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An ana lys i s  that  we have p e r f o r m e d  of the amino acid sequences  of a number  of physiological ly  ac -  
t ive peptides di f fer ing both in origin and a lso  in s t ruc tu re  and in the functions fulfilled (Scheme 1) has 
shown [1] that a number  of peptides contain f r agments  including prol ine and valine, a basic  amino acid 
(Arg, Lys,  Orn,  o r  Abu}, and an amino acid with a f ree  carboxy  group or glycine. 

[. X--COOH [ Basic amino Pro or Pro or 
[ G l y  '.l * - ~  acid ~--+ Val Val 

We have provis iona l ly  denoted these  f r agmen t s  by the t e r m  "common"  f ragments .  
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Scheme 1 

P r i m a r y  s t ruc tu r e s  of some peptide hormones  and kinins (ADH, 
a-MSH,  CRF, wasp kinin, substance II, ACTtt,  g ramic id in  C, fl- 
MSH, eledoisin,  f ibrinopeptide B, angiotensin, insulin). The 
common  f r agmen t s  (ver t ical  columns) and the Hofmann act ive  
cen te r s  a r e  shown in heavy type.  

The g rea t  functional impor tance  of the common f ragments  found is shown by the fact  that thei r  r e -  
moval  f rom or addition to a peptide molecule  changes i ts  biological act iv i ty  by an ave rage  of three  or four 
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o r d e r s  of magnitude.  Thus, for example ,  the addition of the common tr ipept ide basic amino a c i d - p r o l i n e -  
val inamide potent ia tes  the effects  of the ACTH and the MSH f r agmen t s  equally s t rongly (Scheme 2). In 
view of the fact  that the s t ruc tu r e s  of these and other common f ragments  a r e  identical  or  e x t r e m e l y  s i m -  
i la r ,  i t  m a y  be a s sumed  that  the mechan i sm of the potentiation of a biological effect  by these  f r agmen t s  is 
the same in all cases .  It  is poss ible  that the common f ragments  take a d i r ec t  pa r t  in the format ion of the 
secondary  signal and re f lec t  some pr inc ip les  or other of a universa l  phys icochemical  mechan i sm of the 
action of a number  of groups of physiological ly  act ive peptides [1, 2]. 
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Scheme 2 

Biological  act iv i ty  of some peptides before and a f te r  the addition of 
a common fragment :  1) MSH (melanotropic  activity);  2) ACTH 
(with ascorb ic  acid); 3) bradykinin (depressor  activity);  4) ADH 
(p re s so r  activity);  5) angiotensin ( p r e s s o r  activity);  A r e p r e s e n t s  
the change in act ivi ty  [1]. 

For  fu r ther  invest igat ions,  i t  was in te res t ing  to cons ider  the s ta t i s t ica l  probabi l i ty  of finding in the 
s t ruc tu r e s  of the peptides studied two or  m o r e  monotypical  amino acids and also to analyze se lec t ive ly  
the p r i m a r y  s t ruc tu r e s  of some prote ins  for the p resence  of common f ragments  in them. 

Table 1 shows calculat ions of the probabi l i ty  coeff icients  for  two " a r b i t r a r y "  decapept ides  and for 
the concre te  peptides shown in Scheme 1. As can be seen, i f  the number  of amino acids in the common 
f ragment  exceeds  two, the s ta t i s t ica l  probabi l i ty  of finding f r agments  with identical  s t ruc tu re s  becomes 
v e r y  slight ( s ta t i s t ica l ly  it is  poss ib le  to find two decapept ides  with an identical  sequence of th ree  amino 
acids only in se ts  containing not l ess  than 1067 decapeptides) .  The probabi l i ty  of finding the sequence A r g -  
P r o  is  1067(1/20) m.  

Here ,  m is  the number  of amino acids in the common f ragment .  Although the coeff icient  of p rob-  
abil i ty i n c r e a s e s  with an inc rease  in the length of the chain and with the admiss ion  of r e t ro sequences  of 
amino acids ,  neve r the l e s s ,  when one takes  the l imited number  of peptide ho rmones  and kinins of animal  
o r g a n i s m s  into account the probabi l i ty  of finding common f r agmen t s  is  e x t r e m e l y  slight. Consequently, i t  
can be s ta ted that  the p resence  of common f ragments  in the s t ruc tu re s  of peptide ho rmones  is not for tu-  
i tous but r e f l ec t s  some genera l  law. 

The analys is  of the p r i m a r y  s t ruc tu re  of 14 a r b i t r a r i l y  se lec ted  pro te ins  [3] of different  origin and 
function (Table 2) showed that common f ragments  of type I a re  cha r ac t e r i s t i c  main ly  only for l o w - m o l e c -  
u la r -weigh t  peptide ho rmones  and kinins. Among the m o r e  than 4000 sequences  of t r ipept ides  included in 
the s t r u c t u r e s  of these prote ins ,  only one f ragment  of type I (Lys -P ro -Va l )  was found (in the r ibonuclease  
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T A B L E  1. P r o b a b i l i t y  of F i n d i n g  
C o m m o n  F r a g m e n t s  in the  S t r u c t u r e s  of  
L o w - M o l e c u l a r - W e i g h t  P e p t i d e s  

No. of amino acids in [No. of 
the peptide lamino [acids in the 

/common 
N M [fragment 

Prob. of finding 
any common 
~fra~ment in the 
pel~tides N and M 

10 10 
10 10 
9(ADH) 13(MSH) 
9(ADH) 39(ACTH) 

]3(MSH) 12(c~) 
12(CRF) 39(ACTH) 
18 (Wasp 39(ACTH) 

kinin) 

2 0,.o.025 
3 0,0080 
3 0,0096 
3 0,0324 
4 0,0005 
4 0,0020 
5* 0,0001 

* The  c a l c u l a t i o n  w a s  p e r f o r m e d  by c o n -  
s i d e r i n g  A r g / L y s  and P r o / V a l  a s  f u n c -  
t i o n a l l y  i d e n t i c a l  a m i n o  a c i d s .  

T A B L E  2. C h a r a c t e r i s t i c s  of  the  P r o t e i n s  U s e d  fo r  
A n a l y z i n g  P r o l i n e -  and  V a l i n e - C o n t a i n i n g  Sequences  [3] 

Protein and i s  source 

Cytochrome C (human) 
P.ubredoxin (Micrococcus aerogenes) 
Azurin (Pseudomonas fluomscens) 
Ferredoxin (Micrococeus aerogenes) 
Gameritin (Golfingia Gouldi) 
a-Hemoglobin (human) 
Bence-Jones protein (mouse, 41) 
Trypsinogen (ox) 
Subtilisin (Bac. subtilis BPN) 
a-Tryptophan synthetase 

(Escherichia coli) 
Lactalbumin (ox) 
Lysozyme (chick) 
Ribonuclease (ox) 
Tobacco mosaic virus 

Tot. No. of 
amino acid 
residues 

104 
53 

128 
56 

114 
1,11 
214 
229 
275 

258 
123 
129 
124 
158 

No. of residues of 

~roline 

4 
4 
4 
5 
4 
7 
9 
8 

14 

19 
2 
2 
4 
8 

valine 

3 
4 

10 
4 
4 

13 
9 

18 
30 

17 
6 
6 
9 

14 

m o l e c u l e ) .  I t  can  be s e e n  f r o m  a c o n s i d e r a t i o n  of Scheme  i and T a b l e  2 t ha t  in the  s t r u c t u r e s  of the l o w -  
m o l e c u l a r - w e i g h t  p e p t i d e s  m e n t i o n e d  p r o l i n e  i s  found on an a v e r a g e  two and a ha l f  t i m e s  m o r e  f r e q u e n t l y  
(as a p e r c e n t a g e }  than  in  the  h i g h - m o l e c u l a r - w e i g h t  p r o t e i n s .  F u r t h e r m o r e ,  in  c o n t r a s t  to the  pep t ide  h o r -  
m o n e s  and k in ins ,  in the  p r o t e i n s  a r g i n i n e  o r  l y s i n e  i s  v e r y  r a r e l y  a d j a c e n t  to p r o l i n e .  In the  l o w - m o l e c -  
u l a r - w e i g h t  p e p t i d e s ,  p r o l i n e  i s  a p p a r e n t l y  n e c e s s a r y  to d e t e r m i n e  t h e i r  s p e c i f i c  " b i o l o g i c a l l y  a c t i v e "  s p a -  
t i a l  c o n f o r m a t i o n  of the  whole  m o l e c u l e  and,  p a r t i c u l a r l y ,  of an a d j a c e n t  b a s i c  a m i n o  ac id .  The  c o n f o r m a -  
t ion of  p r o t e i n s  i s  d e t e r m i n e d  m a i n l y  by the s u m  of the weak  i n t e r m o l e c u l a r  i n t e r a c t i o n s  of n u m e r o u s  
a m i n o - a c i d  r e s i d u e s .  

The p r o b a b i l i t y  P has  been de f ined  a s  the r a t i o  of  the n u m b e r  of f a v o r a b l e  o u t c o m e s  to the  n u m b e r  
of  a l l  p o s s i b l e  o u t c o m e s  f r o m  the f o r m u l a  [3], 

P=l/20"(n, --m+ 1)(n2--  m q- 1) , 

w h e r e  m i s  the  n u m b e r  of  a m i n o  a c i d s  in the  whole  f r a g m e n t ;  n 1 i s  the n u m b e r  of a m i n o  a c i d s  in pep t i de  N; 
n 2 i s  the  n u m b e r  of a m i n o  a c i d s  in pep t i de  M; and 20 i s  the  n u m b e r  of n a t u r a l  a m i n o  a c i d s .  In c a l c u l a t i o n s  
of  the  p r o b a b i l i t y  f a c t o r s ,  we took the fo l lowing  into account :  a l l  p e p t i d e s  a r e  f o r m e d  f r o m  on ly  20 n a t u r a l  
a m i n o  a c i d s ;  p e p t i d e s  d i f f e r  both in the n u m b e r  of t y p e s  of amino  a c i d s  and in the  n u m b e r  of  a m i n o  a c i d s  
and t h e i r  a r r a n g e m e n t ;  one and the s a m e  a m i n o  a c i d s  in  a cha in  ( inc luding  c o m m o n  f r agmen t s}  m a y  be r e -  
pea t ed ;  c o m m o n  f r a g m e n t s  m a y  be l o c a t e d  a t  any  p o s i t i o n  of the  pe p t i de  cha in  and the d i r e c t i o n  o f  a c y l a t i o n  
of  the  cha in  m a y  be the  s a m e  o r  the  oppos i t e .  The r e s u l t s  of  the c a l c u l a t i o n s  a r e  given in T a b l e  1. 

F o r  a n a l y z i n g  the p r i m a r y  s t r u c t u r e s  of p r o t e i n s  ( s ee  T a b l e  2) f r o m  t h e i r  a m i n o  a c i d  s e q u e n c e s  [4] 
a l l  the  t r i p e p t i d e s  con ta in ing  p r o l i n e  and v a l i n e  w e r e  w r i t t e n  down and the  a m i n o  a c i d s  a d j a c e n t  to  p r o l i n e  
and to va l i ne  w e r e  r e c o r d e d .  Thus ,  for  e x a m p l e ,  the  t r i p e p t i d e s  of  c y t o c h r o m e  C A s n T ° - P r o T 1 - L y s  72 and  
A s p 2 - V a l 3 - G l u 4  w e r e  r e c o r d e d  in the c e l l s  P r o - A s h ,  P r o - L y s ,  V a l - A s p ,  V a l - G l u ,  e tc .  The  f r e q u e n c y  of 
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amino  ac ids  f o r m i n g  the c l o s e s t  ne ighbo r s  of p ro l ine  and va l ine  in the s t r u c t u r e s  of some p r o t e i n s  (see 
the l i s t  in Table  2) a r e  shown below: 

Neighboring amino acids 
Central amino acids 

Neighboring amino acids 
Central amino acids 

Ala Arg Asp Ash Cys Glu Gln Gly His lie 
18 1 14 13 5 4 2 18 8 12 
26 9 25 11 10 13 12 25 7 13 

Leu Lys Met Phe Pro Ser Whr Try Tyr Val 
11 7 2 9 6 14 12 ! . l  13 
19 23 3 13 15 25 20 6 8 19 

SUMMARY 

The probability coefficients for finding fragments including identical amino acid sequences in the 
s t r u c t u r e s  of peptide h o r m o n e s  and k i n i n s  have been ca lcu la ted .  

It  has  been shown that  c o m m o n  f r a g m e n t s  of the type of p ro l ine  or v a l i n e - b a s i c  amino  a c i d - a c i d i c  
amino  ac id  or  g lyc ine  a r e  c h a r a c t e r i s t i c  only for s t r u c t u r e s  of ind iv idua l  g roups  of peptide h o r m o n e s  and 
k in ins ,  being r a r e l y  found in  the p r i m a r y  s t r u c t u r e s  of p ro t e in s .  
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