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Mononucleotide conformations are important in understanding the structural aspects 
of nucleic acids and polynucleotides. In order to study the influence of stacking inter- 
actions between adjacent bases in a polynucleotide on the preferred conformations of 
mononucleotides, conformational energy calculations have been carried out on dinu- 
cleoside monophosphate fragments. Four base sequences-d(ApT), d(TpA), d(CpG), and 
d(GpC)- have been analyzed in the framework of helical structures. Flexibility of the 
furanose ring has been incorporated in the investigations. Energetically favored con- 
formers of the four compounds correspond to a variety of left- and right-handed uniform 
helical structures, similar to those of the commonly observed polymorphous forms. 
Implications of these investigations on the further understanding of doublehelical poly- 
nucleotide conformations are briefly discussed. 

INTRODUCTION 
Conformational analysis of 3'- and 5'-mononucleotides constitute an 

important step in the structural elucidation of nucleic acids and poly- 
nucleotides. Both theoretical (conformational energy  calculation^)^-^ 
and experimental (nmr, ORD-CD, x-ray cry~tallography)~-~ methods 
have been employed in the analysis of these monomeric units. In our 
laboratory, as a part of the model-building studies on polynucleotides, 
conformational energy calculations (using classical potential func- 
tions) have been carried out on 3'- and 5'-mononucleotidesgJo incor- 
porating flexibility of the furanose ring. These calculations highlight 
the significance of sugar geometries, glycosidic torsion (x), and C4'-C5' 
torsion ( y )  in relation to energetically favorable conformations of nu- 
cleotides. Also, it has been indicated that of the conformational pa- 
rameters defining a nucleotide repeat unit, the sugar pucker and the 
glycosidic orientation are the two most significant ones in determining 
the handedness of base-paired double-helical structures of polynucleo- 
tides. l1 

Conformational analysis of dinucleoside monophosphates (Fig. 1) 
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Fig. 1. The Dinucleoside monophosphate mioety used in the present study. The 
symbols used for the backbone, endocyclic, and glycosidic torsions are as recommended 
by the IUPACIUB JCBN (Ref. 40). 

constitute the next important step in our understanding of polynu- 
cleotide structures. This moiety embodies base-base stacking inter- 
actions, in addition to the base-sugar, base-phosphate, and sugar- 
phosphate interactions present in mononucleotides. Thus, the dinu- 
cleoside monophosphates have the essential conformational attributes 
of a polynucleotide chain. Therefore, it is of interest to determine how 
the energetically preferred conformations of the mononucleotides are 
affected by the presence of base-base stacking interactios. As a part 
of the larger program to analyze the energetic stabilities of regular 
helical polynucleotides with Watson-Crick base pairs and mononu- 
cleotide repeat units, the present investigations have been confined to 
the conformations of dinucleoside monophosphates meaningful from 
the viewpoint of helical structures. In particular, (A + T)-and (G + C)- 
containing sequences have been looked into with a view to examining 
their intrinsic stabilities in helical polynucleotides. It may, however, 
be noted that the calculations do not aim merely at obtaining all 
possible sets of energetically favorable conformations of dinucleoside 
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monophosphates, but only those relevant to regular helical struc- 
tures. 

Since the present investigations have been confined to the frame- 
work of helical structures of polynucleotides only, the two glycosidic 
torsions and the sugar puckers have been kept the same. Thus, the 
conformations of the dinucleoside monophosphates are defined by x 
and the backbone torsion angles a(P-059, /? (05’-C5’), y(C5’-C4’), ~(03’-  
C3), and t;(03’-P) and the sugar pucker. The conformational param- 
eters defining the sugar geometries are the two endocyclic torsions u1 
and u2 about CZ’-Cl’ and C3’-C2’ bonds, respectively. However, in Ta- 
bles II-V, the sugar geometries have been expressed in terms of the 
more well known parametersI2, phase angle (9) and the extent of 
pucker ( T ~ ) .  In what follows, an account of the investigations on din- 
ucleoside monophosphates, with a few base sequences, will be pre- 
sented. 

METHOD OF CALCULATION 

In evaluating the energies of dinucleoside monophosphates, Len- 
nardJones potential function for nonbonded interactions, Coulomb 
potential for electrostatic interactions, and three-fold potential for tor- 
sional strain were employedl3. The nonbonded parameters used in the 
investigations are as listed, p rev i~us ly~~,  with the phosphate charges 
taken from Ref. 14. The sugar geometries corresponding to various 
pucker forms were chosen, as beforelo, from the energetically favorable 
regions of the pseudorotational space for 2’-/?-~-deoxyribose~. The con- 
formational energies were minimized with respect to the torsions a, 
/3, y, E, f ,  and x, for each of the sugar geometries corresponding to a 
given pucker. The minimum of such energies is used in the subsequent 
analysis and is tabulated. 

We point out at  this stage that the minimization procedure used is 
only a refinement procedure and not one to obtain all the possible 
energetically favorable local minima of the system under investigation. 
Therefore, we have chosen several starting sets of parameters to obtain 
the possible energy-minimized conformers within the framework of 
the conformational domain. The choice of the relevant conformational 
parameters is described in the following section. In the present in- 
vestigation, the minimization procedure used does not distinguish two 
conformational states differing in energy by less than 0.05 kcallmol. 

For evaluation of electrostatic energies, following Pattabiraman7, 
the dielectric constant used for base-base interactions was kept at  1. 
Note that under the conditions of base stacking, as in a regular double- 
helical base-paired polynucleotide, the electrostatic interactions be- 
tween the base atoms are not influenced by the environment (e.g., 
solvent or counterions) of the nucleotides. The dielectric constant for 
the rest of the interactions was kept at 4. This value was earlier shown 
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to be “quite reasonable” for evaluation of electrostatic interactions 
between static charges, in the environments obtainable in biological 
systems (see Ref. 13). Several investigations on the conformations of 
nucleic acids and their fragments (referenced in this paper) have em- 
ployed this value. Use of distance-dependent dielectric constants, as 
by Kollman and coworkers in their investigations on polynucleotides 
and  polypeptide^'^, are not likely to alter the overall qualitative con- 
sistency of the results obtained. 

In the present investigation, four base sequences-d(GpC1, d(CpG), 
d(ApT), and d(TpA)-have been considered. These purine- pyrimidine 
and pyrimidine-purine sequences are significant as they contain the 
complementary bases in the Watson-Crick base-pairing scheme. Be- 
sides, several oligonucleotides, whose crystal structures have been re- 
cently studied and reported, contain these sequences.16-26 

CHOICE OF THE CONFORMATIONAL PARAMETERS 

As mentioned in the previous section, the limitations imposed by 
the minimization procedure employed necessitate the choice of a num- 
ber of starting conformations to obtain an insight into the possible 
low-energy conformations of dinucleoside monophosphates. Therefore, 
the starting set of conformational parameters of these compounds were 
obtained following the stereochemical guidelines for the formation of 
double-helical structures of polynucleotides, outlined in our labora- 
tory.27,28 These guidelines define the interrelationships between var- 
ious backbone torsion angles from the point of view of helical 
structures with n (number of residues per turn of the helix) between 
8 and 12 and h (the unit height) between 2.5 and 4.0 A. It has been 
pointed out that only a limited number of classes of conformational 
combinations leads to helical structures with the above ranges of n 
and h. Table I lists such combinations of the backbone torsfon angles. 
The starting values for these parameters are also indicated in Table 
I. Note that the combination (gauche-, E3, trans, (gauche- , 
gauche + ), trans) [that is, y (gauche -), 6 (E3 or C3‘ - endo), E ( trans), 
t (gauche -), a, (gauche +), and f l  (trans)] has not been considered, as 
earlier studies on model compoundsB have shown to correspond to 
energetically unfavorable structures. In later tests, the helical domains 
have been referred to in terms of sugar pucker and phosphodiester 
conformations, as was done earlier.27 

In base-paired double-helical structures, the classification of x values 
in the anti, syn, high-anti, and low-anti ranges is influenced to a 
certain extent by sugar geometries, as pointed out earlierll. While low- 
and high-anti values of x were shown to correspond to left-handed 
base-paired double-helical structures, the other two ranges correspond- 
ed to right-handed structuresll. In the present study, the starting val- 
ues for x in the anti, high-anti, syn, and low-anti ranges were 230”, 
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TABLE I 
Conformational Combinations of the Backbone Torsion Angles, Meaningful from the 

Viewpoint of Double-Helical Base-Paired Structures of Polynucleotides." 

No. € 4 a P Y 6 

I t (200) g- g- t (180") g+ (60") C3'-endo 
I1 t t g- t g+ C2-endo 
I11 t g- t t t (1807 C3'- endo 
IV t t t t t C2-endo 
V t t g' t g- (3003 C2-endo 

VI g- (280") t t t g' C2-endo 
VII g- t g+ t t C2-endo 

a g- , g +  , and t stand for gauche-, gauche+, and trans conformations, respectively. 
The numbers within the paranthesis represent the starting values (in degrees) of the 
torsion angle parameters. For example, the starting value for y in the g+ , t ,  and g- 
configurations are 60", 180", and 3 W ,  respectively. The phosphodiester conformations 
were varied by 30" around their standard conformations (g+ = 60", t = 180", and 
g- = 300"). Thus, in each helical domain, energies were minimized for nine combina- 
tions oft; and a. For example, in helical domain I, the nine combinations considered 
were (270", 270"), (270", 300"), (270", 330"), (300", 270"), (300", 3007, (3W, 3307, (330', 270"), 
(330", 300'), (330", 330"). Of the nine values of minimized energies, the lowest was con- 
sidered to represent the corresponding helical domain. 

290", 50", and 160" respectively. However, at these x values, the hand- 
edness of the polynucleotide helix is definitely left- or right-handed, 
independent of the sugar pucker". 

d(GpC) 
In the case of d(GpC), energy-minimization studies were carried out 

in the seven helical domains (listed in Table I) for two broad ranges 
of x, namely, anti and syn. Table I1 lists the energetically most fa- 
vorable of the conformers, corresponding to the anti and low-anti 
orientations of the bases, for each of the seven helical domains ex- 
amined. 

The global minimum corresponds to (C2'-endo tg - ) helical domain 
(Fig. 2). Conformers with C2'-endo sugar puckers have x values higher 
than those with C3'-endo sugar puckers by about 20". This is in agree- 
ment with the general relationship between the sugar pucker and 
glycosidic orientations in relation to base-paired double-helical struc- 
tures of polynucleotidesl'. Conformers corresponding to helical do- 
mains I, 11, 111, and IV lie within 5 kcal/mol of the global minimum. 
On the other hand, the conformers corresponding to the other three 
domains listed in Table I are more than 5 kcal/mol above the global 
minimum. In the light of these calculations, it is found that the general 
trend of conformers with C2'-endo sugars having higher x values than 
those with C3'-endo sugars is maintained. Also, a large number of 
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TABLE I1 
Energetically Favorable Conformers of d(GpC) Corresponding to Anti and Low-anti 

Orientations of the Bases 

Energy Helical 
Q T, 6 y E 8 a ,8 ,y (kcal/mol) Domain 

19.5 42.0 84.7 63 183 297 277 175 218 -51.4 
160.5 36.4 136.0 49 179 244 311 174 239 -52.Ia 
358.0 39.4 92.8 159 189 296 168 176 204 -48.4 
177.0 43.7 150.6 181 193 243 142 187 229 -49.7 
176.4 34.6 139.5 284 190 247 50 188 238 -45.4 
143.5 37.2 123.3 62 292 168 199 168 232 -47.2 
177.0 43.7 150.6 159 286 209 80 i79 229 -44.9 
178.0 39.4 147.9 72 194 188 309 161 199 -47.7 

I 
I1 

I11 
IV 
V 
VJ 
VII 
IIb 

177.0 43.7 150.6 73 185 218 328 212 204 -46.6 IIb 

158.5 32.0 133.2 69 183 192 300 160 204 -46.4 IIb 

aMinimum energy conformation. 
bConformers with low-anti orientations of the bases. 

conformers with both C2'-endo and C3'-endo sugar puckers lie within 
5 kcal/mol of the global minimum. In view of these facts, further 
calculations on d(GpC) have been restricted to the helical domains 
(C2'-endo tg - and (C3'-endo g - g - 1 only. Earlier studiesm by Broyde 
and coworkers suggested that conformers with C3'-endo sugar puckers 
constitute the energetically most favored arrangement for d(GpC), in 
contrast to the corresponding feature of the present study. 

Conformers with low-anti orientations of the bases and C2'-endo 
sugar puckers are found to be about 8 to 10 kcal/mol above the global 
minimum. These conformers have x values in the range of 186"-204". 

r r 

Fig. 2. Stereo pair of the global minimum conformation of d(GpC). 
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Energy minimization of conformers with (C3’- endo high-anti) combi- 
nations of sugar pucker and base orientations led to arrangements 
that are destablized by more than 15 kcal/mol relative to the global 
minimum. Hence, they have not been listed. 

Energy minimization with syn conformations of the bases with C2‘- 
endo sugar puckers led to conformers that are about 10-15 kcal/mol 
above the global minimum. Conformers with (C3-endo syn) combi- 
nation are destabilized by about 25 kcal/mol relative to the most pre- 
ferred conformation. This is understood in the light of the fact that 
for pyrimidine nucleotides, this combination leads to energetically un- 
favorable arrangements. The conformers with syn orientations of the 
bases have also not been listed. It may be noted that employing any 
other helical domain in the above calculations (that is, with low-anti, 
high-anti, and syn conformations of the bases) would still lead to the 
energy differences of the above order. 

d(CpG) 
Unlike the case of d(GpC), energy minimization of d(CpG) was re- 

stricted to the first four helical domains, listed in Table I, for reasons 
indicated in the previous section. Note that energy minimization of 
conformers starting with low- anti orientations of the bases invariably 
led to final conformers with either anti or high-anti orientations for 
both C2’-endo and C3-endo sugar puckers. The global minimum has 
a ((23’- endo high-anti) combination of the sugar pucker and glycosidic 
orientation (Fig. 3). Conformers with C2’-endo sugar puckers (in the 
helical domains I1 and IV) are at least 5 kcal/mol higher in energy 
than the global minimum. Table I11 lists a few conformers of d(CpG), 
corresponding to both C3’-endo and C2’-endo sugars. 

P, 
Fig. 3. Stereo pair of the global minimum conformation of d(CpG) 
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TABLE I11 
Energetically Favorable Conformers of d(CpG) with Sugar Puckers in the C3-endo 

and C2’-endo Regions 

Energy 
‘p T m  6 Y E 4 a p ,y (kcal/mol) 

c3’-endo 
17.5 31.5 94.3 61 186 281 292 167 262 -46.1“ 

17.5 31.5 94.3 184 183 286 146 189 270 - 44.1 

34.7 42.1 83.2 71 188 284 290 161 263 -43.2 
39.4 39.0 86.6 73 188 284 286 163 262 -42.6 

38.1 31.8 92.6 63 193 277 296 160 259 - 42.6 

177.0 30.0 136.6 169 194 224 148 223 251 -40.1 
158.5 32.0 133.2 64 178 255 301 164 255 -38.2 

C2-endo 

139.5 33.3 121.8 60 191 275 288 170 247 -37.9 
146.3 29.9 123.5 56 187 260 306 161 253 -37.8 
178.0 39.4 147.9 172 192 239 148 205 247 - 37.5 
123.7 45.1 124.6 45 175 260 315 171 55 -39.8b 
127.3 40.6 115.8 44 171 269 312 177 60 -39.3b 

a Minimum energy conformation. 
bConformers with syn orientation of the bases. 

The preference for the high-anti orientations of the bases in the 
C3’-endo conformers of d(CpG) can be understood in the light of the 
conformational analysis of 5’-nu~leotides~~. For C3’- endo sugars, the 
anti conformation of the bases are energetically favorable for 3’-dCMP 
but not for 5’-dGMP. Also, the (C3’-endo high -anti) combinations are 
energetically favorable for 3’-dCMP and 5‘-dGMP, although the pre- 
ferred ranges of x for both the compounds are not identical. Hence, 
minimization of energy for d(CpG) would tend to shift the values of x 
to the high-anti region. However, the values were restricted to around 
260”-270”. This is because the ranges of bordering high-anti and syn, 
such as -40” to 0”, are not energetically favorable for 3‘-dCMP, although 
they are favored for 5‘-dGMP. 

In contrast, for d(GpC), the anti orientations of the bases are pre- 
ferred because both 3‘-dGMP and 5‘-dCMP have energetically favorable 
conformers in the (C3’-endo anti) and (C2’-endo anti) regions. The anti 
orientations of the bases in conformers with C2‘-endo sugars, in d(CpG) 
are also understood on the basis of the occurrence of secondary minima 
in the (C2’-enclo anti) region of both 3’-dCMP and 5’-dGMP. 

Minimization of energies of d(CpG) with ((32’- endo syn) combinations 
led to conformers that are about 7-10 kcal/mol above the global min- 
imum. Two of these conformers have also been listed in Table 111. 
Conformers with (C3’-endo syn) combinations are energetically 
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destabilized by about 25 kcal/mol, as in d(GpC) and hence they have not 
been listed. 

Thus, the above-discussed calculations indicate that the global min- 
imum of d(GpC) (corresponding to helical domain 11) is lower in energy 
than that of d(CpG) (corresponding to helical domain I) by about 6 
kcal/mol (see Tables I1 and 111). The former has anti orientations of 
the bases, as against the high-anti orientations in the latter. In the 
case of d(GpC), a large number of conformers with both C3'-endo and 
C2'-endo sugars lie within 5 kcal/mol of its global minimum. However, 
in d(CpG), the C2'-endo conformers are at  least 5 kcal/mol above the 
corresponding global minimum. 

d(ApT) and d(TpA) 

As indicated in the earlier section d(GpC), energy minimizations of 
d(ApT) and d(TpA) were restricted to the helical domains I-IV. Also, 
in light of the results discussed in the two previous sections, the base 
conformations were restricted to the anti range of x only. Tables IV 
and V list a few of the energetically favorable conformers of d(ApT) 
and d(TpA), respectively. 

In d(ApT1, as in d(GpC), the global minimum corresponds to helical 
domain I1 and has a x value of 243" (Fig. 4). The most preferred of the 
conformers with sugar puckers in the C3'-endo region is about 1 kcall 
mol higher in energy than the global minimum with CB'-endo sugar. 
This result is in sharp contrast to that reported by earlier studies,31 
which had incorporated the rigid-nucleotide concept. Conformers with 
C3'-endo sugars were shown to be energetically favored over those 

TABLE IV 
Energetically Favorable Conformers of dtApT) with Sugars in the C2'-endo 

and C3-endo Regions 

155.5 42.9 135.8 60 
156.9 47.0 138.5 57 
160.5 36.4 136.0 50 
158.5 32.0 133.2 51 
178.0 39.4 147.9 171 
177.0 43.7 150.6 168 

19.5 42.0 84.7 60 
14.1 35.9 91.2 64 
16.7 45.7 81.3 60 
17.5 31.5 94.3 53 

356.4 34.6 96.8 161 
357.0 30.0 100.6 161 

C2-endo 
178 247 
181 244 
174 251 
172 254 
178 235 
179 240 

C3'endo 
188 295 
179 295 
186 297 
176 286 
194 291 
193 290 

301 171 243 
301 173 242 
307 179 246 
306 179 247 
163 201 234 
168 191 233 

283 171 220 
275 176 228 
284 172 216 
290 174 235 
160 189 200 
160 187 200 

-42.4a 
-41.3 
-42.0 

-39.1 
- 38.9 

-41.0 

-41.3 
-40.5 
- 40.4 
-39.1 
- 38.6 
- 38.2 

*Minimum energy conformation. 
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TABLE V 
Energetically Favorable Conformers of d(TpA) with C3'-end0 and C2-end0 Sugars 

Energy 
'p 7, s Y 6 6 a ,8 ,y (kcal/mol) 

51.3 32.2 

357.0 30.0 
14.1 35.9 
17.5 31.5 

356.4 34.6 

155.5 42.9 
156.9 47.0 
160.5 36.4 
178.0 39.4 
176.4 34.6 

93.6 

100.6 
91.2 
94.3 
96.8 

135.8 
138.5 
136.0 
147.9 
139.5 

51 

65 
56 
56 
65 

58 
59 
61 

166 
163 

C3-endo 
190 271 

187 281 
183 288 
178 289 
186 285 

184 242 
179 245 
182 245 
183 226 
180 237 

C2-endo 

280 170 231 

279 172 245 
289 171 233 
287 176 242 
277 173 240 

297 169 248 
299 171 248 
292 173 252 
159 212 241 
166 204 240 

-44.1' 

-41.0 
-40.4 
-39.6 
-39.4 

-38.2 
-37.8 
- 38.2 
- 36.8 
- 36.7 

aMinimum energy conformation. 

with C2'-endo sugars by 3 kcal/moP1. Besides, these studies were not 
carried out in the framework of regular helical structures. In d(ApT), 
too, the trend of lower x values for conformers with C3'-endo sugars 
than in those with C2'-endo sugars is observed. 

As in d(CpG), the global minimum of d(TpA) has sugar pucker in 
the C3-endo region (Fig. 5). However, the glycosidic orientations in 
the two pyrimidine- purine sequences are different. For d(TpA), the 
global minimum has x equal to 231". Note that for both 3'-dTMP and 
5'dAMP, the C3'-endo anti conformational combination constitutes 
energetically favored arrangements. Hence, minimization of energy 
of d(TpA) in the anti range of x leads to a resultant value of x also 
in the anti range. 

A 

Fig. 4. Stereo pair of the global minimum conformation of d(ApT). 
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Fig. 5. Stereo pan of the global minimum conformation of d(ApT). 

Summarizing, the global minima of the purine-pyrimidine se- 
quences correspond to the (C2'-endo tg - ) helical domain, and those of 
the pyrimidine-purine sequences correspond to the (C3'-endo g- g - 1 
helical domain. For the former, a number of conformers with both C2- 
endo and C3'-endo sugar puckers lie within 5 kcal/mol of the global 
minimum. In the latter, the C2'-endo conformers are at least 5 kcal/ 
mol higher in energy than the global minimum. The calculations em- 
phasize the significance of sugar-ring flexibility and demonstrate the 
effect of base-base stacking interactions on the mononucleotide con- 
formations. For example, while the global minima of 3'-dGMP and 5'- 
dCMP, have respectively syn and anti orientations of the bases, in 
d(GpC), the global minimum has anti orientations of the bases. Also, 
in d(CpG), the global minimum has high-anti orientations of the bases 
(x - 260"). In contrast, the energetically most preferred conformers of 
3'-dCMP and 5'-dGMP have anti(- 210") and high-anti-syn (- 330") 
ranges of x, respectively, together with sugar puckers in the C3'-endo 
region. The salient features of these calculations are unlikely to be 
affected by the inclusion of anomeric effect, as they result from the 
properties of base-base stacking interactions. 

DISCUSSION AND CONCLUSION 

The present investigations have a few interesting implications for 
understanding polynucleotide helical structures found thus far by 
x-ray diffraction methods. Note that the global minimum conformation 
of d(GpC) corresponds to a right-handed helical structure with n and 
h values close to those of the conventional uniform helical forms such 
as A, B, and C (the helical parameters were evaluated following the 
method of Sugeta and M i y a z a ~ a ~ ~ ) .  Also, the low-anti conformers cor- 
respond to left-handed helical structures with the n and h values 
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similar to those of the right-handed structures. On the other hand, 
the global minimum conformer of d(CpG) corresponds to a left-handed 
helical structure with low h value (< 1 A) and high n values (-14). 
This is consistent with earlier model-building studies," which had 
indicated that double-helical polynucleotide models with high-anti ori- 
entations of the bases had large radii, which result from such small 
h values as 1 A. 

Conformers with C2'- endo sugars correspond to right-handed helical 
structures with n and h values close to those of the conventional 
uniform helical forms. Thus, both left- and right-handed base-stacking 
arrangements are possible for d(GpC) and d(CpG), with the proper 
choice of the base orientations, vindicating the earlier classification 
of double-helical structures in the X-space". Therefore, polynucleotides 
containing the sequence (...CGCGCG....) would tend to exhibit both 
right- and left-handed helical forms. However, this feature is in con- 
trast to that obtained by earlier investigations on base-base stacking 
interactions, which concluded that d(GpC) and d(CpG) could stack only 
in right- and left-handed helical senses, respectively.7.33.34 

The global minima of both d(ApT) and d(TpA) correspond to right- 
handed uniform helical structures with n and h values similar to 
those of the commonly occurring forms, while the secondary minima 
of these two compounds with low-anti orientations of the bases cor- 
respond to left-handed uniform helical structures. This implies that 
sequences of the type (...ATATAT....) would readily take up uniform 
right- and left-handed helical structures such as A, B, C, and D. Such 
structures could be built with both the C2'-endo and the C3'-endo 
sugar puckers. They would be respectively associated with ( tg - ) and 
(g - g - ) phosphodiester conformations, as pointed out How- 
ever, the right-handed form will be energetically favored over the left- 
handed form for polynucleotides containing large stretches of A and 
T bases. 

Thus, our studies on the dinucleoside monophosphates in the frame- 
work of uniform helical structures (with mononucleotide repeat) in- 
dicate that while the global minimum conformers of d(GpC), d(ApT), 
and d(TpA) tend to promote helical structures of the forms such as A, 
B, C, and D, that of d(CpG) tends to break or perturb such helical 
structures. Further, the significance of conformers that constitute sec- 
ondary minima is also demonstrated in the light of double-helical 
polynucleotide conformations. For example, the (C2'-endo anti) con- 
formational combination that is associated with the B-DNA structure 
is shown to be present in several synthetic polynucleotides, both in 
s0lution3~-39 and in In such structures, the energy differ- 
ences between the above conformational combination and the global 
minimum conformation of the dinucleoside monophosphates (in the 
framework of uniform helical structures) are compensated by other 
stabilizing interactions, such as hydrogen bonding (base-pairing), 
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stacking between adjacent base pairs, and crystal packing forces. The 
influence of such forces could be understood through conformational 
analysis of base-paired dinucleoside monophosphate moieties and their 
derivatives, which would throw further light on the structural aspects 
of base-paired double-helical polynucleotides of varying sequences. 
Such investigations are in progress in our laboratory and will be dis- 
cussed elsewhere. 
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