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DNA melting transition: equilibrium

Poland-Scheraga model, 1966 (J. Chem. Phys. 45
1464)

Peyrard-Bishop 1989 (PRL 62 2755)

Kafri, Mukamel and Peliti 2000 (PRL 85 4988)

First- or second-order transition

More re�ned mesoscopic models (e.g. Drukker et al.
JCP 2001 114 579 and Knots et al. JCP 2007 126
0884901)

The role of disorder, sequence dependence, topological
constraints (?)
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MD T-denaturation dynamics

Peyrard-Bishop-like models

Barbi et al. 2003 (PRE 68 061909)

Remark: when physical time scales are considered
usual discrepancy between models and experiments by
two/three orders of magnitude (ns versus � s !)

Including sequence dependence and new
phenomenological potentials may reduce such
discrepancy

Peyrard et al. 2009 (JPCM 21 034103)

Bubble dynamics in mesoscopic models (e.g. Drukker
et al. JCP 2001 114 579 and Knots et al. JCP 2007 126
0884901)
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Stochastic T-denaturation dynamics

Poland-Scheraga-like models

Marenduzzo et al. 2002 (PRL 88 028102)

Kunz, Livi and Süto 2007 (JSM P06004)

Hanke and Metzler 2003 (JPA 36 L473)

Novotny et al. 2007 (EuPL 77 48001)

Remark: topological constraints are excluded and
dynamics is ruled by a single time-scale.
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PS model for double-strand DNA

ds-DNA is represente as a chain of length L

site i (1 � i � L ) identi�es a local portion of DNA

we can assume that this is a segment of 10 base pairs
(a complete helical turn when the ds is paired)

the state is a boolean array � i

� i = 1 : the segment is paired

� i = 0 : the segment is open
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Bubbles in PS models
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Statistical weight of a con�guration:
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ds-DNA thermodynamics

at temperature T � i = 1 ! binding energy " = � 1 !
Boltzmann factor q = e� "=T

each bubble of length 2l (ds) contributes by an entropic
factor Bs2l l � c

c = 2:1 ( Kafri, Mukamel and Peliti 2000 PRL 85 4988)

Statistical weight of a con�guration:

W = ( qm1 )(Bs2`1 ` � c
1 ) : : : (qm � )(Bs2` � ` � c

� )(qm � +1 )

� = number of bubbles, � 0 = � L +1 = 1
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standard ds-DNA dynamics
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standard ds-DNA dynamics

standard dynamical rule:

� i = 1  ! � i = 0 :

the move is accepted with probability (Metropolis
criterion)

p = min f 1; Wnew=Woldg

similarity with the dynamics of absorption of a polymer
onto a wall
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constrained ds-DNA dynamics

a new dynamics preserving local topological
constraints:
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constrained ds-DNA dynamics

a new dynamics preserving local topological
constraints:

choose at random a link (i ji + 1) and swap the � 's

� i = x; � i +1 = y �! � i = y; � i +1 = x

also in this case the move is accepted according to the
Metropolis criterion.

equilibration is guaranteed by dissipation at the
boundaries

� 1 ! 1 � � 1

if (0j1) is chosen
� L ! 1 � � L

if (L jL + 1) is chosen
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Updating

the unit time step is a sequence of L basic moves
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Updating

the unit time step is a sequence of L basic moves

detailed balance is obeyed in both cases

initial equilibrated con�gurations are obtained with the
standard rule for q=s2 = 100 (i.e., low-T)

at t = 0 we switch to q=s2 = 0:01 (high-T)

data are shown for B = 1 and c = 2:14: averages over
103 trajectories
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Sites and bubbles dynamics
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Size analysis
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Dynamical Scaling
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Escape from a ds-segment
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Conclusions

Two time scales in the constrained dynamics

Checking the dynamical scaling in experiments

Moreover: � (t) increases slower than t1=2 at variance
with the predictions � (t) � t ( Barbi et al. 2003 PRE 68

061909) and � (t) � t3=4 (Marenduzzo et al. 2002 PRL 88
028102)
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