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Overview

- DNA and RNA in Biology
- Martini DNA and RNA models:

* mapping

- bonded and non-bonded interactions
- Validation of the models:

- single strands: analysis

- double strands: analysis and tools

- |Interaction with ions and water

- Applications and future



Martini DNA and RNA models

-+ Coarse grain Martini models of
DNA and RNA

- Parameters for both single-
and double-stranded
molecules

- Compatible with all other
Martini models

- It does not hybridize single stranded

molecules

- It cannot be used to study big

conformational changes

Dot
JUST DO IT.
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Mapping of DNA and RNA residues
keeping it simple

6 or 7 CG beads per residue

3 backbone beads
3 or 4 nucleobase beads

Changes in RNA:

sugar SC2 bead to SNda
In Uracil: position of TT3 bead

Uusitalo, JJ et al. J Comp Theo Chem 2015



Mapping of DNA and RNA residues
need for special beads and interactions

‘N beads (0 = 0.47 nm) are
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stacking

TA3(TP1)
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dsDNA &2
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Optimizing bonded parameters
using single-stranded molecules as a reference
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Optimizing non-bonded parameters
comparison with partitioning free energies
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Base-base interactions
stacking and hydrogen bonding

cytosine-guanine
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Base-base interactions
stacking and hydrogen bonding
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Validating the model for ss molecules
SSRNA is more flexible than SSDNA
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Validating the model for ss molecules
single strand molecules (SSDNA and ssRENA)
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Validating the model for ds molecules
helical and structure descriptors

© Hydrogen
© Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Minor groove

double helix

stores genetic code as a
linear sequences of bases

Major groove

sequence-dependent effects

Pyrimidines Purines .



—lastic networks for ds molecules
Keeping secondary structure

B

Stability requires an elastic
network:

1. STIFF
For rigid structures. 20 fs time
step

2. SOFT
For more flexible structures. 10

fs Is required



Validating the model for ds molecules
helical and structure descriptors

4 1
Translations
i) i) Cler
L/
shift slide rise
Rotations
tilt roll twist
" )
_ Helical parameters

Python script

Gromacs tool syntax

MDAnalysis is required

Download https://github.com/ifaustd3/cgheliparm

Faustino, I., Marrink, S.J. Bioinformatics 2017




roll [9] slide [A]

twist [9]
10 40 -30 10

Validating the model for ds molecules
helical and structure descriptors
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Similar results to AA-
based algorithms

Application to bigger
systems and longer
simulations

Faustino, I., Marrink, S.J. Bioinformatics 2017



Validating the model for flexibility of ds molecules
case study: histone variants and DNA flexibility

| canonical H2A H2A.Z macroH2A
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Validating the model for ds molecules
comparing the global flexibility
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Interactions with other molecules
specific binding of ions

‘Na+ ions localize further away from |
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INnteractions with other molecules
non-specific binding of ions
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Agreement with BE-AES experiments:
- Accumulation of positive ions
- Depletion of negative ions

[INaCl] (mM) [ (Na™h
10 15.8 2.0 -1.0+ 0.8 16.9 + 2.1
100 19.8 + 3.1 -3.9+29 23.9+3.0
1000 20.8 7.5 -4.4+74 271.9x+7.0

Values corresponding to a 14 bp dsBNA (-26e)

Uusitalo, JJ et al. Biophys J. 2017



Other applications

nanoparticles

Drug delivery systems

Wel, Z et al. Jd Chem Phys., 2015, 143 (24)
Nash, JA et al. Bioconjugate Chem., 2017, 28 (1)



Other applications

Nanotechnology

CGMD reveals that the lipids reorganize
locally to interact closely with the memlbrane-
spanning section of the DNA tube

Differences in gating properties showed at
different ion concentrations

Potential applications in the design of the
next generation of nanotubes

Maingi, V., et al. Nat Commun. 2017. 8: 14784
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