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The major tools in structural biology
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NMR X-ray Crystallography CryoEM Computation



AI in Structural Biology is everywhere
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The Nobel Prize in Chemistry 2024

David Baker Demis Hassabis John M. Jumper(1/2) (1/4) (1/4)

The Nobel Prize in Chemistry 2024 was divided, one half awarded to 
David Baker "for computational protein design", the other half jointly to 
Demis Hassabis and John M. Jumper "for protein structure prediction"



Applications of AI in Structural Biology
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A new automation solution



AlphaFold provides a new aspect of structure determination
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AlphaFold 3.0 was released in 2024
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AlphaFold 3.0 is a web-based service
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20 runs per user per day.

From DeepMind:  
Introducing AlphaFold 3, a new AI model developed by Google DeepMind and Isomorphic Labs. By 
accurately predicting the structure of proteins, DNA, RNA, ligands and more, and how they interact, we 
hope it will transform our understanding of the biological world and drug discovery.



ColabFold: AF2 core but faster than AF2

10

RTX3090 24GB V100 24GB A100 24GB A100 24GB



ColabFold benchmarks @ ASGC
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https://kpwulab.com/2023/11/25/alphafold-benchmarks-on-asgc/
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ColabFold benchmarks @ ASGC
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https://kpwulab.com/2023/11/25/alphafold-benchmarks-on-asgc/

0
5
10
15
20
25
30
35
40

112 177 249 336 360 469 936 1136 1280
0

150

300

450

600

750

900

1872 3744
Homodimer Homotetramer Homotetramer Homoctamer

M
in

ut
es

Protein length

A100 80GB
V100 24GB
3090 24GB

A100 80GB V100 24GB 3090 24GB

1280 residues



ColabFold benchmarks @ ASGC
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3090 24GB



Run ColabFold @ DiCOS

14

•ColabFold provides a Jupyter script to set up input parameters.

• Easy for new comers, no need to know much about Linux and HPC settings

https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb



Run ColabFold @ DiCOS
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•ColabFold provides a Jupyter script to set up input parameters.

• Easy for new comers, no need to know much about Linux and HPC settings



Batch mode runs more
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•ColabFold provides a Jupyter script to set 
up input parameters.


• Easy for new comers, no need to know 
much about Linux and HPC settings

•ColabFold Batch (now v1.5.5) can run 
multiple sequences (one by one) in one click!


• 100 sequences (~500 residues) took about :

• 10-12 hours without “relax”

• 20-24 hours with “relax”



Run ColabFold @ DiCOS with “relax”
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•ColabFold and AlphaFold both calculate “5” models 
and rank the models with multiple metrics.

•Numbered as 1, 2, 3, 4, 5 

•Model 1 is the best ranked structure (more 
reliable).

• It is known that AlphaFold2 (not 3) doesn’t place the 
sidechain well. It often create steric clashes. Hence 
low reliability for drug discovery.


•ColabFold integrates “Amber” to run “relax” process 
— using simple relax function in molecular dynamic 
simulation to place the sidechain in a more 
appropriate space. —> increase quality of predicted 
model.


• The ‘relax” calculation takes another 5-10 minutes 
(depending on protein size).



Amber relax improves the quality of predicted structure
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+ relax - relax

Steric clashesLys-Trp are not overlapped



RosettaFold and its succedent
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• Rosetta (original)

• RoseTTAFold (Deep learning)

• RoseTTAFold All-Atom

• RFDiffusion All-Atom

https://github.com/baker-laboratory



Generated AI and structural biology
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• RFDiffusion (RFD)

• RFDiffusion All-Atom (RFDAA)

https://github.com/baker-laboratory/rf_diffusion_all_atom

Described at Baker Lab:

“Inspired by AI image generators, RFdiffusion can be used to create novel protein structures in seconds. It 
sculpts clouds of disconnected atoms into novel protein backbones, yielding monomers, oligomers, binders, 
and more. Initially trained only on amino acids, RFdiffusion All-Atom now builds molecules using all of life’s 
building blocks, including DNA, RNA, ions, and small molecules.”  



Generated AI and structural biology
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https://github.com/baker-laboratory/rf_diffusion_all_atom



BindCrarft—An integrated pipepline for protein design
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https://github.com/martinpacesa/BindCraft

https://www.biorxiv.org/content/10.1101/2024.09.30.615802v1
Posted online October 1, 2024



BindCrarft—An integrated pipepline for protein design
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In our own test
• Generate 100 “acceptable” model

• Nvidia Rtx 4070 (16GB): 19-25 hours

• Nvidia Rtx 3090 (24GB): 20-35 hours

• Nvidia Rtx 2080 (12GB): 92-120 hours

• A100 (40GB or higher) is suggested by the author.



A diffusion model to protein-ligand docking
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https://github.com/gcorso/DiffDock
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A diffusion model to protein-ligand docking
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https://github.com/gcorso/DiffDock

• 3-4 weeks by 24-core, 48-thread CPUs (Intel Xeon Silver 4116 2.1 GHz)

• 1-2 days by ONE Nvidia Rtx 4090 24GB GPU card (no parallel setting)

For a job docking ~4000 compounds, it took:



Everything in the cloud —NMR application
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• DiCOS system has a NMR app 

• Please go to https://dicos.grid.sinica.edu.tw/resources to apply an account 

(not limited to AS users) 

• So far, NMRpipe, masterHI, Poky, NMRFam-Sparky, Xplor-NIH are installed 

(need to debug a bit more)



Everything in the cloud —cryoEM application
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Suite for AI-based protein-related software
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Structure 
Prediction Ligands Data AnalysisProtein Design

CryoSPARC

cisTEM

NMR-app bundle

RELION

CryoDRGN

Warp

DiffDockAlphaFold-Full DB RFDiffusion

RFD-all atom

RosettaFold RosettaFold-PPI

ProteinMPNN

BindCraft

LigandMPNN

SBDD

RosettaFold-NA

AlphaFold/ColabFold



Thanks ASGC for the stable and affordable resource
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100 “Compute units” = $ 10.5

1 hour needs 10.59 unit, 

9.4 hours available


