
DNA dynamics and convolution theory for 

dynamic mechanic networks
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1) Aqueous Appetizer: a) hydration repulsion

b) interfacial dielectric effects

c) dielectric spectroscopy

d) hydrogen bond friction

2) Polymeric Main Course: DNA dynamics (see KITP 2006)

3) Dessert: „the measurement problem“

in single-molecule force spectroscopy

(polymers as dynamic force transducers)



I) Hydration repulsion between lipid bilayers (Schneck/Netz)

- novel simulation method, constant water chemical potential via thermodynamic extrapolation
- fluid membranes (La-phase)
- main transition is obtained

Marcelja regime

entropic repulsion

dehydration regime

energetic repulsion



II) Dielectric response at Planar Interface (Bonthuis, Gekle, RRN)

Perpendicular dielectric response

Significant contribution from 

higher order moments

< 0: overscreening

(bulk: Kornyshev)



III) Dielectric spectroscopy at interfaces (Gekle/RRN)

Dipole correlation 
function (E=0)
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Zur Anzeige wird der QuickTime™ 

Dekompressor „YUV420 codec“ 

benötigt.

IV) H-bond friction

(Erbas, RRN) 

pulling rate v=0.1 m/s

Vinci-Coulomb-Amonton law on nanoscopic scales ?

Ff = FN  friction coeff.

macroscopia

Ff = ff v nHB ff friction coeff. per H-bond

universal constant

nanoscopia for v->0 ff = 5 x 10-9 kg/s

Zur Anzeige wird der QuickTime™ 

Dekompressor „“ 

benötigt.

Pulling velocities on hydrophilic / 

hydrophobic surfaces  0.5 m/s, 10 m/s

friction force per monomer
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how good are standard models for predicting 

the equilibrium DNA dynamics ?

(KITP 2006, Rubinstein & RRN)

Main course



fundamental problem of DNA model or theory ???

M. Hinczewski, X. Schlagberger, M. Rubinstein, O. Krichevsky, R.R. Netz, Macromolecules 42, 860 (2009)

DNA

Rouse regime with  =1/2 unclear !



single monomer diffusion is at increasing time scales 

dominated by progressively growing chain sections :

goal: monomer mean-square-displacement

as function of time

MSD of that section RMSD
2 ≈ D  t

Zimm:   D ≈ 1/Rcoup

Rouse : D ≈ 1/N 

coupled chain section at time t

Rcoup ≈ N

Rcoup

scaling assumption: diffusion radius determines coupling radius Rcoup ≈ RMSD

Zimm:   RMSD
2 ≈ t2/3 sub-diffusive behavior

Rouse:  RMSD
2 ≈ t� ideal chain R2 ≈ t1/2

rod R2 ≈ t2/3 (Zimm R2 ≈ t2/3ln2 t )



polymer of 50 beads 

persistence length = 20a

bead radius a = 1nm

-> pers length 20 nm

length 100 nm

Brownian hydrodynamics simulations ( Michael Hinczewski )

End-monomer dynamics of semiflexible polymers

Zur Anzeige wird der QuickTime™ 

Dekompressor „mpeg4“ 

benötigt.

many independent simulations are needed !!

not applicable to long DNA chains !



with pre-averaged Rotne-Prager hydrodynamic interaction                      . 

Hydroynamic mean-field theory (MFT) for semiflexible chain (R. Winkler):

= ZIMM THEORY FOR SEMIFLEX. CHAINS !

The dynamics are described by a Langevin equation: 

u(s,t)

exact normal mode decomposition: ,

diagonalized Langevin equations

M. Hinczewski:

after saddle-point approx. for constraint: MFT Gaussian Hamiltonian

where:



u
2

( s )  1and

tangent



validation of the hydrodynamic theory by comparison 

with Brownian hydrodynamic simulations for N=50, 100, 200



validation of the hydrodynamic theory by comparison 

with Brownian hydrodynamic simulations for N=50, 100, 200



Harnau-Winkler solution with diagonal approximation = APPROX. ZIMM THEORY

validation of the hydrodynamic theory by comparison 

with Brownian hydrodynamic simulations for N=50, 100, 200



Harnau-Winkler solution with diagonal approximation = APPROX. ZIMM THEORY

MFT: numerically exact solution = EXACT ZIMM THEORY

excellent agreement between the MFT and simulation data

--> confidently extend the MFT to larger chain lengths inaccessible to simulation

(pre-averaging & MFT probably ok)

validation of the hydrodynamic theory by comparison 

with Brownian hydrodynamic simulations for N=50, 100, 200



Experimental

Problems ??



Experimental

Problems !!



sub-Zimm scaling

due to subtle 

crossover effects !   Quantitative agreement at smallest scales!

Hinczewksi/Netz, 

EPL 88, 18001 (2009)

3/4

2/3



simple scaling for dynamic crossover

goal: monomer position a.s.f.o. time

coupled chain section at time t

Rcoup ≈ N

diffusion of that section RMSD
2 ≈ D t

general : D ≈ 1/Nc

Zimm flex:     c = R2 ≈ t2/3

Zimm rod:     c =1 R2 ≈ t3/4

Rouse:          c==1/2 R2 ≈ t1/2

Rcoup

crossover from stiff rod (c = 1  = 3/2 )to flexible polymer (c =  = 1/2)

crossover for  ist quite fast 

crossover for c is somewhat slow  

---> intermediate Rouse regime where c = 1 > 



comparison of simulations/theory without hydrodynamic

and simulations/theory with hydrodynamics

hydrodynamics relevant ! Exponent shift by + 0.1  ( = logarithm)

mean-field theory better with long-range hydrodynamics !



Dessert:

„the measurement problem“

in single-molecule force spectroscopy:

dynamic mechanic networks





measured signal: ztot(t) bead separation

interesting

signal zprot(t)

protein 

extension



of probability distribution of extension



- fully understood 
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DNA response functions from experiments 

AND theory/simulations

as  -> 0 :   J‘ee=k-1 ,    J“ee=k-2





imaginary part

(loss contribution)

real part of total response funct.

(storage contribution)

Zur Anzeige wird der QuickTime™ 

Dekompressor „mpeg4“ 

benötigt.

mobility/internal friction 

of protein extracable !!

application to exp. data:

work in progress ….

total convoluted signal with

different protein viscosities

2HB: 2 handle/beads without protein, 2HB+P: with protein



effects of nearby surface: hydrodyn. screening, crowding ....



end-point MSD at varying distance z/a from a no-slip surface

L=100a

effect of wall only strong at small distances of  z/a = 2 !

even at distance z/a strong deviations from Rouse !



analysis based on 

scalar end-to-end distance

(difficult in MFT !)
our re-analysis of exp. data:

systematic depend. on lP/L in data

|R|



no hydrodynamic effects on 

scalar e.-to-e. distance
but dependence on 

stretching modulus !

stretching modulus bending modulus



free-drain. BD simulation for constant elasticity ratio

L = 100 a

comparison with exp. data

for actin L = 6 - 25 m
universal lP/L dependence

for isotropic elastic material ? 

(= weak L dependence ?)



self mobilities at no-slip surface on Rotne-Prager level



hydrodynamic screening at a surface



crossover length

Entropic Repulsion between Fluctuating Surfaces

Netz, Lipowsky, EPL 29, 345 (1995)


