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1. Introduction 

The theoretical study of the hyp~hromic effect in 
polynucleotides has been the subject of several papers 
[l-6] . However, these investigations [ I-3,5,6] had 
some significant shortcomings: 1) the investigation 
was inconsistent-electronic transition energies and 
moments in monomers were taken from experiments, 
whereas polarization directions and matrix elements 
of the monomer-monomer interaction operator were 
calculated theoretically; 2) only those electronic trans- 
itions from which the first two absorption bands arise 
were considered in the calculation of polynucleotide 
hypochromism; 3) approximations used for the inter- 
action operator matrix elements were often chosen 
arbitrarily. 

These shortcomings, along with the absence of quan- 

titative agreement, between theoretical and experimental 
results, considerably diminish the importance of these 
qu~tum-mech~ic~ investigations. Moreover, the ques- 
tion of the contribution of intra- and interstrand 

monomer-monomer interactions to the absorption in- 
tensity change for a double-stranded polymer has not 
been studied theoretically. The elucidation of this pro- 
blem is important for the understanding of the role of 
H-bonds and stacking interactions between the bases 
in the UV abso~tion change observed in the processes 
of denaturation and renaturation of polynucleotides 
and nucleic acids [7--l 51. 

The aim of this work is both to reconcile quantita- 

tively the results of a systematic theoretical study of 
the hypochromic effect of the simplest polynucleoti- 
des, poly(dA).poly(dT) and poly(dG).poly(dC) with 
the experimental data and the elucidation of the origin 
of this phenomenon. 
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2. Method 

For this study of the first absorption band of poly- 
nucleotides the perturbation theory was used. When 
calculating the hypochromism the formula which in- 
cluded only the dispersion term was used, as in [l-3, 

51 * 
The characteristics of monomers necessary for the 

calculation polynucleotide hypochromism with the 
help of perturbation theory were computed theoreti- 

cally by Pariser-Parr-Pople method with all singly 
excited configurations taken into account. A detail 
description of the results of the calculation was given 
in [ 161 . All the n-electronic transitions in monomers 
were considered in the c~culations of polynucIeotide 

hypochromism. In studying polynucleotide systems 
which are rather complicated theoretically the con- 
sideration of n-electronic states only is justified, 
because the absorption bands at present observed 
experimentally are due to n--n* transitions [ 17- 191. 

In accordance with the consistent theoretical treat- 
ment proposed by us in [ 161, the matrix elements of 
monomer-monomer interaction operator were calcu- 
lated to the same approximation which was used for 
the calculation of monomers. As shown in [ 161 this 
approximation is the best for studies of hypochromism 
by the perturbation theory method. 

As a model for polynucleotides, the fragment of 
DNA in the B form, consisting of ten Watson-Crick 
pairs was used. 

3. Results and discussion 

The calculated hypochromism values for poly(dA). 
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Table 1 
The hyp~hromism values (%) of poiynucleotides 

Poiynucleotide Theory Experi- 
ment** 

I31 I41 * I51 Our I201 
results 

poly(dA)*poly(dT) 33 8 42 46 40 
39 

poly(dC).poly(dC) 45 -2 9 43 35 
36 

* Hypochromism values for the first absorption band were 
obtained by us from theoretical results [4]. 

** These values were calculated by us in (201 from existent 
experimental data on absorption spectra of corresponding 
poly- and mononucleotides. 

poly(dT) and poly(dG).poly(dC) and the experimental 
hypochromism values, necessary for the comparison 

with theory are adduced in table 1. 
From table 1 one can see, first of all, good agreement 

between theoretical and experimental results. Further, 
the experimental fact that poly(dG).poly(dC) is charac- 
terized by a lower hypochromism than poly(dA).po- 

ly(dT) is confirmed. It is essential that the differences 
between the hypochromism values of these polynucleo- 
tides given by theory and by experiment are very close. 

Compa~ng the hypo~hromism values obtained by 

us and by other authors (table l), one should note that 
good agreement of theory with experiment is achieved 
in the present work for the first time. One may also see 

that the data of DeVoe and Tinoco [3 ] do not reproduce 
the experimental dependence of hypochromism upon 
the base composition. Although, in the work of Brown 
and F’ysh [S] this dependence was represented in a 
correct way, the hypochromism value for poly(dG).po- 
ly(dC) is in poor agreement with experiment. The scheme 
suggested by Miyata and Yomosa [4] where the hypo-, 
chromism is treated as an effect of interaction between 
different exciton bands does not show any agreement 
with experiment; moreover, it does not lead to hypo- 

chromism for poly(dG)*poly(dC) at all. 
The elucidation of the degree of participation of 

intra- and interstrand interactions in producing the 
hypochromic effect for double-helical polynucleotides 
is of special interest. The hypochromic effect of double- 
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stranded polynucleotides is usually considered to be 
caused by stacking interactions of bases inside the 
strands. At the same time different views are express- 

ed in literature about the contribution of the interac- 

tions between the bases in complementary pairs. 
Thus, the authors of [7,9,2 1,221 on the basis of 

results obtained concluded that the complementary 
interactions made a considerable contribution to the 

hypochromic effect of the double-stranded polynucleo- 
tides. At the same time it was concluded that H-bonds 
played an insignificant role [ IO,1 I] . 

Unfortunately, the authors of [7,9-l 1,21,22] did 
not take into account number of factors essential for 

hypochromism: change in configuration of single- 
stranded polynucleotides in the transition from the 

free to the bonded state presence of interactions be- 
tween the bases, which were not H-bonded and which 
belonged to a different strand. 

In the present work the hypochromism components 
for double-stranded polynucleotides caused by intra- 

strand base interactions (Hr), interstrand interactions 
in base pairs (Hz) and cross-interactions of bases (Ha) 
are calculated. 

The results of theoretical calculations (table 2) show 
that the maximal contribution to the hypochromic 
effect is made by intrastrand interactions between 
monomers of the same chain (60-76%). Interstrand 
interactions between the bases (Ha + Ha) also make a 
considerable contribution. The formation of the H- 
bonds makes a small contribution 2-l 2% to the total 
value of hypochromism. The fact that the pairing of 
bases lead to inconsiderable hypochromism of the pairs 
was earlier mentioned by us in [ 23,241 where the iso- 
lated pairs had been computed. One can come to the 
same conclusion on the basis of the analysis of experi- 
mental data of Spirin et al. (see ]Sl and discussion in 

1201). 

Table 2 
The hypochromism components (%) for double-stranded 

polynucleotides 

Polynucleotide 

poty(dA)*poly(dT) 
poly(dWpoly(dC) 

HI H* H, 

35 1 10 
26 5 12 
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