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Highly accurate protein

structure prediction
with AlphaFold
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A fifty-year problem

Ribonuclease A

Christian B. Anfinsen
3.26.1916 — 5.14.1995

Refolding experiment of Ribonuclease A.




The solutions:
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Could we optimize the protein by physics law?




The solutions:

Only consider backbond: 3 conformers for ¢ and 3 conformers for ¢

For a 200aa protein: 3409~ 101°1

Using empirical constrains to reduce the searching space.
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The solutions:
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Our computation resource could not
e _ afford full atom folding simulation to

An animation of the gradient descent method .

predicting a structure for CASP13 target T1008 microsecond level.
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Templet Modeling

Template Unknown structure

ELAGIILTVSYIPSAEKIA ELAIGILTVSYIPSAEKIR
( Sequence alignment
ELAGI-ILGVSYIPSAEKI-ARACELTI

Rosetta
Commons

ELA-IGILTVSYIPSAEKIRAP--ELTI

ROSETTA’s compare modeling could predict high quality model by templets.
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@ DeepMind
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Sequence 3 ADSS Structure

Parameterize by template

Anfinsen suggest the mapping relationship from sequence to structure.

The development of AI approaches allow us training model to solve the problem directly.
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Critical Assessment of protein
Structure Prediction (CASP)

. . CASPS target 512-D1 4 o
Taking place every two years since alKpbdels o

1994 (3dsm)

Neither predictors nor the organizers
and assessors know the structures of
the target proteins at the time when
predictions are made.

Targets for structure prediction are
either structures soon-to-be solved, or
structures that have just been solved | N
and are kept on hold by the Protein
Data Bank.




Al Breakthrough

Ranking of Zscroe(large is better)
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CASP13 in 2018




Al Breakthrough
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Alphatold?2

N tenninus

AlphaFold Experiment AlphaFold Experiment AlphaFold Experiment

r.m.s.d.; = 0.8 A; TM-score = 0.93 r.m.s.d. = 0.59 A within 8 A of Zn r.m.s.d.gs = 2.2 A; TM-score = 0.96
Backbone accuracy Side-chain accuracy Domain packing accuracy




Alphatold2 Model Architecture
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Data processing sequence
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Data processing
| Feawre | shape | description ___

residue_index [Nres] residue index
target feat [Nres,21] residue index and aa type
msa_feat [Nclust, Nres,49] Profile of MSA cluster
extra msa_feat [Nextra,Nres, 25] Profile of extra MSA
template pair_feat [Ntempl; Nres; Nres; 88| Dis. aaType info of tpl
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Data processing

Pair template
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Data processing
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Evoformer

48 blocks (no shared weights)
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Self-attention
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l Linear transformer
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Evoformer

MSA row-wise gated self-attention with pair bias:
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Information exchange Zr

MSA transition layer: Pair ‘
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Triangle multiplicative update
using ‘outgoing’ edges

Edges update

Triangular multiplicative update using “outgoing” edges:
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Edges update

48 blocks (no shared weights) \
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Structure Module
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Interpreting the neural network

Test set of CASP14 domains Test set of PDB chains
With self-distillation training bl .,
Baseline . - ™
No templates -

No auxiliary distogram head
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No raw MSA s -
(use MSA pairwise frequencies) | e ] -

MNo IPA (use direct projection) —

No recycling -

e
No auxiliary masked MSA head - =S . =
=
==

No triangles, biasing or gating
(use axial attention) |

No end-to-end structure gradients .
(keep auxiliary heads) | e 7] ™~
No IPA and no recycling - ——%—_, -

T T T T T T
-20 -10 0 -4 -2 0 2

GDT difference compared IDDT-Cuo difference
with baseline compared with baseline




Interpreting the neural network

Easy struct converge fast.

80 —
|_
S 60-
£ complicated struct converge slow.
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0 48 96 144 192

Evoformer block

GDT score of intermediates alone with network depth.
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