Computational modeling and design of RNA 3D structure and protein-RNA complexes

Janusz M. Bujnicki

Laboratory of Bioinformatics and Protein Engineering, International Institute of Molecular and Cell Biology, ul.
Ks. Trojdena 4, 02-109 Warsaw, and Institute of Molecular Biology and Biotechnology, Adam Mickiewicz
University, Umultowska 89, PL-61-614 Poznan, Poland; email: iamb@genesilico.pl

Motivation: Protein-RNA interactions play fundamental roles in many biological processes, such as regulation
of gene expression, RNA splicing, and protein synthesis. The understanding of these processes improves as new
structures of protein-RNA complexes are solved and the molecular details of interactions analyzed. However,
experimental determination of protein-RNA complex structures by high-resolution methods is tedious and
difficult. Therefore, studies on protein-RNA recognition and complex formation present major technical
challenges for macromolecular structural biology. Alternatively, protein-RNA interactions can be predicted by
computational methods. Although less accurate than experimental measurements, theoretical models of
macromolecular structures can be sufficiently accurate to guide experimental analyses and aid in the
interpretation of their results.

Methods: I will present an overview of strategies and methods for computational modeling of RNA structure and
RNA-protein complexes developed in our laboratory (available at http://genesilico.pl), and I will illustrate it with
practical examples of structural predictions.

Results - references:

e Rother, K., Rother, M., Boniecki, M., Puton, T. and Bujnicki, J.M. (2011) RNA and protein 3D structure
modeling: similarities and differences. J Mol Model, 17, 2325-2336.

e Tuszynska, I. and Bujnicki, J.M. (2011) DARS-RNP and QUASI-RNP: New statistical potentials for
protein-RNA docking. BMC Bioinformatics, 12, 348.

e Rother, M., Rother, K., Puton, T. and Bujnicki, J.M. (2011) ModeRNA: a tool for comparative modeling
of RNA 3D structure. Nucleic Acids Res, 39, 4007-4022.

e Puton, T., Kozlowski, L., Tuszynska, I., Rother, K. and Bujnicki, J.M. (2012) Computational methods for
prediction of protein-RNA interactions. J Struct Biol, 179, 261-268.

e Tuszynska I, Matelska D, Magnus M, Chojnowski G, Kasprzak JM, Kozlowski L, Dunin-Horkawicz S,
Bujnicki JM (2014) Computational modeling of protein-RNA complex structures Methods 65(3):310-9.

e Smietanski M, Werner M, Purta E, Kaminska KH, Stepinski J, Darzynkiewicz E, Nowotny M, Bujnicki
JM (2014) Structural analysis of human 2'-O-ribose methyltransferases involved in mRNA cap structure
formation Nature Commun 5:3004, doi:10.1038/ncomms4004

e Gtow D, Pianka D, Sulej AA, Koztowski LP, Czarnecka J, Chojnowski G, Skowronek KJ, Bujnicki JM.
Sequence-specific cleavage of dsSRNA by Mini-111 RNase. Nucleic Acids Res. 2015 43(5):2864-73.

e Walen T, Chojnowski G, Gierski P, Bujnicki JM. ClaRNA: a classifier of contacts in RNA 3D structures
based on a comparative analysis of various classification schemes. Nucleic Acids Res. 2014 42(19)

e Magnus M, Matelska D, Lach G, Chojnowski G, Boniecki MJ, Purta E, Dawson W, Dunin-Horkawicz S,
Bujnicki JM. Computational modeling of RNA 3D structures, with the aid of experimental restraints.
RNA Biol. 2014;11(5):522-36.

e Tuszynska I, Magnus M, Jonak K, Dawson W, Bujnicki JM. NPDock: a web server for protein-nucleic
acid docking. Nucleic Acids Res. 2015 Jul 1;43(W1):W425-30

e Stefaniak F, Chudyk E, Bodkin M, Dawson WK, Bujnicki JM Modeling of RNA-ligand interactions
Wiley Interdiscip Rev Comput Mol Sci 2015 Sep 14, doi: 10.1002/wcms.1226

o Dawson WK, Bujnicki JM Computational modeling of RNA 3D structures and interactions Curr Opin
Struct Biol. 2015 Dec 12;37:22-28. doi: 10.1016/j.sbi.2015.11.007.

e Boniecki MJ, Lach G, Dawson WK, Tomala K, Lukasz P, Soltysinski T, Rother KM, Bujnicki JM.
SImMRNA: a coarse-grained method for RNA folding simulations and 3D structure prediction. Nucleic
Acids Res. 2015 Dec 19. [Epub ahead of print doi: 10.1093/nar/gkv1479]



mailto:iamb@genesilico.pl
http://genesilico.pl/

