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Insulin stimulation of ['4C]leucine incorporation into protein 

I t  has been suggested that  the primary effect of insulin is exerted at the extra- 
cellular-intraeellular barrier of the cell, i.e., the plasma membrane. In this way 
insulin initiates a sequence of intermolecular rearrangements which accounts for its 
effects on metabolism l& In regard to the incorporation of 14C-labelled amino acids 
into protein, MANCHESTER 3 found that  when isolated diaphragm was cut into succes- 
sively smaller fragments prior to incubation in vitro, the influence of insulin progres- 
sively diminished. Furthermore, the repeated inability to demonstrate either a clear- 
cut or consistent effect of insulin added in vitro to a subcellular preparation is well 
known 4,5. In this report we will present data consonant with the hypothesis that  
insulin requires an intact cell membrane in order to stimulate ['4C leucine incorpo- 
ration into protein and that  this enhancement may  be related to regulation of amino 
acid transport  across the cell membrane. 

Materials and methods were the same as described in earlier studiesSa. Ad- 
ditional details are given in the text  and legends. 

In Fig. i are shown the results of experiments wherein tissues obtained from 
untreated animals are incubated with and without insulin. I t  can be seen that  
stripping the tissue into halves optimizes both baseline incorporation of [14CJleucine 
and insulin stimulation of this process. Stripping into quarters leads to reduction in 
both baseline and insulin-stimulated incorporation of [laClleucine. Stripping into 
eighths produces no further reduction in baseline incorporation, but a further reduction 
of insulin's effect occurs. Tile maintenance of baseline incorporation in going from 
quarters to eighths implies that  the synthetic machinery remains relatively unharmed, 
while the concomitant vanishing of insulin's effect implies that  some other essential 
cellular component, perhaps cell membrane, has been damaged. 

I t  can be seen in Table I that  tissues taken from rats which received insulin 
intraperitoneally incorporate more I'4Clleucine into o.2o ionic strength extractable 
protein than controls. Here insulin was given in vivo, and the muscles were subsequent- 
ly incubated in vitro. I t  should be noted in the case of stripped halves that  both 
incorporation of [14C]leucine into protein and insulin stimulation of this process are 
approximately the same whether insulin was first given in vivo (I h before tissue 
sample preparation) 18 3 vs. 124 counts/min per nag (Table I), or whether it was added 
directly to the incubating flask 181 vs. r3z counts/rain per mg (Fig. i). Apart  from 
the route of introducing insulin, both incubations were identical and of I-h duration. 
This suggests that  the observed insulin effect is "relatively primary",  e.g., at the cell 
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m e m b r a n e  a n d  n e e d  n o t  n e c e s s a r i l y  d e p e n d  on  t h e  r e s u l t s  of a t i m e - c o n s u m i n g  c h a i n  

of e v e n t s .  T h e  i n s u l i n  effect  seen  b y  WOOL 8 a t  5 r a in  in  r a t  d i a p h r a g m  w o u l d  f u r t h e r  

s u b s t a n t i a t e  t h i s  s u g g e s t i o n .  HAXKIXG AXD ROBERTS 9 f o u n d  t h a t  w h e n  t h e y  p r e p a r e d  

r i b o s o m e s  a n d  p H - 5  e n z y m e s  f r o m  l ive r  s l ices t h a t  h a d  b e e n  i n c u b a t e d  in t h e  p r e s e n c e  
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Fig. I. Effect of muscle stripping on incorporation of [l~C]leucine into protein. Caudofemoralis 
muscles were excised from untreated animals fasted overnight and were incubated as whole prepa- 
rat ions or stripped longitudinally into halves, quarters, or eighths. Incubat ion was carried out  in 
5 ml of Krebs-Ringer phosphate buffer with half Ca 2+ concentration at  pH 7.2 in the presence 
of 18 amino acids at concentrations approximating normal intracellular levels in rat  thigh muscle 7. 
Insulin was present in half the flasks at  o.i unit/ml. After I h of incubation at 37 °, tissues were 
homogenized at ionic strength o.2o. Aliquots of the homogenate supernatant  were prepared for 
protein determination and liquid scintillation counting as described6,L Cross hatched areas, insulin 
treated;  open bars, controls. 

* p ~ 0.05. 

TABLE I 

EFFI3CT itz UilYo OF SYSTE~IICALLY ADMINISTERED INSULIN 

4 normal rats  fasted overnight  were injected intraperitoneally with 0. 5 unit  of insulin while 
4 controls received saline. Rats were sacrificed f h later, caudofemoralis muscles were stripped 
into halves and incubated. Remainder of procedure as iu Fig. I. 

Cou~zts/min per mg prolein (:~ S.E.) dbsolute % 
stimulation Stimulation 

Iu:ulin* Control 

183 :] 13 124 ;_ I 3  59  48 

* P -:.~ o . o o l .  

of i n c r e a s i n g  c o n c e n t r a t i o n s  of a m i n o  acids ,  t h e r e  was  a n  i n c r e a s e  in b o t h  t h e  a b i l i t y  

of t h e s e  r i b o s o m e s  to  i n c o r p o r a t e  a m i n o  ac ids  a n d  of t h e  p H - 5  e n z y m e s  to  s u p p o r t  

a m i n o  ac id  i n c o r p o r a t i o n  i n t o  c o n t r o l  r i b o s o m e s .  EAGLE 1° o b s e r v e d  t h a t  w i t h i n  a 

r a n g e  of i n t r a c e l l u l a r  c o n c e n t r a t i o n s  for  v a r i o u s  a m i n o  ac ids  in  c u l t u r e d  m a m m a l i a n  

cells, r a t e s  of p r o t e i n  s y n t h e s i s  a n d  cell g r o w t h  v a r i e d  d i r e c t l y  w i t h  t h e  a m i n o  ac id  

c o n c e n t r a t i o n .  T h e  i n t r a c e l l u l a r  a m i n o  ac id  c o n c e n t r a t i o n  m a y  in f luence  t h e  c r i t i ca l  

r a t i o  b e t w e e n  a c y l a t e d  a n d  d e - a c y l a t e d  t r a n s f e r  R N A  w h i c h  h a s  b e e n  inw~ked  as  

a t r a n s l a t i o n a l  c o n t r o l  m e c h a n i s m  for  p r o t e i n  s y n t h e s i s  n-16. T h e  role  of i n su l i n  in  

p r o m o t i n g  p r o t e i n  s y n t h e s i s  m a y  be  e n v i s a g e d  as r e g u l a t i n g  t h e  flow of e x t r a c e l l u l a r  
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a m i n o  ac ids  to  a c y l a t e d  t r a n s f e r  R N A  b y  a u g m e n t i n g  t r a n s p o r t  e i t h e r  b y  a d i r ec t  

e f fec t  on tile cell m e m b r a n e  or via an  i n t r a m e m b r a n e - g e n e r a t e d  i n t e r m e d i a r y .  
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a u t h o r s  (S. G.) was  a I :el low of t h e  D i a b e t i c  T r a i n i n g  G r a n t ,  T I  AM-5o77-9,IO.  

Baker  Research Laboratory, 

Departments  of Medici~,e and Biochemistry ,  

Harvard  Medica l  School, 

Boston,  Mass .  o 2 x i 5  (U.S .A . )  

SAMUEL GOLDSTEIN* 

\¥ILI . IAM J .  R E D D Y  

I M. E. KRAHL, The Action of Insulin on Cells, Academic Press, New York, 1961, p. 26. 
2 M. E. KRAHL, Perspectives Biol. Med., i (1957) 69. 
3 K. L. MANCHESTER, On the Nature and Treatment or" Diabetes, Intern. Diabetes Fede, a:ze, 

5th Congr., Excerpta Medica Foundation, Amsterdam, 1965, p. IOI. 
4 A. KORNER AND K. L. MANCHESTER, Brit. Med. Bull., 16 (196o) 233. 
5 I. (;. WOOL, O. R. RAMPERSAD AND A. N. ~IOYER, Am. J. Med., 4 ° (1966) 716. 
6 S. GOLDSTEIN AND W. J. REDDY, Biochim. Biophys. Acta, I4[ (1967) 3to. 
7 S. GOLDSTEIN AN1) W. J. REDDY, submitted for publication. 
8 I. G. VV'OOL, Biochim. Biophys. Acta, 52 (1961) 574. 
9 B. M. HANKING AXD D. ROBERTS, Nature, 2o 7 (1965) 862. 

IO H. EAGLE, Science, 13o (1959) 432. 
II M. W. NIRENBERG .aND P. LEDER, Science, t45 (1964) 1399. 
12 H. KAJI AND A. KAJI, Pro& Natl. Acad. Sci. U.S., 54 (I965) 213. 
13 N. \V. SEEDS AND T. W. COXWAY, Biochem. Biophys. Res. Commun., 23 (I967) i i t .  
14 E. GASIOR, F. IBUKI AND t{. MOLDAVE, Biochim. Biophys. Acta, II 4 (1966) 2o9. 
15 F. IBUKI, E. GASIOR AND K. MOLDAVE, .[. Biol. Chem., 241 (1966) 2188. 
t6 F. [BUKI AND K. MOLDAVE, J. Biol. Chem., 243 (1968) 44. 

R e c e i v e d  F e b r u a r y  22nd,  1968 

* Present address: Massachusetts General Hospital, Fruit Street, Boston, Mass., U.S.A. 

13iochim. Biophys. dcta, i5o (i968) 733 735 


