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@s Proteins drive biomolecular functions

Cellular processes
Metabolism
DNA replication/modification
Transcription/translation
Intracellular signalling
Cell-cell communication
Protein folding/degradation
Transport

- Multifunctional proteins
Defence and immunity
Miscellaneous functions

Subcategories of the category “Molecular Function” used in the é
Structure of Type-2 restriction enzyme EcoRI, PDBID 1CL8, source: SWISS-MODEL Repository Gene Ontology Project (Ashburner et al. Nature, 2000)




@ Where do proteins come from: The biological dogma
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he chemical basis of proteins: Amino acids
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@ Primary structure — sequence of amino acids

Primary Structure

1
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Peptide Bond

Amino acid
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Copyright © 2008 Pearson Education, inc., publishing as Pearson Benjamin Cummings.

https://biologydictionary.net/peptide-bond/



@9 Secondary structure —3D local, folded arrangement

Alpha helix Beta sheet Loop

http://cbm.msoe.edu/teachingResources/proteinStructure/secondary.html http://opig.stats.ox.ac.uk/webapps/newsabdab/sabpred/fread/



ertiary structure — 3D shape of one protein chain

N-terminal

Schematic representation of the tertiary structure of a protein with alpha helices, beta sheets and loops,
Figure 8, Lara et al. TripleC, 2009



- = Pate :
2PDB Molecular Machinery: e OB o

X A Tour of the Protein Data Bank

Cells build many complex molecular machines that perform the biological jobs needed for life. Some of these machines
are molecular scissors that cut food into digestible pieces. Others then use these pieces to build new molecules when
cells grow or tissues need to be repaired. Some molecular machines form sturdy beams that support cells, and others are
motors that use energy to crawl along these beams. Some recognize attackers and mobilize defenses against infection.

Adenone RESEANC hers around the world are studying these molecules at the atomic level. These 3D structures are
Triphosphate freely available at the Protein Data Bank (PDB), the central storehouse of biomolecular structures. A few
@) examples from the ~100,000 structures held in the PDB are shown here at a magnification of about
e 3,500,000 times, with each atom represented as a small sphere. The enormous range of molecular sizes is
Guosefllustrated here, from the water molecule (H20) with only three atoms (shown at the left) to the ribosomal
Water subunits with hundreds of thousands of atoms.

into small nutrient molecules
1. Amylase 15md 5. Popsin Spep
2. Phospholipase 1poe 6. Trypsin 2pt

3. Deovpibonudease 2dnj 7. Catborypeptidase 3pa

4. Lysozyme 1121 8. Rboruidease 5052

Blood Plasma Proteins: transporting nutrients

and defending against injury
9. Factor X Ixka, tiod 11 Fibrin 1m1j, 2bat
10. Thrombin 1ppb 12. Serum Albumin 1e7i

Viruses and Antibodies: engaging in
constant battle in the bloodstream
13, Antibody Tigt 14, Rhinovirus 4rhv

Hormones: carrying molecular
messages through blood

15. Qlucagon 19

16. Insulin 2hiu

17. Epidermal Growth Factor Tegt

Channels, Pumps and Receptors: getting
back and forth across the membrane
15 Ras Protein 5p21
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20, Acetylcholine Receptor 2bga
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Vo, 2jwa, 256
22, Rhodopsin 1188
23, Pglycoprotein 4m2t
24, Potassium Channel 3lut
25, Calcium Pump 15t
26, Cydooxygenase Iprh

Photosynthesis:
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Storage: containing nutrients
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38, Feitin 1hrs

Enzymes: cutting and joining the molecules of life
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89.lac Repressor 1lbh tefa
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@ Sequence determines the structure

Anfinsen's dogma - 3D structure of (most) natural proteins is determined only by
its amino acid sequence.

Amino acid sequence (in a given environment)

l

Interatomic interactions

O oil-like
l, ‘ Water-like

Native conformation (3D structure) @’

Slide from Sergey Ovchinnikov



https://docs.google.com/presentation/d/1ANRI2h5G-Kz1kWm7xwFuYwqQeNpjXOXaWtpbXWcQzGs/edit#slide=id.g14831aadd0f_0_5726

@ Sequence determines the structure

. Hydrophobicity

e
,(

\) ?q

Soluble protein Transmembrane protein

. Sidechain and backbone conformations

- Bonds (hydrogen bonds, ionic bonds, ...)

an o2

Slide from Sergey Ovchinnikov


https://docs.google.com/presentation/d/1ANRI2h5G-Kz1kWm7xwFuYwqQeNpjXOXaWtpbXWcQzGs/edit#slide=id.g14831aadd0f_0_5726

@ Experimental methods to determine structures

X-ray crystallography Nuclear magnetic resonance Cryogenic electron microscopy
(NMR) spectroscopy (cryo-EM)

Single Diffraction Electron
crystal pattern density map

high resolution -
Igh resolutio no need to crystallize

not limited by protein size many conformations

(measured in solution) small number of samples
sample must be crystallizable . . .
P Y large amount of protein needed small proteins are difficult
rotein is in the crystal . . . -
P Y only small proteins flexible proteins are difficult

structure conformation

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm, NMR profile of solid apoferritin, Figure 3, modified, Bertinietal., PNAS, 2011,
https://casegroup.rutgers.edu/lnotes/cry oEM.pdf, CryoTEMimage of GroEL suspended in amorphousice at 50000x magnification



https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm
https://casegroup.rutgers.edu/lnotes/cryoEM.pdf
https://en.wikipedia.org/wiki/CryoTEM
https://en.wikipedia.org/wiki/GroEL
https://en.wikipedia.org/wiki/Amorphous_ice

@ Sequence-structure gap

Billions of sequences
10

- Modern sequencing methods L p— Deposited sequences Q‘WLSW;SS
- Deposited structures N a

MmN

~200k structures

Time and labour consuming

Cumulative count (logp)

1980 1990 2000 2010 2020
Deposition year

=

Image adapted from PTNG blog post


https://ptngscientific.com/blog/machine-learning-for-protein-engineering-here-to-stay

@ The protein folding problem

For a given sequence, find the structure with the lowest free energy

Sequence > Structure

energy

conformational
landscape

[Video credit: C. Fennell]
Dill, K.A. and MacCallum, J.L., 2012. The protein-folding problem, 5o years on. science, 338(6110), pp.1042-1046.
Slide from Sergey Ovchinnikov



https://docs.google.com/presentation/d/1ANRI2h5G-Kz1kWm7xwFuYwqQeNpjXOXaWtpbXWcQzGs/edit#slide=id.g14831aadd0f_0_5726

he protein folding problem

Levinthal's paradox
the number of potential configurations a protein could adopt is astronomical

searching through all should take longer than the age of the universe

yet proteins fold rapidly, suggesting efficient folding pathways




@ Through the ages
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g Template-based Fragment Assembly - v RaptorX (“17), AF (“18), RGN
Modelling (TBM) : '
iC . Rosetta (‘97), 1 CASP (‘94), - QO (19), Ar2(20)
Utilise sequence alignments to Threading (‘91), BLAST (90) _\J' « N N
i “copy” similar residues ' N i P .

b
: 7] e o
RN . .).
Molecular [/ AN ©  Contact/Distance S S
R NN ONNRE © L TR
Dynamics NNV Map Prediction 0 A S
' O WA @ © o 0o 0 0
AMBER (81), 00N sl omme 1 O e o o o
charmm (23 NONDR AR e oo
NN o o
Y4 °

Slide from



https://structural-bioinformatics.netlify.app/assets/slides/06_Structure_prediction.pdf

@ Homology modelling

- proteins that have similar sequences usually have similar structures

protein structures are more conserved than their sequence

Starting Sequence - - Structure
GIVEQCCTSICSLYQLENYCN prediction
bt
]_..-" iy
Similar Sequence "5!'7 q
GITDDCCT-ICSLYQLDNYCO > : ‘{_){
aw VA%
V‘“‘ f'a".?
f/ N
D|sadvantages Template

- Needs available template with high-quality alignment
- Accuracy drops sharply if homologues very remote (e.g. < 30% seq. id.) ﬂ




@ Homology modelling

SWISS-MODEL a fully automated protein structure homology-modelling server
including pre-computed models in the SWISS-MODEL Repository

sSWISS—MODEL“

is a fully automated protein structure homology-modelling server, accessible via the Expasy
web server.

The purpose of this server is to make protein modelling accessible to all life science researchers

worldwide.
Start Modelling

Repository

Every week we model all the sequences for thirteen core species based on the latest UniProtKB
proteome. Is your protein already modelled and up to date in SWISS-MODEL Repository?




@ Overview of the methods covered

(2020) (2021) (2024)

AlphaFold2 AlphaFold-Multimer AlphaFold3
ColabFold Boltz
Chai

&
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% Critical Assessment of Structure Prediction (CASP)

Test/competition of protein structure predictions
On unreleased structures

Carried out every 2 years

GDT (~Percentage accuracy)

Overall success at protein structure prediction in CASPs over the years.



% Critical Assessment of Structure Prediction (CASP)

- Similarity of structures to already known structures

“Difficult”
|

Known structures

100

80 -

, %
(o]
S

GDT_TS
3

QO o) )

0 % © 0 ©

0 Og o) 00 ©

= O O 0

e e — ) O

CASP14: AlphaFold2 O
; O o S

0~~...% o ©

o
e,

———— CASP1 CASP2 CASP3
CASP4 ———— CASPS CASP6 i =
CASP7 CASP8 - - CASP9 e
——— CASP10 ———— CASP11 ——— CASP12
——— CASP13 ———— CASP14 CASP15
----------- CASP15_server ----- CASP15-AF2_NBIS ------- CASP15_ColabFold
Easy Target Difficulty Difficult




@ AlphaFold2

Developed by Google DeepMind

Input:
sequence

Output:
structure (static, not multiple conformations)
confidence metrics (pLDDT, PAE, ...)

\ s
~ -
AMINO ACID
SEQUENCE - =
> > N
/ i \
ALPHAFOLD2 PREDICTED
STRUCTURE

=

Images from the Nobe| Prize explainer


https://www.nobelprize.org/prizes/chemistry/2024/popular-information/

@ AlphaFold2

- Deep Leaning method
- Only ~200k examples of protein structures to train on

10 -
— Deposited sequences
-+ Deposited structures @j}% Ass...w
1, E e
S ’ L2
~ - E
8
- - )
AMINO ACID E
SEQUENCE - ~ 2
> — N 3
/ I \
ALPHAFOLD2 PREDICTED

STRUCTURE 1980 1990 EF}.DD 2010 2020 ﬂ
Deposition year




@ AlphaFold2

- Deep Leaning method
- Only ~200k examples of protein structures to train on

- Gets help from sequence-only data

DATABASES 10" — Deposited sequences WL,
------ Deposited structures @@- Hss...
v by
N ’
B o
N K =

- ~
> > s \
/ I \

ALPHAFOLD2 PREDICTED

STRUCTURE 1980 1990 EF}.GH 2010 2020 ﬂ
Deposition year

AMINO ACID
SEQUENCE

Cumulative count (logg)




@y Coevolution / Multiple Sequence Alignment (MSA)

Proteins have long-range dependencies between residues

Not obvious when looking at a single sequence

Slide from Sergey Ovchinnikov


https://docs.google.com/presentation/d/1ANRI2h5G-Kz1kWm7xwFuYwqQeNpjXOXaWtpbXWcQzGs/edit#slide=id.g14831aadd0f_0_5726

@y Coevolution / Multiple Sequence Alignment (MSA)

Proteins have long-range dependencies between residues

Not obvious when looking at a single sequence

Search %\ .

-
>
Database of

sequences 0




@y Coevolution / Multiple Sequence Alignment (MSA)

Proteins have long-range dependencies between residues
Not obvious when looking at a single sequence

We can learn this by looking at multiple sequences

Search % ]
/ i o []
Database of Similar _ o L] [l
sequences 0 Sty [] []
e []




@y Coevolution / Multiple Sequence Alignment (MSA)

If two amino acids in a protein are in close contact, mutations in one of them will
probably be followed by mutations of the other (to preserve the structure).

The opposite is also true: if two regions of a protein are changing and evolving
independently from each other, it is likely that they are not in direct contact.

Have co-evolved Have co-evolved
( G h ( : b Charged Hydrophobic

T I et



https://www.nobelprize.org/prizes/chemistry/2024/popular-information/

@y Coevolution / Multiple Sequence Alignment (MSA)

X &

Homo-dimer

7= a5

Mediated Conformational Change

Slide from Sergey Ovchinnikov


https://docs.google.com/presentation/d/1ANRI2h5G-Kz1kWm7xwFuYwqQeNpjXOXaWtpbXWcQzGs/edit#slide=id.g14831aadd0f_0_5726

@ Coevolution extends the applicability domain

Where AlphaFold2 works well:

N

Known structures

Known sequences

Orphan proteins
Designed sequences
Fast-evolving families
(not many close relatives
— shallow MSA)

(and many close relatives — deep MSA)




@ Architecture

sequence
databases

input sequence

structure databases
(templates)

E

MSA representation
Nseqx Nxc

pair representation
NxNxc

Evoformer
(48 blocks)

single representation
Nxc

_,_31_’

pair representation
NxNxc

Structure module
(8 blocks)

single representation
Nxc

— [T [

|

sidechains

> o f»ackbone L—) structure




@ Architecture

single representation single representation
Nxc Nxc

> —> (T

— — ¢

sequence
databases

sidechains

MSA representation
N_xNxc

— = b - >

input sequence Evoformer Structure module
(48 blocks) (8 blocks)

backbone structure

structure databases
(templates)

pair representation pair representation
NxNxc NxNxc

recycling
(3 times)




Evoformer

MSA representation
Nseqx Nxc

pair representation
NxNxc

Evoformer
(48 blocks)

single representation
Nxc

pair representation
NxNxc




“ Evoformer

MSA representation
Nseqx Nxc

Charged Hydrophobic

use coevolution to

which residues to focus on \ .
infer contacts between residues

pair representation
NxN xc




Evoformer

MSA representation
Nseqx Nxc

pair representation
NxNxc

Evoformer
(48 blocks)

single representation
Nxc

pair representation
NxNxc




Qs Structure module

single representation
Nxc

pair representation
NxNxc

Structure module
(8 blocks)

single representation
Nxc

— [T [

|

sidechains

> o f»ackbone L—) structure




Qs Structure module




@y 5 separate AlphaFold2 models

AlphaFold2 outputs 5 structures
Each is a result of a different model (same architecture, different training)

Model 1 Model 2

Uses templates

More MSA seq

More MSA seq




@ Confidence metrics

AlphaFold2 was trained to also output confidence metrics alongside predicted
structures

Predicted metrics that tell how close to the real answer it is,
in other words, how confident the model is

oLDDT

Local confidence
PAE

Relative position of two residues




@ pPLDDT —local confidence

Predicted local distance difference test (pLDDT)

Measures correctness of distances from an atom (Ca) to its close neighbours
(also Ca)

Per-residue measure of local confidence

Range: 0-100
higher score = higher confidence

Low scores:
AF2 doesn’t have enough information
Disorder/flexibility

-
Very high (pLDDT > 90)  Confident (90 > pLDDT >70) Low (70 > pLDDT > 50)  Very low (pLDDT < 50) ‘QJ ﬂ
G T

AlphaFold ID: AE-Q3S2X4-F1


https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4

@ pPLDDT —local confidence

Very high (pLDDT > 90)  Confident (90 > pLDDT >70) Low (70 > pLDDT > 50)  Very low (pLDDT < 50) a
G T

AlphaFold ID: AF-Q817S7-F1, AF-0352X4-F1, AF-P36883-F1


https://alphafold.ebi.ac.uk/entry/Q8IZS7
https://alphafold.ebi.ac.uk/entry/Q8IZS7
https://alphafold.ebi.ac.uk/entry/Q8IZS7
https://alphafold.ebi.ac.uk/entry/Q8IZS7
https://alphafold.ebi.ac.uk/entry/Q8IZS7
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/Q3S2X4
https://alphafold.ebi.ac.uk/entry/P36883
https://alphafold.ebi.ac.uk/entry/P36883
https://alphafold.ebi.ac.uk/entry/P36883
https://alphafold.ebi.ac.uk/entry/P36883
https://alphafold.ebi.ac.uk/entry/P36883

Not confident,

@ PAE —global confidence 7 bigero

- Predicted aligned error (PAE)

- Relative position of two residues

« N x N matrix

Aligned residue

Confident,
small error

Scored residue

I 2 |
o 5 10 15 20 25 30

Expected position error (z\ngstréms)




@ PAE —global confidence

200 -

400

600 -

Aligned residue

800 1

1000
1066

400 600

Scored residue

L |
0o 5 10 15 20 25 30

Expected position error (Angstroms)

AlphaFold ID: AE-Q14676-F1


https://alphafold.ebi.ac.uk/entry/Q14676
https://alphafold.ebi.ac.uk/entry/Q14676
https://alphafold.ebi.ac.uk/entry/Q14676
https://alphafold.ebi.ac.uk/entry/Q14676
https://alphafold.ebi.ac.uk/entry/Q14676

@ PAE —global confidence

+  Not symmetrical

Aligned residue

100 200 300 400 500 600 700

Scored residue

B 2 |
o 5 10 15 20 25 30

Expected position error (Angstrﬁms)

AlphaFold ID: AE-Q8T2T7-F1


https://alphafold.ebi.ac.uk/entry/Q8T2T7
https://alphafold.ebi.ac.uk/entry/Q8T2T7
https://alphafold.ebi.ac.uk/entry/Q8T2T7
https://alphafold.ebi.ac.uk/entry/Q8T2T7
https://alphafold.ebi.ac.uk/entry/Q8T2T7

%

M — predicted template modelling score

One number for the whole structure

Accuracy of the global structure of the

protein, relatively insensitive to " P W
localized inaccuracies =
Can be thought of as being calculated 200 88
from PAE g 0
ngO
§_"500‘
<<
Range: 0-1 600\

higher is better 700

800

0 100 200 300 400 500="600 700 800
Scored residue

B e ]
0 5 40 415 20 25 30

Expected position error (Angstréms)




@ Confidence metrics in the architecture

pLDDT
single representation single representation /
Nxc Nxc
Gatabases m ¢
databases | T - sidechains
MSA representation
N_ xNxc
seq
O T & o e
input sequence Evoformer Structure module
(48 blocks) (8 blocks)

structure databases
(templates)

pair representation pair representation
NxNxc NxNxc

J PAE, pTM, ipTM

recycling
(3 times)




@ Outputs

- AlphaFold2 outputs 5 structures (one for each of the g models)

-~ S
/’\ /’\

name_unrelaxedzrank_001\alphafold2_ptmgzmodel_3_Seed_000.pdb
name_unrelaxed _ran k_002_!1lphafold2_ptr1|_mod el_5_s‘eed_000.pdb
name_unrelaxe{:l_ran k_OOS_z%Iphafold2_ptri1_model_2_s!aed_000.pdb
name_unrelaxeq_rank_004_i1|phafo|d2_ptr‘1_model_1_siaed_000.pdb
name_unrelaxed&rank_005/_alphafold2_ptm&model_4_peed_000.pdb

\
/ \/l \\4/

- Ranks them according to the mean pLDDT




@ Limitations of AlphaFold2

- Not sensitive to point mutations
. Struggles with a weak MSA
- Highly variable sequences (e.g. antibodies, viruses)
- "“Orphan” proteins (those with few close relatives / similar sequence)

- Only single protein chains; no protein-protein complexes, ligands, nucleic acids

C Potential Applications of AlphaFold

Discovering drugs that bind Estimating the effect of Modeling interfaces of Engineering proteins with new
tightly to protein pockets genetic variants on protein proteins that create functions for medicine, agriculture,
structure and function protein—protein interactions and the broader environment

A Holy Grail — The Prediction of Protein Structure (Russ B. Altman, New England Journal of Medicine, 2023)



@ Limitations of AlphaFold2

Conformational diversity

AlphaFold2 is trained on static structures

Tricks for diversity (templates; smaller MSA)

Sugar-bound Sugar-free
RMSD 3.02 A RMSD 0.67 A

Memorization artefacts

eukaryotic translation initiation factor 4E-binding protein 2
(4E-BP2, UniProt ID: Q13542)

Lacks a structure in unbound state

Adopts a helical structure in bound state (PDB ID: 3AM7)

AF2 was trained on the bound state, so it predicts that



https://www.uniprot.org/uniprotkb/Q13542/entry
https://www.wwpdb.org/pdb?id=pdb_00003am7
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@ AlphaFold-Multimer

Same architecture as AlphaFold2

Same databases

Retrained, different training data cutoff (more structures)
Builds paired MSA

Chain A Chain B
W o S
& =4l
g . ]
> Y [ []
e B e




@ Confidence metrics

pLDDT (local confidence) PAE (global confidence)

0
100-
()
‘5 &
o B
(45
g 300
o
Jon
<

123 . - - : -
100 200 300 400 |
0 487/0 123
Chain A Chain B
Scored residue
[ ]

0 5 10 15 20 25 30
Expected position error (Angstroms)

Very high (pLDDT > 90)  Confident (90 > pLDDT > 70)  Low (70 > pLDDT > 50)  Very low (pLDDT < 50) a

D T D
AlphaFold ID: AF-0000000203959827



https://alphafold.ebi.ac.uk/entry/AF-0000000203959827
https://alphafold.ebi.ac.uk/entry/AF-0000000203959827
https://alphafold.ebi.ac.uk/entry/AF-0000000203959827

@ Confidence metrics

pTM — predicted template modelling score
derived from PAE

if one of the interacting partners is larger than the other, b
it dominates the pTM

. BTI\/I above 0.5 suggests the complex fold may be

roadly correct -
/_-> 400+

ipTM —interface predicted template modelling score

Chain A

e = =

Aligned residue
W
3

. o |
only for the interface s ([
measures the accuracy of the predicted relative 128 — e -
positions of the subunits within the complex 0 , gt

Chain A Chain B
ipTM > 0.8: confident; 0.6-0.8: gray zone; < 0.6: searetiresidue
possibly failed E— |
0 5 10 15 20 25 30

regions with low pLDDT and disordered regions may Expected position error (Angstrime)

negatively affect ipTM




@ Confidence metrics

IpSAE — interaction prediction Score from Aligned
Errors

- improved ipTM

- not calculated by AlphaFold,
calculated separately

IpSAE = 0.8: The predicted homodimer interface is modelled
with high accuracy

0.7- 0.8: The predicted interface is likely correct with a well-
arranged interaction

0.6 - 0.7: The interaction may be correct but should be
interpreted cautiously

< 0.6: The predicted interaction is unlikely to represent a
reliable complex

Aligned residue

Chain A

100 200~ —300 400 |

Chain A

487/0 123
Chain B

Scored residue

5 10 15
Expected position error (Angstroms)

[ I

20 25 30




@ Confidence metrics in the architecture

pLDDT
single representation single representation /
Nxc Nxc
Gatabases m ¢
databases | T - sidechains
MSA representation
N_ xNxc
seq
O T & o e
input sequence Evoformer Structure module
(48 blocks) (8 blocks)

structure databases
(templates)

pair representation pair representation
NxNxc NxNxc

J PAE, pTM, ipTM

recycling
(3 times)




@ Ranking of structures

For complexes, the structures are ranked mostly by ipTM

model confidence = 0.8:ipTM + 0.2:-pTM
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@ 3 Wways to access AlphaFold2 predictions

1. Installing and running AlphaFold2
2. Running online implementations of AlphaFold2 (ColabFold)

3. Searching a database of structures that have already been predicted using
AlphaFold2 (AFDB)




@O @® ([ private <

% Al o haFold2 o pen-source co de I ——— m—_

& google-deepmind / alphafold  Public L\ Notifications % Fork 2.6k ¢ Star 147k

<> Code (© lIssues 276 19 Pullrequests 31 (® Actions () Security and quality |~ Insights

¥ main ~ ¥ 1Branch © 13 Tags Q Goto file About

Open source code for AlphaFold 2.

- ) DeepMind and copybara-github Update AFS custom template JSON inp... @3 +/  c77e5d2-2monthsago %) 209 Commits
. an be rounaon GitHU T

B afdb Update the AFDB readme to use gcloud storage instead of... 2 months ago & Apache-2.0 license
Ay Contributing

8 alphafold Remove dead TF data transform functions 2 months ago
A~ Activity

B docker Stop using Conda to install OpenMM and PDBfixer - both ... 3 months ago B Custom properties

14.7k stars

B docs Update technical note for v2.3.0 to mention the change in ... 3 months ago w
® 238 watching

B8 imgs Initial release of AlphaFold. 5 years ago % 2.6k forks

B8 notebooks Deprecate the AlphaFold 2 notebook last year Report repository

B scripts Use Jusr/bin/env for bash sheban 9 months ago

P srpinigo 9 B Releases 13
. 2 e
B server Update AFS custom template JSON input description 2 months ago © Alphafold v2.3.2 (Latest)

.
- Requirements:
[ 0O .dockerignore Update .dockerignore 5 years ago

+ 12 releases
D CONTRIBUTING.md Initial release of AlphaFold. 5 years ago

Contributors 22

- D LICENSE Initial release of AlphaFold. 5 years ago
. INUX
190 @

[ README.md [Remove scipy dependency] Remove last traces of scipy. 8 months ago

[ conftestpy __ Use pytest for testing instead of setup.pytest  1imonthsago  “gf & . ﬁ A&

- 3TB of disk space for genetic databases

Modern GPU

- GPU RAM determines the maximum size of a protein
- 40GB: ~5o00 residues




@ ColabFold

- No needto install the software

- No need to have powerful
computing resources

oo mmu < D ¢ 06+ o
cO ) AlphaFold2.ipynb = = i m

File Edit View Insert Runtime Tools Help

Q Commands + Code + Text D Runall v Copy to Drive Connect T4 ~ A

= v Z2 O =
A ColabFold v1.6.1: AlphaFold2 using MMseqs2
<> Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-multimer. Sequence =

alignments/templates are generated through MMseqgs2 and HHsearch. For more details, see bottom of the
:@: notebook, checkout the ColabFold GitHub and Nature Protocols.
i Old versions: v1.4, v1.5.1, v1.5.2, v1.5.3-patch

Mirdita M, Schiitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold: Making_protein folding
(] accessible to all. Nature Methods, 2022
& ; . .

> Input protein sequence(s), then hit Runtime -> Run all

t © query_sequence

‘ PIAQIHILEGRSDEQKETLIREVSEAISRSLDAPLTSVRVIITEMAKGHFGIGGELASK

« Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example PI...SK:PI...SK for a

homodimer
jobname num_relax
test ‘ ‘ 0 -

« specify how many of the top ranked structures to relax using amber

template_mode

none

{2 variables [ Terminal

. Limits on the size of the protein (based on the GPU allocated to you)

- 2500 residues for monomers, 4000 residues for complexes




@ AlphaFold Protein Structure Database (AFDB)

Over 200 million predicted protein structures

eee @O v § alphafold.ebi.ac.uk [0 On + eee® M~ < : alphatold.ebi.ac.uk ® th +

# EMBL-EBIhome % Services % Research & Training @ Aboutus  EMBL-EB

Chloramphenicol acetyltransferase r—r——

Protein Struc as ri
AlphaFold Protein Structure Dat Home About FAQs Downloads API  Collaborators Monomer « AF-P36883-F1-vé + Google DeepMind dataset «

Summary and Model Confidence Domains Annotations Similar Proteins

Protein Chloramphenicol acetyltransferase Found in 1 entries in AFDB go to search of
Gene Not named Experimental structures None available in the PDB
A l p h a Fo ld Source organism Staphylococcus aureus go to search o Average pLDDT @ 96.56 (Very high)
UniProt P36883 goto UniProt o pLDDT distribution M 96.2% Very high
Biological function This enzyme is an effector of chloramphenicol resistance in 3.8% High
Protein Structure Database
W 0% Very low

Developed by Google DeepMind and EMBL-EBI

Copy sequence

A 1: Chlaramphenicol acetyltransferase

EGNLGYWDKLEPLYTVFNKETENFSN IR TESHASFTLEYNSYRNDLTKYKDKNEMEPKKP] PENTVET SMT PWIDFSE FHLN
Examples: MENFQKVEKIGEGTYGV..  Freefatty acid receptor2  At1g58602  Q9I1F6  E.coli
See search help Go to online course See our updates — May 2026
o © L ? ! o . Model Confidence ~
® W Veryhigh (pLDDT > 90)

High (90 > pLDDT > 70)
Low (70 > pLODT > 50)
M Very low (pLDDT < 50)

plLDDT is a per-residue
measure of local confidence.
Learn more.

Aligned residue

AlphaFold DB provides open access to over 200 million protein
structure predictions to accelerate scientific research. =

Domains (1) ~

Annotations hd

20 40 60 80 100 120 140 160 180 200
209

Scored residue

o 5 10 15 20 25 30
Expected position error (Angstrams)

Predicted Aligned Error (PAE)

PAE measures the confidence in the relative position of Audit history
two residues - see Help section below for more Share your feedback on the structure Model creation date: 1 Aug 2025 (D

information. Sequence version date: 1Jun 1994 ()




@ AlphaFold Protein Structure Database (AFDB)

Over 200 million predicted protein structures (monomers)
Millions of protein complexes (since 2026)!

Up to a certain size of the protein
2700 residues (Swiss-Prot) or 1280 residues (UniProt)

Not so many viral proteins (they evolve fast — hard to make MSA,; they are
polyproteins; viral complexes sometimes too big to model)

Different database for viral proteins: Viral AlphaFold Database (VAD)!2!

Only 1 conformation per protein
No control over the prediction
Only model 2 of AlphaFold2

[1] :

[2] :



https://research.nvidia.com/labs/dbr/assets/data/manuscripts/afdb.html
https://www.science.org/doi/10.1126/sciadv.adz8560

