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“Secondary structure”

● Proteins

● Pattern of backbone hydrogen bonds
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● Proteins
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● Equivalent to φ/ψ backbone torsions 

(Ramachandran 2D representation)



“Secondary structure”
● Base pairing (hydrogen bond pattern) is only a small part 

of the structure

● Using it as NA secondary structure is insufficient

● In practice this is even worse because in most cases only 
canonical WC pairs are considered



“Secondary structure”
● Only a combination of much richer, more complicated 

base interactions (including non-canonical pairs) and 
backbone conformations can describe the full 3D 
structure in “2D”

● NA bases are hetero-aromatic moieties with high 
dipoles, strong H-bonds and base stacking (vdW)

● Stacking is responsible for the helicity, and vdW 
strength is comparable to H-bonding contribution

● Sugar-phosphate backbone contains larger 
number of polar atoms (H-bonds) and negatively 
charged polarizable phosphodiester group

● extra O2‘ OH in RNA adds further complexity

● Water/ions/ligands play important role in defining 
the structure as well



3D structures
● Much less structural data is available for Nucleic Acids

● 200k protein structures in PDB

● 16k NA structures in PDB

● 42M AAs vs. 100k nucleotides ( < 2Å resolution)

● No reliable algorithms for NA structure

● Annotation and Validation

● Modeling and Refinement

● Including bond lengths and angles, not “only” the 
expected backbone torsions uncertainties

● Using protein tools and approaches for NAs just doesn’t work

● We are developing a set of tools, databases, and workflows 
available at the “database of molecular structures” datmos.org



● Identification of important nucleic acid structure features at 
different levels of detail
● Automated assignment (no expert knowledge needed)
● Parameter free (based on/derived from data only)

● From atomic coordinates
● Backbone conformations & Structural motifs

● How to assign/annotate local NA conformations?
● Cartesian coordinates impractical
● many degrees of freedom, no simple Ramachandran-like 

plot possible
● working with the sugar phosphate backbone (torsions 

and distances) in a dinucleotide block
● clustering limited by (un)available structural data 

(tetranucleotide would be better)
● (di)Nucleotide Conformations (96+1 NtC classes)

Nucleic acid backbone conformations

Dinucleotide block and 
its backbone parameters.
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Nucleic acid backbone conformations

Rules of transcription 
factors and nucleosome 

interactions.
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Nucleic acid backbone conformations

8b0x “NtC tubes”



2013: DNA only, 18 conformers (based on 2008 work)

https://dnatco.datmos.org/v1

https://dnatco.datmos.org/v1


2016: DNA, 44 conformers

https://dnatco.datmos.org/v2.3

https://dnatco.datmos.org/v2.3


2019: 96 conformers, universal for DNA and RNA

https://dnatco.datmos.org/v3.2

https://dnatco.datmos.org/v3.2


2021: using Mol*

https://dnatco.datmos.org/v4.1

https://dnatco.datmos.org/v4.1


2023: client-side web application

https://dnatco.datmos.org/v5.0

https://dnatco.datmos.org/v5.0
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https://dnatco.datmos.org/v5.0

Refinement and Modeling with NtCs

https://dnatco.datmos.org/v5.0


Refinement and Modeling with NtCs
• Restraints for xray and cryoEM refinement

• Phenix and REFMAC

• Enhanced sampling MD in gromacs

• PMF-based enhanced sampling MD

• tens of ns superior to μs classical MD

• Modeling and density fitting

• MMB (MacroMoleculeBuilder)

• Coot
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