SUMMERY OF THE THESISWORK *

The phosphodiester backbone makes DNA or RNA to behave as polyelectrolyte, the
pentose sugar gives the flexibility, and the aglycones help in the self-assembly or the ligand-
binding process. The hydrogen bonding, stacking, stereoelectronics and hydration are few of
important non-covalent forces dictating the self-assembly of nucleic acids. The am of my
doctoral studies has been to explore the chemical nature of these non-covalent forces on the
model nucleic acid system using the tools of NMR spectroscopy and computational
chemistry.

The pH-dependent thermodynamics of mononucleosides-3',5'-bisphophate (Figure 1,
taking 1a — ¢ as a mimic of trinucleoside diphosphate, and 1d as their abasic counterpart for
comparison), clearly shows (Papers | and I1) that by changing the electronic character of
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Figure 1 Transmission of the free energy of the protonation . deprotonation equilibrium

of the 9-guaninyl drives the constituent sugar-phosphate conformations through
three consecutive stereoelectronic tunings: anomeric effect (noy — s crne

aglycone  through | o i ing), gauche effect (Scass = S cnow Orbital mixing) and O3-P3-O

protonation of | anomeric effect ["Ng2 (03 = S*ps-ofese Orbital mixing]. All orbitals are shown
by straight arrows. Smaller curved arrows show the preferred torsional
nucleobase, the | orientation (see Paper | for details), whereas the larger curved arrows indicate

. the mixing of donor and acceptor orbitals.
shift of North (N, J ®

C2-exo, C3-endo) ? South (S, C3-exo, C2-endo) pseudorotational equilibrium of the
constituent sugar moiety (in absence of intramolecular base-base stacking interaction) is

modulated by the interplay of stereoelectronic anomeric and gauche effects. This is further

transmitted to tune the sugar-phosphate backbone conformation (el ? e equilibrium) in

tandem as evident from pH-dependent cooperative shift of the (N,el) ? (Se") equilibriumin



nucleotides (Figure 2). However, this aglycone promoted conformational transmission across
the nucleotidyl wire depends upon the tunibility of aglycone (9-guaninyl > 9-adeninyl > 1-
cytosinyl), thereby showing the cooperative interplay of constituent pentofuranose,
nucleobase and phosphodiester moieties in controlling the intrinsic dynamics, hence the

function, of nucleic acids.
The 3-anthraniloyl adenosine (2c) and its 5-phosphate (2d) [a mimic of 3-temina
CCAon of the aminoacyl-tRNA™] binds to EF-Tu*GTP (Elongation Factor Tu complexes
b N NH, with Guanosine Triphospahte) in
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HaN thereby showing (Paper I11) that
A i S the 2'-endo sugar conformation is
(2b): R = OPOSH (e =0 a more suitable mimic of the

Figure3 transition state geometry than the

3-endo conformation in discriminating between correctly and incorrectly charged
aminoacyl-tRNA by EF-Tu. This stereoelectronics dependent recognition switch (-2.9 kJ
mol™) for EF-Tu binding is an important step, besides other recognition elements, during
protein synthesis. The preferential stabilization of 2-endo sugar conformation of 3-
anthraniloyl derivatives is further corroborated by the poorer transacylation of the

anthraniloyl moiety from 3 to 2'-position [DG° < 0 for stabilization of 3-isomers 2c and 2d

over 2-isomers 2a and 2b respectively: DG®42 2 = -1.2 kd mol™ and DG 2 29 = -1.7 kJ
mol™], which is cooperatively dictated by a balance of the tunable gauche effect of 2- or 3-
anthraniloyl substitution. Thus, 3-O-anthraniloyl adenosine derivatives have the potentia to
be useful asthe EF-Tu recognition mimicry.

The 2'-OH distinguishes RNA from DNA both functionally as well as structurally. The
NMR studies (Paper 1V) on the 2'-OH mediated hydrogen bonding and hydration pattern in
RNA at the nucleotide level showed (Figure 4): (i) The specific chemical nature of the
vicinal 3-substituent, geometrical factors like sugar pucker dependent spatial orientation of

2-OH (proximity towards O3) as well as the H-bond angle (non-linearity of /O-H O



induced by attached sugar pucker) contribute to the overall strength of the weak non-linear
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Figure 4. The 2-OH mediated intramolecular H-bonding in adenosine (3) and
adenosine 3'-ethylphosphate (4) [both predominantly with S-type sugar
conformation] as calculated from *H NMR in DM SO-ds (with 2 mol% water)
and NMR-constrained ab initio calculations. The torsion angles [(F ; (H2'-C2-
02-H) and F, (H3-C3-03-H for 3 and C4-C3-03-P for 4), the curved
arrows show the rotation across the bond] at global minima of the NMR-
constrained ab initio geometry optimization for *Jyz o4 = 4.1 Hz and 3Jyg o1 =
6.1 Hz for 3 as well as )2 04 = 4.5 Hz for 4. The H-bond distance (ds.

oH...08): 1.987 Ain 3and 1.973 A in 4 as well as hydrogen bond angle (/O-
H~0): 118.62° in 3 and 120.87° in 4.

intramolecular H-
bonding (O-H2"0O3)
in adenosine (3) and
adenosine 3-
ethylphospahte  (4).
(i) The presence of
hydrophilic 3-
phosphate group in 4
compared to the 3-
OH in 3 causes a
much higher water
activity in the vicinity
of 2-OH (i.e. shorter

exchange life time of 2'-hydroxyl proton with bound water, t) in the former (t>.on = 489 ms)

compared to the latter (t2.on = 6897 ms). Thus, the exposure of vicinal phosphate to the bulk

water determines the overall availability of the bound water around its vicinal 2'-OH, thereby

dictating the relative propensity of other inter- or intramolecular interactions.
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Figure 5. Nicotinamide derivatives (5 and 6) used in NMR
and ab intito studies. The small arrow indicates possible
rotational torsions. The pK, values of pydinium moiety as
measured from all assigned marker protons by pH-dependent
'H NMR titration.
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shows (Paper V) the experimental
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pyridine-nitrogen (DpKa ~0.4, becoming more basic). The methyl protons of the linker 2,2-



dimethyloxazolidine moiety in 5 (but not in absence of neighboring phenyl group asin 6) is
involved with CH (methyl)-p (phenyl) interaction (-0.8 kJ mol™), showing the electronically
coupled nature of the pyridine-phenyl-methyl system. This edge-to-face electrostatic
interaction between pyridinium and neighboring phenyl moiety is further supported by the T,
relaxation studies and ab initio calculations.

The pH-dependent NMR studies of single stranded (ss) di-ribonucleotides (7a — f,
Figure 6) demonstrates that pK, of the ionized nucleobase can also be measured from the

aromatic marker protons of the neighboring nucleobase in a electronically-coupled p system
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Figure 6

via intramolecular offset stacking [Paper VI]. Similar studies with single stranded tri-
ribonucleotides (8a and 8b, Figure 6) show [Paper VII] that this electrostatic nearest-
neighbor interaction propagates over ~6.8A in a step-wise manner [from first to third
nucleobase viathe second, i.e. G = A = A (or C)]. The further pH-dependent NMR studies
of oligo-ssRNAs (9a — ¢, Figure 6) and oligo-ssDNAs (10a — ¢, Figure 6) with single
ionization of 5-(9-guaninyl) over a particular pH range titration show (Papers VII1 and I X)
that the propagation of the interplay of nearest-neighbor electrostatic interactions (Figure 7)
across the hexameric ssDNA chain is considerably less favourable (NMR detectable
effectively up to the fourth nucleobase) compared to that of the isosequentia ssSRNA (NMR
detectable up to the sixth nucleobase residue). It therefore shows that the stacking is more



easily perturbed in ssRNAS, upon the generation of 9-guanylate ion, compared to those in
isosequential sSDNAs. Moreover, the pseudoaromatic character of the nucleobases in sSDNA
is much less tunable compared to those in sSRNA. Each nucleobase across the oligomeric
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Figure 7. A schematic representation of the nearest-neighbor electrostatic interaction in hexameric ssSRNA
(9c), showing the pK, perturbation of 9-guaninyl by the local microenvironment as well as demonstrating
the nearest neighbor electrostatic interactions across the single stand.

single strand is engaged through a cascade of variable nearest neighbor electrostatic
interactions, thereby cross-modulating each others pseudoaromatic character. This results
into the creation of a unique set of aglycones in an oligo or polynucleotide, whose physico-
chemical properties are completely dependent upon the propensity and geometry of the
nearest neighbor stacking interactions.

The dissection of relative strength of basepairing vis-a-vis stacking in a duplex shows
(Paper X) that stability of DNA-DNA duplex weakens over the corresponding RNA-RNA
duplexes with the increasing content of A-T base pairs, while the srength of stacking of A-T
rich DNA-DNA duplex increases in comparison with A-U rich sequence in RNA-RNA

duplexes.

*Full text is available at http://www.boc.uu.se/bocl4www/res proj/List of thesis.html
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