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Introduction: M-DNA

¢ M-DNA is investigated for serving as novel molecular nanowires.

The changes induced by metal incorporation could possibly confer metal-
based functionalities to DNA resulting e.g. in enhanced conductivity

¢ M-DNA is obtained from the complexation of one metal ion per
base pair

Model structures proposed by
Lee (a): Phys. Rev. Lett., 2001, 86, 3670
Fuentes-Cabrera (b): J. Phys. Chem. B, 2007, 111, 870




Which metal elements are most suitable to
perturb the electronic structure of DNA in a

profitable way for nanotechnology
applications?

Which kind of perturbations do the metals
induce? What is the effect on energy gaps?

Zn(ll), Ag(l), Cu(l) and Cu(ll)
iInvestigated cations

Brancolini, G.; Di Felice, R. J. Phys. Chem. B 2008, 112 (45), 14281




M-GC bp Optimized Structures
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¢ Ground-state properties: Density Functional Theory (DFT)
codes with localized basis sets. Gaussian03, NWCHEM

Tests on different xc functionals and basis sets for M-DNA

xc= B3LYP, PBEO, BHH

Std basis 6-311++G**: Cu(ll)- 8

Std basis 6-31G™*: Zn(II) u(l)-bp
Std basis 3-21G** 5d: Ag(l)- bp

+ Bulk solvent effects included through the PCM model in
Gaussian03

Brancolini, G.; Di Felice, R. J. Phys. Chem. B 2008, 112 (45), 14281



Structures HOMO - LUMO [SOMO - LUMO] gaps
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Structures HOMO - LUMO
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Widening of
excitation
gap in most
cases,
shrinking
only in Zn-
Imino case

Zn(ll)-imino
HOMO-5
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Electronic Structures:

Cu(l,Il) cations mostly contributes to the
hybridization of the frontier orbitals

Closed-shell Cu(l): HOMO-1

Open-shell Cu(ll) cations systems: SOMOs

Cu(l)-imino

Cu(ll)-imino Cu(ll)-lipsyn-2H,0

¢ The Singly Occupied Molecular Orbital (SOMO)
has the same character as the 3-LUMO and hosts
the unpaired electron

¢ The SOMO is likely to be the most reactive
orbital of those systems




Conclusions on M-DNA bps

Structure and electronic properties of metal modified GC bp have been
investigated by ab initio DFT method

Doping with Cu(ll) is both structurally/energetically feasible
(persistent planarity & strong hybridization of frontier orbitals)

Cu-modified GC complexes might be the best candidates
for nanowires with good conduction properties
and on-purpose modifications of DNA to detect local
electrical signals along the helix

In particular, due to the smallest HOMO-LUMO gap, Cu(ll)-N7
conformation may have enormous impact in practical applications




¢ x-DNA: design and syntesis of more conductive structures by
chemical modifications of nucleobases as an alternative way to go
beyond the limits of native-DNA

¢ x-DNA is obtained by the expansion of each natural base witha
benzene ring that is covalently bonded to the base and co-planar with it

Kool E. T. et al. \
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How is the aromatic enhancement reflected on the
electronic/optical properties ?

Varsano, D.; Garbesi, A.; Di Felice, R. J. Phys. Chem. B 2007, 111, 14012




Introduction: M-xDNA

Ag(l)
Cu(ll)

investigated
cations




M-xGC bp Optimized Structures

Cu(ll)-CxG-N7 Cu(ll)-CxG-N7 4H,0  Cu(ll)-CxG-imino

Ag(l)-CxG-N7 Ag(l)-CxG-N7 2H,0 Ag(l)-CxG-imino




In both natural and size-expanded bp pairs, Cu(ll) is the cation that mostly

reduces the HOMO-LUMO gap, and the effect of the solvent is small.

The effect of guanine Structures GAS GAS SOLVENT
expansion is larger in B3LYP PBEO B3LYP
Ag(l)-xGC than in
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Electronic Structure of Cu-complexes
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Results on M-xDNA

Aromatic base expansion favour Planarity:
planar models are more suitable for building antiparallel duplexes

¢ The effect of guanine expansion is larger in Ag(l)-xGC
complexes for what concern electronic levels shifts

¢ Cu-modified xGC complexes are the most promising
candidates for nanotecnology applications




Conclusions and Perspectives

¢ Cu(ll) mostly contributes to the hybridazation of the frontier
orbitals in both natural and size-expanded DNA base pairs.

+ Hybridization along with persistent planarity of Cu(ll)-complexes:

powerful tool to desigh modifications exploitable in applications

¢ General shrinking of the HOMO-LUMO gap also with Cu(l), Ag(l)

Next... l

1 ¢ Effects of stacking interactions
2 ¢ Modifications induced by the water solvent
3¢ Evaluation of transfer integrals

4 ¢ Effects of structural fluctuations



On-going work on M-DNA stacks

Electronic structures, HOMO-LUMO gaps

= Comparisons between different exchange-
correlation functionals (B3LYP, PBEO,
BHH) and basis sets crucial for base-pairs
including transition metals

= Effects of stacking interactions



Stability: Binding Energies (storage)
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