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Why study DNA mechanical properties ?

mechanical properties influence biology of the cell

® 2 meters of DNA in a 10 micron wide nucleus

® cjection from viral capside

® transcription (RNApolymerase is torque dependent)

® protein binding is strain dependent, or induces strain on DNA
® chromatin compaction/decompaction (cell division)



Pulling and twisting DNA
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Orders of magnitude

Buckling threshold i
uckling thresho T = (27)? L;)
for a clamped beam
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DNA in tweezers experiments
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Analytical model for plectonemic DNA

T Elastic rod with :
M ® fotal length L
® circular cross-section R,
® bending rigidity Ko
straight tails ® twist rigidity Ks
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Energy formulation: elastic strain energy
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bending: V' = 5[(0/{2[4},
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Energy formulation: elastic strain energy

1
Q v twisting: V' = §K372L

twist T is uniform along the rod

Q —  constitutive relation: \/ — K57
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Energy formulation: work of external loads
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Energy formulation: link constraint

QM Lk = Tw+ Wr

,Y | sin 20

v_L. hturns N = 7L - R Ly
Lp
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Energy formulation: self-interaction

hard-wall (contact) long-range:
=> constraint: ~ electrostatics

pS. Leikin
V=A(R—- Ry) » D. Stigter

» Debye-Huckel
» G. Manning

)...
V =L, U(6,R)




Energy formulation: equilibrium

1__ sin*6 iy
V(0,R, 7, Lp) = 5 Ko—5=Lyp + K37 L+ T Ly + L, U(0, R)

1 sin 26
1th traint n = Lk =T Wr = — L L
with constraint n w—+ Wr . (7‘ o p>

constraint = L, = ...

=V =V(,R,T)

oV oV av> 4

Euler-Lagrange equations : (89 3R I
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Energy formulation: stability

For some T values, oV oV oV
there are two solutions to: ( 00’ OR’ (‘97> —

=> we compute the Hessian matrix :

87'9‘/ 87'RVV 87'7"/ p

and we focus on the stable solution.



Energy formulation: equilibrium

oV cosf sin®@  OU 2 K, sin* 6
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R 5 2 Sin 9+R8R U(R, 0) =0

oV 2R (Kysin'6
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Once U(R,D) is given,
3 equations for
3 unknowns (0, R, M)

(M — KgT)



DNA electrostatics
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DNA electrostatics
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DNA electrostatics : Poisson-Boltzmann

dsDNA
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counter-ions
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effective charge (10mM): v = 1.38/LB (m_l) Lp = 4W€:€ T
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DNA electrostatics : Poisson-Boltzmann

-
U(R,6 —/cTuQL e 2 L h(0)  (per unit length)
(R.0) = S KTV’ Ly | —= e ™ - §(6) (per unit eng
k : Debye
Lp = 47rejerkT ,”/9
2R
o(0) =1 d(0) = 1+ 0.83 tan” 0 + 0.86 tan* 0

J. Ubbink, T. Odijk, Biophysical Journal (1999)
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Results : comparison with experimental data
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Results : comparison with experimental data
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Results : comparison with experimental data
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Results : comparison with experimental data
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Results : comparison with Marko model

PB 10 mM PB 100 mM

Experimental vs theoretical vs Marko slopes Experimental vs theoretical vs Marko slopes
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Remarks

» Supercoiling radius R is always > Inm (no DNA-DNA contact)

TEN)| 02 | 045 | 09 | 3
PB 100 mM

R (hm)| 38 | 33 | 30 | 23

» Benchmark for DNA-DNA potentials:

1. propose a potential U(B,R)
2. compute theoretical slopes
3. compare with experiments
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Conclusion

» Analytical model for plectonemic DNA

» Long-range DNA-DNA infteraction potential

» Reproduces experimental curves (10-100 mM)

» Could serve as a benchmark for DNA-DNA potentials

» Thermal fluctuations
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