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Why protein network?

• Proteins don’t work in isolation !
• Assemblies represent more than the sum of their 

parts.

24,000 genes 25,000 genes 50,000 genes

13,500 genes14,000 genes



What’s the interactome?

Metabonomics 

Proteomics 

Genomics 



The definition of interactome

 The narrow sense

A map of all the protein interactions within a given 
cell

• It requires massive computational power

• It requires a high number of physical interaction 
data

 The broad sense

The proteins interact with DNA、RNA 、sugar、
lipid and small molecular in the whole cell 

• It‘s Almost impossible to estimated 



• S. cerevisiae

– Schwikowski et al. (2000), Nature 
Biotechnol. 18, 1257

– 1,548 proteins and 2,358 interactions

• D. melanogaster

– Giot et al. (2003) Science 302:1727

– 7048 proteins and 20405 interactions

• C. elegans

– Li et al.(2004) Science 303:540

– 1000 genes and 4000 interactions

• H. sapiens

– Rual et al. (2005) Nature 437:1173

– 8100 proteins and 2800 interactions

Classical papers

http://www.nature.com/cgi-taf/DynaPage.taf?file=/nbt/journal/v18/n12/full/nbt1200_1257.html
http://www.sciencemag.org/cgi/content/full/302/5651/1727?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&searchid=1076950897419_7025&stored_search=&FIRSTINDEX=0&volume=302&firstpage=1727&fdate=10/1/1995&tdate=2/29/2004
http://www.sciencemag.org/cgi/content/full/303/5657/540?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&searchid=1076950943230_7035&stored_search=&FIRSTINDEX=0&volume=303&firstpage=540&fdate=10/1/1995&tdate=2/29/2004
http://www.nature.com/nature/journal/v437/n7062/full/nature04209.html


The institutions and database

• http://ppi.fli-leibniz.de/jcb_ppi_databases.html

Experimental Data 
Predictions
Related Domain, Pathway 

and Network Databases
Webtools
 Books

http://ppi.fli-leibniz.de/jcb_ppi_databases.html


How to studying the interactome?

 Protein fragment complementation   
assays
• Yeast two hybrid
 Correlated mRNA expression
 Synthetic lethality

 Protein microarrays 
 AP-MS
• Tandem affinity purification (TAP)
• HMS-PCI

 Gene co-expression
 Gene co-localization
 Functional category
 Gene ontology

In vivo In vitro

In silico



DBD

AD Transcription factor
DNA Binding Domain: binds promoter 
Activation Domain: binds RNA polymerase

Reporter is expressed

If lac Z: blue colonies

DBD

AD

reporter

RNA pol

In the nucleus:

Yeast 2-Hybrid : in vivo
(review: Uetz 2002, Curr Op Chem Biol, 6:57)

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VRX-451DFYG-C&_coverDate=02%2F01%2F2002&_alid=66809879&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=6246&_sort=d&wchp=dGLbVlb-lSztW&_acct=C000029838&_version=1&_urlVersion=0&_userid=585204&md5=8b
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Pros and cons: Y2H

• In vivo: real proteins in a real cell
• Close range of interaction
• High throughput possible but not great (96-well 

plates)
• High throughput can eliminate false positives

• Provides only binary information
– What if the proteins are in a complex?

• Requires folding and transport to the nucleus
– The hybrid protein may misfold/mistarget

• Limited to protein-protein interactions
• High number of false positives

(review: Uetz 2002, Curr Op Chem Biol, 6:57)

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VRX-451DFYG-C&_coverDate=02%2F01%2F2002&_alid=66809879&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=6246&_sort=d&wchp=dGLbVlb-lSztW&_acct=C000029838&_version=1&_urlVersion=0&_userid=585204&md5=8b


Protein microarrays : in vitro

• Grids that contain small amounts of purified 

proteins in a high density

• They can be screened for:

– biochemical activity

– Protein/protein interactions

– Protein/DNA or protein/RNA interactions

– Protein/ligand interactions 

Zhu and Snider, Curr Op Chem Biol, 2003



Zhu and Snider, Curr Op Chem Biol, 2003



Pros and cons: Protein chips

• Very high throughput 

• Can look for protein interactions with the widest 
range of ligands

• Microarrays of an entire eukaryotic proteome can 
be prepared and screened for diverse biochemical 
activities

• Need for high-throughput protein purification

• Chips are still difficult and expensive to make

• Low reproducibility at present, but improving fast

Zhu and Snider, Curr Op Chem Biol, 2003



Gene Ontology: in silico

• all : all ( 171472 )   
– GO:0008150 : biological process ( 109503 ) 

• GO:0007582 : physiological process ( 70981 ) 
– GO:0008152 : metabolism ( 41395 ) 

» GO:0009058 : biosynthesis ( 10256 ) 
GO:0009059 : macromolecule biosynthesis ( 6876 ) 

GO:0006412 : protein biosynthesis ( 4611 ) 
» GO:0043170 : macromolecule metabolism ( 17198 ) 

GO:0009059 : macromolecule biosynthesis ( 6876 ) 
GO:0006412 : protein biosynthesis ( 4611 ) 

GO:0019538 : protein metabolism ( 12856 ) 
GO:0006412 : protein biosynthesis ( 4611 ) 

– GO:0005575 : cellular component ( 98453 ) 
– GO:0003674 : molecular function ( 108120 )    

http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0008150&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0007582&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0008152&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0009058&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0009059&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0006412&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0043170&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0009059&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0006412&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0019538&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0006412&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0005575&session_id=2338b1105863109
http://www.godatabase.org/cgi-bin/amigo/go.cgi?action=plus_node&depth=1&search_constraint=terms&query=GO:0003674&session_id=2338b1105863109


Von Mering et al (2002). Nature.

Validation with annotated complexes

• the coverage and positive 
predictive value of each 
predictive method
– Coverage

• fraction of reference set 
covered by the data.

– Positive predictive value 
• Fraction of data 

confirmed by reference 
set.



•  a single large network of 2,358 interactions among 
1,548 proteins 

• Source of data:
– Y2H interactions databases

– All previously published interactions from the entire 
community of yeast researchers (gathered in Yeast Proteome 
Database)

Schwikowski et al., (2000), Nature Biotechnol



The map contains 1,548 proteins and 2,358 interactions 
Membrane fusion (blue), chromatin structure (gray), 

cell structure (green), lipid metabolism (yellow), and cytokinesis (red). 

The interactome: in silico

Schwikowski et al. (2000), Nature Biotechnol



• Proteins of known function and cellular location 
tend to cluster together 

• 63% of the interactions occur between proteins 
with a common functional assignment 

• 76% occur between proteins found in the same 
subcellular compartment

The interactome: in silico

Schwikowski et al. (2000), Nature Biotechnol



The interactome: in silico

Interactions between proteins of different function

Schwikowski et al. (2000), Nature Biotechnol



Interactions between proteins of different compartments 

The interactome: in silico

Schwikowski et al. (2000), Nature Biotechnol



• Problems: 

• quality of both the data and the database 
annotations 
– Interactions derived from genomic two-hybrid 

approaches are not normally backed up by additional 
experiments, and false positives are commonplace with 
this technique

– Proteins which interact in a Y2H screen may not be 
present in the cell at the same time

• Membrane proteins are underrepresented

• Three quarters of the proteome are missing

The interactome: in silico

Schwikowski et al. (2000), Nature Biotechnol



Conclusions

• Protein-protein interactions can be elucidated with a 
wide array of techniques
– From one-to-one to whole proteome interactions

• Protein interaction data from different sources can 
be combined into networks of interactions – the 
interactome

• Interaction networks can be used to predict function 
of uncharacterised proteins

• The ultimate goal is to construct comprehensive, 
comparable and reliable networks



Perspective

Lievens, S., et. al 2010



Thanks for your attention !


