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1.What is a protein-protein interaction (PPI)?
2 .Why are PPl data important?
3. How can we describe a PPI?

/y .Where can we find PPI data?




What is a protein-protein interaction (PPI)?

2 proteins in a binary physical contact or
more participants in a homo- or hetero-
oligomeric complex.

Protein—protein interactions (PPIs) are the physical contacts of high
specificity established between two or more protein molecules as a result
of biochemical events steered by electrostatic forces including

the hydrophobic effect. (Wikipedia)



Why are PPls important?

® The interaction is part of the functions of the proteins
® Signalling cascades

® Large complexes
¢ Interactom:
® the whole set (network) of interacting proteins

® also the indirect interactions among genes

® the key to understand the biological system

® Aberrant interactions are well-known causes of diseases
like Alzheimer’s, cancer, etc.




Yeast iInteractom

Binary Co-complex Literature
(Y2H-union) (Combined-AP/MS) (LC-multiple)

http://interactome.dfci.harvard.edu/S_cerevisiae/



How can we describe a PPI?

® Interaction partners (name, taxon, database
accession/ID)

® Detection method

® Association type (direct, association, physical
association)

® PSI-MI: Proteomics Standard Initiative Molecular Interaction

¢ Direction and functionality (e.g X phosphorilatesY)
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Detection methods for PPIs

® NMR, X-ray christallography, circular dicroism (CD)
® FRET (Forster resonance energy transfer)

® SPR (surface plasmon resonance)

¢ Coimmunoprecipitation, Pull-down, TAP

¢ Enzymatic assays

® PCA (protein complementation assay), pl. Y2H

¢ Cross-linking
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The yeast 2 hybrid method
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TAP
tandem affinity purification
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Hidden biases in different methods
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Be cautious with false positives

Is the encounter of the two proteins even possible?

Temporal and spacial regulation!




Association types

® Direct interaction:

® |Interaction of (or a homomultimer),

when there is no possibility of a third, unseen or ancillary molecule
acting as a bridge between the two molecules of interest

® Physical Association:

® the which has remained in a
complex following a relatively stringent purification protocol (i.e. a
more than a single pulldown or coimmunoprecipitation)

® orabinary complex which than those
identified in the experiment

¢ Association:

® interactions affinity chromatography (or one of its children e.g.
coimmunoprecipitation, pulldown, TAP) with




What else can we find in a PPI
database?

Examples

® Structure of the complex
® Whole colmplex or at least the interface
® Based on real measurement or docking

® Few known
® Confidence score

® Source database

¢ Interaction ID



What databases are there?

IntAct  http://www.ebi.ac.uk/intact/

DIP (Database of Interacting Proteins)
http://dip.doe-mbi.ucla.edy/

MINT ( Molecular INTeraction database)
http://mint.bio.uniroma2.it/

BioGRID http://thebiogrid.org/

MatrixDB (extracellular matrix interaction database)
http://matrixdb.univ-lyona.fr/

STRING http://string-db.org/

PDB (Protein Data Bank)
http://www.rcsb.org/pdb/home/home.do
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IntAct interactions are binary

The co-complexes (n-ary interactions) are expanded into a set of
binary interactions.
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Matrix expansion: Links presentin the
complex. From N molecules it generates (N*(N-1))/2 binary interactions.
Spoke expansion: Links the prey molecules. If N is the

count of molecule in the complex, it generates N-1 binary interactions.

Drawback: in reality these binary interactions can be
false positive. — filter out



STRING
the text mining database

Compuational searching algorithm for finding co-occurring
protein names in articles

High throughput

9.643.763 proteins
2031 organisms
932.553.897 interactions

Black list for obscure and ambiguous words (e.g. SDS)
Lists of synonyms
Identifying proteins with same name from different taxons?

Negating statements? Contradictory publications?
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" Textmining

Experiments |« Databases

«" MNeighborhood |« Gene Fusion |« Co-oocurrence

Automated, unsupervised

\ textmining - proteins that are

frequently mentioned
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quick change:
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Functional association is
predicted based on the
expression level data in the
organism.

Genes that are sometimes
fused into single open reading
frames.

Groups of genes that are
frequently observed in each
other's genomic

neighborhood.




Phylogenetic profiles
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Enrichment analysis

® Gene Ontology (GO) annotations
® Molecular function
¢ Biological process

¢ Cell component

¢ KEGG pathways




Integrating databases: PSICQUIC

® Several PPl database
® Different formats
® EBI platform

® Clustering: clusters the redundant information:
experimental methods, publications, source database,
scoring will be aggregated in the resulting interaction.
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Use of PPl databases

Databases provide curated repositories of biological
information for different organisms

Can search for specific proteins to see what they interact with
Can view interactions and associated data in different ways
Can find out how many interactions exist in a specific organism
Can overlay experimental data on PPl networks

PPl databases use controlled vocabularies and standards for
data exchange



