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1 Description

Due to the importance of water in many fields of science among which there are
physics, biology, medicine, water treatment, atmospheric science, engineering, there is
growing interest towards the behaviour of water at interfaces. Such field of study been
largely emphasized in recent publications but, contrary to bulk water, it was subject
only lately of few meetings. The goal of this workshop is to gather leading scientists,
from a wide spectrum of disciplines ranging from biophysics to material sciences,
working on modeling and experimental aspects of water at interfaces and at different
length scales. We believe that the state of the art in water modeling is mature to
address important applications in the fields aforementioned, hence the timeliness of
this meeting is optimal and the location ideal with many local groups working on related
problems. A meeting such as the one we propose will be an ideal opportunity to gather
scientists, both with a theoretical as well as experimental background, that are
interested and willing to discuss different approaches and issues to make an advance
in this relevant field. The long term goal of this workshop is to catalyze interdisciplinary
collaborations that integrate our knowledge on different length scales and coarse-grain
modelling to address the study of large bio-molecular/polymeric systems and of the
design of new functionalized materials.

The key points of the workshop that we propose are the following:
1) Importance of water behaviour (dynamical properties) close to inorganic interfaces,
with emphasis on the properties of recent filtration membranes applied in water
desalination and sanitation.

2) Accurate description of the solvation of bio-molecules. In particular, during the
workshop the current problems and future perspectives of water models on both
equilibrium and dynamical properties of proteins will be discussed.

3) Current computational and conceptual challenges related to the ice nucleation and
ice inhibition materials, important in fields like cryo-preservation of tissues and frozen
food storage, among which proteins play an important role that we will highlight in the
workshop.

Oral contribution submitted before the 15th of October 2016 will be considered for
addition into the program

Key references

[1] C. W. Kern and M. Karplus. Water: A Comprehensive Treatise, vol 1, Plenum Press, New York, 1972.
[2] S. Zou, J. S. Baskin and A. H. Zewail. Molecular recognition of oxygen by protein mimics: Dynamics on
the femtosecond to microsecond time scale, Proc. Natl. Acad. Sci. USA, 99, 9625-9630, 2002.

[3] G. Franzese and M. Rubi, editors. Aspects of Physical Biology: Biological Water, Protein solutions,
Transport and Replication, volume 752 of Lecture Notes in Physics. Springer Berlin / Heidelberg, 2008.

[4] P. Ball. Life’s Matrix: A Biography of Water. Farrar, Straus and Giroux, 2000.

[5] P. G. Debenedetti, Metastable Liquids: Concepts and Principles, Princeton University Press, 1996.

[6] P. G. Debenedetti and H. E. Stanley, Supercooled and glassy water, Phys. Today 56, 40-46, 2003.

[7] P. H. Poole, F. Sciortino, U. Essmann and H. E. Stanley, Phase-behavior of metastable water, Nature
360, 324-328, 1992.

[8] C. A. Angell, Insights into phases of liquid water from study of its unusual glass-forming properties,
Science 319, 582-587, 2008.

[9] R. J. Speedy, Limiting forms of the thermodynamic divergences at the conjectured stability limits in
superheated and supercooled water, J. Phys. Chem. 86, 3002-3005, 1982.

[10] M. M. Conde, M. A. Gonzalez, J. L. F. Abascal and C. Vega, Determining the phase diagram of water
from direct coexistence simulations: The phase diagram of the TIP4P/2005 model revisited, J. Chem.
Phys. 139, 154505, 2013.

[11] J. Lu, Y. Qiu, R. Baron and V. Molinero, Coarse Graining of TIP4P/2005, TIP4P-Ew, SPC/E and TIP3P
to Monatomic Anisotropic Water models Using Relative Entropy Minimization, J. Chem. Theory Comput.
10, 4104-4120, 2014.

[12] V. Molinero and E. B. Moore, Water modeled as an intermediate element between carbon and silicon,
J. Phys. Chem. B, 113, 4008, 2009.



[13] K. Stokely, M. G. Mazza, H. E. Stanley, and G. Franzese, Effect of hydrogen bond cooperativity on the
behavior of water, Proc. Natl. Acad. Sci. USA 107, 1301-1306, 2010.

[14] http://www1.Isbu.ac.uk/water/

[15] D. T. Limmer and D. Chandler, The putative liquid-liquid transition is a liquid-solid transition in
atomistic models of water, Part Il, J. Chem. Phys. 138, 214504, 1-15, 2013.

[16] J. C. Palmer, F. Martelli, Y. Liu, R. Car, A. Z. Panagiotopoulos and P. G. Debenedetti, Metastable
Liquid-Liquid Transition in a Molecular Model of Water, Nature 510, 385, 2014.

[17] P. Jungwirth, B. J. E-Pitts and D. J. Tobias. Introduction: Structure and chemistry at aqueous
interfaces, Chem. Rev. 106, 1137-1139, 2006.

[18] M. C. Gordillo and J. Marti, Hydrogen bond structure of liquid water confined in nanotubes, Chem.
Phys. Lett. 329, 341-345, 2000.

[19] J. Carrasco, A. Hodgson and A. Michaelides, A molecular perspective of water at metal interfaces,
Nature Mater. 11, 667-674, 2012.

[20] M. A. Ricci, V. Tudisca, F. Bruni, R. Mancinelli, E. Scoppola, R. Angelini, B. Ruzicka, A.K. Soper, The
structure of water near a charged crystalline surface, J Non-Crystal. Solids 407, 418 2015.

[21] O. Mishima, H.E. Stanley, The relationship between liquid, supercooled and glassy water, Nature 396,
329 (1998).

[22] F. Mallamace, M. Broccio, C. Corsaro, A. Faraone, D. Majolino, V. Venuti, L. Liu, C.-Y. Mou, S.H.
Chen, Evidence of the existence of the low-density liquid phase in supercooled, confined water, Proc. Natl.
Acad. Sci. USA 104, 424, 2007.

[23] R. Mancinelli, F. Bruni, M.A. Ricci, Controversial Evidence on the Point of Minimum Density in Deeply
Supercooled Confined Water, J. Phys. Chem. Lett. 1, 1277, 2010.

[24] R. C. Remsing, E. Xi, S. Vembanur, S. Sharma, P. G. Debenedetti, S. Garde and A. J. Patel,
Pathways to Dewetting in Hydrophobic Confinement. Proc. Nat'l. Acad. Sci. USA, in press, 2015.

[25] V. Bianco, G. Franzese, Critical behavior of a water monolayer under hydrophobic confinement, Sci.
Rep. 4, 4440, 2014.

[26] D. R. Paul, Creating New Types of Carbon-Based Membranes. Science 335, 413, 2012.

[27] Y. Zhang, A. Faraone, W. A. Kamitakahara, K.-H. Liu, C.-Y. Mou, J. B. Le8o, S. Chang and S.-H.
Chen, Density hysteresis of heavy water confined in a nanoporous silica matrix. Proc. Natl. Acad. Sci. USA
108, 12206, 2011.

[28] A. Soper, Density minimum in supercooled confined water, Proc. Natl. Acad. Sci. USA 47, E1192,
2011.

[29] M. Whitby and N. Quirke, Fluid flow in carbon nanotubes and nanopipes, Nat. Nanotechnol 2, 87,
2007.

[30] S. Han, M. Y. Choi, P. Kumar and H. E. Stanley, Phase transitions in confined water nanofilms, Nat.
Phys. 6, 685-689, 2010.

[31] J. Faraudo and F. Bresme, Anomalous Dielectric Behavior of Water in lonic Newton Black Films,
Phys. Rev. Lett. 92, 236102, 2004.

[32] R. Zangi and A. E. Mark, Monolayer Ice, Phys. Rev. Lett. 91, 025502, 2003.

[33] J. M. Alonso, F. Tatti, A. Chuvilin, K. Mam, T. Ondarcuhu and A. M. Bittner, The Condensation of Water
on Adsorbed Viruses, Langmuir 29, 14580, 2013.

[34] Y. Fichoua, G. Schiro, F-X. Gallat, C. Laguri, M. Moulin, J. Combet, M. Zamponi, M. Hartlein, C.
Picarth, E. Mossou, H. Lortat-Jacob, J.-P. Colletier, D. J. Tobias and Martin Weik, Hydration water mobility
is enhanced around tau amyloid fibers, Proc. Natl. Acad. Sci. USA 112, 6365, 2014.

[35] M. A. Shannon, P. W. Bohn, M. Elimelech, J. G. Georgiadis, B. J. Marifias and A. M. Mayes, Science
and technology for water purification in the coming decades, Nature 452, 301-310, 2008.

[36] Health through safe drinking water and basic sanitation, World Health Organization (WHQ).

[37] D. Cohen-Tanugi and J. C. Grossman, Water Desalination across Nanoporous Graphene, Nano
Letters 12, 3602—-3608, 2012.

[38] E. N. Wang and Rohit Karnik, Water desalination: Graphene cleans up water, Nature Nanotechnol 7,
552-554, 2012.

[39] Bruce E. Logan and Menachem Elimelech, Membrane-based processes for sustainable power
generation using water, Nature 488, 313-319, 2012.

[40] R. R. Nair, H. A. Wu, P. N. Jayaram, |. V. Grigorieva and A. K. Geim, Unimpeded Permeation of Water
Through Helium-Leak—Tight Graphene-Based Membranes, Science 335, 442-444, 2012.

[41] R. K. Joshi, P. Carbone, F. C. Wang, V. G. Kravets, Y. Su, I. V. Grigorieva, H. A. Wu, A. K. Geim and
R. R. Nair, Precise and Ultrafast Molecular Sieving Through Graphene Oxide Membranes, Science 343,
752-754, 2014.

[42] D. W. Boukhvalov, M. I. Katsnelson and Y.-W. Son, Origin of Anomalous Water Permeation through
Graphene Oxide Membrane, Nano Letters 13, 3930, 2013.

[43] S. Porada, L. Weinstein, R. Dash, A. van der Wal, M. Bryjak, Y. Gogotsi and P.M. Biesheuvel, Water
Desalination Using Capacitive Deionization with Microporous Carbon Electrodes, ACS Applied materials
and interfaces 4, 1194, 2012.

[44] K. Zhao and H. Wu, Fast Water Thermo-pumping Flow Across Nanotube Membranes for Desalination,
Nano Letters 15, 3664, 2015.



[45] K. Daly, J. B. Benziger, A. Z. Panagiotopoulos and P. G. Debenedetti, Molecular Dynamics
Simulations of Water Permeation Across Nafion Membrane Interfaces, J. Phys. Chem. B 118, 8798, 2014.
[46] A. Poynor, L. Hong, I. K. Robinson, S. Granick, Z. Zhang and P. A. Fenter, How water meets a
hydrophobic surface, Phys. Rev. Lett. 97, 266101, 2006.

[47] S. Granick and S. C. Bae, Chemistry: A curious antipathy for water, Science 322, 1477-1478, 2008.
[48] X. Gao and L. Jiang, Biophysics: Water-repellent legs of water striders, Nature 432, 36-36, 2004.

[49] P. Liu, X. Huang, R. Zhou and B. J. Berne, Observation of a dewetting transition in the collapse of the
melittin tetramer, Nature 437, 159162, 2005.

[50] D. M. Huang and D. Chandler, Temperature and length scale dependence of hydrophobic effects and
their possible implications for protein folding, Proc. Natl. Acad. Sci. USA 97, 8324-8327, 2000.

[51] V. Bianco, S. Iskrov and G. Franzese, Understanding the role of hydrogen bonds on water dynamics
and protein stability, J. Biol. Phys. 38, 27-48, 2012.

[52] G. Franzese, V. Bianco and S. Iskrov, Water at interface with proteins, Food Biophys. 6, 186-198,
2011.

[563] M. G. Mazza, K. Stokely, S. E. Pagnotta, F. Bruni, H. E. Stanley and G. Franzese, More than one
dynamic crossover in protein hydration water, Proc. Nat'l. Acad. Sci. USA 108, 19873, 2011.

[54] A. Oleinikova, N. Smolin and I. Brovchenko, Influence of Water Clustering on the Dynamics of
Hydration Water at the Surface of a Lysozyme, Biophys J. 93, 2986, 2007.

[55] N. V. Nucci, M. S. Pometun and A. J. Wand, Site-resolved measurement of water-protein interactions
by solution NMR, Nat. Struct. Mol. Bio. 18, 245, 2011.

[56] P. Ball, Water as an active constituent in cell biology, Chem. Rev. 108, 74-108, 2008.

[57] P. Schmidtke, F. J. Luque, J. B. Murray and X. Barril, Shielded Hydrogen Bonds as Structural
Determinants of Binding Kinetics: Application in Drug Design, J. Am. Chem. Soc. 133, 18903-18910,
2011.

[58] I. Coluzza, Transferable Coarse-Grained Potential for Protein Folding and Design, PlosOne, DOI:
10.1371/journal.pone.0112852.

[59] M. Tarek and D. J. Tobias, Role of Protein-Water Hydrogen Bond Dynamics in the Protein Dynamical
Transition, Phys. Rev. Lett. 88, 138101, 2002.

[60] T. M. Raschke, Water structure and interactions with protein surfaces, Curr. Opin. Struct. Biol. 16,
152, 2006.

[61] V. Kurkal-Siebert, R. Agarwal J. C. Smith, Hydration-Dependent Dynamical Transition in Protein:
Protein Interactions at &#8776,240&#8201,&#8201,K, Phys. Rev. Lett. 100, 138102, 2008.

[62] V Kurkal-Siebert, R. Agarwal, J. C. Smith, Hydration-dependent dynamical transition in protein: protein
interactions at approximately 240 K, Phys. Rev. Lett. 100, 138102, 2008.

[63] S-H Chen, L. Liu, E. Fratini, P. Baglioni, A. Faraone and E. Mamontov, Observation of fragile-to-strong
dynamic crossover in protein hydration water, Proc. Natl. Acad. Sci. USA 103, 9012, 2006.

[64] K. Meister, S. Ebbinghaus, Y. Xu, J. G. Duman, A. DeVries, M. Gruebele, D. M. Leitner and M.
Havenith, Long-range protein-water dynamics in hyperactive insect antifreeze proteins, Proc. Natl. Acad.
Sci. USA 110, 1617, 2013.

[65] R. lannone, D. I. Chernoff, A. Pringle, S. T. Martin and A. K. Bertram, The ice nucleation ability of one
of the most abundant types of fungal spores found in the atmosphere, Atmos. Chem. Phys. 11, 1191,
2011.



2 Program

Day 1 - Tuesday November 29, 2016
Session 1

14:00 to 14:40 - Registration

14:40 to 15:25 - Rahul Raveendran Nair
Molecules at two-dimensional interfaces and capillaries

15:25 to 16:10 - Sandrine Lyonnard
Water confined in fuel cell membranes

16:10 to 16:40 - Coffee Break

16:40 to 17:25 - Laurent Joly
Water friction on graphene and boron nitride surfaces: insight from ab initio
molecular dynamics

17:25 to 18:10 - Maarten Biesheuvel

Water desalination using capacitive electrodes: from carbon nanotube
membranes to activated carbon suspensions -- concepts and mean-field
transport theory

Day 2 - Wednesday November 30, 2016
Session 2

9:00 to 9:45 - Huib Bakker
Structure and dynamics of water molecules at protein surfaces

9:45 to 10:30 - Giancarlo Franzese

A multiscale approach for water at bio-nano interfaces

10:30 to 11:00 - Coffee Break / Poster Session

11:00 to 11:45 - Valentino Bianco

The role of water in the selection of stable proteins at ambient and extreme
thermodynamic conditions

11:45 to 12:30 - Giorgio Schiro

Unveiling the role of hydration water in the onset of protein structural dynamics

12:30 to 15:00 - Lunch

Session 3

15:00 to 15:45 - Biman Bagchi
Protein hydration dynamics and hydrophobic force law

15:45 to 16:30 - Xavier Barril



The quasi-bound state of protein-ligand complexes. implications in drug
discovery.
16:30 to 17:00 - Coffee Break / Poster Session

17:00 to 17:45 - Max Paoli
The role of science for sustainable development

Social dinner

20:00 to 23:00 - Social Dinner

Day 3 - Thursday December 1, 2016
Session 4

9:00 to 9:45 - S. Roke
Snapshots of ion induced long-range structure in aquous systems

9:45 to 10:30 - Francesco Mallamace
An nmr study on the hydrophilic and hydrophobic interactions

10:30 to 11:00 - Coffee Break / Poster Session

11:00 to 11:45 - Simone Meloni
The salvinia paradox: how the hydrophilic patches help keeping the plant's
surface dry

11:45 to 12:30 - Fabio Bruni

The putative liquid-liquid transition is a liquid-solid transition in water confined in
mcm

12:30 to 14:30 - Lunch

Session 5

14:30 to 15:15 - Martin Chaplin
Just how anomalous is interfacial water?

15:15 to 16:00 - Othmar Steinhauser
Water dynamics near biological surfaces studied by shell-resolved computational
spectroscopy

16:00 to 16:30 - Coffee Break / Poster Session

16:30 to 17:15 - Martina Havenith
Thz spectroscopy and solvation science

17:15 to 18:00 - Ana Vila Verde
Supra-additive slowdown of water rotation by outer-sphere ion pairs



Day 4 - Friday December 2, 2016

Session 6
* 9:00 to 9:45 - Hinrich Grothe
Biological ice nucleation in the atmosphere and the biosphere

9:45 to 10:30 - Klaus Liedl
Water ordering at protein interfaces and consequences for biomolecular
recognition

* 10:30 to 11:00 - Coffee Break

e 11:00 to 11:45 - Eduardo Sanz
The role of the ice-water interface in homogeneous ice nucleation

» 11:45to 12:30 - Alexander Bitther
Imaging thin water layers on single viruses

» 12:30 to 12:45 - Closing Word



3 Abstracts

Molecules at two-dimensional interfaces and capillaries

Rahul Raveendran Nair

National Graphene Institute and School of Chemical Engineering and Analytical
Science, University of Manchester, Manchester, UK

Van der Waals assembly of two-dimensional crystals continue attract intense interestdue to the
prospect of designing novel materials with on-demand properties. One ofthe unique features of
this technology is the possibility of trapping moleculesbetween two-dimensional crystals. The
trapped molecules are predicted toexperience pressures as high as 1 GPa. In my talk, | will
discuss the experimentaldemonstration of the huge van der Waals pressure inside the nano-
enclosures madefrom 2D crystals. Another feature of van der Waals material assembly is the
uniquepossibility of designing two-dimensional channels for molecular transport.Permeation
through nanometre-pore materials has been attracting unwaveringinterest due to fundamental
differences in governing mechanisms at macroscopicand molecular scales, the importance of
water permeation in living systems, andrelevance for filtration and separation techniques.
Graphene-based materials canhave well-defined nanometer pores and can exhibit low frictional
water flow insidethem, making their properties of interest for filtration and separation. In my talk,
| willdiscuss our recent results on molecular and ionic permeation properties of various2D
materials based membranes and its prospect for several applications.

Water Confined in Fuel Cell Membranes
Sandrine Lyonnard
CEA-INAC, UMR 5819 (CEA-CNRS-UGA) Grenoble, France

In this talk, we will discuss the role and state of water in hydrogen fuel cells, with particular focus
on the dynamical behavior of water (and protons) confined within nanostructured proton-
conducting polymer electrolyte membranes (PEMs). The PEM is the key component of low
temperature fuel cells, which are one of the most promising technologies for powering small
portable devices and automobiles. It acts as a separator between the electrodes, electronic
insulator and proton conductor. A microscopic understanding of the relation between the
chemical structure of the polymer membrane, its morphology, and the proton transfer is
essential to improve fuel cell performances. Benchmark materials are PerfluoroSulfonic Acids
(PFSA), composed of a hydrophobic PTFE matrix bearing side-chains terminated by hydrophilic
SO3- groups. In the presence of water, interconnected nanoscale ionic domains are formed
upon swelling. The efficiency of proton conduction is directly impacted by the total amount of
water and the microscopic properties of the adsorbed molecules. Herein, we will review our
recent efforts to probe the water and proton multi-scale dynamics by combining multi-resolution
Quasi Elastic Neutron Scattering (QENS) [1,5], PFG-NMR [6] and Molecular Dynamics
simulations [7,8]. We demonstrate that the mobility of species is controlled by the balance
between short range interactions and connectivity. Confinement at the nano-scale and direct
interaction with the interfaces are shown to produce anomalous sub-diffusion within the ionic
nano-channels. In conclusion, we elucidate the true nature of water confined in soft ionic nano-
structures and provide a general understanding of the complex multi-scale structure-function
interplay in advanced materials for use as electrolytes in energy devices.
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Water friction on graphene and boron nitride surfaces: insight from ab
initio molecular dynamics

Laurent Joly, Gabriele Tocci, Samy Merabia, Angelos Michaelides

Université Lyon, France

Nanofluidic systems (i.e. natural and artificial systems where fluids are confined at the
nanoscale) play a key role in water treatment and sustainable energies, where materials based
on carbon and boron nitride (BN) offer promise of radical performance improvement. New
behaviors arise in nanoconfined liquids due to the predominant role of surfaces. In particular,
friction is the most important interface property that limits nanofluidic transport, and its
understanding is therefore crucial for the design of efficient nanofluidic devices. Here, | will
illustrate with recent work how ab initio molecular dynamics (AIMD) can help unravel the
molecular mechanisms underlying liquid-solid friction.We started by comparing the structure and
friction of water on graphene and BN using AIMD [1]. While friction is usually correlated with
wetting, we found that although the water/graphene and water/BN interfaces present a very
similar structure, the friction of water is ca. 3 times larger on BN than on graphene. We traced
back the difference in friction to the greater corrugation of the energy landscape on BN arising
from specific electronic structure effects. We then turned to studying the role of defects, which
are inevitably present in real nanofluidic systems and play a crucial role in nanofluidic energy
harvesting [2]. The simulations show that water dissociates at certain defects, and that these
“reactive” defects have a strong influence on friction. Furthermore, friction is extremely sensitive
to the chemical structure of reactive defects and to the number of hydrogen bonds they can
partake in with the liquid. Overall this work shows the crucial role of surface chemistry on the
efficiency of real nanofluidic systems.

[1] G. Tocci, L. Joly and A. Michaelides, Nano Lett. 14 6872 (2014).
[2] L. Joly, G. Tocci, S. Merabia and A. Michaelides, J. Phys. Chem. Lett. 7 1381 (2016).

Water desalination using Capacitive Electrodes: from Carbon Nanotube
Membranes to Activated Carbon Suspensions -- Concepts and Mean-field
Transport Theory

Maarten Biesheuvel

Wetsus, European Centre of Excellence for Sustainable Water Technology

Carbon can desalinate water in several ways. In the first approach, a carbon material with thin
pores such as carbon nanotubes (CNTs), with pores of a few nm in diameter, is used to
selectively separate water from ions [1-3]. CNTs acquire a surface charge by interaction with
water (charging negatively), but can also be electrically addressed so the charge can be
changed at will. In the second approach, porous carbon electrodes are cyclically charged and
discharged, resulting in the periodic adsorption and desorption of ions [4,5]. Here, one electrode
preferentially adsorbs cations, and the other anions. Data for carbon charging and desalination
help to validate models of the structure of the electrical double layer in the water and in the
carbon [6]. For micropores in activated carbon, the Donnan approach (effectively smearing out
the potential) is shown to describe data accurately [6]. We describe experimental approaches
for capacitive water desalination using film electrodes as well as electrodes in the form of a
slurry and fluidized bed, where carbon beads are pumped around a circuit, charging in one part
of the system, and discharging elsewhere [7]. We show how upon contact, oppositely charged
beads release salt. Finally we discuss a new method where a single carbon bead falling through
an electric field absorbs salt [8].

[1] P.B. Peters, R. van Roij, M.Z. Bazant, and P.M. Biesheuvel, “Analysis of electrolyte transport through
charged nanopores,” Phys. Rev. E 93 053108 (2016). https://arxiv.org/abs/1512.04261.

[2] PM. Biesheuvel and M.Z. Bazant, “Analysis of ionic conductance of carbon nanotubes,” Phys. Rev. E
(in press, 2016). https://arxiv.org/abs/1610.01309.

[3] J. Catalano, R.G.H. Lammertink, and P.M. Biesheuvel, “Theory of fluid slip in charged capillary
nanopores,” Phys. Rev. Fluids (submitted, 2016). https://arxiv.org/abs/1603.09293.



[4] M.E. Suss, P.M. Biesheuvel, et al., “Water desalination via capacitive deionization: what is it and what
can we expect from it?,” Energy & Environm. Sci. 8 2296-2319 (2015) [OPEN ACCESS].
http://dx.doi.org/10.1039/C5EE00519A.

[5] P.M. Biesheuvel, H.V.M. Hamelers, and M.E. Suss, “Theory of Water Desalination by Porous
Electrodes with Immobile Chemical Charge,” Colloids Interface Sci. Comm. 9 1-5 (2015) [OPEN
ACCESS]. http://www.sciencedirect.com/science/article/pii/S2215038215300571.

[6] P.M. Biesheuvel, “Activated carbon is an electron-conducting amphoteric ion adsorbent,”
https://arxiv.org/abs/1509.06354 (2015).

[7] G.J. Doornbusch, J.E. Dykstra, P.M. Biesheuvel, and M.E. Suss, “Fluidized bed electrodes with high
carbon loading for water desalination by capacitive deionization,” J. Materials Chemistry A 4 3642-3646
(2016). http://dx.doi.org/10.1039/c5ta10316a.

[8] S. Rubin, M.E. Suss, P.M. Biesheuvel, and M. Bercovici, “Induced Charge Capacitive Deionization,”
Phys. Rev. Lett. (in press, 2016). https://arxiv.org/abs/1608.05234.

Structure and dynamics of water molecules at protein surfaces
Huib Bakker
FOM-Institute AMOLF, Science Park 104, 1098 XG, Amsterdam, The Netherlands

Femtosecond nonlinear optical techniques are ideally suited to study the structure and
dynamics of water molecules near protein surfaces. We used polarization-resolved femtosecond
infrared spectroscopy to study the reorientation dynamics of water molecules near the surface
of several globular protein surfaces. [1] We observed that water molecules near the protein
surface strongly slowdown in their reorientation in comparison to water molecules in bulk liquid
water. When we added an increasing amount of urea to the protein solution, we observed that
the water-exposed surface increases by ~50% before the secondary structure of the protein
changes. This finding indicates that protein unfolding starts with the protein structure becoming
less tight, thereby allowing water to enter. With surface vibrational sum frequency generation
(VSFG) spectroscopy, we studied the structure of water at the surface of antifreeze protein I11.[2]
The measured VSFG spectra showed the presence of ice-like water layers at the ice-binding
site of the protein in aqueous solution, at temperatures well above the freezing point. The
observations suggest that not the protein itself, but rather the ordered ice-like hydration layers at
the protein surface are responsible for the specific recognition and binding to nascent ice
crystallites.

[1] C.C.M. Groot and H.J. Bakker, Proteins Take up Water Before Unfolding, J. Phys. Chem. Lett. 7,
1800-1804 (2016).

[2] K. Meister, S. Strazdaite, A.L. DeVries, S. Lotze, L.L.C. Olijve, I.K. Voets, and H.J. Bakker, Observation
of ice-like water layers at an aqueous protein surface, Proc. Natl. Acad. Sci. USA 111, 17732-17736
(2014).

A Multiscale Approach for Water at Bio-Nano Interfaces

Giancarlo Franzese

Statistical and Interdisciplinary Physics Section of the Department of Condesed Matter
Physics & Institute for Nanoscience and Nanotechnology, University of Barcelona,
Barcelona, Spain

I will present recent simulations and theoretical results about the dynamics and structural
properties of water at the interface with biomolecules, such as proteins and bio-membranes,
and inorganic metals, such as nanopatrticles and graphene sheets. By all-atoms simulations |
will analyze how hydrophobic and hydrophilic interfaces affect the properties of the vicinal water
[1] and we will use the results in a multi scale approach to develop coarse-grained models for
water that allow us to extend our investigations to timescales and/or length-scales that would be
unreachable in atomistic simulations. We will consider applications to nano confined ice
formation, protein folding and design, protein crystallization, self-assembly of bio-membranes
and nanoparticles-protein-corona [2-7].
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The role of water in the selection of stable proteins at ambient and
extreme thermodynamic conditions

Valentino Bianco, Giancarlo Franzese, Christoph Dellago, Ivan Coluzza

University of Vienna, Vienna, Austria

Proteins that are functional at ambient conditions do not necessarily work at extreme conditions
of temperature T and pressure P. Furthermore, there are limits of T and P above which no
protein hasa stable functional state. Here we show that these limits and the selection
mechanisms for working proteins depend on how the properties of the surrounding water
change with T and P. We find that proteins selected at high T are super-stable and are
characterized by an optimal segregation of ahydrophilic surface and a hydrophobic core.
Surprisingly, a larger segregation reduces the stability range in T and P. Our computer
simulations, based on a new protein design protocol, explain the hydropathy profile of proteins
as a consequence of evolutionary pressure exerted by water. Our results are potentially useful
for engineering proteins and drugs working at extreme conditions.

[1] The role of water in the selection of stable proteins in extreme thermodynamic conditions, V. Bianco, G.
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[2] Contribution of water to pressure and cold denaturation of proteins, V. Bianco, G. Franzese, Phys. Rev.
Lett. 115, 108101 (2015).
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Unveiling the Role of Hydration Water in the Onset of Protein Structural
Dynamics

Giorgio Schiro

CNRS - Institut de Biologie Structurale, Grenoble, France

Proteins are the nano-machines of living systems. At the molecular level, proteins need to be
covered by water in order to be biologically active. This so-called hydration water is generally
acknowledged to enable the internal motions of proteins that are so fundamental for their
capacity to fulfill a specific biological function. Yet, the molecular mechanism behind water's
importance for protein dynamics has remained elusive. We used a combined approach by
neutron scattering and MD simulations on wild type and perdeuterated proteins and on model
systems to provide insights into the nature of water thermodynamics and dynamics promoting
functional protein motions [1-5]. The same approach on pathological states of a protein related
to the Alzheimer disease and on protein-polymer nano-hybrids revealed the importance of a
detailed understanding of hydration water dynamics for biological and nanotechnological
applications [6-9].
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Protein Hydration Dynamics and Hydrophobic Force Law
Biman Bagchi
Indian Institute of Science, Bangalore, India

Dynamics of the hydration layer surrounding a protein has drawn intense attention in the last
few years, even giving rise to considerable controversies and debates. The central issue seems
to be the time scale of relaxation [1-3]. The estimates vary from system to system and are found
to depend on the technique used to measure relaxation of the hydration layer.. For example,
dielectric relaxation provides a time scale of the order of 40-100 ps while solvation dynamics
gives time scales as long as ns. Similarly, uncertainties exist about the width of hydration layer.
We shall first provide an overview of the area and subsequently combine simulations performed
on different proteins to interrogate these issues. Particular attention shall be paid to the role of
amino acid side chains in hydration layer dynamics. We shall even discuss the nature of
hydrophobic force experienced by two parallel plates immersed inside water. We find a sharp
cross-over in the distance dependence of the hydrophobic force law [4].

[1]. B. Bagchi, “Water in Biology and Chemistry”, Cambridge University Press, London (2013).

[2]. B. Bagchi, Proc. Natl. Acad. Sci U.S.A., 113, 8355 (2016).
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Chem. Phys. 142(13):134505. doi: 10.1063/1.4916744.



The Quasi-Bound State of Protein-Ligand Complexes. Implications in
Drug Discovery

Xavier Barril

ICREA & University of Barcelona, Spain

The main goal of structure-based drug design is to predict the thermodynamic parameters that
define the behaviour of protein-ligand complexes. However, these systems also present a well-
defined binding mode, which leads us to postulate that structural stability is a fundamental
property of biologically-relevant non-covalent complexes. Based on this hypothesis, we have
devised Dynamic Undocking (DUck), a fast computational method to calculate the work
necessary to reach a quasi-bound state (WQB), where the ligand has just broken the most
important native contact with the receptor. Though WQB is an out of equilibrium property that is
irrelevant from a thermodynamic perspective, we find it surprisingly effective in virtual screening
because true ligands form more resilient interactions than decoys. Water plays a major role in
the process to reach the quasi-bound state, as it involves the rupture of a key intermolecular
hydrogen bond. In this talk | will introduce the quasi-bound concept, demonstrate the
effectiveness of DUck to discover new ligands and illustrate the fundamental role of re-hydration
in the early stages of protein-ligand dissociation.[1]

[1] S. Ruiz-Carmona, P. Schmidtke, F.J. Luque, L. Baker, N. Matassova, B. Davis, S. Roughley, J. Murray,
R. Hubbard, X. Barril, ‘Dynamic Undocking and the Quasi-Bound State as Tools for Drug Design'.
Accepted.

The Role of Science for Sustainable Development
Max Paoli
The World Academy of Sciences (TWAS), Trieste, Italy

Human societies worldwide are facing global challenges that are affecting life on Earth. The
United Nations’ new Sustainable Development Goals (SDGs) represent the best overall attempt
to date to bring to the forefront of international agendas key issues such as population growth,
energy demands, food security, climate adaptation, environmental degradation, biodiversity
loss, water and health. Because most people appear to be “carrying on as usual”, raising
awareness and education are critical to achieve a change of mind/behavior. Scientists can and
must take a proactive role because of their involvement in academia and research. In particular,
they ought to strive to communicate whenever possible with both policy makers as well as the
wider lay audience. Sustainability-related sciences can provide solutions but, if not
implemented, these will remain examples of human ingenuity and not serve their full real
purpose. A shift in direction may be happening with many funding bodies such that there is
increasing support for projects focusing on sustainable development and on building the basis
for a more sustainable future.

Snapshots of lon Induced Long-range Structure in Aquous Systems
Sylvie Roke
EPFL, Lausanne, Switzerland

lons and ionic groups interact with water in many ways, changing dipole orientation, inducing
charge transfer, and distorting the hydrogen-bonding network. These effects have been studied
in experiments probing the vibrational dynamics, THz time domain response, and dielectric
response, as well as in computer simulations. The ions’ influence is shown to be short-range,
affecting the structure of water in the first, second and at most the third hydration shell.
However, such experiments and simulations are biased towards detecting short-range
perturbations. Here, we probe the interaction of ions with water with elastic second harmonic
scattering, a background-free method that is biased towards ordering effects on the nanometer
length scale. We observe the ions of 20 different electrolytes inducing long-range structural



perturbations that are interpreted as an increase in the orienational order of in the H-bonding
network. The measured perturbations appear at ionic concentrations as low as

An NMR study on the hydrophilic and hydrophobic interactions

Francesco Mallamace, Carmelo Corsaro, Domenico Mallamace, Cirino Vasi and Sow-
Hsin Chen

MIFT Department, Section Physics, Universita di Messina and CNR-IPCF, 1-98166,
Messina, Italy.

Using nuclear magnetic resonance (NMR) we study the dynamics of the hydrogen bond (HB)
sub-domains in bulk and emulsified water across a wide temperature range that includes the
super-cooled regime. We measure the proton spin-lattice T4, and spin-spin T4,, relaxation times
to understand the hydrophilic interactions that determine the properties of water. We use (i) the
Bloembergen, Purcell and Pound (BPP) approach that focuses on a characteristic correlation
time tC, and (ii) the Powles and Hubbard (PH) approach that measures the proton rotational
time tR. We find that when the temperature is low both relaxation times are strongly correlated
when the HB lifetime is long, and that when the temperature is high a decrease in the HB
lifetime destroys the water clusters and decouples the dynamic modes of the system. Lately in
the same theoretical approaches we study pure bulk methanol and the corresponding water
solutions in a large concentration range (methanol molar fractions) from the stable to the super-
cooled regimes. Our findings are: i) a separate characterization of the hydrophilic and
hydrophobic interactions and the corresponding dynamics; ii) whereas the hydrophilicity
dominates the solution chemical physics in the water super-cooled phase, the hydrophobicity
governs it by increasing temperature from a crossover value located at about 265K, where the
HB lifetime is of the order of some picoseconds. Such a situation is of strong relevance for more
complex materials such as polymeric systems and biological macromolecules like peptides and
proteins especially for their thermal configuration changes.

The Salvinia Paradox: how the hydrophilic patches help keeping the
plant’s surface dry

Simone Meloni

Sapienza University of Rome

Plants and animals have developed very diverse strategies to prevent the wetting by water and
other liquids. Very interesting is the case of Salvinia Molesta, which leaves are decorates with
hydrophobic eggbeater-like hairs. What makes special this case is the fact that these hairs
feature hydrophilic patches at their top [1]. One question to address is how these hydrophilic
patches help keeping non-wet the surface of this plant. We investigated this problem by
combining atomistic simulations and continuum models [2]. Focusing on a simplified system, we
show that this combination of hydrophobic and hydrophilic domains improves the stability of the
contact between the liquid/air interafce and the top of the hairs. This is achieved through a
modification of the free energy profile of the wetting/cavitation process from the hydrophilic
patches. In practice, the liquid/air interface stays pinned at chemical or geometrical
discontinuities, which helps plants resisting to changes of thermodynamic and mechanical
conditions, such as local changes of temperature and pressure, or the action of external forces,
which can trigger the wetting of the surface.A continuum theory interpreting atomistic results is
used to design surfaces of improved stability. Our findings suggest possible routes to design
surfaces of interest for technological applications requiring non-wettable submerged surfaces:
energy related applications [3], marine applications [4], medical application [5], and many
others.

1] A. Solga , Z. Cerman , B. F. Striffl er , M. Spaeth , W. Barthlott, Bioinspir. Biomim. 2 (2007), S126.
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The putative liquid-liquid transition is a liquid-solid transition in water
confined in MCM

Fabio Bruni

Dipartimento di Scienze, Universita degli Studi Roma Tre via della vasca navale, 84 -
00146 Roma, Italy

Neutron diffraction experiment have been performed on water confined in MCM-41/C10 (pore
size 2.8 nm) as a function of temperature, in the range 165 - 300 K. TheNIMROD diffractometer
used allows to investigate a wide Q range, extending from107{-2} to 30 A~{-1} ; this is of
particular relevance, as it is possible to look at the sametime at the peak (around 0.21 A7-1})
resulting from the (10) plane of the2D hexagonal arrangement of the water cylinders in the silica
matrix and at waterpeak (around 1.7 A7-1} ). The intensity of the first peak has been taken as
an indicatorof the average mass density of water in the pores, and the observed
intensitychanges as a function of temperature as an indication of a liquid-liquid transitionbelow
210 K. The shape of the water peak, at around 1.7 A*-1}, suggests theformation of hexagonal
ice below 240 K, as shown by the characteristic structurefactor features typically present in
crystalline water. Based on these observations theproposed liquid-liquid transition, determined
with small angle neutron scatteringtechnique , is really a crystallization transition of at least a
fraction of watermolecules confined in the MCM material.

Just how anomalous is interfacial water?
Martin Chaplin
Applied Science, London South Bank University, UK

Liquid water is commonly cited as being a most anomalous liquid. Although it is an apparently
simple molecule (H20), it has a highly complex and anomalous character due primarily to its
inter-molecular hydrogen bonding. Notable amongst the anomalies of water are the opposite
properties of hot and cold water. As cold liquid water is heated individual molecules shrink, bulk
water shrinks and becomes less easy to compress, its refractive index increases, the speed of
sound within it increases, gases become less soluble and it is easier to heat and conducts heat
better. In contrast as hot liquid water is heated it expands, it becomes easier to compress, its
refractive index reduces, the speed of sound within it decreases, gases become more soluble
and it is harder to heat and a poorer conductor of heat. With increasing pressure, individual
molecules expand, cold water molecules move faster but hot water molecules move slower.
These properties can be explained if liquid water consists of a two-state mixture of differently
hydrogen-bonded water clusters, and such two-state models for water are becoming widely
accepted.Investigations of water at interfaces often treat water as a molecular substance using
models that are incapable of showing dissociation, electron delocalisation or that it consists of
rapidly equilibrating extensively hydrogen bonded chains and clusters. Because of this they are
generally incapable of showing the breadth of liquid water's anomalies even if especially
designed to fit with one or two of them.The curiosity that the interface studies generally show no
anomalies, suggested the script below from Sir Arthur Conan Doyle’s short story “Silver Blaze”
and is the subject of this paper.Scotland Yard detective: “Is there any other point to which you
would wish to draw my attention?”Sherlock Holmes: “To the curious incident of the dog in the
night-time.”Scotland Yard detective: “The dog did nothing in the night-time.”Sherlock Holmes:
“That was the curious incident.”Also is it important or relevant that many studies of the aqueous
interface use methods that are highly localised when the effects of the interface can probably
extend over depths of several micrometres?Important papers:

[1] http://www1.Isbu.ac.uk/water/water_anomalies.html.
[2] P. Gallo, K. Amann-Winkel, C. A. Angell, M. A. Anisimov, F. Caupin, C.Chakravarty, E. Lascaris, T.
Loerting, A. Z. Panagiotopoulos, J. Russo, J. A. Sellberg, H. E. Stanley, H. Tanaka, C. Vega, L. Xu and L.
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2014); arxiv.org:1203.0206 [cond-mat.soft].

Water Dynamics near biological surfaces studied by Shell-Resolved
Computational Spectroscopy

Othmar Steinhauser, D.Braun, M.Schmolingruber

Department of Computational Biological Chemistry, University Vienna, Vienna, Austria

Dynamics, i.e. the time evolution of molecular motion, has itsexperimental counterpart in
spectroscopy. Originally developed forisolated molecules and the gas phase spectroscopy of
bulk mediahas achieved considerable progress during last fifteen years.Nevertheless, the
spectra contain complex information composedof various contributions. Computational
spectroscopy based onsimulation can disentangle these contributions. Even more, nearsurfaces
a shell-resolved decomposition is possible revealing therange of influence of the
surface.Altogether we are interpreting four types experimentalspectroscopy: Nuclear
Quadrupole Relaxation NQR, NuclearMagnetic Relaxation (NMR), Dielectric Relaxation (DRS)
andStokes-Shift Spectroscopy. For the present talk we have selectedNQR and DRS for a shell-
resolved interpretation. Concerning thesurfaces we have selected an outer, essentially convex
proteinsurface as well as the inner, concave surface of a reverse micelle.

THz spectroscopy and Solvation Science
Martina Havenith
Faculty of Chemistry and Biochemistry, Ruhr-University Bochum, Bochum, Germany

The majority of chemical reactions — among those many that are central to important industrial
processes — and virtually all biological processes, take place in a liquid-state environment.
Solvents — with water being the most prominent — are used to “solvate” molecular species from
reagents to proteins and thereby transfer these as “solutes” into the liquid state. Understanding
“the role of water in the myriad of processes — from catalysis to molecular recognition “was
addressed as one of the main challenges for chemistry in next century. Now, we witness the
emergence of Solvation Science as a new interdisciplinary field to understand the influence of
solvation on reactions, the function of biomolecules, and processes at liquid-solid interfaces.
Water's flexible network enables it to adapt its structure and dynamics. Hydration water makes
significant contributions to the structure and energy of proteins and provides a responsive
surrounding which allows for conformational changes. In particular, water may hold the key to
the way proteins interact, fold, bind substrates, and aggregate. Water at protein interfaces
(hydration water or interfacial water) has been shown to thermodynamically stabilize the native
structure of bio-macromolecules, to affect protein flexibility, and to contribute to molecular
recognition in enzyme catalysis. Protein-water interactions are now known to shape the “free
energy folding funnel” that drives protein folding. We could show that THz absorption
spectroscopy is a powerful tool to probe hydration dynamics of biomolecules. Under ambient,
physiologically relevant conditions, 90% of the modes which contribute to the total entropy of the
solvated protein are captured by the low frequency modes of the protein/solvent, i.e. the
vibrational density of states (VDOS) between 0 and 10 THz (300cm-1). | will present examples
for low frequency spectra of hydration water around solutes and explain how these provide
sensitive probes of hydration dynamics. THz calorimetry will be introduced as a new tool for
water mapping which gives access to spatially resolved values of 1"Cp, 1"S, I"H and 1"G.
Transient THz spectroscopy can be used to record shapshots of the low frequency spectrum of
a solvated proteins subsequent to initiation of the protein folding, thus capturing changes during
hydrophobic collapse. We propose that water is not just a passive spectator solvent in biological
processes, but has a vital function in most biomolecular and cellular processes.



Supra-additive slowdown of water rotation by outer-sphere ion pairs
Ana Vila Verde, Reinhard Lipowsky
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany

Results from femtosecond infra-red spectroscopy experiments have suggested that some ions
(e.g., magnesium, sulfate) supra-additively slow down the rotation of water molecules much
beyond their first hydration shell. This suggestion is challenged by results from other
experiments and simulations, which do not see marked effects of ions on water dynamics
beyond the ions’ first hydration shell, and which suggest that these effects are mostly additive.
To resolve this controversy, we use molecular dynamics simulations and classical, polarizable,
models, to investigate water dynamics in solutions of salts of high and low charge density:
MgSO4 and CsCl, respectively. The models reproduce the free energy of hydration of the ions
at infinite dilution and the activity derivative of solutions at 2.5 m concentration, so they
adequately capture both ion-water and ion-ion interactions. Our results [1,2] suggest that static
solvent-shared ion pairs of CsCl may already weakly alter water rotation relative to that
observed near isolated ions. However, the average water dynamics in CsCl solutions up to 2.5
m can still be understood as the sum of contributions of water near isolated ions, because the
perturbation induced in water dynamics by the ion pairs is small and these pairs are short-lived.
In contrast, solvent-shared ion pairs of MgSO4 can intensely slow down water rotation, with
supra-additive effects being observed for the water molecules that simultaneously belong to the
first hydration layer of both ions. Water rotational dynamics in MgSO4 solutions of concentration
near 1.5 m includes sizeable contributions from non-additive effects by ion pairs; at
concentrations near the solubility limit, even slower water dynamics arises because of non-
additive effects in ion clusters. These results show that the concentration of solvent-shared ion
pairs - a static property - directly affects the water dynamics of a solution.

[1] A. Vila Verde and R. Lipowsky, J. Phys. Chem. B, 117, 10556 (2013).
[2] A. Vila Verde, M. Santer and R. Lipowsky, R. PCCP, 18, 1918 (2016).

Biological Ice Nucleation in the Atmosphere and the Biosphere
Hinrich Grothe
TU Wien, Institute of Materials Chemistry, Vienna, Austria

From the thermodynamic point of view, ice and snow can form already at temperatures slightly
below its melting point, i.e. below zero degrees Celsius. Actually, ultrapure, liquid water can be
supercooled down to minus forty degrees Celsius without freezing. The reason is a kinetic
activation barrier, which hinders the phase transition. However, water impurities, e.g. biological
material or organic particles, can lower the activation barrier and can thus catalyze the phase
transition. This process is called heterogeneous ice nucleation and it plays an important role in
many biological, meteorological and technical processes, e.g. in the formation of atmospheric
ice clouds. The most effective ice nucleus is ice itself, since it provides the own hexagonal
structure, on which water molecules from the liquid phase can be oriented in order to form
further ice phase. The most effective heterogeneous ice nucleus is the bacterium Pseudomonas
Syringae. The reason is a protein at its outer cell membrane, which exhibits a hexagonal, ice-
like structure. Furthermore, fungal spores, pollen, and carbonaceous particles are also very
effective ice nuclei [1, 2]. In many cases, the physical and chemical reasons for the ice
nucleation activity are understood only rudimentary. Thus, the search for the perfect ice nucleus
is still an open issue [3].The talk will explain the fundamentals of heterogeneous ice nucleation
and will give examples from the field and the laboratory.

[1] B.G. Pummer, H. Bauer, J. Bernardi, S. Bleicher, and H. Grothe, Atm. Chem. Phys., 12 2541 (2012).
[2] B.G. Pummer, C. Budke, S. Augustin-Bauditz, D. Niedermeier, L. Felgitsch, C. Kampf, R. Huber, K.
Liedl, T. Loerting, T. Moschen, M. Schauperl, M. Tollinger, C. Morris, H. Wex, H. Grothe, U. Pédschl, T.
Koop, and J. Frohlich-Nowoisky, Atm. Chem. Phys. 15 4077 (2015).

[3] T. Bartels-Rausch, V. Bergeron, J. Cartwright, R. Escribano, J. Finney, H. Grothe, P. Gutierrez, J.
Haapala, W. Kuhs, J. Pettersson, S. Price, C. Sainz-Diaz, D Stokes, G. Strazzulla, E. Thomson, H. Trinks,
and N. Uras-Aytemiz, Rev. Mod. Phys. 84 885 (2012).



Water Ordering at Protein Interfaces and Consequences for Biomolecular
Recognition

Klaus Liedl

University of Innsbruck

Water molecules at interfaces play decisive roles in biomolecular recognition. We investigated
two rather different protein interfaces and the roles of water molecules at these interfaces.On
the one hand we studied the recognition of ice by proteins, which is of major importance for ice
nucleation proteins as well as for anti freezing proteins. The recognition of ice depends on a
layer of water molecules at the protein interface. We developed a hydrophobicity scale, which
calculates hydrophobicity from enthalpic and entropic contributions directly from the phase
space occupied by these water molecules. This method also allows for the definition of localized
hydrophobicity on a biomolecular surface. Surprisingly we find a rather weakly bound and
disordered layer of water molecules to be optimal for ice binding. This layer seems to mediate
between the ice structure and the protein surface.On the other hand we investigated the
recognition of peptides by proteases. We developed a method to quantitatively localize the
specificity and promiscuity of this recognition processes in the binding interface of proteases. In
this way we can study these localized regions of specificity and promiscuity in the binding
interface and analyze their thermodynamic properties. Differences in specificity and promiscuity
obviously originate from differences in free energy of binding. Surprisingly we find little
correlation of specificity with enthalpy and enthalpy related quantities. Especially we find neither
strong correlation with the binding side potential nor with the enthalpy of water molecules in the
first solvation layer. In contrast, we find strong correlations of specificity and promiscuity with
rigidity and flexibility of the binding pocket. This correlation translates into ordering processes of
water molecules in the interface. Regions of specificity show ordered water molecules in the
interface, whereas regions of promiscuity tend to have more disordered water molecules in the
first solvation sphere.

[1] Enthalpic and Entropic Contributions to Hydrophobicity, Journal of Chemical Theory and Computation
12 (2016) 4600-6610.
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The Role of the Ice-water Interface in Homogeneous Ice Nucleation
Eduardo Sanz, J. R. Espinosa, A. Zaragoza, P. Rosales-Pelaez, C Navarro, C.
Valeriani, C. Vega

Universidad Complutense de Madrid, Madrid, Spain

The avoidance of water freezing is the holy grail in the cryopreservation ofbiologycal samples,



food and organs [1]. Fast cooling rates are used to beatice nucleation and avoid cell damage.
This strategy can be enhanced byapplying high pressures to decrease the nucleation rate [2],
but the physics behindthis approach has not been fully understood yet. | present a
computersimulation study to investigate ice nucleation at high pressures using acombination of
simulation methods to obtain nucleation rates and interfacialfree energies [3,4,5]. We find that
the slowing down of the nucleation rate ismainly due to an increase of the ice I-water interfacial
free energy withpressure [6]. Our work also clarifies the molecular mechanism of icenucleation
for a wide pressure range. This study is not only relevant tocryopreservation, but also to water
amorphization and climate change modelling [7].

[1] Morris, G. J. & Acton, E., Controlled ice nucleation in cryopreservation—a review. Cryobiology 66, 85
(2013).

[2] Kanno, H., Speedy, R. J. & Angell, C. A., Supercooling of water to -920 ¢ under pressure. Science 189,

880-881 (1975).

[3] Espinosa, J. R., Vega, C. & Sanz, E., The mold integration method for the calculation of the crystal-fluid
interfacial free energy from simulations. J Chem. Phys. 141, 134709 (2014).

[4] Espinosa, J. R., Vega, C. & Sanz, E., Ice-water interfacial free energy for the Tip4p, Tip4p/2005 ,
Tip4p/ice and mW models as obtained from the mold integration technique. The Journal of Physical
Chemistry C 120, 8068-8075 (2016).

[5] Sanz, E., Vega, C., Espinosa, J. R., Caballero-Bernal, R., Abascal, J. L. F & Valeriani, C.,
Homogeneous ice nucleation at moderate supercooling from molecular simulation. Journal of the
American Chemical Society 135, 15008—-15017 (2013).

[6] JR Espinosa, A Zaragoza, P Rosales-Pelaez, C Navarro, C Valeriani, C Vega & E Sanz Interfacial Free
Energy as the Key to the Pressure-Induced Deceleration of Ice Nucleation. Physical Review Letters 117
(13), 135702 (2016).

[7] DeMott, P. J., Prenni, A. J., Liu, X., Kreidenweis, S. M., Petters, M. D., Twohy, C. H., Richardson, M. S.,

Eidhammer, T. & Rogers, D. C., Predicting global atmospheric ice nuclei distributions and their impacts on

climate. Proc. Natl. Acad. Sci. 107, 11217-11222 (2010).

Imaging thin water layers on single viruses
Alexander Bittner
CIC nanoGUNE, San Sebastian, Spain

The interaction of water with the coat proteins of viruses is key to understanding virus
transmission and infectivity. The first step towards understanding more complex viruses is
investigating a simple case: The well-characterised Tobacco Mosaic Virus (TMV). Its highly
regular helical coat protein arrangement is a textbook example for perfect self-assembly, but
was as yet probed by methods that average over many particles (XRD, cryoEM). Local probing
of single particles can be achieved with AFM and low voltage SEM, which show virus particles in
the dry state with unexpected nanoscale surface features at irregular axial spacings. It is as yet
unknown whether such morphological changes are reversible, and whether they occur also in
other viruses. The stepwise wetting by water can be studied by AFM in a humidity chamber, and
by environmental electron microscopy (SEM and STEM) in up to 10 mbar water. The observed
scenarios comprise wet wedges (around TMV), layers (on TMV), and water pools (confined by
TMV). Except for ultrathin layers (=1 nm), the water topography is completely compatible with
macroscale wetting scenarios.
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The role of water in the beginnings of material-driven fibronectin
fibrillogenesis

Mateusz Bieniek, Chris D. Lorenz, Willie R. Taylor

The Francis Crick Institute, UK

Fibronectin (FN), an extracellular matrix protein, is known to undergo important quaternary
conformational changes upon adhesion to the substrate made of ethyl acrylate (EA) polymer
chains [1]. Surprisingly, an almost identical polymer composed of methyl acrylate (MA) chains,
which differs by a single carbon, does not trigger the transition. This conformational transition is
necessary to start FN fibrillogenesis or self-association which influences several processes
including cell differentiation and migration [2]. Understanding the cause of the conformational
transition will aid the design of better materials to drive fibrillogenesis, which has potential
applications in tissue engineering and cell culture [3]. In order to understand the difference in
interactions between the EA and MA functional groups and fibronectin, we have used molecular
dynamics simulations of self-assembled monolayers (SAMs), which have been functionalised
with the EA or MA side chains. In our simulations, we investigate the interaction of two crucial
domains, FNIII 9-10 that are key to the process [1], with these two surfaces. In doing so, we
have set out to investigate first whether or not we find evidence which would be consistent with
the experimental observation from Prof. Salmeron-Sanchez’s group that fibronectin forms fibrils
when in contact with EA functionalised SAMs but not when in contact with MA functionalised
SAMs. Additionally, we aim to understand the interactions that are unique to the EA
functionalised and MA functionalised systems, and how these interactions may affect
fibrillogenesis. Our initial results are consistent with the latest experimental results. Water,
described by the TIP3P model [4], is suspected to play an important role in the adhesion and
consequently in the FN transition. The radial distribution function indicates a higher water
density around SAM MA and we are currently analysing the spatial preference of the water
around the functional groups. Our aim is to find out if the structure of water around the functional
groups acts as a barrier to adhesion in the case of MA side chain.

[1] Salmerén-Sanchez, M., Rico, P, Moratal, D., Lee, T. T., Schwarzbauer, J. E., & Garcia, A. J. (2011).
Role of material-driven fibronectin fibrillogenesis in cell differentiation. Biomaterials, 32(8), 2099-105.
https://doi.org/10.1016/j.biomaterials.2010.11.057.

[2] Gugutkov, D., Gonzélez-Garcia, C., Rodriguez Hernandez, J. C., Altankov, G., & Salmeron-Sanchez,
M. (2009). Biological activity of the substrate-induced fibronectin network: insight into the third dimension
through electrospun fibers. Langmuir : The ACS Journal of Surfaces and Colloids, 25(18), 10893-900.
https://doi.org/10.1021/1a9012203.

[3] Singh, P, Carraher, C., & Schwarzbauer, J. E. (2010). Assembly of fibronectin extracellular matrix.
Annual Review of Cell and Developmental Biology, 26, 397—419. https://doi.org/10.1146/annurev-cellbio-
100109-104020.

[4] Jorgensen, W. L., Chandrasekhar, J., Madura, J. D., Impey, R. W., & Klein, M. L. (1983). Comparison of
simple potential functions for simulating liquid water. The Journal of Chemical Physics, 79(2), 926.
https://doi.org/10.1063/1.445869.

VASP Multigrid Continuum Model (VASP-MGCM): An Implicit Solvation
Model for Density Functional Theory Calculations

Miguel Garcia-Ratés,

Institut Catala d'Investigacio Quimica (ICIQ), Tarragona, Spain.

Continuum models have become a widespread technique for the study of solvent effects in
Density Functional Theory (DFT) methods [1]. Adding solvation contributions relies on the
calculation of the electrostatic potential of the system through the solution of the Generalized
Poisson Equation (GPE). In this context, multigrid methods are especially appropriate for the
solution of partial differential equations, but their use, up to now, is not much extended in DFT-
based codes because of their high memory demand. We have implemented a multigrid solver-



based approach for the treatment of solvation effects in the Vienna ab initio Simulation Package
(VASP) [2]. The stated implicit solvation model, named VASP-MGCM (VASP-Multigrid
Continuum Model) [3], uses an efficient and transferable algorithm for the product of sparse
matrices that highly outperforms serial multigrid solvers. The model has been validated using a
large set of neutral and ionic species, as well as adsorbed molecules on metallic surfaces,
whose solvation energies in water have been compared to both experimental and simulation
data. Once validated, the present model has been applied to the study of liquid-solid reactions
of interest in industrial and energy-related problems [4].

[1] J.-L. Fattebert and F. Gygi, Int. J. Quantum Chem. 93 139 (2003).

[2] G. Kreese and J. Furtmdiller, Comput. Mater. Sci. 6 15 (1996).

[3] M. Garcia-Ratés and N. Lépez, J. Chem. Theory Comput. 12 1331 (2016).
[4] J. Jover, M. Garcia-Ratés and N. Lopez, ACS Catal. 6 4135 (2016).

Low temperature friction of water on a crystalline surface

Emmanuel Guillaud, Samy Merabia, Dominique de Ligny, Laurent Joly

Institut Lumiere Matiére, UMR5306 Université Lyon 1-CNRS, Université de Lyon,
Villeurbanne, France

Switching from macroscopic to nanoscopic scale in hydrodynamics gives rise to striking
properties like fast transport or nonlinear electrokinetic effects, which open up new perspectives
in the development of devices and sensors at nanoscale [Bocquet & Tabeling (2014), Abgrall &
Nguyen (2008), Sparreboom et al. (2009)]. Generally speaking, sensors are usually used with
various temperature conditions. However, to this day, one knows very few about the evolution of
interfacial water properties with temperature. In the present work, we analyse by classical
molecular dynamics water friction in the vicinity of a Lennard-Jones crystal surface from 225 to
360 K, using the TIP4P/2005f forcefield [Gonzalez et al. (2011)], that we recently proved to be
very efficient to reproduce bulk transport properties (shear viscosity, self-diffusion) over this
range of temperatures~[submitted]. Surprisingly, non-equilibrium shear calculations reveal a
non-monotonic evolution of the friction with temperature, whereas equilibrium calculations within
the Green-Kubo formalism [Bocquet & Barrat (2007)] show a monotonous decrease of this
guantity with the temperature. Previous studies on graphene and carbon nanotubes showed a
very good agreement between both methods at room temperature [Falk et al. (2010)]. With the
crystaline surface used in the present work, the two methods matches only at high
temperatures. This means the Green-Kubo formalism might not be valid at low temperatures,
with a possible phase transition of the surface water. Calculations are currently under way to
control this hypothesis.

[1] L. BOCQUET AND P. TABELING, “Physics and technological aspects of nanofiuidics”, Lab on a Chip,
14(17) 3143-3158 (2014).

[2] P. ABGRALL AND N. T. NGUYEN, “Nanofluidic devices and their applications”, Analytical chemistry,
80(7) 2326-2341 (2008).

[3] W. SPARREBOOM, A. VAN DEN BERG AND J. EIJKEL, “Principles and applications of nanofluidic
transport”, Nature nanotechnology, 4(11)

713-720 (2009).

[4] M. A. GONZALEZ AND J. L. ABASCAL, “A flexible model for water based on tip4p/2005”, The Journal
of chemical physics, 135(22) 224516

(2011).

[5] L. BOCQUET AND J.-L. BARRAT, “Flow boundary conditions from nano-to micro-scales”, Soft matter,
3(6) 685-693 (2007).

[6] K. FALK, F. SEDLMEIER, L. JOLY, R. R. NETZ AND L. BOCQUET, “Molecular origin of fast water
transport in carbon nanotubemembranes:

superlubricity versus curvature dependent friction”, Nano letters, 10(10) 4067-4073 (2010).



Cavitation in water confined in nanotubes
Alberto Giacomello, Antonio Tinti, Carlo Massimo Casciola
Sapienza University of Rome, Rome, Italy

In this contribution, we study via the nucleation of a vapor cavity inside nanometer-
sized hydrophobic pores. The extreme confinement of water within these pores
promotes spontaneous cavitation even at positive liquid pressures, a phenomenon
which cannot be explained solely via the classical nucleation theory. The current
interpretation of such experimental finding invokes the contribution of a negative line
tension [1]. In this context, we employ molecular dynamics to obtain molecular-level
insights into nanoconfined cavitation and develop a theoretical description going
beyond classical nucleation theory. The water model used in simulations is
TIP4P/2005 [2], which captures the most important features of liquid water and
interfaces. In order to reconstruct the free energy barriers and the cavitation
mechanism we employ a specialized rare event technique, the string method in
collective variables [3]. By employing the coarse-grained density field in order to
describe this thermally activated process, we avoid simulation artifacts due to the use
of a single collective variable, which is one of the fundamental assumptions of classical
nucleation theory [4]. Results demonstrate the existence of several cavitation
pathways and indicate deviations from both the classical picture and from its extension
based on line tension.

[1] L. Guillemot, T. Biben, A. Galarneau, G. Vigier and E. Charlaix, Proc. Natl. Acad. Sci. USA 109 19557-
19562 (2012).

[2] J. L. Abascal and C. Vega, J. Chem. Phys. 123 234505 (2005)

[3] L. Maragliano, A. Fischer, E. Vanden-Eijnden and G. Ciccotti, J. Chem. Phys. 125 024106 (2006).

[4] A. Giacomello, S. Meloni, M. Mueller and C. M. Casciola, J. Chem. Phys. 142 104701 (2015).

Exploring the role of interfacial water layer in the bio-nano assembly of an
integrated protein/graphene interface

William Luu
Faculty of Mathematics, Computer Science and Natural Sciences, RWTH-Aachen
University, 52056 Aachen, Germany.

Bio-nanotechnology has advanced to the point at which it can now focus on
understanding and controlling bio-nano interface interactions. The basic biomolecule
and the star nanomaterial, protein and graphene, play significant roles in the revolution
of science and industry. Water is the universal solvent in biological systems and also
the substance with the largest number of anomalies in its properties. Understanding the
behavior of interfacial water between a protein and graphene is fundamental to our
ability to regulate protein and graphene interactions.

Using molecular dynamics simulations, we investigated a bio-nano interface consisting
of a B-sheet antifreeze protein stacked onto the extended surface of graphene [1]. In
this setup, the behaviors of an integrated interfacial water layer would be observed
during the bio-nano assembly process. In contrary to the enhanced hydrogen-bonds
(HBs) network of the interlayer water confined between two hydrophobic graphene
surfaces [2], we found that the intermolecular coupling of interlayer water would be
relaxed by the relative motion of protein upon graphene. Meantime, the interlayer water
filled within interstices of the bio-nano interface would suppress the molecular vibration
of surface groups on protein, and would impair the CH...1t interaction driving the
attraction of the protein and graphene. From the transition of the intermolecular
coupling between protein-bound and unbound water at temperatures of 300 K and 250



K, we found that the CH...1t attraction between protein and graphene was regulated by
the HBs between water molecules in the interlayer. On the other hand, the involvement
of interlayer water also contributed to a larger walking range of the protein on
graphene, to search for a suitable binding status with lower free energy traps.
Therefore, the formation of a bio-nano interface by the adsorption of the bulk B-sheet
proteins on hydrophobic graphene surface in water environment will be regulated by
the hindrance of interlayer water in both aspects of their interfacial interactions and
their assembly process. This finding should be lawful for the assembly of other bulk
proteins owning a stable structure on graphene surface because most of the stable
proteins in water have a strong coupling with water molecules on their surfaces.

[1] Lv, W., et al., Interlayer water regulates the bio-nano interface of a beta-sheet protein stacking on
graphene. Sci Rep, 2015. 5: p. 7572.

[2] Lv, W. and R. Wu, The interfacial-organized monolayer water film (MWF) induced "two-step"
aggregation of nanographene: both in stacking and sliding assembly pathways. Nanoscale, 2013. 5(7): p.
2765-75.

The interplay of water, cationic protein sites and polyatomic anions
depends critically on sodium

Ana Vila Verde
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany

Polyatomic ions such as sulfates, phosphates or sulfonates are key players in
biological processes but the molecular mechanisms by which these ions act are
currently incompletely understood. We use molecular simulations and classical,
atomistic models with fixed-charge and explicit solvent representation to clarify the
molecular mechanisms of interaction between cationic amino acids and sulfates,
phosphates and sulfonates, in their methylated and non-methylated forms and in the
presence of excess counterions. This works goes beyond prior reports on the topic in
that it uses a newly developed, internally consistent force field for all ions, which
correctly captures the energy magnitude and length scale of anion-cation interactions.
Our results suggest a possible molecular origin of previously unexplained experimental
observations [1]: anions that, according to experiment, differ strongly in the magnitude
of their interaction with cationic amino acids have in fact very similar interactions with
those amino acids, but different interactions with sodium; the presence of excess
sodium in the experiments thus determines the experimental outcome due to
competition with the cationic sites on the protein.

[1] M. Weinhart, D. Groeger, S. Enders, J. Dernedde and R. Haag, Biomacromolecules, 12, 2502 (2011).

Water dynamics depends strongly on curvature for small hydrophobic
molecules but not for hydrophobic protein sites
Ana Vila Verde, Jodo Robalo

The dynamics of waters of hydration in proteins impacts the kinetics of protein folding
and function. Achieving control over the dynamics of waters of hydration is thus a
promising avenue to optimize proteins for biomedical and biotechnological applications.
Recent experimental results [1] suggest that fluorination — replacing C-H by C-F groups
— can be a useful tool to control the dynamics of water near proteins, but the molecular
scale origin of the experimentally observed trends is not yet understood and the



general applicability of this procedure is unproven. We use molecular simulations and
classical, atomistic, fixed-charged models to systematically investigate how changes in
solute polarity and curvature brought by fluorination alter the structure and dynamics of
water around small hydrophobic molecules and around the side chains of hydrophobic
amino acids in proteins. Our results indicate that fluorination of small hydrophobic
molecules markedly slows down their waters of hydration, and that this effect results
from the different curvature of fluorinated vs. non-fluorinated groups instead of, as
suggested by others, from changes in polarity. In contrast, water dynamics around
hydrophobic amino acids in proteins is largely insensitive to fluorination because the
effect of nearby protein backbone and neighboring amino acids on water dynamics
overcomes the effect of fluorination. Our results indicate that the experimentally
measured effect of protein fluorination on the dynamics of waters of hydration result
from an interaction between the fluorinated amino acids and their immediate neighbors
that strongly depends on the details of protein conformation and composition, rather
than being a generalized effect arising from the interactions between water and
fluorinated sites.

[1] O.-H. Kwon, T.H. Yoo, C.M. Othon, J.A. Van Deventer, D.A. Tirrell and A.H. Zewail, PNAS 107, 17101
(2010).
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6 Venue

The workshop will be held at the Erwin Schrddinger Institute

From the airport the cheapest way to reach the faculty is the S7 train and get
down at Handelskai U-Bahn (metro) station. From there take the U6 line

direction Siebenhirten and exit at Wahringer Stral3e-Volksoper. At that point
you can either walk for about 500 m or take the 40, 41 or 42 tramline direction
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Schottentor and exit at the second stop. The cost will be around 5 Euros.

Alternatively you can get a taxi (get it inside not outside) for about 35/40 euros.

Maybe you have the car2go subscription, if so remember that it works also in
Vienna and it will cost you around 10 euros to drive to the University.

Coffee breaks and poster sessions will take place at institute.
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https://www.google.com/maps/place/Erwin+Schr%C3%B6dinger+Internationales+Institut+f%C3%BCr+mathematische+Physik/@48.2223075,16.3558106,19z/data=!4m13!1m7!3m6!1s0x476d07c7c04dc8af:0x30359428bf730ded!2sStrudlhofgasse+4,+1090+Wien,+Austria!3b1!8m2!3d48.221748!4d16.3557032!3m4!1s0x0:0xe7a93c1232018afc!8m2!3d48.2225739!4d16.3562031?hl=en
https://www.car2go.com/en/wien/

7 Hotels

The following hotels that are close to the venue of the workshop:

e Boltzmann Hotel:
http://www.hotelboltzmann.at/

e Hotel Harmonie:

http://www.tripadvisor.com/Hotel_Review-g190454-d227177-Reviews-
BEST WESTERN_Hotel Harmonie-Vienna.html

e Appartement Pension 700m zum Ring:
http://www.booking.com/hotel/at/700mzumring.en.html

o Hotel & Palais Strudlhof:
http://www.sotour.at/wien/hotel-palais-strudlhof/

¢ |bis Styles Hotel:
http://ibisstyleswien.com/en/

Also good sources are websites such as:
®  http://www.tripadvisor.com/

®  http://www.booking.com/
® http://www.venere.it/

e https://www.airbnb.com



https://www.airbnb.com/
http://www.venere.it/
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http://www.sotour.at/wien/hotel-palais-strudlhof/
http://www.booking.com/hotel/at/700mzumring.en.html
http://www.tripadvisor.com/Hotel_Review-g190454-d227177-Reviews-BEST_WESTERN_Hotel_Harmonie-Vienna.html
http://www.tripadvisor.com/Hotel_Review-g190454-d227177-Reviews-BEST_WESTERN_Hotel_Harmonie-Vienna.html
http://www.hotelboltzmann.at/

8 Lunch

Lunch options located near the faculty of physics are available at the addresses
below. In addition there are several places that offer quicker options like

sandwiches or take away.
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