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Protein Structure Prediction
• Protein structure prediction models, e.g. AlphaFold [1], predict static 3D protein 

structure with high accuracy 

• Protein structure is highly dynamic 

• Predictive models are limited in their ability to predict multiple conformational states

AlphaFold Database. Tunyasuvunakool et al, 2021. Chen et al eLife 2019PDB 101

[1] Jumper et al. “Highly accurate protein structure prediction with AlphaFold.” Nature 2021.



Conformational Ensembles from Cryo-EM

Ensemble of 3D density maps

2D cryo-EM images

Ensemble of atomic models

• Manual building 

• MD simulation based flexible fitting 

• ModelAngelo - Automated building for high-
resolution maps [Jamali et al. 2024]

✅ Captures near-native conformational ensembles 

❌ Model building is challenging and unscalable

Model building



CryoBoltz Approach
We combine experimental cryo-EM data with the biophysical  
priors learned by protein structure prediction models, to produce 
ensembles of atomic models



Diffusion Guidance with Cryo-EM Maps
• We use diffusion 

posterior sampling [1] 
to bias the sampling 
trajectory of Boltz-1 
[2] towards structures 
consistent with an 
input cryo-EM map 

• A coarse-to-fine 
fitting strategy 
combines optimal 
transport and 
physics-based 
guidance terms

Experimental 
guidance

[1] Chung et al. “Diffusion posterior sampling for general noisy inverse problems.” ICLR 2023. 
[2] Wohlwend et al. “Boltz-1 democratizing biomolecular interaction modeling.” bioRxiv, 2024.



Diffusion Guidance with Cryo-EM Maps
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Guidance Overcomes Single-Structure Bias
Boltz-1 and AF3 predict only one conformation of the STP10 transporter, 

whereas guidance with synthetic maps achieves both



Local Fitting of Antibody CDR Loops
CryoBoltz accurately fits loops and side chains in a synthetic antibody map



Recovering Conformations from Real Maps
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CryoBoltz

CryoBoltz accurately models 4 conformational states of P-glycoprotein



Quantitative Evaluation
CryoBoltz models structures more accurately than unguided predictors  

and model building tools
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