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Introduction

DFT calculations on hydrogen-bonded
dimer complexes between the
complementary DNA bases adenine and
thymine

Total of 12 possible dimer conformations

containing an N-H-N hydrogen bond between
the bases




What everyone knows about DNA:

Double helix structure

each strand consisting of sugar-phosphate backbone
covalently bonded to purine and pyrimidine bases

Complementary bases (one purine, one

pyrimidine) from each strand linked via hydrogen
ponds

—avored base-pairing Is adenine:thymine and
cytosine:guanine

with structures exhibiting Watson-Crick geometry
(deduced from X-ray data of Rosalind Franklin)




What not everyone knows about DNA:

Several forms of DNA exist which do not exhibit
Watson-Crick pairing (e.g. left-handed Z-DNA).

However, the Watson-Crick form (B-DNA) is favored
under biological conditions

Various kinds of mispairing can occur

Early studies on the binary crystal formed
between 9-methyladenine and 1-methylthymine
(the Hoogsteen dimer) showed non-Watson-Crick
pairing to be preferred in this system

Preferred relative orientation (as well as degree of
orotonation, etc.) are dependent on seguence,
solvent, ionic strength, pH, etc.




Strategy

“*Standard” hybrid DFT method B3LYP/6-31G(d)

No special treatment of H-bonded H (extra basis
functions)

Focus on AT only in the first instance

Energy minimization + (harmonic) frequency
calculations + (some) H-bond scans

Calculations (G03) using WebMO Iinterface
carried out on Apple Macintosh G4 dual 1.5 GHz

Typical optimization + frequency calculation took ~72
CPU hours




Geometries
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Potential Energy Surface Scan
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PES Scan Animation




Calculated Vibrational Spectra
Thymine




Calculated Vibrational Spectra
Thymine




Calculated Vibrational Spectra
Watson-Crick

3037 cm!




Calculated Vibrational Spectra
Watson-Crick

N-H bonds: ~ 3600 cm
|

oo
Energy (cm*-1)




Calculated Vibrational Spectra
| Xa
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3257 cm!




Calculated Vibrational Spectra

IXa

N-H bonds: ~:|%6OO cm




Results and Conclusions

Among previously known structures, Watson-Crick is not
lowest in energy
“Non-biological” structure lowest in energy overall

Non-biological geometries of the AT base pair may be
critical in the interpretation of laboratory studies in solution
or the gas phase

PES scans — differences between N-H bond energy curve
of isolated thymine and AT base pair

Significant differences between computed A and T
monomer vibrational spectra and the spectra of the H-
bonded pairs

May be useful spectroscopic signatures for H-bonding frequencies
(frequency downshifts and enhanced intensities)




Future work

Carry out infrared spectroscopy on nonagqueous
solutions of A and T and their deuterated analogues

to search for H-bonding signatures

Further computational investigations of bond
anharmonicity to obtain more precise predictions of
vibrational frequencies







Relevant literature studies

Hayashi and Mukamel (Israel J. Chem. 44 (2004) 185) consider
Infrared signatures of proton transfer in AT and CG tautomers,
but (i) focus on proton transfer from the NH, group of adenine in
an aqueous environment (using SCRF calculations) and (ii)
consider only the WC relative conformations.

Plitzer et al. (ChemPhysChem 4 (2003) 838) carried out R2PI
spectroscopy on a jet of A and T and observed redshifted signals
attributed to H-bonding; they carried out HF/6-31G(d,p)
calculations on a subset (7 of the possible 12) dimer clusters and
concluded that the WC geometry was not responsible for the
signals observed.

Earlier studies (primarily Hartree-Fock) on DNA base pairs
Including four geometries of AT (Watson-Crick, reverse Watson-
Crick, Hoogsteen, reverse Hoogsteen) are summarized in the
review by Hobza and Sponer (Chem. Rev. 99 (1999) 3247).

We are not aware of any complete investigations of all relative
conformations of AT in the literature.
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Biological Conformations




Energy Energy (kJ/mol)
Conformer # (Hartrees) [relative to VIII]
Xl -921.485415715 0
IX -921.481641674 9.91
X -921.479840062 14.64
Xa -921.473153982 32.19
IXa -921.470552087 39.02
Xla -921.470366108 39.51




