Abstract for GR-TR Conference on Statistical Mechanics
and Dynamical Systems
Talk Invited

Invited Talk

Melting of genomic DNA sequences: predictive modeling by
nonlinear lattice dynamics
Nikos Theodorakopoulos∗
Theoretical & Physical Chemistry Institute,
National Hellenic Research Foundation,
Vasileos Constantinou 48, 116 35 Athens, Greece
and
Fachbereich Physik, Universität Konstanz, 78457 Konstanz, Germany
∗
Electronic Address: ntheodor@eie.gr ,
Nikos.Theodorakopoulos@uni-konstanz.de
Over the last twenty years, mesoscopic, nonlinear dynamics-based (PeyrardBishop-Dauxois, PBD) modeling has been instrumental in elucidating important
qualitative aspects of the cooperative behavior which characterizes the thermal
separation of the two DNA strands. Highlights to date include (i) establishing the
infinite homopolymer DNA chain as one of the few nonpathological one-dimensional
systems which exhibit a true thermodynamic phase transition, (ii) statistical and
dynamical modeling of the denaturation bubble involved in the transcription process. Curiously, although this type of minimal, mesoscopic approach is uniquely
suited to describe the details of the multistep, cooperative melting process taking
place at long genomic sequences, the PBD model has not yet been subjected to this
obvious, detailed reality test.
I will present a PBD-based analysis of experimental melting profiles for a number
of specific sequences with many thousands of base pairs. The results [1] suggest that
it is possible to predict complex melting profiles of long genomic sequences without
any adjustable parameters, using only the salt concentration and the sequence data.
The proposed new parametrization of the PBD model - largely based on physically motivated estimates - provides a quantitative understanding of a number of
further aspects of DNA structure and/or low-frequency dynamics. Thus, (I) calculated probabilities for single base-pair opening are consistent with the very low
values (of the order of 1ppm) obtained from imino proton exchange experiments
[2], although (II) extended bubbles may occur with relatively high probabilities at
selected sites of genomic sequences, (III) low-frequency transverse optical phonons
in model heterogeneous chains are in the range experimentally observed in DNA
Raman spectra [3], and (IV) calculated structure factors are in agreement with
recent neutron diffraction measurements [4].
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