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ABSTRACT 

In the P r o t o n  Magnet ic  Resonance  s p e c t r u m  of p ro l ine  the 
shape of the ,~ p ro ton  mul t ip le t  depends  on the r e l a t i v e  pos i t ion  of the 
($2 p ro ton  c h e m i c a l  shift .  The s y s t e m  was  c o m p u t e r  s imula ted .  The 

oSse rved  va r i a t i on  in shape of the H~  mul t ip le t  g ives  usefu l l  s p e c t r o s -  
copic  and s t r u c t u r a l  i n fo rma t ions .  

In the  P r o t o n  Magnet ic  Resonance  (PMR) s p e c t r u m  of p r o l i n e - c o n t a i n i n g  

pept ides  the a - p r o t o n  mul t ip le t  of the pro l ine  r e s idue  a p p e a r s  with d i f fe ren t  

mul t ip l i c i t i e s  and shapes  (i. e. r e l a t ive  in tens i t i e s  of the peaks  within the 

mult iplet)  (1-9). These  ma in ly  solvent  dependant  va r i a t i ons  have been re la ted  

to the c i s  o r  t r a n s  conf igura t ion  of the X - P R O  bond, s ince  they a r e  a l r e a d y  

apparen t  in s imple  mode l  s y s t e m s  like a c e t y l - p r o l i n e - a r n i d e  (10, 11). Although 

this  finding has  been l a r g e l y  used in c o n f o r m a t i o n a l  s tudies  no explanat ion has  

yet  been a t t empted .  

We r e p o r t e d  r e c e n t l y  that in the PMR s p e c t r u m  of p ro l ine  in D20 solut ion 

the shape of the a p ro ton  mul t ip le t  is pH-dependent  and s t r i c t l y  r e l a t ed  to the c h e m i -  

eskl shift of the ~ 2 p ro ton  (11). The pH-dependent  c h e m i c a l  shift c u r v e s  show 

that at bas ic  r ange  the H 8 2 c u r v e  c r o s s e s  the two pa ra l l e l  ones  be longing  to 

H Y1 and H Y2 so that smal l  pH va r i a t i ons  a round  the c r o s s o v e r  value p e r m u t e s  

the c h e m i c a l  shift sequence.  As a m a t t e r  of fact  the H 6 c u r v e  has a s lope of 
2 

27 Hz/pHu.  (at 250 MHz) w h e r e a s  the nea r  H y  1 and Hy  2 c u r v e s  have a s lope of 

22Hz/pHu.  The m o r e  d is tant  H 6 1 c u r v e  has  the s a m e  s lope  as  the Hy ones.  

H ~2' H y  1 and Hy  2 give at high field (220, 250 MHz) the ABC par t  of the 

ABCKPQX s p e c t r u m  of pro l ine .  This  f inding sugges ted  us to ana lyse  by c o m p u t e r  
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s i m u l a t i o n  the r e s o n a n c e  of H a (the X p a r t  of the s p e c t r u m )  as  a funct ion  of the 

r e l a t i v e  p o s i t i o n  of H 8 1' H 82, H~, 1' and H Y2" Since the s y s t e m  i s  l i n e a r  

a round  the c r o s s o v e r  poin t  it  can  be r e p r e s e n t e d  as  a funct ion  of one v a r i a b l e .  

By s w e e p i n g  the c h e m i c a l  shif t  va lue  of H ~ 2 o v e r  a l i m i t e d  r a n g e  and k e e p i n g  

a l l  o t h e r  e l e m e n t s  unchanged  we ob ta in  the s a m e  r e l a t i v e  c h e m i c a l  sh i f t s  for  the 

4 p r o t o n s  a s  by  v a r y i n g  t o g e t h e r  a l l  four  c h e m i c a l  sh i f t s  with the c o r r e s p o n d i n g  

s l o p e s .  By i n t r o d u c i n g  the v a r i a b l e  c h e m i c a l  shi f t  va lue  in the h a m i l t o n i a n  m a t r i x  

the  t r a n s i t i o n  e n e r g i e s  and i n t e n s i t i e s  of the s y s t e m  have  been  compu ted .  The 

p a t t e r n  of the H a  m u l t i p l e t  r e s u l t s  f r o m  th i s  c a l c u l a t i o n .  

CALCULATION 

The c a l c u l a t i o n  was  c a r r i e d  out with the LAOCN 3 p r o g r a m  (12) to which a 

c u r v e  p l o t t i n g  p r o g r a m  with  a L o r e n t z i a n  l i ne  s h a p e  of 1 .0  Hz width was  

added .  The  c o n s t a n t  e l e m e n t s  in the H a m i l t o n i a n  m a t r i x  (a l l  coup l ing  

c o n s t a n t s  and c h e m i c a l  sh i f t s  e x c e p t e d  the H ~2 one) have  the v a l u e s  c o r -  

r e s p o n d i n g  to PRO in D20  so lu t ion  at  pH'* = 7 .0  at  250 MHz. The m a t r i x  

i s  g iven  in (11). F o r  the  sake  of c l a r i t y  the H~ m u l t i p l e t  i s  a s s u m e d  to be 

c e - t e r e d  at  the  va lue  of 100.0  Hz and the c h e m i c a l  sh i f t s  of the  o t h e r  p r o -  

tons  a r e  g iven  in  Hz up f i e ld  f r o m  th i s  va lue .  The c h e m i c a l  shif t  of H~2 

was  v a r i e d  by  2 .0  Hz s t e p s  o v e r  a 104.2  Hz wide  r a n g e  be t w e e n  two e x -  

t r e m e  v a l u e s  : f r o m  the H ($1 p o s i t i o n  to 15 .0  Hz up f i e ld  f r o m  the H ~'2 

p o s i t i o n  ( f igu re  1). The  r e s u l t i n g  p a t t e r n  of the H0( PMR m u l t i p l e t  a r e  d i s -  

p l a y e d  in  f i g u r e s  2, 3, 4a ,  4b, 4c w h e r e  the h i g h e s t  peak  of the  m u l t i p l e t  

i s  kep t  equa l  to 17 .0  c m .  

RESULTS 

The a p p e a r e n c e  of the  H~ m u l t i p l e t  i s  a f i r s t  o r d e r  q u a r t e t  ( e v e n t u a l l y  

d e g e n e r a t e d  to a t r i p l e t )  wi th  m a n y  h i g h e r  o r d e r  t r a n s i t i o n  l i n e s .  In the  fo l -  

l owing  we de f ine  i t s  shape  by  the he igh t  of the  four  m a i n  p e a k s  ( n u m e r a t i o n  
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Figure  2 

Shape of the H~ mult ip le t  for zone 1 of the H~2 c h e m i c a l  shift .  

on f igure  3), and i ts  c o m p l e x i t y  by the number  of NMR e n e r g y  l e v e l s  (NL) 

as  g iven by the LAOCN3 p r o g r a m .  

The whole  var ia t ion  range of the H ~ 2 re la t ive  c h e m i c a l  shift can  be 

divided into three  zones ,  the m o s t  important  of which i s  the las t  one ,  ( see  

f igure  1). The var iable  c h e m i c a l  shift of H~2 i s  des ignated  by Pv  " 

:~r ' 1 (figure2) ~)H~1% ~v ~ ~H~I +10.0Hz 

The He, quartet  i s  degenerated  to a tr ip let  by  "pseudo c h e m i c a l  

shift equiva lence"  be tween  the two ~ pro tons .  

NL v a r i e s  from 64 to 72. 

Zone  2 ( f i g u r e 3 )  : a) ~ ) H ~ I + 1 0 . 0 H z  h) v ~ 't) H ~  1 

H a give a s y m m e t r i c  quartet .  NL goes  from 72 to 78' 

- 2 9 . 0  Hz 
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Figure  3 

Shape of the Hc~ mul t ip le t  for zone 2 of the H (~2 
Labe l l ing  of peaks  1, 2, 3, 4.  

c h e m i c a l  shift .  

b) ~ H ~ I  - 2 9 " 0 H z  ~ "~v ~ H ~ I  - 1 7 . 0  Hz 

The H ~  quartet  b e c o m e s  a s syrne tr i c .  NL i n c r e a s e s  from 

71 to 78. 

Zone  3 (f igure 4 a, b, c) "PH~ 1 7 . 0 H z  ~ ~ ~ H  
1 v ~ ' 2  

+ 15 .0  Hz 

This  i s  the zone  where  the c h e m i c a l  shift of  H ~ 2 has  the grea te s t  

probabi l i ty  to o c c u r  (11)o t h i s  is ,  too,  the area  of mos t  dramat i ca l  change  

in the appearence  of  the H c( mul t ip le t .  F i g u r e  5 shows  the in tens i ty  of each  

whi le  f igure  6 d i s p l a y s  the NL vs .  H ~  main  peak as  a funct ion of ~ v "  v 

plot .  In f igure  5 three  di f ferent  r e g i o n s  b e c o m e  evident ,  ca l l ed  a, b, c,  f rom 

left  to r ight .  
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Shape of the Hc~ mult iplet  for zone  3c of the H ~ 2  c h e m i c a l  shift.  

- 1 7 . 0  Hz ,,~ ~ V 3a, left  r e g i o n  (figure 4a) "P H~, 1 H61 

The 3 and 4 peaks  of  H0< are  m o r e  intense  than 1 and 2. We have the s o -  

ca l led  l e f t - l o w e r e d  a s y m m e t r y .  

3b, centra l  reg ion  (figure 4b) h~ 
H~I4 ~v ~ H~2 

The quartet is almost symmetric. In this region occurs the inversion of 

the Hc~ peaks height. 1 and 2 begin to become more intense than 3 and 4. 

The shape of H a may be called central disymmetric. 

3c, right region (figure 4c) "~ H~( 2 < "~)v ~ H ~2 + 15.0 Hz 

The 1 and 2 peaks are more intense than 3 and 4 ; thus the shape of the H~ 

curve may be called right-lowered asymmetry. 

The number of energy levels of the H~ resonance in zone 3 (figure 6) 
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F i g u r e  5 

In tens i ty  of the m a i n  peaks  1, 2, 3, 4 of the ~ p r o t o n  mul t ip le t  as  a 
funct ion of the c h e m i c a l  shift (in Hz) of the (52 p ro ton  in zone 3. 

1 and 2 a r e  left side peaks  
3 and 4 a r e  r ight  side peaks  

goes  f r o m  84 to 90 p a s s i n g  th rough  a m a x i m u m  of 105 within the i n v e r s i o n  

r eg ion  3b. 

DISCUSSION 

Our  a n a l y s i s  shows the i m p o r t a n c e  of the high o r d e r  t r ans i t i on  l ines  

that a r e  in t eg ra t ed  in the e x p e r i m e n t a l  l ine width of  I .  0 Hz and give the 

c h a r a c t e r i s t i c a l  shape of the H ~  mul t ip le t .  The m o s t  meaningfu l  changes  

a r i s e  in zone 3 whe re  the v ic in i ty  of the H ~ 2 c h e m i c a l  shift to the H~, 1 

and H ~'2 ones  l eads  to a m a x i m u m  of t r ans i t i on  l ines .  The g r e a t e r  che -  

m i c a l  shift l ab i l i ty  of  H (5 2 c o m p a r e d  to the o the r  p ro tons  is  the p h y s i c a l  

r e a s o n  of this  s p e c t r o s c o p i c  pa t t e rn .  Two kind of imp l i ca t ions  n ~ y  be r e l a -  

ted to this  ana lys i s .  

S p e c t r o s c o p i c  imp l i ca t ions  : F r o m  the shape of the Ho~ p ro tons  it will  

6 2 0  
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N u m b e r  of  the NMR e n e r g y  l e v e l s  of the ~ p r o t o n  a s  a funct ion of the 
c h e m i c a l  shif t  (in Hz) of the ~2 p r o t o n  in zone 3. 

be  e a s i e r  to find the a p p r o x i m a t e  H ~ 2 c h e m i c a l  shif t .  T h i s  wil l  f a c i l i t a t e  

the a n a l y s i s  of  the PMR s p e c t r u m  of  p r o l y l - c o m p o u n d s .  

S t r u c t u r a l  i m p l i c a t i o n s  : As  a l r e a d y  out l ined (1) the ~ 2  p r o t o n  fo r  

i t s  c l o s e n e s s  to the 7 J - p l a n e  of the c a r b o x y l i c  g roup  i s  g r e a t l y  inf luenced  

by  e v e r y  spa t i a l  v a r i a t i o n  r e l a t i v e  to th i s  p lane .  P e r p e n d i c u l a r i t y  of  the 

COO- ~: - p lane  to H ~2  ' sh i f t s  the H~2 r e s o n a n c e  to high f ie ld  

(i. e.  ~ v ~ ~)H~2 ) and p a r a l l e l i s m  of th is  71: - p l ane  to the C ~ - C ~ ' -  N p lane ,  

sh i f t s  H ~  2 to low f ie ld  (i. e.  ~ v  ~ ~H~,I)"  T h i s  r o t a t i o n  of  the c a r b o x y l i c  

p l ane  a round  the C ~ - C o ax i s  is  r e l a t e d  to the p r o t o n a t i o n  of  the m o l e c u l e  

and m a y  account  f o r  the p a r t i c u l a r i t i e s  of the c h e m i c a l  shif t  vs .  pH c u r v e .  

C l e a r l y ,  the r o t a t i o n  of the c a r b o x y l i c  p lane  i s  the c a u s e  of the o b s e r -  

ved  s p e c t r o s c o p i c  p a t t e r n .  In  the  X - P R O  c o m p o u n d s  it m a y  be r e l a t e d  to the 

621 
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interact ion between the two peptidic planes of the prolyl res idue and account 

for the observed differences in the Hr spectrum of the ci__s and t rans  i somer .  

Fur the r  investigations in this point should consider the line broadening effect 

of peptide solution. 

i ,  
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