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EXCHANGE OF HYDROGEN ATOMS IN INSULIN WITH DEUTERIUM ATOMS 

IN AQUEOUS SOLUTIONS 

by  

A A S E  H V I D T  AND I4~. L I N D E R S T R O M - L A N G  

Carlsberg Laboratorium, Copenhagen (Denmark) 

I n  an  a t t e m p t  to th row l ight  upon  t he  phys ica l  s t a t e  of insul in  in aqueous  so lu t ions  a de te rmi -  
na t i on  was  m a d e  of t he  n u m b e r  of hyd rogen  a t o m s  in th is  h o r m o n e  which  can  be exchanged  for 
d e u t e r i u m  a t o m s  f rom a m e d i u m  of ioo % d e u t e r i u m  oxide.  Careful ly purified and  dried pork  insul in  
(from Nord isk  Insu l in  Labora to ry )  was  al lowed to reac t  a t  3 7 ° C  wi th  99 .6% d e u t e r i u m  oxide  a t  
p H  3. T h e  pro te in  concen t ra t ion  was  2 %. At  su i tab le  t imes  t he  exchange  process  was  s topped  in 
samples  of t he  solut ion by  freezing t h e m  to - - 8 o  ° C. The  excess  wa te r  was r emoved  b y  lyophi l i sa t ion 
and  d ry ing  in v a c u u m  over  PzO~ for severa l  days .  T he  d e u t e r i u m  con ten t  of the  d ry  p ro te in  was  
de t e rmined  b y  le t t ing  it  reac t  aga in  wi th  o rd ina ry  wate r  and  e s t i m a t i n g  t he  resu l t ing  deu t e r i um-  
con t en t  of th is  wa te r  by  equi l ibra t ion  of t h e  solut ion wi th  pure  wate r  t h r o u g h  an  air gap.  The  dens i ty  
of the  pure  wate r  was  de t e rmined  in the  g rad ien t  tube .  Deta i l s  of t he  m e t h o d  h a v e  been descr ibed 1. 

T h e  resu l t s  are  seen in Fig. i ,  where  the  n u m b e r  of replaced hyd rogen  a t o m s  per  mote of insul in  
(M.W. = 5777) is p lo t t ed  aga ins t  t ime.  Accorcting to SANGER, THOMPSON AND TUPPY 2 and  HARFENIST 3 
pork  insu l in  on t he  basis  of a m i n i m u m  molecular  weight  of 5777 m a y  e x c h a n g e  t h e  n u m b e r  of 
h y d r o g e n  a t o m s  given in Tab le  I. A compar i son  wi th  Fig. I d e m o n s t r a t e s  t he  fact  t h a t  ou t  of the  
possible  92 h y d r o g e n  a t o m s  only  46 exchange  even  af ter  pro longed react ion (124 hours) .  I t  is reason-  
able to  a s s u m e  t h a t  it  is the  amide  h y d r o g e n s  of the  48 pep t ide  bonds  which  are  pro tec ted ,  and  
since t he  pept ide  bond  h y d r o g e n  in shor te r  pep t ides  like leucyl t r ig lycine  exchange  readi ly  t h o u g h  
a t  a finite ra te  unde r  s imilar  condi t ions ,  our  resu l t s  m a y  be t a k e n  to  confi rm the  ex is tence  of s table  
in te rna l  h y d r o g e n  bonds  be tween  tile CO- and  N i l - g r o u p s  of the  backbone  in dissolved insul in.  
If  t he  m o n o m e r  of insul in  is considered to be a double  a-hel ix  consis t ing  of one A-chain  and  one 
B-chain ,  the re  are  6 t e rmi na l  pep t ide  N H - g r o u p s  which  are un l inked  and  should  exchange .  These  
g r o u p s - - o r  some  of t he  g roups  of t he  side c h a i n s - - m a y ,  however ,  be m a s k e d  in t he  associa ted 
molecules  ex is t ing  a t  p H  3, so t h a t  our  resu l t s  are compat ib le  wi th  th is  model.  
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Pre l imina ry  inves t iga t ions  of t he  sod i um salt  of the  isolated oxidized A-chain  have  g iven  the  
resu l t s  shown  in Table  II,  I t  will be seen t h a t  all t h e  h y d r o g e n  a t o m s  of t he  pept ide  bonds  exchange  
in th is  subs tance ,  a fact  which emphas i ze s  t he  i m p o r t a n c e  of the  t e r t i a ry  s t r uc tu r e  4 of the  na t i ve  
insul in  molecules  for the  s tab i l i ty  of t he  in te rna l  h y d r o g e n  bonds .  
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T A B L E  I 

T H E O R E T I C A L  N U M B E R  O F  E X C H A N G E A B L E  H Y D R O G E N  A T O M S  I N  I N S U L I N  

Number Number 
Groups with exchangeable Number o/easily o] more 

hydrogen atoms o] groups  exchangeable firmly bound 
hydrogen atoms hydrogen atoms 

I .  A m i n o  ac id  s ide c h a i n s  
a s p a r a g i n e  3 - -  6 
t h r e o n i n e  2 - -  2 
s e r i n e  3 - -  3 
g l u t a m i n e  3 - -  6 
g lu t .  ac id  4 4 - -  
t y r o s i n e  4 4 - -  
h i s t i d i ne  2 2 - -  
lys ine  i 2 - -  
a r g i n i n e  i 5 - -  

2. E n d g r o u p s  
g l yc i ne  I 2 - -  
p h e n y l a l a n i n e  i 2 - -  
a s p a r a g i n e  I I - -  
a l a n i n e  I I - -  

3. B a c k b o n e  
- - C O - - N H - -  48 - -  48 

4. HC1 used  to  b r i n g  p H  to  3 4 4 --- 

T o t a l  27 65 

T A B L E  I I  

EXCHANGE OF HYDROGEN ATOMS IN A-CHAIN-Na 4 (M.W.  = 2661) 

T h e o r e t i c a l  n u m b e r  of  o x c h a n g e a b l o  h y d r o g e n  a t o m s :  

S ide - c ha in s  a n d  e n d g r o u p s  18 
P e p t i d e  h y d r o g e n  20 

T o t a l  38 

E x p e r i m e n t a l  r e su l t s  : 

Time hours moles D/mole A-chain 

o . i  32 
0.5 34 
1.5 35 
2 35 

18 34 
22-5 34 
23 35 
24 38 
24.5 38 

575 
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