Inclusion of physical models in artificial neural networks
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Background
1) Aforce field is a set of physical rules that describe the interaction forces between atoms.
2) A coding language that supports automatic differentiation (i.e. PyTorch) can compute gradients of
functions automatically, without manual derivation.
3) We developed MadraX, a force field for proteins that allows automatic differentiation.
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It can use the automatic differentiation to
calculate the gradient of the energy with
respect to atom positions.

...and it can assign an energy A/alwe for
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MadraX evaluates the interactions 24
between atoms in a protein... : % % o0 50 190 130

Residue Number

e e D e

S
9,

R

0
"@ﬁ*oo 5
ERREES
5
&
4

N/

9
()
Q

9,904

&
%
o
K
| 3;@ %
Azg@
5
5
%

9

£

LXK
S
XK
KRR
éﬁ@i@ﬁ
QXXX

8
8
X
&S
&

XXX
"'60

7))
'
| -
O
b=
()
c
C o
5 O
o C
c ®©
_,C_U..C
£ G
e
— O
®©
=
| -
O
®
=

It can therefore define an energy
landscape with respect to
the atom’s position...

...and tell where an atom should move to
to minimize its energy

Or it can be used inside a
neural network that works
with protein structures...

...making therefore the
network aware of
physics.

...constraining the
network to learns only
physically sound rules...

%%, For example, here you
? can find a video of a

neural network with

MadraX optimizing a

- cryoEM structure
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Objective
Include MadraX into a neural network that is capable of predicting liquid-liquid phase separation.
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