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Annotation

An accurate knowledge ofC and >N chemical shift anisotropy (CSA) in nucleotides is
important for the interpretation of solution-st&d®R data in terms of local dynamic properties
of DNA and RNA. It allows structural analysis oblogically important nucleic acid motifs
such as Z-DNA, DNA triplexes and quadruplexes,mrawal DNA duplex and hairpin motifs. A
DFT-based computational approach was applied tmexthe information about CSA tensor
values for carbon and nitrogen atoms in DNA nuctEs under different nucleoside
conformations (glycosidic torsion ang{eand sugar pucker). Our calculations have revethiad
not only sugar carbons and nitrogen atoms invoivedlycosidic bond but also C6 atom in
pyrimidines and C8 atom in purines are stronglyeshejent ony. In the case the information
would not be included into the structure determaomait could lead to errors. On the other hand,
this dependence may be very useful for determipmeferred glycosidic bond conformations.
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Abdract  Density functional theory was emploved o
swdy the dependence of "'C und "N magnetic shiclding
tensors on the glyeosidic torsion angle (7 and conformation
of the sugar ring in 2 -deoxyadenosine, X-deos yguammsine,
Fedeoxyoyudine, and 2 -deoxythymidine, In general, the
magnitic shielhng of the glyeosilie nitrogens ansd the sugar
carbans wos found o depend on bodb the conformation of
the sugar ring and g Our calculstbms incicote that the
magnetic shielding anisotropy of the O atom in pyrimidine
and the CF atem in puring bases depemls sengly on p. The
remmaining basé carbuans were fowsd to be isensitive fo both
sugar pocker and g re-onentation. These resulis call into
qquestion the underlyving pssumptions of currenily estab-
lished methls for imerpreting  ressdual  clemacal  shift
anisafropies amd PO aml UM aubo- and crossoorelated
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relaxation rates and highlight possitle Hmitaaons of DNA
apphcations of ihese methisds.
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lutrodwction

Knowledge of the magnitde and orientation of "'C and "N
magnetic shieldeng (M3 Wehemecal shaft (C5) lemsors i DNA
aml RMNA nockosidea {5 esential for the inerpreianon of
MME rnelnxation diatn aned for the analysisof residul chenical
shift amsotropy (RUSA) resulong from weak alignment
{Akke e ol 1997; Bodsbouvier et al. 2008, Duchardt et al,
20k Duchanlt and Schwalbe 2005; Forser of al, 2005
CGrrishaev et al, 2006; Hansen amd  Al-Hashimi 200
Bovedronathan e of, 2003, Rovindronathan of al, 2005
Schofberper et ul. 2006; Shajani and Vamni 2007; Sychrov-
sky et al, 2005; Trantinek et al, 207, Large chemical shifi
anisotropies (CSA) of C amd "N nuclei in nucleic acids
have been found usetul for constraming heses nelative o he
mobocular wlignment tensor { Grishaey et al. 2006; Hanscn and
Al-Haoshing 20061, glvoosidic torsion angle (Duchard i ul,
2Oy, sugar ning comformeation { Bodshouvier et ol 20000, and
the evaloation of conformations] dynamics aoand 3 glyco-
sidic boml (Ravindransiban et al 2003). Uniil quite recently,
the only wvailable experimental alatn on the 'C oamd "N
CHetensod nuagnitude and onentation in nuckeic acwds ongi-
neatedd from soBid-stute MMRB measurenents and were lonited
1o modlel compounds sch os nockeic acid bewes (Ha ef al,
1EIEh o mecleosides (Snwbher and Grand X025,

Ina recent repoet, Drachardt and Schwalbe simublancously
amnfyzed relnxatien measurements for all pefomicd bae
corbons m the nucleosides of @ small RMA haimpan, using
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Abstrakt

Tenzory magnetického stini atomi °C a >N v molekulach 2leoxyadenosinu,
2'deoxyguanosinu, '@eoxycytidinu a 2leoxytymidinu byly sp&itany pomoci metody DFT
(Density Functional Theory) v zavislosti na oriemtalykosidického torzniho uUhluxf a
konformaci cukerného kruhu. Nedavno bylo prokazaeonagnetické sténi dusiki, které jsou
zapojeny do glykosidické vazby, a ulilika cukerném kruhu seémi podle konformace cukru a
torzniho dhlux. NaSe vypéty ukazaly, Ze také tenzor magnetického &tinatont C6 u
pyrimidind a C8 u purif je silns zavisly nax. Ostatni uhlikové atomy leZici na bazi nukleosidu
zastavaji orientaci cukru a reorientaci glykosidiakétorzniho Uhlux neovlivrény. Tyto
vysledky ale nazraji, Ze gedpoklady, které byly do této doby pouzivany prterpretaci
rezidualnich postinchemické anizotropie (residual chemical shift ammispies) a°C a'*N auto-

a cros- korelovanych relas@ich rychlosti (auto- and cross-correlated relaxatiates) nemaji
absolutni platnost a ukazuji mozné limitagehto metod pro DNA aplikace.



