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Project guideline

Course project report and discussion @ final:

Give a presentation (15min) that 

ÅFormulates the problem in terms of the 5 questions before, each with one slide.

ÅThen detail the proposed method (3-4 slides) that uses an AI technique to solve the problem.

ÅThen report the main experiment results (3-4 slides)

Submit a project report that summarize the project.

# Topic Date Teacher

15 Course Project Reporting and Discussion (1) Thur, 5/29 Tailin Wu

16 Course Project Reporting and Discussion (2) Thur, 6/05 Tailin Wu
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Todayôs topic

AI + Life science
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Video: The inner life of the cell
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Biological processes and central dogma

Central dogma
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Omics in Life Science and Biomedicine

Source: Wikipedia
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Life science: Big questions

Protein structure prediction and design

Single cell and spatial omicsGenetic computation and regulation

Drug discovery
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Life science: Big questions

Microbiology and infectious disease research

Ethics and biosafety

Neuroscience and brain research

Clinical science
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Outline

AI agent for scientific research

AI for protein structure prediction and design

AI for genetic computation and regulation

AI for spatial omics

AI Virtual Cell (AIVC)
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Scope of AI + Life Science

Å Classification/ 

regression

Å Simulation

Å Inverse design/ 

inverse problem

Å Control/planning

Tasks

Å Supervised learning

Å Generative modeling

Å Foundation models

Å Reinforcement learning

Å Evolutionary and multi-

objective optimization

Learning paradigm

Å Multilayer perceptron

Å Graph Neural 

Networks

Å Convolutional Neural 

Networks

Å Transformers

Å Neural operators

Neural architecture

Application (Science)

Å Physics

Å Math

Å Life science

Å Materials science

Å Controlled nuclear fusion

Å Aerospace

Å Quantum computing 

Å Brain-machine interface
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AI for protein 
structure prediction 
and design

I

1. AlphaFold 2 & 3: Protein structure prediction

2. Protein design
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Nobel prize in chemistry 2024
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Protein sequence, structure, and function

Protein structure prediction

Protein design
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AlphaFold 2: Highly accurate protein structure prediction

John jumper

Demis Hassabis

Jumper, John, et al. "Highly accurate protein structure prediction with 

AlphaFold." nature 596.7873 (2021): 583-589.
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Problem definition

Input: Primary amino acid sequence

(sequence of 20 types of amino acid) 

Target: 3D coordinates of all heavy atoms 

(including the side chain)

Illustrations of protein structure: Each amino acid contains nitrogen (ὔ), alpha-carbon (ὅ‌), 
carbon (ὅ), and oxygen (ὕ) atoms, as well as atoms in the side chain (known as R-group)



15

Significance and difficulty

Significance: 

Proteins are essential to almost all processes in life. Understanding their structure can

Å Facilitate a mechanistic understanding of their function

Å Design better drugs

Difficulty:

Å Combinatorial complexity: Proteins are composed of amino acids that can rotate around 

bonds, creating an astronomical number of possible conformations.

Å Energy landscape challenges: The energy landscape is rugged, with many local minima.

Å Dynamic and disordered regions: Proteins are dynamic, often adopting multiple 

conformations or containing intrinsically disordered regions that lack a fixed structure.
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Limitation of prior methods

Experimental methods:

Å X-ray crystallography and cryo-EM can provide structural data, but 
they are resource-intensive and not always feasible.

Å For billions of know protein sequences, the structure of only 

~100,000 unique proteins have been determined.

Computational methods:

Å Physics -based simulations : Require immense computational power, 
even for small proteins. For example, molecular dynamics (MD) 

simulate on the time scale of ρπ s, but some protein dynamics 

happen on the time scale of ρπs.

Å Evolutionary methods : Derive constraints on protein structure from 

bioinformatics analysis of the evolutionary history of proteins. But they 

have difficulty in due to lack of templates when dealing with novel folds.

They are far short of experimental accuracy. Workflow for X-ray crystallography
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Key result of AlphaFold 2

In CASP14 assessment, AlphaFold 

structures were vastly more accurate than 

competing methods:

Å AlphaFold: 0.96 Å r.m.s.d.95

Å Next best method: 2.8 Å r.m.s.d.95

r.m.s.d.95: CŬroot-mean-square deviation at 95% 

residue coverage
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Key result of AlphaFold 2

Accurate prediction compared with experiment:
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Main pipeline of AlphaFold 2
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AlphaFold 2: Evoformer

Evoformer:

Graph and its update:
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Main pipeline of AlphaFold 2
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AlphaFold 2: IPA module

Invariant point attention (IPA) module predicts 3D structure:
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AlphaFold 2: Predicting 200 million protein structures

Later, using AlphaFold 2, DeepMind has determined the structure of over 200 million protein structures 

from 1 million species, covering almost every known protein on the planet.
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AlphaFold 3: Structural prediction of biomolecular interactions

Abramson, Josh, et al. "Accurate structure prediction of biomolecular 

interactions with AlphaFold 3." Nature 630.8016 (2024): 493-500.



26

AlphaFold 3: Structural prediction of biomolecular interactions

AlphaFold 3 can predict the joint structure of complexes including 

proteins, nucleic acids, small molecules, ions and modified residues

Bacterial CRP/FNR family transcriptional 

regulator protein bound to DNA and cGMP

Human coronavirus OC43 spike protein, 4,665 residues, 

heavily glycosylated and bound by neutralizing antibodies
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AlphaFold 3: Structural prediction of biomolecular interactions

Pipeline of AlphaFold 3:

It consists of a diffusion module for predicting the 3D structure.
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AI for protein 
structure prediction 
and design

I

1. AlphaFold 2 & 3: Protein structure prediction

2. Protein design
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RFDiffusion: De novo design of protein structure & function

Abramson, Josh, et al. "Accurate structure prediction of biomolecular 

interactions with AlphaFold 3." Nature 630.8016 (2024): 493-500.

David Baker
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Protein design: Problem definition

Unconditional design: Generate new samples of protein structures 

ὢ Ḑὴὢ

Conditional design: Generate new samples of protein structures given 

conditions

ὢ Ḑὴὢ ὧέὲὨ
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Protein design: Problem definition
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Diffusion models: Training and inference

[1] Ho, Jonathan, Ajay Jain, and Pieter Abbeel. "Denoising diffusion probabilistic 

models." Advances in neural information processing systems 33 (2020): 6840-6851.

Training:

ὼȡ training data

ὼ: training data with ὸ steps of added noise

‭ȡ denoising network to be learned

input: data with ὸ steps of added noise

predict: the noise ‭ added

Inference (sampling):

denoise step-by-step

For conditional generation, replace

ꜗ ὼȟὸ by ꜗ ὼȟὧέὲὨȟὸ
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RFDiffusion: Conditional generation

RFDiffusion can design proteins 

based on conditioning information:

Å Partial sequence

Å Binding target

Å Fold information

Å Functional-motif coordinates
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ESM3: Jointly generate sequence, structure, and function

Hayes, Thomas, et al. "Simulating 500 million 

years of evolution with a language 

model." Science (2025): eads0018.

Masked decoding:

Diverse unconditional generations:
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Outline

AI agent for scientific research

AI for protein structure prediction and design

AI for genetic computation and regulation

AI for spatial omics

AI Virtual Cell (AIVC)
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AI for genetic 
computation and 
regulation

II
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Biological processes and central dogma

Central dogma
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Gene perturbation

ñWe still cannot predict how a cell will behave if we mutate a 

previously unstudied gene.ò

-- Molecular Biology of the Cell


