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3Dcomplex.org - a hierarchical classification of complexes 

Levy, E.D., Pereira-Leal, J., Chothia, C & Teichmann, S.A. (2006) 3DComplex: a 
structural classification of protein complexes. PLoS Comp Biol., 2, e155. 	



www.PiQSi.org - a wiki for quaternary structure curation 

Levy, E.D (2007) PiQSi: protein quaternary structure investigation. 
Structure, 15, 1364-7.	





How frequent are homo-oligomers? 

60% to 70% of proteins form homo-oligomers  



Selective advantages of homo-oligomers 

•  Stability of the protein 

•  Functional advantages 
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Most proteins form                  “machines” symmetric  



Evolutionary pathways of complex assembly 



Symmetries found in a non-redundant set 
of ~2500 complexes 

NS: No Symmetry found




Even no. of subunits >= 4:

Cyclic symmetry         = ~2%

Dihedral symmetry      = ~22%


When there is a choice, dihedral favoured and ~10x more frequent than cyclic 

Symmetries found in a non-redundant set 
of ~2500 complexes 



Evolutionary pathways of complex assembly 
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2/3 of proteins homomers 



Conservation of Quaternary Structure - Examples 

Where do most protein stand on this spectrum? 



Conservation of the Quaternary Structure  

At 30% sequence identity, 70% of protein pairs conserve quaternary structure 



Homology to the largest interface is common  

Levy, E.D., Erba, E.B., Robinson, C.V. & Teichmann, S.A. (2008) 
Assembly reflects evolution of protein complexes. Nature, 453, 1262-5.  



Homology to the largest interface is common  



Which mutations change quaternary structures? 

Tetramer-dimer pairs with >40% sequence similarity 



PyrR: Evolvability of Quaternary Structure  





Coupling of Interfaces 

Tetramer 

Dimer 



PyrR: Evolvability of Quaternary Structure  
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2/3 of proteins homomers 

Conservation 4° struc/seq 
Cons. of large interfaces 
Change in angle - rewiring 
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2/3 of proteins homomers 

Conservation 4° struc/seq 
Cons. of large interfaces 
Change in angle - rewiring 

• Predict quaternary structure by homology 

• Predict interface geometry for divergent homologues 
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Cons. of large interfaces 



Conservation of largest interface –  
An evolutionary relic? 



Evolution predicts assembly pathway 



Macromolecular mass spectrometry (E.B. Erba & C.V. Robinson) 



Observed intermediates or perhaps better sub-complexes 

Complexes with characterised assembly pathways - 
agreement with predictions 

Levy, E.D., Erba, E.B., Robinson, C.V. & Teichmann, S.A. (2008) 
Assembly reflects evolution of protein complexes. Nature, 453, 1262-5.  
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2/3 of proteins homomers 

Cons. of large interfaces 

Interface size as unifying principle of evolution & assembly 

 via conserved 
 intermediates 
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A brief reminder  
of symmetry 


