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DNA structure
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Peyrard-Bishop-Dauxois (PBD) Model
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Parameter values [from Campa, Giansati, Phys. Rev. E 58, 3585 (1998) ]

V(y,)=D, (" -1)

A-T base pair:
D =0.05eV, a,=4.24"

G-C base pair:
D =0.075eV, a,=69A4"
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Improvement of the PBD model:
sequence dependent stacking parameters
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Successes of the PBD Model

Predicts a sharp melting (denaturation) transition of long DNA

chains. Dauxois, Peyrard, Bishop, Phys. Rev. E 47, R44 (1993)

Quantitatively reproduces melting curves of short heterogeneous and

periodic DNA segments (20-40bp).  campa, Giansati, Phys. Rev. E 58, 3585 (1998)
Alexandrov, Gelev, Monisova, et al., Nucleic Acids Res. 37,2405 (2009)

Provides the characteristic multi-step melting observed in single
heterogeneous DNA molecules. Cule, Hwa, Phys. Rev. Lett. 79, 2375 (1997)

Accurately predicts the position of large base pair openings due to

thermal fluctuations in DNA gene promoter sequences (at functionally

Choi, Kalosakas, Rasmussen, et al., Nucleic Acids Res. 32, 1584 (2004)
Alexandrov, Gelev, Yoo, et al., PLoS Comput. Biol. 5, €1000313 (2009)
Apostolaki, Kalosakas, Phys. Biol. 8, 026006 (2010)

Huang, Lindblad, J. Biol. Eng. 7, 10 (2013)

Guides the design of promoter variants controlling transcriptional

relevant sites).

activity through genetic engineering.
Alexandrov, Gelev, Yoo, et al., Nucleic Acids Res. 38, 1790 (2010)



Positions of large thermal openings 1n viral gene promoters

Adenovirus Major
Late Promoter

—> S1 nuclease selectively
cleaves ssDNA.

—> Sufficiently sensitive
reaction with relatively
large openings of ds DNA

S1 nuclease cleavage
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Separate contributions of DNA dynamics and TF binding
to transcriptional activity

wild type SCP1

GGGGTGGGGGCGCGTTCGTCATCAGTCISCGATCGAAJACTCGA
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Non-Exponential Decay of Fluctuations
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Quantifying the stretched exponentlal parameters
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Lyapunov exponents of heterogeneous DNA sequences
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Charge-Lattice interactions

H= HPE‘-D +Hﬂg}1f—t\'rxﬂug + Ho.mp:‘mg Semiclassical equations: Komineas, Kalosakas,
AV _ BiShOp, PhyS Rev. E 65,
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x=0.6 eV/A, t=0.1 eV, initial condition: ground state at T=0 K (~20 sites polaron)

Kalosakas, Ramsussen, Bishop, J. Chem. Phys. 118, 3731 (2003)



Anomalous diffusion at higher T due to vibrational hot spots
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Nonlinear on-site interaction:
modified exponential law

Linearized case: power law

initial wavefunction

localized at the site n,
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Dependence of D(T) on the electron-phonon coupling constant
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Solid lines: Eq. (1) Dashed lines: Eq. (2)
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