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DNA

the molecule of life

Trillions of cells

Each cell:

* 46 human
chromosomes

2 m of DNA
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DNA sequencing: biochemical methods - cut pieces (ending at specific
bases), measure by gel electrophoresis.

Instead, use electronic signature for sequencing - multiscale process




Multiple length/time scales:
DNA electronic sequencing
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i+ Structure of DNA on several scales:
From NUCLEOSOME to
won CHROMOSOME

™ Core of eight
2\ histone molecules
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EPIGENETICS: passing genetic
information NOT encoded in DNA
1. base sequence
t




Papamokos et al.,
Biophysical J.
sy Publis\?lgd by Cell Press (A Pr'il 201 2)

for the Biophysical Society




H3(R8K9S 10p)

Probability Density
© o S ©o o 9
O ® O N B O

Probability Density
S o
RS

C

H3(G8K9S10p)

“L (@

H3(R8K9S10)

i al fﬁz i

Il | L

| L

L | L

|

1

(c)

H3(G8K9S10)

=]
T

|
H3(RS

K9S10)

| | | | |

oo |-
o
"o

4 6
Distance (Angstrom)

Tail of H3

Papamokos et al., Biophysical J. (2012)

4 6 8 10 12
Distance (Angstrom)




Coarse-grained potential fo DNA

Deoxyribonucleic Acid




Goal: derive coarse-grained potential:
minimal (but sufficient) model;
all parameters from ab-initio calculations®.
Assumption: separable interactions

- Hydrogen bonding (distance; dihedral, flip angles)
- Stacking interactions (distance; twist angle)
- Backbone interactions (distance; 3'-5' orientation)

- Electrostatic interactions

) | Data points: DFT calculations,
Tothe extent possible | ines: fits with simple curves




Coarse-grained potential — hydrogen bonding |

Distance between bases,
dihedral angle
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Coarse-grained potential — hydrogen bonding |l
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Coarse-grained potential — stacking interactions
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Coarse-grained potential — stacking interactions

Twist angle between pairs
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Coarse-grained potential — backbone interactionL
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Coarse-grained potential — electrostatic
Deoxyribonucleic Acid Interactions
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Coarse-grained potential — validation

Two parallel strands
coil to form double-helix




Coarse-grained potential — validation
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Force-extension simulations




Force-extension simulations
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Melting simulations
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