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We examine the tight-binding parameters pertinerdharge transfer along DNA. Themolecular structure of
the four DNA bases, adenine (A), thymine (T), cites(C), and guanine (G), is investigated withia timear
combination of atomic orbitals approach, using eently introduced parametrization [1,2]. The HOM@da
LUMO wavefunctions and energies of DNA bases ae@ tised for calculating the corresponding wavefanst
of the two B-DNA base-pairs, adenine-thymine (Aa)d guanine-cytosine (G-C). These results are fored
estimating charge transfer parameters between Ingigly bases and also between successive base-pairs
considering all possible combinations between tfiginThe calculated microscopic quantities can beduin
mesoscopic theoretical models of electron or hdesfer along the DNA double helix, as they provide
parameters for a tight-binding phenomenologicalcdpon based on ther molecular overlap [3,4]. The
obtained results for the HOMO and LUMO base energie in good agreement with experimental values.

A tight-binding description of a single carrier €etron or hole) is obtained assuming that a haleets
through HOMOs and an electron through LUMOs. Sudeescription may be either at the base-pair levelt @
single-base level. In the former case charge tearisfconsidered to occur between successive wseqf the
DNA. The HOMO/LUMO (H/L) base-pair wavefunctionsagiven through

V()= 30" ) W

where the sum is extended over N :atoms (contributing P, electrons) of the whole base-peN €18 for A-T
base-pairs anN =19 for G-C). The time-dependent wavefunction efwhole DNA molecule is written as

PN t)= ZA PO (r ), @)

with the sum extended over all base-pairs of theAD;Ngment under consideration. The time evolutibthe
DNA

coefficients Aa( ) is obtained through time-dependent Schrodingeatoui’ dFtHL =H DNA‘PF[.),Nf Following

standard assumptions one obtains the followingegysif equations [3]:

dA,
ih—* at EEP/(E)A + tﬁp/(fl lA/l 1t tap/flﬂ)A/m , (3

where EX is the HOMO/LUMO energy of the corresponding bpa@; while the hopping paramet(tap/L are
obtained through

zp/i). ZZCH/L* CH/L (4)

i=1 j=1
The matrix elementVij are given by the Slater-Koster expression [5]

V, =V, sin*¢+V, cos¢ (5)
where ¢ is the angle formed by the line connecting atoraad j and the base-pair plane. The intermolecular

matrix element:Vees and Ve are provided by approximate exponentially decagrgressions [6,7].
The tight-binding description at the single-basesleconsiders charge transfer between neighborasgh
Here the starting point is the molecular singlesgtn HOMO or LUMO wavefunction for the bases

‘PS/L(r):ZCi p,(r) , (6)



where the sum is now extended over N eatoms of the base, that contrib P, electrons N =11 for G, N =10
for A, and N =8 for C and T). In this case the time-dependentaftanction of DNA is

PR (r)= 2 [AL(1) P+ B ) ¥EEA(M)] @)
A

. . . . . b(A,1 b(4,2
where A denotes base-pairs and the sum is again oveuadessive base-pairs of DN“PH(,L), ‘PH(,L ) are

HOMO/LUMO wavefunctions of bases located at the @mgl the other DNA strands, respectively. The
corresponding tight-binding equations for the tidependent coefficients in Eq. (7) read
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Here Ei/. are base HOMO/LUMO energies and the hopping palermta or t} are inter-base transfer
integrals of the following form

N, N,
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with Vi given from Eq. (5).
We have calculated all the tight-binding parametgngearing in Egs. (3) or (8), for both electrond holes,
and for all possible combinations of neighboringdspairs or bases, respectively [3]. As an exanidble 1

below shows the hopping parameitap/L of Eq. (3), for all combinations between successiase-pairs.

Base-pair sequence tﬁp (me\/) tED (me\/)
AATT -8 -29
AT 20 0.5
AG, CT -5 3
AC, GT 2 32
TA 47 2
TG, CA -4 17
TC, GA -79 -1
GG, CC -62 20
GC 1 -10
CG -44 -8

Table 1. Transfer parameters between successive baseXpaifrst column) given in the direction 5’-3’. Theotation XY
denotes successive base-pairs Xaiementary@Nd Y-Yeompiementany Where the one DNA strand contains the XY basethen

L . . . b

direction 5’-XY-3’, while the complementary strangl 3'-X omplementary complementary® - Hole hopping parametel'[Hp are
. . bp . .

shown in second column and electron hopping paltalstLp in third column.

[1] Hawke L.G.D., Kalosakas G., Simserides@q|. Phys. (2009) in press. (arXiv:0808.3984v2)

[2] Hawke L.G.D., Simserides C., Kalosakas [@ater. Sci. Eng. B (2009) in press. doi:10.1016/j.mseb.2009.02.012
[3] Hawke L.G.D., Kalosakas G., Simserides C., ‘Tiginding parameters for charge transfer along DNweprint (2009).
[4] Endres R.G., Cox D.L., Singh R.R.Rev. Mod. Phys. 76, 195 (2004).

[5] Slater J.C., Koster G.FPhys. Rev. 94, 1498 (1954).

[6] Menon M., Allen R.E.Phys. Rev. B 38, 6196 (1988).

[7] Lathiotakis N., Andriotis A.N.Solid State Comm. 87, 871 (1993).

Acknowledgments We acknowledge discussions with N. Lathiotakis samgport from the C. Caratheodory program C155 of
University of Patras.



