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Origin o Peyrand=Bishepiviedel

Description of thermal denaturation: first step of the transcription process
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VOLUME 62, NUMBER 23 PHYSICAL REVIEW LETTERS 5 JUNE 1989

Statistical Mechanics of a Nonlinear Model for DNA Denaturation

M. Peyrard

Laboratoire d’Optique du Reéseau Cristallin, Faculte des Sciences, 6, Boulevard Gabriel, 21100 Dijon, France
and Center for Nonlinear Studies, Los Alamos National Laboratory, Los Alamos, New Mexico 87545

A. R. Bishop

Theoretical Division and Center for Nonlinear Studies, Los Alamos National Laboratory,
Los Alamos, New Mexico 87545
(Received 19 December 1988)

No continuum aproximation is needed

Transfer integral method
\Large amplitude Collective nonlinear

|———
fluctuations excitation-motion of bases
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Peyrand-Bishop Femrmalism

A single freedom degree is considered for every base pair: y, = H-bonds stretching

Inhomogeneties due to the base sequence and asymmetries of the two strands are neglected

H= 2 mypE+V(y,)+W (@, y,-1)] .

M Potential for H-
V(p,)=D(e

Nonlinear Stacking Interaction = Cooperativity

First Aproximation Better description: anharmonic potential

—1)? H-bonds+repulsion between phosphates+surrounding solvent

k —aly, +y, )
W (9590 —1)= k(yn Y1) > W (pny, )= (1+pe )y, —p, P

RAPID COMMUNICATIONS

PHYSICAL REVIEW E VOLUME 47, NUMBER 1 JANUARY 1993

Entropy-driven DNA denaturation

Thierry Dauxois* and Michel Peyrard*
Physique Non Linéaire: Ondes et Structures Cohérentes, Faculte des Sciences, 6 Boulevard Gabriel, 21000 Dijon, France
and Center for Nonlinear Studies and Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545
A. R. Bishop
Center for Nonlinear Studies and Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545
(Received 27 May 1992)
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Peyrard-Bishep-Hoelsteim (PBiH)Fermalism
Extra charge in a deformable molecule

distortion to get the minimum energy conformation @ POLARON

H: [{lat T Hch +P1mt

Peyrard-Bishop Model Tight-binding Hamiltonian

1 : + +
Hm:=2 ?‘TJ?,‘l"ﬁ_I_F{.}'n]_I_W[.l!H '-.-."'ri:—lm-| = Hﬂ‘jlz_ VZ {CJICH+1+Ean_1].

i = M

Charge-lattice interaction

Holstein type coupling H;,.= XZ J;nr:;r:” , On-site energy correction
H

PHYSICAL REVIEW E, VOLUME &3, 061905
Effects of intrinsic base-pair fluctuations on charge transport in DNA

5. Ku;:unjn-:as-,_.]’2 G. Kalosakas,l and A R Bishcpl
 Theoretical Division and Center for Nonlinear Studies, Los Alamos National Laboratory, Los Alamaos, New Mexico 87545
*Physikalisches Institut, Universitéit Bayreuth, D-95440 Bayreuth, Germany
{Received 27 February 2002; published 17 June 2002)
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PBiHImoedel. Semiclassicallaproximation

har
mb >> [nc

~THz 1 t=h/V V-~0.1eV

~VirWn) = W (ynstn=1) = W' (Yn+1 Y

- X|'1.f'i’n‘2




|=I - Polaron dynamics in double stranded DNA under electric fields 2. Peyrard-Bishop-Holstein model
'+ Elena Diaz 2.2 Polaronic effects in DNA

Polaronic erfects inf DNAT PBiE mode]

JOURMAL OF PHYSICS: CONDENSED MATTER

PHYSIEAL RE‘I‘EIE‘;V E ?2'. ﬂglgljlﬁlyﬁ Condens. Matter 20 (2008) 035207 (Spp) dioi: 101 DBEA953-808 H20005035 207
o e _ The electric field effect and conduction in
ac conductivity in a DNA charge tr . )
the Peyrard-Bishop—Holstein model

P 1"\»'Iamim:lis,1 G I{aloﬁ,akas,l K. @. Rasmussen
Julia A Berashevich, Adam I} Bookatz and Tapash Chakraborty
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Elena Diaz 3.1 Definition and experimental evidence
DETRItion
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VOLUME 79, NUMBER 2 PHYSICAL REVIEW LETTERS 14 Jury 1997

Direct Measurement of the Spatial Displacement of Bloch-Oscillating Electrons
in Semiconductor Superlattices
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Bloch-like eseiliatiensHiDINA
Homopolymer DNA: poly(G)-poly(C) poly(A)-poly(T)

,ﬁdq&,, @ . 1 n=1..(N sites)
i ~ W1+ Ynt) + XVl a=3.4A (lattice period)

. m=300amu

m_zﬁ == v,:,f{_’t‘n} -W {.1‘1.'-”.1‘1.*?—[} - W (.1‘1.'-r=-.1‘1.rz+1} _ x'ﬂﬁn'E T :OIGV
df U and y variables

V,=0.04V a=4.45A ’Lf’H{_rH} = F,:,l:f'_“-*'n — ]}3

k=0.04 eV/A2 B=0.35A" W(v,.v,_,)= %{2 + e By —y )2

(Fitting parameters for experimental melting curves, PRE 47 R44 (93))
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Initiall Pelaren State. Unpiased System

ﬂr T."i' r 2
m :irz == Fﬂf{vrz} - W L“‘m.rrr—l} - W {.1‘1.-r=-.1‘1.rz+1} - E|'.ffn|‘

Elena Diaz 3.2 Bloch-like oscillations in DNA S ;

Runge-Kutta method
4th order

Rigid boundary conditions

Gaussian-like functions

—— y=02ecV/A
——— gy = 0.deVIA
— gy =06eViA

Stationary polaronic

ground state 300
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Biased INon:=dissipative: System. BolareniDynamics
N=1000 F=3mV/A x=0.1eV/A

c(f)=x(1)-x(0), ()= E. njn(0)].
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3. Bloch Oscillations

BiasediNoREdISSIpative System:
Average Curment Density IN=HI000

wp=ekFalh

E-N ﬁEIn1[¢{¢ﬂ+l )] F =001 VIA - F = 0.03 VIA

J(1) =
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Conclusions

» Bloch Oscillations arise even considering charge-lattice coupling
in a biased system within the Peyrard-Bishop-Holstein model.

> DNA may be a potential candidate for electronic applications in
THz range. i.e. Bloch frequency ~ 15-150THz

> The charge-lattice coupling should be as small as possible to

allow BO. Berashevich et al. (J. Phys. Condens. Matter 20 075104
(08))

x(poly(A)-poly(T))~0.4eV/A <x(poly(G)-poly(C))~1.0eV/A
¥ decreases by increasing the number of nucleotides

> Our results should be relevant at short times after the initial
excitation since the scattering destroys the coherence neccesary to
see BO. Lakno and Fialko (Pis'ma Zh. Eksp. Teor. Fiz. 79 575 (04))

T~ T 23 T Tooy I.€.F=3.0meV/A T<T_ ~50K
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