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Biophysical context —

Denaturation bubbles at equilibrium



DNA thermal denaturation — mesoscopic viewpoint
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Coupled mesoscopic model(s)

1D Ising model with applied field + discrete elastic rod (Worm-like Chain)
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Mechanically induced denaturation bubbles
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[Wiggins et al., Nature
Nanotech. 2006]
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Anomalous elasticity”? Why?7?
Local denaturation? But
denaturation probability is
~10-" at room temperature!?



Our modeling and the “straw’-like mechanism
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Out-of equilibrium denaturation bubbles

bubble closure and nucleation below 7T _

Example of biological motivation: DNA transcription

TN T ;
g7

Antisense strand RNA polymerase
....................................

....................................
Sense strand

How does DNA close in vivo at the end of the day?



In vitro — Fluorescence Correlation Spectroscopy (FCS)
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Conclusion: very long closure time scales as compared
to diffusion times for a short 29-bp construct!

Question: Does it mean that for k-bp or larger constructs,
bubble closure times will become so large that it will
become an issue from a biological perspective?



NMR experiments (imino-proton exchange)

Recent NMR experiments on MW

short hairpins : C|osure

 short-lifetime openings
(< 1 ns): “breathers”

 |ong-lifetime openings

(~1 ps): same mechanism? j}{m}{IH}{IM

[Warmlander et al., Biochemistry 2000]

Warning:

To be distinguished from:

* breathers (< 1 ns opening)
polymer chain frozen y _ _

- processive short hairpin closure wg@@@COEEO, O
(1 to 10 us for <20 bp hairpins) |

closure



In silico — Brownian dynamics simulations

Coarse-grained heical model: 2 interacting and inter-wined freely rotating
chains of N beads with effective stacking and relevant persistence lengths
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Bubble Closure dynamics

Q.: Where does
the (free) energy
barrier come
from?

Starting from a large equilibrated bubble...
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- ADL: entropic barrier (alignment requirement) => dependency on N
- TA: energetic barrier = indep. of N and Arrhenius: 7ra ~ eXp(Ea/kBT)

What is the origin of the barrier?
« No energy (only entropic) barrier in a “ladder*tmodel withbut double heli
* Barrier for strong enough torsional modulus K ¢ v

—> should be related to torsional elasticity i
W '

But the height of the barrier prevents a “thermal” exploration

of the free-energy landscape by classical Brownian dynamics, Tpmax

—> biased dynamics wanted: Metadynamics [Laio, Parinello, PNAS 2002]
Barrier |
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Origin of the barrier uin [rad]
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Quantifying closure and nucleation times
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Bonus: zipping dynamical exponent
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where with 1.4 < v < 1.5
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Conclusion and outlook

* between bending/ IS essential
when addressing several biophysical properties of DNA. Effective
1D models are then to be ruled out.

% Coarse-grained models can be compulsory because all-atom
approaches are limited with respect to biological relevant scales
(size and/or time-scale)

* Metadynamics enable the exploration of parameter regimes
out-of-rich by classical, unbiased techniques

% No issue from a biological perspective

% A prediction: closure times independent of DNA/hairpin length
Could easily be tested experimentally.



