Introduction to protein-protein interactions (PPIs)



Some definitions...

Protein-protein interactions (PPls): physical and selective contacts that
happen between pairs of proteins, in certain molecular regions and in a
defined biological context.

Interactome: the totality of PPIs that happen in a cell / in an organism / in a
specific biological context...

Protein-protein interaction network: Graphical representation of a group of
PPIs in which proteins are represented as nodes and interactions as edges.
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1. To predict a protein biological function '

“guilt by association”
* proteins with similar functions should cluster together

2. Toimprove characterization of protein complexes and pathways
* interaction networks work as a draft map that brings detail to
biological processes and pathways



Guilt by association
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Characterization of protein complexes and pathways
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PPls are physical contacts not necessarily functional contacts

PPls are contacts between proteins only (not protein-DNA, protein-RNA
etc..)

PPls are specific and occur for a reason. They are not accidental
Interaction surfaces should be non-generic (evolved for a purpose)

PPls are not necessarily static but can also be transient (TF and
transcription machinery)

PPIs occur in specific biological context: not all possible interactions
occur in all cells



Protein-protein interaction detection methods
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Protein-protein interaction detection methods
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Protein-protein interaction detection methods

True interactions (PPIs)
physical topolegy in vivo

Binary methods

measure physical direct PPis

eg. P1-P2 P2-P3 ____
Y2H _P1-P3 P4-P5  direct
P1-P4 P4-P6 assignment

P1=P2,P3,P4
P2=P1,P3,P4  assignment
P3=P1,P2,P4 vAth
P4=P1,P2,P3,P5,P6 SPOKe

e.g
TAP-MS P5=P4,P6 .

Colp P6=P4,PS

Co-complex methods
measure physical PPls (direct & indirect)

Experimental interactions (PPIs)
obtained from binary or co-complex methods

Two different PPl networks derived from
two types of experiental data

(the X below indicate interactions that do not occur,

i.e. they will be faise positives)




The problem with complexes

« Some experimental methods generate complex data: E. g.
Tandem affinity purification (TAP)

 There are two algorithms to transform this information into
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Protein-protein interaction detection methods

No single method can accurately reproduce a true binary interaction
observed under physiological conditions — every interaction detected
experimentally is fundamentally artefactual.



Protein-protein interaction detection methods

45 -
[[] Percentage of PRS positive

40 1 Bl Percentage of RRS positive

35 1
30
25 1
20 1
15

10

5-
b 1 M s . s W

Fraction detected (percentage)

LUMIER MAPPIT Y2H PCA WNAPPA

Positive Reference Set

LUMIER
MAPPIT
Y2H
PCA
NAPPA

Random Reference Set

S B EHHE G HERHHEHTE TSI T HTEHH B B HH I U SR I H
Y '§§§§§§ §§§ g'%":;?sgggﬁdﬁizﬁg “ggg'gwgg; §'§“25~§ £ ~§-§§;§ 0% 3§§e§§§ §”§§’§§§§;egs§s'§g
a;- TR H B NG TR EE R R H R Y B T T
LUMIER
MAPPIT

Y2H l
PCA
NAPPA ‘ l

Braun et al., Nat Methods, 2008, PMID: 19060903.



PPl databases and repositories

n Proteing n Interactions

Acronym Database Fell Name and URL PP Sources Type of MI Specien (Dec. 2009) (Dec. 2009)

Primary Databases: PPI experimental data (curated from specific 55¢ & LSc published studies)

BIND Bomolecular ntenaction Neswork Databuse, hipibond. S5 & L published studies [mecature Cunaned PP & othens Al LELR ) (58,2040
wrioashedinformaticn.com/

BloGRID Biological Geneeal Repotony for Insecaction Datasets, hetpo'www, 1 & Lic publnhed studies (Secatune-curated) Phbcthen M ann [oaesn)
hebiogrid.ong’

o Databurie of interacting Proteins, Mips\dip doe mbluclseduidgy Su¢ & Lc published studied (etature curated) Oy P8 L 2008 S1683

HPRD Human Protein Reference Databane, betp'www hped o/ $5c & Lic publinhed studien (ecature-cussted) Only PP Human 27081 38806

IntAct IntAct Molecular Interaction Databune, httpAwww oblac ulointact/ ¢ & L publnhed studien Recature curated) PP & otheny M 60.504) [202.00¢)

MINT Molecular INTeraction database, hetpy'ming bio uniromad i mint/ $1c & L published studies (secature curated) Onldy PPY M 0085 BL744

MIPS-MPact MIPS protein NMeaction nesounce on yeast, Mipo\mips.guf de/ Derived from CYGD Ondy PPY Yemst 1500 4300
genee/proj'mpact)

MIPS-MPPL MPS Mamenalan Proteln-Protein Interaction Database, S peblnhed studies fisecstore-curated) Only PP Marmmalan 2 97
Nrpmigsguf deproy/ppi

Meta Databases: PPl experimental data (integrated and wnified from different public repositeries)

AMD Agle Protein interaction Datalnalyzer, http/bioinfowdepusalesapld’  BIND, BioGRID, DI, HPRD, intAcy, MINT Only PPH M 4850 25

MPMos The Microbial Protein Intecaction Dutabase, Mtpo'www jowi.ong/ mpidsy BIND, OoF, intAct, MINT, other wets lexp & Bt cutated) Ondy PP Microblad 7510 24295

PINA Prosein Insecaction Network Analyus platform, httpocubliedi, BoGRD, OF, HPRD, IntAct, MINT, MPact Only PPy M 4] a2

Prediction Databases: PM experimental and predicted data (“functional interactiona”, Lo, Interactions Lo semiu derived from different types of data)

M Michigun Molecular Inteeactions, hetpomiminciblong/MimiWety BIND, BoGRID, DI, MDD, IntAct, & nondP data Mubcthen M a5452) [390,384)

PiPs Homun PP Prediction databawe, bt/ www compbio dundee. BIND, D, HPRD, OFPMID, & nonk™ dats PP & otheny Human in (37,006
S wew pigr

OoFHo Online Predicted Humas Isteraction Database, httpriophid. BIND, BioGRID, HPRD, IneAct, MINT, MPact & noofP data PPl & others  Humas m [424.006)
WONONRo Ca/

STRING Known and Predicied Protein-Prosen imenactions, hmgo//string BIND. BoGRID, DIF, HPRD, At MINT, & nonkP™ data PP & othens Al [2.59%0.25% (58,633 8600
omblde/

Unidil Unifled Moman Interactome, hesp P www mds-bern deuniby/ BIND, BOGRID, DIP, MPRD, IntAct, MINT, & nonk™ data PPl & othes Muman 22.007) [20047X)

The table dvided in theee sections: primary databases, which inchude PPt from Lege and small scale (Lic & Sac) experimental data that are uiually obtained from Curation of sesearch antiches (B resounce Indluded: BIND,
BoGRD, DIP, HPRD, intAct, MINT, MIPS-MPACT, MIPS-NPPL meta-databases. which inchude PRI derived Som integrasion and unification of sevecal primary reposinones (3 resounces: APID, MPDA, PINAY prediction databases,
which inchude PP fom experimental analyies Sogether with prodicted PP obtained fom the analyien of heterogencut biclogical data (3 rescuscer: MM, Pl OFHID, STIING, Uil The table thown the total number of
PrOteins and IeracTons That were reparted by eath repository in December 2009 (s L 25 we Could soe In The respective Web sted. The numbers ave in Drackets | ] when the sepositony inchudes PP5 and other types of
Interactions (0.9, protein-igand intecactions or for the case of prediction databunes nonPP duta). The quettion mark [1] indicates that the number of dintingt pe inchuded Iy wach reponitony could not be found in the Web,
GOk 10,1 371 Joumal o<t 1 000807 1001




PPl databases: coverage

IntAct
24836 ppi
0,
DIP 31.0 % |
1489 ppi 13489 ppi
1.86 % HPRD
40551 ppi Human PPIs

50.7 %

coverage in the
main public
primary databases
(Dec 2009)

19659 ppi

19088 ppi

BIND
5626 ppi 7787 ppi 24668 ppi
7.03 % 30.8 %

some of the experimentally determined PPIs included in the databases are
most probably false positives?—> increase PPI reliability with 3D data?



An attempt for increased PPIs reliability:

the IMEx consortium

www.imexconsortium.org

© www.imexconsortium,org/home

N\
Training Licence

Curation Rules Submit your data

Search the IMEx data resource
| | Bearch

Use as input:
e Uniprot KB Accs
e Gene names
e Publication Ids

IMEX data

¢ A non-redundant set of protein-protein interaction data from a broad taxonomic range

of organisms
e Expertly curated from direct submissions or peer-reviewed journals to a consistent high

standard.
« Available in standard formats MITAR or PSI-MI XML 2.5

* Provided by a network of participating major public domain databases.

Funding
IMEx is funded by the European Commission under PSIMEx, contract number FP7-HEALTH-
2007-223411

Orchard et al., Nature Methods, PMID: 22453911.

Disclaimer

IMEX Partners

Contact us

IMEX The International Molecular Exchange Consortium
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https://www.ebi.ac.uk/intact/

EMBL-EBI

Int/.\CD

Services | Research | Training | About us

: Advanced Search About : Resources Download ®. Feedback

COVID19-related interactions at IntAct's Coronavirus dataset.

Download: FTP Coronavirus dataset in B e @l are

IntAct Molecular Interaction Database Featured Dataset

Interactome Mapping Provides a Network
of Neurodegenerative Disease Proteins and
------------------------------------------------------ Uncovers Widespread Protein Aggregation
in Affected Brains..

IntAct provides a freely available, open source database system and analysis tools for molecular interaction data. All interactions are derived from literature

Search in IntAct

© Haenig C.etal. =

o Go to Archive

Enter search term(s)...
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