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Multiscale simulation of DNA (2016)
PD Dans, J Walther, H Gómez, M Orozco
Current opinion in structural biology 37, 29-45

Molecular Modeling of Nucleic Acids (2017)
H Gómez, J Walther, L.Darré, I Ivani, PD Dans, 

M Orozco. In Computational Tools for
Chemical Biology. RSC, ISBN: 1782627006



All-atom Force Fields for RNA (more details 1/2)



All-atom Force Fields for RNA (more details 2/2)

Cell Press
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PARMBSC1 (parm99bsc1) for DNA

All-atom Force Fields for DNA and RNA

Parameterized on ε/ζ, χ and puckering level 

using MP2/aug-cc-pVDZ with CBS/CCST(Q) on 

key points.

Tested on 100+ different systems (~140 µs) 

during 3 years, with significant improvements 

over other modern force fields for DNA 

simulations.

(http://mmb.irbarcelona.org/ParmBSC1)
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PARMBSC1: Models and the fitting of the Chi (χ) angle (classical vs QM profiles)
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PARMBSC1: Fitting the torsion of the sugar moiety
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DDD / 1.2 µs 

PARMBSC1: Fitting ε/ζ and BI/BII sequence-dependent propensities

All-atom Force Fields for DNA and RNA

BI % Aver.

NMR/Tian [1] 65.18

NMR/Schw [2] 80.00

parmbsc0 88.47

parmbsc1 76.89

[1] Tian et al, J. Phys. Chem. B 
2009, 113 (9), 2596 | [2] 
Schwieters and Clore, 
Biochemistry 2007, 46 (5), 1152
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PARMBSC1: Benchmarks 1
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PARMBSC1: Benchmarks 2
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PARMBSC1: Benchmarks 3
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PARMBSC1: Benchmarks 4
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Fadrna et al, JCTC, (2009), 5, 2514 

X-ray Average structure

PARMBSC1: Reproducing complex DNA structures 1
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Holliday
junction

PARMBSC1: Reproducing complex DNA structures 2
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RMSD (A) and distances between the daunomycin and the closest cytosine (B) and and the N3 of close 

guanine (C). (A) RMSD relative to x-ray structure for DNA (black), first daunomycin (red) and second 

daunomycin (blue). (B) Distances were calculated between the center of masses of each residue indicating 

that both daunomycin molecules were intercalated between ending CpG steps. (C) Stabilizing interactions (h-

bonds) between the N3 of guanine (resid. 2 and 8 respectively) and a hydroxyl group in the daunomycin were 

stable along time.
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PARMBSC1: Drug intercalation & cooperativity
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Drug cooperativity
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DNA hairpin folding DNA unfolding

PARMBSC1: Folding and unfolding
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 Clear improvements of helical parameters of B-DNA.

 Increase of BII population, by ~10%.

 Good agreement with NMR data (RDCs and NOEs).

 Bimodality of CpG steps converges after 200 ns (DDD).

 Reproduce all previous results done with BSC0.

 Simulation of huge variety of systems and properties with clear 
improvements, if not comparable results, with one universal force-
field.

 Duplexes, Triplexes, Quadruplexes, G-DNA loops, Z-DNA, mini-circles, 
crystal simulations, intercalators, folding/unfolding, long oligomers, 
holliday-junctions, hairpins, drug intercalation, drug cooperativity, A-
tracks, dielectric properties, stiffness, protein-DNA, etc.

PARMBSC1… a state of the art force field for DNA simulations
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Parm99+BSC0-χOL3-Kappa
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Parm99+BSC0-χOL3-Kappa
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Protein Data Bank Parm99bsc0+χOL3

QM/MM
Umbrella Sampling

at the dinucleotide level



Parm99+BSC0-χOL3-Kappa
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Parm99bsc0+χOL3

Parm99bsc0+χOL3+Kappa

Folding of
tetranucleotides



Force fields for DNA: Benchmarking published
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