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In recent  yea r s ,  the attention of workers  has been at t racted by nuclear  proteins,  protamines  and 
histories, which enter  together with the nucleic acids into the composit ion of the ch romosomes  of the cell 
and taking par t  in the regulation of the activity of the genetic apparatus [1, 2]. In spite of the fact that the 
investigation of the p r im a ry  s t ructure  of protamines  and histones has been advanced to a fairly cons ider -  
able degree, a study of synthetic models,  which may throw light on the establishment of the nature of the 
interaction between mechanical  s t ructure  and biological functions of natural compounds, may be impo~ant .  

We have previously [3, 4] synthesized arginine-containtng polypeptides modelling individual sections 
of protamines  and histones. In the present  paper  we give the resul ts  of s t ructural  investigations of (Ala-  
A l a - A r g )  and { A r g - A r g - A l a )  polypeptides with molecular  weights of 7000 and 6000, respectively.  

Conformational investigations of the polypeptides synthesized were per formed by IR and NMR spec-  
t roscopy and optical rotatory dispers ion {ORD). 

Analysis  o f IR spec t r ape rmi t s  an answer to the question of the presence  of an a helix, a chaotic coil, 
or  a fl conformation of the protein or  polypeptide molecule,  and here a well-establ ished corre la t ion  between 
the positions of the amide bands and the conformations of the polypeptide chains is used. For  the fl form, 
the position of the amide-I  band must cor respond to that at 1630 cm -1, and the amide-I I  band to that at 1530 
cm -1. The coil and helix conformations give part ial ly overlapping bands in the 1640-1660 cm -1 region for 
amide-I  and 1540-1560 cm ~1 for  amide-I I  [5]. 

On the basis  of the resul ts  obtained by means of IR spectroscopy it was possible to conclude that in 
the polypeptides that we investigated there  is no 13 s t ructure .  This is in harmony with l i terature  informa- 
tion showing the absence of this s t ructure  in all fract ions of protamines  and histones with the exception of 
the lys ine- r ich  FI fraction. 

The posit ions of the amide-I  and amide-I I  bands give grounds for assigning the conformation of the 
polypeptides synthesized and of the natural protamine to a mixture of two conformations - coil and helix. 
The displacements of the amide-I  bands in the low-frequency direction {by 10 cm -1) observed in the spect ra  
are connected with the replacement  of hydrogen by deuterium and, as is well known [6], permit  the detection 
of a c o i l - h e l i x  conformational t ransi t ion.  The ORD pa rame te r s  for the polypeptides studied (Table 1) were 
obtained in 0.2 M NaC1 solution at acid and alkaline pH values of the solution, while at pH > 12.3 the poly- 
peptides precipitated,  which prevented fur ther  measurements .  The quantitative evaluation of the conforma-  
tional changes was per formed on the basis  of the Moffitt equation [7]: 

3 ,~I,, .? 
[rn'] -- n~ + 2 109 t (dm) c(g/cmS)' 

where ~o/l • c = [c~] is the specific rotation of the substance, and m'  is the specific rotation of the substance 
re fe r red  to one residue (M 0 is the mean molecular  weight of the residue) and cor rec ted  for  the refract ive 
index of the solvent, 

F rom a graph o f - [ m ' ] / X  as a function of ~,' for the ( A l a - A l a - A r g )  polypeptide at pH 12.3 we find 
b0=-27  °. In view of the fact that at 100% spiral izat ion b 0 = -630  °, we obtain the percentage spiral izat ion of 

Institute of Chemistry,  Academy of Sciences of the Tadzhik SSR. Translated f rom Khimiya Prirodnykh 
Soedinenii, No. 2, pp. 232-235, March-Apri l ,  1975. Original ar t icle  submitted November 28, 1973. 

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part of  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

234 



TABLE I .  Optical Rotatory Dispers ion Charac te r i s t i c s  for 
the A l a - A l a - A r g  and A r g - A r g - A l a  Polypeptides 
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Note. The numera to r  gives the f igures  for  the 
Arg polypeptide and the denominator  those for 
Ala polypeptide. 

A l a - A l a -  
the A r g -  A r g -  

the polypeptide as 4.30/o. For  the ( A r g - A r g - A l a )  polypeptide, the percentage spira l izat ion at the same pH 
of the solution is 2.5%. Consequently, it may be concluded that in the polypeptides in solution at pH 11- 
12.3 there  is pract ica l ly  no spiral izat ion.  This is apparently connected with the high value of pK for  the 
guanidine group of arginine.  A higher pH of the solution is neces sa ry  for  the neutral izat ion of this amount 
of charge  [8]. This agrees  to some extent with l i te ra ture  information [8, 9] on s t ructura l  investigations of 
synthetic poly(L-amino a c i d ) s -  polylysine, polyarginine,  and p o l y o r n i t h i n e -  which show that the c o i l - h e l i x  
conformational  t rans i t ion  is largely  prevented by the magnitude of the charge on the side chain of the poly-  
peptides. For  polyarginine, for  example, the conformational  t ransi t ion is observed only at high pH values 
(12-12.6) when the neutral izat ion of the charges  on the side chain takes place.  

The NMR spec t ra  of the polypeptides synthesized were taken in D20 and in a mixture of D20 with 
CD3OD in equal proprot ions .  It is known f rom the l i tera ture  that with the gradual addition of a ser ies  of 
organic solvents to aqueous solutions of proteins  and polypeptides the la t ter  are  capable of undergoing the 
c o i l - h e l i x  conformational  t ransi t ion [9]. Consequently, in the interpretat ion of the NMR spec t ra  attention 
was a t t racted in the f i rs t  place by the behavior  of the ~x-CH proton resonance,  since its position depends 
on the conformation of the polypeptide chain. 

As is known, in a study of such sys tems  as polylysine, polyalanine, and poly(glutamic acid) and a 
number  of others,  a single ~-CH proton peak is observed which cor responds  to a rapid c o i l - h e l i x  inter-  
convers ion.  For  other  sys tems  - in par t icu lar ,  for polyarginine - two c~-CH proton peaks are  observed 
corresponding to a slow conformational  interchange: at 4.0 ppm, which cha rac te r i zes  the helical region 
of a polypeptide, and at 4.4-4.3 ppm, which cha rac te r i zes  the region of a random coil. This is also cha r -  
ac te r i s t ic  for  polypeptides with a relat ively high degree of polymerizat ion (n= 20-30) [10]. 

In the NMR spec t rum of the conformational  t ransi t ions  for  the (Ala -Ala- -Arg)  polypeptide taken in 
D20, two signals of the ~-CH proton resonance can be seen: a signal in the weak field, at 4.65 ppm, which 
is usually assigned to the coil form, and a signal at 4.15 ppm assigned to the helical form.  These signals 
differ considerably in intensity and show that in pure water  the predominating conformation is the coil. 

With an increase  in the propor t ion of methanol, together  with a broadening of the coil region it is 
possible to observe a simultaneous decrease  in its intensity, while the intensity of the region of the helix 
r i ses .  On this basis  it can be stated that at a ratio of D20 to CD3OD of 1 : 1 and above s t ructur izat ion of 
the polypeptide chain takes place with a predominance of the helical conformation.  

For  the (Arg -Arg- -Ala )  polypeptide taken in D20 a single broad signal is observed in the region of 
the a -CH peak at 4.63 ppm. On the addition of CD3OD, the signal splits into two at 4.7 and 4.56 ppm, which 
shows the presence  of two conformations.  Consequently, the intermediate values of the signal of the a-CH 
proton in D20 (4.63 ppm) can be ascr ibed to a slow interchange between conformational  states.  A fur ther  
increase  in the propor t ion of methanol leads to a predominance of the helical conformation.  
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E X P E R I M E N T A L  M E T H O D  

The IR spec t r a  were  taken on a UR-20 ins t rument  with NaC1 p r i s m s .  To obtain the spec t ra ,  f i lms  
were  cas t  f r o m  deutera ted  wa te r  (D20) and deuterated methanol  (CD3OD), a 0.2 M solution of NaC1, and 
t r i f luo roace t i c  acid (CF3COOH) on a CaF 2 support .  The f i lm thickness was 3-4 /~. 

The ORD p a r a m e t e r s  were  obtained on a P e r k i n - E l m e r  141 M s p e c t r o p o l a r i m e t e r  with 0.2% solu- 
t ions at 18-20°C with a cell  th ickness  of 1 din. 

The NMR s p e c t r a  were  taken on a JNM 4H-100 ins t rument  with a working f requency of 100 MHz. 
Te t ramethy l s i l ane  was used as internal  s tandard.  

SUMMARY 

On the bas i s  of the r e su l t s  obtained it may  be concluded that  the arginine-conta ining polypeptides 
with a re la t ive ly  low degree  of po lymer iza t ion  that have been synthes ized exis t  in aqueous solution p r e -  
dominantly in the f o r m  of a coil ,  and on the addition of organic solvents  they may  exis t  as mix tu res  of two 
conformat ions  - coil and helix with a p redominance  of the hel ical  conformat ion.  
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