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Chromatin

nucleosome crystal structure

2 nm
, 5 10 nm
<>
a4 8 histones 14 binding sites
= histone octamer to DNA backbone
DNA string of
doublehelix nucleosomes

DNA: 1 3/4 turns, 147 bp
Luger et al. (1997)
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The nucleosomal sequence space

A 147

seqguences can be wrapped around a nucleosome

How to explore that space?

1. Produce nucleosome maps on genomic DNA

disadvantage: only small fraction of sequence space (e.g. yeast: 10-89)

2. Find high affinity sequences in random pool (Lowary & Widom 1998)

disadvantage: experimentalists work mostly with one sequence only (‘6017)

3. Mutation Monte Carlo simulation (Eslami-Mossallam et al., 2016)
disadvantage: in silico, only as good as nucleosome computer model
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Our nucleosome model
Eslami-Mossallam, Schram, Tompitak, van Noort, Schiessel, PLoS ONE 11, e0156905 (2016)

rigid basepair model:
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Two types of simulations

1. study fixed bp sequence:
ordinary MC simulation

— —
i i i
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2. explore sequence space:
mutation MC simulation
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Recovering the positioning rules
Eslami-Mossallam, Schram, Tompitak, van Noort, Schiessel, PLoS ONE 11, e0156905 (2016)
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But do we now understand the positioning rules”
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An exactly solvable model
Zuiddam, Everaers, Schiessel, Phys. Rev. E 96, 052412 (2017)
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Tilt Roll Twist

(Otire> Orons Otwist) = (I'sin(27n /10 — ), T' cos(2mn /10 — @), Orwist)

dinucleotide probability distribution:

146 ]
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Py(GC) = > exp|—B>» E"(N'N"T
_ n=1 i
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4D vectorspace with basis: B = {A, T, C, G}
transfer matrix: TEq = exp |[—BE™ (GO))

dinucleotide probability distribution:
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But do we now understand the positioning rules”

average neighbor energy approximation:

, 1
Pl()()(a»b) — E CXp [_,B<Ep—l(np—laa)>nl,_1] exp[_ﬂE[)(a9b)] CXp [_IB<E/)+1(banp+2)>nl,+3]

The probability of a basepair step depends on:

— the energy of this step

and

— the average energies of all possible steps before and after that step
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What is more important: shape or stiffness”

I'+TA

——— new data set

(Balasubramanian et al. (2009))

homogeneous
stiffness
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THE MECHANICAL

I~ Positioning rulestgre: mechameal
2. Multiplexing of the 2 (and even 3) layers

3. Mechanical cues on real genomes

Artwork: Amar van Leewaarde & Marco Tompitak



The energy landscape of a gene
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Nucleosome mapping at basepair resolution in S. cerevisiae
Brogaard, Xi, Wang & Widom
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codon sequence

protein sequence

allowed
mutations
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Elastic energy (kBT)
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coarse grained model
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Mapping of sequences on weighted graphs
Zuiddam, Schiessel, PRE 99, 012422 (2019)
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The energy landscape of a gene:
comparision to extreme seguences

longest path

— 100_ _________________________________________________________
75 7
50 -

25 1

500 660 760 860 960 1000
nucleosome position |bp]

shortest path

energy |kgT,

21/39



Graph on coding sequence
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Graph on coding sequence
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Success in minima creation on 7640994 positions
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Success in minima creation on 7640994 positions
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So Is there space for a third layer?

translation speed in ribosomes:

«—— co-translational folding
5 C-N ¢

.
3
/ U—>C | : | E
ribosome —/\ —/\ —/\ Rodnina & Wintermeyer, J. Mol. Biol. 2016
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Zuiddam, Shakiba, Schiessel, in preparation
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THE MECHANICAL

I~ Positioning rulestgre: mechameal
2. Multiplexing ofsthe 2:(and even 3) layers

3. Mechanical cues on real genomes

Artwork: Amar van Leewaarde & Marco Tompitak



Nucleosome occupancy around transcription start sites
Neipel, Brandani, Schiessel, Phys. Rev. E 101, 022405 (2020)

S. cerevisiae
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DNA mechanics keeps promoter regions free of nucleosomes
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A general rule for DNA elasticity
Tompitak, Vaillant, Schiessel, Biophys. J. 112, 505 (2017)
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What is the function of the broad peaks in multicellular life forms?

Transter of epigenetic information via retention of nucleosomes in

sperm cells.
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A general rule for DNA elasticity
Tompitak, Vaillant, Schiessel, Biophys. J. 112, 505 (2017)
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Nucleotide Probability

Nucleotide Probability
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Nucleosome with Linker, Crystal, T=300K
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Nucleotide Probability

Nucleotide Probability
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Multiharmonic model
Neipel, Brandani, Schiessel, Phys. Rev. E 101, 022405 (2020)
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Nucleosome occupancy around transcription start sites
Neipel, Brandani, Schiessel, Phys. Rev. E 101, 022405 (2020)

S. cerevisiae
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Reconstituted chromatin is not equilibrated
Neipel, Brandani, Schiessel, Phys. Rev. E 101, 022405 (2020)
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THE MECHANICAL
GENOME

I~ Positioning rulestgre: mechameal
2. Multiplexing ofsthe 2:(and even 3) layers

3. Mechanical cues on reallgenomes
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