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Protein-RNA interactions are essential

Ganser LR, Kelly ML, Herschlag D, Al-Hashimi HM
The roles of structural dynamics in the cellular functions of RNAs
Nature Rev Mol Cell Biol 2019, 20, 474–489
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Interaction sites: base edges and backbone moieties
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Interaction sites in ribonucleotides: base faces
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Classification of RNA-protein contacts
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Watson–Crick edge pseudo pairsHoogsteen edge pseudo pairs

Sugar edge pseudo pairs

J. Kondo, E. Westhof 
Nucl. A. Res., 2011, Vol. 39, No. 19



Pipeline for ClaPNAC development (ClaRNA based approach)
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Bujnicki, J.M. et.al. (2014) Nucleic Acids Res., 42, e151



A curated dataset of biological assemblies of RNPs
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2,164 RNP complexes from the dataset → 
extracted 158,013 doublets divided 
into 20 groups by AA

Number of nucleotide(N) - amino acid (AA) pairs:
- distance between 2 atoms of AA and 
one atom of N < 3.5 Å 



ClaPNAC training dataset
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ClaPNAC training dataset
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Classes for sidechain ARG-GUA base interactions
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Classes for ARG-GUA interactions with – and + base faces
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class - class + 



Classes for sidechain ARG-backbone interactions
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class Rclass P 



N-AA classification workflow

13

N-AA 
doublets

N-AA W

N-AA H

N-AA S

N-AA P

N-AA R

ClaPNAC 
Scoring 
function
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Distance calculation
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Root Mean Square Deviation (RMSD) 
dissimilarity between two groups of atomic coordinates

distance-based RMSD (dRMSD) 
dissimilarity between intramolecular atomic distance matrices

RMSD dRMSD



Scoring function

15



ClaPNAC vs fingeRNAt and DSSR
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Test dataset:
100 randomly selected complexes 
from 2,164 RNPs



ClaPNAC vs Kondo & Westhof dataset
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Kondo & Westhof dataset 
428 RNP complexes not used for ClaPNAC training 



Cases not identified by Kondo & Westhof
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Analysis of restriction endonuclease BamHI complex with DNA

19

TATGGATCCATA
  TGGATTCA
  TGAATCCA

cognate DNA noncognate DNA

Viadiu H, Aggarwal AK. (2000)  Mol. Cell, 5, 889–895



Analysis of the AU-rich element recognition and dimerization 
by the HuR C-terminal RRM domain
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ClaPNAC is able to identify 
(A/U)UU(A/U) recognition motifs 
for RRM3 



Analysis of Pfam families
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RRM1       RRM2



Analysis of Pfam families
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Comparative analysis of RNA-protein and DNA-protein complexes
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Summary
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1) ClaPNAC: novel method for contact classification in NA-protein complexes

2) Uses geometry (like ClaRNA) instead of hydrogen bonding etc.

3) Distinguishes nucleotide edges, ribose, and phosphate otide side

4) Distinguishes backbone and sidechain on the amino acid side

5) Can detect previously unclassified aa-nt pairs
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