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Abstract P-19: 15-Microsecond Molecular Dynamics Simulations of 
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Background: Nucleosomes are basic units of chromatin organization, 

resembling spools with ~150 base pairs of DNA wrapped around the octamer of 

histone proteins. They play a crucial role in chromatin compactization and gene 

expression. Currently, there are more than 340 structures of nucleosomes and 

their complexes with proteins in the protein data bank, 159 of them are made 

with cryoEM, 60 of those in 2020 and later. It is clear that cryoEM will soon 

yield even more structures of nucleosomes with different histone variants, 

mutations, DNA sequences, and interacting proteins. Despite the variety, the 

majority of the aforementioned structures look very similar. This is due to the 

fact that most of the models are built on the basis of very similar crystal 

structures. However, the dynamics of nucleosomes are crucial for understanding 

the mechanisms that govern the chromatin functions. Computational methods 

can supplement experimental approaches and recreate the dynamic 

conformational landscape of nucleosomes from initial static structures. We 

present an all-atom molecular dynamics simulation of nucleosome core particles 

at a record timescale of 15 microseconds. 

Methods: All-atom MD simulations were performed using GROMACS 2018 

with AMBER ff14SB force field with parmbsc1 DNA and CUFIX ion 



parameters. Crystal structures with PDB IDs 1KX5 and 3LZ0 were used. 

Analysis was performed with custom-developed python scripts based on 

MDAnalysis and 3DNA. Models of chromatin fibers were built by connecting 

random snapshots from MD trajectories with straight linker segments of B-DNA 

of different lengths. 

Results: We observed the inner dynamics of histone octamer, which covers the 

conformational space of the most deformed structures reported by cryoEM. We 

showed that histone dynamics play important role in DNA mobility, allowing 

for twist-defects propagation. 

Conclusion: We observed unprecedented unwrapping of nucleosomal DNA 

with truncated histone tails. Through multi-scale modeling, we showed that such 

unwrapping alone is crucial for nucleosomal fibers geometry and elastic 

properties. 
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