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Background

Problem Design novel proteins that exhibit user-specified functions

𝑝 𝑃 𝑡 = 𝑝 𝑥!, 𝑥", ⋯ , 𝑥# 𝑡, ∀𝑖, 𝑥$ ∈ 𝐴

Challenges
• Satisfying the requirements of input textual descriptions

• The designed proteins should be able to fold into stable 3D structures

Intuition Classical methods leverage natural protein structures

• Rational Design

• Directed Evolution

Whether well-folded novel proteins with user-specified functions can be directly assembled by utilizing 

fragments of natural proteins (e.g., motifs, functional sites, etc.) and their extensive functional annotations?
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Background
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Method

Model Architecture
• Text Language Model

• Protein Language Model

• Fragment Encoder

ProDVa (Protein Design with Dynamic Protein Vocabulary)
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Method

Training Objectives
• Learning Next Token/Fragment Prediction

• Learning Functional Annotations

𝓛 = 𝓛NTP + 𝜶𝓛TYPE + 𝜷𝓛DESC

Inference
• Retrieving the top 𝐾 most relevant descriptions

• Constructing the fragment candidates

ProDVa (Protein Design with Dynamic Protein Vocabulary)
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Experiments
Designing Proteins from Function Keywords

Key Findings
• Under the same training data setting, ProDVa consistently surpasses both ProteinDT and PAAG

• ProDVa remains within a reasonable PPL range and demonstrates the capability to design well-folded proteins
• ProDVa uses only 0.02% of the text-protein pairs used to train Pinal, yet achieves competitive performance
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Experiments
Designing Proteins from Textual Descriptions

Key Findings
• Most baselines struggle to design proteins that are both well-folded and well-aligned

• Incorporating additional data may potentially improve performance, particularly in terms of language alignment

• ProDVa demonstrates competitive sequence diversity compared to other baselines
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Experiments
Unconditional Protein Generation

Key Findings
• ProDVa outperforms all baseline models on the unconditional protein generation task

• Compared to other fine-tuned models, ProDVa achieves substantially superior performance 

• Fixing the input instruction to Design a novel protein sequence

• Replacing the retrieval method with the random selection of fragments
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Thank You!
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