Learning Rates and Pathways of
Molecular Conformational Changes
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Reaction Pathways
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Statistical Analysis of the First Passage
Path Ensemble of Jump Processes. J Stat
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What is the probability to reach B and
not reach A?

Close A. What is the mean residence
time in the maze?

How much does this ,,microstate” belong
to the ,macrostate” B?

N. Ernst, K. Fackeldey, A. Volkamer, O.
Opitz, M. Weber: Computation of
temperature-dependent dissociation
rates of metastable protein-ligand
complexes. Molecular Simulation (2019)
45(11):904-911



Reaction Pathways

I
|
e

'%ljh
L —H 91— .

G

Sl

M. von Kleist, C. Schitte, W. Zhang:
Statistical Analysis of the First Passage
Path Ensemble of Jump Processes. J Stat
Phys (2018) 170:809-843

ZIB

ZUSE INSTITUTE BERLIN

What is the probability to reach B and
not reach A? Qy =0

Close A. What is the mean residence
time inthe maze? Q(1 — y) = —¢;

How much does this ,,microstate” belong
to the ,macrostate“B? Qy = 0

N. Ernst, K. Fackeldey, A. Volkamer, O.
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45(11):904-911



Reaction Pathways ZIB

ZUSE INSTITUTE BERLIN

XB- ]:Rn — [0,1]

N. Ernst, K. Fackeldey, A. Volkamer, O.
Opitz, M. Weber: Computation of
temperature-dependent dissociation
rates of metastable protein-ligand
complexes. Molecular Simulation (2019)
45(11):904-911

M. von Kleist, C. Schitte, W. Zhang:
Statistical Analysis of the First Passage
Path Ensemble of Jump Processes. J Stat
Phys (2018) 170:809-843



EEEEEEEEEEEEEEEEEEE

rearrangement of
helices




Research questions ZIB

ZUSE INSTITUTE BERLIN

* transition rates (on- versus off-process)

o definition of what is on/off/intermediate

* binding path

* which coordinates can be used to identify the macrostate(s)?

* which “coordinates” influence macroscopic changes?

opioid finds receptor X
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e transition rate and times (on- versus off-process) Cq1, Cl)(
1

* definition of what is on/off/intermediate X

* binding path —Vy

* which coordinates can be used to identify the macrostate(s)? y(x)

e which “coordinates” influence macroscopic changes?

opioid finds receptor
x:R3N - 10,1]
membership function
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M.Weber, N. Ernst: A fuzzy-set theoretical framework for computing exit
rates of rare events in potential-driven diffusion processes, arXiv:1708.00679
N. Ernst, K. Fackeldey, A. Volkamer, O. Opitz, M. Weber: Computation of
temperature-dependent dissociation rates of metastable protein-ligand
complexes. Molecular Simulation, 45(11):904-911, 2019.
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* definition of what is on/off/intermediate X

* binding path —Vy

* which coordinates can be used to identify the macrostate(s)? y(x)

* which “coordinates” influence macroscopic changes?
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membership function

(projection without memory)
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Ly =—cix+c(1—x) e

px(x, t): = X(x)e_clt
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Solving a PDE Zy
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Feynman-Kac ZIB
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Koopman Operator Z y

(Kf)(x) = Elf (x:)|xo = x]

> Computation &
Theory
K = exp(tL*)



Algorithmic Idea
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Algorithm ISOKANN

start \

GROMACS
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generates short-time
trajectories to given starting
points by MD simulation

false

R. J. Rabben, Master Thesis 2022.

pearson_r >=0.99

true

ISOKANN

analyses the MD simulation
data and determines at
which points in state space
the simulation has to be
continued




Stopping criterion
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