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1, Introdnetion

The mononucleotide is the fundamenial building
block of 2 polynucleotide {1] and information re-
garding the backbone conformational behaviour of a
polynucleotide can be obtained by investigating the
backbone conformational features of a monomer. In
the present paper we have examined the conformation
of fourteen different 5" mononucleotides in D,O and
have shown (i) the nature of the base has a profound
influence on the conformation of the exocyclic link-
age; {i1) a definite correlation exisis between the
population distzibution of the conformers confined
1o the C(8")-C(5") and C(5)—0(5") bonds; and {ii1)
the conformer having the major population in solution
is the one shown to be favored by the molecule in
crysials.

2. Materials and methods -

Spectra of the nucleotides {commercial producis)
0.1 M, pD 8.0, 30°, in D, 0O were obtained using either
a 220 MHz, continuous wave or a 100 MHz, fast
Fourier transform system. Details for obtaining Fourier
transformed spectra are discussed by Sarma and
Mynott [2]. Spectra were recorded using 16K trans-
form both with coupling to the 31P of the phosphate
and with 31P decoupling and were analysed using the
fcompuiex program LAME. Computer simulated spec-
_Wra 'were generated as a ﬁna'l 1est of the derived dat'a,
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3. Resnlis and discussion

We have shown earlier 3, 4] that ihe favored orien-
tation about C(4")—C{5") and C{5")—0(5 )b@mds
{fig. 1) of a nucleotide can be compuied by eqys.
{1) and (2).

* Equation (1) is modified slightly from {2, 3].
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- Fig. 1. {2) The classical rotamess sonsirained 1o C{&°)—CI57)
bond. (b) The rotamers constrained 1o C{5°)—0{5") bond.
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where Pgg and Pg'g’ are respectively the fractional
populations of the gg (I} and ¢'g’ rotamers (IV); T
and T’ are respectively Jp g + Iy 50 and Jp_gy4s) +
TP 57 _

In fig. 2 the =, =’ conpling constant sums and the
derived Pgg and Pg'g’ values are plotted in ihe form
of a two dimensional mzp. Examination of fig, 2
shows that in the case of 5’ nucleotides there is a ten-
dency for the simmltaneous decrease in Pgg and Pg'y’
values, sirongly indicating that the rotational prefer-
ences about C{4")—C(5") and C(5")—0O(5") are not
indspendent. The data suggest that g't’ and 1'g’ rota-
mers are virtually excluded when the molecule as-
sumes the gg orientation and that when it assumes
the gt, or tg, conformation occupation of g's’ is no
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Fig. 2. Plot of T vs E'; also shown are the gg 2nd g'g’ popula-
tions. We have not included the £ and £’ values for 5° OMP
in the figure because the experimentally observed values

(1322 and 1622) do mot have the accuracy of x 0.1 Hz zeported

for the collection of molecules in the figure.
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longer necessary and the moleculz is allowed to populate
the g't and t'g rotamers. The data further indicate
that even when the molecule has rotated ont of the

3 form entirely, the g'g’ rotamer is still significantly
populated (see the position of 5’UMP, and that of
6-aza5"UMP in fig. 2). Examination of space-filling
models indicate that when any 5’ nucleotide is rotated
into its pg form, unfavorable close contact interactions
between the phosphoryl oxygens and the furanose and
the base are introduced by rotation into the g't’ or
t'g’ conformers. The crowding of atoms becomes par-
ticularly severe in the case of 5’-OMP which has T and
T’ values of 1322 and 1642 indicatinga gg and gg’
population of 100 and 45%, respectively **. If one
rotates a 5'-nmucleotide into sither the gt or tg form
potential hindrance from the base to the rotation
about C{5")—0(5") is removed and that by the furanose
substituants becomes less severs. However, it shonld
be noted that the £’ map indicates that when the
nucleotide assumes an exclusive tg or gt conformation,
the dominant conformer constrained to C{5)—0{3"
is still g'p’. If the molecule is 't or t'g’ coupled with
gt or tg varions combinations of unfavorable close
contacts involving the phosphate and H{4"), O{1"),
H(3") and OH(3") are introduced juring the conrse
of the librational motion about C{5")—0(5").

These correlations which we have derived from so-
lution NMR datz and the £’ map are in eminent
agreement with the X-ray studies on common 5’
nucleotides, UpA, RNA end DNA, 21t which show an
exclusive preference for gz and g'g’ orientation
[5—10). Our conclasion from the solution =X’ map
that when the nucleotide occnpiesa gt or ig conforma-
tion, the dominunt conformer about C(53")-0(3" is
still g'g’ is also borne out by X-ray data [10].

Consideration of electronic properties along with
steric interaction arguments enable us 1o rationalize
the relative positions of B-NMN{B-nicotinamide-5-

** Byidence has been presented [17) thatorotidine; the
parent nucleoside, favors the syn conformation in which
the 2-keto oxygen of the base lies above the furanose in
juxtaposition to the 5' position and in a1 likelihood this
is 50 in 5-OMP as well. Even if the molecnles were to as-
sume the anti conformations, ¥'g’ and £t rotamers are ex-
pected to be completely depopulated if the molecule is gg
since the proximity of the large, and negatively charped

. garboxyl group should destabilize 't’, ¥g’ even mors ef-
fectively in a g orientation. ,
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monomicleotide, VII), B-NMNH {reduced B-NMN,
VIII), and 6-aza-5-UMP in the ZZ” map. f-NMN car-
ries a formal positive charge which is expeeteﬁ to
exert an atiractive force on the CH30P03 ETOUP.
Amn glectrostiatic base-backbone attraction stabilizes,
the sterically favored, gg, ¢'g’ conformer and as such
S-NMN appears near the gg, 8'g extreme of the map.
In fact, 31P NMR [12—13] studies have confirmed
the proposed slectrostatic interactions in §-NMN. In
the case of the réeduced pyridine mononucleotide
B-NMNH, VIil, the gg conformer depopulates com-
pared to BNMN. This depopulation is due to the loss
of gg stabilization by the slectrostatic atiraction pre-
sent in SFNMN as well as due to the repulsion inierac-
tion between the lone pair of electrons on the dihy-
dropyritine moiety and the backbone negative charges
on the exocyclic linkage. On similar grounds we find
i1 reastnable to predict that the 7-methyl derivatives
of 5’IMP z2nd 5"GMP (formal + charge on the imide-
zole moiety) will show a marked increase in the gg,
g2 population compared 1o their nonslkylated
counterparts. It is our belief that the. properties of the
base account for the lowered gg, g's’ population of
6-aza-5"-UMP and 5"UMP. Proton magnetic resonance
and X-ray data [3,4, 10] show that 6-aza-5-UMP pre-
fers the anti-conformation in which the &-aza niirogen
of the base lies above the furanose ring. Since, theore-
tical caleulations [14,15] indicate that this aza nitro-
gen is an electron rich center, then the apparent at-
feruated probability of the gg, g’g’ conformation-is
nndersiood iF an electrosiatic repulsion between bass
#nd CHQ*DPD moieties are postulated. For 5-OMP
# Sirnilar : mierp:retatmn based on repulsion of the
CHy 0P03 group by the unshared pairs on the 2-keto
oxygen {as well as steric crowding) can be provided
for the low gg, g'e’ populations.

The remainder of the molecules include nuclsotides
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commonly found in DNA and RNA and fall in the
mid range of T’ map and show only slight variations
in the gg g'g populations. This is not serprising since
none of the bases carry fonmnal charges or bulky sub-
stituents at the oriho position to precipitate steric
crowding, Comparison of the purine and pyrimidine,
the rboside an. deoxyriboside, the bromo and the
nonbromo-nucleotides indicate some variations in the
gg g's’ populations. Even though these variations are
small, they are ontside any experimenial error. It may
be noted that 211 thess intermediate poinis are con-
1ained in an area where the observed Pgg values lies
between 4075 and that of Pg'g’ between 75—85%.
The variation in these values amnong 5UMP, 5'CMP
orn the ong hand and among 5’ AMP, 5’ADP, 5'TMP
and 5'GMP, on the other, is very small indeed.

The ability of the base tc precipiiate backbone
contormational aberrations may play an imporiant
role in determining the overall geometry about the
loop region of tRNA. The interdependence of the
populations of the conformers aboui C{4 )—CL{5") and
C{5")—0(5") bonds may be able {0 give insigat into
the conformational events which accompany un-
winding of polynuclentides.

Acknowlelgements

This research was supported by granis from the
MNational Cancer Instilite of NIH, USA (CA12462.02),
the National Science Foundation {GB 28015, GP
28061) and National Research Council of Canada
{A%434) z.ud the Research Corporation of New York.

- We thank Dr. Arthur A. Grey, Canadian 220 MHz

NMR Center, Sheriden Park, Ontario for the 220 MHz
Specira.



Volume 34, number 2

References

f13 ‘Suhdamlin;gém, M., Proceedings, International Symposivm )

on the Conformations of Biological Moelecales and Poly-
mers-Symposia on Qnantum Chemistry and Biochemistry,

Vol. V {Bergmann, E.D. and Puliman, B., eds.) Academic

Press, in press.

[2) Sarmsa, R.H. and Mynott, R.3. {1973} J. Am. Chem, Soc.
95, 1641,

- [31 Hruska, F.E., Wood, D.J., Mynoti, R.J. and Sa:msa, R H

{1573) FEBS Letters 31, 153.

[4} Wood, D.J., Hruska, F.E., Mynott, R.J. and Sarma, R.H.
{1973) Can, J. Chem., in press

153 Arnott, 8. and Hukins, DLW.L. {1969) Natore 224, 886.

61 Arnon, 8., Dover, 8.D. and Wonacott, A.J. {1969) Acta
Crystallogr. B25, 2192,

326

FEBS LETTERS

Angust 1973

{71 Sundaralingam, M. {1969) Biopolymess 7, 821.
1‘8] Rubin, 3., Brennan, T. and Sunﬂmalmvam, M. {1973)
Biochemistry 11, 297.
{93 Rich, A., Davis; D.R., Crick, F.H.C. aand W:atson 1.D.
{1961) I Mol. Biol, 3; 71.
110} Saengez, W. and Suck, I. {1973) Nature in press.
1117 Sarma, R.H. and Mynott, R.1 (1 972) Org. \dagnenc.
Res, 4, 577.
112} Blumenstein, M. and Raftery, M.A. {1972) Biochem-~
istry, 11, 1643, ) )
{13} Sarma, R.H. and Mynoti, R.3. (1972) Symposia On
- Quantum Chemistry and Biorthemistry {Berzgmann, E.D,
and Pollman, B., eds.) Vol V, Academic Press, in press,
[14] Pullman, B. an¢ Pollman, A., Quantom Biochemistry,
pp. 714, 832, Interscience, New York. -
{13} Saenger. W. and Suck, D., manuscript in preparation.
116] Hroska, F.E. {1971) 3. Am. Chem. Sor. 93, 1795,




