BioPhys - Milano

“The main goal of the BioPhys network is the study of
problems and systems of Biological interest with the tools and
ideas typical of theoretical physics.”
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Proteins

Techniques:

- algorithms for conformational sampling (Monte Carlo, etc.)
- simplified models guided by experimental data (MaxEnt)

- molecular dynamics

- machine learning

- dimensional reduction

- replicas

- inverse statmech models

- differential equations (for genetic networks)

)
INFN

C




Example 1: reconstruction of protein ensemble from NVIR data

Usual procedure (mean field)

Experimental data
(dipolar couplings between ™H or 13C)
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Beyond mean field

Experimental data Approximated potential Conformational ensemble

' @
K-

» .;%P + U "

o . B)
* Principle of maximum entropy ) [—Jdrip(ri)logp(ri) - sz <‘dri £, (rp(ry) —f,ffp> — ] =0

= |
e Less approximated modelling of the data  1;(z,) = ¢ "™I(0) where W = (ilHg1J) ~ yr
i

* |terative Monte Carlo sampling )



1000

r=046

sallitldl ik

simulated
experimental =

11

o%eoeoeooeeooogger % % %

R A N

6‘)%"%-0»6‘6-%

> % YR S S

Uo + data-based correction

00U

simulated
experimental ———

r=0.98 ;

\%\’o‘?;‘?z‘??% %Q—" @9%‘%“’6:%@%%%

"’»ea")é‘»%-o“‘»ooo&vvcva




Example 2: dimensional reduction of protein coordinates using artificial neural networks

variable 2
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Train data, epoch: 4995

variable 1



