
Abstract
Oligomeric proteins are proteins which are composed of two or more polypeptide chains, or subunits. The arrangement of subunits is known as quaternary structure and varies in term of 
of composition and topography. Their systematic study could contribute to protein annotation and a better understanding of some biological processes. We have produced a database 
which contains features extracted from PDB 3D structures. Information provided includes complex composition, 2D/3D rotational symmetry and details about subunit interactions. Each 
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PROTOPOLO
PROtein complex TOPOLOgy database

Some applications
� Motif detection

� Detection of common graph patterns

� Function annotation

� Correlation with symmetry and planarity 

Main classes of proteins (387) with fold symmetry (chains/symmetry �  2 ) 

which contains features extracted from PDB 3D structures. Information provided includes complex composition, 2D/3D rotational symmetry and details about subunit interactions. Each 
complex is also represented by a 2D cartoon and a graph which can be analysed by network analysis tools.

Symmetry detection
� Cyclic symmetry detection

� A reference plane is defined according to 
eigenvalues of subunit positions 

� A cyclic string matching algorithm [3] is applied 
to detect rotational symmetries

� 3D rotational symmetry detection

� Individual 3D rotational axes are detected

� Axes are compared with those of plutonic solids  

Rational
� 44% of proteins in the PDB* [1] 
are composed of several subunits 

� Many biological functions rely 
on proteins in an oligomeric state    

� Analysis of quaternary structures requires a new 
representation including subunit positions, 
interactions, symmetries and homogeneity

Quaternary structure representation
� Data extraction from PDB file

� Each subunit is represented by the 3D position of 
its centre of mass

� Homogeneity of sequences of the subunits is 

PDBsum entry for 1WPL.pdb 

PDB composition

Interactions between 
subunits are unclear

Homogeneity status 
of the protein is not 
specified

No information 
regarding possible 
symmetries

Database
� Protein information

1xck 1avo 1mnf 1svt 1yau 

Proteins with 7-fold rotations

2qmi 2v19 1z6o 1bfr 1wog 

Proteins with ‘cube’ rotations

Use of MAVisto [3] to
visualise common graph 
pattern among a set of 
proteins with rotational 
symmetries
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N-fold symmetry

Chains/symmetry
[2,15]

Future work
� Oligomer comparison and clustering

� Distance metric for comparison between graphs

� Production of oligomer hierarchical tree

� Pattern/motif recognition

� Detection of maximal common subgraphs

� Homogeneity of sequences of the subunits is 
evaluated by pairwise alignment

� Detection of interactions between subunits

� 2D cartoon generation  

� Subunit positions are projected in the most suitable 
2D plane according to eigenvalues of their positions

� Subunits are connected showing interaction type

� Graph generation  

� Cartoons in GML format for automated analysis

� Advanced search

� Short descriptions are returned

� File with PDB id list is produced

� File combining GML graphs is produced

�

1aon 1avo 1b9l 1bwv 1c9s 1dw9 1egh 1fnt 1g21 1gk8 1is8 1iwa 1m1k 1m26 1mfr 1mnf 1occ 1otz 1pcq 1pyo

1qk1 1qo1 1tkk 1tr0 1tzn 1uwa 1yc6 1ye9 1yg8 1ywh 1z6o 1zgl 2a06 2c57 2dd4 2fkw 2h53 2i2r 2i9l 2om1

Legend

• Identical subunits
• Homologous subunits

• Interaction
• Disulphide bridge 
• Inter chain beta-sheet
• Disulphide bridge  &

inter chain beta-sheet
• Symmetrical protein-

protein interface

PROTOPOLO entry for 1WPL.pdb 

GML graph for 1WPL.pdb displayed using 
standard network analysis tools MAVisto [2] 

2D cartoon of 1WPL.pdb

Homogeneity index

Interactions between 
subunits

2D cartoon

Symmetry information

Advanced search form
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* All data based on the PDB release of 12th August 2008
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