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540.414/614: Protein Structure Prediction and Design

1. Amino acids – PyMOL 

2. Protein geometry – PyRosetta 

3. Protein energies and forces – PyRosetta 

4. Intro to deep neural networks – NumPy 

5. Convolutional neural networks (CNNs) – PyTorch 

6. Language models (GPT) – ESM, ProGen 

7. Multi-track equivariant attention models – AlphaFold, RosettaFold

8. Graph neural networks (GNNs) – ProteinMPNN 

9. Denoising diffusion probabilistic models (DDPM) – RFDiffusion 



Teaching Challenges

• Diversity of student backgrounds

– Engineers, biologists, bioinformatics MS, (CS/applied math)

– Strategy: Specifications grading

• Fundamental depth vs application

– Strategy: Lecture + Workshop format (Tues/Thurs)

• Workshops: pre-built to run vs. code-on-your-own

– Strategy: make it up as I go 











Workshop – Live Links!

WS10 RFDiffusion and Chroma binder design Apr 11, 2024

WS9 Denoising diffusion probabilistic model (DDPM) Apr 4, 2024

WS8_ProteinMPNN Mar 28, 2024

WS7_intro_to_AF2.ipynb Mar 7, 2024

WS6_GPT_for_shakespeare_and_proteins.ipynb Feb 29, 2024

WS5_part2_Convolutions.ipynb Feb 22, 2024

WS5_part1_IntroToNNs_PyTorch.ipynb Feb 22, 2024

WS4_IntroToNNs_NumPy.ipynb Feb 15, 2024

PyRosetta-student-notebooks.zip Feb 1, 2024

Pymol_Reference_Sheet.pdf Jan 25, 2024

PyRosetta4_Workshop1_PyMOL_2024.pdf Jan 25, 2024

https://colab.research.google.com/drive/11-1Iwgz7Nrz7KtwHyfWlUhbhYeI_OQvG?usp=sharing
https://colab.research.google.com/drive/1msujJuX3jdo7Mn-PwJnFB5naCVMuZHie
https://drive.google.com/file/d/1ohkUZ9z8lp1cIz6ogt49x7ZLlIffgyfw/view?usp=sharing
https://colab.research.google.com/drive/1HlEyiFttR5qibV7ZJABS11AFStvRiFu8?usp=sharing
https://colab.research.google.com/drive/1sIzM1ylssg4Lf7hqNzK7ArMTBWMFRUoF?usp=sharing
https://colab.research.google.com/drive/15t-vLDIrsrQ03K_kN7z5PJFpfIVeo3wj?usp=sharing
https://colab.research.google.com/drive/1bIdpyUJ_fGHFITqm4euAuzA-NCKz41Vr?usp=sharing
https://colab.research.google.com/drive/1HPv7PUC-hDLE7KCJf8TOtadMaMpk3Hgc?usp=sharing
https://drive.google.com/file/d/1LRdbXch6OPpunC8byx2vZynqa0MgPuJn/view?usp=sharing
https://piazza.com/class_profile/get_resource/lrh6a80mq6937u/lrtldnuw8oh1p1
https://piazza.com/class_profile/get_resource/lrh6a80mq6937u/lrtkk6vrtl36tl
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