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Protein-protein interactions

(A) Large scale yeast two-hybrid analysis.
(B) Proteomics-immunoprecipitation (TAP) & Protoarray.
(C) Prediction of protein-protein interactions (e.g. domain fusion)
(D) Databases-
• (1) collection of protein-protein interactions
• (2) prediction of protein-protein interactions
(E) Directions for further studies-tools for visualization, navigation, 

and study of networks of protein interactions.
(F) Detect protein-protein interaction in cells.

One possible path towards understanding the 
biological function of a target gene is through 
the discovery of protein-protein interaction 
networks. However,…



A large number of proteins inside the A large number of proteins inside the 
cell cell rarely stay alonerarely stay alone. In this crowded . In this crowded 

scenario, modulation of proteinscenario, modulation of protein--protein protein 
interactions (interactions (PPIsPPIs) could open ) could open new new 
alternativesalternatives to the development of to the development of 

molecules in future molecules in future therapeutic therapeutic 
applicationsapplications..

Molecular signaling and signal 
transduction pathways at cellular level 
require massive protein usage to transmit 
signals through protein-protein 
interactions (PPIs) in response to different 
environmental changes or modifications.



Interactome
• Interactome: the complete list of physical interactions 

mediated by all proteins of an organism.
• The field of interactome modeling is to understand how 

global and local properties of complex macromolecular 
networks impact on observable biological properties can 
lead to human diseases.

• Could it be that such organizational principles are disrupted 
in human diseases?

• As successes in discovering protein-protein inhibitors 
accumulate (drug-like small molecule inhibitors), principles 
should begin emerging that will make successive attempts 
more effective. For example, a cyclic peptide inhibitor to 
block the interactions between integrin (receptor) and 
fibronectin (protein ligand with RGD motif).



Nature Reviews Cancer 7, 202-211 (2007)

Owing to the relatively large 
surfaces that are typically 
involved in protein-protein 
pairing, a perception has arisen 
that the likelihood of 
successfully modulating PPIs 
with small molecules is low.
High risk project!



Uncovering protein interactions

Nature Rev Mol Cell Biol 7, 188-196 (2006)



Nature Rev Mol Cell Biol 7, 188-196 (2006)

Bruce Alberts



Determining how molecules interact

Nature Rev Mol Cell Biol 7, 188-196 (2006)



記得Jurassic Park (侏儸紀公園)嗎?



Project of automatic annotation of the eukaryotes genomesEnsemblPep

The NCBI Reference Sequence project (RefSeq) will provide reference sequence standards 
for the naturally occurring molecules of the central dogma, from chromosomes to mRNAs 
to proteins.

RefSeqP

PIR produces the Protein Sequence Database (PSD) of functionally annotated protein 
sequences 

PIR

TrEMBL is a computer-annotated supplement of SWISS-PROT that contains all the 
translations of EMBL nucleotide sequence entries not yet integrated in SWISS-PROT

TrEMBL

SWISS-PROT is a curated protein sequence database which strives to provide a high level 
of annotations

SwissProt
DescriptionDatabase

Protein Databases

SwissProt     : http://www.expasy.org/sprot/
TrEMBL : http://www.expasy.org/sprot/
PIR               : http://pir.georgetown.edu/
RefseqP : http://www.ncbi.nlm.nih.gov/RefSeq/
EnsemblPep : http://www.ensembl.org/index.html

(linear)

(motif)

(domain, module)



Protein Domain Databases

Database Description
BLOCKS Blocks are multiply aligned ungapped segments corresponding to the most 

highly conserved regions of proteins. 

InterPro InterPro is a database of protein families, domains, repeats and sites in which 
identifiable features found in known proteins can be applied to new protein 
sequences

Pfam Pfam is a database of multiple alignments of protein domains or conserved 
protein regions. Hopefully they represent some evolutionary conserved 
structure which has implications for the protein's function.

Prosite Prosite is a database of protein families and domains. It consists of 
biologically significant sites, patterns and profiles that help to reliably 
identify to which known protein family (if any) a new sequence belongs 

BLOCKS    : http://blocks.fhcrc.org/
InterPro : http://www.ebi.ac.uk/interpro/
Pfam : http://pfam.sanger.ac.uk/
Prosite : http://www.expasy.ch/prosite/



InterPro http://www.ebi.ac.uk/interpro/



• 13 applications of InterproScan
– BlastProDom (Protein domain family database)
– FPrintScan (Sequence matching)
– HMMPIR (Model)
– HMMPfam (Model)
– HMMSmart (Model)
– HMMTigr (Model)
– ProfileScan (Method for the discovery of distant sequence relationships)
– ScanRegExp (Documentation entries describing protein domains, families and

sites)
– SuperFamily (Database of structural and functional protein annotations)
– SignalPHMM (Model)
– TMHMM (Model)
– HMMPanther (Model)
– Gene3D (Model)

Features



http://www.ebi.ac.uk/Tools/InterProScan/



PubMed & in silicoHuman2005HomoMINT

PubMed & HTP4 organisms2006BioGRID

PubMed & HTPHuman2003HPRD

PubMed, HTP & in silicomulti-organisms2004POINT

In silicomulti-organisms2004Prolinks

PubMedmammalian2005MIPS

PubMed & in silicoHuman2005OPHID

PubMedmulti-organisms2004IntAct

PubMedHuman and Yeast2004PINdb

PubMed & in silicoHuman2004HRID

PubMed, HTP & in silicomulti-organisms2003STRING

HTP & in silico44 microbial genomes2002Predictome

PubMedmulti-organisms2002MINT

PubMed & HTPmulti-organisms2001BIND

PubMed & HTPmulti-organisms2000DIP

Majority Data sourceorganismsYearDatabase

Protein-Protein Interaction Databases



Protein-Protein Interaction Databases
Database URL

DIP http://dip.doe-mbi.ucla.edu/

BOND http://bond.unleashedinformatics.com/

MINT http://mint.bio.uniroma2.it/mint/

visANT http://visant.bu.edu/

HPRD http://www.hprd.org/

STRING http://string.embl.de/

POINT http://point.bioinformatics.tw/

HPID (rename) http://wilab.inha.ac.kr/hpid/

PINdb http://pin.mskcc.org/

Prolinks http://128.97.39.94/cgi-bin/functionator/pronav

IntAct http://www.ebi.ac.uk/intact/site/index.jsf

OPHID
I2D (rename)

http://ophid.utoronto.ca/ophid/
http://ophid.utoronto.ca/ophidv2.201/

MIPS http://mips.gsf.de/proj/ppi/

HomoMINT http://mint.bio.uniroma2.it/HomoMINT/

BioGRID http://www.thebiogrid.org/



Essentially, if the known protein, or bait, and the unknown protein, 
or prey, interact, the unknown protein will bring the activation
domain to the binding domain, which will in turn activate the 
reporter gene. This activation causes transcription to begin.

HOW DOES YEAST TWO-HYBRID SYSTEM WORK:

Bait
Prey: 
known protein or library protein



Methods and statistics for protein-protein interactions.

Many protein-protein interactions are first observed by the two-
hybrid method, and then later confirmed by other methods.

25% were determined by 
genome wide yeast two 
hybrid method.



Mining literature for protein-protein interactions

• A central problem in bioinformatics is how to capture 
information from the vast current scientific literature in a 
form suitable for analysis by computer.

• Efforts to expand protein-protein interaction databases have 
been hindered in part by the sheer volume of biological 
literature. Evaluating literature normally becomes the rate 
limiting step in the growth of the database.

• Protein interactions have been discovered automatically in 
the literature by methods involving nature language 
processing to parse sentences in abstracts into grammatical 
units and by methods analyzing sentences discussing 
interactions using frequency analysis of individual words.



Mining literature for protein-protein interactions

• Due to the complexity and variety of the English language, 
simple regular expression searches for abstracts containing 
relevant words, such as ‘interact*’, poorly discriminate true 
hits from abstracts using the words in alternate senses and 
miss abstracts using different language to describe the 
interactions. (considering accurate and coverage)

• Among the 83 discriminating words are those clearly related 
to interactions, such as ‘binds’, ‘interacts’, ‘complexes’, and 
‘associates’, and those words related to experimental 
methods that measure interactions, such as ‘2-hybrid’ and 
‘co-immunoprecipitation’. Other words are related to the 
language used to describe interactions, such as ‘with’ and 
‘together’.



Where can you find the protein-protein interaction data?
Which data are reliable?

(A) Large scale yeast two-hybrid analysis
(B) Proteomics-immunoprecipitation (TAP) & ProtoArray.

Nature 403, 623-631 (2001)

PNAS 98, 4569-4574 (2001)

PNAS 97, 13203-13208 (2001)

Whole Genome ExpWhole Genome Exp





Molecular & Cell Proteomics 1 (5), 349-356 (2002)

Which data are reliable?



Science 322, 104, (2008)



Protein-protein interactions link many proteins in the cell into 
just a few, large, connected interaction networks.



Automated Y2H Matrix 
Interaction Mating

Creation matrix

First confirm

(8 bait v.s 1 pray)

Second confirm

(1 bait v.s 1 pray)

First confirm result

Second confirm result



Network Views

Mean shortest path length analysis

Result: 4.85 links was calculated 

Means: most proteins are very closely links



The currently available human 
interactome network needs to be 
complemented by more complete 
experimental mapping data, but 
not biased towards particular 
biological interest targets as in 
the case for literature-curated
datasets.





Co-Regulation-Inference of function:
Genes belonging to the same pathway are often showing the 

same regulatory patterns (profiles) for a variety of 
biological situations (or in a time series). Hence, as a 
hypothesis, genes of unknown function showing similar 
regulatory behaviour as some genes of ”known” function 
may have a similar function.

However, co-regulation does not necessarily imply that genes 
are functionally related. It would be difficult to distinguish 
accidentally regulated genes from those that are 
physiologically important.

(1999) Nature 402: 483-487.



Nature Biotechnology 23, 951-959 (2005)

Probabilistic model of the human protein-protein interaction network



Proteomics & (co)-immunoprecipitation

X

X

X







A scale-free network must have highly connected nodes (i.e. hubs) at its
center, and these hubs must include global hubs, irrespective of the scale 
of the observed network. In a network, the number of links at each node 
is called its “degree”. Yahoo is high-degree nodes on the internet.

hub





COVER A computer-generated map showing relationships between Internet blogs
(colored spots), where lines represent links between individual blogs. In this map, 
blogs within the inner core cover technical topics and gadgetry, and blogs in the 
outer sphere involve nontechnical discussions and link back to the technical ones. 







(C) Prediction of protein-protein interactions

1. Gene/domain fusion -- Rosetta stone
2. Phylogenetic profiling
3. Chromosomal proximity
4. Interologs concept

Domain Fusion References :
1. Protein interaction maps for complete genomes 

based on gene fusion events. NATURE, Vol 402, 1999

2. Detecting Protein Function and Protein-Protein 
Interactions from Genome Sequences. SCIENCE, Vol
285, 1999 



Prediction of protein-protein 
interactions by domain fusion

• Can be recognized from genome 
sequences by purely computational 
means (i.e. domain fusion analysis).

• Pairs of nonhomologous sequences 
have significant similarity to a 
single protein in some other genome 
that we term a Rosetta Stone 
(linking) sequence because it 
deciphers the interaction between 
protein pairs. 

• Science 285, 751-753 (1999); 
Nature 402, 86-90 (1999)

What is the Rosetta Stone?
The Rosetta Stone is a stone with 
writing on it in two languages (Egyptian 
and Greek), using three scripts 
(hieroglyphic, demotic and Greek).



Additional information about Rosetta Stone
Why is it in three different scripts?
The Rosetta Stone is written in three scripts because when it was written, there were three 
scripts being used in Egypt. The first was hieroglyphic which was the script used for important 
or religious documents. The second was demotic which was the common script (daily purposes) 
of Egypt. The third was Greek which was the language of the rulers (the language of the 
administration) of Egypt at that time. The Rosetta Stone was written in all three scripts so that 
the priests, government officials and rulers of Egypt could read what it said. 
When was the Rosetta Stone made?
The Rosetta Stone was carved in 196 B.C.. 
When was the Rosetta Stone found?
The Rosetta Stone was found in 1799 by Napoleon's French army. 
Why is it called the Rosetta Stone?
It is called the Rosetta Stone because it was discovered in a town called Rosetta (Rashid).
What does the Rosetta Stone say?
The Rosetta Stone is a text written by a group of priests in Egypt to honor the Egyptian pharaoh. 
It lists all of the things that the pharaoh has done that are good for the priests and the people of 
Egypt.
Where is the Rosetta Stone now?
The Rosetta Stone has been exhibited in the British Museum since 1802, with only one  break.



Analysis of protein interaction

A B

Analogue
A~B

A B

Examples of pairs of E. coli proteins predicted to interact by the domain fusion 
analysis (by ProDom: http://prodes.toulouse.inra.fr/prodom/doc/prodom.html)

REAL INTERACTION PROVED

IN THE SAME PATHWAY

Physical 
interaction

Analogue 
comparison



Method 4:  Interologs Concepts

Reference :
1. Identification of Potential Interaction Networks 

Using Sequence-Based Searches for Conserved 
Protein-Protein Interactions or “Interologs”. 
Genome Research, Vol 11, 2001

2. Annotation Transfer Between Genomes: Protein-
Protein Interologs and Protein-DNA Regulogs. 
Genome Research, Vol 14, 2004



Method 4:  Interologs Concepts

A Binteracting proteins

orthologs

A’ B’interacting proteins

orthologs

Human

C. elegans

Fruit flyRat

mouse



Click here to search the PPI



Click here to query

Enter the gene name



Click here to get PPI



Enter the gene name

Search results



• Collect and curate direct experimental evidence about PPI
• Take a more generalized perspective on proteins and their associations, by 

functionally grouping proteins into metabolic, signaling or transcriptional 
pathways

• Predict PPI de novo, using a variety of computational techniques
• periodically import completely sequenced genomes [metazoan genomes from 

Ensembl, all others from SwissProt], and search them for three types of genomic 
context associations: 

conserved genomic neighborhood, 
gene fusion events 
co-occurrence of genes

searches aim to identify pairs of genes which appear to be under common selective 
pressures during evolution (more so than expected by chance), and which are 
therefore thought to be functionally associated.

STRING 
(‘Search Tool for the Retrieval of Interacting Genes/Proteins’)

Database: prediction of protein-protein interactions.



STRING 7—recent developments in the 
integration and prediction of protein 

interactions
Christian von Mering1, Lars J. Jensen, Michael Kuhn, Samuel Chaffron, 

Tobias Doerks, Beate Krüger, Berend Snel and Peer Bork 

Nucleic Acids Research, 2007, Vol. 35, 
Database issue D358-D362 

• 373 organisms
• 1.5 million proteins
• Direct (physical) and indirect (functional) interaction
• Orthology transfer
• Combine known and transferred interactions (predicted 

interactions) http://string.embl.de/ 



Studying proteins in fixed cells and tissues:

• What is the quantity of this protein?
• Are these proteins interacting and when?
• Are they modified / activated?
• Where are these events taking place?



Single 
Molecule
Detection

Localized
Detection

Endogenous 
Proteins

Protein 
Interactions

Analyzing 
Tissue Bank

Digital 
quantification

FRET

BRET

BiFC

Co‐immuno‐
precipitation

Co‐localization

Duolink 
In situ PLA

Methods for detecting protein interactions



Why choose Duolink?
Single 

Molecule 
Detection

Localized
Detection

Endogenous 
Proteins

Protein 
Interactions

Analyzing 
Tissue Bank

Digital 
quantification

FRET

BRET

BiFC

Co‐immuno‐
precipitation

Co‐localization

Duolink®
In situ PLA

•Duolink in situ proximity ligation assay (PLA) (Nat Methods. 2006;3(12): 995-1000)



Incubate with target specific primary 
antibodies 

from two different species

In situ PLA‐Duolink
Add PLA probes PLUS and MINUS

Hybridize connector oligos Ligation to form a complete DNA circle



In situ PLA‐Duolink
Template for rolling circle amplification Rolling circle amplification

Hybridization of detection probes



‐EGF +EGF
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Cell: A431
Treatment: with or without EGF treatment

Y1068
EGFR



High‐throughput analysis of protein phosphorylation

Cut off at 10

268 positive results in a total of 535 tests

Ratio   
EGFR‐Y1070   19.49
EGFR‐S1166    9.33
EGFR‐Y1197    15.67

PYK2‐Y402

PDGFRA‐Y574

EGFR -Y1110
EGFR-T678

EGFR -Y1092

EGFR -Y869

EGFR -T693

EGFR-S768 

EGFR-Y1125

EGFR-Y869

EGFR-Y1069

EGFR-S1190
EGFR-Y1092

EGFR-T1172

EGFR-Y1016

Sample

Negative 
control

Signal/ noise ratio=



Detection of Potential Cross‐talk Pathways in HCC with OLINK

179 up‐up PPIs
with 77 proteins
179 up‐up PPIs
with 77 proteins

60 HCC‐related pathways

Protein‐protein 
interactions

(~60,000 PPIs in POINeT)

Protein‐protein 
interactions

(~60,000 PPIs in POINeT)

Bioinformatics 
predictions

Bioinformatics 
predictions

339 PPIs in 47 
pathways

339 PPIs in 47 
pathways

583 PPIs in 40 
pathways

275 up‐up 
PPIs

A

B

C

D

a

b

c

d

Pathway 1 Pathway 2

43 proteins involve in 65 
PPIs with antibody pairs 

38 Conserved 
pathways

PredictionReal PPIs



Validation of PPIs in Huh7 and Mahalvu with OLINK
Shown with blobs/cell



Example of distinct interaction pattern in two different cells



Summary

• The explosive amount 
of “omics” data calls for 
the application of 
systems biology to 
efficient analysis and 
prediction to understand 
the disease process.


