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Why protein-protein interactions (PPIs)? 

 Gene is the basic unit 
of heredity. Genomes 
are availabe. 

Genome Proteome（蛋白质组） Interactome（互作组） 

 Proteins, the working 

molecules of a cell, carry 

out many biological 

activities 

 

 Proteins function by 

interacting with other 

proteins. 

 



 The complete map of protein interactions that can occur in a 

living organism is called the interactome. 
 

 Efficient large-scale technologies that measure proteome-wide 

physical connections between protein pairs are essential for 

accomplishing a comprehensive knowledge of the protein 

interactomes. 
 

 To achieve appropriate understanding of PPIs and to design 

better ways for analyzing and interpreting them, this 

educational review presents several essential concepts and 

definitions intended to facilitate the use of PPI information both 

by computational and experimental biologists. 
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01 
PPI Definition 

 

 Commonly they are understood as physical contacts with 

molecular docking between proteins that occur in a cell or in a 

living organism in vivo. 

 

 The issue of whether two proteins share a ‘‘functional contact’’ is 

quite distinct from the question of whether the same two proteins 

interact directly with each other. 

 The physical contact considered in PPIs should be specific, not just 

all proteins that bump into each other by chance. 

 

 It also should exclude interactions that a protein experiences when 
it is being made, folded, quality checked, or degraded(i.e. generic 
interactions ).  
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Binary——Y2H  
（酵母双杂实验） 
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 The goal is to bring together the 

DNA-binding domain and the 

activation domain of the yeast 

Gal4 protein (Gal4p) through the 

interaction of two proteins, X and 

Y, to which one or other of the 

domains is fused.  

 This interaction is accompanied 

by the expression of a reporter 

gene.  



Binary——Y2H  
（酵母双杂实验） 
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 The two gene fusions are created in 

separate yeast strains, which are 

then mated. The mated mixture is 

plated on a medium on which the 

yeast cannot survive unless the 

reporter gene is expressed. 

 Thus, all surviving colonies have 

interacting fusion proteins. 

 Sequencing of the fusion proteins in 

the survivors reveals which proteins 

are interacting. 



02 
Co-complex—TAP-MS（串联亲和纯化-质谱） 



02  Comparison of Two Approaches 
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Primary Databases 



03 Meta-Databases 

Prediction Databases 
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 There are clear discrepancies(差异) in current 

estimations of the real size of the protein 

interactomes, even for the well-studied unicellular 

model organism Saccharomyces cerevisiae.  

 

 An empirical estimate of the complete binary protein 

interactome in S.cerevisiae [9] finds ,18,000±4,500 

PPIs, which is consistent with a previous 

computational estimate of 16,000 to 26,000 

interactions [26].  

 

 Others estimate more than 30,000 potential 

interactions between the ,6,000 proteins of this yeast 

[4], and some databases with only experimental data 

currently list more than 50,000 binary interactions 

between yeast proteins. 

High error rate (False Positives) 

Von Mering C, et al. Nature, (2002) 417 : 399–403  
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 The graph in Figure 2A shows the observed growth of human PPIs in the past 

3 years. 

 HPRD and MINT are the primary databases that include the most human PPIs: 

50.7% and 34.1%, respectively. 



04 Incorporate 3-D Structural Information  
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 (i) a subset of the complete human PPI data 

including only the proteins that have at least 

one Pfam domain assigned: 69,079 

interactions, called ppihs_all (Figure 2C) 
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(iii) a subset of ppihs_all with only the interactions 

corresponding to proteins that work together in the 

same KEGG biological pathway: 7,693 interactions, 

called ppihsxKEGG (Figure 2E)  

 (ii) a subset of ppihs_all with only the interactions that have 

been validated by at least two experimental methods that 

demonstrate the interaction or by the same experimental 

method reported in at least two independently published 

articles: 16,959 interactions, called ppihsx2meth (Figure 2D) 
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 The Venn diagrams (Figure 2C–2E) 

indicate that the coverage of structural 

data increases from 14.3% to 21.4% 

and 30.3%, following the increase in 

“stringency” of the interactome 

datasets. Therefore, the structural 

validation can help to increase reliability 

of PPI data,as shown by the larger 

percentage (21.4%) of 

sddis getting included in the interactome 

proven by two methods (ppihsx2meth). 
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 The KEGG pathway representation does not 

distinguish the relations between the four 

NOTCH paralogous proteins, while the PPI 

network separates the links proven for each 

NOTCH paralogous protein. 

 

 The KEGG pathway representation 

distinguishes the direction and properties of 

the links, while the PPI network does not 

include such directional information. 

 

 The γ-secretase complex is not included in the 

PPI network, while the interaction of NOTCH 

with the SMAD pathway is not present in the 

KEGGnetwork. 



Two main challenges remain for the field and for 

database providers:  

 

(i) a better filtering of false positives in PPI collections 

and 

  

(ii) an adequate distinction of the biological context 

that specifies and determines the existence or not of a 

given PPI at a given biological situation. 

Looking forward 
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