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The Research Technology Team
• Consultation on Projects and Grants
• High Performance Cluster Support
• Workshops 

https://it.tufts.edu/bioinformatics
https://sites.tufts.edu/datalab/workshops/ 
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https://it.tufts.edu/bioinformatics
https://sites.tufts.edu/datalab/workshops/
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01. The importance of protein structure
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Levels of protein structure
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https://www.genome.gov/genetics-glossary/Protein



The importance of protein structure

• Function Determination
• Biological Mechanisms
• Disease Understanding
• Protein Engineering
• Drug Design
• Vaccine Development
• … …

Q8I3H7: May protect the malaria parasite against attack by the 
immune system. Mean pLDDT 85.57.

https://alphafold.ebi.ac.uk/ 
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https://alphafold.ebi.ac.uk/


Experimental approaches to study protein structure
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https://www.youtube.com/watch?v=7q8Uw3rmXyE



Computational approaches to study protein structure
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• Instead of laboratory experimentation, 
there have been massive efforts to use 
a protein’s sequence to determine 
structure. 
• In 1994, the Critical Assessment of 

Structure Protein (CASP) was 
established. It’s a scientific even 
focused on the assessment of protein 
structure prediction methods. 

https://deepmind.google/discover/blog/alphafold-a-
solution-to-a-50-year-old-grand-challenge-in-biology/ 

https://deepmind.google/discover/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology/
https://deepmind.google/discover/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology/
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Computational approaches to study protein structure

2021

RoseTTAFold

(Deep Learning)



02. Introduction to AlphaFold2
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AlphaFold - Developed by DeepMind, it made groundbreaking progress in 2018 with 
AlphaFold 1 and then in 2020 with AlphaFold 2, which marked a significant leap in the 
field.

DeepMind’s AlphaFold
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AlphaFold

AlphaFold2



• Classical prediction methods require structure templates (e.g. 
MODELLER, I-TASSER) and they are heavily dependent on 
sequence homology. 
• These classical methods depend on the alignment of a target protein 

sequence with other sequences of known structure to infer the target's 
structure.

• AlphaFold employs deep learning, using a neural network to 
predict the “distance” and “angles” between residues in a protein, 
independent of templates. 
• This approach requires significant computational resources due to the 

complexity of the calculations involved.
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AlphaFold vs Other Computational Approaches



AlphaFold takes only sequence from the user

AlphaFold 2 Architecture
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(Jumper, Evans et al. 2021)



Step 1: Database search and preprocessing
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

• Protein structural information 
can be gained by understanding 
multiple sequence alignments 
(MSA)

• When we align similar protein 
sequences we identify:
• Conserved positions: where the 

letter does not change
• Coevolved positions: where the 

letter will change with another letter
• Specificity determining positions: 

where the letter is consistently 
different

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/


Residue Coevolution
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

• With an MSA we can 
identify residues that 
coevolve, or change 
together
• We can then reason that 

residues that change 
together must be close 
together in 3D space

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/


Step 2 & 3 : Evoformer and Structure Module
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Read the paper to understand the algorithm
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• Thoroughly validated in competition, but not perfect. 

• Not reliable when:
• Too-sparse MSAs
• Sequence are not evolutionary

• Antibody-antigen interface
• Point mutation studies

• Large state-dependent structure differences

AlphaFold represents the state of the art
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03. Running AlphaFold on Tufts HPC
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• Protein Sequence information
• Stored as a FASTA file. Consists of:

Protein Sequence Information
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Today’s study
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• Today we will be looking at a study by Ma et 
al. 2022, where they engineer Cas12a 
variants with reduced trans-activity while 
maintaining cis-activity
• They start by screening multiple mutants 

and identify mutant 2 as having reduced 
trans-activity 
• Variants were then introduced in mutant 2 

to create a variant with less trans-activity, 
and maintained cis-activity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/


Today’s study
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• Cas12a is used for gene editing across 
various organisms.
• The cis-activity of Cas12a refers to its ability 

to cleave DNA that is directly bound by the 
complex formed between Cas12a and its 
crRNA. 
• The trans-cleavage activity of Cas12a refers 

to its capability to cut single-stranded DNA 
(ssDNA) molecules not bound by the 
Cas12a-crRNA complex, a process initiated 
upon the enzyme's activation through the 
recognition and cleavage of its target DNA.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/


• Three variants were ultimately 
refined: mut2B-W, mut2C-W, and 
mut2C-WF
• We will use AlphaFold2 to predict 

the structure of mut2C-WF

Variant Structure Prediction with AlphaFold2
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/


• Three variants were ultimately 
refined: mut2B-W, mut2C-W, and 
mut2C-WF
• We will use AlphaFold2 to predict 

the structure of mut2C-WF

Variant Structure Prediction with AlphaFold2
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

mut2C-WF

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/
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Cas12a 
protein 
(previously 
named Cpf1)



F863V

D952N

AA sequence of mut2C-WF
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Running Alphafold2
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Hardware Requirements
GPU: It requires NVIDIA GPUs with CUDA support, and for optimal performance, it's recommended 
to use a high-performance GPU such as the NVIDIA A100, V100, or at least a T4 or RTX 2080 Ti for 
smaller proteins.
CPU: A modern multi-core CPU (e.g., 8 cores or more) is  important for efficient data processing.
Memory (RAM): The amount of system memory required can vary. For predicting structures of 
individual proteins (monomers), at least 16 GB of RAM is recommended, but 32 GB or more may 
be required for larger proteins or for multimer predictions.

Computational Time
The time it takes to run a prediction can vary from a few hours to several days, depending on:
• The complexity of the protein or protein complex.
• The model_preset used (monomer vs. multimer).
• The performance of the hardware, especially the GPU.



Accessing AlphaFold2 on Tufts HPC
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• Command Line 
Interface (CLI)

• Open 
OnDemand



Run AlphaFold2 on Tufts HPC
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Example script is provided
/cluster/tufts/bio/tools/training/cas12a_af2_sp24/script/runaf.sh



Running AlphaFold2 with Open OnDemand
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https://ondemand.pax.tufts.edu 

https://ondemand.pax.tufts.edu/


Numbers can be changed based on the 
size of your protein

NOTE: jobs submitted to the preempt 
partition may get automatically killed 
to allow higher priority jobs to run



Change it to your own working directory

Change it to your own output directory

Input file. Fasta format. 



Let’s use multimer for now



This parameter is crucial for benchmarking and studies, ensuring 
predictions replicate original conditions without using future 
knowledge unavailable at the study time.
It can be any past date.

This date acts as a cutoff, meaning that only protein templates 
solved on or before this date will be considered during the 
structure prediction process. 
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Output

https://elearning.vib.be/courses/alphafold/lessons/alphafold-on-the-hpc/topic/alphafold-outputs/



AlphaFold2 Accuracy 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

Predicted Local Distance Difference Test

• The Predicted Local Distance Difference Test (pLDDT) is a per-residue confidence 
metric  ranging from 0-100 (100 being the highest confidence)

• Regions below 50 could indicate disordered regions

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/


AlphaFold2 Accuracy 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

Predicted Alignment Error

• The Predicted Alignment Error (PAE) 
gives us an expected distance error 
based on each residue.
• If we are more confident that the 

distance between two residues is 
accurate, then the PAE is lower (darker 
green). If we are less confident that the 
distance between two residues is 
accurate, the PAE is higher (lighter 
green)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/
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https://github.com/google-deepmind/alphafold/?tab=readme-ov-file#running-alphafold 

Github page for AlphaFold

https://github.com/google-deepmind/alphafold/?tab=readme-ov-file


04. PyMOL: Visualizing Protein Structures
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Pymol is accessible for free with Tufts credentials
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https://access.tufts.edu/pymol 

https://access.tufts.edu/pymol


PyMOL
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Molecular visualization software
• Given atomic coordinate or volumetric data
• X-ray, NMR, EM, AlphaFold, etc. 
• Generates an interactive visualization
• Can render and save publication-quality images and videos.

https://www.rcac.purdue.edu/files/training/AlphaFol
d_Protein_Structure_Prediction.pdf 

https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf
https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf


PyMOL

Command Prompt

Display Area Object 
Menu
Panel

Misc
Controls

Misc
Controls

https://www.rcac.purdue.edu/files/training/AlphaFol
d_Protein_Structure_Prediction.pdf 
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https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf
https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf


Pymol Reference Card
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https://pymolwiki.org/images/7/77/PymolRef.pdf 

https://pymolwiki.org/images/7/77/PymolRef.pdf


Pymol Reference Card
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https://pymolwiki.org/images/7/77/PymolRef.pdf 

https://pymolwiki.org/images/7/77/PymolRef.pdf


Loading Data
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PyMOL handles PDB, mmCIF, MRC, SITUS, etc

https://www.rcac.purdue.edu/files/training/AlphaFol
d_Protein_Structure_Prediction.pdf 

https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf
https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf


Representations for Atomic Coordinate Data
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https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf 

https://www.rcac.purdue.edu/files/training/AlphaFold_Protein_Structure_Prediction.pdf
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For those without access to an HPC account

https://it.tufts.edu/researchtechnology.tufts.edu
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Hands-on tutorial
2024 Spring
Latest version

https://github.com/tuftsdatalab/tuftsWorkshops/blob/main/docs/2024_workshops/cas12aAlphaFold2
_sp24/02_Run_AlphaFold2_OpenOndemandApp.md

https://github.com/tuftsdatalab/tuftsWorkshops/blob/main/docs/2024_workshops/cas12aAlphaFold2
_sp24/03_Vizualize_predicted_structure_with_PYMOL.md 

https://go.tufts.edu/chbe0165_af

Hands-on session 1: Run AlphaFold2 on Tufts HPC with Open OnDemand App

Hands-on session 2: Visualize alphafold2 predicted structure with PYMOL

https://github.com/tuftsdatalab/tuftsWorkshops/blob/main/docs/2024_workshops/cas12aAlphaFold2_sp24/02_Run_AlphaFold2_OpenOndemandApp.md
https://github.com/tuftsdatalab/tuftsWorkshops/blob/main/docs/2024_workshops/cas12aAlphaFold2_sp24/02_Run_AlphaFold2_OpenOndemandApp.md
https://github.com/tuftsdatalab/tuftsWorkshops/blob/main/docs/2024_workshops/cas12aAlphaFold2_sp24/03_Vizualize_predicted_structure_with_PYMOL.md
https://github.com/tuftsdatalab/tuftsWorkshops/blob/main/docs/2024_workshops/cas12aAlphaFold2_sp24/03_Vizualize_predicted_structure_with_PYMOL.md
https://go.tufts.edu/chbe0165_af
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Hands-on tutorial, 2023 Spring:
Content developed by Jason Larid, former bioinformatics scientist.  

https://github.com/tuftsdatalab/tuftsWorkshops/tree/main/docs/20
23_workshops/cas12aAlphaFold2 

https://github.com/tuftsdatalab/tuftsWorkshops/tree/main/docs/2023_workshops/cas12aAlphaFold2
https://github.com/tuftsdatalab/tuftsWorkshops/tree/main/docs/2023_workshops/cas12aAlphaFold2


https://www.sciencedirect.com/science/article/pii/S2319417019305050

https://www.yourgenome.org/facts/what-is-crispr-cas9/

https://www.nature.com/articles/emm2016111

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9825149/

https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-13-235

https://www.blopig.com/blog/2021/07/alphafold-2-is-here-whats-behind-the-structure-prediction-miracle/

https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology

https://www.nature.com/articles/s41586-021-03819-2

https://www.uniprot.org/help/uniref

https://www.rcsb.org/

https://alphafold.ebi.ac.uk/faq

https://alphafold.com/entry/Q9FX77

https://www.rcsb.org/3d-view/5XUS/1

https://pymol.org/2/

https://github.com/google-deepmind/alphafold/tree/main 

https://hpc.nih.gov/apps/alphafold2.html 
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