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Concept
A graph representation of a protein structure, where:
● Residues → Nodes
● Interactions →  Edges



RIN and contact maps



Possible interactions
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ATOM 61    N N    . ILE A 1 5  ? -28.199 -33.564 -15.366 
ATOM 62    C CA   . ILE A 1 5  ? -27.521 -32.693 -16.369
ATOM 63    C C    . ILE A 1 5  ? -26.502 -31.786 -15.674
ATOM 64    O O    . ILE A 1 5  ? -26.618 -31.493 -14.501
ATOM 65    C CB   . ILE A 1 5  ? -28.641 -31.864 -16.998  
ATOM 66    C CG1  . ILE A 1 5  ? -28.041 -30.881 -18.008
ATOM 67    C CG2  . ILE A 1 5  ? -29.379 -31.084 -15.908
ATOM 68    C CD1  . ILE A 1 5  ? -27.509 -31.651 -19.217
ATOM 69    H H    . ILE A 1 5  ? -28.909 -33.198 -14.799 
ATOM 70    H HA   . ILE A 1 5  ? -27.038 -33.293 -17.123
ATOM 71    H HB   . ILE A 1 5  ? -29.335 -32.521 -17.502 
ATOM 72    N N    . GLN A 1 6  ? -25.505 -31.340 -16.389
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Isoleucine ?

How to build the protein structure
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RESIDUE   ILE
CONECT      N     CA   H 
CONECT      CA    N    C    CB   HA  
CONECT      C     CA   O    
CONECT      O     C   
CONECT      CB    CA   CG1  CG2  HB  
CONECT      CG1   CB   CD1  
CONECT      CG2   CB  
CONECT      CD1   CG1  
CONECT      H     N   
CONECT      HA    CA  
CONECT      HB    CB  
END   
FORMUL      ILE    C6 H13 N O2
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Connect the atoms using the 
chemical component dictionary - CCD

How to build the protein structure



ILE
... 
HD12 CD1 CG1 109.5 CB -59.9
...

Add the hydrogens

HD12

109.5o
-59.9 o

CD1
CG1

CBThe algorithm converts the internal 
representation (z-matrix) to cartesian with some 
trigonometry formulas based on

● Bond length

● Bond angle

● Dihedral angle

How to build the protein structure



Find aromatic rings (Depth First Search)

CB

CG
ND1

CE2
NE2

CD2

Histidine

Visited

[CB]

. . . 

[CB, CG, ND1, CE2, NE2, CD2, CG]

Additional filters

● Coplanarity of ring atoms using the dot product

● Atoms names in extracted dictionary from the CCD

How to build the protein structure



Find aromatic rings (Depth First Search)

Visited

[CB]

. . . 

[CB, CG, ND1, CE2, NE2, CD2, CG]

Additional filters

● Coplanarity of ring atoms using the dot product

● Atoms names in extracted dictionary from the CCD

How to build the protein structure
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An all vs all calculation?

Interactions have a maximum range (to be relevant). We 
can use this knowledge and the structural information to 
skip a lot of calculations and reduce runtime

Use bounding boxes

● At chain level

● Residue level

Calculate the interactions



Nodes definition and edge cardinality



Contacts in high-resolution PDB structures

Del Conte et al. 
RING 4.0: faster residue interaction networks with novel interaction types across over 35,000 different chemical structures
NAR



Probabilistic RIN



CLI PyMOL plugin Web server

How to use RING



Command Line Interface



● Relaxed

● Strict (default)

The RING-2.0 web server for high quality residue 
interaction networks. Piovesan D, Minervini G, Tosatto, 
SCE. NAR, 2016, 44(W1), W367-74

Distance cutoff



Web server
https://ring.biocomputingup.it/ 

https://ring.biocomputingup.it/


Web Browser

Port:443 (HTTPS)

Verify 
authentication

Authenticate

BioComp cluster

BioComp NFS

● Creates an interface with the DRM 
● Sends the jobs to the DRM
● Retrieves the status of the jobs
● Download the results
● Manage permissions

Web server



RING-PyMol (not working with latest PyMol)

Repo and Wiki
https://github.com/BioComputingUP/ring-pymol

Plugin code archive
https://biocomputingup.it/shared/ring-plugin/ 

https://github.com/BioComputingUP/ring-pymol
https://biocomputingup.it/shared/ring-plugin/


Which is best?




