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AlphaFold Protein Structure Database

AlphaFold
Protein Structure Database

Launched on 22nd July 2021

Open access (CC-BY-4.0 license) to all structure
models

- V1: ~365,000 models (21 proteomes)
- V2:>800,000 models (SwissProt entries)

- V3:~1,000,000 Structures (focus on
pathogens and neglected diseases; 49
proteomes)

- Later in 2022: >100,000,000 models

NAR paper on AlphaFold DB: bit.ly/NAR-AFDB-2022

pdbe.org | pdbe-kb.org | alphafold.ebi.ac.ukl 3d-beacons.org



Impact of AlphaFold database on life science research

MIT

Techn
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- Structure for every known protein in UniProt
database will be available or can be modelled

- 3-D structures for virtually all (98.5%) of the
human proteome
92.5% residues are covered

58% of all residues have very confident(36%) or
confident (22%) predictions

~30-40% are disordered and are not expected to
have good prediction

- Protein Data Bank content
Only ~17% of the human proteome residues

covered in the PDB See also: bit.ly/afdb-impact B
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New normal for biology

£ Bryan MacDonald @bryanmac14 - 26 Jul
Maybe coincidence. Or maybe this Alphafold model offers an explanation
for an opportunistic auto-cleavage event if the cysteine switch (magenta)
falls out of the active site.
All for now on this deep dive into V1 Alphafolds for ADAMTS?7. Looking
forward to V2+ models for more fun!

é

Many studies of proteins can now start with a 3D
model as the basis for hypotheses

Does a model explain previously known data on
function, binding, specificity, ...?

Design experiments based on the model (e.g.,
Introduce mutations)

£2) Mike Lacy @MLacyPhD - 7 Dec
In talks at #cellbio2021 now two speakers in a row have said about their

protein "since there is no structural information known about [protein x], we
looked at the AlphaFold prediction and realized..." to design clever next
experiments - what a time to be doing science!!

QO 2 1.2 QO 13 &

pdbe.org | pdbe-kb.org | alphafold.ebi.ac.uk | 3d-beacons.org



Impact of AlphaFold database on life science research

“An unexpected effect of the AFDB is that it visually
demonstrates the prevalence of intrinsically disordered
regions (IDRs) in the human proteome”

- Ried Alderson et al. doi:
https://doi.org/10.1101/2022.02.18.481080

“Proteins” are no longer seen as having a well defined and
compact structure

Inclusion of unstructured regions with pLDDT <70 in AFDB
structures was a conscious decision

©) DeepMind EMBL-EBI &

pdbe.orgl pdbe-kb.org‘ alphafold.ebi.ac.uk | 3d-beacons.org



From Structural Inventories to Molecular sociology of ribosomes

Processes:
Visual proteomics
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Data resources at EMBL-EBI
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Reactome: Computationally Accessible Pathway Reviews

Nature 407(6805):770-6.The
Biochemistry of Apoptosis.

“Caspase-8 is the key initiator caspase in
the death-receptor pathway. Upon ligand
binding, death recepf
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Caspase-8 is synthesized as zymogen (procaspase-8) and is formed from procaspase-8 as a cl ge product. H , the cll ge itself appears not to be sufficient for the f

cleavage of the zymogen produce efficient activation in vitro and apoptosis in cellular systems [Boatright KM and Salvesen GS 2003; Keller N et al 2010; Oberst A et al 2010].

The caspase-8 zymogens are present in the cells as inactive monomers, which are recruited to the death-inducing signaling complex (DISC) by homophilic interactions with the [
the subseauent conformational chanaes at the receotor comolex. which results in the formation of catalvticallv active form of procaspase-8./Boatriaht KM et al 2003: Donepudi M

Caspase activation via Death Receptors in the presence of ligand

http://www.reactome.org



Reactions as Building Blocks
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Reactions Connect into Pathways
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Pathway Browser
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Under normal conditions the vascular endothelium supports vasodilation, inhibits platelet adhesion and activation, suppresses coagulation, enhances fibrin
cleavage and is anti-inflammatory in character. Under acute vascular trauma, vasoconstrictor mechanisms predominate and the endothelium becomes
prothrombotic, procoagulatory and proinflammatory in nature. This is achieved by a reduction of endothelial dilating agents: adenosine, NO and
prostacyclin; and by the direct action of ADP, serotonin and thromboxane on vascular smooth muscle cells to elicit their contraction (Becker et al. 2000).
Cyclooxygenase-2 (COX-2) and endothelial nitric oxide synthase (eNOS) are primarily expressed in endothelial cells. Both are important regulators of
vascular function. Under normal conditions, laminar flow induces vascular endothelial COX-2 expression and synthesis of Prostacyclin (PG12}) which in tum
| stimulates endothelial Nitric Oxide Svnthase (eNOS) activity. PGI2 and NO both oppose platelet activation and agaregation as does the CD39 ecto-

<1 Muscle contraction
<% U Neuronal System




Pathway Browser
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Pathway Analysis

i Analysis tools 7

/Y/ . . .
1 1] Step 1: Select a file from your computer or paste your own data and click on the corresponding "Continue" button.
Analyse gene list

Select data file for analysis: e LLECR 8 No file chosen Continue

Paste your data to analyse or try example data sets: Some examples:
Analyse gene i UniProt accession list
expression

Gene name list

Gene NCBI / Entrez list

0 Small molecules (ChEBI)

Small molecules (KEGG)

Species Comparison Microarray data

Metabolomics data

@ Cancer Gene Census (COSMIC)

o @ O 2 Tissue Specific Expression (HPA)
® ©

Tissue Distribution

Continue

Reactome v79

Click to learn more

about our analysis
tonls




Pathway Analysis: Results overview - Fireworks
"regctome Z’;f Pathways for: Homo sapiens Analysis: ' Tour: . \ Layout: E [D !
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Textbook-style high level diagrams
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Pathway Analysis: Detall view
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Pathway Analysis: Detall view
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Inclusion of External Data: IntAct

*  Medium to high W reactome g, [rmere
confidence interactors
from IntAct are
included in the
Reactome pathway
database

*  Where available, PDB
structure pictograms
are included in high
zoom levels

Q IntAct/Static

* Many other resources
available through

PSICQUIC web

services i




ReactomeGSA - Quantitative Multi-Omics Analysis

Cem Cam
'. -

Con Cam

Lililo)

| SummarizedExperiment

( DGEList

' EList I

add_dataset
\Q ReactomeGSA ]

plot_correlations

Proteomics vs. RMA-saq

g :
$ 2. .
E " Lorwarst significance
[
& e oy
i L] & @on 055
& O == ===
# e & pos0El
5 '
€ :
[ L " ¥
aF W0 05 ]

A taldehange Proteomics

Johannes Griss

[ reactome

Q analysis service

»

RMA-seq
B

adjusied pvalue {-log10)

o 2
average loga fold-change

iy

L
se "oe
.t - .:.-.:.
o S
-

[ SingleCellExperiment ]

l Seurat '
i
analyse sc _clusters

@ ReactomeGSA

|
plot_gsva_ heatmap

|| |

MOLECULAR
& CELLULAR
PROTEOMICS

MCP

Home Articles Info for
.

Guidelines About

ReactomeGSA - Efficient Multi-Omics Comparative Pathway Analysis

D Johannes Griss 38 , GuEherme Viterl, Konstantinos Sisropouios, © Vy Nguyen, Antonio Fabregat and Henning Hermjakob
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Abstract

Pathway analyses are key methods 1o analyse ‘omics experiments. Nevertheless, integrating data
trom dfferant ‘omics technologles and different species still requires considerabie bloinformatics
knowiedgo. Here we present the novel ReactomeGSA resource for comparative pathway analyses
of mulli-omics datasets. ReactomeGSA can be used through Reactome’s existing web interface
and the novel ReactomeGSA R Bioconductor package with explicit suppon for ScRNA-seq data.
Data from differant species is automatically mapped 10 a common patfrway spaca. Pudlic data
trom ExpressionAtias and Singie Cedl ExpressionAtias can be drectly integrated In the analysis.
ReactomeGSA greatly reduces the technical Dasmier for multl-omics, Cross-5pocios, Comparative
pathway analyses. We used ReactomeGSA 1o characierise the role of B cells in anti-tumour
Immunity. We compared B cell rich and poor human cancer sampies from five of the Cancer
Genome Atias (TCGA) ranscriptomics and two of the Clinical Proteomic Tumor Analysis
Consortium (CPTAC) proteomics studies. B cell-nich lung adenocarcinoma samples lacked the
otherwise present activation through NFkappal, This may be inked 10 the prasence of a specific
subset of tumolr associated IGG+ plasma celts that tack NFkappaB activation in sScRNA-seq data
from human melanoma. This showcases how ReactomeGSA can derive novel biomedical insights

by Integrating large multi-omics datasets
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Quantitative Analysis (R ReactomeGsA

# 54 request class
my request <- new("ReactomeAnalysisRequest", method="Camera")

# directly import limma dataset
data("griss melanoma proteomics")
my request <- add dataset(request = my request,
expression values = griss melanoma proteomics,

name = "Proteomics"”,

type = "proteomics-int",
comparison factor = "condition",
comparison group 1 = "MOCK",
comparison _group 2 = "MCM",

additional factors c("cell.type”, "patient.id"))

# directly import edgeR dataset
data("griss melanoma rnaseq")
my request <- add dataset(request = my request,
expression values = griss melanoma rnaseq,

name = "RNA-seq",

type = "rnaseq",

comparison_ factor = "treatment",
comparison group 1 = "MOCK",
comparison group 2 = "MCM",

additional factors c("cell type", "patient"))

https.//bioconductor.org/packages/release/bioc/html/ReactomeGSA.html



https://bioconductor.org/packages/release/bioc/html/ReactomeGSA.html

Combined Visualization

# perform the analysis
analysis result <- perform reactome analysis(my request)

# get the pathway statistics
pathway result <- pathways(analysis result)

# open the visualization
open reactome(analysis result)
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Gsa Regulation analysis results for TOTAL [Data: Multi-sample analysis] 9
“ Entites  Entites  Entities Entities Entities Reactions Reactions  Reactions

Pathway name found Total ratio pValue FDR found total ratio proteomics maseq Species name
Propionyl-CoA catabolism 5 14 0.001 1.48E-2 7.4E-2 3 3 0 AA A Homo sapiens
Signaling by FGFR 68 106 0.007 1.49E-2 7.44E-2 139 142 0.012 v v Homo sapiens
Mitochondrial protein import 57 69 0.005 1.49E-2 7.44E-2 14 14 0.001 AA v Homo sapiens
Interferon gamma signaling 179 250 0.018 1.52E-2 7.53E-2 15 15 0.001 A A Homo sapiens
Intracellular metabolism of fatty acids regulates insulin secretion 3 9 0.001 1.6E-2 7.92E-2 2 2 0 A v Homo sapiens




Combined Visualization

# perform the analysis
analysis result <- perform reactome analysis(my request)

# get the pathway statistics
pathway result <- pathways(analysis result)

# open the visualization
open reactome(analysis result)
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Mitochondrial protein import 57 69 0.005 1.49E-2 7.44E-2 14 14 0.001 A A v Homo sapiens
Interferon gamma signaling 179 250 0.018 1.52E-2 7.53E-2 15 15 0.001 A A Homo sapiens
Intracellular metabolism of fatty acids regulates insulin secretion 3 9 0.001 1.6E-2 7.92E-2 2 2 o r'y v Homo sapiens




External Binary Data Overlay: DisGeNET

* Many types of binary association data:

 Disease-Gene, Drug-Target, Antibody-Antigen, ...

* Example: DisGeNet

DisGeNET is a discovery platform containing one of the largest publicly available collections of genes and variants associated
to human diseases (Pinero et al., 2016; Pifiero ef al., 2015). DisGeNET integrates data from expert curated repositories, GWAS
catalogues, animal models and the scientific literature. DisGeNET data are homogeneously annotated with controlled
vocabularies and community-driven ontologies. Additionally, several original metrics are provided to assist the prioritization of

aenotype—phenotype relationships.

A
1 geneld
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430

geneSymbol

3949 LDLR
4047 LSS
10211 FLOT1

Femm———————

11521 CKB
3458, IFNG
71671 TPI1

[

4297 KMT2A
283 ANG
28976 ACAD9
673 BRAF

0.475
0.676
0.727
0.636
0.323
0.564

0.46
0.547
0.727
0.352

0.828
0.448
0.414
0.483
0.897
0.655
0.793

0.69
0.345
0.793

E

diseaseld

C0519066
C0519066
C0519066
C0857501
C0857501
C0857501
C0280141
C0001349
C1970173
C0431129

diseaseName
Acute Q fever

Acute Q fever
Acute Q fever

Acute schizophrenia

Acute schizophrenia

Acute schizophrenia

Acute Undifferentiated Leukemia
Acute-Phase Reaction

G
diseaseType

disease
disease
disease
disease
disease
disease
disease
phenotype

Acyl-CoA Dehydrogenase Family, Member 9, Deficien: disease

Adamantinous Craniopharyngioma

disease

H
diseaseClass

Cco1
Cco1
Cco1

Cc23

diseaseSemanticType

Disease or Syndrome
Disease or Syndrome
Disease or Syndrome

Mental or Behavioral Dysfunc
Mental or Behavioral Dysfunc
Mental or Behavioral Dysfunc
Neoplastic Process
Pathologic Function

C05;C10,C14,C1 Disease or Syndrome

Cco4

Neoplastic Process
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DisGeNET overlay of gene-disease associations

DisGeNET (Pinero |, et al, Nucleic Acids Res. 2019) is a database of gene-disease associations. We have pre-processed DisGeMET curated gene-disease associations (Release
v7.0) for overlay onto Reactome. For each disease, clicking on the “Analysis” button will show the results of Reactome pathway analysis with the set of genes associated with
that disease. If you are interested in overlaying other data sources onto Reactorne in a similar manner, please contact us.

Parameters
Minimum number of genes per disease e . 10
@ Low (no filter)
Score © Medium (> 0.33)
O High (> 0.66)
Include interactors O

@ ReacFoam
(O Fireworks

Reset the filters

Default result view

Overlay Table

Disease name £
Check in Pathway -

Browser

Analysis Malignant_Neoplasm_Of_Breast 1074
Analysis schizophrenia 883
Analysis Liver_Cirrhosis_Experimental 774
Analysis Colorectal_Carcinoma 702
Analysis Prostatic_Meoplasms 616
Analysis Malignant_Neoplasm_Of_Prostate 616
Analysis Breast_Carcinoma 538
Analysis Mammary_Necplasms 527
Mammary_Neoplasms_Human 525

Description

The Reactome pathway analysis presented here only makes sense for multiple genes.
Diseases with less gene associations than this parameter are not displayed in the table. For
small numbers of genes, it might be helpful to switch from "pValue" to "coverage" at the

bottom of the visualisation.

Score of the gene-disease association as provided by DisGeNET.

Include high confidence interactors from IntAct in Reactome.

Reactome provides two different options for the first view of the analysis results. Choose

your preference.

Clear disease name filter, and reset to default values.

Gene list

ABCA3, ABCA4, ABCB1, ABCB10, ABCBE, ABCBS, ABCC1, ABCG2, ABHD12B,
ABL1, ABRAXAST, ACADM, ACAP1, ACCS, ACHE, ACO2, ACTAZ, ACVR1, ACY1,
ADAMI0, ADAM1Z, ADAM33, ADAMTS1, ADAMTS19, ADAR, ADATS, ADGRF4,
AMLICCY AMBA1A ACE1 ACH ASADTY AFDT ALID ALICATD AWARTT AWARES
AIBG, ABCAT, ABCA13, ABCBE1, ACE, ACHE, ACOTS, ACP1, ACSLS, ACSMT,
ACTB, ACTRZ, ADAMI2, ADAMTS12, ADAMTS3, ADAMTSL3, ADARB1, ADCYT,
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Receptor tyrosine kinases (RTKs) are a major class of cell surface proteins involved in Signal
Transduction. Human cells contain ~60 RTKs, grouped into 20 subfamilies based on their do-
main architecture. All RTK subfamilies are characterized by an extracellular ligand-binding do-
main, a single transmembrane region and an intracellular region consisting of the tyrosine
kinase domain and additional regulatory and protein interaction domains. In general, RTKs as-
sociate into dimers upon ligand binding and are activated by autophosphorylation on con-
served intracellular tyrosine residues. Autophosphorylation increases the catalytic efficiency of A
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