 3/[g++ d e p e n d e n t  A T P a s e  in t he  ery- 
t h r o c y t e  m e m b r a n e  is e n h a n c e d  in a d d i t i o n  to  insu l in  b y  
ad rena l ine  or n o r a d r e n a l i n e  wh ich  inf luence  t he  con t rac -  
t i on  of s m o o t h  muscle .  Does t h i s  f ac t  i nd i ca t e  a ce r t a in  
r e l a t ion  of Mg++ d e p e n d e n t  A T P a s e  to con t r ac t i l e  ghos t  
p ro t e in  12 ? A work ing  h y p o t h e s i s  is cons idered  t h a t  Mg ++ 
d e p e n d e n t  A T P a s e  could form a p a r t  of t he  region of t h e  
pores,  b y  wh ich  some subs t ances  p e n e t r a t e  t h r o u g h  t h e  
m e m b r a n e .  

Zusammen/assung. Die H o r m o n e  Adrena l i n  oder  N o r -  
a d r e n a l i n  s t imu l i e ren  in mensch l i chen  E r y t h r o z y t e n  die 
Aktivi tS. t  der  Mg++-abh/~ngigen ATPase .  Die A k t i v i t g t  
dieses E n z y m s  is t  a u c h  n a c h  de r  W i r k u n g  des In su l in s  
gesteigert .  

L. MIR~EVOV~. a n d  A. SIMO~OVX 

Imtitute o/Hematology and Blood Tram/usion, 
Praha (Czechoslovakia), 28 May 7969 

1S T. OHNISHI, J. Biochem. 52, 307 (1962). 

Protein Synthesis  in Isolated, Beating Rat Atria 

To s t u d y  f u r t h e r  t he  pa thogenes i s  of ca rd iac  h y p e r -  
t r o p h y  1 *, a n d  to increase  u n d e r s t a n d i n g  of t h e  con t ro l  
of ca rd iac  p ro t e in  synthes is ,  i t  would  be  useful  to  be  able  
to  s t u d y  t he  l a t t e r  process  in v i t ro .  T he  s p o n t a n e o u s l y  
b e a t i n g  r a t  a t r i u m  lends  i tself  to  such  s tudies ,  pa r t i cu l a r l y  
to  i n v e s t i g a t i o n  of i n t e r v e n t i o n s  a f fec t ing  card iac  
p ro t e in  syn thes i s  ove r  sho r t  t i m e  periods.  

Methods. Male, Sp rague -Dawley  r a t s  were anes t he t i z ed  
w i th  e the r  a n d  t h e i r  h e a r t s  qu ick ly  r emoved .  B o t h  a t r i a  
were s e p a r a t e d  f rom t he  ven t r ic les  a n d  p laced  i n to  25 ml  
E r l e n m e y e r  flasks.  Th i s  p rocedure  requ i red  less t h a n  
2 rain.  5 ml  of T y r o d e ' s  m e d i u m  c o n t a i n i n g  glucose 
(5 ~m/ml)  a n d  L-leucine (1.0 ~m/ml)  se rved  as t h e  
i n c u b a t i o n  med ium.  L-leucine-l-14C was  added  to  yie ld  
a f ina l  specific a c t i v i t y  of 0.25 ~c/~zm. The  effect  on  
i n c o r p o r a t i o n  ra tes  of v a r i a t i o n  in leucine c o n c e n t r a t i o n  
was e x a m i n e d  b y  also i n c u b a t i n g  a t r i a  w i t h  0.25, 0.50, or 
4.0 ~ m / m l  leucine, vcith t h e  specific r a d i o a c t i v i t y  he ld  
cons t an t .  The  m e d i u m  was equ i l ib ra t ed  before  use w i t h  
95% O2/5% CO 2 to  yield a p H  of 7.4 a t  37~ 7.2 a t  
30~ a n d  7.0 a t  22~ A t  t he  end  of i n c u b a t i o n  t h e  a t r i a  
were homogen i zed  a n d  t o t a l  a t r i a l  p r o t e i n  was p r e p a r e d  
for r ad ioassay  as descr ibed  e lsewhere  5. 

The  r a t e  of Ieucine u p t a k e  f rom t he  m e d i u m  was 
d e t e r m i n e d  as follows: a f t e r  p r e i n c u b a t i o n  for 1 h in non-  
i sotopic  m e d i u m ,  t h e  a t r i a  were t r a n s f e r r e d  to m e d i u m  
c o n t a i n i n g  leucine-l-z4C a n d  a l lowed to i n c u b a t e  for 
e i the r  10 or 30 rain.  T he  t i ssue  was t h e n  r insed  qu ick ly  
3 t imes,  b l o t t e d  a n d h o m o g e n i z e d  in exac t ly  3.0 ml  of 
5% TCA. P r o t e i n  was p r e c i p i t a t e d  for a t  l eas t  3 h a t  
0-4~ A 0.5 m l  a l iquo t  of t h e  s u p e r n a t e  was radio-  
assayed  in a l iqu id  sc in t i l l a t ion  sys tem.  P a p e r  c h r o m a t o -  
g r a p h y  conf i rmed  t h a t  all coun t s  were in ~4C-leucine. The  
i n c r e m e n t  in  a c t i v i t y  in  t he  30 ra in  ove r  t h e  10 m i n  

1800 

.~. 1200 ~ 37~ 

0 1 2 3~ 
Fig. 1, The dependence of total atrial protein synthesis upon incuba- 
tion time and temperature. Note that at each temperature protein 
synthesis is linear for at least 2 h. In the 37 ~ system, there may 
be some fall in rate by the 3rd h of incubation. 

sample  conf i rmed  t h a t  u p t a k e  of leucine h a d  occurred.  
F u r t h e r  15 ra in  u p t a k e  e x p e r i m e n t s  t h e n  were used for 
t he  d a t a  r epo r t ed  here in .  

Results. The  l inear  i n c o r p o r a t i o n  of leucine in to  
a t r i a l  p r o t e i n  as a funct ion,  of t i m e  a t  va r ious  t e m p e r a -  
tu res  is shown  in F igure  1. The  re l a t ive ly  h i g h  r a t e  of 
i sotope i nco rpo ra t i on  in to  a t r i a l  p r o t e i n  a t  30~ com- 
p a r e d  w i t h  t h a t  in  r a t  ven t r i cu la r ,  k i d n e y  a n d  l iver  slices 
a n d  in whole  r a t e  d i a p h r a g m ,  is shown  in Tab le  I. The  
differences  do no t  seem due  solely to  di f ferences  in  leucine 
u p t a k e  (Table  II) .  The  effect  on  isotope i n c o r p o r a t i o n  
of v a r y i n g  c o n c e n t r a t i o n s  of leucine in t he  m e d i u m  is 

s h o w n  in F igure  2. A b o v e  0.5 ~ m / m l  t h e  f ina l  specific 
a c t i v i t y  of t o t a l  a t r i a l  p ro t e in  is max ima l .  Progress ive  
i n c r e m e n t s  in  leucine u p t a k e  occur  a t  each  c o m p a r a b l e  
c o n c e n t r a t i o n  (Figure 3). P r o t e i n  syn thes i s  is a b o u t  25% 

Table I. Incorporation of leucine-l-14C into total protein by various 
rat tissue preparations 

Tissue Specific activity 
(epm/mg protein) 

VentricuIar slices 76 ~ 10 
Intact diaphragm 116 =h 12 
Kidney slices 278 =~ 23 
Liver slices 423 i 18 
Intact, beating atria 623 =h 50 

Mean -4- S.E. of the mean. 

Table II. Uptake of leucine-l-14C from the incubation medium by 
various rat tissue preparations 

Tissue Uptake 
(~zm • 103 leucine/100 mg wet wt.) 

Kidney slices 57 ~ 1.5 
Liver slices 45 • 1.5 
Intact, beating atria 51 :k 1.5 

Mean 4- S.E. of the mean. 
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more rapid in atria from animals weighing 75-100 g 
than in those weighing 200 250g (Table III).  The 
corresponding uptake data are shown. 

Discussion. These rat  atria beat spontaneously for 
several hours and incorporate l~Cdencine into protein 
linearly during these time periods. Incorporation is 90% 
inhibited by 10-~M puromycin indicating that  true 
peptide bond formation has occurred. Incorporation is 
temperature-dependent but the differences in rate seen 
at  20 ~ 30 ~ and 37~ are unlikely to be the result of the 
small pH differences at these various incubation tem- 
peratures. At concentrations of lencine in the medium 
above 0.5 Fm/ml, the protein synthetizing apparatus 
appears to be saturated since the rate of protein synthesis 
is maximal in the face of increasing leucine uptake. To 
test the possibility that  the rate of leucine incorporation 
is maximal because of some limiting ' toxic'  effect of the 
isotope present, the specific radioactivity of the leucine 
in the medium was increased 10-fold. This manipulation 
resulted in a corresponding 10-fold increase in the fins1 
specific activity of total  atrial protein isolated after 
incubation. 
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Fig. 2. The effect on atr ial  protein synthesis of various leucine 
concentrations in the incubation medium. The rate is reduced in 
concentrations below 0.5 ~xm leucine/ml. The variations above this 
concentration are not significantly different from one another. 
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Fig. 3. Tile 15 min atrial uptake of leueine-l-14C from incubation 
media containing different concentrations of cold leueine. 

Table III. Incorporation into protein and tissue uptake of Z4C-Ieucine 
by atria from young vs. older animals 

Leucine Leuci'ne uptake 
incorporation Qxm • 10b/ 
(cpm/mg) 100 mg wet wt.) 

Young 837 j:  64.1 ~ 58.5 :f_ 2.5 
Older 682 ~ 14.8 45.0 ~: 1.5 

Mean =E S.E. of the mean. 

The rate of leucine incorporation into atrial protein is 
at least as rapid as' that  observed in liver and kidney 
slices and exceeds the rate for diaphragm. I t  is much 
more rapid than the rate for ventricular slices, suggesting 
that  atria may be considerably more useful than such 
ventricular slices for a variety of cardiac metabolic 
studies, in addition to protein synthesis. Although the 
differing rates of leucine incorporation among these 
tissues do n o t  seem to be the result of differences in 
leucine uptake, they could be due to differences in tissue 
lencine pool size. This possibility is stilt to be explored. 
The data also suggest that  the more rapid incorporation of 
leucine by atria from young versus older animals cannot 
be explained on the basis of differences in uptake. At the 
leucine concentration used in these studies, the rate of 
atrial protein synthesis appears independent of small 
changes in leucine uptake. 

The question of whether net new protein synthesis 
occurs during incubation of the atria is not yet answered. 
However, in preliminary experiments we have studied 
14CO2 production by atria prelabelled with 14C-leucine in 
the presence and in the absence of puromycin. The rates 
of 14CO2 production are low and similar in these two 
systems, indicating tha t  there is relatively little 14CO2 
produced when the protein has become labelled. This 
finding suggests that  little catabolism of protein occurs 
during such short-term studies and, although tentat ive 
and indirect, this evidence suggests that  the incorporation 
seen represents synthesis rather than merely turnover of 
protein. 

I t  is difficult to know how closely energy stores in these 
atria match the levels present in vivo. However, ATP 
and creatine phosphate contents of these atria measured 
after incubation are sufficient to maintain vigorous 
beating at rates approximating those in vivo (125-150 
beats/min)% Furthermore, such atria do not produce 
measurable lactate during incubation, again suggesting 
that  relatively normal tissue energetics prevail. 

Thus, isolated rat  atrium seems a useful and convenient 
tissue for in vitro study of protein synthesis in heart 
muscle. Protein synthesis is linear, reasonably rapid, and 
appears to proceed under conditions of reasonably normal 
tissue energetics. The system seems particularly useful 
for studying processes which might affect protein 
synthesis in heart  muscle over short t ime periods 7. 

Zusammen/assung. Untersuchungen fiber die Protein- 
synthese am isolierten, spontan schlagenden Ratten- 
herzvorhof ergeben einen linearen Syntheseverlauf 
w~hrend mehrerer Stunden bei relativ normalem Energie- 
verbrauch des Gewebes. Die Einbaugeschwindigkeit des 
Leuzins in das Gesamtprotein des Vorhofs ist hSher als 
bei anderen untersnchten Geweben2 
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