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Introduction & Motivation



Introduction

Main goal – Designing novel protein sequences with desired properties

Challenges:

    - rugged and sparse ”fitness landscape”

    - combinatorial search space

    - expensive black-box evaluations

Z. Ren et al., Proximal Exploration for Model-Guided Protein Sequence Design, ICML 2022



How to reliably explore further away from the wild-type?

Potential solutions:

• Active learning: iterative re-training of the surrogate to progressively expand 

its support

• Biological priors: leverage prior biological knowledge to ensure plausibility 
even with a potentially misspecified surrogate

Wild-type – A naturally occurring sequence serving as a reference/starting 

point in the optimization



Proposed Framework



ProSpero

Inference-time guidance of a pre-trained pLM with a surrogate updated in an 

active learning loop – seamless integration of biological priors into online 

optimization, regardless of the target protein family



Targeted Masking

We focus edits on fitness-relevant residues, while preserving structurally and 

functionally important sites 



Biologically-constrained Sequential Monte Carlo



Biologically-constrained Sequential Monte Carlo

Constrained proposal   Weighting     Resampling

Biologically-constrained SMC restricts proposals to residues with similar phys-

chem properties to their wild-type counterparts, improving the likelihood of 

finding high fitness sequences under surrogate misspecification



Results



Breaking the fitness–novelty Pareto front



Robustness to surrogate misspecification

Starting sequence different from the wild-type by 35 residues

Starting sequence different from the wild-type by 75 residues



Biologically plausible sequences



Conclusion



Conclusion

ProSpero facilitates protein design beyond wild-type neighborhoods by 

incorporating biological priors through:

• Inference-time guidance of a pre-trained pLM with a surrogate updated in 

an active learning loop

• Targeted masking of fitness-relevant residues while preserving key 
structural sites

• Biologically-constrained SMC sampling that restricts proposals to wild-type-

like residues

We demonstrated robustness of ProSpero across diverse in silico protein 

engineering tasks



Thank you!
Ewa Szczurek Vincent Fortuin
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