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1. Introduction

For some years many works have been dealing with
conformational analysis of biomolecules. Most of the
results already published have concerned the poly-
peptides, especially the dipeptides. As for the poly-
nucleotides, the only known quantum calculations
deal with the nucleosides (Jordan and Puliman [1],
Berthod and Pullman [2]) and a study of the D-
ribose (C; ,-endo)-phosphate unit by Govil and Saran
[3].

The work presented here is a study by Extended
Hiickel Theory of the D-ribose (C;, -exo)-phosphate
unit. The allowed conformations of the unit are found
to be in agreement with those obtained from empiric
calculations and also with observed structures.

2. Experimental

We have studied the unit shown in fig. 1. The D-
ribose exists in 4 conformations, investigated by Sun-
daralingam- [4] , Sundaralingam and Jensen [5] : C;,
-ex0; C3, -endo; C,, -exo; and C,, -endo. These 4
conformeric possibilities result from the puckering
of the furanose ring which produces a displacement
of the C,, or C;, atoms from the plane (C,, -0, ,-C4).
In fact, the interconversions: C;, -exo < C,, -endo
and C;, -endo < C,, -exo, are energetically favoured
[4].

We have chosen first to work on the D-ribose in
its C3, -exo conformation in order to complete Govil
and Saran’s study [3]. However, it is important to
note that the known experimental results for deoxy-
adenosine and thymidine (see [2] and [6] ) show that
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the C;, - exo conformation must be associated with
a deoxyribose.

Conformational analysis of D-ribose (C3, -ex0) phos-
phate unit needs energy E'.to be minimized as a func-
tion of 3 conformational angles 6, 6,, 85. The denom-
ination of these angles is the one given by Sasisekharan
et al. [7]. The zero positions and the senses of the
rotational angles 6, 6,, 65 are those used by Lak-
shminarayanan and Sasisekharan [8].

The nitrogen atom linking the sugar and the base
was not taken into account.

We made our calculations on a C.D.C. 3600 com-
puter, using a modified version of the initial program
of R. Hoffman for the Extended Hiickel Theory
(E.H.T.) kindly lent by F. Peradejordi and J.F. Cave-
lier [9]. In this version, the program can handle up
to 110 atomic orbitals. Moreover, we fitted this version
of the program to an I.B.M. 7040 computer, with a
limitation of 55 atomic orbitals.

The atomic coordinates were calculated by another
program, using the coordinate tables published in [8]
for the (180°, 180°, 180°) conformation of the ribose
phosphate unit.

The adjustable constant K, which appears in the
calculation of the off-diagonal terms of the Hamilto-
nian matrix:

1
was assigned the usual value 1.75 [10].

The atomic orbitals of the basis set are of the
Slater type. The orbital exponents and valence state
ionization potentials (diagonal elements of Hamiltonian
matrix) are reported in table 1.

At last, as the ribose phosphate unit under study is
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Fig. 1. The D-ribose-phosphate unit.
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Fig. 2. The energy of the unit as a function of 6 3, the rota-
tional parameters 8, and 8, being assigned the value 180°.

180

Fig. 3. Variation of the energy with 6 and 6, the value as-
signed to 63 being 260°. The isoenergetic curves, numbered
from 1 to 11, correspond respectively with the following
energy values (kcal/mole): — 29,393; — 29,392; — 29,391;
—29,390; — 29,289; - 29,387;--29,380; — 29, 350;

29,300; — 29,250; — 29,100. The curves corresponding to

an energy value higher than — 29,100 kcal/mole are not shown.

not a molecule, there is an alternative between the
neutral structure of the free radical and a “quasi-
molecule” obtained when all non-bonded orbitals of
the Py, Ps and C, atoms are filled with electrons. If
we do not take NV .., into account, the “quasi-mole-
cule” structure is obtained by adding 2 electrons to
the 5 valence electrons of P; and P and 1 to the 4
valence electrons of C; . We choose this “quasi-mole-
cule” structure to make our calculations, this choice
being justified by the results obtained [3, 13].

3. Results

Assigning different values to 8, and 8,, the energy
of the unit has been calculated as a function of 85
and the corresponding curves have been drawn. All
these curves almost assume the same shape as the one
given in fig. 2. It can be seen from fig. 2. that the
minima in energy occur when 63 is in the range of
200—280°. Clearly, for such values of 63, the most
probable conformations of the unit under study can
be found by drawing the isoenergetic mapsE (64, 8,).
Several maps were drawn with 85 in the range 200—
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Table 2
Allowed region of Range of Range of Range of Method used for Reference
minimum energy 0, 2] 03 calculations
I (our notation) 170-190° 180-210° 03 =260° EH.T. This work
« (our notation) 150-210° 170-220° 210-260° Hardsphere (81
model
2 (notation of [6]) 140-230° 130-220° 147-292° Structures [6]
observed
IPot (our notation) centered centered 180-280° Potential energy [14]
around 180°  around 180° calculations
11 (our notation) centered 150-300° 63 =260° EH.T. This work
around 180°
8 (our notation) 150-210° 260-310° 210-260° Hardsphere [8]
model
3 (notation of [6]) 120-300° 250-300° 147-292° Structures [6]
observed
llp,¢ (our notation) centered centered 180-280° Potential energy [14]
around 180°  around 300° calculations
III (our notation) 80-120° 170-220° 63 =260° E.H.T. This work
5 (notation of [6]) 60-110° 130-220° 147-292° Structures 6]
observed
Illp; (our notation) 60—110° 150-220° 180-280° Potential energy  [14]
calculations
IV (our notation) centered centered 63 = 260° E.H.T. This work
around 180°  around 60°
1 (notation of [6]) 130-230° 40-100° 147-292° Structures (6]
observed
IVpy¢ (our notation) 180160° centered 180—-280° Potential energy [14]
around 60° calculations

280°. Their general appearance is given in fig. 3 by
the map E (8, 0,, 03 = 260°). Taking this map as
a basis of discussion, our results may be summed up
in fig. 4.

On this map, 4 types of allowed regions are de-
limited by the isoenergetic lines: 1) As shown by fig.
4 the central region I delimited by the — 29,393
kcal/mole isoenergetic line lies in the allowed range
a obtained by the use of the hard sphere model and
in area 2 given by Sundaralingam [6]. (The Watson—
Crick DNA model structure lies in area 2). The £
(0;,0,) map drawn in [14] from potential functions
calculations also shows this central zone. 2) Areas
IL, I1I and 1V, delimited by the — 29,390 kcal/mole
isoenergetic line, spread out the allowed horizontal

and vertical strips [0, € (150°,210°) and 6, € (170°,
220°)] given by the hard sphere model. Moreover,
they almost lie in areas 1, 2,3 and 5 of [6] and they
appear on the E' (6, 6, ) map of [14].

We compare in table 2 the results of our extended
Hiickel calculations on the D-ribose-(C;, —exo0)-phos-
phate with those obtained for the same unit by hard
sphere and potential energy calculations, and also
with the observed structures given by Sundaralingam
[6] . It is obvious that our results are in agreement
with the others. However, E.H.T. predicts that area
IV, forbidden by the hard sphere model, is a stable
region. This is important to note because most of
the observed nucleotides and polynucleotides lie in
this region (see [6]). Furthermore, the potential
energy calculations also give area IV as a stable one.
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Fig. 4. Comparison of the results given by different methods.
The hard-sphere model gives 2 allowed regions, « and g, which
are hatched on the figure. Regions I, II, 111, IV, that we ob-
tain by Extended Hiickel calculations (83 = 260°), are en-

closed with a full line. Regions 1, 2, 3 and § of [6] are enclosed

with a dotted line.

Finally, a more careful study on regions I, I1, IIl
and IV, when 8 is varied in the range 200—280°
at 10° intervals, shows that the most probable con-
formations of the D-ribose phosphate unit are:
(6, =180°,0, =190°, 8, =270°) E = —29,393.74
kcal/mole
(8, =180°, 0, =190°,05 =210°) E = — 29,393.66
kcal/mole
It may be pointed out that the energy values of these
2 conformations are just slightly lower than those
appearing in fig. 3.

Final remark

In a recent paper, published in the final stage of
our work, Saran and Govil [15] made Extended
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Hiickel calculations on a phosphodiester unit. Our
results are in agreement with theirs as concerns the

E(6,,0,) map.
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