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Invest igat ion of incorpora t ion  of labe led  amino acids into insulin in the l i ve r  and panc rea s  
showed that  the ra t ios  between speci f ic  ac t iv i t ies  of A and B chains of insulin in these  
organs  differ  cons iderably .  These  ra t ios  a re  modif ied by d is turbance  of i s l e t - c e l t  func-  
tion. I t  is pos tula ted  that the A and B chains of insulin,  which a re  f o rmed  in the p a n c r e a s ,  
undergo cons iderable  modif icat ion in the l ive r ,  and that  pa r t i cu l a r  s tages  of the fo rmat ion  
of peptide por t ions  of the chains take place  in the l i v e r .  

Insulin reaching  the l i ve r  f r o m  the panc reas  via  the b l o o d s t r e a m  undergoes  marked  degradat ion there  
because  of the p r e s e n c e  of an insul inase  (insulin-glutathione t ransdehydrogenase)  in the l i ve r  t i s sue  [5, 8, 
14, 16-18, 20]. This  enzyme reduces  disulfide bonds in insulin with the fo rmat ion  of f r ee  A and B chains.  
I ts  act ion is r e v e r s i b l e ;  in the p r e s ence  of the oxidized f o r m  of glutathione, biological ly act ive hormone  is 
r e syn thes i zed  f r o m  the chains thus fo rm ed  [6]. It  is a l so  a s sumed  that  the chains a r e  subjected to the action 
of var ious  p r o t e a s e s ,  leading to cons iderable  degradat ion  of the i r  s t ruc tu re  [9, 10]. However,  there  is 
l i t t le  informat ion  concerning poss ib le  pathways of r e syn thes i s  of this pro te in  in the l i ve r .  

With these  facts  in mind, an invest igat ion using rad ioac t ive  amino acids was under taken to study the 
pathways of insulin r e syn thes i s  in the l i ve r .  

E X P E R I M E N T A L  M E T H O D  

Since the convers ions  of insulin in the l i ve r  a re  c lose ly  linked with its b iosynthes is  in the p a n c r e a s ,  
to obtain a m o r e  complete  p ic ture  of convers ions  of the A and B chains it  was decided to study the m e t a -  
bo l i sm of insulin isola ted f rom the l ive r  in an imals  with modif ied i s l e t - ce l l  function. F o r  this purpose  two 
exper imen ta l  models  we re  se lected:  r e sec t ion  of the taft  of the panc reas  and ad rena l ec t emy .  

Rats  undergoing r e sec t ion  of one- th i rd  of the splenic  por t ion  of the panc rea s  were  used in the e x p e r i -  
ment  two weeks a f t e r  the operat ion,  and ad rena lec tomized  ra t s  24 h af ter  the operat ion,  and during these  
per iods  the an imals  r ece ived  g lucose - sa l ine .  

Male r a t s  of all groups,  including the control ,  weighing 150-200 g, we re  injected in t raper i tonea l ly  
with one of the following labe led  amino acids:  1-C14-tyrosine,  S3~-cysteine, and 1-C14-glycine, with specif ic  
ac t iv i t ies  of 58, 48, and 130 gCi /mg,  r e spec t ive ly ,  in doses of 200 ~Ci/100 g body weight.  

The an imals  we re  decapi ta ted  2 h l a t e r .  Insulin was isolated f rom the panc rea s  and l i ve r  of 4-5 an i -  
ma l s  by ex t rac t ion  in acid ethanol [11], followed by r epea t ed  reprec ip i t a t ion  at the i soe l ec t r i c  point of insulin 
[19]o In some expe r imen t s ,  insulin was ex t rac ted  f r o m  both t i s sues  by means  of ant i - insul in  guinea pig 
s e r u m  [2, 15], while in other  expe r imen t s  the insulin was pur i f ied on a column with Sephadex G-50 [3]. 

Insulin f r o m  both t i s sues ,  i so la ted  and pur i f ied  by one of the methods desc r ibed  above,  was s epa ra t ed  
into A and B chains [4, 7, 12]o 
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TABLE 1. Ratios between Specific Activit ies of A and B chains of 
Insulin Isolated from Pancreas  and L ive r  (4 experiments)  

Radioactive 
amino acid 

C la -tyrosine 
S~S-cysteine 
C14-glycine 

Group of animals 

intact 

<0,05 
<0,02 
<0,05 

with resectioned pancreas 

<0,05 

adrenalectomized 

0,30 1,09 
0,17 0,34 
0,10 0,30 

0,15 0,30 0,60 0,40 

P 

<0,02 
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Fig.  1. Incorporat ion of labeled amino acids into A and B chains of insulin in l iver  and pan-  
c reas  of intact  ra ts .  Ordinate, relat ive values of specific activity of chains (in %); sum of A 
and B chains taken as 100%; I) injection of Ci4-tyrosine into ra ts ;  II) injection of S35-cysteine; 
III) injection of CU-glycine; 1) pancreas ;  2) l iver .  

Fig.  2. Incorporat ion of Cl4-tyrosine into A and B chains of insulin in l iver  and pancreas  
af ter  resec t ion  of tail of pancreas  and adrenalectomy.  I) intact ra ts ;  II) animals undergoing 
resect ion of the pancreas ;  III) adrenalectomized animals .  Remainder  of legend as in Fig. 1~ 

E X P E R I M E N T A L  R E S U L T S  

Specific activi t ies of A and B chains of insulin f rom the l iver  of intact  animals differed in their  
incorporat ion of all radioactive amino acids used f rom the corresponding chains f rom the pancreas  (Fig. 1). 

The ratios between specif ic  activit ies of the A and B chains in the l iver  were high in value for  in-  
corporat ion of each amino acid used, and differed var ious ly  f rom the rat ios in the pancreas  (Table 1). 
This is c lear ly ref lec ted  by changes in the gradient  of the lines connecting the A and B chains of the same 

t issue (Fig. 1). 

After these changes in adrenal and pancreat ic  function, these rat ios charac te r i s t ica l ly  diverged 
sharply,  even for incorporat ion of the same amino scid (Fig, 2, Table 1). Incorporat ion of C14-tyrosine 
into the A chain of l i v e r  insulin fell sharply after  adrenalectomy,  and more  sharply still after  resect ion 
of the pancreas ,  while incorporat ion of CU-tyrosine into the A chain of pancreat ic  insulin fell only after  
resect ion of the pancreas ,  and after  adrenalectomy it rose  above the level in intact animals .  Incorporat ion 
of C~r into the B chain in the l iver  showed little change, whereas  incorporat ion of this amino acid 
into the B chain in the pancreas  fell below its level in intact animals in both pathological s tates.  

If resynthes is  of insulin in the l iver  consis ted of nothing more  than recombinat ion of the A and B 
chains formed as a resul t  of the breakdown of insulin brought f rom the pancreas ,  the rat io between the 
specific activit ies of the chains in both t issues  during utilization of differenf amino acids would be identical.  
However, these ra t ios  differed considerably,  and this could be evidence of active metabolism of the insulin 
chains in the l iver .  The hypothesis of considerable degradation of A and B chains af ter  insulin breakdown 
in the lever and thei r  subsequent resynthes is  into the whole insulin molecule is also supported by the fact  
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TABLE 2. Specific Activities of Amino-AeidResidues of A and B 
Chains of Insulin Isolated from Liver of Intact Animals (mean data 
for 12-15 animals in group)* 

Amino acid A chain B chain ~ A/B 

7 641• 
1 926• 108,3 
1 701• 
1 225• 80,9 

7 200• | 1,1 
5 400+ 318,7 I O, 17 
I 886• 107,5 0,9 
6 643• 0,1 

*Since this amino acid is conver ted  into s e r i ne  in expe r imen t s  with 
Cl4-glycine [1, 12], radioact iv i ty  belonging to the glycine and se r ine  
res idues  was de te rmined  in insulin (and i ts  chains) i so la ted  f r o m  
both t i s sues .  F o r  this purpose ,  insulin and i ts  B chain were  subjected 
to total  acid hydro lys i s ,  followed by r ad ioch romatograph ic  analys is  of 
the hydro lysa te s .  The radioac t iv i ty  of the glycine and se r ine  res idues  
in the A chain was calculated.  

that the ra t ios  between rad ioac t iv i t i es  of the amino=acid r e s idues  in the l i ve r  of intact  an imals  during 
ut i l izat ion of each of the four  labeled  amino acids va r i ed  within wide l imi t s  (Table 2). 

As Table  2 shows, the ra t ios  between these  values  v a r i e d  between 0.1 and 1ol, re f lec t ing  d i f fe rences  
in the level  of metabol ic  act ivi ty  of individual segments  of each chain~ 

These  amino -ac id  r e s idues  a re  located  in di f ferent  pa r t s  of the polypeptide A and B chains of insulin,  
and the rad ioac t ive  amino a c i d s n s e d  consequently r e f l ec t  me tabo l i sm of the insulin chains throughout the i r  
extent  (for the A chain f r o m  1 to 20 amino-ac id  r e s idues ,  and for  the B chain f rom 7 to 26). The var iab i l i ty  
thus obtained for  r a t ios  between the values  of speci f ic  ac t iv i t ies  during compar i son  of the two chains for  
ut i l izat ion of each labeled amino acid could the re fo re  r e f l ec t  d i f ferences  in the c h a r a c t e r  of me tabo l i sm  of 
peptide segments  of the chains by t r an s fo rm a t ion  e i ther  of individual peptide segments  or  of individual 
amino ac ids .  

This  hypothesis  is a lso suppor ted  by facts  indicating d i f ferences  in incorpora t ion  of CU- tyros ine  into 
the A and B chains  of insulin in the l i ve r  in assoc ia t ion  with d is turbances  of i s l e t - ce l l  function, which do 
not c o r r e l a t e  with changes in incorpora t ion  of this amino  acid into the A and B chains in the p a n c r e a s ,  
and, indeed, a r e  s o m e t i m e s  opposi te  in di rect ion (Fig. 2). 

It  can t h e r e f o r e  be a s sumed  that the A and B chains of insulin, which a r e  f o rmed  in the p a n c r e a s  
and a r e  p r e c u r s o r s  of insulin in the l ive r ,  undergo cons iderable  t r ans fo rma t inns  in the l ive r ,  and/:hat in-  
corpora t ion  of amino acids takes  place  into cer ta in  peptide s egmen t s .  Modification of i s l e t - ce l l  function 
is accompnaied  by changes in me tabo l i sm of the insulin polypeptide chains in the l ive r ,  as  shown by the 
d i scovery  of changes in m e t a b o l i s m  of l i v e r  insulin when the synthes is  of insulin by the panc rea s  is d i s -  
turbed.  Consequently,  act ive  breakdown and r e s y n t h e s i s  of insulin takes place  in the l i ve r  t i s sue .  
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