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What happens at the opioid receptor?

opioid finds receptor

opioid finds
binding position

rearrangement of
helices



Research questions

• transition rates (on- versus off-process)

• definition of what is on/off/intermediate

• binding path

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

• which “coordinates“ influence macroscopic changes?
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Density based point of view

ℒ𝜌 = ሶ𝜌

https://commons.wikimedia.org/wiki/File:Sampling_in_Monte_Carlo_and_molecular_dynamics.png

L. Donati, M. Heida, B. G. Keller, M. Weber: Estimation of the infinitesimal generator by square-root approximation. J.
Phys.: Condens. Matter, 30(42):425201, 2018

M. Weber: A Subspace Approach to Molecular Markov State Models via a New Infinitesimal Generator, Habilitation
Thesis, Freie Universität Berlin, 2011

ℒ = "𝑂𝐿𝐷"

ℒ∗ = −∇𝑉 𝑥 ∇ +
𝜎²

2
∆



Solving a PDE

ℒ∗𝜒 = −𝛼𝜒 + 𝑐2 𝛼 = 𝑐1 + 𝑐2

𝜒:ℝ3𝑁 → [0,1]
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Solving a PDE

ℒ∗𝑝𝜒 − 𝑐2𝑝𝜒
1 − 𝜒

𝜒
=
𝜕𝑝𝜒

𝜕𝑡

𝑝𝜒 𝑥, 0 = 𝜒 𝑥



Feynman-Kac

𝑝𝜒 𝑥, 𝜏 = 𝐸 𝜒(𝑥𝜏) ∙ exp −𝑐2න
0

𝜏 1 − 𝜒 𝑥𝑟
𝜒 𝑥𝑟

| 𝑥0 = 𝑥

𝑝𝜒 𝑥, 𝑡 : = 𝜒(𝑥)𝑒−𝑐1𝑡



Koopman Operator

𝐾𝑓 𝑥 = 𝐸 𝑓 𝑥𝜏 𝑥0 = 𝑥]

𝐾 = exp 𝜏ℒ∗
Computation &
Theory



Algorithmic Idea

ℒ∗𝜒 = −𝛼𝜒 + 𝑐2
𝛼 = 𝑐1 + 𝑐2

𝐾𝜒 = exp 𝜏ℒ∗ 𝜒

= 𝑒−𝜏𝛼𝜒 +
𝑐2

𝛼
1 − 𝑒−𝜏𝛼

= 𝛾1𝜒 + 𝛾2
Κ
𝜒

𝜒

„metastability“ 



Algorithm ISOKANN

R. J. Rabben, Master Thesis 2022. 



Stopping criterion

R. J. Rabben, Bachelor Thesis 2019. 



Results 

𝛾1 = 0.7
𝛾2 = 0.2
𝑚ℎ𝑡 = 𝜏/0.12

R. J. Rabben, S. Ray, M. Weber: ISOKANN: Invariant subspaces of Koopman Operators learned by a Neural Network. 

The J. of Chem. Phys., 153(11):114109, 2020. 
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