My current projects i general

* RN\ aptamers: elassical MD studies
(P docking, semiempiracal ()
* Arthrits protems: classical M studues
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Molecular Modelling of Nucleic Acids:
How Quantum Chemistry Might Help

* Frontier orbitals m DA

- Nature of excrted states m DNA
- Nature of disorder m DNA

E Starikov, Sevilla 2005




Molecular Modelling of Nucleic Acids:
How Quantum Chemistry Might Help

* Electron-phonon eouplng m DNA

*DNA doping
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Molecular Modelling of Nucleic Acids:
How Quantum Chemistry Might Help

General amm:

Relatonship hetween
DNA electromie structure
and 1ts propertles
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Molecular Modelling of Nucleic Acids:
How Quantum Chemistry Might Help

Methods

Extended Huckel: YAeHMOP

Semiempirical: MOPAC (PM3-CI)

Hartree-Fock ab initio: GAUSSIAN-98,
GAMESS-US
DFT: FIREBALL

E Starikov, Sevilla 2005 5



FIREBALL

Authors: Prof. O.F. Sankey, Prof. J.P. Lewis et. al.

2 Main Features:

-Kohn-Sham functional -> Harris-Foulkes
functional (faster achievement of self-consistency)

-One-electron Schrodinger equation in terms of
slightly excited atomic orbitals (,,fireballs)

> N- scalmg mstead of conventional 1\T5 sca.hng

E Starikov, Sevilla 2005
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Poly(dA) poly(dT) density of staes

D¥A +
Water +

\a cations.
rue o) erystal,
s == aondl ik
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DNA DISORDER

sMarriage
between FIREBALL and classical MD

System under study:
poly (dA) 10-poly (dT) 0

With water of hydration, but without
counterions

E Starikov, Sevilla 2005
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Disordered,

after 2 ns MD:
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From a particular state v,
Mulliken population p;(v) on atom i,
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S(v) = —ZF’EW} In p;(v).

(Juantilymg

Blue-Periodic, E = 1.1 ¢V
Red-albsh DL, E = 1.7V

Disorder
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Dynamical | »es|

BASE® ¢
BASES & 44

allenuation =

| 1 il
BASE 6 ! 1 Of
BASES Hal| 1N Rl ' il 4

st LI | tounterion

BASEL }

coupling 1 valer

TIME (0.5ps)

Y e e b CIVIEONMIEN

i one sirand of the DNA. The HOMO 15

e
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Electron-phonon couplng 1n DA

H=H4g+ H,;,

HIJ _Z 'Eh 'rﬂ.|? ]':1“. | [:-E':lf'u | T &y . |

[ghi bmdmg [or electrons,

Imear harmomc am)romma 101 for Vlbm {1ons




Electron-phonon couplng 1n DA

‘L —
<qy = =]

lrlluﬂ [ - 1:.'!'1 - (dyy, 1) -

dpn n-1 - thanges m lo
rn - thanges m Ro due (o H-hond stretching
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Electron-phonon couplng 1n DA

poly(dA)-poly(dT)

k= 0.0778017eV/ A and a = 0.053835 A",
- The helical twist and pitch dynamics is not so strongly coupled

to electron degrees of freedom, as compared to the Watson-Crick
H-bonds stretching.

- The coupling coefficients for the latter one to on-site electron
energies in poly(dA)-poly(dT) and poly(dG)-poly(dC) are of the
same absolute value, but with opposite signs.

- The coupling coefficient for the latter one to electron-hopping
matrix elements in poly(dA)-poly(dT) is one order of magnitude
less than that in poly(dG)-poly(dC).

poly (dG )-poly(dC)

k= —-0.000325¢eV/ A and a = 0.383333 A~

E Starikov, Sevilla 2005 24
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Electron-phonon couplng 1n DA

- POLY(DA)-POLY(DT) POLARON IS
LESS LOCALEZED THAN THATIN
POLY(DG)-POLY(DC).

- POLARON DEFORMATIONS IN
POLY(DA)-POLY(DT): H-BOND
CONTRACTIONS, IN POLY(DG)-POLY(DC)
THEY ARE H-BOND STRETCHINGS.

- GENERALLY, POLY(DA)-POLY(DT)IS
POSSESSED OF WORSE POLARON
CONDUCTIVE PROPERTIES THAN

E Starikov, Sevilla 2005
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Electron-electron correlations m DNA
oS wi -5 @ a +as ) KL Hubbard
UG iy +gng) anultonzan

Y
FuF"

+X Z (a,,8;, +a5,a . )n _ +1,
iF

i

L —F

Unly one frontrer
orbical per molecular
2 43 1118 ASStm

W ; . :

+ ?Z (A0 0y Qyp T Ay a0 A o)

T Z e DNPs Y D P s Bt; DY, D gy

e

E Starikov, Sevilla 2005 27



- Electron elctron corvelaions n DV
Boch A and B DN confommations®




Electeon-electron correlations m DNA
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(a) E} —E' =4h+2U+4V - 2W
() E —E' =3h+U+2V —W —(t—2X)
(¢) E}=E} =3h+U+2V-W +(t-2X)

) o U-V-JU-F)+16(—X)

2

(e) E; —E} =2h+U-W

U-VA44(U-V)+16(t—X)

(f) E;—E'=2h+V+W+ -
(g) Ei—E}'=2h+V-W

(h) E; —E'=h—t

(i) E; —E! =h+t

4'.._, £y g -_,..|_,| §
ES is set to the zero of energy.
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Electeon-electron correlations m DNA

Holes: is lower for GC/GC than for AT/AT. Fis almost
(he same. There 1s sigmificant conformation dependence for /i

i/
fxcess electrons: s negative ! The /values m

(/60 are extremely low. Fis almost the same as for the holes.




AT/AT Bform,
Uy m the major

and water m
the mimor
r0ve




i/ GC, B-form,
b hoth n the
minor and
he major
OrO0ve




DA docking: ATAT, no molecular oxygen
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DNA dockmg: ATAT, no molecular oxyzen
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DNA dockimg: ATAT, molecular oxygen
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DNA dockimg: ATAT, oxyeen and water

k3
@
3
>
&
3
>
&
3
>
@
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3

E Starikov, Sevilla 2005

e

37



DNA dockmo: ATAT, oxyeen and water
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doeking: GG no moleeular oxyeen
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ocking: GU6C. no molecular oxyeen
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DNA dockimg: GUGL, Uy m mimor groove

k3
@
3
>
&
3
>
&
3
>
@
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3
%
&
3

Ry

COEL i T
L
e dn L

E Starikov, Sevilla 2005

e

42



A dockig: GCGL, Oy in major groove
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DNA dockimg: UG, Uy major groove
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DNA dockimg: UG, U, the both grooves
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DNA dockimg: UG, U, the both grooves
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Future prospects

* Base parr sequence effecls
* Longer DA [ragments
* Ab mitio O vs. sememprrical

E Starikov, Sevilla 2005
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