A predictive model for the thermomechanical melting
transition of double stranded DNA
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MO TIVATIONS AND OUTLINE OF THE TALK

* Modelling DNA

* Analytical results for predicting properties and designing bio-
inspired materials

e Extending the models to different systems

e Models at the micro-scale for DNA

e Effects of temperature

e Comparison with experimental data




MOTIVATION: DNA MECHANICS
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MOTIVATION: DNA MECHANICS
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TEMPERATURE EFFECTS
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PEYRARD-BISHOP MODEL
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We substitute the Morse potential with a

piece-wise potential energy. i+ 1
GF, Puglisi, Acta Biomaterialia, s
in press 2022
b
gl
We prerrmerrmmmrmemrmeermenme e 2d Wit1 — Wy

U;  transverse displacement

Uq  debonding threshold

w; = uz/ uq rescaled displacement

kol [ (uifuq)?, if
iy
2 |1 if

\

Ve(u;) =




0, if |u| < ug,  unbroken link

Introduce an internal (spin) variable: y = { 1 if u] > u broken link
: ds roken lin

lke

: (1= x)wi + xi]




ENERGY AND MECHANICAL LIMIT

Strand elastic energy Energy of the breakable bonds
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MECHANICAL LIMIT (ZERO TEMPERATURE)

Force-displacement relation

Jumps 1n the force each time a link 1s broken (sequential breaking of base pairs)
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TEMPERATURE EFFECTS

4 kel A
Partition function z Z / e—Bnqb(fw,(S) dw kgl
A n Rescaled inverse
L temperature y
g R

Average Force f’(ﬁ) 5) ~ ZZ:() k(p)rfp(ﬁv 5) 5

- 2p=0Ln(B,9) \
\_ J

with (single domain wall solutions)
VT p—— Y KO
V/detB(p)
V2n . .
detB = Y [((n — p+ 1)sinh|(p 4+ 1)A] — (n — p) sinh(p))]
1
coshA =14+ —

Q12



TEMPERATURE EFFECTS

Increasing temperature: the force of the plateau and the number of attached base pairs decrease
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THERMODYNAMIC LIMIT
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COMPARISON WITH EXPERIMENTS

Unzipping experiments with DNA hairpins: E
DNA hairpin

T'= 276 K (triangles), T'= 285 K (diamonds),
T'= 295K (boxes), T = 302 K (bullets)

Data from: de Lorenzo, S.; Ribezzi-Crivellari, M.; Arias-Gonzalez, J.R.; Smith, S. B.; Ritort, F.,

A Temperature-Jump Optical Trap for Single-Molecule Manipulation, Biophys. Jour. 20135, 108,
2854-2864




COMPARISON WITH EXPERIMENTS

Overstretching experiments in DNA
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Data from: Williams, M. C.; Rouzina, I.; Bloomfield, V. A., Thermodynamics of DNA
Interactions from Single Molecule Stretching Experiments, Acc. Chem. Res. 2002, 35, 159-166



CONCLUSIONS AND PERSPECTIVES

® We obtain a model allowing to deduce analytical formulas describing the
(temperature-dependent) features observed in DNA

® The model is general and based on simple assumptions (use of spin variables):
ion can be applied in more general contexts such as material science, biology,
medicine, engineering (natural and artificial bio-inspired materials)

® Applications to phenomena in biological processes such as cell adhesion where
cells interact with each other or with their substrate using specialized proteins, or

mechanics of axonal damage in traumatic brain injuries

® Related works with softening and fracture
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