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The project

G. La Penna, O. Andreussi, 2019
When water plays an active role in electronic
structure: Insights from first-principles
molecular dynamics simulations of biological
systems
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http://dx.doi.org/10.1007/978-3-319-95843-9


Polyelectrolytes and ion condensation

L. Arcesi et al., Biopolymers, (2007)
∆F (l) = Fs(L− l) + Fc(l) + Fc−s(l) + Fb(l) + Fs(L) + Fc(0)
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http://dx.doi.org/10.1002/bip.20711
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Polyelectrolytes and ion condensation

A. Ciferri, A. Perico, 2012
Ionic interactions in natural
and synthetic macromolecules
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http://dx.doi.org/10.1002/9781118165850
http://dx.doi.org/10.1002/9781118165850
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Chromatin and cell nucleus

PDB=1KX5
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Chromatin and cell nucleus
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RNA

RNA of 25 bp (Q = −48)
S. Kirmizialtin et al., Biophys. J., (2012)
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http://dx.doi.org/10.1016/j.bpj.2012.01.013
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RNA of 40 b (Q = −39)
G. La Penna et al., Front. Chem., (2018)
movie...
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http://dx.doi.org/10.3389/fchem.2018.00002


Osteopontin (OPN)

56-65

82-101

~ Asp/Glu~ Lys/Arg
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Osteopontin (OPN)

G. La Penna et al., Front. Chem. 2018
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Mg: divalent cations

Shifting the Coulomb energy, empirical methods:

Y-P. Pang 2001 F. Duarte et al. 2014
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Mg: divalent cations

Folding-upon-binding
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Mg: divalent cations
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Mg: divalent cations

Folding-upon-binding
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Cu and prion

Chattopadhyay et al. JACS 2005 Furlan et al. JBIC 2007
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http://dx.doi.org/10.1021/ja053254z
http://dx.doi.org/10.1007/s00775-007-0218-x


Cu and prion

Giovanni La Penna, National research council (CNR) (CNR-ICCOM) M-IDPs 17 Dic. 2019 22 / 39



Zn and non-amyloid oligomers

V. Minicozzi et al., JBC, 2008
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10.1074/jbc.M707109200


Zn and non-amyloid oligomers
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Zn and non-amyloid oligomers

P. Giannozzi et al., Metallomics, 2012

Giovanni La Penna, National research council (CNR) (CNR-ICCOM) M-IDPs 17 Dic. 2019 25 / 39

http://dx.doi.org/10.1039/c2mt00148a


Zn and non-amyloid oligomers
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Zn and non-amyloid oligomers
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Cu and non-amyloid oligomers

2× Cu-Aβ42 [Cu-Aβ42]2
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Cu and non-amyloid oligomers

2×Aβ42 2× Cu-Aβ42 [Cu-Aβ42]2
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Cu and non-amyloid oligomers
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Cu and non-amyloid oligomers

E. Sitkiewicz et al. J. Mol. Biol., 2014
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Cu and non-amyloid oligomers
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Cu and non-amyloid oligomers

E. Sitkiewicz et al. J. Mol. Biol., 2014
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Cu and non-amyloid oligomers

Reducing env. Oxidizing env.

M. Gu et al., Sci. Rep., 2018
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http://dx.doi.org/10.1038/s41598-018-33935-5


Cu and non-amyloid oligomers

2×Aβ42 2× Cu-Aβ42 [Cu-Aβ42]2
Monomers Dimers
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Cu and non-amyloid oligomers
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Cu and non-amyloid oligomers
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Cu and non-amyloid oligomers

G. La Penna, M.S. Li, PCCP, 2019
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http://dx.doi.org/10.1039/C9CP00293F


Summary: useful experimental techniques

Experimental techniques to obtain information about ions collected by weak interactions (out
of coordination chemistry and structural biology):

SAXS/ASAXS, XAS

EPR (ESEEM, DEER)

IM-MS

FRET

Fluorescence di X-X vs X
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