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·Numerous diseases are polygenic traits

·Some are monogenic but different genetic defects can give 

the same phenotype, i.e. MD

·More human diseases than human genes

·4ÈÉÓ ȰÃÏÍÐÌÅØÉÔÙȱ ÍÁÙ ÐÁÒÔÌÙ ÒÅÌÙ ÏÎ ÔÈÅ ÃÏÎÔÅØÔÕÁÌ 

combination of gene products

·The function of protein complexes exceeds the 

function of the single components 

Proteins donôt work in isolation!



Importance of protein-protein interactions

·Many cellular processes are 
regulated by multiprotein 
complexes

·Distortions of protein interactions 
can cause diseases

·Protein function can be 
predicted by knowing functions 
ÏÆ ÉÎÔÅÒÁÃÔÉÎÇ ÐÁÒÔÎÅÒÓ ɉȰÇÕÉÌÔ ÂÙ 
ÁÓÓÏÃÉÁÔÉÏÎȱɊ

Adapted from S. Fields, FEBS, 2005

A comparison of sequence 

(GenBank) and protein-protein 

interaction data (DIP database)



Methods of identifying PPIs
·Experimental
·Y2H assay

·TAP assay

·Protein-protein arrays

·Computational/Inferential
·Interolog analysis

·Co-localization, co-expression

·Correlated mutations

·Text-mining



ÅThe known protein/ligand is the bait

ÅThe interacting protein/ligand we are looking for is 

the prey

ÅWhen a prey interacts with the bait something 

happens:

ïY2H: a reporter protein is expressed

ïPhage display: the phage sticks to a physical support and 

can be isolated/amplified

ïProtein chips: a signal is detected (similar to DNA chips)

General principle



DBD

AD Transcription factor

DNA Binding Domain: binds promoter 

Activation Domain: binds RNA polymerase

Reporter is expressed

If lac Z: blue coloniesDBD

AD

reporter

RNA pol

In the nucleus:

Yeast 2-Hybrid 
(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
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
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
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
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
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


Structure_function properties of typical transcription factor 

DBD
Protein                                                      Interacting protein              AD  
όƻǊ ŘƻƳŀƛƴ ƻŦ ƛƴǘŜǊŜǎǘ                           ƻǊ ŘƻƳŀƛƴ άtǊŜȅέ 
ά.ŀƛǘέ

Binding site 

By itself, the DBD bait does not stimulate expression 
When bait and prey interact the reporter gene is expressed 

bait
Prey 

Two-hybrid system 

Reporter gene 

Binding site 

DNA binding domain, DBD               Activation domain, AD   

Transcription factor 
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Advantages of Y2H
·In vivo technique, good approximation of processes which 

occur in higher eukaryotes.

·Transient interactions can be determined, can predict the 
affinity of an interaction.

·Can be used to detect potential interactions of genes not 
yet observed to be translated into proteins (e.g. rarely 
expressed) or novel constructs (e.g. therapeutics)

·Relatively fast and efficient.



Disadvantages of Y2H

·Fusion of a protein into chimeras can change the structure 
of a target

·Protein interactions can be different in yeast and the 
organisms where the genes came from

·It is difficult to target extracellular proteins

·It is hard to detect interactions between proteins active 
only in a complex

·Proteins which can interact in two-hybrid experiments, 
may never interact in vivo



Tandem affinity purification method (TAP)

·Target protein ORF is fused with the DNA sequences 
encoding TAP tag;

·Tagged ORFs are expressed in yeast cells and form native 
complexes;

·The complexes are purified by TAP method;

·Components of each complex are found by gel 
electrophoresis or MS.







Differences and similarities 
between Y2H and MS-TAP
·TAP permits protein complexesto be isolated, but cannot 

detect weak/transient PPIs

·Both methods generate a lot of false positives, only ~50% 
interactions are biologically significant

·Y2H is in vivo technique

·MS can detect large stable complexes and networks of 
interactions



TAP vs. Y2H
·Analyzes complexes and 

can create protein 
network maps

·Analyzes more of the 
proteome

·Works in membrane 
proteins

·Works in many 
organisms

·Analyzes binary 
interaction between 
proteins

·Works with transient 
protein interactions

·Performed in vivo

These methods yield different information and should be 

used complementarily



Predicted Functional Partners:                                                
CTSB Cathepsin B precursor (EC 3.4.22.1) (Cathepsin B1)

(APP secretase) 
Å Å

0.775

FLJ00091 paired immunoglobulin-like type 2 receptor beta isoform 

b. 
Å

0.694

SCNM1 Sodium channel modifier 1; May function as a RNA 

splicing factor (By similarity) 
Å

0.675

RAB21 Ras-related protein Rab-21 Å 0.661

UBASH3B Suppressor of T-cell receptor signaling 1 (Sts-1) (Cbl-

interacting protein p70) 
Å 0.655

http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=416141&targetmode=proteins
http://string-db.org/newstring_cgi/show_set_evidence.pl?data_channel=experimental&taskId=wuZ6C9Ud3soX&node2=416141
http://string-db.org/newstring_cgi/show_textmining_evidence.pl?taskId=wuZ6C9Ud3soX&node2=416141
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=404085&targetmode=proteins
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=404085&targetmode=proteins
http://string-db.org/newstring_cgi/show_textmining_evidence.pl?taskId=wuZ6C9Ud3soX&node2=404085
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=419313&targetmode=proteins
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=419313&targetmode=proteins
http://string-db.org/newstring_cgi/show_textmining_evidence.pl?taskId=wuZ6C9Ud3soX&node2=419313
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=405545&targetmode=proteins
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=405545&targetmode=proteins
http://string-db.org/newstring_cgi/show_textmining_evidence.pl?taskId=wuZ6C9Ud3soX&node2=405545
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=407829&targetmode=proteins
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=407829&targetmode=proteins
http://string-db.org/newstring_cgi/display_single_node.pl?taskId=wuZ6C9Ud3soX&node=407829&targetmode=proteins
http://string-db.org/newstring_cgi/show_textmining_evidence.pl?taskId=wuZ6C9Ud3soX&node2=405545


From:

A Protein Interaction Map of Drosophila

Giot et al. Science 302, 1727-1136 (2003)

Drosophila 
interaction map


