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The problem

Experimental data are (equilibrium) average over 1023 molecules
Often biomolecules are flexible
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Inverse problem

?



We use simplified models

p(r) =
1

Z
exp


�U(r)

kT

�

Recipe:

- define your degrees of freedom

- define an effective potential U(r)

- most experimental data are at equilibrium
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Change strategy: from data to model

model p(ri)
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model p(ri)

S[p] = �
Z

drip(ri) log p(ri)
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The distribution p(ri) which maximises the entropy S[p] = �
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drip(ri) log p(ri)

under to the constrains hfmi = fexp

m

is given by

that is,

If we assume that p(ri) is an equilibrium distribution, then 

Consequently,

where

Change strategy: from data to model
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is given by

that is,

If we assume that p(ri) is an equilibrium distribution, then 

Consequently,

where

- The potential has the same functional form of the  
forward model 

- The Lagrange multipliers are hard to find

Change strategy: from data to model



Computational implementation

MD simulation

back-calculate data

minimize χ2

re-weight sampled  
conformations

MD sim
ulation

U0(ri)

U0(ri) � kT
X

m

�mfm(ri)



An application: Integrin ligands



An application: Integrin ligands
de Ressurreicao et al. Chem Eur. J. (2009)
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NMR provides raw conformational data

Iij = I0

*
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d6ij

+
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The standard interpretation of NOE intensities

*
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+
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hdiji6

“mean-field 
approximation”

“mean-field conformation”

raw NOE intensities



Molecular dynamics simulations…

~f = m · ~a

forces from GAFF
(Wang et al. 2006)

f = f(~x)

r=0.46

Iij = I0

*
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Let’s apply the MaxEnt principle

UGAFF (r) MD simulation

back-calculate NOEs

UGAFF (r) + �k �U(r)

minimize χ2

re-weight sampled  
conformations

MD sim
ulation



…until convergence….
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The worse molecule populates more states



A more complex case: spin diffusion

Iij = I0

*
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d6ij

+

We assumed                         , but this is true only if             . ⌧m ! 0

In general, 

where

Iij(⌧m) = e�W⌧mIij(0)

Wij = hi|Ĥrel|ji2 ⇠ 1

d6ij

The forward model is much heavier
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The model changes a lot….

Including spin diffusion

Neglecting spin diffusion

Mean field



Reitner, Hadjichristidid & Moller, Nature Materials (2003)

Take home message….


