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ULTRAFAST OKE SPECTROSCOPY FOR THE THZ
RAMAN SPECTRA OF AQUEOUS SOLUTIONS

Stephen R. Meech, Kamila Mazur, Ismael A. Heisler and Francesca
Palombo

School of Chemical Sciences, University of East Anglia, Norwich Research Park,
Norwich NR4 7TJ, UK. S.Meech@uea.ac.uk

Introduction

The structure and dynamics of water in the vicinity of a solute continue to
attract widespread interest. This is of course because of its importance in a
wide variety of topics, from the function of proteins to the stability of
solutions. In this presentation the application of time domain optical Kerr
effect measurements to probe the polarisability relaxation dynamics of a
series of aqueous solutions will be described. The information content of the
method will be outlined, with reference to the special problems associated
with polarisability relaxation measurements on aqueous solutions. Next
results will be presented on a series of solutions starting with ‘simple’ salt
solutions (alkali halides), moving on to small molecular solutes (including
both hydrophilic and amphiphilic molecules), then a series of di-peptides and
finally protein solutions.

Results: Measurements of the polarisability anisotropy relaxation are made
utilizing the conventional optical Kerr effect, which may be regarded as a
time domain analogue of depolarized light scattering. The two methods differ
only in a thermal occupation factor. To extract more information from the
experiments it is necessary to measure the isotropic relaxation, which
requires polarization resolved measurements, and can be achieved using a
diffractive optic transient grating scattering geometry (Figure 1) [1].

Measurements of the polarized response of alkali halide solution are
particularly informative. In pure water the polarized response is negligible
because of the low polarisability anisotropy of water. However, in the
solutions strong oscillation is observed. This can be assigned to a halide —
water H-bond mode. Analysis of the concentration and halide dependence of
the mode frequency yields information of solvation and solution structure in
salt solutions [2].

Studies of the polarisability anisotropy in agueous solutions suggest that all
solutes slow down the relaxation dynamics compared to bulk water, but that
hydrophilic solutes have a larger effect than hydrophobic groups. The OKE
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also probes the H-bond structure in the solutions, with some unexpected
results, in particular that hydrophobic groups leave the H-bond structure
rather unperturbed. These conclusions are more or less carried over into
solutions of peptides and proteins, where the picosecond dynamics scale
with the hydrophobic area of the solute, although the trend is not quantitative
and other factors may operate [3].
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Figure 1. Polarized time domain response (left) of MgCl; solution in water.
Red line is a fit to three damped oscillators. The frequency domain
equivalent is shown on the right side, with the oscillators separated. The
high frequency mode is the cation — water stretch, while the lower frequency
one is the chloride water H-bond.
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THEORY OF DIELECTRIC RESPONSE OF PROTEINS
IN SOLUTION FROM MHZ TO THZ

Dmitry Matyushov

Department of Physics/Chemistry, Arizona State University,
PO Box 871504, Tempe, AZ 85287-1504, USA. dmitrym@asu.edu

Problem

Hydrated proteins present a system intermediate in size between polar
molecules forming polar liquids and large dielectric bodies. They also usually
carry significant dipole moments, 200-300 D. The combination of a large
dipole moment with extended interface creates theoretical vacuum since
standard theories of polar liquids do not recognize the existence of an
extended polarized shell of the solvent, while dielectric models, operating
with dielectric constants, do not correctly incorporate the molecular dipole.
The new theoretical formalism [1-3] aims at filling the gap.

Results

The theory combines the molecular dipole moment of the protein with the
polarization of a large sub-ensemble of solvent molecules at the solute-
solvent interface. It represents the dielectric response of the solution as a
mutually compensating combination of the response of the protein dipole
and the response of its hydration layer. The formulation is applied to
experimental frequency-dependent dielectric spectra of lysozyme in solution
[2]. The analysis of the data in the broad range of frequencies up to 700 GHz
shows that the cavity field susceptibility, critical for the theory formulation, is
consistent with the prediction of Maxwell’s electrostatics in the frequency
range of 10—200 GHz, but deviates from it outside this range. In particular, it
becomes much smaller then the Maxwell result and shifts to negative values
at small frequencies. The latter observation implies a dia-electric response,
or negative dielectrophoresis, of hydrated lysozyme. The effective protein
dipole recorded by dielectric spectroscopy is much smaller than the value
calculated from protein’s charge distribution.
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Figure 1 Relative absorption of an aqueous solution of the lambda repressor
protein vs protein’s volume fraction [3].

The theory is also applied to terahertz (THz) absorption of protein solutions
[3]. In this range of frequencies, experiment reports both positive and
negative slopes of the absorption coefficient vs the protein concentration.
The slope is negative for sugars and positive for proteins (Figure 1) and
polar amino acids. The theory is combined with molecular dynamics
simulations to show that the polarization of the hydration shells of sugars is
mostly consistent with the standard dielectric models, but deviates from them
in case of hydrated proteins. The highly heterogeneous protein-water
interface, combining patches of water of different polarization, allows a
broader spectrum of outcomes for the interfacial susceptibility. We also show
that the correlation between the protein dipole and the dipole moment of the
hydration shell is long-ranged, propagating 20-40 A into the bulk [1,3].

References

1. D. V. Matyushov, Dipolar response of hydrated proteins, J. Chem. Phys.
136, 085102 (2012).

2. D. V. Matyushov, On the theory of dielectric spectroscopy of protein
solutions, arXiv:1203.3005.
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PHARMACEUTICAL PROCESSING:
A PHYSICAL PERSPECTIVE ON INDUCED
TRANSFORMATIONS AND WATER INVOLVEMENT

Marc Descamps

UMET (UMR CNRS 8207), University Lille1 - 59655 Villeneuve d’Ascq (FR).
marc.descamps@univ-lilled.fr

About 80% of drugs are formulated in the solid state which can be crystalline
or amorphous (glassy). The molecular nature of these solids - either active
substances or excipients - gives them specific properties: low melting point,
low molecular and crystalline symmetry, easy vitrification (difficulty of
recrystallization)... and also a great sensitivity to external disturbances.
Industrial formulation processes impose strong constraints, which involve
dynamic aspects in addition to temperature or pressure variations. These
specific perturbations are, for example, the frequency of the shocks during
grinding or the rate of desolvatation during atomizations (spray drying) or
freeze-drying. The dynamic aspects are also clearly important during
extrusions. These materials, which are driven by dynamic stresses, often
undergo modifications of their physical state. One can observe
amorphizations or on the contrary recrystallizations. In other circumstances,
one can observe phase transformations between polymorphic crystalline
varieties - transformations which can generate either metastable phases or
more stable phases. All these modifications, which affect properties such as
solubility, can have a strong impact on the bioavailability. In addition, the
physical stability of these compounds becomes dubious and can involve
modification of chemical stability and reactivity. The identification of the
relevant physical parameters that it is advisable to control during the driving
processes is a requirement for the industrial formulation. It is also a
challenge in condensed matter physics. The wealth of situations provided by
the pharmaceutical science offers new possibilities to progress in the
understanding of this type of non equilibrium phase transformations.

In this presentation, we will consider the transformations induced by grinding
and desolvatation. The role of water will be exemplified by showing
examples of grinding and dehydration of hydrates. Examples will be taken
among excipients (lactose, trehalose, sorbitol, mannitol...) and active
substances like indomethacine. We will show how it is possible to identify the
driving parameters of the non equilibrium phase transformations. Time
permitting we will present possibilities offered by mechanical alloying of
molecular compounds.

References
1. Journ of Pharm. Sc. Vol 96 n°5, 1398-1406 (2007).
2. Mol Pharm. 5(6), 905 (2008).
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WATER IN PROTEIN-LIGAND INTERACTIONS:
CHALLENGES AND OPPORTUNITIES FOR DRUG
DESIGN

Julien Michel

EaStCHEM School of Chemistry, University of Edinburgh, EH9 3JJ, Edinburgh, United
Kingdom. mail@julienmichel.net

An important problem in preclinical drug discovery is the design of ligands,
small drug-like molecules, which bind with high affinity and specificity to a
protein involved in a disease. Water makes an important contribution to the
binding affinity of a ligand because binding usually requires partial
desolvation of the ligand and protein. In addition, protein-ligand interactions
are frequently mediated by ordered water molecules. Atomistic simulations
of protein-ligand complexes can provide a rich source of information on
water behaviour near protein surfaces that is difficult to obtain by
experimental methods.

This presentation will discuss the use of the molecular simulation algorithm
JAWS to predict the location and stability of water molecules in protein
binding sites. We will show that the methodology has a broad range of
applications in molecular modelling and enables ligand optimisation
strategies to displace favourably ordered water molecules from binding sites.
Finally we will describe applications of JAWS to structure-based drug design
programs.

References

1. Michel, J. ; Tirado-Rives, J. ; Jorgensen W. L. J. Phys. Chem. B,113 (40),
13337 -13346, 2009

2. Michel, J. ; Tirado-Rives, J. ; Jorgensen W. L. J. Am. Chem. Soc., 131
(42), 15403 -15411, 2009

3. Lucarelli, J. ; Michel, J. ; Tirado-Rives, J. ; Jorgensen W. L. J. Chem.
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MAGNITUDE AND MOLECULAR ORIGIN OF WATER
SLOWDOWN NEXT TO A PROTEIN

Damien Laage, Fabio Sterpone, Guillaume Stirnemann and Aoife
Fogarty

Department of Chemistry, Ecole Normale Supérieure, UMR ENS-CNRS-UPMC 8640—
24 rue Lhomond, 75005 Paris, France. damien.laage@ens.fr

Hydration shell dynamics plays a critical role in protein folding and
biochemical activity [1] and has thus been actively studied through a broad
range of techniques. While all observations concur with a slowdown of water
dynamics relative to the bulk, the magnitude and molecular origin of this
retardation remain unclear. Via numerical simulations and theoretical
modeling, we establish a molecular description of protein hydration
dynamics and identify the key protein features that govern it. Through
detailed microscopic mapping of the water reorientation and hydrogen-bond
(HB) dynamics around lysozyme, we first determine that most of the
hydration layer waters experience a moderate slowdown factor of 2-3, while
the slower residual population is distributed along a power-law tail, in
quantitative agreement with recent NMR results [2]. We then establish that
the water reorientation mechanism at the protein interface is dominated by
large angular jumps similar to the bulk situation [3]. A theoretical extended
jump model is shown to provide the first rigorous determination of the two
key contributions to the observed slowdown: a topological excluded-volume
factor resulting from the local protein geometry, which governs the dynamics
of the fastest waters, and a free energetic factor arising from the
water—protein HB strength, which is especially important for the remaining
waters in confined sites at the protein interface. These simple local factors
are shown to provide a nearly quantitative description of the hydration shell
dynamics [4]. Extensions to other proteins including ubiquitin and subtilisin
will also be presented.

References

1. P. Ball, Chem. Rev. 108, 74-108 (2008).

2. C. Mattea, J. Quist, B. Halle, Biophys. J. 95, 2951-2963 (2008).
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CRYSTALLIZATION OF WATER

Valeria Molinero

Department of Chemistry, University of Utah, Salt Lake City, Utah, 84112, USA.
Valeria.Molinero@utah.edu

One of water's puzzles is the question of what determines the lowest
temperature to which it can be cooled before freezing to ice. The heat
capacity and compressibility of liquid water increases anomalously in the
supercooled region, apparently following a power law that would diverge at
225 K, just below the experimental temperature of homogeneous nucleation
of ice Th. This suggests that there may be a relation between the anomalous
thermodynamics of liquid water and the rate at which it crystallizes. We use
molecular simulations with an efficient coarse-grained model to investigate
the relationship between structure and anomalies of liquid water and the rate
of crystallization of ice. We find that a structural transformation of liquid water
into a mostly four-coordinated liquid determines the rate of crystallization of
ice in bulk water [1,2], water confined in nanopores [1,3] and nanoparticles
[4], and in solutions of salts [5]. | will discuss the relationship between liquid
structure, thermodynamics and crystallization rate, and the structure of the
ice crystallized from deeply supercooled water [3,4,6].

References

1. E. B. Moore and V. Molinero, Nature 479, 506 (2011).

2. E. B. Moore and V. Molinero, J Chem Phys 132, 244504 (2010).

3. E. B. Moore, E. de La Llave, K. Welke, D. A. Scherlis and V. Molinero,.
Phys Chem Chem Phys 12, 4124 (2010).

4. J. C. Johnston and V. Molinero, J. Am. Chem. Soc., 134, 6650 (2012)

5. G. Bullock and V. Molinero, to be submitted.

6. E. B. Moore and V. Molinero, Phys. Chem. Chem. Phys. 13, 20008 (2011)
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PROTEIN MOBILITY AND DYNAMIC COUPLING
IN AMORPHOUS GLASSY SUGARS

Richard D. Ludescher”, Andrew Draganski® and Joel M. Friedman®

#Department of Food Science, Rutgers University — 65 Dudley Road,
New Brunswick, NJ, USA 08901. Judescher@aesop.rutgers.edu
PDepartment of Physiology and Biophysics, Albert Einstein College of Medicine — 1300
Morris Park Ave., Bronx, NY, USA 10461

Problem

The stability of dried and frozen foods and pharmaceuticals and the viability
of seeds, spores and even entire organisms during anhydrobiosis depends
largely, perhaps even primarily, upon the physical properties of mixtures of
biomolecules in the amorphous glassy state. Although macroscopically solid,
the glassy matrix of biomolecules undergoes complex modes of molecular
mobility that include large scale a-relaxations that support macroscopic flow
above the glass transition temperature (T4) as well as a complex array of
more localized B-relaxations that have appreciable rates and amplitudes
below Tg4. A complete biophysical analysis of the glassy state and its role in
stability and viability involves not only a map of the various modes of mobility
and their dependence upon temperature and matrix composition, especially
including the effects of water, but also the rules that control dynamic
coupling between the matrix and labile macromolecules and cellular
structures: proteins (enzymes), nucleic acids, membranes, etc.

Biomolecular glasses of anhydrobiotic organisms are primarily formed from
sugars, sucrose in plants and trehalose in animals; such sugars also form
the matrix of many glassy foods and are used as excipients in
pharmaceutical preparations. This project investigates the biophysical
mechanisms underlying the stability of proteins embedded in amorphous
glassy sugars. We hypothesize that a fundamental requirement of long-term
stability is a true dynamic coupling between the rigid, glassy matrix and the
protein. Such coupling is crucially dependent upon the amount and location
of water within the complex matrix, water difficult to eliminate completely
given its high affinity for both sugars and proteins. In an effort to map out the
mechanisms of dynamic coupling we use time-resolved phosphorescence
spectroscopy of tryptophan.

Methodology

The triplet state of tryptophan, with a radiative lifetime of 6.0 s, is readily
quenched by molecular motions within the matrix surrounding the indole
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ring; analysis of tryptophan phosphorescence lifetimes thus provide a
sensitive indicator of matrix mobility. We use measurements of the lifetime of
the single tryptophan of the protein human serum albumin (HSA) or of single
tryptophans in select polypeptides to monitor local protein mobility when
embedded in a matrix of amorphous solid sugar; comparable measurements
of tryptophan free amino acid dispersed within pure sugar provide a
measure of matrix mobility. Tryptophan phosphorescence emission
transients (collected over a range from ms to 10’s of s) are analysed for a
distribution of lifetimes using Maximum Entropy Methods; non-radiative
decay rates as a function of temperature (knr(T)) are calculated from the
lifetimes. Analysis of the emission spectra of pyranine bound to HSA provide
an estimate of the amount of water bound to the protein surface within the
various matrixes.

Results

The phosphorescence lifetime of intrinsic tryptophan reports on the local
matrix/protein molecular mobility at the residue site. Activation energies for
triplet state deactivation are determined for both protein phosphorescence
and free tryptophan dispersed in amorphous sugar matrixes from Arrhenius
analysis of knr(T); energies vary from ~2kJ/mol at liquid nitrogen
temperatures and up to ~150kJ/mol at the sugar's glass transition
temperature. The increasing energies with temperature reflect thermal
activation of modes of motion in the matrix ranging from B-relaxations in the
sugar glass and in the hydration layer to perhaps include the effect of a-
relaxations near the sugar T4. Despite faster dynamics in the protein than in
the matrix, the similar energetics of the distinct environments provide
evidence that certain protein dynamics are coupled to those of the
embedding matrix. The rates of phosphorescence decay are also widely
distributed, as may be expected of dynamics in a glassy system. Sites of
different dynamics are shown to display unique thermal evolutions.

HSA readily binds small molecular probes which may report a variety of
information at a site on the protein’s surface. The water-sensitive charge-
transfer probe pyranine (8-hydroxypyrene 1,3,6-trisulfonate) was bound to
HSA and its fluorescence spectra analyzed to extract qualitative information
on the amount of the water in the protein’s hydration shell. A matrix of the
monosaccharide glucose more effectively displaced water in the embedded
protein’s hydration shell than any disaccharide (sucrose, maltose, trehalose)
matrix. Matrixes doped with magnesium ion further sequester water from the
protein’s hydration shell. In all cases, the removal of water from the hydration
shell slowed protein dynamics.
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EFFECTS OF SUGARS ON FLAVOUR RELEASE IN
SOLUTION AND REAL FOOD MATRICES AT
DIFFERENT HYDRATION DEGREE

Paola Pittia

Dipartimento di Scienze degli Alimenti, University of Teramo, via C.R. Lerici 1
64023 Mosciano Sant’Angelo (TE), Italy. ppittia@unite.it

Introduction

Quality of foods is largely dependent on the presence of aroma compounds
that, released in the vapour phase, stimulate the olfactive receptors and
influence their sensory acceptability by the consumers. Kinetic and
thermodynamic mechanisms control the rate of release and the
concentration of the aroma in the head space surrounding the product that,
in turn, depend on the intrinsic characteristics of the volatiles and the food
matrix, environmental factors and the interactions occurring with no-volatile
compounds.

The interactions of aroma compounds with food macromolecules (proteins,
carbohydrates, etc.) has been largely investigated, whilst scarce attention
has been given to the presence in the food matrices of small solutes like
mono-and di-saccharides and their importance in affecting the liquid-vapor
partition and the kinetics of aroma release even if they influence some
important physico-chemical (aw) and physical properties (viscosity, Tg) of the
water phase.

This presentation will review the role of small carbohydrates and their
concentration on the release kinetics of aroma compounds and their vapour
partition in simple models at different hydration degree (from dried to diluted
solutions) and real food matrices (coffee beverage, candies, custard).

In model systems the release kinetics of volatiles depend mainly on their
hydrophylicity as well as type and concentration of the sugar. Viscosity
affects the kinetics of the release only above a given solute concentration,
different depending on the aroma type, being mainly affected at lower solute
concentration by changes of water freedom [1]. Liquid-vapour partition
coefficient (k) of the volatiles is significantly affected by sugar type and
concentration that, at high solute concentration could be related to chemical
physico-chemical and physical changes occurring in the saccharide solution
and that, in turn, affect both water state and affinity of the aroma for the
condensed phase.
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Aroma compounds could be considered as reliable probes of chemical and
physical changes occurring in the liquid phase of saccharide solutions and
the aroma release an interesting tool for their investigation.

In real complex food matrices, however, the interactions of the volatile with
the non volatile compounds may become the prevalent factor affecting the
partition, reducing the effects and the importance of the small saccharides

2].

1. P. Pittia, P. Piccone and M. Martuscelli, Effect of sugars on the release of
aroma compounds in model systems. In Water Stress in Biological,
Chemical, Pharmaceutical and Food Systems, Springer (2012, in printing)
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CRYOPRESERVATION OF CORD BLOOD-DERIVED
HAEMATOPOIETIC STEM CELLS: AN
INTERNATIONAL BIO-BANKS NETWORK

Riccardo Saccard? and Letizia Lombardin
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Initially used as a salvage treatment in children with acute leukemia in
advanced stage or with bone marrow failure without related or unrelated
bone marrow donor, umbilical cord blood transplantation is now a therapy
used for almost all indications of hematopoietic stem cell transplantation in
children and, more recently, in adults [1]. Favorable initial results of related
Umbilical Cord Blood Transplantation (UCBT), including a lower rate of acute
and chronic Graft vs Host Disease (GvHD) when compared to bone marrow
transplantation, lead to the creation of unrelated cord blood banks after 1992
[2-4]. Due to availability of a larger inventory of cord blood units (CBU), with
a trend from Banks to select large size units for storage [5], the number of
transplants using this source of stem cells increased significantly. According
to the WMDA annual survey, more than 20,000 cord blood units were
already used as source of stem cell and more than 500,000 cord blood units
are currently available for transplant worldwide (www.worldmarrow.org).

A typical umbilical cord blood collection has an average 120 ml volume and
an average cell content of 0,8-3 x109 nucleated cell. Collection is usually
performed in a maternity unit linked to a cord blood bank. All other
procedures (characterization, processing, freezing and storage of the cord
blood unit) are performed by the bank itself. Thus, success of an UCBT is
highly dependent on the quality of the cord blood unit [5]. Cryopreservation
of haematopoietic Stem and Progenitor Cells (HSC) is a standard procedure
of autologous transplantation and allogeneic Cord Blood transplantation
(CBT), although it can seldom be used in the allogeneic transplant from adult
donors too. The procedures for the cryopreservation of CB were based on
that already used for cryopreservation of hematopoietic precursors derived
from bone marrow or peripheral blood [6]. Currently, the methods of
cryopreservation of CB are based on the use of an endogenous
cryoprotectant, as DMSO, and the controlled rate freezing (CRF) by -1 °C /
min through special devices.

The main clinical problem in CB transplant ,as compared to the conventional
stem cell (SC) sources, is a slower engraftment kinetic, resulting in a graft
failure in about 10-20% of patients [7,8]. Therefore the assessment of
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engraftment potency for a selected CBU is crucial for clinical decision
making: this is particularly relevant in a subset of patients who achieved a
sustained complete remission after induction chemotherapy.

Quality control programs have been implemented to ensure the quality of
CBU, based on a list of procedures to be followed by cord blood banks in
order to provide bank accreditation through an “in site” inspection process.
The accreditation systems aim to standardize all the banking steps with the
final goal of achieving a better quality and homogeneity of the banks CBUs
inventory, therefore improving the clinical outcomes of UCBT.

Despite the long term standardization of processing/freezing technology of
HSC, there is a clear room for the improvement of both techniques and
reagents, particularly in the field of cryoprotectants. With this regard,
innovative technologies aimed to investigate the frozen tissue structure are
mandatory in order to validate new reagents and assess their safety profile
in this emerging field of transplantation medicine.
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WATER TRANSPORT PROCESSES DURING
FREEZING OF CELLS

Willem F. Wolkers
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Cryopreservation is increasingly being used for biobanking of cells and
tissues for reproductive, regenerative and transfusion medicine. Cells are
often damaged during freezing and/or thawing resulting in variable survival
rates of cryopreserved cells. A two factor hypothesis of cell damage during
freezing has been proposed. Damage during slow cooling is attributed to
‘solution effects injury’ which is related to cell dehydration. At high cooling
rates, intracellular ice formation is the main cause of cell death. Cell survival
after thawing displays a maximum at an optimal cooling rate, where injury
due to solution effects and intracellular ice formation is minimal. The optimal
cooling rate is determined by the cell-specific membrane permeability to
water, which governs the extent of cell dehydration during freezing.
Transport of water across cellular membranes during freezing can be
described using a water transport model, which requires the cell-specific
membrane permeability to water and activation energy for water transport as
input parameters. Subzero membrane hydraulic permeability measurements,
however, are experimentally difficult and infrequently reported. We have
used Fourier transform infrared spectroscopy (FTIR) and cryomicroscopy to
study cells during freezing and used this to derive membrane hydraulic
permeability parameters. FTIR studies have shown that membranes undergo
pronounced fluid to gel phase changes during freezing, which has been
attributed to a reduction in hydration level of the phospholipid head groups
[1,2]. Combining FTIR with cryomicroscopy studies has shown that freezing-
induced cellular dehydration precedes membrane dehydration.
Cryoprotective agents decrease the activation energy for water transport but
do not prevent the reduction in lipid hydration level. Freezing-induced cell
dehydration occurs more gradually over a wider temperature range in the
presence of cryoprotective agents, which may explain how cryoprotective
agents protect cells during freezing. We postulate that variation in the
success of cryopreservation is related to cell-specific differences in subzero
membrane phase and permeability properties.
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Cryobiology 61, 115—122 (2010).
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A UNIFIED VIEW OF THE DYNAMICS OF WATER,
AQUEOUS MIXTURES, AND HYDRATED PROTEINS
DERIVED FROM EXPERIMENTS AND THEORY
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Over the past six years and with collaborations with other workers we have
studied the dynamics of water in the pure state [1], dynamics of water and
various hydrophilic solutes in aqueous mixtures [2-5], and the dynamics of
water and protein in hydrated proteins [5-8]. Experimental data from a wide
range of experimental techniques, including calorimetry, broadband
dielectric relaxation, M&ssbauer spectroscopy, and neutron scattering, have
been considered. The techniques covering a wide spectral range from pico
seconds to laboratory time scales have enabled us to gain deeper
understanding of the dynamics of water itself and the other component in
aqueous mixtures, and hydrated proteins. Although water is unique or
peculiar in its dynamic properties due to its strong tendency to crystallize
and affinity for hydrogen bonding, the collection of experimental data
considered together with analyses based on proven theoretical models have
made possible satisfactory explanations of the dynamics observed in extant
experiments, as well as predictions that were subsequently verified by
experiments.

In this abstract we give two examples. One is on the dynamics of pure water
and glass transition temperature deduced from the properties of the water
component in many aqueous mixtures, and assisted by the properties of
pure water at high temperatures and high frequencies. The collection of data
is shown in Fig.7 in Ref.[1]. As will be explained in the talk, the collection of
data indicates water has low degree of cooperativity as a glass-former, and
its glass transition temperature Ty is in the neighbourhood of 135 K. No sign
of fragile-to-strong crossover is observed.

The other example is neutron scattering experiments on maltose binding
protein (MBP) performed in two spectrometers IN5 and IN16 with very
different resolutions taken from Ref.[8], and shown here in Fig.1. For IN5
data in both the main figure and the inset, the lines drawn suggest the
presence of two breaks in T-dependence of the MSD for H-MBP-D20, one at
T~200 K and another one at T#250-260 K. For the IN16 data in the inset,
the lines are used to suggest the presence of two breaks in T-dependence of
the MSD for H-MBP-D20, one at the same T,~200 K and another one at a
lower T+~220 K. The impact of this work is to show the existence of
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crossover at Ty independent of instrument resolution, which is previously not
recognized. Also the ‘dynamic transition’ at Ty is explained by the water
specific relaxation of the hydration water coupled to the protein.
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Figure 1. Incoherent elastic intensities measured on IN5, normalized yvith
respect to the lowest temperature, integrated over a small Q-range (0.4 A<
Q < 1.0 AT, of MBP (maltose binding protein) hydration water (empty
diamonds) and H-MBP-D,O (full diamonds). Inset: Mean square
displacements versus T of H-MBP-D;O, <u2>MBp.|N5, as calculated from
measurements on IN5 (black full diamonds) reported by Paciaroni et al. [9],
and on IN16 (gray full triangles) reported by Wood et al. [10]. The latter were
rescaled by six to compare with the former.
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WATER STRUCTURE AND ITS RELEVANCE IN
PROTEIN STABILITY

J. Radl Grigera
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Although the relevance of water properties on the stability of proteins have
been long ago recognized, only on the light of recent findings it was possible
to have a proper interpretation of its detailed mechanism. Functionality of
proteins requires a relative narrow range of temperature and pressure to
keep its native folding. This range should be according with the temperature
environment of each species.

The interplay between enthalpic and entropic contribution allows tuning the
required conditions -going from cryophilic to thermophilic conditions and from
1bar in the earth surface, to high pressures at the deep sea- to keep the
protein functional. On one hand hydrogen bonds, electrostatic forces, and
disulfide bonds and, on the other, hydrophobic interaction, provide the
enthalpic and entropic contribution respectively. A satisfactory explanation of
the protein unfolding due to temperature increasing was obtained. In
contrast, protein unfolding due to pressure increases has not provided yet a
wide consensus.

The equilibrium equation:

OInK) _ Ay /R 0
dp

indicates that pressure facilitates a processes in which the system volume is
decreased. Therefore, since in a protein the denaturation decreases the
number of internal voids - decreasing the volume - it comes clear that
pressure favours denaturation, which have been observed long time ago [1].
This thermodynamics description does not give any explanation regarding
the internal mechanism behind the process. What are the interactions that
are weakening by pressure producing the unfolding?

Experiments [2] and simulations [3] of systems with pure hydrophobic
interaction studied at different temperatures and pressures, show behaviour
qualitative and quantitatively similar to the protein denaturation. Being
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present only hydrophobic interactions, the properties of such interaction
must be carefully considered.

Hydrophobic interaction only can take place in the presence of on a liquid
showing tetrahedrical structure. For water this condition is present in a
certain region of the phase diagram, i.e. in the presence of low density liquid
phase (LDL). A crossover between LDL and HDL has been described in the
literature not only theoretically [4,5] but also in a proceeding that allows to
draw the Widom line from experimental data [6].

Heavy water is also capable to induce hydrophobic interaction. However,
due to the slight but relevant differences between H-bond and D-bonds, this
is an excellent model to test the same peculiarities of the hydrophobic
interaction as well as cold denaturation. Precisely, some new unpublished
results that we have recently obtained in this direction will be addressed in
this keynote.
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THE HYDRATION OF SOLUTES WITH
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Many interesting biological solutes posses not only polar and hydrogen
bonding functionalities, but also weakly-hydrating, or hydrophobic, surfaces.
Modern theories of the hydration of such surfaces predict that their solvent
interactions will change from a wetting type interaction to a dewetting regime
as a function of the solute size, with a gradual transition in behavior taking
place around lengths of ~ 1 nm. Aggregations of non-polar species over this
size range will undergo a transition from being dominated by entropy to
being dominated by enthalpy. These transitions can be understood in part in
terms of the geometries required of the solvating water molecules. Examples
from recent work will be discussed, along with the implications for protein
stability and denaturation and ligand binding specificity.
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COOPERATIVE REARRANGING REGIONS IN WATER
AT BIOLOGICAL AND INORGANIC INTERFACES

Giancarlo Franzese
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We study, by simulations and analytic approach, the behaviour of water at
the interface with proteins or in hydrophobic nanoconfinement. For water
molecules adsorbed on the protein surface, we calculate the temperature
dependence of the relaxation time of the dynamics of the hydrogen bond
(HB) network, finding two dynamic crossovers, (i) at approximately 252 K
and (ii) at approximately 181 K. We show how the two crossovers relate to
the presence of two specific heat maxima. The first is caused by fluctuations
in the HB formation, and the second, at a lower temperature, is due to the
cooperative reordering of the HB network [1,2]. For water between
hydrophobic walls, at nanoscopic separation, we study how the diffusion
constant parallel to the walls depends on the microscopic structure of water.
At low temperature, water diffusion can be associated with the number of
defects in the hydrogen bond network [3]. However, the number of defects
solely does not account for the peculiar diffusion of water, with maxima and
minima along isotherms. We calculate a relation that quantitatively
reproduces the behavior of diffusivity, focusing on the high-temperature
regime. We clarify how the interplay between breaking of hydrogen bonds
and cooperative rearranging regions of 1-nm size gives rise to the diffusion
extrema in nanoconfined water and offers a possible explanation for the
ultrafast transport of water in nanochannels with size smaller than 1 nm [4].
We finally find a dramatic decrease of compressibility, thermal expansion
coefficient, and specific heat for water confined in disordered nanochannels
[5].
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The relevance of interfacial and nanoconfined water is spanning from
biological studies to material science. Despite the continuous research effort,
the structure and dynamic features of interfacial water remain to be
understood. Silica nano-pores are recognized to be the prototype hydrophilic
matrixes for nanoconfined water studies. This is because they enable a
“well-controlled and clean” environment. Nevertheless, the investigations of
the interfacial water proprieties in these systems are still presenting many
puzzling phenomena, that did not find a complete explanation and are
raising a large debate.

In this scenario, we studied the water dynamics by time-resolved laser
techniques [1-3], that enable to achieve new valuable information on
interfacial water. In particular, we will report on the investigation the
vibrational and structural dynamics of nanoconfined water by ultra-fast
optical Kerr [2] and transient grating techniques [3].
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DYNAMICAL CHARACTER OF HYDRATION WATER
IN BIOMOLECULES
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Water dynamics plays a fundamental role for the fulfillment of biological
functions in living organisms. As concerns single-particle diffusive and
relaxational dynamics, decades of studies on hydrated protein powders have
revealed the peculiar properties of hydration water with respect to pure
water, due to close coupling interactions with the macromolecule [1]. On the
other hand, investigations about collective dynamical properties are
extremely rare.

In such a framework, we have recently undertaken a series of extensive and
comparative studies about coherent collective dynamics in the hydration
water of a number of biological systems, such as DNA, the model protein
Ribonuclease A, and intracellular water of living Escherichia coli cells.
State-of-art neutron instrumentation allowed us to reveal the actual
propagation of coherent density fluctuations in such a peculiar state of water.
The corresponding vibrational frequencies are only slightly affected by the
coupling with the biomolecular environment. Nevertheless, the effects of the
water-biomolecule interaction appear as a marked increase of the modes
damping factors, which we ascribe to a perturbation of the water hydrogen-
bond network [2]. Such results are interpreted as the signature of a “glassy”
dynamical character of hydration water, in agreement with indications from
previous measurements of the density of vibrational states [3].
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Introduction

The hydration properties of proteins and water and protein dynamics in
protein—water mixtures have been studied in the past several decades by a
variety of experimental techniques. The results indicated the significant
influence of protein—water interactions on the structure, the dynamics and
the biological function of proteins. A minimum amount of water is necessary
for enzymatic activity of a protein and dielectric results indicated a correlation
between the onset of enzymatic activity and of a percolation type
displacement process of protons on single macromolecules [1]. Thermal and
dynamic studies of hydrated proteins revealed the presence of a thermal
glass ftransition in the temperature range from about 160 to 200 K,
depending on the protein, the hydration level and the experimental technique
employed. The understanding of both, the origin of the thermal glass
transition in proteins and biopolymers in general, and the dynamics of
hydration water at biological interfaces, in physical terms, is believed to be
essential for applications in Biology and Medicine.

Experimental-Results and Discussion

In this work we employ a combination of experimental techniques in order to
investigate water and protein dynamics in the case of water mixtures of
globular proteins, over wide ranges of temperature (123-273 K) and
composition. Two globular proteins of different molecular weights, lysozyme
and bovine albumin serum (BSA), are used in order to include the molecule
size as a parameter. The hydrated samples are in the form of hydrated
compressed pellets or in the form of aqueous solutions. The water fraction
range extends from practically dry samples (2 wi%) to 82 wit% (grams of
water per grams of hydrated protein). The experimental techniques used are
differential scanning calorimetry (DSC) and two dielectric techniques,
dielectric relaxation spectroscopy (DRS) and thermally stimulated
depolarization currents (TSDC). In addition, equilibrium water sorption
measurements are performed at room temperature.

BSA exhibited a larger swelling degree as compared to lysozyme at high
hydration levels. The thermal phenomena (crystallization and melting) have
been studied by DSC and the amount of uncrystallized water (ucw) in the
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mixtures has been calculated by the enthalpy of melting [2,3]. The water
fraction region where water crystallization occurs only during heating (cold
crystallization region) is in the range of 18%-21% for lysozyme, while it
obtains higher values in the range of 23%-30% in the case of BSA. The
glass transition of the hydrated system was observed by DSC, more clearly
in the case of hydrated BSA [2,3]. Dielectric measurements reveal the a
relaxation process associated with the glass transition of the hydrated
protein (dynamic glass transition) for both systems. For water fractions
where no crystallization of water occurs during cooling our results show a
strong plasticization of Ty [2-4]. The evaluation of the results by all
experimental techniques used, leads to an important conclusion relative to
the origin of the glass transition of hydrated proteins. It seems that the origin
of the segmental dynamics in hydrated proteins is the cooperative motion of
uncrystallized water clusters with protein molecules, while this is absent at
low hydration levels, where water molecules are adsorbed mainly by primary
hydration sites (hydrophilic polar groups) [3,4]. The Ty and the relaxation
time 71 of the alpha relaxation saturate for water fractions higher than about
30% (in the case of BSA), which corresponds to the region where the protein
hydration shell is being completed and water crystallization occurs during
cooling. Regarding the dynamics of uncrystallized water, we follow the
secondary relaxation of ucw (DRS,TSDC) superimposed on a local dielectric
relaxation of small polar groups at the protein surface [4]. Our results
indicate the existence of interrelations between the formation of a conductive
percolating water cluster and the saturation of the reorientation process of
uncrystallized water molecules at the time scale of the water v process [4].
The dynamic study of hydrated proteins over extremely wide ranges of water
fraction proves to provide important findings which contribute to theoretical
approaches, but can also be used as an experimental database, with
respect to the Tyand the different states of water.
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The investigation of liquids properties is a very fundamental topic in many
different fields, ranging from biology, chemistry and physics to life science
and medicine. In particular, the dynamical properties of liquids have a strong
importance in the comprehension of the biological system’s behaviour. Due
to the very broad time/frequency scale which characterizes this dynamics, a
large quantity of different experimental techniques has been developed
during the years. So, in order to obtain a complete analysis of the liquid
dynamics, different experiments with different techniques have to be
improved. This aspect requires to the researcher to move in different
laboratories and to make different proposal for each experiment.

We propose a multi technique facilities devoted to the Measure of Acoustic,
Raman and Thermal Excitation in Liquid soLution and Organic molecule
(MARTELLO project), in both time and frequency domain, where a single
proposal can be done for making measures on the same sample with all the
available techniques. In this way, a very broad time/frequency windows will
be covered, permitting a very complete exploration of liquid systems. The
following experiments shall be performed:

Transient Grating (TG) with pulsed probe [1]
Transient Grating with continuum probe
Inelastic Visible, UV and VUV scattering [2,3,4]
Visible, UV and VUV Raman spectroscopy [5]
EUV Transient Grating (TIMER, in progress) [6]

In detail, the different experiments will cover a time windows from 100 fs to
ms (pulsed and continuum TG), with an exchanged wave-vector from 3 pm’
to 150 um™" (with an extension to 1 nm™ with EUV TG), depending from the
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used technique and configuration. Considering the exploitable dynamical
range, this facility will be a unique tool in liquids science.
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The hydration of organic molecules is the subject of intense debate in the
scientific community. Many experiments confirm the presence of a certain
rigidity of the water surrounding an organic molecule: the main causes of this
stiffness are the hydrogen bonds present at the water-molecule interface.
Moreover it has been demonstrated how the water molecules surrounding
the hydrophobic groups, such as the methyl one, have a slower dynamics
compared to the bulk-water ones. Since both these effects cause the
hydration shell it may become difficult to study them separately if both are
simultaneously present on the system taken into consideration. Recently, we
demonstrated how an appropriate line-shape analysis carried out Raman
spectra of small molecules allows to distinguishing between the behavior of
hydrogen bonds around hydrophilic and the hydrophobic groups
respectively. This was accomplished by a detailed analysis of the Raman
features coming from specific group of atoms. Such an approach has been
also used to study the interaction between water and macromolecules as
peptides, fatty acids and polymers.
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The experimental findings reported in the literature on the dynamics of
supercooled aqueous systems are remarkably similar, irrespective of the
structure and chemical composition: at least two relaxation processes were
always reported, both detected by the highly sensitive calorimetric
techniques or by broadband dielectric spectroscopy [1,2]. A slower process,
originated by the structural relaxation of the solute molecules hydrogen
bonded to water, whose relaxation time has the Vogel-Fulcher T-
dependence, typical of coogerative structural a-relaxation in glass-formers,
attains values between 10° -10° s at the glass transition temperature T,
where a jump in heat capacity is observed by differential scanning
calorimetry. Moreover, a faster process (Bw-) is present at higher frequency
in the dielectric spectra, originating specifically from the independent
motions of water molecules in the presence of the solute, analogously to the
Johari-Goldstein (JG) secondary B-relaxation, universal feature of glass-
formers [3,4].

In this study, by investigating dielectric spectra of water mixtures with
glycols, sugars and of hydrated proteins, at different water concentrations
and in a wide range of temperature and pressure, we will show how Bw-
process is influenced by the hydrogen bonding network surrounding the
water molecules. In particular (see Fig.1 as an example), the dependence of
Bw-relaxation times on water composition singles out two different regimes:
at very low water molar concentration, water molecules are mainly hydrogen
bonded to hydrophilic groups of the solute, which usually has lower mobility
than water molecule, and Bw-times are very close to those of the secondary
B-relaxation of the pure solute. On the other hand, at high water molar
concentration the environment of water molecules is mainly composed of the
more mobile water molecules themselves: Bw-relaxation shows qualitatively
very similar features for many aqueous systems, almost universal,
irrespective of the chemical and structural differences, and matching the
dynamic behavior of confined water [1,5,6]. For instance, its activation
energy in the glassy state is about 52 kd/mol, which is not much larger than
the energy of breaking two hydrogen bonds to enable local relaxation of
water. Our findings are potentially important for a better understanding of the
mutual influence exerted by hydration water and hydrophilic groups of bio-
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macromolecules or proteins in determining dynamics and biological function
[7-10].
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in vermiculite clay
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Figure 1. Relaxation times vs. reciprocal T of PPG400-water mixtures at
different water weight fraction Cw. Close and open symbols indicate o- and

B- process, respectively. Stars are data for water confined in vermiculite clay
[11]. Arrows show the evolution with increasing Cw.
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The study of aggregation processes is a topic of broad interest in the
physical research because the understanding of the interactions involved in
the aggregation mechanisms is fundamental in many industrial processes, in
medicine, and for modeling biological systems. In colloidal charged particles
suspension, the aggregation can be induced by the addition of ligands:
particles or polymers that alter the charge distribution on the particle surface.
These aggregates are governed by a delicate balance between short-range
attractive and long-range repulsive interactions resulting in the appearance
of stable, kinetically arrested cluster phases, where single particles stuck
and form relatively large complexes. lonic surfactants such as Sodium
Dodecyl Sulfate (SDS) belong to the amphiphile family: they possess a long
hydrophobic hydrocarbon chain and a polar hydrophilic headgroup. In a
polar solvent and over the critical micellar concentration these molecules join
to form micelles. The micellar solutions, in turn, if doped with various ligands
tend to aggregate. The hydrophobicity of the adhesive sites (ligand
molecules), gives rise to adhesive forces that induce the aggregation. We
name the micelles aggregates Cluster Phases of Micelles (CPM).

Solid SDS, micelles of SDS in water and micelles of SDS doped with two
types of macrocyclic ligands, Kryptofix 2.2.2 (K222) and crown ether 18-
Crown-6 (18C6), at different concentration are studied by Raman scattering
that represents a new approach to such systems [1], by Dynamic Light
Scattering (DLS) and Small-Angle X-rays Scattering (SAXS) to disclose the
micellar structure interactions, and the aggregation properties [2].

Considering that SDS micelles in water do not aggregate at low
concentration, the present study demonstrates that macrocyclic ligands
induce the SDS micelles aggregation depending on the ligand/surfactant
ratio. The sizes and the percentages of the micelles and of the CPM have
been studied in temparature by DLS, and at room temperature by SAXS and
Raman. DLS results clearly show that the aggregation processes of the
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decorated micelles are reproducible at different time intervals: weeks,
months and years. Furthermore, at constant temperature, more ligand is in
the sample, larger CPM form. Interestingly, it is found that K222 ligand is
more efficient to induce micellar aggregation than the 18C6. The dimension
of the CPM is proportional to the ligand concentration in the samples at
constant temperature.

The experimental Raman spectrum obtained on crystalline powders of SDS
is compared with the ab initio computed spectrum in order to assign the
vibrational bands. After discriminating sensitive peaks by comparing the
crystalline powders of the single components and their water solutions, the
aggregation process and the action of the ligands are analyzed following the
evolution of the intensity and wavenumber of characteristic Raman peaks.
Raman spectroscopy proved to be sensitive to the aggregation dynamics
and to the effects induced by the hydration layer on the molecules in
solutions. A saturation effect in the aggregation process with the increase of
the ligand concentration is also observed.
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The understanding of the role played by hydration in activating protein
intrinsic dynamics, as well as the link between preferential hydration,
structural rearranging and biological functionality, requires a direct
characterization of protein-solvent interface. In particular, from decades
there is a big effort to investigate how non-aqueous solvents affect
intermolecular forces, since certain co-solutes are stored in large
concentrations in organisms living in conditions of stresses and play a key
role in modulating protein stability.

We used Small Angle Neutron Scattering (SANS) technique [1], afterwards
matched with Small Angle X-ray Scattering (SAXS) [2] and Differential
Scanning Calorimetry (DSC) [3,4], to investigate solvent composition near
the protein surface. Our attention focused on a model protein, lysozyme,
dissolved in water-glycerol, in water-urea and in water-ethanol mixtures.
Glycerol does not change secondary and tertiary structure of lysozyme and it
is considered a stabilizer agent. Urea and ethanol are well-known protein
denaturants, and despite their ubiquitous use, it is not clear the molecular
mechanism leading to protein unfolding. We present a set of SANS
experiments that have been performed in several experimental conditions
concerning protein concentration, cosolvent concentration and deuteration
grade.

Every set of experiments was analysed by a global fit method which
estimates a thermodynamic constant K that describes the exchange
equilibrium of water and cosolvent between protein surface and bulk. The
thermodynamic constants K obtained by the three set of experimental data
clearly indicate that glycerol is preferentially excluded from lysozyme
solvation shell [1,3], while urea [5] as well as ethanol [4] are more
concentrated in the solvation shell in respect to the bulk. The common fitted
parameters, the K and the molecular volume of water in contact with protein
surface, allow to estimate the preferential binding coefficient and the excess
solvation number, as a function of co-solvent molar fraction. These results
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are in agreement with preferential interaction coefficients estimated with
chemical/physical techniques for water-glycerol and —urea mixtures, and
provide for the first time the quantitative description of the protein solvation
shell in a water-ethanol mixture. The result is the setting of a new method to
investigate in detail proteins hydration features in mixed solvents.
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The separation of components in binary and multicomponent mixtures in a
temperature gradient is one of the unsolved problems in physical chemistry.
Nevertheless the effect is used in polymer and colloid analysis in the so-
called thermal field flow fractionation. Very recently it has also been utilized
to study the bio molecular binding reactions [1]. In order to gain a deeper
understanding of the underlying mechanism we study systematically bio-
and soft matter in a temperature gradient.

We investigated various low molecular weight structures such as
saccharides [2,3], nucleotides [4], fd-viruses [5] and microemulsions by a
holographic grating method called infrared thermal diffusion forced Rayleigh
scattering (IR-TDFRS). We discuss the concentration and temperature
dependence of the thermodiffusion or thermophoresis, but also the influence
of charges and hydrogen bonds. Also the open questions such as the radial
dependence of the thermal diffusion coefficient and its relation with the
interfacial tension are considered. We will also give an intuitive physical
picture which explains the universal temperature dependence of aqueous
solutions [6].
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Introduction

Scleroglucan (Sclg) is a branched homopolysaccharide secreted by fungi of
the genus Sclerotium consisting of a main chain of (1-3)-linked B-D-
glucopyranosyl units bearing, every third unit, a single B-D-glucopyranosyl
unit (1-6)-linked. In the presence of borax Sclg is able to form a self-
sustaining gel, which has been tested as a matrix for the release of model
drugs with different steric hindrance. Sclg tablets, obtained by unidirectional
compression of freeze dried hydrogels, show a peculiar swelling behaviour:
in fact, the swelling process occurs almost exclusively in the axial direction
(11

Molecular dynamic (MD) simulations, along with atomic force microscopy
(AFM) analyses, evidenced the ability of borax to keep an ordered
configuration of parallel-aligned triplexes, which leads to the formation of
nanochannel-like structures [2].

Water diffuses inside this peculiar network structure, which modifies its
diffusion properties. In fact, the nature and the geometry of the medium
strongly influence the diffusion properties of water molecules which, in turn,
play some role in the release properties of the gel.

Results

Sclg and Sclg/borax systems were studied by pulsed gradient spin-echo
(PGSE) NMR technique. The effects of the compression of the original
polysaccharidic dry matter on the diffusion properties of water were studied
in connection with the direction of the applied stress. Actually, anomalous
and anisotropic enhanced diffusion behaviour of water molecules was
observed in swollen Sclg/borax tablets. This superdiffusive process was
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evidenced by a power-law dependence of the mean square displacement
(MSD) with diffusion time (Fig. 1).

Enhanced diffusion is interpreted in the framework of a solvent mediated
diffusion model [3].

Figure 1. Mean Square Displacement (MSD) of water in Sclg/borax tablets
vs. the diffusion time. Circles and up triangles represent, respectively, the
slow and fast diffusion components along the compression direction. The
down triangles represent the diffusion along the direction perpendicular to
the compression.
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Introduction

Chronic HCV infection is one of the leading causes of liver cirrhosis and
hepatocellular carcinoma, as well as the first indication for liver
transplantation in industrialized countries. The prevalence of HCV-related
disease is increasing, and no vaccine is yet available. The current standard
of care for HCV infection is a triple combination therapy (i.e., interferon,
ribavirin and NS3 protease inhibitor) which shows long-term toxic effects, is
associated with high costs, results in an increased pill burden on the patient,
suffers from many drug interactions, and has a low barrier to resistance if
used as monotherapy. Thus, novel, more efficacious and tolerable therapies
are urgently needed, and a greater understanding of the viral life cycle has
led to an increase in the number of possible targets for antiviral intervention.

In this scenario, the identification of novel inhibitors targeting the NS5B
RNA-dependent RNA polymerase, a key enzyme in the hepatitis C virus
replication, represents an exciting area of research for the work of many
industry and university groups [1,2]. Despite these efforts, the field has
suffered from high attrition, with several compounds being pulled from the
clinic due to lack of efficacy or unforeseen toxicity, and to date no candidates
targeting NS5B have reached the market. Thus, the discovery of new
chemical entities able to inhibit the NS5B is of great interest, and could help
the troubled research of anti-HCV drugs.

As a contribution to the field of HCV drug discovery, this study concerns
computational studies aimed at evaluating the impact of tightly bound water
molecules in ligand-protein docking simulations at the allosteric NS5B
polymerase palm site | (PSl). In fact, one of the most important current
challenges in computer-aided drug discovery is gaining insight into the role
of the water molecules in the binding site. Water molecules can be involved
in protein ligand recognition either by mediating hydrogen bonds between
the protein and the ligand or by being displaced by the ligand; both of these
mechanisms have been shown to be of substantial importance to drug
discovery. In some cases, even if not involved in mediating any ligand-
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protein interaction, water molecules have been shown to influence the shape
and the flexibility of a ligand-binding site in a protein.

The information gathered in this study could support the hit identification and
hit-to-lead optimization of new non-nucleoside inhibitors (NNIs) acting at the
NS5B PSI.

Experimental

Forty-five crystal structures of NS5B polymerase in complex with PSI-NNIs
are available on the Protein Data Bank. Highly conserved water molecules at
this allosteric site were thus identified by structural investigation coupled with
molecular interaction fields analysis. Several sets of ligand-protein cross-
docking simulations were then built according to the number of water
molecules in the NS5B proteins. The docking poses were then subjected to
post-docking refinement and rescoring, and statistical analysis were
performed for each simulation to summarize the percentage of correctly
predicted ligand conformations (i.e., RMSD < 2 A).

Results

The main goal of this study was to understand how the accuracy of ligand-
protein docking may be affected by the presence of water molecules in the
ligand PSI of the NS5B protein

The results obtained highlight once more the primary role of water molecules
in docking studies, since improvements in the quality of the poses were
found when including explicit key waters. This information suggests that in a
virtual screening experiment, where the type of ligand/water interaction
cannot be known a priori, it would be important to consider as target an
ensemble of NS5B structures with different sets of water molecules included.
On the contrary, in a structure-based drug design approach, where the
researcher might decide the kind of PSI-NNIs to be explored, the knowledge
of the structural water molecules would permit to restrict the targets to use in
docking experiments as well as the use of computationally expensive and
most rigorous techniques.

In summary, this work suggests the best performing combinations of HCV
NS5B protein/water molecules for rational identification and optimization of
new PSI-NNIs. These structural models are the ones currently used in our
HCV drug discovery projects, and preliminary biological results on new
selective anti-HCV inhibitors will be reported.
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Introduction

Water is a ubiquitous molecule in life sciences. For this reason it has
attracted the attention of several researchers that have tried to assign a
specific role to it in many processes. The interest of our group is focused on
the interaction between drugs and proteins and the question is how the
water can play a role in modulating drug/protein functionalities. Using
Molecular Simulations we calculated the kinetics of water molecules in the
binding pocket of two membrane proteins. Besides the differences among
the two proteins, the first involved in transmitting signals across the
membrane and the second in transporting molecules, we found some
similarities that suggest a possible role of water in modulating the binding of
drugs.

Methods

Molecular Dynamics simulations with empirical force field are the method of
choice to obtain microscopic details on the role of specific interactions with
enough statistics. We calculated the kinetics of water molecules inside the
binding pocket of two membrane proteins, the delta opioid receptor, a GPCR
protein that transmits information across the membrane, and the water-filled
channel OmpF, considered the main route for the entry of antibiotics inside
Escherichia coli, a common bacterium of the Gram Negative family.

Results

In the two examples we considered, the binding is not due to the desolvation
of the binding pocket. Instead we have seen that drugs are solvated and
they interact with protein walls either through hydrogen bonds or through a
bridge created by water molecules. We calculated the kinetics of these water
molecules inside the binding pocket and in the case of the GPCR protein [1]
we observed that water molecules with a slow kinetics (exchange longer that
100 ps) are not present when we docked a drug with a low activity. On the
other hand a few slow water molecules are present using a drug with a high
activity. The role of slow water would be to increase the residence time of
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drug inside the protein and make the drug larger, with a higher probability to
transmit the information through a structural change.

In the case of the OmpF channel, antibiotics have to bind the central region,
rich of charged amino acids and small in size, in order to permeate [2]. The
central region is rich of slow waters and upon binding antibiotics have to
replace, completely or in part, them, with an energetic cost to pay [3]. The
role of water on the permeation is still under debate [4].

References

1. F. Collu, M. Ceccarelli and P. Ruggerone, submitted (2012)

2. A. Kumar, E. Hajjar, P. Ruggerone and M. Ceccarelli, J. Phys. Cond. Matt.
22, 454125 (2010)

3. A. Kumar, E. Hajjar, P. Rugegrone and M. Ceccarelli, J. Phys. Chem. B
114, 9608-9616 (2010)

4. R.A. Pearlstein, Q.Y. Hu, J. Zhou, D. Yowe, J. Levell, B. Dale, V. K.
Kaushik, D. Daniels, S. Hanrahan, W. Sherman, R. Abel, Proteins 78, 2571-
2586 (2010)

48



Frontiers in Water Biophysics 2012 - Perugia, Italy oral

TABLET DISINTEGRATION - ROLE OF PRESSURE
AND MOISTURE

Paul Wan Sia Heng, Parind Mahendrakumar Desai and Celine
Valeria Liew

GEA-NUS Pharmaceutical Processing Research Laboratory, Department of
Pharmacy, National University of Singapore, 18 Science Drive 4, Singapore 117543,
Singapore. phapaulh@nus.edu.sg

Introduction

Disintegrants are incorporated into tablets to aid in the break up of the
compacts when in contact with an aqueous environment. Swelling, wicking
(or capillary action) followed by disruption of particle-particle bonds and
strain recovery are the more commonly accepted modes of disintegrant
action. However, some of the proposed theories do not adequately explain
the observed disintegration behaviors and a good understanding of all
disintegrant actions is still deficient. The aim of this study was to investigate
the role of pressure and moisture in tablet disintegration using high speed
video imaging.

Experimental

Disintegrant particles were compacted using a universal testing machine.
Free disintegrant particles were also entrapped in a stainless steel mesh.
Disintegration phenomena of compacts and effect of wetting on free
disintegrant particles upon contact with water were then captured by high
speed video imaging. MATLAB was used to process the acquired images
and analyze changes in compact area as well as instantaneous motions of
particles on contact with water. Breakdown behaviors of compacts prepared
with different disintegrants were evaluated at different compression
pressures to assess the amount and rate of recovery of the compaction
strain [1]. Breakdown of compacted disintegrants in different solvents was
also studied.

Results

The relative change in area of compact was less in comparison with that of
free disintegrant particles, because compression pressure limited the
potential increase in area of all examined disintegrants except crospovidone.
Compacted crospovidone particles also showed significantly higher mobility
than free crospovidone particles. Disintegrability of crospovidone compacts
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increased with compression pressure, suggesting the importance of strain
recovery for crospovidone disintegrant action [1]. Differences in the rate of
swelling were observed for free and deformed disintegrant particles.
Disintegrant compacts had highest disintegration capacity in aqueous
medium.

Conclusion

Digital image processing using MATLAB was proven to be a feasible method
to gain an in-depth understanding of the characteristics of disintegrants.
Disintegrants that acted primarily by swelling and wicking (for example,
starch, microcrystalline cellulose) showed decrease in disintegrability with
increase in compression pressure. On the other hand, expansive pressure
contributed by disintegrant particles upon strain recovery to regain their
initial state upon wetting, was responsible for crospovidone disintegrant
action.
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The properties of liquid water represented the intriguing topic of many
experimental and theoretical investigations over several decades, due to the
apparent huge number of anomalies detected. The anomalies become more
pronounced in approaching the homogeneous nucleation temperature, Th,
where many thermodynamic quantities exhibit an apparent diverging
behaviour [1]. The discovery of different forms of amorphous water [2],
observed under extreme temperature and pressure conditions and assumed
as metastable phases, triggered the idea for a metastable stability extended
down to the region between Ty and the glass transition temperature, Tg. At
least three plausible conjectures [4-6] have been proposed for the
metastable phase diagram of deeply supercooled water. To select the more
plausible scenario is an experimental impossible task, since it requires to
access temperature so close to Ty that homogeneous nucleation takes place
on shorter times than those required for the experiment. This justifies to
name the region T¢<T<Th the no man’s land. Several attempts have been
made to bypass the difficulty by investigating samples under transient
heating/cooling or in confinement environment, since confinement prevent
freezing. However, such a choice leaves unsolved the question if so
obtained data can be relevant for bulk water. In addition, it was recently
shown [7] that even if data from bulk water and confined water can appear
undistinguishable in the temperature range accessible for bulk water, there
is no safe way for assuming that the matching between data persists at
lower temperatures.

To exit from such a frustrating situation we propose a change of perspective,
moving from a trivial experimental observation: any liquid cooled down its
melting temperature, and left reaching the metastable equilibrium, after a
finite time will decay abruptly towards the stable equilibrium. The stable
equilibrium consists in a mixture of solid and liquid at the melting
temperature. We made the assumption that the decay towards equilibrium is
a process so fast that it can be considered an adiabatic process. This
assumption has been proved by a calorimetric experiment. The assumption
of an adiabatic process immediately allows to calculate the volume fraction
of ice which forms in reaching the stable equilibrium. A temperature has
been detected at which the process towards equilibrium takes place without
any volume change (see Fig. 1).
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Figure 1. Temperature dependence of the molar volume of supercooled
water (red line) and of the average molar volume of the corresponding stable
state (black line). Inset: temperature dependence of the work required for
reaching stable equilibrium.

This means that at this temperature the work required for the formation of ice
nuclei and their growth is minimized (see inset in the Fig. 1). This
temperature is identified as Th. Such a result is independent of the peculiar
properties of water and holds for any liquid. It is shown that approaching Ty
negligible temperature fluctuations must produce huge entropy fluctuations.
For this reason Tn must be considered, for any liquid, as the low temperature
boundary of the metastability. In this perspective many of the water
anomalies disappear, water behaving as any other liquid. The assumption of
amorphous water as a metastable phase must be definitely ruled out,
together with the description of the no man’s land as a region of metastability
for water (and for any other liquid, of course).
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The structure of the hydrogen bond network is a key element for
understanding water's thermodynamic and kinetic anomalies. While ambient
water is strongly believed to be a uniform, continuous hydrogen-bonded
liquid, there is growing consensus that supercooled water is better described
in terms of distinct domains with either low-density ice-like structure or high-
density disordered one. We evidenced two distinct rotational mobilities of
probe molecules in interstitial supercooled water of polycrystalline ice [1].
Here we show that, by increasing the confinement of interstitial water, the
mobility of probe molecules, surprisingly, increases [2]. We argue that loose
confinement allows the presence of ice-like regions in supercooled water,
whereas a tighter confinement yields the suppression of this ordered fraction
and leads to higher fluidity. Compelling evidence of the presence of ice-like
regions is provided by the probe orientational entropy barrier which is set,
through hydrogen bonding, by the configuration of the surrounding water
molecules and yields a direct measure of the configurational entropy of the
same.

We find that, under loose confinement of supercooled water, the entropy
barrier surmounted by the slower probe fraction in the range 130 — 180 K
exceeds that of equilibrium water by the melting entropy of ice (within 2.6%),
whereas no increase of the barrier is observed under stronger confinement
[2]. We argue that the local structure of water surrounding the slower probe
fraction in the range 130 — 180 K is well equilibrated and close to ice.

The present results put constraints to recent numerical studies of the lower
limit of metastability of supercoooled water [3].
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On the basis of a Maxwell gas model (1867), it has long been suspected that
liquids exhibit only shear elasticity at sufficiently high solicitation frequencies
(at GHz). Recent experimental improvements have enabled the identification
of shear elasticity in liquids at low frequency (0.1 to 100 Hz). This protocol
has been elaborated at the Lab. Léon Brillouin since 2005. Firstly applied on
polymer melts, then on molecular glass formers (Glycerol, PPG, o-
Terphenyl); a several decades higher mechanical response independent of
the frequency, has been obtained revealing a so far neglected shear
elasticity (i.e. solid-like component) in the liquid state of various viscous
materials [1,4]. We focus here on the response obtained on the H-bond
liquid: the water studied for the first time with this method.

The low frequency elasticity is coherent with a series of results emerging
from different disciplines as microrheology [5], NMR [6], X-ray photon
correlation spectroscopy [7], voltage effects[8] evidencing relaxation modes
much slower than those described in conventional theoretical models. These
results evidence that time-scales larger than the o-relaxation times
participate to the liquid dynamics.

The consideration of this non-negligible macroscopic component is also of
first importance to define relevant parameters for a better understanding of
the fluid properties, and in particular of the life at low Reynolds number
(microswimmers).

References

1. L. Noirez L, H. Mendil-Jakani, P. Baroni, Polymer Int. 58 962 (2009).

2. L. Noirez L, P. Baroni, 2010, 972 16 (2010).

3. L. Noirez, H. Mendil-Jakani, P. Baroni, Philosophical Magazine 91 1977
(2011).

4. L. Noirez, P. Baroni, H. Cao, J. of Mol. Liqg. in press 2012.

5. J. Goyon, A. Colin, G. Ovarlez, A. Ajdari, L. Bocquet, Nature, 454 84
(2008).

54



Frontiers in Water Biophysics 2012 - Perugia, Italy oral

6. U. Tracht, M. Wilhelm, A. Heuer, H. Feng, K. Schmidt-Rohr, H.W. Spiess,
Phys. Rev. Lett. 81 2727 (1998).

7.Y. Chushkin, C. Caronna, A. Madsen, A., EPL, 83 36001 (2008).

8. E.C. Fuchs, P. Baroni, B. Bitschnau, L. Noirez, J. of Physics D, 43 105502
(2010).

55



Frontiers in Water Biophysics 2012 - Perugia, Italy oral

DISCLOSING THE ROLE OF HYDROPHOBIC
INTERACTIONS THROUGH AGGREGATION OF NON-
POLAR SOLUTES IN WATER: A MOLECULAR
DYNAMICS STUDY

Osvaldo Chara®®, H. Ariel Alvarez®, C. Gastén Ferrara’® and J. Raul
Grigera”

Center for Information Services and High Performance Computing (ZIH), Technische
Universitat Dresden, Dresden, Germany. osvaldo.chara@tu-dresden.de
®|nstituto de Fisica de Liquidos y Sistemas Bioldgicos (IFLYSIB),CONICET-UNLP, 59-
789, B1900 La Plata, Argentina

Although it is well known that water dynamics is crucial for protein folding, its
precise contribution for the stability of the protein is still unknown. What is
well known is that the structure and dynamics of water constitute the basis of
the so-call hydrophobic interactions. These interactions are not only
enthalpically-driven by the hydrophobic residues of the protein but also
entropically-driven by the water molecules in the neighbourhood of the
protein. The complexity derived from the important number of interactions
between protein residues and the water molecules induces additional
difficulty to disclose the contribution of these interactions in the stability of a
protein. This is why we studied hydrophobic interactions in a simple system
composed only by a non-polar solute, Lennard-Jones (LJ) particles, and
water SPC/E [1] under different pressure and temperature conditions by
means of molecular dynamics simulations.

Previously we demonstrated that water is structurally altered by a
hydrophobic surface even in a distances greater than the thickness of the
plasma membrane (80 A) at different temperatures [2]. It is commonly
accepted that liquid water structure can be understood in terms of two
closely interweaved components: a tetrahedral and hexagonal structures,
characterized by a low density and high density arrangement. Based on the
calculus of radial distribution function and a definition of a new order
parameter we determined a crossover point in structural dominance [3]. At
room temperature this point in the range of 1-2 kbar, pressure at which most
of the ‘anomalous’ properties of water vanish.

We here show that 1) temperature triggers the aggregation of non-polar
solutes in water within a certain range and 2) pressure induces
disaggregation of the clusters. An equilibrium curve defining the coexistence
between the non-agregated (soluble) and aggregated (insoluble) binary
system of non-polar solutes and water was extracted. The critical pressure
obtained from this curve is 986 bar. The results are in agreement with
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previous experimental reports describing hydrocarbon in water mixtures
transitions as well as protein unfolding.

We concluded that protein unfolding induced by pressure augmentation
could be explained by the reduction in the number of hydrophobic
interactions determined by the water hydrogen-bonds network distortion.
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There is a great interest in elucidating the dynamical features of protein
hydration water in the picoseconds time scale and the terahertz frequency
window, owing to the fact that numerous processes in water, e.g. hydrogen
bond rearrangements and rotational relaxation, occur on this scale.
Characterization of incoherent (single-particle) motions have shown that
protein hydration water behaves differently from bulk water, due to the
topological and energetic disorder induced by the interaction with the
fluctuating protein surface. In contrast to what has been observed for single
particle dynamics, it was reported that coherent collective dynamics of
protein hydration water bears close similarity to that of liquid water i.e. the
presence of the protein has negligible effects on the collective motions of the
solvent.

In this contribution we present a MD simulation study that has allowed to
shed light on very new characteristics of the short wavelength collective
dynamics of protein hydration water, highlighting fundamental differences
between the latter and that of bulk water. In particular, the data reveals that
the spectra of protein hydration water clearly show dynamical features
whose origin can be related to specific interactions with the protein collective
modes that can be interpreted in terms of anti-crossing events.

Moreover, we show that the collective dynamics of hydration water has a
spatially heterogeneous behaviour, being strongly coupled to protein
dynamics within few A from the protein surface and recovering some of its
bulk-like properties at an increasing distance from the protein surface.
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lonenes are aliphatic cationic polyelectrolytes with quaternized nitrogen
atoms in the backbone of the chain. The variety of their application, as well
as their use as a model substance to study the ion specific effects in
polyelectrolyte solutions, has its origin in their uniqueness: through a
properly conducted syntheses the polyion structure and charge density
(hydrophobicity), as well as the nature of counterions, can be systematically
varied [1]. The physical and chemical properties of aqueous polyelectrolyte
solutions strongly depend on the linear charge density of the polyion (or its
hydrophobicity), as well as on the chemical nature of the counterions (ion
specific effects) [2]. The latter play a major role in analytical, technological,
and pharmaceutical procedures, such as ion-exchange chromatography,
salting-in and salting-out of proteins (Hofmeister series), and cause specifity
in docking interactions.

To understand the mutual influence of the polyion charge density and the
nature of the counterions on the thermodynamic and transport properties of
these materials, systematic experimental studies of thermodynamic [3-5] and
dynamic [6-8] properties of aqueous ionene solutions have been performed.
Osmotic coefficients, partial molar volumes, enthalpies of dilution, as well as
of mixing, heat capacity, electric conductivity, dielectric relaxation, and
transference numbers in these solutions were measured. We showed that
the heat effects upon dilution and mixing are linearly related to the enthalpy
of counterion hydration. Recently, the conformation of ionene bromides and
fluorides was probed by small angle neutron scattering experiment [9]. All
these studies allow us to draw some general conclusions about the
combined effects of charge density and nature of counterions in
polyelectrolyte solutions.
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Nafion© is a famous amphiphilic polymer made of fluorated chains carrying
hydrophilic sulfonate anions. It is widely used in various applications, for
which the most famous is the use as proton conducting membranes in fuel
cells. Its useful properties, related to the water structure and dynamics, are
the result of a complex polymer organization in which the hydrophilic side
chains are organized to form a network of channels and cavities that fills
water upon hydration. The structure of the material and the dynamics of
water are still a matter of debate and studies.

Using Transient Grating Spectroscopy, we monitored the propagation of the
longitudinal acoustic sound wave in the hydrated membranes as a function
of temperature. As previously observed by X-ray diffraction [1], we confirmed
the progressive formation of ice outside of the membrane as the temperature
decreases down to 220 K. Moreover, we highlighted the reversibility of the
phenomena, i.e. the re-adsorption of water inside the membrane upon
heating [2]. Combining the measurements with neutron diffraction, we
emphasized that the crystals formed outside of the membranes are at least
of micrometer size, and we were able to monitor the quantity of ice as a
function of temperature. The power low followed by this parameter indicates
that the phenomena is not related to the pore distribution, but rather to the
chemical potential of water inside the membrane that varies with hydration
and temperature. A simple model of solution, for which the freezing point
depends on the solute concentration, is in very good agreement with the
data [3].

Implication of this model in other systems of biological interest containing
confined water, like lipid membranes or hydrated proteins, will eventually be
discussed.
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The hydration properties of metal ions are modified by application of large
external pressures (see [1] and ref. therein). In this study, the modification of
the hydration properties of the Zn?* ion induced by a pressure increase from
ambient condition up to 6.4 GPa has been investigated using a combined
approach based on extended X-ray absorption fine structure (EXAFS)
spectroscopy and Molecular Dynamics (MD) simulations. With increasing
pressure the first hydration shell of the Zn®* ion has been found to retain an
octahedral symmetry with a shortening of the Zn-O distance up to 0.09 A
and an increased width associated with thermal motion, as compared to the
ambient condition hydration complex. A very interesting picture of the
dynamic behaviour of the first hydration shell has emerged from the analysis
of the simulations: up to 2.5 GPa no exchange events between first and
second shell water molecules have been observed, while above this
pressure value several exchange events take place in the solution following
an associative interchange mechanism. This result can be explained by the
very high compression and packing of the solvent which force second shell
water molecules to enter the Zn“* first hydration shell. MD simulations
indicate a strong pressure effect also on the structure of the second
coordination shell which is compressed and becomes more disordered and
unstructured with increasing pressure. The water mobility and the ion
diffusion coefficient have been found to increase in the high density
conditions, as a consequence of the rupture of the hydrogen bond network
caused by pressure.
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Introduction

Emulsions are very common among food and pharmaceutical products.
These compounds belong to the class of colloids, which have intermediate
properties between molecularly dispersed solutions and bulky systems,
being characterized by one phase dispersed into another. Typically, one of
these phases is made of water and the other one consists of a hydrophobic
species, like oil. One of the main topics of discussion for industrial goals on
this matter is the stability of emulsions: this can be achieved by adding low
concentrations of surface active agents to the main phases. Although these
are minority components of emulsion, according to Bancroft's rule [1],
emulsion type depends more on the nature of emulsifier than on the relative
proportion of water to oil. In particular, thermodynamic stability is thought to
be guaranteed if emulsifier concentration is below a critical micelle
concentration and the storage temperature is lower than 20 K of the phase
inversion temperature. A lower limit is usually not mentioned, even if storage
in freezers is often applied.

Here we tackle the case of an emulsion made of water (67% in weight),
methylcyclohexane (30%) and Span 65, known also as E492 (3%). We have
studied is the microscopic structure of water in this emulsion and its
dependence on temperature, from standard conditions to the ice nucleation
point, in order to clarify what exactly happens to water in this heterogeneous
system.

Experimental

To our knowledge, this is the first Neutron Diffraction study on an emulsion,
exploiting isotopic substitution H/D [2] of both water hydrogens and
methylcyclohexane hydrogens. This technique allows to have direct access
to emulsion water structure, via hydrogen-hydrogen structure factors.
We performed a set of experiments at the SANDALS diffractometer, installed
at I1SIS-TS2 (Rutherford Appleton Laboratory, Chilton, UK). We measured
the Differential Cross Section of the emulsion at ambient conditions and in
the supercooled phase (260 K). We have detected ice nucleation, at 250 K.
Interestingly, the wide Q range explored by SANDALS can give information
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not only at intermolecular level, but also on morphologic changes which
occur at the nanoscopic level.

The experiments have been supported by enhanced classical Monte Carlo
simulations, in which pair potentials are perturbatively refined by the
comparison with the experimental data (the so called Empirical Potential
Structure Refinement method [3]).

Modelling an emulsion is not straightforward at the atomistic level, due to the
difficulty of giving an atomistic description of the emulsifier. Nevertheless,
after many trials, we have identified some stable results and a reliable
interpretion of the modifications of the DCS at the nanoscopic level.

Results : :

At ambient conditions, water within - —
the emulsion seems to be more 250K
ordered than its bulk counterpart,
due to the existence of
hydrophobic forces at interfacial
region. Here, where a depletion
layer has been detected, the
relative arrangement of water
molecules appears more
perturbed, than in the water layers
far from the interface: the . NR\‘
perturbation is similar to that

brought by pressure. Upon cooling
down, water keeps the same o :

average intermolecular structure, ' QA

although the atomic positions

become more defined and the interfacial layers become more similar to the
innermost ones. The origin of this thermodynamic inertia is just the
interaction with other species and the weak geometrical confinement.
Moreover, predictably, water density decreases whereas the volume
occupied by methylcyclohexane decreases. This phenomenon occurs along
with a striking morphologic change at nanoscopic level (see Figure): owing
to the strengthening of internal water cohesion, Span 65 molecules seem to
aggregate around hydrate compounds of methylcyclohexane. In this new
phase, which is the cold analogous of micelle, water is the dispersing
medium. In conclusion, emulsions cannot be dealt as rigid systems as the
balance between phases can be easily altered by thermic stresses.

DCS [barn/atoms/sterad]
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Thermal time refers to a time scale in which the rate of a temperature
dependent process is constant (Monteith, 1977; Campbell and Norman,
1998). It has been used to model the rate of plant development where
temperature strongly influences the developmental process. Food polymers
also change, with time, at rates that depend on their temperature. The
thermal time concept can be useful for describing these processes as well.
Changes in food polymers, however, depend on both temperature and water
activity, so a modified thermal time is needed, called hygro-thermal time.
Hygro-thermal time allows the prediction of the response of a polymer to
changing temperature and water activity conditions. If, in a laboratory
setting, we determine the hygro-thermal time required for a process to
complete, then any combination of temperature and water activity giving that
same quantity of hygro-thermal time will complete the process. The
temperature and water activity determine the rate of the process. lts rate,
integrated over time, is a measure of progress toward completion of the
process. This is similar to the concept in physics that distance traveled is the
integral of speed over time.

Modeling Rate of Change

Polydextrose was equilibrated at four different water activities, and at
temperatures well below the transition temperature. Samples were then
monitored without changing water activity, but instantaneously increasing the
temperature. The samples were monitored using dielectric spectroscopy.
The change in the matrix was detected as the disappearance of a specific
peak in the dielectric spectrum. The time required for the peak to disappear
was determined. The rate of change was computed as the reciprocal of the
time. The rate of change is described by the equation

R =exp[0.48(T +170.0a,, —101.57)] (1)

whi1ch was fit to the data by non-linear least squares. R is the process rate
(hr).
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Modeling matrix changes when water activity and temperature vary
With the equation for the rate of change, we can compute the total change
that occurs for any combination of water activity and temperature as
(Campbell and Norman, 1998)

C=[R(T.a,)di @)

where T and/or a, may vary with time.

For any combination of water activity and temperature eq. 1 gives the
appropriate rate. In practice we normally know temperature and water
activity at discrete points in time, so we would normally compute C as

C=> R(T,a,)At 3)

Where, again, eq. 1 is used to compute the rate. When C reaches 1 the
process is complete

Generalization

This treatment has dealt with just one example, polydextrose. The approach,
however, is very general, and should apply to most irreversible temperature
and water activity mediated processes. This example relates to modification
of the polydextrose matrix, but other processes that should follow this same
pattern are lipid oxidation, browning and loss of enzyme activity. The
experimental procedure for investigating these processes likely would be
similar to the one followed in this study. A sample would be equilibrated at a
set water activity, with the temperature well below the transition temperature.
The experiment would start by elevating the temperature while maintaining
the water activity at a constant value. The samples would be monitored by
some suitable method to determine the onset, end or half life of the condition
of interest. The analysis is done by plotting either temperature vs. logarithm
of time or rate vs. temperature. An equation like eq. 1 is obtained, which, in
its general fo

R=exp{a T-T,(a,)]} (4)

where Tp(aw) is a polynomial function of water activity.
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Most of the ingredients used in commercial complex food products are
provided in powder form to reduce the cost of transportation, lengthen
storage and reduce the risk of microbial growth. However, this induces the
material to go through the glass transition: into a physical state where the
powders are sensitive to slow ageing. At temperatures below the glass
transition (Tg), amorphous glassy materials are thermodynamically non-
equilibrium systems, which tend to reach a lower energy state over extended
period of time. Their physical properties, such as specific volume, enthalpy
and entropy decrease towards lower values. This change in the
thermodynamic properties of the glassy material is described as physical
ageing or enthalpy relaxation. When heated after ageing, some amount of
extra energy is relaxed in the form of enthalpy and this can readily be
observed by differential scanning calorimetry (DSC). Thus, any glassy
materiel stored at a temperature below its glass transition temperature
experiences a structural relaxation that occurs as a function of time and
temperature and moisture content. However, the amount of water in any
food matrix differs as a function of water activity depending whether it is
determined by water sorption or desorption. In fact, this hysteresis
phenomenon may be the consequence of material evolution in the glassy
state wherein molecular mobility is still enough to induce molecular
reorganizations. The objective of this study is to investigate the influence of
the ageing on different protein powders with a systematic study as a function
time, of the powder enthalpy relaxation stored in different relative humidity
conditions.

The results are discussed in terms of possible modulation of the water
protein interactions with time depending on the previous storage conditions
of powders and this evolution may induce loss of powder functionality.
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Abstract

Formation of ice crystals causes quality deterioration of frozen bread,
imposing a great challenge to the baking industry in fully harvesting the
benefits of freezing bake-off technology for preserving bakery products. This
unfavorable phase transition is mechanistically correlated to the activities of
freezable water in the complex crumb and crust materials. In this study we
investigated the activities of water and ice in wheat bread upon freezing and
frozen storage using differential scanning calorimetry (DSC). Various frozen
states were produced through freezing the fresh breadcrumb at different
cooling rates (0.5-30 °C/min) to -30 °C. DSC heating traces from these
states exhibited characteristically dual endotherms in the ice-melting region,
which were attributed to two sources of ice crystals formed in the porous
crumb [1]. The impact of frozen storage was further evaluated for the bread
stored at -18 °C for a long term of ~4 months. The frozen bread incurred a
considerable loss of the crumb water that migrated out and formed ice
crystals on the bread surface. Within the frozen crumb water also underwent
significant redistributions, resulting in an elevated crumb heterogeneity of
freezable water. Such redistributions of freezable water were accompanied
by a progressive recrystallization of the crumb-borne ice crystals, which were
measured to grow into bulk sizes by the use of a modified calorimetric
procedure. It is concluded that the activities of water, shaped by the complex
crumb porosity, govern the formation and distribution of ice crystals and thus
determine the storage performance of frozen bread.
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Introduction

In predicting or modelling stability, two approaches could be used in
identifying the boundary of the growth/no-growth, and then predicting the
rate of growth or reaction within the growth or reacting regions. Fundamental
based theoretical concepts of F-value (hurdle: sterilization), water activity
(hurdle: water content) and glass transition (hurdle: glassy state) are the
most successful in determining food stability during food processing and
storage. These concepts consider only three most important hurdles of food
preservation separately, while more than 60 hurdles may involve in food
preservation. It is a challenge to food scientists and engineers to have
unified concept or approach for determining food stability considering multi-
hurdles. This paper will explain the concept of macro-micro region in the
frame work of multi-hurdles and possible generic rules for individual hurdle
alone.

Concept of F-value, pH and salt

The commercial sterilization criterion states that the minimum thermal
process should reduce initial micro-organism concentration by 10'? [2]. This
is well known as 12D concept or “botulinum cook”. The probability argument
says, in 12D treatment there will be one spore in 10'? cans [1,3]. It is
generally accepted that the limiting pH of 4.6 provides a good margin of
safety against the hazards of botulism in acidified foods, and such products
are given only a mild heat treatment [4]. Salt should be 34.6% in order to
thermodynamic limits to microbial life [5]. For this reason, most of the cases
salt is used in combination of other hurdles [6].

Concept of Water Activity and Glass Transition

In general the rules of water activity concept are: (i) food products are most
stable at their ‘BET-monolayer” content or “BET-monolayer water activity”
and unstable above or below BET-monolayer; (ii) there are a critical water
activity limit for a specific micro-organism or a class of micro-organism for
their growth or toxin production, and biochemical reactions [7-9]. The rules of
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the glass transition concept are: (i) the food is most stable at and below its
glass transition (i.e. Tq or Tg"), and (ii) the higher the T-T4 or T/T, (i.e. above
glass transition), the higher the deterioration or reaction rates [9-10, 12].

State Diagram and Macro-Micro Region

The state diagram based of freezing curve and glass transition provided four
macro-regions for determining food stability [10,11]. Using state diagram,
Rahman [9] hypothesized 13 micro-regions having the highest to the lowest
stability based on the location from the glass and BET-monolayer lines. For
example, region-1 (relatively non-reacting zone, below the BET-monolayer
line and glass line) is the most stable and region-13 (highly reacting zone,
far from BET-monolayer line and glass line) is the least stable. The stability
decreased as the zone number increased [11, 12].

Future Challenges

Currently empirical approach is being used to identify the growth boundaries
when multi-hurdles are used considering probabilistic model of Growth/No-
Growth concept [13]. The future challenge is to progress the generic theory
or guide lines of food stability combining multi-hurdles.
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Introduction

Bovine immunodeficiency virus (BIV) is a lentivirus which causes
lymphocytosis, progressive weakness, and central nervous system disorders
in infected cattle. The interaction of Tat peptide with the Trans-activation
Responsive (TAR) region of BIV viral transcripts is essential for the
replication of the virus and any interference with these interactions hampers
their pathogenicity. Hydration of biomolecules such as DNA, RNA, and
proteins play important role in their structure, conformation, and function.
The classical study on RNA hydration by Egli et. al. [1] described the regular
network of water molecules surrounding the RNA duplex based on the X-ray
synchrotron diffraction data as the systematic and well organized in both
major and minor grooves. There are several studies on RNA hydration using
NMR, osmotic stress measurements and molecular dynamics simulations [1-
2]. In the present study, we use time resolved fluorescence technique to
understand the dynamics of hydration layer surrounding the BIV TAR RNA in
absence and presence of peptide binding. To our knowledge this is the first
quantitative measurement of solvation dynamics of RNA structure.

Experimental

The structure and sequence of (a) 28 base BIV TAR RNA and (b) 17-mer
Tat peptide are shown in Fig.1. Fluorescence-labelled RNA contains 2-
aminopurine (2-AP) incorporated at 11" position of the BIV TAR RNA from
the 5’ end of the RNA strand.
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Figure 1. (a) Sequence and secondary structure of BIV TAR RNA, numbers
correspond to the nucleotide position in BIV mRNA. (b) Sequence of BIV Tat
peptide, numbering corresponds to the positions in intact protein.

Picosecond fluorescence decay measurements for BIV RNA in free and
bound form were carried out using time-correlated single photon counting
(TCSPC) technique. The instrument response function obtained to be 850 ps
was detected at 310 nm excitation using a dilute solution of Ludox scatterer.
Time resolved emission spectra (TRES) were generated from the
fluorescence decay curves collected at different wavelengths spanning the
entire emission band of the probe. The spectral-shift correlation function C(%)
was obtained from TRES using the method as described by Maroncelli and
Fleming [3].

Results

The Tat peptide is known to bind to the bulge region of the hairpin structure
of TAR RNA. The quantum yields (Q.Y.) of the free BIV-2AP calculated
using free riboside r2AP as the standard is obtained as 0.10, while binding to
peptide leads to increase in its quantum yield upto 0.37. The amplitude
weighted mean lifetimes (tmean) Of BIV-2AP increases from 6.85 ns to 8.61
ns upon binding to the Tat peptide due to decrease in collisions of the probe
with the solvent molecules or due to decrease in the stacking interactions
with the neighboring bases. Using the values of mean lifetime and the
quantum yield, the values of fsiackea for BIV-2AP and BIV-2AP-Tat complex
are obtained as 0.67 and 0.15 respectively. The drastic decrease in the
value of fsackea Clearly indicates the significant destacking of 2-AP upon
peptide binding. The time dependent fluorescence Stokes’ shift obtained
from TRES for BIV-2AP and BIV-2AP-Tat complex is used to construct the
normalized solvent correlation function, C(t), defined as

V(1)=v(e)

CO =307

where v(0), v (t) and v () are the emission maxima (in cm™) at time zero, t,
and «, respectively.
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Figure 2 shows the solvent correlation function of BIV-2AP and BIV-2AP-Tat
complex that describes the microenvironment of solvent around 2-AP probe
located in the TAR RNA and TAR-Tat complex, respectively.
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Figure 2. Normalized spectral shift correlation function, C(t) for the probe 2-
AP located in the BIV RNA with (box) and without TAT peptide (circle).

The solvation of BIV-2AP shows single exponential decay with the
correlation time of 1.8 ns that arises possibly due to the hydration layer
composed of water molecules hydrogen bonded to the RNA bases or due to
the diffusion of water molecules between bound hydration layer and the bulk
water. In presence of Tat peptide, the solvent correlation function of BIV-2AP
shows two exponential fitting with the values of 0.81 ns and 5.4 ns. Due to
destacking, the probe experiences faster diffusion between bound water
layer and trapped water layer thus may give rise to faster solvent correlation
time of 0.81 ns. The slower solvation correlation time (5.4 ns) arises due to
relatively restricted motion of the water molecules hydrogen bonded to the
RNA in presence of the peptide. Overall the solvent behavior becomes
slower for TAR RNA in presence of Tat, which corroborates with the
observed unfavorable entropy change during the peptide binding.
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Introduction

Water has a fundamental role in protein stability and the solvent-accessible
surface area (SASA) is a parameter intimately related to the native or
denatured states of the protein. An experimental method to analyze the
organization of bulk and hydration water, based on the detection of H/D
isotopic exchange between the protein and hydration water by Raman
spectroscopy is described for the model protein lysozyme.

Experimental

The Raman spectrum of lysozyme dissolved in DO (LWq4, 10 wi%) was
taken in the 1500-3800 cm™ range and decomposed in two parts: (i) the
Amide | region (1500-1800 cm"); (i) the 2000-3800 cm’” spectrum plotted in
Fig.1, dominated by the O-D stretching bands. Isotopic exchanges between
the protein and hydration water are responsible for the weak intensity
detected in region (3) and corresponding to the dilute DHO spectrum, and
then to the uncoupled von spectrum [1] (Fig.1inset). A shoulder is detected
on the low-frequency side (see Fig.1 inset) of the LWy spectrum, not
observed in the dilute DHO solution, and therefore corresponding to OH
groups of lysozyme not exposed to the solvent.
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Figure 1. Description of the OD(H) stretching hydrated lysozyme. The
spectrum of LWq4 can be divided in 3 regions corresponding to the following
intramolecular stretching vibrations: (1) OD in bulk D20, (2) CH in lysozyme
and (3) OH in HDO molecules resulting from isotopic exchange. The LWy
spectrum is compared to DHO and H2O in (3) in the inset.
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Results and Discussion

The solution was heated from 20 up to 95°C. Fig.2 shows Amide | region vs.
temperature, together with fitting results. A clear frequency downshift of
Amide | band is observed, which was interpreted as reflecting enhanced
NH/ND isotopic exchange, associated with the penetration of the solvent in
the protein interior [2]. Above 70°C, a frequency upshift is observed, usually
interpreted as a-helix unfolding process. If we adopt the consideration that
the protons exchanges from lysozyme to D>O quickly diffuse in bulk heavy
water molecules, the intensity ratio between OH and OD stretching bands
represents the proportion of water molecules involved in the isotopic
exchange. Then the ratio pon=Ilon/lop= 0.0246+0.0015 is obtained at Troom-
This indicates that a lysozyme molecule is surrounded by a bound layer of
198+10 water molecules in the native state. pon can be then considered as
directly representative parameter of the SASA and pon(T) (see Fig.2c) was
interpreted as reflecting the changes in the SASA. It is firstly observed that
pon increases between 60 and 75°C, as the frequency of amide | band
decreases. This confirms the solvent penetration within the tertiary structure.
At ~73°C, the number of water molecules bound to the protein in the molten
globule state was estimated to 260+13, indicating the increase of the SASA
by a factor 1.3. Secondly, upon further heating above 70°C, an additional
increase of pon is observed, when the protein denatures and the SASA
estimation is 1.75 times greater.
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Figure 2. Temperature dependence of amide 1 band; a) Raman spectra b)
w(T) compared to ¢) pon(T) curves.
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Figure 3. Distribution of O...O distances between D>O molecules in bulk
water in LWq solution at 20 and 90°C.

Using the uncoupled OH stretching spectrum and the correlation function
between O...0 distances and the frequencies of OH stretching [3], we can
obtain the distribution of O...O distances between water molecules in bulk,
plotted in Fig.3 at 20 and 90°C. Same experiments were performed in
presence of trehalose (T). DoO+T solution was previously freeze-dried, in
order to substitute OH groups by OD. We obtain crucial information on the
influence of trehalose on the bulk water, the hydration water and the SASA
during the lysozyme denaturation, in relation with the unfolding process
monitored by the temperature behavior of the amide | band.
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Introduction

Over the past twenty years, aqueous solutions of carbohydrates have
increasingly attracted the attention of scientists. A series of studies have
pointed out the extraordinary biopreservation ability of sugars, particularly of
trehalose. In fact, this common disaccharide of glucose has been found to
be especially effective in preserving membranes structure and in preventing
proteins from denaturation at very low water content. It has also been
demonstrated that trehalose stabilizes living cells subjected to freezing
stresses. These evidences have paved the way to the several and
diversified industrial applications of trehalose, which is currently used in
pharmaceutical formulations as an eccipient, in food industry to preserve the
flavor of dried products, in many cosmetic lines and importantly in cryogenic
technology.

In spite of this great number of uses, the microscopic mechanism
responsible for the ability of trehalose, and sugar in general, as bioprotectant
is still unclear and several hypothesis are currently under debate.

Results

Molecular dynamics simulations of a solution of water and trehalose, water
and maltose and water, trehalose and lysozyme are studied upon
supercooling.

Dynamics of water in presence of trehalose and maltose shows two well
distinct relaxations. In particular, the fraction of water molecules interacting
with the sugar has a completely different dynamical behavior with respect to
that of bulk-like water molecules. The analysis of the dynamic of hydration
water molecules allows to comprehend the differences between trehalose
and maltose aqueous solutions and the microscopic mechanisms that
causes a greater capability of trehalose in preserving biomolecules

upon cooling [1].

The analysis of the dynamics of water and trehalose around the center of
mass of the lysozyme, see the system in Fig.1, indicates the formation of a
layer of trehalose containing slow water molecules around the protein. The
amount of water between the protein and the trehalose layer progressively
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increases when the temperatures is lowered. These results point to a
protective action exerted by packing slow water between the protein and a
layer of trehalose molecules, accompanied by a global slowing down of
water dynamics due to the presence of trehalose [2].

Figure 1. Lysozyme in an aqueous solution of water and trehalose.
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Recent advances in molecular biology and recombinant technology have
made available a growing number of therapeutic proteins for the treatment of
cancers, diabetes or brain diseases. These proteins are usually very labile in
solution and are therefore conserved in glassy matrixes composed of
stabilizing excipients and a residual amount of water, which both control their
long-term stability, and thus their potential use in medical treatments [1]. To
shed some light on the protein-matrix interactions in such systems, we
performed molecular dynamics (MD) simulations on amorphous matrixes of
(i) the model globular protein lysozyme (L), (ii) the bioprotectant trehalose
(T), and (iii) the 1:1 (in weight) lysozyme/trehalose mixture (LT), at hydration
levels h of 0.0, 0.075 and 0.15 (in g of water/g of protein or sugar) [2]. We
also supplemented these simulations with complementary inelastic neutron
scattering (INS) experiments on the L, T and LT lyophilized (freeze-dried)
samples [2]. The computed densities and free volume distributions indicate
that trehalose improves the molecular packing of the LT glass with respect to
the L one. Accordingly, the low-frequency vibrational density of states
(VDOS) and the mean-square displacements (MSDs) of lysozyme (Figure 1)
reveal that it is less flexible — and thus less likely to unfold — in presence of
trehalose. Furthermore, at low contents (h=0.075), water systematically
stiffens the vibrational motions of lysozyme and trehalose, whereas it
increases their MSDs on the nanosecond (ns) time scale. This stems from
the hydrogen bonds (HBs) that lysozyme and trehalose form with water,
which, interestingly, are stronger than the ones they form with each other,
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but which, nonetheless, relax faster on the ns time scale, given the larger
mobility of water. Moreover, lysozyme interacts preferentially with water in
the hydrated LT mixtures, in agreement with the preferential hydration
hypothesis [3], and trehalose appears to slow down significantly the
relaxation of lysozyme-water HBs, in line with its well-known retardation
effect on the dynamics of water [4]. Overall, our results suggest that the
stabilizing efficiency of trehalose in solid matrixes arises from its ability to (i)
increase the number of HBs formed by proteins in the dry state and (ii) make
stable on long (> ns) time scales the HBs formed by water with proteins.

22
A
(S}
T

- without T

| 11
0 0.075 0.15
Hydration level h

Figure 1. Mean square displacement (MSD) at the nanosecond time scale of
the hydrogens of lysozyme in the absence (L matrix) or in the presence of
trehalose (LT matrix) as a function of the hydration level h (in g of water/g of
protein or sugar) determined from MD simulations.
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Dehydration involves interesting fundamental principles of physics and is
important for many technologies ranging from food, arts, medicine and
cosmetics. Drying kinetics depend on several mechanisms such as diffusion,
convection, Marangoni effects and contact line motion. These processes are
also implicated in the protection of living organisms under conditions of
extreme dehydration

We are studying the drying kinetics of complex materials covering several
scales from microscopic to macroscopic. For example, polymeric
formulations for cosmetics are an example of the former and plant and food
systems of the latter. Although the kinetics involve different mechanisms,
they share crucial key parameters such as the chemical activity of water and
its diffusivity through the residual matrix. In both cases we observe that the
initial chemical composition has a strong impact on the morphology of the
final dry product.

Drying of such complex systems has been explored by a combination of
experimental techniques including in-sifu gravimetric measurement in
controlled atmosphere, optical microscopy and Raman confocal micro-
spectroscopy, micro-rheology by laser light scattering, small-angle neutron
scattering, atomic force microscopy and water activity measurements.
Numerical modeling complements the experimental approach and allows a
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further understanding of the multiple steps involved in the dehydration
process.

This talk will illustrate two recent examples of our work: the complex drying
dynamics of polymeric mixtures [1], and the dehydration of aqueous silica
gels with and without the presence of sugar molecules [2].
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Brain tissues are heterogeneous systems containing numerous
compartments: glia cells, neurons, neuronal fibers, myelin sheaths and
extracellular space. The major tissue constituent is water (>70%) which,
besides its key role in all life processes, can also be used as a tool to probe
neuronal tissue morphology at microscopic scale, through continuous
interactions with cell membranes during their random motion [1]. On the
other hand, the heterogeneity of the cell structure in its macromolecular
composition, well visible at the micron scale, influences the estimation of the
water diffusion, acting as an obstruction. This effect is even more
pronounced in tissue samples where different types of cells coexist.

We propose here the investigation of water diffusion in brain, for the first
time spotlighted at atomic scale, i.e. at the scale experiencing
macromolecular separation, using neutron spectroscopy. The results are
relevant for improving the modelling of the physics driving intra- and extra-
cellular water diffusion in brain, with evident benefit for modern medical
diagnostic technologies based on water diffusion processes, such as the
diffusion (DMRI) and diffusion kurtosis magnetic resonance imaging
(KDMRI) techniques, nowadays widely used to reveal and characterize a
number of brain pathologies on the micrometric scale (ischemia, tumors and,
recently, inherited prion disease) [2].

From the elementary building blocks of the cell (proteins, membranes etc) to
bacteria and in vivo cells, neutrons have proven to be unique in pinpointing
proton dynamics at atomic scale in biological compounds regardless of the
macromolecular complexity involved.

As no radiation damaging effects have to be feared, neutrons are an ideal
probe for the study of the dynamical properties of biological samples.
Moreover, as protons’ (H) incoherent neutron cross section is extremely high
when compared to the other atoms (differing by almost 2 orders of
magnitude), neutron scattering overcomes the limits of X-ray based
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techniques in which light atoms, such as H, are masked by other
contributions. This makes neutron scattering a privileged tool for the
investigation of H-rich samples, such as biology-related molecules, in which
the typical composition includes almost 50 % of H atoms. So far, the domain
of biological fields studied with neutrons spans from the single amino acid
(the smaller component of the protein primary sequence) [3] to in vivo cells
[4-6], suggesting that water dynamics is different on micrometric and atomic
scales.

4____——0
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) ] 0®

Figure 1. Bovine brain tissue exposed to neutron beam and resulting QENS
spectra measured at room temperature; the different scattering
contributions, convoluted with the instrument resolution, are mainly due to a)
rotational motion of CH» groups observed in protein amino-acids and lipids
and b) rotational and translational motions experienced by water molecules
in intra- and extra-cellular spaces.
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Introduction

Two key transition temperatures or conditions are associated with biological
activity in proteins. The onset of activity in a protein is attributed to the
protein-water glass transition, Ty, at about 200K, and the loss of activity
usually occurs through denaturation, T;, at about 333K. This work suggests
that these two processes are due to a single water-protein instability
mechanism, at which point the interacting molecules becomes mobile [1,2].
After predicting the two transitions using ‘first principle’ quantum mechanics
simulations of the water-protein hydrogen bond energy instability, we will
show that observations of thermodynamics and kinetics support the
hypothesis of a common mechanism. The energetic instability approach
provides a consistent mechanism for important biological processes such as
protein function, refolding and aggregation as the conformational constraints
of strong water-amide bonds are changed with increasing molecular mobility.

Mobility and Transition Model

At the simplest level, a structural transition occurs at the onset of mobility of
molecules relative to each other. This happens when the intermolecular
bond stiffness tends to zero or force is a maximum. We calculate this
condition for hydrogen bonded interactions between water molecules and
the backbone chain amide groups in the protein using density functional
theory predictions of energy as a function of bond length, as shown in Figure
1a. The T4 and T; transitions are then differentiated by means of the different
zero point energy values for disordered and ordered interactions, which are
calculated from their quantised values of bond vibrational energy. The two
energy values for the transitions are then translated into transition
temperature values by means of the thermal energy needed to attain the
transition condition from the two zero point energy values, as shown also in
Figure 1b. Predictions are in good general agreement with observed
transition temperature values, with a clear physical mechanism.
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Figure 1. Potential energy well to calculate the instability energy of water-
protein interactions and the translation of energy to transition temperatures
Ty and T; using the order-disorder energies.

If the transition represents an onset of molecular mobility, the associated
degrees of freedom can be quantified as six for each water molecule for both
Ty and T;, which agrees with observations of the thermodynamics of both
transitions using DSC. In addition, the activation energy for the transitions
can be translated into kinetics using an Arrhenius relation using parameters
predicted in the energy simulations.

Discussion

The implications of the model are important, in that it predicts a temperature
window for protein function and a mechanism for refolding, since constraints
on torsional angles in the protein chain backbone must be released as the
protein-water bonds become mobile above Ti. Similarly, aggregation can
proceed once bonded water no longer inhibits stronger interchain hydrogen
bonding. We also suggest that protein-water order is essential for electronic
function in proteins due to ferroelectric domains in the hydration shell.
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Proteins from (hyper)-thermophilic organisms exhibit an extraordinary
stability being able to function at very high temperature (up to 100 °C) [1].
The microscopic origin of such a resistance to thermal stress is still
unknown. For many years the internal packing of the protein hydrophobic
core was seen as the key factor for protein stability. However, recently, the
attention has shifted toward surface effects, e.g. electrostatic interactions
and coupling with the solvent [2].

Here we present a systematic analysis of protein hydration for a pair of
homologue proteins (the g-domain from EF-Tu) from a mesophilic and a
hyperthermophilic organism based on computer simulations.

We show that the average water dynamics at the protein surface is not
affected by the different composition of the two proteins and we provide a
rational basis for this result considering that the main perturbative
contribution to water dynamics is an excluded volume effect.

Even if the average dynamics is rather insensitive to different protein
composition among the homologues this does not suffice to rule out the role
of hydration on protein thermostability. We will then briefly report on other
key aspects: the localized behavior of hydration during unfolding, the role of
surface hydrogen bond net-working [4], and the role of water on electrostatic
local interactions (ion-pair).
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In order to predict optimal cooling rates for cryopreservation of cells, the cell
specific membrane hydraulic permeability and corresponding activation
energy for water transport need to be experimentally determined. We have
used Fourier transform infrared spectroscopy (FTIR) and cryomicroscopy to
study mouse embryonic fibroblast (3T3) cells during freezing and to derive
the subzero membrane hydraulic permeability and activation energy for
water transport. Coulter counter measurements were used to determine the
suprazero membrane hydraulic permeability parameters.

The activation energy for water transport in the ice phase is about three fold
greater compared to that at suprazero temperatures [1]. Cellular dehydration
as observed by cryomicroscopy precedes dehydration of the bound water
surrounding the phospholipid head groups as observed by FTIR. Both
DMSO and glycerol increase the membrane hydraulic permeability at
subzero temperature and reduce the activation energy for water transport
[2]. Cryoprotective agents facilitate dehydration to continue at low subzero
temperatures thereby decreasing the incidence of intracellular ice formation.
The increased subzero membrane hydraulic permeability likely plays an
important role in the cryoprotective action of DMSO and glycerol. In the
presence of DMSO water permeability was found to be greater compared to
that in the presence of glycerol. Two temperature regimes were identified in
an Arrhenius plot of the membrane hydraulic permeability. The non-linear
Arrhenius behavior of Lp has been implemented in the water transport model
to simulate cell volume changes during freezing. At a cooling rate of 1
°C/min, ~5% of the initial osmotically active water volume is trapped inside
the cells at -30 °C.
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We present a study on the glass transition and water dynamics in the case
of aqueous solutions of highly water soluble casein peptone, a digest
derivative of the protein casein. Differential Scanning Calorimetry (DSC) was
used for the study of glass transition and crystallization effects. Also
Dielectric Relaxation Spectroscopy (DRS) was used to analyze dynamics.
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The glass transition of
the solutions and the
crystallization and
melting events of water
have been studied by
differential  scanning
calorimetry (DSC). No
water  crystallization
effects during cooling
were recorded for the
solution  of  water
fraction hy,=0.4 (grams
of water per grams of
solution), (Figure 1).
The glass ftransition
temperature (Ty) has
been recorded for all
the solutions, but was
absent for the dry
casein peptone (at
least within the
temperature range of
our measurements),
which was measured
for comparison. The
Ty has been found at
about -65°C for hy=0.4
and at about -50°C for
higher hw. The heat
capacity step (ACp) of
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the glass transition seems to be enhanced for the solution of water fraction
hw=0.4, compared to the solutions of higher hy, where crystallization of water
occurs during cooling (Figure 1). The calorimetric data have been analyzed
and the values of Ty during heating, AC,, crystallization temperature, T,
melting temperature, Tm, crystallization enthalpy, AH., have been calculated,
together with the fractions of crystallized and uncrystallized water, Xcw, Xucw,
respectively, according to [1]. After an isothermal scan during heating at T=-
30° C, which is in the region of the cold crystallization phenomena during
heating (figure 1) and below the respective melting temperature, a
subsequent cooling and heating scan, reveals the increase of the Ty from -
63° C to -50° C and the significant reduction of the ACp. This fact implies
that the amount of uncrystallized water does contribute to the Ty and the
nominal water fraction in the two phase system is now lower. In combination
with the fact that the Ty is not detectable for the dry sample, it becomes clear
that the glass transition of the system is originated from the combined
motion of uncrystallized water molecules and casein peptone, as it is
suggested in several globular proteins [1,2]

Water dynamics has been
studied by broadband
dielectric  spectroscopy
(DRS) technique. Figures
3 and 4 show an example

- of the recorded dielectric
i loss, e, versus
frequency, at T=-90°C
and T=-130°C
respectively. The dry
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hw=0.5, where crystallization of water occurs during cooling. The dynamics
of uncrystallized water becomes “slower” due to the presence of ice. For the
solutions of higher hy, a more intense peak saturates in position and
increases in magnitude, with increasing hw. In the case of partially
crystallized solutions, relaxations due to ice are expected to contribute to the
total dielectric loss [3].

From the data received we calculated the Arrhenius plot. For h,=0.3,0.4 we
observe a secondary relaxation of water which stays stable in position and
presents a similar activation Energy E; to the v relaxation of water [4]. For
hw=0.5 the ucw relaxation becomes slower. We saw in DSC (Figure 1) that
0.5 sample presents crystallization of water during cooling. In DSC also we
saw that the ucw fraction initially decreases until a minimum value at h,=0.6
and then increases again. At this water fraction region a reorganization of
water occurs in the system and a decrease of activation energy E; is
observed for higher hy [3].
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We present the features of a new high-resolution tandem Fabry-Perot
interferometer for Ultra-Violet (UV) Brillouin scattering measurements. The
use of this new table top setup, equipped with a tunable scattering angle
enables us to investigate the momentum -energy (Q-E) region between 10

and 10" nm™, and between 10 and 10% meV, previously accessible only by
large scale faC|I|t|es Dissipation of longitudinal acoustic modes as a function
of Q and E is reported, giving information on relaxation of density
fluctuations in prototypical liquids, like water, glycerol and water-peptide
solutions.
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Introduction

The interest in hydrogels relies on their valuable properties for applications
in pharmaceutical and biomedical field. Due to their safety and
biodegradability, polysaccharide represents interesting biomaterials. Among
polyelectrolytes, alginate is one of the most employed. Diffusional properties
of alginate gel have been extensively studied [1]. The network structure of
hydrogels is essentially characterized by the polymer volume fraction in the
swollen state, molecular weight of the polymer chain between two
neighbouring crosslinking points and the corresponding mesh size [2]. In
particular, mesh size depends on degree of crosslinking and chemical
structure of the monomers. Typical mesh size for biomedical hydrogels
ranges from 5 to 100 nm, therefore diffusion of small molecules is totally
unaffected. On the contrary, diffusion of peptides, proteins or large
macromolecules are strongly influenced by the mesh size of the matrix [3].
Many factors influence the properties of the gel and the drug release
behaviour, including physicochemical properties of the drug and polymer(s),
formulation composition, processing conditions and environmental
characteristics [2,4].

The aim of the work was to assess the release process of macromolecular
drugs and in parallel to investigate the behaviour of water diffusion by means
of differential scanning calorimetry. A model gel system was employed. The
ambitious intent is to scale the two phenomena with respect to composition
in order to correlate one another.

Experimental

Calcium-alginate beads were prepared by dropwise addition of the alginate
solution (2% w/v) into the gelling solution (calcium chloride 0.050 M) with a
syringe. Release of proteins (e.g. lysozyme or insulin) was carried out in
different medium either buffered or not, employing a simple and fast
colorimetric assay. Thermograms of water evaporation were obtained by
using a heat flux calorimeter (mod. DSC6-Perkin Elmer Instruments). Fitting
of the evaporation curve was performed as described in Bellich et al [5].
Release data were also fitted.
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Results

The model gel used is represented by alginate beads. Release data
collected in several different medium concerns the effect of the surrounding
aqueous environment. The effect of the ionic strength was investigated. Not
only the physico-chemical properties of the gel matrix and the external
environment, but also the characteristics of the proteins have to be taken
into account. After selecting one particular medium, in which diffusion is the
main mechanism occurring, the effect of additional components of the gel
matrix was studied. The release profiles of proteins from alginate gel were
fitted according to the Weibull equation. Thus, a sort of a ternary system
came up in which each component of the system is characterized by several
different properties. In parallel, thermograms of water evaporation from
different systems were recorded and analysed. A mathematical fitting of the
first part of the curve was performed, with the aim of come up with a
functional parameter. More specifically, the parameter used is the slope of
the initial part of the curve. One of the main concerns of this hypothetical
correlation resides on the geometry of the gel system, which in turn could be
tricky and in some way misleading. Thus, water evaporation from model
sugar systems, in order to assess the effect of the geometry, is currently
under investigation.

Conclusions

Formulation of biopolymeric hydrogels for the specific encapsulatiuon of
labile proteic drugs is still a topic of particular interest in pharmaceutical field.
The study of the release behaviour of proteins from gel matrix is here
presented. Many factors are involved in the process and a special focus was
given to the external aqueous environment. The calorimetric approach
represents an intriguing tool to further characterize the gel matrix and to
provide additional information on the complex gel carrier.
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Introduction

Most of peculiarities of water can be ascribed to the highly ordered local
structure, that continuously rearranges itself on ps-nm time-length scales.
The spectrum of density fluctuations correlation function, S(Q,w), probed in
a momentum-frequency (Q-w) range of the Thz-nm™ is indeed characterized
by distinctive features, such as the presence of an anomalous dispersion of
longitudinal acoustic (LA) modes as well as by the onset of transverse-
symmetry mode (TS).

Experimental

We report on Inelastic X-ray Scattering (IXS) data, interpreted within the
memory function approach, aimed at determining how the anomalous
dispersion of LA modes evolves on going from the liquid to the supercritical
phase [1]. Water data are then compared with IXS results on other systems
[2] and with a recently developed theoretical framework [3]. We also discuss
the behaviour of the TS mode, by comparing IXS data with those of a very
high resolution Inelastic Neutron Scattering (INS) experiment [4]. Finally, a
new instrument (presently in construction at the FERMI@Elettra free
electron laser source), which is able to probe THz dynamics in the time
domain is briefly presented [5].

Results

We observed that the anomalous dispersion of LA modes in water can be
related to a structural relaxation and it tends to disappear on approaching
supercitical conditions [1]. Concurrently, the characteristic timescale of the
structural relaxation departs from the Arrhenius temperature dependence,
observed in the liquid phase. The comparison with the results obtained in
other systems let us to suppose that in the liquid phase the relaxation can be
associated to making and breaking of intermolecular bonds, while in the
supercritical phase is mainly due to intermolecular collisions [2]. Finally, the
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combined use of IXS and very high resolution INS allowed us to underline
how the S(Q,w) lineshape bears evidence of TS modes, which can be
related with the structural relaxation phenomenology [4]. We also pointed out
how, on increasing Q, the TS mode undergoes a transition from a non-
propagating character (as that predicted by classical hydrodynamics) to a
propagating one.
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Objectives

The aim of the work was to prepare and characterize lipid nanoparticles
(NPs) and to investigate the possibility of obtaining a redispersible powder,
preferable due to its superior stability. To this aim, both lyophilisation and
spray-drying were investigated.

Experimental

Polysorbate 80 stabilized cetylpalmitate (CP) NPs were prepared using the
hot high pressure homogenization technique [1]. Particle size was
determined with photon correlation spectroscopy, using a Nicomp 380
autocorrelator equipped with a Coherent Innova 70-3 argon ion laser. The
suspension was then dried using both freeze-drying (Benchtop 2K, Freeze
Dry VirTis) and spray-drying (nano spray-dryer B90, Biichi). Prior to drying,
lipid NP suspensions with a volumetric fraction of 0.121 were appropriately
diluted (1:5, 1:10, and 1:20) and ethanol, trehalose, and polyethylene glycol
(PEG) have been added to evaluate their usefulness in avoiding irreversible
aggregation during water removal. After drying, the obtained powder was
dispersed in ultrapure water under stirring and submitted to particle size
analysis to evaluate aggregation. Size increase after drying was expressed
as Asize calculated using the following equation.

A = mhd after drying — Initial mhd .

size 100
: Initial mhd

Results

Lipid NPs were successfully produced and characterized by dimensions
suitable for parenteral administration. In fact, the mean hydrodynamic
diameter (MHD) was around 180 nm. After freeze-drying, an increase of
MHD has been observed in all cases and in absence of additives a MHD > 2
um was recorded even at the highest dilutions. Among additives, trehalose
was the most successful in reducing aggregation. Using trehalose and 1:20
dilution, a Asize of 18% (MHD = 199 nm) was obtained. Satisfactory results
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were also obtained for the other dilutions (Asze = 28 or 39%), while the
addition of ethanol worsen the situation. With PEG, MHD comprised
between 269 and 290 nm were obtained using water/ethanol dilution
(61<Asie<73).

In the case of spray-drying, an instrument of new generation, in which the
powder recovery mechanism is completely different from the conventional
instruments, was employed [2]. Without additive, the small fraction of powder
that was recovered was characterized by large particle size. As in the case
of freeze-drying, the use of additives appeared to be essential to limit lipid
NP aggregation. Also with spray-drying, the best results were obtained with
threhalose as additive and when dilution was performed with an
ethanol/water mixture with respect to water. Using the solvent mixture, the
inlet temperature in the instrument can be set to lower values, limiting the
effect of temperature on lipid NP aggregation. With trehalose, Asize of 20, 34
and 106% were registered for 1:20, 1:10 and 1:5 dilutions, respectively. The
Asize was almost doubled when water was used to dilute the suspensions.
Unfortunately, the Asi with PEG was always higher than 150% except for
the 1:20 water dilution where lipid NPs were characterized by a MHD of 330
nm (Asize 0f 98%).

Conclusions

Both freeze-drying and spray-drying can be used to obtained an easy
redispersible powder starting from lipid colloidal suspension. Besides,
working conditions (e.g., additives, dilution) have to be accurately chosen to
limit particle growing and/or sintering. In the present study, high dilutions and
trehalose showed the overall best performance in lipid NP drying.
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Objective

The aim of this work was to investigate the stability of lipid nanoparticles
(NPs) upon dilution in different media and temperatures. This kind of
investigation is overlooked in literature even though very important. In fact, in
order to assess the real potential of colloidal carriers in drug delivery,
aggregation phenomena should be known and, if possible, avoided.

Experimental

Polysorbate 80 (P80) and poloxamer 338 (P338) stabilized cetylpalmitate
(CP) NPs were prepared using the hot high pressure homogenization
technique [1]. Particle sizes were determined with photon correlation
spectroscopy, using a Nicomp 380 autocorrelator equipped with a Coherent
Innova 70-3 argon ion laser. Lipid NPs dimensions were expressed as mean
hydrodynamic diameter (MHD) and Gaussian distribution width (GDW). The
suspensions were diluted 50, 100, 250, and 500 times with cell culture
medium F12 without FCS or alternatively physiological solution and stored at
4 or 37°C. CP NPs were monitored for 7 days in cell culture media and 21
days in physiological solution.

Results

Lipid NPs were successfully produced and characterized by dimensions
suitable for parenteral administration. P80 and P338 stabilized NPs showed
a MHD around 180 nm and a GDW of 50 and 70 nm, respectively. Upon
dilution with liquid culture broth, both suspensions were stable for 7 days at
4 and 37°C. Dilution did not affect the MHD nor the GDW, except for P80
stabilized NPs diluted 500 times and maintained at 37°C. In this case,
aggregation was evident already after 24 hours. Upon dilution with
physiological solution, P338 CP NPs were stable for 21 days at all dilutions
and temperatures. In the case of P80 lipid NPs, the MHD and GDW values
did not increased for 21 days at both temperatures only when the
suspension was not diluted. After 21 days at 4°C, the MHD was 30 nm larger
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for all dilutions. The situation worsened at 37°C. In the worst case (dilution
500 folds), both MHD and GDW were higher already after 24 hours and,
after 21 days, MHD and GDW were 80 nm and 140 nm higher, respectively.

Conclusions

NPs stabilized with P80 and P338 were stable for 7 days when diluted up to
500 times at both 4 and 37°C. After 21 days, similar results were obtained
for P338 stabilized NPs diluted with physiological solution. On the contrary,
P80 stabilized NPs, when diluted with physiological solution, showed some
aggregation after 24 hours at 37°C and after 21 days at 4°C.
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Introduction

Concentrated protein films are widely used in foods and pharmaceuticals as
a barrier material. When concentrated protein solutions enter the glassy
state their physical transport properties change sharply, making these
systems potential candidates as e.g. coating or encapsulation materials [1].
While their macroscopic physical properties have been widely examined, the
underlying microscopic physical mechanism it is not well understood. This
project focusses on the properties of 3-lactoglobulin (BLG) solution near the
glassy state. The dynamic behaviour of high-density protein systems are
examined on multiple length scales using several techniques.

Techniques and findings

Diffusion Wave Spectroscopy (DWS) is used as a form of micro-rheology,
which enables continuously monitoring the drying process of a BLG film. The
technique itself can be regarded as a extension of DLS, to the limit of strong
multiple scattering [2]. Using this technique, no sudden increase in the de-
correlation time (~proportional to viscosity) was observed between 20-80%
protein content (see Figure 1). This suggests no sharp glass transition is
present at the typical length scale probed (600 nm). The next step is to
compare these results with glass transition temperatures at different protein
contents as determined by differential scanning calorimetry and local thermal
analysis. In addition, the GARField approach for NMR imaging introduced by
Glover et al.[3] is examined as an alternative technique. It enables imaging
with a high resolution of about 5 um and is promising towards monitoring the
water distribution during the drying process of BLG films.
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Figure 1. Diffusion wave spectroscopy on a drying B-lactoglobulin solution
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Objectives

Thanks to their biocompatibility and biodegradability, poly-lactide (PLA) and
poly-(lactide-co-glicolide) (PLGA) are approved by the FDA for human
clinical applications and different controlled release formulations, based on
these polymers, are actually marketed [1]. Water, acting as a plasticiser,
might drastically change polymer features, compromising the performance of
the drug delivery system [2].

Experimental

PLGA RG502H, RG503H, and RG504H have been casted on CaF,, and
analyzed by FTIR in dry and completely wet state. Spectra were collected in
the range of 20-70°C.

Results

For the three dry polymers several vibrational signals located in the 1000-
2000 cm’™ frequency range, show temperature-dependent intensity changes.
In particular, the absorbance of the bands ascribed to C=0O and O-C-O
stretching, CHs; and CH bending, and CHs rocking modes [3], plotted as a
function of temperature, evidences an inflection point corresponding to the
Tg region determined by DSC measurements. Differences between the first
and the second heating ramp, due to the cancellation of polymer thermo-
mechanical history, are also observed.

The C=0 and O-C-O stretching bands of the completely hydrated RG503H
sample shift to lower frequencies compared to the signal of dry polymeric
films at 20 °C. Moreover, these bands slightly upshift upon temperature
rising, downshifting back after subsequent cooling at 20 °C. These findings
can be rationalized considering the formation of O-H---O hydrogen bonds
between water and PLGA groups and suggest the presence of non-
freezable (bound) water in the completely hydrated polymer [4].
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Direct information on water structuring within the polymer matrlx are
obtained by analysing the O-H stretching region (3100-3700 cm™). The high
intensity detected for the hydrated polymer drastically reduces with
increasing temperature due to the loss of freezable (unbound) water [4].
Thus, the OH distribution detected after cooling back the sample at 20 °C,
can be ascribed to water molecules which remain trapped into the polymer
matrix (Figure 1). Interestingly, this OH band is very broad and partially
structured, showing components assigned to OH oscillators |nvolved either
in very weak (3600 cm’ ) or very strong cooperative (3200 cm ) hydrogen
bonds [5]. Similar features have been observed for hydration water
“confined” in a hydrophobic solvent [5].

PIBk wetredits

T T T T
3800 3600 3400 3200 3000
Wavenumber cm-1

Figure 1. The OH stretching band of dry and wet polymer at different
temperatures.

Conclusions

The reprodUC|b|I|ty of the data obtained with different PLGA, namely
Resomer® RG504H, RG503H, and RG502H, confirms the ability of FTIR to
detect the glass-to-rubber transition on one side, and investigate the state of
water in water/PLGA mixtures on the other.
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We investigated the influence of hydrophilic and amphiphilic solutes of
different chemical nature, molecular size and complexity on the fast
rearrangement dynamics of water. In particular, diluted aqueous solutions of
sugars, amino acids, peptides and the model protein lysozyme were
considered. We made coupled use of interferometric and dispersive devices
for collecting depolarized light scattering (EDLS) spectra in a wide frequency
range, going from fraction of gigahertz to tens of terahertz [1-5]. This method
allowed us to separate the solute from the solvent dynamics and bulk from
hydration water, providing both characteristic times and relative fractions.
Hydration water was found to slow down when compared to bulk water and
a relative retardation factor was estimated. An increasing of the dynamical
perturbation was observed on going from simple sugars to amino acids,
polypeptides and proteins. Moreover, while for sugar molecules this
dynamical effect essentially involves the first hydration layer, a larger
perturbation extending up to 2-3 layers was found for both simple peptides
and lysozyme.

Overall, sugars showed a reduced influence on the picosecond restructuring
of water when compared to simple peptides and proteins. Concerning these
latter, similar dynamical slowing down effect and long-range perturbation
degree were revealed, suggesting that increasing the molecular size and
complexity does not change the mechanism responsible for the observed
phenomena and that the chemical nature of the molecular surface plays a
fundamental role in determining hydration features.
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Solvent dynamics can play a major role in enzyme activity, but obtaining an
accurate, quantitative picture of solvent activity during catalysis is quite
challenging.

Recently, Grossman et al. have investigated changes in water and protein
dynamics as a zinc metalloprotease enzyme (MT1-MMP) binds a peptide
substrate and have shown that a retardation of hydration water dynamics is
connected to the formation of the Michaelis complex during the enzymatic
reaction [1].

Here, we present a molecular dynamics simulation study to characterize the
solvation dynamics at the active site during a more physiologic scenario,
namely the interaction between MT1-MMP and collagen-like molecules.
MT1-MMP belongs to a broad family of zinc-dependent endopeptidases that
mediate peptide hydrolysis reactions of extracellular matrix proteins under
both physiological and pathological conditions. Given the role of MMPs in
numerous diseases associated with unregulated collagenolysis, such as
atherosclerosis, rheumatoid arthritis and cancer, it is highly desirable to
study the specific molecular mechanism of MMPs and to point out the role of
the solvent during collagen hydrolysis at atomic resolution.

The results obtained by MD simulations have been combined with time
resolved kinetic terahertz absorption and experiments and X-ray absorption
analyses on the same enzyme-substrate systems in aqueous environment to
gain insight to the complete catalytic reaction ensemble.
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Cyclodextrins (CDs) appear to be intriguing materials for the development of
new drug carriers because of their unique physico-chemical properties,
mainly related to the ability of CD molecules to form inclusion complexes.
More recently, polymer-network structures involving CDs have attracted
interest as even more efficient host systems, with specific functional
properties intimately connected to the cross-linking density of the polymer
structure. Cyclodextrin nanosponges (CDNSs) are a new class of
amorphous network-polymers obtained by reacting CD with a suitable
polyfunctional agent such as pyromellitic anhydryde (PMA) [1]. The reaction
products turn out to be nanoporous systems showing interesting properties
of swelling and absorption/inclusion of chemicals. Although their promising
use for biotechnological applications, a detailed structural and dynamical
characterization of these polymers is still lacking in the literature [2].

Here we use photon correlation spectroscopy (PCS) to study the dynamic
evolution of CDNS-based hydrogels, obtained at different CDNS/water
ratios. The technique appears to be an effective tool to characterize the
huge evolution of the relaxation processes of the swollen network, which
evolves in time due to the ester bond hydrolysis inside the CDNS grains,
determining a progressive change of the sample from a gel to a liquid phase
(Figure 1).

Figure 1. CDNS-based sample in the gel (left) and liquid state (right).
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The de-gelation process induced by covalent bond breakage inside the
CDNS structure exhibits, although temporally reversed, significant
similarities with the hydro-gelation process induced by physical bond
formation. Two relaxation processes can be clearly observed: a faster
exponential process, which progressively increases with time, and a slower
non-exponential process, which directly probes the gel-sol transition and
progressively decreases (Figure 2). Measurements performed at different
values of exchanged wavevector allowed to characterize the evolution with
time of the effective hydrodynamic radius associated to these relaxation
processes and to suggest a possible physical interpretation.
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Figure 2. (Left): Time evolution of the relaxation time of the slow and fast
processes in a CDNS-based hydrogel. (Right): Time evolution of the slow
relaxation time in two CDNS-based hydrogels with different CDNS/water
ratio.
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The glassy and amorphous states of sugars are of fundamental importance
for the bio-preservation, both in nature and in laboratory [1]; in fact many
food materials are present in the glassy state due to the food processing [2].
The dependence of the glass transition temperature Tg with composition,
and water in particular, has been widely studied in literature and subjected to
several phenomenological interpretations.

The study of the relaxation enthalpy and the structural arrest (the
temperature at which the mobility of the glass almost vanishes, Tx Kauzmann
temperature) is essential not only in food science, but also in other fields,
such as the biomedical field, to investigate how the internal nanostructuring
of the glass matrix could affect the magnetic transport properties (DNP,
Dynamic Nuclear Polarization) of imaging agents used in Nuclear Magnetic
Resonance.

This paper reports the comparison of the structural stability below the glass
transition of three glassy systems based on carbohydrates: Sucrose,
Trehalose and Glucose.

Several techniques and procedures for amorphization of these sugars,
including their binary and ternary mixtures, were investigated and the
importance of the residual water inside the sugar matrix as one of the
destabilizing factors of the glassy samples was highlighted. The other
concurrent factor of interest is the partial recrystallization which occurs at
temperature higher than the Tg, often parallel to water evaporation.
Particularly, the phenomenon of Physical Aging as a function of the aging
time was studied by different calorimetric procedures, i.e., by changing the
scan rate of the cooling process or by aging the sample at constant
temperature below the glass transition temperature. This investigation was
carried out to collect data on the changes in the relaxation enthalpy and the
fictive temperature, and then to derive the fragility parameter of the glass, a
signature of the molecular mobility of the sugar glass matrix as a function of
composition and residual moisture.
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New experimental results concern the anomalous behavior of Trehalose
alone which shows two different fragility parameters depending on the
procedure by which amorphization was achieved [3,4]. Indeed, the two
procedures refer to the fact that two crystalline polymorphs can be
amorphized. Comparison is made with the well known behavior of the
homologous sugar, Sucrose, which shows a fragility parameter in line with
that expected for this system [5].

Greatest attention was paid to the third sugar, Glucose, to avoid the risk of
degradation that occurs just above the melting point, in addition to possible
anomerization effects. The data so-far collected, however seem to indicate
that Glucose behavior is more close to that of Sucrose than to that of
Trehalose.

An attempt to correlate the percentage of residual water and the presence of
micro-heterogeneity in the glass matrices would be enlightening. Given the
modern understanding of a heterogeneous matrix of the glassy state,
several structural approach have been proposed, such as Phosphorescence
[6] and Positron Annihilation Lifetime Spectroscopies (PLS [7,8] and PALS
[9-11]) or Fourier Transform Infrared Attenuated Total Reflectance (FTIR
ATR) Microspectroscopy [12]. Comparison of the calorimetric data with those
obtained in other laboratories with these techniques is not always
straightforward because of the different procedures, set-up and samples
used. Experiments are planned toward collecting all the data on uniformly
prepared samples.
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Current food packaging materials are conceived as a multifunctional tool
enabling containment, protection and preservation of foods. One of the
additional properties required is the anti-fog property, which concerns the
capability of the packaging material to avoid the forming small droplets of
water on the internal side of the packaging film. Fog has a detrimental effect
on the transparency of the material, mainly due to the shape of the droplets
[1], which is reflected by the balance between the three interfacial energies
(solid-liquid ysi, liquid-vapor yLv, and solid-vapor ysy) of the three-phase
system, as described by Young’s equation [2]. The higher the contact angle,
the higher the incident angle of the light normal to the substrate at the
water/air interface, hence the more intense will be the scattering of the
visible light. Not only the shape, but also the size of the droplets is another
important factor to consider with regards to the anti-fog property of a material
[1]: the smaller the size, the larger the number of droplets and the more
pronounce the foggy effect. As both the shape and the size of the water
droplets depend on the physicochemical characteristics of the substrate [3],
modifying the original physicochemical properties of the plastic surface can
be the key to controlling water droplet formation [4].

The approach of applying a bio-based coating is here described, and a new
anti-fog coating made of pullulan is proposed [5]. The anti-fog properties are
discussed in terms of wettability, surface chemistry / morphology, and by
quantitative assessment of the optical properties (haze and transparency)
before and after fog formation. The work also presents the results of anti-fog
tests simulating the typical storage conditions of fresh foods. In these tests,
the anti-fog efficiency of the pullulan coating was compared with that of two
commercial anti-fog films, whereas an untreated low-density polyethylene
(LDPE) film was used as a reference. The obtained results revealed that the
pullulan coating behaved as a ‘wetting enhancer’, mainly due to the low
water contact angle (~24°), which in turn can be ascribed to the inherent
hydrophilic nature of this polysaccharide, as also suggested by the X-ray
photoelectron spectroscopy experiments. Unlike the case of untreated LDPE
and commercial anti-fog samples, no discrete water formations (i.e., droplets
or stains) were observed on the anti-fog pullulan coating on refrigeration
during testing. Rather, an invisible, continuous and thin layer of water
occurred on the biopolymer surface, which was the reason for the unaltered
haze and increased transparency, with the layer of water possibly behaving
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as an anti-reflection layer. As confirmed by atomic force microscopy
analysis, the even deposition of the coating on the plastic substrate
compared to the patchy surfacing of the anti-fog additives in the commercial
films is another important factor dictating the best performance of the anti-
fog pullulan coating.
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The use of coatings made of biopolymers on packaging materials, especially
plastics, has significantly increased over the past few years [1,2]. However,
the modification of the surface properties of packaging materials after
biocoating deposition has not been fully investigated so far [3]. In particular,
few papers in literature deal with the behavior of bio-coated surfaces with
respect to water, especially concerning the physicochemical phenomena
involved at the solid/liquid interface [4].

In this work [5], the surface wetting of five biopolymers, used as coating
materials for a plastic film, was monitored over a span of 8 min by means of
the optical contact angle technique. Because most of the total variation was
observed to occur during the first 60 s, we decided to focus on this curtailed
temporal window. Initial contact angle values (6, °) ranged from 91° for
chitosan to 30° for pullulan. However, the water drop profile began to change
immediately following drop deposition for all biocoatings, confirming that the
concept of water contact angle equilibrium is not applicable to most
biopolymers. First, a three-parameter decay equation [8(t) = 8(0) exp(kt")]
was fit to the experimental contact angle data to describe the kinetics of the
contact angle change for each biocoating. Interestingly, the k constant
correlated well with the contact angle evolution rate and the n exponent
seemed to be somehow linked to the physicochemical phenomena
underlying the overall kinetics process. Second, to achieve a reliable
description of droplet evolution, the contact angle (CA) analysis was coupled
with image analysis (IA) through a combined geometric/trigonometric
approach. Absorption and spreading were the key factors governing the
overall mechanism of surface wetting during the 60 s analysis, although the
individual quantification of both phenomena demonstrated that spreading
provided the largest contribution for all biopolymers, with the only exception
of gelatin, which showed two quasi-equivalent and counterbalancing effects.
The possible correlation between these two phenomena and the topography
of the biopolymer surfaces are then discussed on the basis of atomic force
microscopy analyses.
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Introduction

Saccharides, and in particular trehalose, are known for their high efficiency
in protecting biostructures against adverse environmental conditions [1],
although the preservation mechanism is still debated. Experiments and
simulations on carboxy-myoglobin (MbCO) have shown that the protein
dynamics is highly inhibited in a low-water trehalose host medium, the
inhibition being markedly dependent on the amount of residual water.
Trehalose effects have been related to its hydrogen-bonding (HB)
properties, which have been studied by Infrared Spectroscopy (FTIR) and
Molecular Dynamics simulations (MD) [2,3,4].

FTIR, through the study of the water association band and of the CO
stretching band, pointed out the existence of a reciprocal protein-matrix
coupling modulated by water content. In these systems different classes of
water molecules could be distinguished, whose ratio is altered by chaotropic
and kosmotropic solutes [3,5].

MD simulations pointed out that water molecules shared between protein
and sugar could modulate the strength of the constraints imposed by the
surrounding matrix on the protein, thus affecting its internal dynamics
(atomic fluctuactions on ps/ns time scale) [4].

A deeper understanding of the role of water molecules in the dynamics of
these system could shed light on trehalose peculiarity.

Experimental

Here we report on MD study of model systems constituted by a MbCO
molecule embedded in a highly viscous (amorphous) trehalose-water matrix
(830 trehalose molecules and 1909 water molecules, 89% w/w). NAMD code
was used with CHARMM22 parameters. The system was equilibrated in the
NPT ensemble with the Nosé-Hoover Langevin piston pressure control and
then left to evolve in the NVT ensemble up to 5 ns. Runs were performed at
various temperatures in the range 50-400K. For each temperature parallel
simulations with either free or fixed water molecules (unable to either
translate or translate and rotate) were performed in order to elucidate the
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contribute of water dynamics (disentangled from trehalose dynamics) to the
total dynamics of the system, and its influence on the protein.

To further investigate the water role, we performed analogous simulations
with model systems at the same water/trehalose ratio containing various
salts with kosmotropic/chaotropic effect, able to modulate the hydrogen bond
strength of the matrix. These latter results are compared with FTIR
measurement performed on analogous systems, both containing and not-
containing added salts.

Results

The analysis of the mean square fluctuations of the protein C-alpha and of
the trehalose glycosidic linkage O atoms, evidenced the damping of
anharmonic contributions to the protein and matrix dynamics, even in the
high temperature range, in the fixed water systems. In particular it has been
possible to set apart the effect of the protein presence on the matrix as a
function of the distance from protein surface, as well as the selective water
effect on the protein dynamics by fixing only the water in a given distance
range from protein surface. This allows to discriminate which fraction of
water has the maximum effect on the protein dynamics and up to which
distance these effects are important. Further information on the effects of the
HB strength modulations in systems with free water has been obtained by
comparing the dynamics of the previous systems with those of salt-
containing ones.
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Introduction

High-density protein systems are of increasing interest to food industry.
Whey proteins in particular, a constituent of milk, have a significant
importance in this context, not least as they are known to be prone to
aggregation under relatively mild denaturing conditions. Consequently, an
understanding of the aggregation mechanism of whey proteins is vital if
considering heat or salt treatment or if utilising whey proteins as a gelling
agent. Furthermore creating ‘concentrates’ of protein-based foods via the
removal of water is standard practice. Indeed, dehydrated foods could be
rehydrated at later time, thereby reducing food volume and weight in
between production and consumption. This allows for a significant reduction
in food freight and storage costs. Unfortunately, the behaviour of dense
protein systems is poorly understood. At high concentrations, a lack of
hydration water may cause the (partial) unfolding of proteins, potentially
affecting the mesoscopic and macroscopic properties of the dispersion by
the subsequent expulsion of water. Such a (partial) unfolding of the protein
molecules can ultimately have an adverse effect on food texture, which has
obvious implications for the food industry.

The aim of our work is to attempt to elucidate the temporal behaviour of
high-density protein solutions. More specifically, we investigate the
properties of dense whey protein solutions. Current work focuses on
producing high-density protein systems of varying protein concentrations at
a fixed pH from which the effects on mechanical behaviour, viscosity, and
conformational changes to the microstrucure of these dense protein systems
can be characterised. In future work we explore varying pH conditions and
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salt inclusions. Theoretical work focuses on modeling the conditions under
which phase separation, gelation and crystallization in a dense protein
solution will occur, and what the time- and length-scales are involved with
the various phase transitions. Finally, we hope to combine both theory and
experiment in a comprehensive study of the behaviour of dense protein
solutions.

Theoretical Work

A simple two-state model for proteins is used to model a protein solution.
Proteins are either in their native state or in a denatured state. These two
states are separated by a free energy difference: unfolding of proteins is an
activated process. After unfolding, hydrophobic parts of the protein are
exposed to solvent. This results in an effective attractive interaction between
denatured proteins due to hydrophobic effects. The corresponding phase
behaviour reflects the competition between the energy scale associated with
the native - denatured transition, and the energy scale associated with
aggregation of denatured proteins. This results in a competition between a
dilute phase of native proteins and a dense phase of denatured proteins.
The phase diagram shows rich and non-trivial phase behaviour, including a
multi-critical point. Phase transitions are slowed down by a lag time
associated with the conversion time between native and denatured state.

Experimental Work

Type A B-lactoglobulin, freeze-dried whey protein powder (as produced by
NIZO food research), was dissolved in a buffer at pH = 3 (0.2 M NazHPO4/ml
and 0.1 M Citric Acid/ml) at initial dilute concentrations of 50 mg/ml protein-
concentration. From these dilute solutions, concentrates of high-density
protein solutions up to 780 mg/ml were made via centrifugation filtration.
Oscillatory shear bulk rheology and passive video particle tracking (VPT)
micro-rheology techniques were used to determine the mechanical
properties of these concentrates and assess the possible existence of
heterogeneity in the structure. The Infrared absorption spectrum of a drying
droplet of the solution (protein concentraion of 307 mg/ml) over a 90 minute
duration was determined via Fourier Transform Infrared Spectromemetery
(FTIR). All the bulk and microrheology results indicated that these solutions
behave simply as viscous fluids and exhibit typical Newtonian behaviour.
Bulk rheological analysis indicated that there was no gelation occurring (not
even a weak gel) in the liquids. All solutions exhibited viscous fluid behaviour
with FTIR derived drying-spectra showing the possibility of a phase
separation/gelation at 15% protein-volume fraction.
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Introduction

Many electrolytes, including sodium and potassium chloride, exist in a
mammal’s living body. Despite the chemical similarities of the sodium and
potassium ion, their cellular distributions are different and asymmetric; the
extracellular concentration of sodium ions exceeds their intracellular
concentration, the reverse being the case for potassium ions, suggesting
that the ions have differing functions in the cell. The saccharides are also
important tissue components that influence tissue fluid behavior. To clarify
the roles of sodium ions and potassium ions in living bodies, in our previous
research we examined the physicochemical characteristics of each ion in the
alkali halide-saccharide-water ternary system by measuring its solubility[1]
and freezing-thawing behavior[2]. The viscosity has been employed
previously as physicochemical index, often related to potential solution
structural changes. In this study of KCI-glucose-water ternary system, the
influence of potassium ions on solution viscosities was studied as a potential
structural probe.

Experimental

The density of the KCI-glucose-water ternary system was measured with a
Gay-Lussa-type pycnometer. The flow time of the ternary system was
measured with a Ubbelohde viscometer. All measurements were carried out
in a temperature-controlled water bath (25.0 = 0.01°C). The viscosity of the
solutions was calculated by using the density and the flow-time results.

Results

The viscosity curve is not simple. It decreases at lower KCI concentration
then increases gradually with increases KCI concentration. The tendency is
emphasized with increases glucose concentration. A increase or decrease in
the dependence of viscosity on KCI concentration is seen in the binary KCI-
water system as a function of temperature.
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Introduction

Cookie is a major bakery product composed of wheat flour, sugar, butter,
and egg. The quality of cookie has been often characterized by mechanical
properties such as shortness and hardness. When cookie is stored in an
ambient condition, softening is caused by water adsorption, and then the
shortness and hardness are lost almost completely. It is suggested that
softening of cookie can be related to glass transition of the constituents [1-3].
The previous studies, however, were not large enough to permit the control
and prediction for the softening of cookie. Thus, effects of sugar-type and
water content on the softening temperature (Ts) of cookie were investigated
using a thermal rheological analysis (TRA). In addition, relationship between
the Ts of cookie and the glass transition temperature (Tg) of sugar contained
in the cookie was discussed for the establishment of softening prediction.

Experimental

Three types of mixed sugars (100% sugar, sugar containing 40% trehalose,
and sugar containing 40% sorbitol per dry basis) were prepared. The sugar,
butter, whole egg, and wheat flour were mixed homogeneously, and the
mixture (dough) was held at 4 °C for 2 h. The dough was baked at 180 °C for
12 min, and then cookie was obtained. The cookie was grinded
homogeneously, and then equilibrated under various relative humidity
conditions. Water content of the sample was evaluated gravimetrically.

Ts of cookie samples was investigated using a rheometer (CR-150; Sun
Scientific Co.,Ltd., Tokyo, Japan). The sample (100-105 mg) was
compressed at 12 MPa in a holder (¢ = 7 mm), and set to a heat sink cup
attached on the sample stage of the rheometer. Then, the sample was
compressed at 2 MPa at 10 °C, and subsequently heated at 3.5 °C/min up to
80 °C.

Ty of sugar was investigated using a DSC (DSC120; Seiko Instruments Inc.,
Tokyo, Japan). Each mixed sugar was dissolved by distilled water and 10%
(w/w) aqueous solution was prepared in a glassy vial. The solution was
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placed in a pre-cooled freeze-drier, and vacuumed at a pressure below 70
Pa with increasing temperature from -40 °C to 10 °C over a period of 36 h.
The freeze-dried amorphous samples (4-12 mg) were placed in a DSC pan.
In order to remove the residual water of sample, the sample in the pan was
held at 60°C for 18 h in a vacuum desiccator (below 8 kPa). Then, the fully-
dried sample was hermetically sealed, and heat-scanning was performed at
5 °C/min in the temperature range between 0 °C and 100 °C.

Results and discussion

A typical TRA result for a cookie sample is shown in Fig. 1. The cookie
sample showed a drastic decrease of stress at a certain temperature, and Ts
value could be evaluated from the onset point. In order to understand effect
of water content on the Ts of the cookie samples, the Ts was plotted against
the water content. It was found that the Ts decreased lineally with increase in
the water content. From the linear function, the water content of which the
cookie showed softening at 25 °C could be calculated. This will be useful for
the prediction of softening condition of cookie.

DSC thermograms for anhydrous mixed sugar samples showed an
endothermic shift reflecting glass transition, and Ty was evaluated form the
onset point. When a relationship between the anhydrous Ts of cookie
calculated by above-mentioned linear function and the Ty of anhydrous
sugar was investigated, there was a liner relationship between them. This
indicates that the softening of cookie can be characterized by the glass
transition of sugar. This will be useful for the control of cookie texture.
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Figure 1. A typical TRA result for a cookie sample.
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Introduction

The antioxidant power some of a drug is not only its capacity to protect
against oxidant species, but also to maintain constant the physiological
production of oxygen reactive species and to improve antioxidant defence
systems.Lipid oxidation products can alter the balance of these mechanisms
in both beneficial and damaging way. The major emphasis was to study the
kinetics of the inhibitors in protecting against oxidant stress in erythrocytes
prepared from whole blood. To inhibit oxidant stress, we will use Artemisia
Absintium L. extracts, which was widely employed in Armenian traditional
medicine as a remedy for digestive diseases.

Experimental

In a first was investigated of some physico-chemical properties of our
experimental samples. For study of antioxidant properties of Artemisia
Absinthium L extract all using organically solutions (methanol, ethanol,
chloroform etc.) was cleaned by method purified of double outstrip.
Extraction of plant was carried out with using extractor of the Soxlet. It was
obtained water and ethanol extracts of the degree of extraction cleanliness
our examples was detection by spectroscopy method. Our experimental
extracts of Artemisia Absinthium L. for studies their antioxidant effect on lipid
peroxidation were tested. We also studied the influence ethanol extracts on
hemolysis kinetics in different situation.

All data were expressed as the mean + standard error of six experiments
using Student’s test and special computer program MatLab.
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Results

The changing of ethanol solution per cent from 30 to 96 % we have
increasing the time of extraction around 60%, in a case if concentration of
plant material is same. We obtained changes by the measuring of redox
potential and value of pH for extracts with different degree of ethanol. It is
means, that our extract can be use as natural inhibitors in during oxidative
damage in organism.

The obtained results showing depended antioxidant activity (AOA) from per
cent of ethanol extracts. It is necessary for determination of total control
phone in our experiments. According its ethanol extract inhibits the
concentrations of Diene Conjugate (DC) and Malone Dialdehyde (MDA) and
we have the antioxidant effects of plants for DC and MDA. However, when
concentration of erythrocytes suspensions was increased, for example in
case of determination of MDA, we obtained more high per cent of inhibition.
The kinetics of these processes is different. The cover for controls and for
control+96% ethanol systems is same. But in case adding in control systems
70%, 50% and 30% ethanol solution we obtained another by same cover.
May be in last situation we must to take into account that quality of water,
which adding for obtaining 70%, 50% and 30% ethanol solution.

Hemolysis induced by HCI solution was significantly by addition of Artemisia
Absinthium L. extracts. The rate of hemolysis of biological target (human
erythrocyte suspension) was reduced after influence plant extract. As
control systems we used ethanol extract with different per cent. According
those results for human health can be dangerously 96% ethanol extract. It is
means 96% ethanol extracted more biological active compounds, which in
case complex influence will have negative effect.

So, we try to develop novel approaches to correlate the level of lipid
peroxidation and membrane damage for erythrocyte system. Our results
shown that choose a method of extraction (time, temperature, using solution,
etc.) can be determinate that pharmaceutical effect, which necessary for
concrete case of organism damage. The important link in the biomedicine is
an analytical processing of experimental results. It is a component of
informational basis at prognoses of different diseases. We suggested using
as novel statistical insights a computer program MatLab for modeling
diseases connected with infringement in lipid peroxidation. One of the
stronger sites of that computer program is repeated using of special
program, getting up as M-files. Then by help MatLab-function's plot we has
obtained the graphical view of study biological processes at its development.
The approximations of that kinetic curve allow us to make interpolation by
polynomial-function with necessary power. Then we obtain a coefficient and
roots of polynomials exactness and other statistical insights. The using of
MatLab by analytical processing of experimental results to allow us with
once program file to get the results, which is a basic at the same time
evaluation a lot of kinetic parameters for studying processing in whole.
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Also, the method of peroxide haemolysis we suggest for using as specific
test for detection of the presence different disease in an organism carried
out by the activation of the lipid peroxidation processes. Our works out of
mathematical computer program simulation for the determination of factors
of stability membrane allow creating model kinetics of oxidation.
These experiments was supported by ANSEF grant 07-NS-biochem-1440.
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Introduction

In the framework of modern biophysics, the internal motions of key
biomolecules in the picosecond domain play an essential role to turn on
their biological activity [1,2,3]. Of course, the dynamical features of
biomolecules strongly depend on the environment where they are embedded
in. So far, mainly hydrated powder and solution states have been studied to
simulate the coupling between the biomolecules and the aqueous solvent
[4]. In order to deepen our understanding of the dynamical behaviour of
biological macromolecules in their physiological environment, an inelastic x-
ray scattering experiment on samples of U937 human cells has been
performed. The main goal was to single out the dynamics of nuclear DNA in
its natural condition. With this aim we stained the cells with a Uranyl salt,
which has both high atomic number and high affinity with phosphoryl groups.
We also compared the collective dynamics of the whole cell with that of
nucleic acid.

Results and Discussions

The analysis of the coherent scattering data, for the sample treated without
and with staining by uranyl-acetate, has pointed out the existence of two
collective excitations: a high-frequency propagating mode, which reveals a
dispersive character, and a low-frequency mode of almost constant energy.
From a first look at Figure 1, which provides the dispersion curves, a strong
resemblance between the dynamical features of the whole cells and that of
pure liquid water is shown.

Indeed, the propagation speed of 3000 m/s is absolutely comparable to that
revealed in IXS and INS experiments on bulk water [5,6]. This value is also
surprisingly higher than the sound velocity of 1500 m/s measured by an in-
house ultrasound apparatus in the same sample. This finding suggests that

131



Frontiers in Water Biophysics 2012 - Perugia, Italy poster

also in this sample a phenomenon reminiscent of the so-called fast sound is
observed.

Due to the high concentrations of macromolecules in cellular enviroments,
this unexpected likeness may be ascribed to a strong dynamical coupling
between the biomolecules and the solvent, as if the collective dynamical
behaviour of the cell as a whole was mainly ruled by water.

The dynamical features of the dyed nuclear DNA are instead quite different.
The high-frequency mode shows a dispersive character with an initial linear
trend in the low-Q region, which corresponds to a lower propagation speed
of 2700 m/s. Moreover, the damping factors displays a quadratic
dependence, a behaviour similar to that found in biological water and in
several glassy systems.
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Figure 1. Left panels: dispersion curves of the high-frequency (full circles)
and low-frequency (empty circles) mode in the cells treated with and without
staining by uranyl-acetate. The red continuous lines represent the linear fit
yielding the propagation speed of the high-frequency mode. The black
continuous lines describe the trend of the low-frequency mode, localized at 5
meV and 2 meV in the case of the entire cells and treated cells respectively.
Right panels: damping factors of the high-frequency (full diamonds) and low-
frequency (empty diamonds) mode in the cells treated with and without
staining by uranyl-acetate.The red continuous lines represent the fit to the
experimental data, which are compared with the linear behaviour observed
in bulk water (blue continuous lines).
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Cryopreservation of sperm can be done using a combination of
cryoprotective agents including glycerol, ethylene glycol, sucrose, hydroxyl
ethylene starch (HES), egg yolk, and skim milk. Glycerol and ethylene glycol
are small membrane permeable molecules. Sucrose (disaccharide) and HES
(polysaccharide) are membrane impermeable and only provide extracellular
protection. The aim of this study was to determine the mode of protective
action of the various components that can be used for cryopreservation of
stallion sperm. Differential scanning calorimetry was used to determine glass
forming properties of the different cryoprotective agents. Liposomes with
trapped carboxyfluorescein were used to study the ability of the protectants
to stabilize membranes and prevent leakage during freezing and thawing.
Post-freeze motility was determined using computer assisted sperm
analysis. In addition, membrane integrity and osmotic tolerance limits of
sperm were assessed by microscopic and flow cytometric analysis. Post-
freeze plasma membrane integrity typically increases with increasing
concentration of cryoprotectant if sperm is kept in cryopreservation medium
after thawing. Post-thaw motility percentages using glycerol, sucrose or HES
were found to be similar when used at their optimal concentrations. When
cryopreserved sperm is diluted in isotonic buffer after thawing, however,
sperm viability decreases. The decrease in viability upon return to isosomotic
conditions is greater using non-permeable osmotically active protectants
such as sucrose compared to glycerol or osmotically inactive HES. Skim
milk-based protection buffer supplemented with egg yolk and glycerol
exhibits a glass transition temperature at approximately -55 °C. Addition of
sucrose or HES increases the glass transition temperature. Studies with
liposomes showed that glycerol and ethylene glycol are able to protect
against membrane leakage during freezing and thawing, whereas sucrose
and HES do not. Taken together, cryoprotectants such as glycerol and
ethylene glycol reduce the damaging effects of osmotic stress and stabilize
membranes during freezing and thawing, whereas sucrose and HES
increase the glass transition temperature.
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lon solvation is relevant to a number of processes and mechanisms in
technological, biological and pharmaceutical fields. Molecular dynamics of
aqueous alkali halide solutions have previously been investigated using the
time-resolved ultrafast optical Kerr effect (OKE) with a polarization-resolved
approach to study the effects of ion solvation on water structure and
dynamics [1,2].

Here, we focus on transient OKE and the corresponding low-frequency
(THz) Raman spectra of formamide solutions of alkali metal halide salts.
Through these studies we observe the effects of ion solvation on the
dynamics of a non-aqueous high-permittivity H-bonding solvent. The
picosecond orientational and ultrafast intermolecular dynamics of liquid
formamide as a function of concentration of Nal and Kl are compared with
the temperature effect on the pure solvent dynamics. The effects of a range
of other salts at fixed concentration are also recorded. Transient OKE and
THz Raman spectra of the solutions revealed differences in the solvent
dynamics caused by ion solvation. Increasing concentrations of Nal and Kl
have the effect of slowing down the diffusive reorientation and reducing the
librational frequencies of formamide. Further a number of cation-specific
effects on the THz Raman spectrum are reported. These effects are
discussed in terms of an ion perturbation of the H-bonding structure in the
solution. This approach provides a valuable means of investigating the
dynamics, structure and interactions in complex, interacting systems [3-5].
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Figure 1. Evolution in (a,c) Kerr transient and (b,d) THz Raman spectrum of
(a,b) pure liquid formamide as a function of temperature, and (c,d) Kl
formamide solution as a function of concentration, up to near saturation, at
25°C. Arrows indicate the direction of the observed shifts with increasing
temperature/concentration.
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Introduction

Hyaluronan is a carbohydrate, more specifically a mucopolysaccharide,
occurring naturally in most living organisms. It is a linear polyanion, with a
poly repeating disaccharide structure [(1—3)-B-D-GlcNAc-(1—4) B-D-GlcA-],
which is energetically very stable. It can be found in various molecular forms
like the acid form, hyaluronic acid (HA), and the salts, such as sodium
hyaluronate, which form at physiological pH.

HA is one of the most hydrophilic molecules in nature and its role in living
organisms is mainly that of a moisturizer and a lubricant. In solution the HA
biopolymer forms a helical configuration which can be attributed to hydrogen
bonding between the hydroxyl groups along the chain. Due to the
significance of this molecule for biological procedures, a variety of
commercially available preparations of HA derivatives and cross-linked HA
materials have been developed for drug delivery and an extraordinary broad
range of biological applications [1].

Materials and Methods

Here we present a thermal and dielectric study in the case of mixtures of
water and crosslinked HA (crosslinker: divinyl sulfone (DVS) at a molar ratio
0.8). We follow an experimental approach which has been previously used in
the case of globular protein-water mixtures in wide ranges of temperature
(128-273 K) and water composition [2,3]. Here the samples are in the form
of hydrated solid specimens, hydrated either by vapor adsorption, or by
swelling. The water fractions achieved are in the range of 70 wt% to 0 wit%
(practically dry samples). The experimental techniques used are differential
scanning calorimetry (DSC) and two dielectric techniques, dielectric
relaxation spectroscopy (DRS) and thermally stimulated depolarization
currents (TSDC). In addition, water equilibrium sorption-desorption (ESI)
measurements are performed at room temperature.
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Results

ESI measurements showed a maximum water uptake of h=1.33
(corresponding to 57 wt%) at relative humidity aw =0.95, while a hysteresis
was observed at desorption. The thermal transitions of water (crystallization
and melting) were studied by DSC. Samples of water fraction up to 17 wit%
showed no water crystallization nor during cooling or heating. At higher
water fraction values, crystallization of water was present during cooling,
showing multiple complex peaks. Cold crystallization of water was observed
during heating. In addition, segmental dynamics (glass transition) was
detected by DSC, depending on the water fraction. Dynamics of
uncrystallized water, ice and segmental dynamics were followed by DRS.
The importance of the results is twofold. First, the dielectric study of HA
dynamics in literature is rare and focused more in HA salt solutions at
physiological temperatures [4], so these results are somehow novel.
Second, the combination of the above mentioned experimental techniques
have led to very important conclusions relevant to the origin of the
polysaccharide glass transition and the dynamics of water at the
polysaccharide interface, analogous to those in the case of BSA-water
mixtures [2,3]. The parallel studies of protein-water systems and a
structurally simpler molecule like HA, regarding the evolution of dynamics
with water composition, may help in clarifying the role of water in biological
function.
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Information on the hydration dynamics of biorelevant molecules at
picosecond time scales can be obtained both in the frequency and in the
time domain, by depolarized light scattering (DLS) and time-resolved optical
Kerr effect (OKE) experiments, respectively [1,2]. In simple terms, both
techniques depend on the relaxation of the collective polarizability anisotropy
of the system and probe a water restructuring process, connected with the
fast reorganization of the hydrogen bonding network [1].

Recently DLS experiments extended in a wide frequency range (EDLS) have
been employed in our laboratories here in Perugia to study the hydration
dyanamics in the shell of several biomolecules, such as sugars, peptides
and proteins [3-6]. Owing to its relevance in biophysical and biochemical
processes this interfacial water is often referred to as “biological water” [7].
For all the aqueous solutions investigated, two relaxation processes related
to hydration and bulk water have been detected, providing an estimate of the
dynamical retardation induced by the solute on the surrounding water and of
the number of solvent molecules dynamically affected (i. e. dynamical
hydration number) [3-6]. Nevertheless, considering the collective character
of the physical properties probed by these techniques and the complexity of
the processes under exam, molecular dynamics (MD) simulations have been
also employed to deeply understand experimental results [8].

In the present study MD simulations were used to calculate time correlation
functions (TCFs) of the anisotropic component of the collective polarizability
of aqueous solutions of glucose and trehalose at different concentrations.
Corresponding spectral profiles were found to be in agreement with
experimental ones. Computed TCFs were separated into solute, solvent and
cross terms between the two, highlighting the presence of two distinct
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relaxation processes in water, related to hydrating and bulk components. A
concentration-independent retardation factor of ca. 5 is estimated for
hydration water compared to the bulk, while hydration numbers are found to
decrease at higher sugar concentrations. These results agree with
experimental findings suggesting that DLS and OKE represent suitable
approaches to explore the hydration dynamics of biological water [8].
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We have studied the dynamics of water in aqueous solutions of selected
sugars and peptides at room temperature by Extended Depolarized Light
Scattering (EDLS) and Broadband Dielectric (BDS) Spectroscopies.

This is the first combined EDLS — BDS study on hydrophilic and amphiphilic
solutes where both the slowing down of the hydration water dynamics and
the spatial extent of the solvent perturbation revealed by both techniques
have been directly compared.

We show here that it is possible to obtain consistent parameters from each
technique for sugars, and note systematic differences in the estimation of
the hydration number for peptide solutions.

The figure below shows the water retardation factors, &, in very good
agreement for both experimental techniques. Our analysis reveals that
water molecules located in the hydration shells of carbohydrates are slowed
down ~ 4 times relative to the bulk solvent, while water molecules
surrounding peptides are more strongly retarded (§ up to ~ 8).

This peculiarity in the hydration water relaxation of peptides solutions had
been ascribed to frustration of the structural dynamics of the hydrogen-bond
network which is induced by the presence of hydrophobic and hydrophilic
functional groups of solutes molecules [1-4].

EDLS and BDS results also illustrate that the solute-induced perturbations in
carbohydrates-water systems are short-ranged: in 10 wit% sugar solutions,
only ~15-25 % water molecules surrounding sugars are affected by the
solute. Interestingly, there appear to be systematic differences in the
estimation of hydration number for peptides samples. Values estimated from
EDLS are always higher than those obtained from the analysis of the
dielectric spectra, indicating a perturbation extending beyond the first
hydration shell. These measurements highlight the strength of estimates of
retardation factor from both techniques and the challenges stemming from
comparisons of complimentary, but fundamentally different, experimental
techniques.
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Figure 1. Retardation factor ¢ of hydration water dynamics obtained by
EDLS (circles) and BDS (triangles) measurements on carbohydrates and
peptides solutions (Psoue=10% wit, room Temperature) .
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Introduction

Thermal characteristics, such as glass transition, melting and freezing point
of foods are important in determining its stability during processing and
storage [1]. It is important to know the melting point of fat since milk storage
above melting could initiate undesirable agglomeration and caking [2]. Most
of the cases in the literature, thermal characteristics of whole foods or food
ingredients were measured. However negligible work was presented by
measuring thermal characteristics of foods and its extracted or separated
components as well. Negligible research works were reported on the thermal
characteristics of camel milk powder, especially for its major components.
The objectives of this study were to determine the thermal characteristics of
whole and skimmed camel milk; and its isolated components (i.e. fat, cream,
casein, whey protein and lactose) using Differential Scanning Calorimetry
(DSC). These thermal characteristics data could be used in determining the
storage stability of dried camel milk.

Materials and Methods

Whole camel milk and its extracted components (skimmed milk, cream, fat,
casein, whey, and lactose) were freeze dried in a laboratory freeze-drier at
20°C and 100 Pa. All freeze-dried samples were equilibrated in air-sealed jar
maintained at relative humidity 11.3%. Differential Scanning Calorimetry
(DSC Q10, TA Instruments, New Castle, Delware, USA) were used to
measure the glass transition and melting. The procedures for thermal
analysis were similar as discussed by Rahman et al. [3].

Results

The thermogram of whole milk showed three endothermic peaks (two for fat-
melting and one for non-fat solids-melting) and three shifts (Figure 1). Two
shifts at low temperature were related to the glass transitions. The shift at
higher temperature after melting of non-fat solids could be related to the
structure ordering in milk after solids-melting. Different major components of
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the camel milk (fat, cream, casein, whey protein, and lactose) were
separated and then measured its thermal characteristics.
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Figure 1. DSC thermogram of freeze-dried whole milk powder equilibrated at
11.3% relative humidity (Gj: first glass transition, Gz: second glass transition,
Aq: first fat-melting, A.: second fat-melting, B: solids-melting, i: onset, m:
maximum slope, p: peak, e: end, C: structure-forming, and f: end of
structure-forming)

The first melting peak of fat started at -5°C and second peak started at 38°C
and ended at 52°C, respectively. Casein showed one endothermic peak due
to solids-melting and two shifts in the thermogram line indicating two glass
transitions. Similarly whey protein precipitated by ammonium sulfate and
ethanol also showed two glass transitions and one melting endotherm. In the
cases of all types of protein, the second glass transition was observed just
before solids-melting. In the case of first scan of lactose, only two
endothermic melting peaks were observed without any trace of glass
transition. However, the second scan with annealing showed two glass
transitions and two endothermic peaks, onset of the first and second glass
transitions were at 56 and 114°C, respectively. The onsets of first and
second melting endotherms were observed at 145 and 213°C, respectively.
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Introduction

Cyclodextins (CD) are cyclic oligomers of amilose with consolidated and well
assessed characteristics of host molecules for supramolecular inclusion
complexes [1]. These host-guest complexes find several applications, mainly
in the pharmaceutical field, such as water solubility enhancement, controlled
release and stabilization of active pharmaceutical ingredients.

More recently, great effort has been devoted to the designing and production
of cyclodextrins-based polymers able to improve the performance of CD as
host molecules [2]. In this framework, the easy preparation of cross-linked
polymers by reaction of CD with suitable activated derivatives of carboxylic
acids has been proposed [3]. The corresponding materials are referred to as
cyclodextrin nanosponges (CDNS). The main feature of these polymeric
matrices is the simultaneous presence of lyphophilic cavities and hydrophilic
channels which can be used to encapsulate, carry and/or release a great
variety of substances. CDNS are insoluble in water and in most common
organic solvents, but some classes of CDNS may undergo swelling in the
presence of aqueous solutions, giving rise to a characteristic gel-like
behaviour.

The thorough physical-chemical and structural characterization of these
materials is a challenging task and several spectroscopic methods are being
used [4-6]. In particular, the swelling process of CDNS was investigated by
the analysis of the O—H and C—H groups vibrational modes, whereas high
resolution magic angle spinning nuclear magnetic resonance (HRMAS-NMR)
measurements on hydrated samples gave clues of “free” and “bound” water
molecules in the polymeric gel with different diffusion coefficients [7].
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Results and discussion

Here, we present some results on the investigation of swelling properties in
PMA-nanosponges, a class of CDNA obtained by polymerization of CD with
pyromellitic dianhydride (PMA) as cross-linking agent. In particular the effect
of water confinement into the nanopores of PMA-nanosponges will be
studied by using Raman and Fourier transform Infrared (in Attenuated Total
Reflectance geometry, FTIR-ATR) spectroscopies as a function of
temperature, level of hydration and cross-linking degree of the polymers.
Moreover, the differences in the vibrational dynamics of PMA-nanosponges
swollen with H-O and D20 will be exploited, in order to better understand the
role played on the dynamic peculiarities of water arrangements both by the
bare geometrical confinement and the specific interaction with chemical
groups of the polymers.

We will focus the attention on the experimental FTIR-ATR and Raman
spectra of the intramolecular O—H stretching vibration, whose spectral
contributions are assigned to different water molecules arrangements.
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Cyclodextrin nanosponges (CDNS) are a new class of cross-linked
nanoporous polymers obtained by reaction of cyclodextrins (cyclic oligomers
made of 6, 7 or 8 glucopyranose units) with a suitable polyfunctional cross-
linking agents [1]. Cyclodextrins (CD) polymerize in a three-dimensional
network, whose main feature is the presence of both lyphophilic cavities and
hydrophilic channels which can be used to encapsulate, carry and/or release
a great variety of substances. Moreover, the use of different cross-linking
agents provides a suitable modulation of physico-chemical properties of the
final material. For these reasons CDNS have been exploited in a variety of
fields, including bio-catalysis, agriculture, environmental control and
pharmaceutical applications [2,3].

Recently, we focused our attention on a specific class of CDNS obtained by
polymerization of B-CD with pyromellitic dianhydride (PMA) as cross-linking
agent with different B-CD/PMA molar ratios [4-6]. These polymers are
insoluble in water and in most common organic solvents, but they may
undergo swelling in the presence of aqueous solutions, giving rise to a
characteristic gel phase. Moreover, the swelling properties of these
materials, i.e. the level of hydration, the viscosity of the gel and its stability
with respect to ageing, depends on their degree of cross-linking, which is in
turn correlated to nanopores dimensions.

The thorough pysico-chemical and structural characterization of
nanosponges is a challenging task and several spectroscopic methods are
being used for investigating the cross-linking properties of these polymers in
dry state [4-6]. In particular, the inspection of the vibrational dynamics of
CDNS in different frequency regimes allowed to recognize some important
descriptors of the cross-linking degree of the polymers, as a function of the
molar ratio between the monomers CD and PMA used during the reaction of
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polymerization. Moreover, the analysis of fluorescence spectra of the same
samples revealed interesting correlations between the stiffness of the
polymers and the wavelength of their emission band.

Here, special attention will be devoted to the ageing process of swollen
PMA-nanosponges which evolve in time, passing from a gel phase to a
liquid solution. The Raman and fluorescence spectra recorded on swollen
CDNS with H>O and D20 at different ageing times will be analysed and the
observed spectral changes will be correlated with the changes observed in
the viscosity of the system.

Comparison of the results obtained for the D>O solvent with those for the
H20 solvent will elucidate the deuteration influence on the kinetics of the
swelling process.

References

1. F. Trotta, W. Tumiatti, Cross-linked polymers based on cyclodextrin for
removing polluting agents. WO 03/085002 (2007).

2. B. Boscolo, F. Trotta and E. Ghibaudi, J. Mol. Catal. B: Enzym. 62, 155
(2010).

3. B. B. Mamba, R. W. Krause, T. J. Malefetse and E. N. Nxumalo, Envirom.
Chem. Lett. 5, 79 (2007).

4. A. Mele, F. Castiglione, L. Malpezzi, F. Ganazzoli, G. Raffaini, F. Trotta,
B. Rossi and A. Fontana, J. Incl. Phenom. Macrocycl. Chem., 69(3-4), 403-
409 (2011).

5. B. Rossi, S. Caponi, F. Castiglione, S. Corezzi, A. Fontana, M. Giarola, G.
Mariotto, A. Mele, C. Petrillo, F. Trotta and G. Viliani, J. Phys. Chem. B,
116(17), 5323-5327 (2012).

6. F. Castiglione, V. Crupi, D. Majolino, A. Mele, B. Rossi, F. Trotta and V.
Venuti, J. Phys. Chem. B, DOI: 10.1021/jp303006a (in press).

148



Frontiers in Water Biophysics 2012 - Perugia, Italy poster

ACTIVITY OF HORSERADISH PEROXIDASE AND
BOVINE LACTOPEROXIDASE AS AFFECTED BY
PHYSICAL PROPERTIES OF THE SOLUTION

Giampiero Sacchetti, Lilia Neri, Dino Mastrocola and Paola Pittia

Department of Food Science, University of Teramo — Via Lerici 1,
64023 Mosciano S. Angelo (TE), Italy. gsacchetti@unite.it

Introduction

Enzymatic activity in solution is largely influenced by environmental factors
such as the physical properties of the system.

Viscosity is referred to as an index of the mobility of a system since it is
related to the translational diffusion by the Stokes relationship. Kramers’
theory [1] predicts that the rate for the dynamics should have an inverse
relationship with viscosity. Even if a large body of work indicates that
Kramers’ theory does not always predict protein dynamics properly [2], large
amplitude (global) protein motions and, in particular, those involving exterior
portions of the protein, appear to follow Kramers’ relation at viscosities
above = 1 cP [3,4] whilst diffusive motions involving smaller portions of the
protein are less likely to follow Kramers’ relation at high viscosities [2].
Deviations from Kramers’ relation for exterior protein motions has been
attributed to solvent composition and viscosity in the immediate vicinity of the
protein.

Independently of viscosity, other physical variables could affect the enzyme
kinetics in solutions. In particular, in highly viscous concentrated solutions,
water activity, which is a thermodynamical variable extensively used to
describe the chemical potential of water in binary and complex systems,
could play a significant role [5].

The aim of this study was to investigate and compare the effect of viscosity
and water activity (aw) on the activity of horseradish peroxidase (HRP) and
bovine lactoperoxidase (LPO) in buffered solutions. HRP (44,173.9 Da) is an
enzyme with an highly accessible active site whilst LPO is a larger enzyme
(78,431 Da) with a deeply buried active site with a restrictive substrate
access channel which should limit the influence of physical properties of the
solution (such as viscosity and water activity) on enzymatic catalysis.
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Experimental

Concentrated binary and ternary buffered solutions with were prepared by
using 0.1 M potassium phosphate buffer, maltose, trehalose and

maltodextrins (M, : 30.000).

HRP and LPO activity was tested in buffered solutions using the method of
Keesey [6]. Viscosity was measured using a falling ball viscometer while
water activity was measured using a dew point hygrometer. All
measurements were carried out at 25 °C. Differential scanning calorimetry
was used for the T'g determination. Thermograms were obtained after
annealing at T'g + 10 °C.

Results

In viscous solutions characterized by different composition, the inhibition of
the HRP activity was dependent both on the thermodynamical properties of
the solution, as described by water activity, and on the mobility of the
system, as described by the inverse of viscosity and T-T'g. Viscosity was the
most important factor in the inhibition of enzymatic activity in solutions
characterized by the same T'g value, but when T'g was changed, due to
changes in the solutes composition, the latter became the key factor in the
regulation of the enzyme activity.

HRP activity was much more influenced by changes in the water activity than
LPO activity which, in turn, was much more influenced by changes in
viscosity. The results of this study suggest that for large enzymes the
translational diffusivity which, according to the Stokes-Einstein law, is
inversely related to viscosity and molecular weight, is a far more critical
factor than the accessibility of the active site. On the other hand, the water
status of the solution seems to be a far more critical factor for the activity of
enzymes with an active site highly accessible and expose to the external
environment.
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The behavior of liquid water under an electric field is a crucial phenomenon
in science and engineering. However, its detailed description at a
microscopic level is difficult to achieve experimentally. Here we report on the
first ab initio molecular dynamics study on water under electric field. Fields
beyond a threshold of 0.35 V/Angstrom are able to dissociate molecules,
and sustain an ionic current that occurs via a series of correlated proton
jumps. This result paves the way to a whole new branch of quantum-
accurate microscopic theoretical calculations on the effect of electric fields
on aqueous solutions, and thus to massive applications of ab initio molecular
dynamics in neurobiology, electrochemistry, and the nascent hydrogen
economy.
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The diagram of the metastable phases of water is a long-time puzzle,
because of the presence of the no-man’s land, located between the
supercooled and the glassy phase, where non-crystalline bulk water has
never been observed and where singularities of transport and
thermodynamic properties are inferred at 228 K and ambient pressure. Due
to the experimental inaccessibility of the no-man's land, a commonly agreed
explanation of the eccentric properties of water is not yet reached.
Dynamical and thermodynamical interpretations have been proposed. The
presence of a second critical point is very debated [1].

We measured the relaxational dynamics of liquid and supercooled water
down to 253 K, by means of inelastic ultraviolet and Brillouin light scattering
[2, 3]. The measured structural relaxation time follows a power law, which
diverges at 220 K [2], in agreement with the predictions of molecular
dynamic simulations [4]. We availed of the use of ionic solutions to
circumvent the freezing of water. We measured the dynamics of the LiCl-
6H20 solution at ambient pressure down into the glassy phase (Tg = 135 K)
and over 5 frequency decades, by inelastic scattering of synchrotron
radiation and light [5]. At this particular concentration, the system remains in
a liquid metastable phase at those temperatures corresponding to the no-
man's land of water.

At high temperature, the dynamics of the solution is characterized by a
single relaxation process. The high frequency speed of sound is comparable
to that of water. The relaxation splits into a structural relaxation and a
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secondary relaxation at about 220 K, where the structural relaxation time of
the pure solvent apparently diverges.

According to recent experiments and calculations, this scenario could be
compatible with the hypothetical liquid-liquid transition in pure water, which
would occur at lower temperatures and higher pressures than those studied
(T'er = 220 K, P'cr = 100 MPa ). The presence of ions would hence have the
effect to translate the phase diagram in the pressure-temperature plane.
Indeed, the comparison of water to aqueous solutions is currently being
proposed by several groups as a route to the pure solvent, e.g. [6]. A deeper
investigation of the nature and the role of the hydrogen bond in the pure
solvent and the solutions is also encouraged by several authors. Recent
efforts have been done by molecular dynamics simulations [7], X-ray
absorption and resonant and non-resonant X-ray emission spectroscopies
[8, 9]. The pursuit of a picture of water which conciliates coherently the
dynamical and structural aspects, will be a fascinating challenge.
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It is well known in biological research that the investigations of single
samples such as cells and biomolecular complexes, may provide a more
accurate understanding of the relation between the macroscopic
functionalities and the microscopic properties, with respect to the averaged
properties measured over a large population [1]. Single particle studies open
wide domains of knowledge and applications, for example in cancer
diagnose, drug delivery, single particle chemistry, serial protein
crystallography. Optical tweezers [2], based on the trapping capability of
focused laser beams, provide forces in the femto- to nanoNewton range,
ideal for the manipulations of soft materials in aqueous environments, such
as cells, colloidal crystals, liposomes and viruses.

On the other hand, the availability of intense microbeams and, more
recently, nanobeams at 3rd generation synchrotron radiation sources allows
probing local structures in hierarchically organized materials by small-angle
and wide-angle X-ray scattering techniques (SAXS/WAXS). The small beam
dimension also allows the reduction of the investigated object dimension,
making it possible the study of membrane protein crystals of a few ym
dimensions, which are difficult to crystallize. Complementary imaging
techniques such as X-ray microscopy and coherent X-ray diffraction imaging
contribute to an understanding of the structural properties of such systems.

We have developed a dedicated optical tweezers setup at the ID13
microfocus beamline of the ESRF, with a compact, portable, and versatile
geometry for sample manipulations in synchrotron radiation applications [3].
Objects of a few micrometers up to a few tens of micrometers size can be
trapped for extended periods of time. The selection and positioning of single
objects out of a batch of many can be performed semi-automatically by
software routines. The performance of the setup has been tested by wide-
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angle and small-angle X-ray scattering experiments on single optically
trapped starch granules, using a synchrotron radiation microbeam.

In addition, we have demonstrated or the first time the feasibility of
microdiffraction on optically trapped protein crystals. Starch granules and
insulin crystals were repeatedly raster-scanned at about 50 ms
exposure/raster-point up to the complete loss of the structural order.
Radiation damage in starch granules results in the appearance of low-angle
scattering due to the breakdown of the polysaccharide matrix. For insulin
crystals, order along the densely packed [110] direction is preferentially
maintained until complete loss of long-range order.

100 i

mpp';:;t:t

aperture

bjective
—

Figure 1.A Sample environment of the OT setup on the ID13 beamline
sample stage. An aqueous suspension of samples is contained in a 100
microns inner side square-section glass capillary. A water immersion
microscope objective in upright position focuses the traps. The objective is
also used for the real time bottom-view imaging of the investigated sample.
The microfocus X-ray beam is delivered through the aperture visible in the
figure. SAXS/WAXS mesh scans have been performed. 1.B Optically
trapped 40 microns diameter starch granule and 1.C 35 microns diameter
insulin crystal.
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Low frequency Raman spectra (LFRS) of salt free aqueous solutions of hen
egg white lysozyme (HEWL), were collected in HV geometry in the 25-85°C
range. A solvent free (SF) spectrum was obtained after subtraction of elastic
and the solvent contributions, and assigned to a genuine vibrational
contribution of hydrated lysozyme. A straight similarity is obtained between
this profile and the vibrational density of states (VDOS) of lysozyme in water
solution as recently obtained by a room temperature MD simulation [1].

The goal of present work is manifold. On one side, we confirm the volume
expansion observed for lysozyme in the pre-melting region by light scattering
and dielectric spectroscopies [2,3]; to this extent, we analyse the results of
density and low-frequency Raman measurements. Moreover, due to this
comparison, we evidence the relation between this spectroscopic observable
and the protein volume, and the sensitivity of the scattering technique to
reveal even subtle conformational changes. Finally, we emphasize the role
of water in the protein activity, not only to assist but particularly to trigger the
local structural changes.
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Introduction

IT is known that a cell hydration is one of the fundamental parameter for
determining cell function. In present work, a comparative study of non-
ionizing (NIR) (static magnetic fields (SMF), extremely low frequencies
electromagnetic field (ELF EMF), ELF EMF-modulated millimetre waves, and
ionizing radiation (IR) effects on winter wheat seeds water absorption and
dry mass changes was performed.

Experimental

The winter wheat seed hydration during 2 and 72 hours incubation was
treated in a special saline solution, which had previously been treated by
SMF, ELF EMF, ELF EMF-modulated millimetre waves and ionizing
radiation, respectively for a fixed period of time. For determination of seed
dry mass, they were dried in thermostat at 1040C during 24 hours. It is
suggested that in these conditions, the free water in seed is evaporated and
any factor-induced water structure changes. So, any changes of water
thermodynamic properties predict the changes of free and bound water ratio
in cells, the determination of seed dry mass after incubation could give
information on changes of this ratio.

Results

In during our experiments the water absorption was determined by osmotic
gradients between seeds bathing medium in during of time of incubation. As
during 2 hours, metabolism of seeds is in inactive state, these data can be
explained by thermodynamic reversible processes, that is, the water fluxes
and solubility can be considered as pure physical processes. In case of 72
hours incubation (i.e. the germination processes are in active state) these
impact had reversed character. The results were shown that NIR and IR
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effectively modulate the water molecule dissociation. It is also known that
carboxyl solubility decreasing depresses water thermodynamical activity,
followed by the radiation-induced decrease of water absorption and dry
mass solubility. At the same time, NIR- and IR-induced water molecule
dissociation in the presence of oxygen brings to the formation of reactive
oxygen spaces (ROS), which are able to modulate cell metabolism
effectively, especially peroxide, having longer lifetime among ROS.

This work was supported by grant of the State Committee of Science of the
Ministry of Education and Science of the Republic of Armenia and the
Belarusian Republican Foundation for Basic Research - 2011 (OCG RA -
BRFFR — 2011-014 “Increased radio resistance of crops by modifying the
structure of the irrigation water")
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This presentation focuses on two topics; the glass transition temperature of
water and an ultraslow (i.e. slower than the viscosity related a-relaxation)
relaxation process in water and aqueous solutions. In the case of the
ultraslow Debye-like relaxation it is well known that such a process exists in
monoalcohols [1], although its origin is still not clear. For monoalcohols this
slow Debye-like relaxation is 2-3 orders of magnitude slower than the
viscosity related a-relaxation, and it is also much more intense [1]. Here we
show that a similar Debye-like process exists also in other hydrogen bonded
liquids, such as water and aqueous solutions, although its intensity is
substantially weaker than in the monoalcohols, and also a few more orders
of magnitude slower than the a-relaxation [2,3]. Whether this weak and
ultraslow process in a wide range of hydrogen bonded liquids has the same
physical origin as the well-known Debye-like relaxation in monoalcohols
remains to be elucidated.

Regarding the glass transition of water many different scenarios have been
discussed in recent years, although the most accepted glass transition
temperature of bulk water is still the 136 K, as proposed by Johari et al. [4].
Here we try to understand the glass transition related dynamical properties
of supercooled bulk water from experimental results on interfacial water. We
propose [5] that the commonly accepted glass transition temperature of bulk
water at 136 K is not a true glass transition, but rather due to the freezing in
of a local secondary B-relaxation. The true glass transition should instead be
located close to the critical temperature Ts = 228 K when the build-up of an
ice-like tetrahedral network structure is completed. The proposed
interpretation is simple and able to explain many of the peculiar properties of
supercooled water. For instance, it explains (a) the weakness of the
calorimetric feature at 136 K, (b) why bulk water crystallizes immediately
slightly above 228 K, (c) the unusual density behavior below 277 K, and (d)
the similarities to ice at low temperatures. Furthermore, the model is closest
to the findings for confined water and aqueous solutions, and no speculative
liquid-liquid transition or fragile-to-strong transition is needed to explain the
properties of supercooled and glassy water.
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The achievement of a better knowledge on how water molecules interact
with biomolecules and how this affects the association of biomolecules in
aqueous solution is of primary interest to understand the fundamental role of
active substances in all life-related fields.

In this work the behavior of small biological solutes in aqueous solution was
studied through molecular dynamics simulations and NMR experiments.

MD simulations of caffeine in aqueous solution were first performed to collect
information on the water-caffeine interaction and on the water structuring
due to the presence of the caffeine molecule. These studies offer the
possibility of testing various models for aqueous solvation [1]. The caffeine
molecule was modeled using a newly developed CHARMM-type force field
[2]. The simulations show that caffeine in aqueous solution imposes a
complex organization on its adjacent solvent molecules and the details of
this structuring are a complicated function of the molecular architecture of
the solute. Indeed, caffeine self-aggregation was observed in aqueous
solution as expected from thermodynamic measurements [3].

Further MD simulations have been conducted on several independent
system consisting of sugars in caffeine aqueous solution. The sugar under
consideration were sucrose, a-glucopyranose and B-glucopyranose. All the
sugar exhibited an affinity of the caffeine molecule. The nature of the
interaction was a stacking between the hydrophobic faces of the caffeine
molecule and the hydrophobic faces generated by the sugar proton atoms.
This mode of interaction did not interfere with the hydrogen bonding of the
sugar molecules to water. At variance of cyclic sugars, linear sugar
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molecules (like sorbitol) are characterized by a larger conformational degree.
As a consequence, they do not show oriented (stacked) interactions
although the affinity between caffeine and sugar is still relatively high.
Intermolecular NOE has been previously used to detect the forming of
complexes between sugars and small aromatic compounds [3] and indeed
small positive NOEs were observed from both D-glucopyranose and sucrose
to caffeine in D20. 'H NMR titration experiments were carried out on similar
systems. The magnltude of the chemical shift change of the sugar ring
proton atoms in the 'H NMR titration experiments validate the stacking
interaction detected through MD experiments.
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Kiwifruit is one of the most suitable fruit for osmotic dehydration process
(OD), because offers the possibility to treat unripe fruits to obtain final
products with acceptable firmness and organoleptic characteristics. The
effect of OD on the quality and the water state of kiwifruit has been widely
studied [1], [2], [3]. The aim of present work was to evaluate the feasibility of
a non-destructive and rapid method based on NIR spectroscopy to
determine the changes on moisture, soluble solids content and water self-
diffusion coefficient promoted by OD on kiwifruit at different ripening stages.
Two kiwifruit (A. deliciosa cv Hayward) groups with refractometric index
values of 9.5 £ 1.1 (LB) and 14.1 + 0.9 (HB) °Bx were selected. The OD
process was carried out by dipping the samples (10 mm thick slices) in
61.5% (w/v) sucrose solution at 25°C, with continuous stirring for 0, 30, 60,
180 and 300 min. The moisture content was determined gravimetrically and
soluble solids content (SSC) by measuring the refractive index with a digital
refractometer. The proton transverse relaxation time (T2) and its peak
intensity were determined at 24 °C through the CPMG sequence using a 20
MHz spectrometer. Moreover, water self diffusion coefficient (Dw)
measurements through pulsed field gradient spin-echo (PGSE) sequence
were performed [3]. Non-destructive moisture, SSC and Dy, of kiwifruit slices
were determined by means of FT-NIR spectrometer using a fibre optic
probe. Diffuse reflectance spectra were acquired in the spectral range
bet\qveen 4,000 and 12,000 cm™', by averaging 32 scans at a resolution of 4
cm .
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OD leads to a great water loss (WL) from kiwifruit and the simultaneous
counter-diffusion of solutes from the hypertonic solution into the kiwifruit
tissues. The highest WL rates occurred during the first treatment hour,
because the dehydration driving force was the greatest. The samples with
LB presented the higher WL. As expected, the kiwifruit Dy coefficient values
measured in the raw kiwifruit were lower than the free water one, as the
structures and solutes of raw kiwifruit reduce water mobility, and decreased
even more during OD, due to the water loss and sugar gain. For both the
maturity groups, a principal component analysis (PCA) was carried out in
order to set up a model to analyze the spectral data. Four PCs were
obtained, which explained more than the 95% of the variance. Partial least
square (PLS) regressions were performed between the NIR spectra and the
analyzed physico-chemical parameters. The best predictive models showed
coefficient of determination (R2) values of 0.897, 0.882 and 0.763 (cross
validations) for moisture content, SSC and water self-diffusion coefficient,
respectively.

A multy-analytical approach is often needed to deeply investigate the
behaviour of vegetable tissues during minimal processing. Then, by knowing
the extent of changes on mass transfer parameters and water behaviour
during OD, which in turn modified the structural and textural characteristics
of the final product, it is possible to exploit both raw unripe and ripe kiwifruits
from a technological point of view. In this scenario, NIR spectroscopy
appears as an interesting tool to take on-line decisions about the optimum
OD time, according to a specific target of final product.
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Introduction

The hydration properties of protein dynamics in protein-water mixtures have
been studied in the past several decades by a variety of experimental
techniques. Dielectric techniques are very effective for studies on the
dynamics of protein water systems, since, owing to the strong electric dipole
moment of the water molecule, molecular motions of water can be detected
as dielectric relaxation processes. While thermal studies (Calorimetry) [1-3]
enables analysis of the calorimetric glass transition and thermal phenomena
(crystallization and melting), dielectric (DRS) studies reveal the overall
molecular motions (uncrystallized water, ice, protein segmental dynamics)
[2-4] in a broad frequency range (10 - 10° Hz) and contribute to
determination of the origin of relaxation phenomena.

Experimental

In this work we employ differential scanning calorimetry (DSC) and two
dielectric techniques, broadband dielectric relaxation spectroscopy (DRS)
and thermally stimulated depolarization currents (TSDC), in order to
investigate water and protein dynamics in protein-water mixtures over wide
ranges of composition. In addition, water equilibrium sorption measurements
(ESI) are performed at room temperature. The protein used is a globular
protein, hen egg lysozyme, in the form of white powder. The mixtures are in
the form of dilute solutions, concentrated solutions and hydrated solid
pellets, in order to cover a broad composition range, from samples of about
82 wt% in water to practically dry solid pellets, in order to follow the evolution
of dynamics with increasing hydration level.
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Results

Three relaxation regions are observed by the dielectric TSDC and DRS
techniques, in good agreement to each other. In the order of increasing
temperature/decreasing frequency, these are (a) a broad local relaxation of
polar groups on the protein surface plasticized by water, most likely with
contribution of the secondary B relaxation of water molecules themselves in
the uncrystallized water phase, (b) two relaxations of water in the crystallized
water phase (ice crystals), and (c) the a relaxation associated with the glass
transition of the hydrated protein.

In particular, TSDC, due to its high peak resolving power and its low
equivalent frequency in the range of 10210 Hz, but also due to fact that
conductivity contributions may be less significant (steps of applying the
stimulus and of recording the response, i.e. polarization and depolarization
step, are separated from each other) compared to DRS measurements,
proves to be an exceptional tool for recording the evolution of the protein
glass transition temperature, Ty, with increasing level of hydration. The Ty is
found to decrease significantly with increasing hydration and then to stabilize
at about -90°C for hydration levels where water crystallization occurs during
cooling. The above mentioned results are in good accordance with
calorimetry measurements of lysozyme - water mixtures [1,2]. This behavior,
probes us to discuss the results according to the phase diagram, using the
Rault model [2], where the plasticization of the Ty of polymer-solvent
systems is explained using thermodynamic terms, taking into account no
strong interactions between the two components. The strong plasticization of
the Ty along with the stabilization of the latter, for water fractions where
crystallization of water occurs during cooling, is a novel result with potential
impact to cryoprotection and pharmaceutics.
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Introduction

Hyaluronic acid is a natural carbohydrate used for several biomedical
applications due to its high hydrophilicity and biocompatibility. While pure HA
is soluble in water, crosslinked HA forms a hydrogel that can be employed
for scaffolds for tissue engineering. In order to improve the mechanical
properties of the material and the scaffolds, HA/SiO> nanocomposites are
being investigated, in an approach similar to other hydrogels [1,4].
Nevertheless, polymer-filler-water structure and interactions are not fully
understood for silica nanocomposites in general, and are unknown for the
particular HA/SIO» system.

Materials and Methods

Here we present a dielectric study of hydrated HA/SiO, nanocomposites. For
the synthesis, silica nanoparticles (1, 2, 5 and 10% of total mass) were
properly dispersed in a solution with HA, which later was crosslinked with
divinyl sulfone (DVS) at a molar ratio 0.8. The hydrogels were hydrated up to
equilibrium in water vapour environments with different relative humidities,
achieving water mass fractions in the range of 60 wt% to 0 wt% (practically
dry samples).
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Experimental techniqgues employed include Thermally Stimulated
Depolarization Currents (TSDC), Dielectric Relaxation Spectroscopy (DRS)
and water equilibrium sorption-desorption measurements (ESI).

Results and Conclusions

DRS of HA with 10% of silica shows that, for the samples with lower water
content, two relaxations appear, one of them clearly plasticized by water. For
the sample with the highest water content (more than 50% in the wet basis),
at least four relaxations appear, which can be discussed in terms of water
dynamics. TSDC measurements show a relaxation at around -135°C, in
accordance with DRS.

ESI experiments show that the nanocomposites with 10% of silica absorb
significantly less water than pure HA (h=1 versus h=1,33 at relative humidity
aw =0.95). A study of the intermediate compositions might reveal a turning
point and thus a percolation threshold.

The importance of the results is threefold. First, there is no dielectric study of
HA/SiO2 nanocomposites in the literature, so these results are novel.
Second, the study can help to decide whether HA/SiO, nanocomposites are
interesting materials for tissue regeneration purposes, at which silica
content, and motivate the development of scaffolds for tissue engineering.
Third, the combination of the above mentioned experimental techniques
have led to very important conclusions relevant to the origin of the
polysaccharide glass transition and the dynamics of water at the
polysaccharide interface, analogous to those in the case of BSA-water
mixtures [2,3], as well as the effect of silica on polymer dynamics [4]. The
studies of HA and the evolution of dynamics with water and silica contents
may help in clarifying the interactions between hydrogel matrix, filler
nanoparticles and water molecules, three elements that play a crucial role in
the properties of the final material.
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In this study, structure and biomechanical properties of freeze-dried
decellularized porcine pulmonary heart valve scaffolds were investigated.
Various strategies for freeze-drying porcine heart valves were studied. After
the cellular material was removed, heart valve scaffolds were freeze-dried
with or without sucrose and hydroxyl ethylene starch, and the stability and
elasticity of the freeze-dried scaffolds were compared to assess the
effectiveness of these lyoprotectants in preventing degradation of the
scaffold. Heart valves were dissected from porcine hearts and freeze-dried.
Rehydrated freeze-dried scaffold has a more porous structure compared to
native tissue or decellularized scaffolds. Freeze-drying in the absence of
lyoprotectants caused an overall more disintegrated appearance of the
histological architecture of the porcine valves, especially between the fibrosa
and the ventricularis layers. Freeze-dried scaffolds with lyoprotectants have
a looser network with bigger pore sizes. Scaffolds freeze-dried in the
absence of lyoprotecants had the largest pore sizes, whereas scaffolds
freeze-dried in the presence of protectants showed pores of intermediate
sizes between decellularized scaffolds and unprotected freeze-dried
samples. Qualitatively, matrices freeze-dried with sucrose looked more intact
than matrices freeze-dried using a sucrose/HES mixture. Scaffolds freeze-
dried with sucrose alone displayed less porosity compared to those freeze-
dried with a sucrose/HES mixture, whereas no significant differences in
biomechanical properties were observed. Taken together, freeze-drying
could provide a promising tool for storage of decellularized heart valve
scaffolds. The in vivo performance and durability of freeze-dried heart valve
scaffolds remains to be elucidated.
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DEHYDRATION OF MODEL SUGAR SYSTEMS: ROLE
OF GEOMETRY AND COMPOSITION

Antonio Rampinco®, Rodolphe Heydb, Barbara Bellich®, Massimiliano
Borgogna®, Marie-Louise Saboung? and Attilio Cesaro®
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The hydrogel properties make them one of the ideal controlled release
systems. Since the most common mechanism of release from hydrogels is
diffusion, molecules of different sizes and characteristics can freely diffuse
into/out of hydrogel matrix, provided that mesh size is large enough. This
means not only that solute molecules diffuse out of the matrix, but also that
solvent molecules penetrate into the gel thus influencing solute release [1].
Several systems have been selected for the preparation of complex gels,
with current interest in biotechnology and biomedicine as well as in various
fields of pharmaceutical and food technology, in order to understand the
diffusion behaviour out of the matrix. Initially, the work was aimed at the
study of the rate (kinetics) and the equilibrium (thermodynamics) of water
effusion from complex polysaccharidic matrices [2-4], focusing on alginate
gels with spherical form (beads). The main drawback in using spherical
beads is the continuous changing of the surface area. In particular, the
attention was given to the study of the non-isothermal dehydration process
of these gels.

Therefore, in order to elaborate simple and useful equations, the model was
simplified as much as possible, changing the geometry of the system by
using paper disks as sample holders. They were prepared by using filter-
paper disks first soaked in polymer solutions, and then in-situ gelled through
immersion into suitable gelling solutions. The main feature of these gels is
that they are characterized by a well-defined homogeneous internal
structure, and with pore sizes, ranging in the order of the nanometers.
Moreover, The system composition was changed, moving from
polysaccharide gels to (mono-, di-)saccharides solutions, analysing the
process of saccharide-water interaction during dehydration. In this set of
experiments, therefore, the focus of the research was pointed to monitor the
solute-solvent interaction as a function of composition change following
dehydration.

In all cases, water evaporation was analyzed both with isothermal
thermogravimetric and non-isothermal calorimetric experiments. Isothermal
experiments were carried out with a custom-made humidity and temperature
controlled gravimetric apparatus (CNRS laboratories), connected to a PC.
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While isothermal data follow the well-known diffusion equation in the initial
range, the non-isothermal data are slightly more complex showing the
convolution of the diffusion equation with its temperature dependence.
Differences and peculiar dehydration profiles were observed among systems
characterized by different geometries. The sample composition influenced
the dehydration process: in particular the presence of sugars decreases
water evaporation rate. At a first glance, bead geometry seems to highlight
differences related to composition. A mathematical fitting has been used
both isothermal and non-isothermal evaporation rate and correlate this
behaviour with the process of drug release.

Then, based on several complex hydrogel results, a system modeling [5] has
been exploiting for rationalizing the non-isothermal evaporation rate and
correlate this behaviour with the process of drug release, which is of
fundamental relevance in biopharmaceutics [6].

References

1. Amsden, B. Macromol. 1998, 37, 8382.

2. Bellich, B., Borgogna, M., Carnio, D., Cesaro, A. J. Therm. Anal. Calorim.
2009, 97, 871.

3. Bellich, B., Borgogna, M., Cok, M., Cesaro, A. Food Biophysics, 2011, 6,
259.

4. Bellich, B., Borgogna, M., Cok, M., Cesaro, A. J. Them. Anal. Calorim.
2011, 103, 81.

5. Lin, C.-C., Metters, A. T. Adv. Drug Deliv. Rev. 2006, 58, 1379.

6. Hamidi, M., Azadi, A., Rafiei, P. Adv. Drug Deliv. Rev. 2008, 60, 1638.

188



Monday 24 Tuesday 25 Wednesday 26
9.00 Opening 9.00 Invited - LAAGE 9.00 Invited - SACCARDI
9.15 Invited - MEECH 9.40 ALIOTTA 9.40 GOEL
9.55 TORRE 9.55 LEPORINI 9.55 BELLAVIA
10.10 ORECCHINI 10.10 NOIREZ 10.10 GALLO
10.25 PISSIS 10.25 CHARA 10.25 LERBRET
10.40 coffee break/poster 10.40 coffee break/poster 10.40 coffee break/poster
11.10 Invited - MATYUSHOV 11.10 Invited - MOLINERO 11.10 Invited - WOLKERS
11.50 CUCINI 11.50 Keynote - GRIGERA 11.50 Keynote - FRANZESE
12.05 D’AMICO 12.10 CONTI NIBALI 12.10 HEYD
12.20 CAPACCIOLI 12.25 HRIBAR-LEE 12.25 NATALI
12.35 CAPONI 12.40 PLAZANET 12.40 PORTER
13.00 Lunch 13.00 Lunch 12.55 STERPONE
14.00 poster session 14.00 poster session CLOSING
15.00 Keynote - NGAI 15.00 Keynote - BRADY
15.20 ORTORE 15.20 D’ANGELO P.
15.35 WIEGAND 15.35 MANCINELLI
15.50 Invited - DESCAMPS 15.50 Invited - LUDESCHER
16.30 coffee break/poster 16.30 coffee break/poster
17.00 Invited - MICHEL 17.00 Invited - PITTIA
17.40 LAMANNA 17.40 CAMPBELL
17.55 BARRECA 17.55 CHAMPION
18.10 CECCARELLI 18.10 CHEN
18.25 HENG 18.25 RAHMAN

20.30

SOCIAL DINNER




