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AN I N V E S T I G A T I O N  OF T H E  C O N F O R M A T I O N A L  S T A T E S  

O F  T H E  M E T H Y L A M I D E  OF  N _ A C E T Y L - L - H I S T I D I N E  

P .  B e r l i n ,  M. K r e i s l e r ,  S.  F .  A r k h i p o v a ,  . UDC615.779 .90  
~ G .  M. L i p k i n d ,  a n d  E M. P o p o v  

The presen t  communicat ion continues a ser ies  of communications devoted to the role of the shor t - range  
interact ions in the formation of the s t ruc ture  of the peptide chain in proteins [1-7]. As had been reported,  
methylamides of N-acetylpeptides can serve  as suitable objects for the investigation of the specific features  of 
the interaction of the side chains of natural  s - a m i n o  acids with adjacent peptide groups.  In the presen t  case,  
the conformational  states of the methylamide of N-ace ty l -L-h is t id ine  (AcL-His-NHMe) are  considered.  The in- 
c reased  in teres t  in an investigation of the spatial s t ruc ture  of His is due to the essent ia l  part icipation of this 
residue in the a c i d - b a s e  stage of the enzymatic  react ions of many proteins (chymotrypsin,  e las tase,  carboxy- 
peptidase, r ibonuclease,  etc.). 

With respec t  to the nonvalent interact ions of the atoms of the side and main chains, the methylamide of 
N-acetyl-I_~-histidine is a s te reochemica l  analog of the methylamide of N-acety l -L-phenyla lanine ,  the calcula-  
tion of which has been published previously [4]. However, the side chain of His has a number  of specific fea-  
tures  which may lead to conformational  s tates of this residue substantially differing f rom the states of Phe and 
the other ~:aalogs of i t - T r p  and Tyr .  Thus, the imidazole ring of histidine, unlike the benzene ring, may take 
par t  in considerable e lec t ros ta t ic  interactions with the main chain, and also fo rm hydrogen bonds. Under physio- 
logical conditions, the imidazole ring may exist  in the protonated and in the nonprotonated states in equal mea-  
sure.  The capaci ty  of His for undergoing protonation changes insignificantly if the residue is included in a 
branched peptide chain [8]. In addition to this, in the neutral  form of the imidazole ring, the hydrogen atom can 
fo rm covalent bonds with the N 61 and with the Ne2 atoms with a lmost  equal probability.  Thus, in the His side 
chain an equilibrium is set  up between the two neutral  tautomeric  forms (I and II) and the ionic form (III). It is 
quite real is t ic  to expect s te reochemica l  differences in the interact ions of the main chain with the f ree  forms of 
the side chain. In its turn, the conformational  state of the His residue may have a definite influence on the 
stability of the above-mentioned forms of the imidazole ring. Consequently, we have per formed a conformation- 
al analysis  of the methylamide of N-ace ty l -L-h is t id ine  with all the possible fo rms  of the side chain. 

Model of the Molecule and Potential Functions. A model of the molecule of the methylamide of N-ace ty l -  
L-his t id ine  is shown in Fig. 1. The null values for the listed pa ramete r s  ~ (C ~ -- N), ~ (C ~ -- C'), Z1 (C ~ -- C~ ) 
and %.~ (C (~ - C ~) were selected in accordance  with the accepted nomenclature [9]. The strength of the bonds in 
the main chain were taken as equal to the P a u l i n g - C o r e y  pa ramete r s  [10], and the valence angles as the average 
pa ramete r s  for a peptide group [3]. The geometry  of the imidazole ring changed in dependence on its form.  For  
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F i g .  1. Mode l  of the  m o l e c u l e  of the  m e t h y l -  

a m i d e  of N - a c e t y l -  L - h i s t i d i n e .  

f o r m  (I) the  g e o m e t r i c  p a r a m e t e r s  w e r e  t aken  f r o m  a n e u t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n  of L - h i s t i d i n e  [11], and 
fo r  f o r m  (IID f r o m  the r e s u l t s  of an  x - r a y  s t r u c t u r a l  a n a l y s i s  of h i s t i d i n e  h y d r o c h l o r i d e  m o n o h y d r a t e  [12]; the  
l eng th s  of  the  bonds  and the  v a l e n c e  a n g l e s  of  f o r m  (II) a g r e e  wi th  the  c o r r e s p o n d i n g  v a l u e s  f o r  (I). 

In the  c a l c u l a t i o n  of  the  p o t e n t i a l  e n e r g y ,  we took in to  a c c o u n t  the  n o n v a l e n t  and e l e c t r o s t a t i c  i n t e r a c t i o n s  
of  the  a t o m s ,  h y d r o g e n  bonds ,  and  t o r s i o n a l  c o n t r i b u t i o n s .  The  n o n v a l e n t  i n t e r a c t i o n s  w e r e  c o n s i d e r e d  by  m e a n s  
of  the  B u c k i n g h a m  p o t e n t i a l  wi th  D a s h e v s k i i ' s  p a r a m e t e r s  [13]. The  e l e c t r o s t a t i c  i n t e r a c t i o n s  w e r e  e v a l u a t e d  
by  m e a n s  of the  Cou lomb  law.  The  v a l u e s  of the c h a r g e s  on the  a t o m s  of the  m a i n e h a i n  andof  the  s i de  cha in  in  
f o r m s  (I) and (ID w e r e  t aken  f r o m  t h e w o r k  of P o l a n d  and S c h e r a g a  [14]. T h e r e  i s  no i n f o r m a t i o n  in  the  l i t e r a t u r e  
on the c h a r g e s  f o r  the  p r o t o n a t e d  f o r m  (III). We took  the  c h a r g e s  on the  N 51 and N a2 a t o m s  as  0.3 e l e c t r o n  uni t  
and  the H51 and He2 a t o m s  a s  0.6 e l e c t r o n  uni t  e ach .  The  d i e l e c t r i c  c o n s t a n t  was  t aken  a s  10, i . e . ,  t he  va lue  
m o s t  s u i t a b l e  fo r  the  c a l c u l a t i o n  of  p e p t i d e s  in an aqueous  m e d i u m  [15]. 

The h y d r o g e n  bond was  c a l c u l a t e d  b y  m e a n s  of a M o r s e - t y p e  p o t e n t i a l  [13]. The  e n e r g y  of a C = O . . . H - N  
bond both in  the  m a i n  cha in  and b e t w e e n  the m a i n  a n d  s ide  cha in s  in  an aqueous  m e d i u m  was  t aken  in  a c c o r d a n c e  
w i t h  an  e x p e r i m e n t a l  e v a l u a t i o n  by  S h e l l m a n  [16] a s  1.5 k c a l / m o l e  (at  the  o p t i m u m  d i s t a n c e  r O . . . H  = 1.8/~}.  In  
v iew of the  c l o s e  v a l u e s  of  the  e n e r g i e s  of C = O - - - H -  N and N - . -  H -  N h y d r o g e n  bonds  in a n o n p o l a r  m e d i u m  [17], 
we e s t i m a t e d  the  N .-. H - N  bond in an  aqueous  m e d i u m  a l s o  a s  1.5 k e a l / m o l e .  The  p a r a m e t e r  D in the  M o r s e  
po t en t i a l  was  d e t e r m i n e d  a s  the  d i f f e r e n c e  b e t w e e n  1.5 k c a l / m o l e  and the  e n e r g y  of  e l e c t r o s t a t i c  i n t e r a c t i o n s  in  
the  f r a g m e n t s  C = O - . .  H -~ N and N .-. H -  N a t  the  o p t i m u m  d i s t a n c e  of the  a t o m s .  As  a r e s u l t ,  the  v a l u e s  of D 
p r o v e d  to be  1.1 k e a l / m o l e  fo r  C - -O  . . . H - N  in the  s i de  cha in  and 0.8 k c a l / m o l e  f o r  C - - - O - . . H - N  be tween  the  
m a i n  and s ide  c h a i n s ,  and 0.9 k c a l / m o l e  fo r  N .. .  H - N .  

The  t o r s i o n a l  p o t e n t i a l s  of the  C c~- N, C ~-  C ' ,  and C ~ -  Cfl bonds  and the v a l u e s  of the  c o r r e s p o n d i n g  b a r -  
r i e r s  w e r e  t aken  f r o m  Sco t t  and S c h e r a g a ' s  p a p e r  [18]. R o t a t i o n  a r o u n d  the C f l -  C ~' bond was  d e s c r i b e d  by  the  

• p o t e n t i a l  U(X2) = 0.3 (1+ c o s 6  ×2 } [19]. 

P o t e n t i a l  S u r f a c e  and O p t i m u m  C o n f o r m a t i o n s .  The c o n f o r m a t i o n a l  s t a t e s  of  the  m e t h y l a m i d e  of  N - a c e t y l -  
L - h i s t i d i n e  a r e  m o d e l l e d  to a c e r t a i n  ex t en t  by  the  s t a t e s  of the m e t h y l a m i d e s  of N - a c e t y l - L - p h e n y l a l a n i n e  and 
N - a c e t y l - L - a s p a r a g i n e ,  which  have  been  c o n s i d e r e d  p r e v i o u s l y  [6]. The  His  and  Phe d e r i v a t i v e s  e a c h  con ta in  
an  a r o m a t i c  r i n g  in  the  s ide  cha in ,  and the  His  and A s n  d e r i v a t i v e s  e a c h  have a t  CT a g r o u p  of a t o m s  c a p a b l e  
of be ing  h y d r o g e n - b o n d  d o n o r s  and a c c e p t e r s .  

Le t  us  c o n s i d e r  the  p o t e n t i a l  s u r f a c e  of A c - L - H i s - N H - M e  wi th  the  i m i d a z o l e  r i n g  in  f o r m  (I). As  in  the  
A c - L - P h e - N H - M e  m o l e c u l e  the  m o s t  p r e f e r r e d  v a l u e s  of  ×2 h e r e  p r o v e  to be  90 a n d - 9 0  °, and t h o s e  of × 1 -  60, 
180, and  60 °, c o r r e s p o n d i n g  to the  m i n i m a  of the  t o r s i o n a l  p o t e n t i a l .  Th i s  c o n c l u s i o n  i s  c o n f i r m e d  by  a con-  
s i d e r a t i o n  of the Xl -  X2 s e c t i o n s  a t  d i f f e r e n t  v a l u e s  of ~ and ~b of the  m a i n  c h a i n  f ixed  in  the  l o w - e n e r g y  r e g i o n s .  
A c o m p a r i s o n  of the ~ - ~  m a p s  of A c - L - H i s - N H - M e  wi th  the c o r r e s p o n d i n g  ~ - ~  m a p s  of the  m e t h y l a m i d e  of 
N - a c e t h y - L - p h e n y l a l a n i n e  [4] shows  tha t  in the  n a t u r e  of t h e i r  nonva l en t  i n t e r a c t i o n s  the  Phe  and His  ( in f o r m  I) 
r e s i d u e s  a r e  e x t r e m e l y  c l o s e  to  t h e i r  a n a l o g s .  In the  f i r s t  and  s e c o n d  m o l e c u l e s  the r e g i o n s  of low e n e r g y  fo r  
r o t a m e r  wi th  ×t = -  60° a r e  e x t e n d e d  in the  v e r t i c a l  d i r e c t i o n  and wi th  ×1 = 180° in the  h o r i z o n t a l  d i r e c t i o n ,  and  
fo r  the  r o t a m e r  wi th  ×1 = 60° they  a r e  r a i s e d  in  the  d i r e c t i o n  of ~. The  a b s e n c e  of a H a t o m  a t  N5t i n t h e  i m i d a -  
zo le  r i n g  in  f o r m  (I) m a k e s  the  c o n t o u r s  of the  p o t e n t i a l  s u r f a c e  f l a t t e r .  The  R and  B l o w - e n e r g y  r e g i o n s  a r e  
p r a c t i c a l l y  i s o e n e r g e t i c  fo r  a l l  t h r e e  r o t a m e r s  wi th  r e s p e c t  to ×l. The  e n e r g y  in  r e g i o n  L e x c e e d s  the  m i n i m u m  
v a l u e  by  ~ 3 k c a l / m o l e ;  the  p o s i t i o n  of the  s i de  cha in  wi th  ×1 = 60° in c o n f o r m a t i o n  L canno t  be  r e a l i z e d .  S ince  
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Fig .  2. Sec t ions  of the Xl- ×2 poten t ia l  s u r f a c e  of the m e t h y l a m i d e  of N - a c e t y l -  L - h i s t i d i n e  a t  the fol lowing 
va lues  of the ang les  of r o t a t i o n  i n t h e  m a i n  cha in :  a - ~  = - 1 2 0  °, ¢ = - 6 0  ° (×1>120°); b - ~  = - 6 0  °, @ = - 4 0  ° (Xi 
< 120°); c - -~  = - 1 2 0  °, @ = - 1 6 0  °. On the maps  a r e  shown the pos i t ions  of the s ide  cha ins  of the His r e s i d u e s  in  
myog lob in  (e) ,~  - c h y m o t r y p s i n  (~),  c a rboxyp e p t i de a se  (C), and r i b o n u c l e a s e  S (&) The s y m b o l  x shows the 
m i n i m a .  

the c o n f o r m a t i o n a l  s t a t e s  of the mo lecu l e  in an aqueous  m e d i u m  a r e  be ing  c o n s i d e r e d ,  we sha l l  no t  devote  
spec i a l  a t t en t ion  to an  a n a l y s i s  of convolu ted  f o r m s  with hydrogen  bonds  wi th in  the m a i n  cha in  of types  of M 
and H, which a r e  no t  r e a l i z e d  unde r  these  condi t ions  [15]. 

Let  us t u r n  to the × l -  ×2 sec t ion  plot ted  a t  the o p t i m u m  va lues  of ~ and • in  the R and B r eg ions  (Fig.  2). 
Fo r  the R reg ion ,  in  the r a n g e  ×1 = 120-360° the map was  ca l cu l a t ed  at  ~ = - 120 °, @ = - 6 0  °, and in  the r ange  ×l 
= 0-120 ° it  was  ca l cu l a t ed  a t  ~ = - 6 0  °, ~ = - 4 0  °, which c o r r e s p o n d s  for t h ree  r o t a m e r s  w i t h r e s p e c t  to ×1 to the 
pos i t ions  of the m i n i m a  in  th is  r eg ion  on the ~-@ maps  [4]. Above a l l ,  one ma y  note  the l i m i t e d  n a t u r e  of ro t a -  
t ion a round  the C c~ - C f l  bond;  mot ion  a long the ×2 coo rd ina t e  has  a c o n s i d e r a b l y  g r e a t e r  f r e e d o m .  The p e r -  
m i s s i b l e  changes  in ×2 a r e  a m a x i m u m  a t  ×1 = - 6 0 ° .  Both in  the R a n d i n t h e  B r e g i o n  for  the r o t a m e r  with Xl = 
- 60 ° m i n i m a  a r e  found a t  X2 = 90 ° at  - 90 ° and  a l so  a t  150 ° a n d -  30 °. The l a t t e r  two m i n i m a  a r e  due to U to r s ,  
s i nce  the b a r r i e r s  s e p a r a t i n g  the t rough  a t  ×2 = 90° and 150 °, and a l so  a t  X2 = - 9 0 °  and - 3 O ° h a v e  a h e i g h t o f U  0 
(Y~). The f r e e d o m  of m o v e m e n t  with r e s p e c t  to ×2 at  ×1 = 180° and 60 ° is  m o r e  l im i t ed .  With  two excep t ions ,  
the m i n i m a  for  these  r o t a m e r s  a r e  found at  X2 = 90 ° a n d - 9 0  °. The dependence  of the c o n f o r m a t i o n a l  f r e e d o m  
of each  of the )/1 r o t a m e r s  of the m e t h y l a m i d e  of a c e t y l - N - L - h i s t i d i n e  c o n s i d e r e d  he re  i n i t s  qua l i t a t i ve  a s p e c t  
is  c o n f i r m e d  by a quan t i t a t i ve  ca l cu l a t i on  of the f r ee  e n e r g i e s  of the ×l r o t a m e r s  of the  m e t h y l a m i d e  of N - a c e t y l -  
L - p h e n y l a l a n i n e  [4]. On the × l -  X2 s e c t i o n s  (see Fig .  2) t h e r e  a r e  two spec i f i c  m i n i m a  wi th  ×1 = -  60° and X2 = 

_ o • _ o _ o . . . .  30 (R) and with ×i - 180 and X2 - 30 (B). In the Phe  d e r i v a t i v e ,  the pos i t ion  X1 = 60°, X2 = -  30 ° is  f o rb idden  
(Unonv > 10 k c a l / m o l e )  b e c a u s e  of the r e p u l s i o n s  of the hydrogen  a toms  of the m a i n  cha in  and of the benzene  
r i n g .  C o n v e r s e l y ,  the His s ide  cha in  in  th is  ca se  f o r m s  a h y d r o g e n b o n d  be tween  the N - H  of the m a i n  c h a i n a n d  
the u n s h a r e d  e l e c t r o n  p a i r  of the NS~ a t o m  of the i m i d a z o l e  r i n g  (Scheme 1). The f o r m a t i o n  of an  ana logous  hy- 
d r o g e n  bond is  a l so  p o s s i b l e  in  r eg ion  B a t  Xl = 180 ° and X2 = 30°- However ,  the e n e r g y  of th is  c o n f o r m a t i o n  is  
l e s s  than the e n e r g y  of the n u m b e r  of o the r  c o n f o r m a t i o n s  wi thout  hydrogen  bonds  by only 0.3 k c a l / m o l e ) .  The 
n o n v a l e n t  i n t e r a c t i o n s  of the n i t r o g e n  a t o m s ,  which p rove  to be c lose  to one ano the r  b e c a u s e  of the a r r a n g e -  
m e n t  of the N - H  and  H ..- N61 bonds  a t  an  ang le  of ~ 90 °, have a d e s t a b i l i z i n g  in f luence .  
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The g e o m e t r i c  and  e n e r g y  p a r a m e t e r s  of the  o p t i m u m  c o n f o r m a t i o n s  of the  m e t h y l a m i d e  of  N - a c e t y l - L -  
h i s t i d i n e  wi th  the  i m i d a z o l e  r i n g  in  f o r m  I a r e  g iven  in  T a b l e  1. In the R c o n f o r m a t i o n s  the  t o t a l  e n e r g i e s  a r e  
s o m e w h a t  h i g h e r  than  the  e n e r g y  of  the  n o n v a l e n t  i n t e r a c t i o n s ,  and  in  c o n f o r m a t i o n s  B the  o p p o s i t e  p a t t e r n  i s  
o b s e r v e d .  T h e r e  i s  no doubt  t ha t  t h i s  i s  the  c o n s e q u e n c e  of e l e c t r o s t a t i c  i n t e r a c t i o n .  The  o p t i m u m  c o n f o r m a -  
t i ons  wi th  the  a n g l e s  X2 and  ×2+ 180 ° a r e  c l o s e  to i s o e n e r g e t i c ,  i . e . ,  the  u n s y m m e t r i c a l  c h a r g e  d i s t r i b u t i o n  in  
the  i m i d a z o l e  r i n g  i s  l e v e l l e d  out  in the  i n t e r a c t i o n  of the  s i de  and m a i n  c h a i n s .  The  m o s t  s u i t a b l e  c o n f o r m a -  
t ions  of the  m o l e c u l e s  in F o r m  I a r e  R wi th  Xt = - 6 0 ° ,  X2 = 90 ° and B wi th  Xt = -  60°, )/2 = 90°; ×i = 180°, X2 = 30° 
a n d - 9 0 ° ;  and  X1 = 60 °, X2 =--90 °- L e w i s  e t  a l .  [20] have  c o m e  to a s i m i l a r  c o n c l u s i o n .  

Le t  us  c o n s i d e r  the  c o n f o r m a t i o n a l  s t a t e s  of the  m e t h y l a m i d e  of  N - a c e t y l - L - h i s t i d i n e  wi th  the  s i de  cha in  
in  f o r m  II in  w h i c h  the H a t o m  f o r m s  a c o v a l e n t  bond wi th  N51. In s p i t e  of the  g r e a t  e x t e r n a l  s i m i l a r i t y  wi th  the 
m e t h y l a m i d e  of N - a c e t y l - L - p h e n y l a l a n i n e ,  in  t h i s  f o r m  the m o l e c u l e  p o s s e s s e s  g r e a t e r  c o n f o r m a t i o n a l  s p e c -  
i f i c i t y  than  in  f o r m  I.  The  p r e s e n c e  of  the  H°l  a t o m  l e a d s  to a c o n t r a c t i o n  of the  × i -  )/2 c o n t o u r s  and to the equa -  
l i z a t i o n  of the  e n e r g i e s  in  the  r e g i o n s  tha t  a r e  r e l a t i v e l y  s t r a i n e d  in the  Phe  d e r i v a t i v e s ,  fo r  e x a m p l e ,  a t  )/2 = 
- 30 °. R o t a m e r s  wi th  r e s p e c t  to the  a n g l e  )/i in  the  R and B r e g i o n s  b e c o m e  n o n e q u i v a l e n t  in  r e l a t i o n  to the  en-  
e r g y  of n o n v a l e n t  i n t e r a c t i o n s ;  the  c o n f o r m a t i o n s  wi th  Xt = 1800 and 60 ° a r e  a p p r o x i m a t e l y  0.5 k c a l / m o l e  l e s s  
s u i t a b l e  than  wi th  ×i = -  60°- In the  Phe  c a s e ,  t h e s e  t h r e e  s t a t e s  a r e  f a v o r a b l e  [4]. A f u n d a m e n t a l  c o n t r i b u t i o n  
to  d i f f e r e n t i a t i o n  of the  f o r m s  i s  m a d e  by  e l e c t r o s t a t i c  i n t e r a c t i o n s .  Thus ,  whi l e  fo r  Unonv the  e n e r g y  of con-  
f o r m a t i o n  R,  ×t = - 6 0 ° ,  )/2 = - 9 0 °  i s  l o w e r  than  the e n e r g y  of B, )/t = 180°, )/2 = - 9 0 ° ,  when the  e l e c t r o s t a t i c  i n t e r -  
a c t i o n s  a r e  t a k e n  in to  a c c o u n t  the  p o s i t i o n  c h a n g e s  and the  e n e r g y  of the  R c o n f o r m a t i o n  r i s e s  by  ~ 1 k c a l / m o l e  
( see  T a b l e  1). Th i s  i s  due  to the  f ac t  t ha t  in  the  B c o n f o r m a t i o n  wi th  )/i = 180° the  e l e c t r o s t a t i c  i n t e r a c t i o n  of 

N 6 i -  H wi th  C = O  have  a s t a b i l i z i n g  e f f ec t ;  in R wi th  Xi = - 6 0 ° ,  c o n v e r s e l y ,  an  e l e c t r o s t a t i c  r e p u l s i o n  of the  

N 5 i -  H and N - H  of the  s i d e  cha in~ takes  p l a c e .  I t  i s  j u s t  fo r  t h i s  r e a s o n  tha t  the  g l o b a l  m i n i m u m  of the p o t e n -  
t i a l  s u r f a c e  of A c - L - H i s - N H - M e  in f o r m  II i s  sh i f t ed  into  the  B r e g i o n s ;  in the  c a s e  of f o r m  I the R and B con-  
f o r m a t i o n s  wi th  the  l o w e s t  e n e r g i e s  a r e  i d e n t i c a l .  A m o n g  the  B c o n f o r m a t i o n s  the  r o t a m e r s  wi th  ×i = -  60° a r e  
l e s s  f a v o r a b l e  than  t h o s e  of Xi = 180 °. In the  A c - L - P h e - N H - M e  m o l e c u l e  the  c o n f o r m a t i o n s  m e n t i o n e d  have  
p r a c t i c a l l y  s i m i l a r  e n e r g i e s .  

An i n t e r m o l e c u l a r  h y d r o g e n  bond  in the  f o r m  II i s  p o s s i b l e  a t  ~ = - 1 4 0  °, ~ = + 4 0  °, )/1 = 60°, and )/2 = 90°, 
i . e . ,  in the  r e g i o n  of the  i s t h m u s  c o n n e c t i n g  the  R and  B r e g i o n s .  The  m i n i m u m  a r i s e s  w h e r e  in A c - L - P h e -  
NHMe the e n e r g y  of the  n o n v a l e n t  r e p u l s i o n s  i s  c o n s i d e r a b l e  (> 5 k c a l / m o l e ) .  H o w e v e r ,  in an aqueous  m e d i u m  
the r o l e  of  the  h y d r o g e n  bond (Scheme  2)  c o n s i s t s  only  in e l i m i n a t i n g  the  s t r o n g  nonva l en t  r e p u l s i o n s .  The  en-  
e r g y  of such  a c o n f o r m a t i o n  i s  ~ 1.0 k c a l / m o l e  h i g h e r  than  tha t  of the  g l o b a l  m i n i m u m  ( see  T a b l e  1). The  f o r -  
m a t i o n  of  a h y d r o g e n  bond  of such  a type  i s  a l s o  p o s s i b l e  in the  m e t h y l a m i d e  of N - a c e t y l - L - a s p a r a g i n e .  

The  p r o t o n a t i o n  of the  i m i d a z o l e  r i n g  of His  does  no t  i n t r o d u c e  a p p r e c i a b l e  c h a n g e s  in to  the  c o n f o r m a t i o n -  
a l  s t a t e  of  the  m o l e c u l e  a s  c o m p a r e d  wi th  f o r m  II. I t  m a y  be no ted  tha t  t h e r e  is  a s y m b a t i c  change  of e n e r g y  in 
the  two f o r m s ;  the  v a l u e s  of Unonv and Uto t -  Unonv in the  c o r r e s p o n d i n g  c o n f o r m a t i o n s  a r e  p r a c t i c a l l y  equa l .  
In  f o r m  IH, a s  in ]1, e l e c t r o s t a t i c  r e p u l s i o n s  d e s t a b i l i z e  the  R c o n f o r m a t i o n  of the  m a i n  cha in .  The  g loba l  
m i n i m u m  of f o r m  III of A c - L - H i s - N H M e  c o r r e s p o n d s  to c o n f o r m a t i o n  B wi th  Xi = - 6 0 °  and X2 = 90 °. The  s y m -  
b a t i c  n a t u r e  of the  d i f f e r e n c e  in the  e n e r g i e s  of the  n o n v a l e n t  and to ta l  i n t e r a c t i o n s  in the  two f o r m s  wi th  H 51 
a t o m s  i s  due to  the  f ac t  t ha t  the  t o t a l  c h a r g e  on the  N 5 i -  H g r o u p  i s  a p p r o x i m a t e l y  the  s a m e  in the  two c a s e s  
(0.2 in II and 0.3 in  III) .  H o w e v e r ,  when the  H a t o m s  of the  m a i n  and  s i d e  c h a i n s  a r e  so  c l o s e  tha t  i t  b e c o m e s  
i m p o s s i b l e  to c o n s i d e r  the  N -  H g r o u p  a s  a whole  a s  the  c a r r i e r  of a po in t  c h a r g e ,  the  p r e s e n c e  in t h e  p r o t o -  
h a t e d  f o r m  of a l a r g e  p o s i t i v e  c h a r g e  on the HSi a t o m  l e a d s  to s u b s t a n t i a l  e f f ec t .  Th i s  t a k e s  p l a c e ,  fo r  e x a m p l e ,  
in  the  R c o n f o r m a t i o n  a t  )/i = 60°, w h e r e  U t o t - U n o n v  ~ 1 . 5  k c a l / m o l e  ( s ee  T a b l e  1). Thus ,  i f  the  His  r e s i d u e  in 
a p e p t i d e  c h a i n  i s  p r e s e n t  in  the  p r o t o n a t e d  f o r m ,  then  when the  c o n f o r m a t i o n  of  the  m a i n  c h a i n  i s  R the  r e a l i z a -  

t ion  of the  r o t a m e r  wi th  )/i = 60° i s  u n l i k e l y .  
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T A B L E  1. G e o m e t r i c  P a r a m e t e r s  and  E n e r g i e s  of the  
O p t i m u m  C o n f o r m a t i o n s  of the  M e t h y l a m i d e  of N - a c e t y l -  
L -  hi s t i d ine  

Geometric param- 
~, ¢ eters (d e rees) 
Region [ :~ ~ Z, z= 

B 

i 
--140 --60 

1--140 --60 
--120 --60 1-12o - 6 o  
--120 --60 
--120 --60 
--120 --60 
--120 --60 

1--100[ --40 
1--I00 --40 
!--I00 --40 
i 

- - 1 4 0 ]  
'--120 
--140 
--120 
--1201 
.120 
-120 
-12ol 
--120 
-14o  I 

--60 90 
--60 150 
~60 --90 
--60 --30 
180 30 
180 ,~ 
180 -1 
180 -9O 
60 90 
60 --90 
60 --30 

140 ~ 90 
149 150 
140 --60 --90 
140 --60 -30 
160 180 30 
140 180 90 
140 180 --90 
160 60 99~0 
160 50 -- 
40 60 90 
60 ! --60 90 
60 --60 --90 

100 180 90 
lOO 180 --90 

porm of the imidazole ring 

I I tl I III 

0,7 I--i,2 1,0 ,3 
0,3 o,4100:37 
~,71 0,4 
~,7 1,4 1,0 
1,2 0,4 
1,7 0,6 

0,2 0,2 
0,6 
0,3 O 
0,2 

00,4 0,5 
0,3 

0,7 0,4 
0,7 0,2 
I,I 5,4 
2, t 1,3 
2,3 1,4 
3,9 2,3 
2,2 3;0 

.4 0.1 
0 0,4 

i 02 
0.3[ 0,6 

g.41 ;:.4 
0,7J 1,0 
0,71 0,4 

-,10 [ 1,3 
o.11 o 
0,41 0 
0,41 0,1 
o,6/ 0,5 

>~ 1-°9 o 
0,5! 0 

1,5 2,5 
1,4 2,1 
2 0 3,0 

3,9 

"0 ,1  ~.0 
0,5 

0,5 

0,8 
0,9 

o 
0,9 
o,1 
o,6 

;7,4 
0,1 
0,4 
0,4 
3,0 
1,3 
1.4 
2,1 
2,0 

0,7 
1,0 
0,2 
0,3 
1,0 

, / " 3  
. .S /c - -N, ,  

/ N  ~C~£ 

S c h e m e  2 

0,8 
1,4 
1,0 
1,8 
2,3 

0 

;,2 

0,9 
0,2 
0,4 
0,5 
1,1 
2,3 
2,7 
3,4 
2,0 

On c o m p a r i n g  the e n e r g i e s  of  the  o p t i m u m  c o n f o r m a t i o n s  of the m e t h y l a m i d e  of N - a c e t h y l - L - h i s t i d i n e  in  
f o r m s  I and II, i t  i s  e a s y  to s e e  tha t  the  n u m b e r  of c o n f o r m a t i o n s  c o m p a r a b l e  in  e n e r g y  with  the g loba l  c o n f o r -  
m a t i o n  i s  e x t r e m e l y  l a r g e  in the  f i r s t  c a s e  but  does  not  e x c e e d  two o r  t h r e e  in  the  s e c o n d  c a s e .  Thus ,  in  the 
m e t h y l a m i d e  of N - a c e t y l - L - h i s t i d i n e  b e c a u s e  of d i f f e r e n c e s  in the  i n t e r a c t i o n s  b e t w e e n  the  m a i n  and s i d e  cha in s  
in f o r m s  I and II the e q u i v a l e n c e  of the two t a u t o m e r s  tha t  e x i s t s  in o r d i n a r y  i m i d a z o l e  m a y  be d i s t u r b e d .  In 
o r d e r  to a p p r o a c h  the  e s t i m a t i o n  of th i s  t ype  o f  e f fec t ,  we have  c a l c u l a t e d  the  s t a t i s t i c a l  s u m s  z = E e - ( E ' E 0 ) / k T  
and the  d i f f e r e n c e  in  the  f r e e  e n e r g i e s  of I and II .  H e r e  the  e n e r g y  of i n t e r a c t i o n s  in  the  s i d e  cha in  i t s e l f  due 
to i t s  d i f f e r e n t  g e o m e t r i e s  in the  two f o r m s  w e r e  not  t a k e n  into  account .  Th is  e n a b l e d  c o n f o r m a t i o n s  I and  t I t o  
be  b rough t  to  a s i n g l e  s c a l e .  E 0 r e p r e s e n t s  the  e n e r g y  of the  g loba l  c o n f o r m a t i o n  of the  m o l e c u l e  in f o r m  II.  
The  d i f f e r e n c e  in  the  e n e r g i e s  of t h i s  c o n f o r m a t i o n  and of the  m o s t  s u i t a b l e  c o n f o r m a t i o n  in  f o r m  I i s  +0.3 
k c a l / m o l e .  The  s t a t i s t i c a l  s u m  when the s i de  cha in  i s  p r e s e n t  in f o r m  I i s  h i g h e r  than  when i t  i s  in f o r m  II 
(7.2 and 6.3, r e s p e c t i v e l y ) .  Whence  

A F = F  I - - F I I  = - -  k T l n - -  zt = - 0.1, 
Z l l  . 

i . e . ,  in  a pep t i de  cha in  the  t a u t o m e r i c  e q u i l i b r i u m  of  the  i m i d a z o l e  r i n g  of His  i s ,  f o r  s t e r e o c h e m i c a l  r e a s o n s ,  
s o m e w h a t  d i s p l a c e d  in the  d i r e c t i o n s  of  f o r m  I {acco rd ing  to a rough  e v a l u a t i o n ,  the  p r o p o r t i o n  of I i s  55% and 
the  r[ 45%). 

A c o m p a r i s o n  of the c o n f o r m a t i o n a l  s t a t e s  of the  His  r e s i d u e s  in p r o t e i n s *  wi th  the  c a l c u l a t e d  c h a r a c -  
t e r i s t i c s  of the  m e t h y l a m i d e  of N - a c e t y l - L - h i s t i d i n e  d o e s  not  show any c o n t r a d i c t i o n s  w h a t e v e r ,  which  i n d i c a t e s  

We had a v a i l a b l e  the  v a l u e s  of  ~,  ~b, )/1, and X2 fo r  the  His  r e s i d u e s  in m y o g l o b i n  [21], c h y m o t r y p s i n  [22] c a r .  
b o x y p e p t i d e a s e  [23], and  r i b o n u c l e a s e s  S c a l c u l a t e d  f r o m  the  c o o r d i n a t e s  of the  a t o m s  [24]. 
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the large role of shor t - r ange  interaction in the formation of the conformations of His in a peptide chain. The 
conformations of the main chains (~, ~) of the His res idues  in proteins a re  concentrated within the 2-kcal /mole 
contour on a dipeptide map. In four proteins,  not one His residue is present  in the L conformation. The low 
probabili ty of its real izat ion is predicted by calculation. So far  as concerns  distribution with respec t  to the 
angle X1, the ro t amer  with X1 = -  60 ° is represented  in the g rea tes t  proportion.  Its energy advantageousness al- 
so follows f rom the calculation (see Fig. 2). On the X1- X2 sections pract ical ly  all the conformational  points of 
the side chain fall in the low-energy region and are  grouped close to ×1 =-60° ,  180° and ×2 = 90°-90° (see Fig. 
2). 

S U M M A R Y  

1. All the conformational  s tates of the methylamide of N-ace ty l -L-h is t id ine  have been calculated. 

2. It has been shown that in the case of the tautomer of the imidazole ring with a hydrogen atom on the 
Ne2 atom, fo rm R of the main chain is p re fe r red ,  and in the tautomer  with the proton on N51 and also in the 
protonated state of the side chain B forms are  prefer red .  

3. The conformational  equilibrium is displaced in the direction of form I. 
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