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Abstract

Edge - weighted graphs of purine and pyrimidine
bases constituting the biological macromolecules
( DNA and RNA ) are defined. Sum of the topolo-
glcal distances of these bases are calculated
defining the distance matrix associated with the
edge~ weighted graph. Mean topological distances
of these bases are correlated with the observed
properties.

Introduction

1,2

Search of a suitable topological index for

physico-chemical characterization of the biological
macromolecules , is a field of recent interest. This

may provide an indirect route for approaching the stru-
3

ctural- reactivity relationship”., The applicability of

5

topological index in medicina4 , pharmacology” and organic

chemistry6 is very well established.

Molecular topology has recently been used to chara-

cterize various structures in unsaturated and saturated

6-8

hydrocarbons . The topological indices defined on the

molecular graphs reflect the physical and chemical beha-
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viour of the moleculesé'g. Besides the chemical reactivity

of organic compounds with same functional groups has been
correlated with structural indices thus representing a

topological subgroup additivity model 3 10.

In the present investigation we wish to construct the

representative molecular graphs " of purine and pyrimidine
bases constituting DNA and RNA macromolecules in order to
define a topological index which might be used to charac-

terize theilr physicochemical properties.

Graphs in Hetero Systems
1

Molecular graphs‘l of heterosystems are defined by
gsets of edges and vertices in which the edges represent
the C-C bonds and different hetero bonds e.g., C-N, C-0
etc. and vertices represent the atoms C,N , O ete. These
graphs are thus not simple molecular graphs as we have

7,8

used in hydrocarbons . Thus

graph ¢ = [V(e), B(¢)]
where sets V(G) = [VI y Vo, V3 ..J

and B(G) = [91 r €2 1 3 ...]

In hetero conjugated systems edge and vertex weighted
graphs have been used12 in the framework of Huckel Molecular
orbital theory for calculating molecular orbital energies13
In these graphs different weights are given to the corres-
ponding vertices and edges. The weights correspond to Huckel
parameters k and h for hetero atoms14, sachs methods15 have
been employed for different properties of these graphs. How-

ever some authors have used chemical formula graphs for



- 327 -

for defining the topological indices for complex molecules
such as higher degree connectivity indices in blological

systems16' 17.

Edge-weighted Graphs

For computing the topological characteristics of

hetero systems we have to define a representative graph. A
hetero system may be represented by a weighted graph.

Edge-weighted graph - An edge-weighted graph GEW is a graph

which has edges associated with appropriate weights corres-
ponding to C-C bonds and hetero bonds C-X.

Weight is identical with the Huckel parameters14
kg for hetero bonds. Huckel parameters used in hetero

systems are defined by

% T c'(c: * h/‘gcc
g /gcx = kfgcc

where ((, and ﬁacc are standard carbon coulomb and C-C

24

resonance integrals respectively. 'h' reflects the diffe-
rence between the coulomb integral of C atom (0%) and that
of the heteroc atom X (G(X) . Similarly k ( # 1 ) signifies
the difference between the C~C resonance integral (ﬂ%c) and

the resonance integral of C-X bond (ﬁ%x) respectively.

Examples:

> -

Purine molecule graph Gy

N
L\ l —> kK L
N Ka

Pyrimidine molecule graph Gp
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Gq1 and Gp are the edge-weighted graphs of purine and pyri-
midine bases. Vertex o represents a nitrogen atom and e
represents a nitrogen atom directly connected with a proton.
The values of ks are the welghts assigned to edges.

A distance matrix6'11

may be defined associated with
the edge-weighted graph , the elements of which represent
the appropriate topological distances.

Weighted distance matrix - A weighted distance matrix is a

real NxN matrix D, = [diﬂ where the element dij is the
topological distance between the ith and jth vertices . N

is the total number of vertices.

Topological distance - A topological distance is the minimal

path between two vertices . Topological paths are treated as
graph invariant.
Minimal path - A minimal path 1s a path which is associated

with minimum weight,

dij S k, << weight for any other path
1

Topological index

Sum of the topological distances or the Weiner number18
can now be defined on the edge-weighted graph Gg, . The Weiner
number is half the sum of the off-diagonal elements of weighted
distance matrix,

Woe=- = 4.

£9 J

N f-

The mean value of the sum of the topological distances is defined

as
- 2W

N(N-1)

where N is the total number of vertices.
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Wa have given the appropriate k values to different
edges . For C=N= or C=N- bonds k= 0.7 and for C-N-H bond
l.e. bond between a C atom and a N atom directly attached to
a proton k= 0.9 . For 6-0 or ¢=0 bonds k= 0.8 and for C-C
bonds k= 1.0 as in usual way. These values of Huckel para-
meters are approximated from the values previously reported

19-21
14 and more recently by Hess and Schaad 2 v

by 8treitwieser
Some of these values are used by Alhara 13 in resonance energy

determination of heteroccnjugated systems.

On this basis the values of W and W are calculated
for a number of purine and pyrimidine bases and their derivat-
ives. The values for parent compounds ,purine and pyrimidine
are ,

for purine W = 63.2 and W = 1.755

21.0 and W = 1.400
The pufines and pyrimidines in nucleic acids are derivatives

and for pyrimidine W

of the parent compounds . Adenine and guanine are the deriva-
tives of parent compound purine. The pyrimidine derivatives
commonly found in nucleic acids are , cytosine , uracil and
thymine. In addition to these there are some unusual bases
that occur in specific cases e.g., the methylated cytosines in
viral nucleic acids and a variety of methylated bases in tran-
sfer RNA . The values of W and ¥ for bases in DNA and RNA are

reported in table I ,
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TABLE I

Topological distances of bases in DNA and RNA

Base W W
Adenine 85.5 1.900
Guanine 116.1 2.11Q
Cytosine 50.7 1.810
Uracil 54.6 1.913
Thymine 76.6 2.127

For a number of purines and pyrimidines we have
calculated W and W values and correlated with HOMO energies
LUMO - HOMO energy gaps and resonance energieeaz. On the bases
of results of these correlations following conclusions can be
made,

a) Mean topological distances varies almost linearly
with HOMO energy values ( in 8 units ) « This indicates a
structural depandance of pi-energies and hence of ionization
potentials and chemical reactivity.

b) Purines and pyrimidine bases have almost same order
of structural regularity in terms of topological distances.

¢) For pairs of adenine -thymine or cytosine-guanine
sum of the W values is of the same order showing the structural

complimentarity of these pairs in DNA molecules,

W, + W = W, + WG

This forms a topology model of DNA structure.

d) For DNA bases the difference between W values i.e.
A W 1is proportional to the strength between the bonding of AT or
CG pairs. Thus A W value for complimentary base pairs shows

the number of hydrogen bonds between these pairs.
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e} In all the bases lackm states have higher values of

W and W than those of lactim states,

Wiactam =~ Yiactinm

The topology model of relative stability in lactam -lactim
tautomerism cauld thus be presented.

f) The order of W and ¥ for purines and pyrimidines
of DNA and RNA is

Wc < WU<WT < WAA Wa
If we assume that topological distances vary with the stability

this is in agreement with the stability order with respect to

resonance energy per pi-electron ( REPE ) for these bases. The

o#der of REPE 1s°°,

c>u>T and A>Q

Concluding Remarks

The results of the topological model proposed in this
investigation may provide the basis for suitable topology models
of DNA molecule under different experimental situations lead-
ing to studies of thermal stabilisation or destabilisation in
presence of alkall, alkaline, and transition metal cations.

Further work is in progress in this direction>-.
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