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Simulation of a drug binding to a protein.

Why Molecular Sampling Matters

• What conformational states can a protein adopt?

• How likely are these conformational and binding states?

• How do these probabilities determine observables 

such as free energies, affinities, and functional mechanisms?

D.E Shaw Research
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The Sampling Problem

500ns ~ 1 × 109steps

1 × 105steps 5 × 106steps

50 ×

50 ×

10ns ~ 2 × 107steps

Müller-Brown Potential

Alanine Dipeptide
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Deep Generative Sampling
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Noé et al., 2019, Boltzmann generators: Sampling equilibrium states of many-body systems with deep learning

• Exact-likelihood generative model

• Reweight samples using target energy

• Bottleneck: hard to scale in atomistic space

▪ Generate in coarse-grained space

▪ No target energy for reweighting

▪ Risk: biased samples if training data are biased

Lewis et al., 2025, Scalable emulation of protein equilibrium ensembles with generative deep learning

Boltzmann Generators

Boltzmann Emulators

Can we keep the scalability of coarse-grained emulators, while 

bringing back the reweighting capability of Boltzmann Generators?
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Experiments
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Alanine Peptides

ALA2

All Atom Heavy Atom Core Beta

ALA3

All Atom Heavy Atom

ALA6

All Atom Core Beta

Core Beta

Müller-Brown Potential
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Github

Check out on GitHub:

github.com/tummfm/cg-bg

Paper Link

Code Link

https://github.com/tummfm/chemtrain
https://github.com/tummfm/chemtrain
https://github.com/tummfm/chemtrain
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