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MPI part 

ÅMay 10th ïJune 11th

ÅTopics

ïGene expression (Martin Vingron)

ïBayesian networks (Martin Vingron)

ïPetri nets (Ina Koch)

ïClustering and classification (Matteo Pardo)

ÅPlease see http://lectures.molgen.mpg.de
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Protein-protein interactions
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Contents

ÅMeasuring and interpreting protein -protein interaction
ïExperimental techniques
ïApproaches to their interpretation
ïBioinformatics predictions

ÅGeneral discussion of 
ïFalse negatives, false positives
ïEstimating the number of interactions 

ÅWeighted interaction networks
ïHypergeometric approach
ïSocioaffinity scores
ï(Wagner model)
ï(Naïve Bayesian data integration)
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Biological types of interactions

6A proposed ontology for interactions (Lu et al.)



Experimental techniques
High -thoughput 
methods

ÅYeast two-hybrid
ÅCo-immuno -

precipitation (TAP)
ÅProtein fragment -

complemention  assay

ÅGenetic interactions

ÅGenomic context 
methods
ÅGene expression

Methods not covered 
today

ÅSurface plasmon 
resonance (Biacore)
ÅComputational 

inference from 
sequence (machine 
learning)
ÅProtein fragment 

assembly (Inference 
from 3-D structure)
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Koegl, M. et al. Brief Funct Genomic Proteomic 2007 6:302-312; 
doi:10.1093/bfgp/elm035

Principle of the Y2H method
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Chronological representation of published Y2H-based data



Yeast two-hybrid screens

ÅInvented by Stan Fields, 1989

ÅAutomated for screening in 2000

ÅTwo fusion protein reconstitute a transcription 
factor

ïBait and prey

ÅPlasmids, can be pooled and screened

ï~100 different plasmids 

ïBlue-white selection 

ÅBetter results from direct testing
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Analysis
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Considerations for the analysis

ÅDirected vs undirected graphs

ÅAnalysis of confounding factors

ÅHow to assign weights?

ïRepetitions in screen

ïOutgoing and incoming edges

ïExternal data

ÅHubs

ïProteins of high-degree
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First Ăcomputationalñ analyses
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Basic analyses

ÅSmall worlds

ïShortest path lengths 
are small

ïSix degrees of 
separation

ïTwo degrees of 
separation

ÅClustering co-efficient

ÅMean path lengths

ÅDegree distribution

ïRandom model

ÅPoisson with max = 
P(<k>)

ïScale free 

ÅP(k) ~ k -r

Å-1.5 > r > - 3
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Different networks

From Barabási (2004), Nature 
Reviews Genetics
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Connections between 
hubs

Maslov and Sneppen (2002) 
Science

Hubs are connected to proteins of 
low degree, not between each other
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Motifs and subgraphs
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Motifs in real 
networks
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Protein fragment -
complementation assay
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Complementation of 
other proteins

ÅReconstitution of other, essential  
proteins, e.g. DHFR

ÅSimilar to Y2H

ÅIndependent of nucleus

Screen by Tassanov (2007)

Smaller than TAP and Y2H but 
higher fidelity
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Affinity purification and 
mass spectrometry

Analysis of protein complexes
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Affinity purification

24
Affinity purification by antibody or fusion protein with FLAG-, 

myc, GST or TAP-tag



Tandem affinity purification 
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Data sets (TAP-MS)

Å TAP-MS in yeast
ïGavin et al., (2002, 2006) Nature

Å491 complexes, 2000 bait proteins, 2700 prey proteins

ïKrogan et al., (2006)
Å547 complexes, 2600 bait protein, 4000 prey proteins

Å Human
ïEwing RB et al., (2007) Molecular Systems Biology

ï ~300 purifications

Å E. coli
ïButland G et al., (2005) Nature 

ï 857 proteins tagged, 648 proteins retrieved

Å Mycoplasma pneumoniae
ï Kühner S et al. (2009) Science

ï 116 complexes

ï ĂCompleteñ model of a minimal cell
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Functional arrangements

ÅRNA polymerases

Shared proteins
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Finding protein complexes



Hart T et al, (2007)



2009-03-05 31 Prediction and analysis 

of  PPI

Finding protein complexes

ÅMCODE - Bader and 
Hogue (2003)

ÅKrause et al. (2003) 

ÅMCL - Markov Chain 
Clustering ïEnright

ÅMarkov Random Fields -
Rungsariyotan et al 
(2007)

ÅHart et al. (2007)

ÅFriedel et al. JCB (2008)

Å Evaluation of interactions

ïSome methods remove 40% of 
the proteins and > 80% of the 
(matrix) interactions

ï Problem becomes simple

Å Assignment to different 
complexes

Å Solution is a nice overview

Å If you want to analyze the data, 
look at the purifications
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Complexes
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Time, location, transience in ribosome biogenesis



Features

ÅTransient interaction

ÅVariant complexes

ÅSubcomplexes
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Data sets (TAP-MS)

ÅTAP-MS in yeast
ïGavin et al., (2002, 2006) Nature
Å491 complexes, 2000 bait proteins, 2700 prey proteins

ïKrogan et al., (2006)
Å547 complexes, 2600 bait protein, 4000 prey proteins

ÅHuman
ïEwing RB et al., (2007) Molecular Systems Biology

ï~300 purifications

ÅE. coli
ïButland G et al., (2005) Nature 

ï857 proteins tagged, 648 proteins retrieved
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36 Prediction and analysis 

of  PPI

Matrix and spoke model

ÅHow many interactions are obtained from a TAP-
MS purification? 

Bait

Interactor

TAP

Interactor

Interactor Spoke: N-1

Matrix: (N*N -1)/2

# Proteins Spoke Matrix

4 3 6

10 9 45

80 79 3540



Inferring interactions

ÅThe danger of converting to interactions

ÅSpoke and matrix model

ÅDirected, undirected and bipartite graphs

ÅReciprocal confirmation
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Scoring interactions

ÅHart model using hypergeometric distribution

ÅIndependent of interaction type ïhere matrix model 

ïInteraction between proteins A and B

ïk: number of different interactions in all data sets

ïn, m are the number of total interactions for A and B

ïN: total number of interactions
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Socioaffinity score

ÅClustering using means clustering

Gavin et al. (2006) 39



Genetic interactions
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Genetic interactions

ÅSynthetic sickness/lethal interactions (SSL)
ïSynthetic genetic arrays (SGA) 
ÅMutation in a query gene crossed into a mutated background 

(haploid genome)

ÅCompensating mutations

ÅUsing two recent data sets of high-density epistatic mini -array 
profiles (EMAP) 

ÅQuantitative

ïDiploid -based synthetic lethality analysis on microarrays 
(dSLAM)

ÅNot physical but highly functional interaction 
ïSmall overall number

ïCollins SR et al. (2007) Nature test 754x754 proteins
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Negative genetic interactions
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Positive interactions
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