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Network-based scoring system for genome-scale metabolic reconstructions

M. Angeles Serrano, Francesc Sagués

Departament de Quimica Fisica, Universitat de Barcelona, Marti i Franqués 1, 08028 Barcelona, Spain

Network reconstructions at the cell level are a major
development in Systems Biology. However, we are far
from fully exploiting its potentialities. Often, the in-
cremental complexity of the pursued systems overrides
experimental capabilities, or increasingly sophisticated
protocols are underutilized to merely refine confidence
levels of already established interactions. For metabol-
ic networks, the currently employed confidence scoring
system rates reactions discretely according to nested cat-
egories of experimental evidence or model-based likeli-
hood. Here, we propose a complementary network-based
scoring system that exploits the statistical regularities
of a metabolic network as a bipartite graph. As an il-
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lustration, we apply it to the metabolism of Escherichia
coli. The model is adjusted to the observations to derive
connection probabilities between individual metabolite-
reaction pairs and, after validation, to assess the reliabil-
ity of each reaction in probabilistic terms. This network-
based scoring system uncovers very specific reactions that
could be functionally or evolutionary important, iden-
tifies prominent experimental targets, and enables fur-
ther confirmation of modeling results. We foresee a wide
range of potential applications at different sub-cellular or
supra-cellular levels of biological interactions given the
natural bipartivity of many biological networks.
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Drift of a spiral wave in a heterogeneous heart tissue

Ana Simic, Jean Bragard
Departamento de Fisica y Matematica Aplicada
Facultad de Ciencias
31008 Pamplona

It is widely accepted, based on numerous numerical,
experimental and theoretical studies, that spiral wave
reentry underlies different types of cardiac arrhythmia.
Moreover, such patterns are present in great variety of
excitable systems. Dynamics of such a wave is charac-
terized by motion of it’s tip, which depending on the
system’s parameters and model in use, can produce di-
verse patterns ranging from rigid rotation to meander
patterns with inward or outward petals differing in shape
and length. It has been shown that presence of different
heterogeneities or particular conditions can significantly
affect the motion of a spiral wave causing it to drift in
particular direction. Drift of a spiral wave has also been
reported experimentally in cardiac tissue!. As hetero-
geneities are very important in the genesis and stability
of cardiac arrhythmias, we have numerically explored the
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drift of an induced spiral in a piece of a two dimension-
al heterogeneous tissue. Gradient is applied in a form
of smooth gradient of system’s parameters. Some basic
mechanisms for spiral wave drift using simple two vari-
able models and Luo-Rudy 1 model for excitable tissue
have been elucidated®3. However, as the time scale of
spiral drift is similar to the one of calcium dynamics, it
makes it interesting to study drift in physiologically de-
tailed model.

! Davidenko, A. V. Pertsov, R. Salomonsz, W. Baxter, J.
Jalife, Nature 355, 349(1992)

2V. Krinsky, E. Hamm, V. Voignier, Physical Review Let-
ters, 76, 3854(1996)

3 K. H. W. J. Ten Tusscher, A. V. Panfilov, Am J Physiol
Heart Circ Physiol 284, H542 (2003)
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Magneto-rheological properties of stiff magnetic filaments near an adsorbing surface

Pedro A. Sanchez!, Joan J. Cerda!, Tomés Sintes'*, V. Ballenegger?, Christian Holm?
Y Instituto de Fisica Interdisciplinar y Sistemas Complejos, IFISC (CSIC-UIB), Universitat de les Illes Balears,
07122 Palma de Mallorca, Spain
2 Institute for Computational Physics. Universitit Stuttgart. 70569 Stuttgart, Germany

Despite magnetic filaments have been used by nature
since long time ago in magnetostatic bacterias!, Hu-
mankind has just begun to caress its potential for novel
applications?. The continuous improvements on the syn-
thesis of artificial magnetic filaments, reducing the size
of the magnetic particles and improving the grafting be-
tween particles, has set the onset in the creation of par-
ticles which resemble magnetic polymers but in the scale
of tenths of nanometers. In difference to the magnetic
polymers?, the magnetic filaments can exhibit non-zero
magnetization at room temperature. The study of the
physical properties of such systems via numerical simu-
lations can help to elucidate the potential of the magnetic
filaments for practical applications.

In the present work?* the adsorption of stiff magnetic fil-
aments close to an attractive surface is studied thorough-
ly via extensive Langevin dynamics simulations (LD).
Magnetic filaments are represented by a coarse-grained
bead-spring model where each bead bears a point dipole
located at its center and the excluded volume interac-
tion is introduced via a soft-core repulsive potential. We
find strong evidence for the existence of two transitions
as the temperature is lowered. First, the system under-
goes a continuum phase transition from the desorbed to
the adsorbed state. This transition is followed by a sec-
ond structural transition that takes place when the fila-
ments are already adsorbed. The adsorption transition
is found to be very similar to the one observed for stiff
non-magnetic polymer chains® where the chain bending
interaction plays a similar role as the magnetic compo-
nent of the present case. However, the tendency of the
magnetic chains to stretch is reversed by a further reduc-
tion in temperature and the chains tend to form closed
adsorbed loops leading to a second structural transition.
A representation of the phase diagram for the adsorp-
tion of magnetic filaments is determined here for the first
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time. We also present a novel way to determine the tem-
perature at which the chain is adsorbed that is based
on the analysis of the change in the number of trains,
tails and loops developed by the polymer chain during
the adsorption process.
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Figura 1. Representation of the phase diagram of a single
stiff magnetic filament near an adsorbing surface for moderate
values of the magnetization (u? < 10)

* tomas@ifisc.uib-csic.es

L A. Komeili et al., Science 311, 242 (2006)

2S. J. Blundell et al., J. Phys. Condens. Matter 16, R771
(2004)

3 M. Kamachi, J. Macromol. Sci. C42, S41 (2002)

4 S4nchez, et al., Soft Matter DOI 10.1039/c0sm00772b
(2011)

5 T. Sintes, et al., Macromolecules 34, 1352 (2001)
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Investigating the folding kinetics in DNA hairpins using molecular constructs with
short and long handles

N. Forns, S. de Lorenzo, M. Manosas, K. Hayashi, J. M. Huguet, and F. Ritort*
Small Biosystems Lab
Facultad de Fisica
Universidad de Barcelona
08028 Barcelona

Laser optical tweezers is a single molecule technique
that allow us to exert and to measure the mechani-
cal forces on individual biological systems. By measur-
ing tiny forces and distances (in the pN and nanometer
ranges, respectively), this technique allows us to investi-
gate the folding kinetics and the free energies of forma-
tion of single molecules such as DNA, RNA or proteins.
In optical tweezers experiments the molecular setup con-
sists of the molecule of interest flanked by two handles,
generally double stranded DNA (dsDNA), one handle lo-
cated at each side of the molecule and this construct is
tethered between two polystyrene beads. Previous works
(1,2) have revealed the influence of the length of the han-
dles on the folding/unfolding kinetics. Longer handles
(less stiff) tend to give faster kinetics that short han-
dles. Here we show the results of our experiments on the
folding kinetics in DNA hairpins using dsDNA handles of
700bp, and a new extremely short design dsDNA handles
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of 29 bp (3). Moreover we present a novel method based
on the analysis of high-bandwidth noise force fluctua-
tions at different forces that provides a way to measure
the stiffness of the optical trap and the stiffness of the
molecular system tethered between the beads.

* fritort@gmail.com

!Wen J.-D, et al. Force unfolding kinetics of RNA using
optical tweezers. 1. Effects of experimental variables on
measured results. Biophys.J.92:2996-3009 (2007)

2 Manosas M., et al. Force unfolding kinetics of
RNA using optical tweezers. II. Modeling experiments.
Biophys.J.92:3010-3021 (2007). Biophys.J.92:8010-3021
(2007)

3 Forns.N., et al. Improving signal-to-noise resolution in sin-
gle molecule experiments using molecular constructs with
short handles. Biophys.J.100:1765-1774 (2011)
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Experiments on Patterned Neuronal Cultures

Sara Teller*!, Javier G. Orlandi!, Enric Alvarez—LacalleQ, Jaume Casademunt!, Elisha Moses®, Jordi Soriano

1

Y Departament d’Estructura i Constituents de la Matéria, Universitat de Barcelona, Barcelona, Spain
2 Departament de Fisica Aplicada, Universitat Politécnica de Catalunya, Barcelona, Spain
3 Department of Physics of Complex Systems, Weizmann Institute of Science, Rehovot, Israel.

Neuronal networks, from the smallest culture to the
entire brain, are characterized by a rich repertoire of
spontaneous rhythmic dynamics, in the form of electric
activity that propagates throughout the system. Spon-
taneous activity in the brain plays a fundamental role
in the development of synaptic connections and is cru-
cial for proper synchronization between brain areas. The
principles that govern the emergence, propagation, and
stability of spontaneous activity fronts are proving elu-
sive to the neuroscience community. In particular, the
interplay between the connectivity of a neuronal network
and its dynamics is still a fundamental paradigm.

Neuronal cultures are excellent model systems to study
fundamental questions of neuronal networks, from con-
nectivity and structure to learning, plasticity, and prop-
agation of information'?. Here we present experiments
designed to shed light on the role of neuronal connectiv-
ity on spontaneous neuronal dynamics. We use the con-
cept of patterned neuronal cultures, where neurons and
connections are guided or constrained along predefined
circuits.

We consider one-dimensional (1D) and two-
dimensional (2D) patterns. 1D patterns are prepared
by chemically printing a circuit on a glass substrate®3.
The circuit is typically 70 pm wide and 3 — 5 cm long.
Activity starts spontaneously at any point of the cir-
cuit and propagates with a stable velocity towards its
ends. By increasing or reducing the connectivity of the
network using different chemical agents one can extract
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important information on the mechanisms that sustain
a stable propagating front3.

2D patterns are prepared by using a topographical
mold made of PDMS and manufactured using soft—
lithography. Neurons are then placed over the mold in
such a way that they grow and connect only along the val-
leys of the pattern. Patterned cultures show a repertoire
of activity that is much richer and complex than stan-
dard, non—patterned cultures. For instance, we observe
that the front advances in the form of patches of activ-
ity that propagate following complex paths, and with a
velocity that is about 100 times slower than standard cul-
tures. We also observe that activity preferentially starts
in specific areas known as 'Burst Initiation Zones’. Al-
together, patterned cultures offer an excellent and versa-
tile tool to understand the emergence and maintenance
of spontaneous activity in neuronal networks. They al-
so provide the experimental platform for our theoretical
modelling of spontaneous activity based on dynamical
systems and complex networks.

* teller.sara@gmail.com

1J. P. Eckmann , O. Feinerman, L. Gruendlinger, E. Moses,
J. Soriano and T. Tlusty, Phys. Rep., 449, 54 (2007).

2J. Soriano, M. Rodriguez Martinez, T. Tlusty and E.
Moses, Proc. Natl. Acad. Sci. USA, 105, 13758 (2009).

38. Jacobi, J. Soriano and E. Moses, J Neurophysiol 104,
2932 (2010).
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Inter-spike correlations induced by dichotomous noise modulation in an excitable laser

Jordi Tiana-Alsina'*, Tilo Schwalger? , M. Carme Torrent!, Benjamin Lindner?, Jordi Garcia-Ojalvo!
! Departament de Fisica i Eng. Nuclear, Universitat Politécnica de Catalunya, FEdif. GAIA, 08222 Terrassa, Barcelona, Spain
2 Maaz-Planck-Institut fir Physik komplezer Systeme, Nothnitzer Strasse 38, 01187 Dresden, Germany.

The behavior of certain natural and technological sys-
tems often takes the form of sequences of discrete events
(point processes), whose statistical properties can be con-
trolled both by the internal dynamics of the system and
by the environmental conditions to which the system is
subjected. Correlations in the time intervals between
subsequent events (named inter-spike intervals, ISIs, in
what follows) arise in certain circumstances and can be
functionally relevant. This is the case, for instance, of
sensory neurons, in which ISI correlations are known to
increase information transfer! by reducing low-frequency
noise?. A natural question is then, what is the simplest
mechanism leading to ISI correlations?

In this contribution we show experimentally that en-
vironmental conditions alone can lead to correlations, by
examining the response of an excitable laser to a random
dichotomous modulation of its pump current. Our exper-
imental system consists in a diode laser subject to optical
feedback through an external mirror. Due to the action
of the delayed feedback, the laser exhibits (provided the
feedback strength is moderate and the pump current is
close to threshold) a spiking dynamics in the form of
uncorrelated trains of brief power dropouts that can be
interpreted as excitable pulses® as shown in Fig. 1(a).
The spiking rate (k;) depends on the laser pump current.
In Fig. 1(b), we plot the autocorrelation function of the
IST intervals. Note that, for this particular case, ISIs at
non-zero lags are completely uncorrelated, and thus we
can interpret this dynamical regime as a renewal point
process.
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Figura 1. Dichotomous noise modulation induces ISI cor-
relations. Laser output [bottom traces in (a,c)] in response to
a given pump current [top traces in (a,c)]. The correspond-

ing autocorrelation functions of the ISI sequence are shown
in plots (b,d).

Next, we analyze the effect of environmental variations

on the ISI statistics of the laser emission. Dichotomous
noise leads to a varying firing rate (Fig. 1(c)) that results

Panel P-158

in a pattern of ISI correlations (Fig. 1(d)) that match-
es the one obtained analytically from a discrete, M-state
kinetic model*®. This agreement supports our interpre-
tation of the experimentally observed correlations as aris-
ing solely from the environmental driving, and not from
the (somewhat complicated) dynamics of the laser.

Figure 2 plots the first-order correlation coefficient p;
versus the ratio of the firing rates, ko/k1, correspond-
ing to the two pump current levels of the dichotomous
modulation. The experimental results exhibit, in qual-
itative agreement with the theoretical analysis, a local
maximum of the first-order correlation as the variable
firing-rate ratio decreases. The three data sets combine
measurements of two different lasers, different reference
levels of the pump current, and different feedback char-
acteristics. The fact that the system behaves in the same
qualitative way for these very varied conditions highlights
the reproducibility of the results.
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Figura 2. First-order correlation coefficient p; as function
of log(kz2/k1), for three different values of ki: 6.5 MHz (grey
circles), 10 MHz (red squares), and 15 MHz (green squares).

The switching rate for the dichotomous modulation is in all
cases A = 100 kHz.

These results shed light on the minimal requirements
to generate correlations in spike time series, showing in
particular, that no specific mechanisms intrinsic to the
spiking system are necessary.

* jordi.tiana@upc.edu

M. J. Chacron, A. Longtin, and L. Maler, J. Neurosci.,
21, 5328 (2001).

2 M. J. Chacron, B. Lindner, and A. Longtin, Fluct. Noise
Lett. 4, 195 (2004).

3 J. Mulet and C. R. Mirasso, Phys. Rev. E 59, 5400 (1999).

4 B. Lindner and T. Schwalger, Phys. Rev. Lett. 98, 210603
(2007).

5 B. Lindner and T. Schwalger, Fur. Phys. J. Special Topics
187, 211 (2010).
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Transversal dynamics of paramagnetic colloids in a longitudinal magnetic ratchet

Pietro Tierno*
Departament de Quimica Fisica, Universitat de Barcelona, Marti i Franqués 1, 08028 Barcelona, Spain

In this talk I will describe the transversal motion of
paramagnetic particles above the magnetic stripe pattern
of a uniaxial garnet film, exhibiting a longitudinal ratch-
et effect in the presence of an oscillating magnetic field®.
First I will focus on the behaviour of one colloid. With-
out the field, the thermal diffusion coefficient obtained
by video microscopy is Do ~ 10~ 4um?/s. With the field,
the transversal diffusion exhibits a giant enhancement
by almost four decades and a pronounced maximum as
a function of the driving frequency. It is possible to ex-
plain the experimental findings with a theoretical inter-
pretation in terms of random disorder effects within the
magnetic film?.

On the second part of this talk I will focus on the collec-
tive dynamics of an ensemble of paramagnetic particles
organized as a one-dimensional chain and driven above
the magnetic film. The centre of mass of the chain shows
a diffusive behavior with mean square displacement ~ ¢,
while its end-to-end distance shows anomalous kinetics
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with a sub-diffusive growth v/¢. It is possible to extract
the potential of mean force between the particles within
the chain by invoking the Pope-Ching equation®. Thus
the experimental data are interpreted by using the Rouse
model, originally developed for polymers, and all relevant

parameters are extracted experimentally?.

* ptierno@Qub.edu

L P. Tierno, S. V. Reddy, T. H. Johansen, and T. M. Fischer
Phys. Rev. E 75, 041404 (2007); P. Tierno, S. V. Reddy,
M. G. Roper, T. H. Johansen, and T. M. Fischer, J. Phys.
Chem. B, 112, 3833 (2008).

2 P. Tierno, P. Reimann, T. H. Johansen, and Francesc
Sagués Phys. Rev. Lett. 105, 230602 (2010).

38. B. Pope and E. S. C. Ching, Phys. Fluids A 5, 1529
(1993); E. S. C. Ching, Phys. Rev. E 53, 5899 (1996).

4 P. Tierno, Francesc Sagués, T. H. Johansen, and I. M.
Sokolov in preparation.
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On the Gaussian approximation for master equations

R. Toral, L. F. Lafuerza
IFISC, Instituto de Fisica Interdisciplinar y Sistemas Complejos, CSIC-Universitat de les Illes Balears, Campus UIB, 07122
Palma de Mallorca

Master equations are a convenient tool to treat
stochastic Markov processes’2. In some cases, they of-
fer an alternative approach to the Chapman-Kolmogorov
equation and have been used extensively in discrete-
jumps, or birth-death, processes, such as chemical re-
actions (including those happening inside a cell), pop-
ulation dynamics or other ecology problems?, opin-
ion formation and cultural transmission in the field of
sociophysics?, etc. In all these cases, it is important to
consider that the population number (whether molecules,
individuals, agents, etc.) might not be very large (maybe
ranging in the tens or hundreds) and the fluctuations,
whose relative magnitude typically scales as the square
root of the inverse of this number, can not be considered
as negligible. It is therefore, of the greatest importance to
derive evolution equations for the average behavior and
the fluctuations. The important work by van Kampen!
offers a systematic way of deriving these equations from
an expansion of the master equation in a parameter €,
typically the system volume. The -expansion is mostly
used in its lowest order form, in which one can prove that
the error in the average value, the second moment and
the fluctuations (the variance), scale at most as Q°, Q!
and Q12 respectively. The van Kampen Q-expansion,
furthermore, shows that, at this lowest order, the fluc-
tuations follow a Gaussian distribution. We take this
result of van Kampen’s theory and, considering from the
very beginning that fluctuations are Gaussian, we derive
a closed system of equations for the average value and
the second moment®. This Gaussian closure of the hi-
erarchy of moments turns out to be more accurate than
the Q-expansion as the above-mentioned errors scale at
most as Q172 Q1/2 and Q1/2, respectively. Furthermore,
the Gaussian closure scheme is very simple to carry on
in practice and can be easily generalized to systems de-
scribed by more than one variable. Therefore, the Gaus-
sian approximation is more accurate, which turns out to
be important, specially for small values of 2. This scal-
ing of the errors is valid for all times provided that the
macroscopic law has a fixed point as a single attractor!.
In both schemes the validity of the approximations might
be limited for large times when there is more than one ab-
sorbing state, or a single one different from the attractor
of the macroscopic law, since in those cases the distribu-
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tion eventually approaches a sum of delta-functions. We
have checked these results by comparing the performance
of the two methods in three examples: (i) a binary chem-

ical reaction A + B = C, (ii) an autocatalytic reaction

ASX ,2X " B and (iii) a recently introduced model®
in which the process of opinion formation in a society
considers two main parties, A and B, plus an intermedi-
ate group of undecided agents I; the supporters of A and
B do not interact among them, but only through their in-
teraction with the group I, convincing one of its members
with a given probability. In all cases studied, the Gaus-
sian closure has given a better approximation to the aver-
age and the second moment, although the Q-expansion,
due to a cancellation of errors, yields a somehow smaller
numerical error in the variance. In general, and com-
pared to other field-theoretical methods available in the
litrature™®, the Gaussian closure scheme is very simple to
carry on in practice and this simplicity and the improve-
ment of the predictive power is more apparent in many-
variable systems. We believe that this method can be
usefully applied to the study of other problems of recent
interest in the literature involving stochastic processes in
systems with a small number of particles.

I'N. G. van Kampen, Stochastic Processes in Physics and
Chemistry, (North-Holland, Amsterdam, 2004).

2C. W Gardiner, Handbook of Stochastic Methods for
Physics, Chemistry and the Natural Sciences (Springer-
Verlag, 1990).

3D. T. Gillespie, Ezact stochastic simulation of coupled
chemical reactions J. Phys. Chem. 81,2340 (1977).

4 Castellano, C., Fortunato, S., Loreto, Statistical physics of
social dynamics V. Rev. Mod. Phys. 81, 591 (2009).

°L.F. Lafuerza, R. Toral, J. Stat. Phys. 140, 917-933
(2010).

6 M. S. de la Lama, I.G. Szendro, J.R. Iglesias, H.S. Wio,
Van Kampen’s expansion approach in an opinion forma-
tion model, Eur. Phys. J. B 51, 435 (2006).

" M.Doi, Second quantization representation for classical
many-particle system, J. Phys. A 9, 1469 (1976).

8 L. Peliti, Path integral approach to birth-death processes
on a lattice, J. Physique 46,1469 (1985).
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Delivering nutrients to a tissue: blood flow and capillary growth

Rui D. M. Travasso*, Tobias Schwartz, Eugenia Corvera Poiréf, Mario Castrof, Juan Carlos
Rodriguez-Manzaneque$, Orlando Oliveira, Joana Oliveira!T, A. Hernandez-Machado%
Centro de Fisica Computacional
Universidade de Coimbra
Rua Larga, 3004-516 Coimbra, Portugal

Understanding angiogenesis (the growth of new ves-
sels starting from existing vasculature) is a challenging
problem with important consequences for the treatment
of cancer and other pathological situations. We present
different aspects of an integrated approach to the de-
scription of capillary growth and blood flow in heath and
disease.

We introduce a multi-scale phase-field model for the
description of angiogenesis that combines the benefits
of continuum physics description and the capability of
tracking individual cells. The model allows us to discuss
the role of the endothelial cells’ chemotactic response and
proliferation rate as key factors that tailor the neovascu-
lar network. Importantly, we also test the predictions of
this theoretical model against relevant experimental ap-
proaches in mice that displayed distinctive vascular pat-
terns. The model reproduces the in vivo patterns of new-
ly formed vascular networks, providing quantitative and
qualitative results for branch density and vessel diame-
ter on the order of the ones measured experimentally in
mouse retinas.
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For a correct understanding of capillary dynamics it is
also necessary to analyze tissue irrigation resulting from
the blood flow in the newly formed network. In partic-
ular we analyze the alterations in irrigation of a tissue
where there is local vessel disruption (due to low levels
of VEGF and high concentrations of Ang-2), an event
that occurs in the early stages of diabetic retinopathy.
We identify the foci of neo-vascularization and show that
there is a vascular network dependent critical disrupted
area above which non-local hypoxia exists in the tissue,
leading to an hyper-vascularized phenotype.

Our results highlight the ability of physical models to
suggest relevant hypotheses with respect to the role of dif-
ferent parameters in these process, hence underlining the
necessary collaboration between modeling, in vivo imag-
ing and molecular biology techniques to improve current
diagnostic and therapeutic tools.

* rui@teor.fis.uc.pt

f Departamento de Fisica y Quimica Tedrica, Facultad de
Quimica, Universidad Nacional Auténoma de México.
México DF 04510, Mexico

# GISC and Grupo de Dindmica No-lineal (DNL), Escuela
Téc. Sup. de Ingenierfa (ICAI), Universidad Pontificia
Comillas, E28015, Madrid, Spain

5 GENYO (Pfizer-University of Granada-Andalusian Gov-
ernment Centre for Genomics and Oncological Research),
18007, Granada, Spain

T CFP and Departmento de Enginharia Fisica, R. Dr.
Roberto Frias, 4200-465 Porto, Portugal

8 Departament ECM, Facultat de Fisica, Universitat de
Barcelona. Diagonal 647, E-08028 Barcelona, Spain
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The role of asymmetric interactions on the effect of habitat destruction in mutualistic
networks

Guillermo Abramson',Claudia Trejo Soto**, Leonardo Ofia’

t Centro Atémico Bariloche, R8400AGP Bariloche, Argentina
¥ Departament de d’Estructura i Constituents de la Materia, Universitat de Barcelona, Avinguda Diagonal 647, E-08028
Barcelona, Spain
§ Department of evolutionary genetics, Maz Planck Institute for Evolutionary Anthropology, Deutscher Platz 6, 04108 Leipzig,
Germany

Plant-pollinator mutualistic networks are asymmet-
ric in their interactions: specialist plants are pollinat-
ed by generalist animals, while generalist plants are
pollinated by a broad involving specialists and gener-
alists. It has been suggested that this asymmetric —
or disassortative— assemblage could play an important
role in determining the equal susceptibility of specialist
and generalist plants under habitat destruction. At the
core of the argument lies the observation that special-
ist plants, otherwise candidates to extinction, could cope
with the disruption thanks to their interaction with gen-
eralist pollinators. We present a theoretical framework
that supports this thesis. We analyze a dynamical model
of a system of mutualistic plants and pollinators, sub-
ject to the destruction of their habitat. We analyze and
compare two families of interaction topologies, ranging
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from highly assortative to highly disassortative ones, as
well as real pollination networks. We found that sev-
eral features observed in natural systems are predicted
by the mathematical model. First, there is a tenden-
cy to increase the asymmetry of the network as a result
of the extinctions. Second, an entropy measure of the
differential susceptibility to extinction of specialist and
generalist species show that they tend to balance when
the network is disassortative. Finally, the disappearance
of links in the network, as a result of extinctions, shows
that specialist plants preserve more connections than the
corresponding plants in an assortative system, enabling
them to resist the disruption.

* claudiat@ecm.ub.es
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Analisis de la variabilidad multiescala en series temporales de precios de materias
primas

Antonio Turiel*, Conrad Pérez-Vicente**
* Institut de Ciéncies del Mar, CSIC, Passeig Maritim de la Barceloneta, 37-49, 08003 Barcelona.
** Facultat de Fisica, Universitat de Barcelona, Marti i Franqués, 1, 08028 Barcelona.

El andlisis multifractal es una herramienta muy po-
tente para el estudio y descripcién de series temporales
complejas con propiedades multiescala. Por medio de
la correcta estimacién de los exponentes de singularidad
en cada punto (que son medidas de la regularidad o ir-
regularidad locales) se puede descomponer la senal bajo
andlisis en dos componentes: una senal reducida, que es
funcionalmente muy simple (el dominio de su derivada
contiene sélo tres valores, -1,0 y 1) pero que incorpora
toda la variabilidad de pequenia escala (dindmica répida)
asociada a la estructura multifractal de la senal origi-
nal; y un campo de fuentes, de variacién suave (dindmica
lenta) y cuya estructura es continua excepto en deter-
minados puntos de transicién, que delimitan los domin-
ios de validez de la descripcién. En los tltimos afos,
la introduccién de este tipo de descomposicién para el
analisis de series econométricas ha permitido empezar a
analizar las propiedades estocdsticas que estan directa-
mente asociadas a las caracteristicas geométricas de las
series, simplemente analizando las matrices de transicién
que operan sobre el campo de tres valores de la derivada
de la serie reducida.

Sin embargo, la separacion de las series en componente
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reducida y componente de fuentes no es excesivamente es-
table debido a que en esencia implica una segunda deriva-
da, con lo que el ruido obscurece casi completamente la
senal al aplicarse a datos reales. Se han propuesto di-
versas aproximaciones metodolégicas para obtener una
estimacién robusta de esta descomposicién, del enfoque
maés restrictivo al mas general; en este trabajo discutire-
mos las diferentes metodologias y sus virtudes y defectos,
hasta centrarnos en el método mas estable de determi-
nacién de fuentes, el de la regresion multiescala bilateral.

Demostraremos la potencia de esta aproximacién
metodoldgica aplicandola a series temporales de precios
de materias primas, que han sido muy volatiles durante
los ultimos anos. El objetivo de nuestro estudio es clasi-
ficar algunas signaturas caracteristicas de estos mercados
mediante el andlisis multifractal de las series de sus pre-
cios. Hemos analizado dos tipos de serie, la serie de pre-
cios spot del barril de petréleo Brent y la serie de cotiza-
ciones diarias de la onza de oro, y hemos intercomparado
sus resultados para tratar de cuantificar la importancia
relativa de algunos factores que los analistas suelen arguir
para justificar la volatilidad de los precios.
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Colloids in a bacterial bath: simulations and experiments

Chantal Valeriani, Martin Li, John Novosel, Jochen Arlt, Davide Marenduzzo
SUPA School of Physics and Astronomy, University of Edinburgh, Mayfield Road, Edinburgh EH9 3JZ, United Kingdom.

We present a joint experimental and computational
study of the effect of bacterial motion on micron-scale col-
loids contained in a two-dimensional suspension of Bacil-
lus Subtilis. With respect to previous work using E. coli,
here we introduce a novel experimental set-up that al-
lows us to realise a two-dimensional bacterial suspension
insensitive to either evaporation or fluid flow.

Figura 1. Snashot of a suspension of ¢ = 0.09 of Bacillus
Subtilis cells sandwiched between two oxygen-plasma-treated
cover-slips, where 5% of cells are fluorescently stained. Bac-
terial cell bodies appear black in the figure.
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By analysing the mean square displacements of both
bacteria and colloids, we confirm the existence of a
crossover from super-diffusive behaviour at short time
scales to normal diffusion at longer times. We also study
the same two-dimensional system by means of numerical
simulations, using a suspension of self-propelled dumb-
bells or the Vicsek model, which has been previously
used to study the dynamics of active particles. Our nu-
merical results obtained with both models are in broad
agreement with the experimental trends, but only the
dumbbell simulations can match the experimental data
quantitatively. The level of agreement we find suggest
that steric interactions due to collisions are important
players in determining collective motion of the bacterial
bath, and should complement hydrodynamic interactions
in experiments.

* cvaleria@ph.ed.ac.uk
! C.Valeriani,M.Li,J . Novosel,J. Arlt
Soft Matter in press (2011).
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Divide and Conquer

Teresa Vaz Martins*, Ratl Toral

IFISC, Instituto de Fisica Interdisciplinar y Sistemas Complejos, CSIC-UIB
Campus UIB
E- 07122 Palma de Mallorca

We consider systems composed of many units forced
by signals that too weak to be detected by a single un-
coupled unit. We show that when the units interact via
a combination of attractive and repulsive links, the sensi-
tivity of the system to weak signals increases for a given
proportion of repulsive links, leading to a significant col-
lective coherent response.

We establish the mechanism of response enhancement
through competitive interactions in different types of sys-
tems, whose common characteristic is the possession of
some form of threshold. Thus, we consider prototypical
bistable!,?, oscillatory® or excitable? systems, as well as
models of opinion formation*. Although different sys-
tems exploit different routes to achieve an optimization
of the response, we observe in all cases a coincidence be-
tween the proportion of repulsive links that optimizes the
response, and the one that leads to some particular form
of disorder.

Thus, we can place the research in a broader context
of the effects of disorder on the response properties of
nonlinear systems subjected to weak forcing. Competi-
tive interactions are taken as a source of disorder, as an
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alternative to previous studies where response was am-
plified by disorder induced by noise® or diversity®.

This work opens up wider perspectives about the role
of repulsive links in information processing in various sys-
tems where the presence of competitive interactions is
known to exist, but its function hasn’t been yet estab-
lished.

* teresa@ifisc.uib-csic.es
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Effect of polydispersity and soft interactions on the nematic vs. smectic phase
stability in platelet suspensions

Y. Martinez-Ratén!, E. Velasco?
LGISC, Departamento de Matemdticas, Escuela Politécnica Superior, Universidad Carlos III de Madrid, E-28911 Leganés
(Madrid)
2 Departamento de Fisica Teérica de la Materia Condensada, Universidad Auténoma de Madrid, E-28049 Madrid

The issue of polydispersity is crucial to understand
phase behaviour in experiments on colloidal suspensions
of particles with rod- or plate-like shape, since colloidal
particles can never be made truly identical and phase
equilibria is very much affected by polydispersity. Non-
spherical colloidal particles are known to form liquid-
crystalline phases, such as nematic, smectic and colum-
nar, but the nematic phase is difficult to obtain experi-
mentally in charge-stabilised platelike particles before the
formation of smectic, columnar or gel phases. The obser-
vation of equilibrium nematic phases in platelets requires
fine-tuning of the ionic strength of the solvent. There-
fore, the concomitant effects of polydispersity and soft
interactions seem to be an important issue as regards the
stabilisation of the nematic phase.

In this communication we discuss theoretically, using
density-functional theory, the phase stability of nematic
and smectic ordering in a suspension of platelets of the
same thickness but with a high polydispersity in diam-
eter, and study the influence of polydispersity on this
stability!. The platelets are assumed to interact like
hard objects, but additional soft attractive and repul-
sive interactions, meant to represent the effect of deple-
tion interactions due to the addition of non-absorbing
polymer, or of screened Coulomb interactions between
charged platelets in an aqueous solvent, respectively, are
also considered. The aspect (diameter to thickness) ra-
tio is taken to be very high, in order to model solutions
of mineral platelets recently explored experimentally?. In
this régime a high degree of orientational ordering occurs;
therefore the model platelets can be taken as completely
parallel and are amenable to analysis via a fundamental-
measure theory. Our focus is on the nematic vs. smectic
phase interplay, since a high degree of polydispersity in
diameter suppresses the formation of the columnar phase
due to incommensuration with a single lattice parameter
of the triangular lattice formed by the columns.

When interactions are purely hard, the theory predicts
a continuous nematic-to-smectic transition, regardless of
the degree of diameter polydispersity. However, polydis-
persity enhances the stability of the smectic phase against
the nematic phase. Predictions for the case where an
additional soft interaction is added are obtained using
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mean-field perturbation theory. In the case of the one-
component fluid, the transition remains continuous for
repulsive forces, and the smectic phase becomes more
stable as the range of the interaction is decreased. The
opposite behaviour with respect to the range is observed
for attractive forces, and in fact the transition becomes
of first order below a tricritical point. Also, for attrac-
tive interactions, nematic demixing appears, with an as-
sociated critical point. When platelet polydispersity is
introduced the tricritical temperature shifts to very high
values.

Finally, we discuss the implications of our theoreti-
cal approach for recent experiments being performed on
colloidal platelets made of a-Zirconium phosphate in an
aqueous solution, for which the nature of interactions be-
tween the platelets is not clear and the interpretation of
their phase behaviour is uncertain.

2.50 : .
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Figura 1. Temperature-scaled density phase diagram of the
polydisperse attractive platelet model for medium-range in-
teractions.

LY. Martinez-Ratén and E. Velasco, submitted to J. Chem.
Phys.

2D. Sun, H.-J. Sue, Z. Cheng, Y. Martinez-Ratén and E.
Velasco, Phys. Rev. E 80, 041704 (2009).
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Malware como depredador en ecosistemas ip

Rafael Vida', Elka Korutcheva?
L Grupo Interdisciplinar de Sistemas Complejos (GISC). Departamento de Fisica Fundamental, Universidad Nacional de
Educacion a Distancia, Madrid, Espana,
2 Departamento de Fisica Fundamental, Universidad Nacional de Educacion a Distancia, Madrid, Esparia

La transferencia de datos de malware (abreviatura de
Malicious Software) supone en ocasiones cerca del 60%
del volumen mundial de datos en Internet, y en el caso de
correo electrénico en Espana cerca del 97%. Para asegu-
rar la continuididad de éste tipo de servicios de comuni-
caciones es necesario limpiar la red de datos no deseados.

Hasta ahora los esfuerzos se concentran en la verifi-
caciéon de malware en los extremos, o en la comprobacién
de la existencia de vulnerabilidades (debilidades en la
proteccién del software) conocidas en los sistemas que
acceden a las redes de comunicaciones.

Esta aproximacién a posteriori ha demostrado ser,
ademas de ineficaz, costosa desde un punto de vista com-
putacional.

El funcionamiento del malware es tal que la eliminacién
de una botnet, por ejemplo, tarda semanas en ser reem-
plazada por otra nueva redistribucién de software distin-
to, pero que se distribuye usando las mismas vulnerabil-
idades. Los sistemas de deteccién de intrusos y antivirus
estan disenados, en general, de forma que detectan pa-
trones o firmas en el software que se distribuye, pero no
consideran la red légica que establecen las vulnerabili-
dades.

Como las vulnerabilidades persisten, los nuevos virus
y ataques compiten por ella como recursos, y la veloci-
dad de propagacién de la nueva infeccién es mayor que la
capacidad de reaccién del software de proteccién. Véase
la figura III, en la que se representan datos reales de la
caida de la botnet McColo y la evolucion del malware en
los dos meses siguientes.

Este tipo de comportamiento permite modelizar el con-
junto de sistemas como un ecosistema, en el que el soft-
ware atacante compite por los recursos, es decir, las vul-
nerabilidades existentes en los elementos de la red.

Este trabajo pretende analizar y entender la dindmica
poblacional del ecosistema wvirtual y la relacion entre
dicha dindmica y la estructura légica subyacente. Para
ello se estudiard el proceso de difusién del malware hasta
su situacién de equilibrio que se alcanza (segtn [!]). Adi-
cionalmente nos interesa conocer el efecto de la topologia
de la red compleja sobre el tiempo en alcanzar el nuevo
equilibrio.

Se abordard la topologia l6gica desde varios niveles de
abstraccion, definida por el malware en diferentes niveles
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de capas de red de comunicaciones (IP, TCP, aplicacién).

De esta manera, se analizara el efecto de la introduc-
cién de un nuevo elemento depredador en la red, que im-
itando el comportamiento del malware, permitira identi-
ficar las posiciones légicas en las redes IP que permitan
romper el equilbrio alcanzado, de tal manera que se mit-
igue o elimine el efecto del virus, a base de competir con
los depredadores por los recursos existentes.

El mismo andlisis permitira, adicionalmente, localizar
las zonas ldgicas en las que los sistemas de andlisis de
trafico en busca de anomalias y recogida de informacién
de seguridad relevante son mas eficientes.

Desconexion de
McColo |

Enero

Noviembre

14 7 10131619222528 1 4 7 1013161022252831 3 6 9 121518 21 24 27 30

Diciembre

Figura 1. Recuperacién del malware tras la eliminacién de
la botnet Mccolo. Fuente: Telefonica Grandes Clientes, Es-
pana.
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Crystal polymorphism of a water monolayer under hydrophobic nanoconfinement

Oriol Vilanova*, Giancarlo Franzese*
Departament de Fisica Fonamental, Universitat de Barcelona, Barcelona, Spain

Bulk water presents a large number of crystalline and
amorphous ices. Hydrophobic nanoconfinement is known
to affect the tendency of water to form ice and to reduce
the melting temperature. However, a systematic study
of the ice phases in nanoconfinement is hampered by the
computational cost of simulations at very low temper-
atures. Here we develop a coarse-grained model for a
water monolayer in hydrophobic nanoconfinement and
study the formation of ice by Mote Carlo simulations.
We find two ice phases: low-density-crystal ice at low
pressure and high-density hexatic ice at high pressure,
an intermediate phase between liquid and high-density-
crystal icel.

Radial Distribution Functien g(r)

0 1 2 3 4 5
Distance iy
(a) Low pressure at P = (.06 GPa

T=218 ——

Radial Distribution Function g(r)

0 1 2 3 4 5
Distance iy

(b) High pressure at P = 0.24 GPa
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Figura 1. Radial Distribution Functions for different state
points. (a) At P = 0.06 GPa and T' = 246 K (in the liquid
phase) and T' = 218 K (in the LDC phase). Here and in the
next panel, insets show a portion of typical configurations at
the state points represented in the main panels. The g(r)
for the LDC has many peaks correspoding to the long-range
trans- lational order of the square crystal, while the g(r) for
the liquid near the coexistence shows precursors of the LDC
structure. (b) At P = 0.24 GPa and T = 274 K (in the lig-
uid phase) and 7' = 218 K (in the hexatic phase). The lig-
uid g(r) has a shoulder in the second peak that splits into a
small peak in the hexatic phase. The hexatic phase has lig-
uid-like short-range translational order due to the pres- ence
of many disclinations, but crystal-like long-range ori- enta-
tional order, emphasized by links in the inset describ- ing the
hexatic phase.

* oriol.vilanova@gmail.com, gfranzese@ub.edu
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Diffusion in macromolecular crowded media:
Monte Carlo simulation of obstructed diffusion vs. FRAP experiments

Eudald Vilaseca*, Isabel Pastor, Adriana Isvoran'®, Sergio Madurgatf, Josep-Llufs Garcés?, Francesc Mast
Departament de Quimica Fisica i Institut de Quimica Teorica i Computacional (IQTCUB)
Facultat de Quimica, Universitat de Barcelona
Marti i Franqués, 1. 08028 Barcelona
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Figura 1. Different system conditions for simulations and experiments. Red points represent tracer particles and star markers

represent obstacles at different concentrations and sizes.

The diffusion of tracer particles in 3D macromolecu-
lar crowded media has been studied using two metho-
dologies, simulation and experimental, with the aim of
comparing their results.

First, the diffusion of a tracer in an obstructed 3D lat-
tice with mobile and big size obstacles has been analyzed
through a Monte Carlo (MC) simulation procedure!.
Secondly, fluorescence recovery after photobleaching
(FRAP) experiments have been carried out to study
the diffusion of a model protein (alpha-chymotrypsin)
in in vitro crowded solution where two type of Dextran
molecules are used as crowder agents2. To facilitate the
comparison, the relative size between the tracer and the
crowder is the same in both studies.

The results indicate a qualitative agreement between the
diffusional behaviors observed in the two studies. The
dependence of the anomalous diffusion exponent and
the limiting diffusion coefficient on the obstacle size and
excluded volume shows, in both cases, a similar tenden-
cy. The introduction of a reduced mobility parameter
in the simulation model accounting for the short-range
tracer-obstacle interactions allows obtaining a quantita-
tive agreement between the limiting diffusion coefficient
values yielded by both procedures>.
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The simulation-experiment quantitative agreement for
the anomalous diffusion exponent requires further im-
provements. As far as we know, this is the first reported
work where both techniques are used in parallel to study
the diffusion in macromolecular crowded media.
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Critical, interfacial and surface properties of ionic liquids by a molecular-based
equation of state

0. Vilaseca!*, F. Llovell!, L.F. Vega!
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Campus de la UAB
08193 Bellaterra, Barcelona

Precise measurements of ionic liquids (IL) physical
properties near the critical point are an unexplored field.
Experimental data at these extreme conditions is very
difficult to achieve due to the low vapor pressures and
the thermal degradation of ionic liquids far before the
critical region is reached. However, in order to design
thermally stable ILs, information about the critical re-
gion is a requirement for industrial purposes. Hence,
the need of a reliable prediction of the critical proper-
ties of ionic liquids has pushed the development of the-
oretical methods based on molecular-based approaches
with physical meaning. In this contribution, within the
framework of the soft-SAFT EoS! coupled with the Den-
sity Gradient Theory (DGT)?2, the surface tension as well
as the critical temperature, pressure and density have
been estimated, for three different ionic liquid families,
and compared with those reported in the literature from
expe
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Figura 1. Interfacial tension as a function of temperature

for [C4-mim|[PF6]

In addition, for the [Cn-mim][T2N] ILs family a cor-
relation for the influence parameter as a function of the
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molecular weight was obtained, empowering the predic-
tive capabilities of the equation for interfacial tensions of
compounds of the family for which experimental data is
scarce or unavailable?. Finally, surface thermodynamic
properties were also derived from the dependence of the
surface tension values, and compared with those obtained
with Guggenheim’s and Eétvos empirical equations3—®.
The results presented here show the robustness of using
an accurate and versatile equation of state for the eval-
uation of bulk, interfacial” and surface properties® with
a very modest computational effort.

This work is partially financed by the Spanish Govern-
ment under project CTQ2008-05370 and NANOSELECT
and CEN2008-01027, a Consolider and a CENIT project
belonging to the Programa Ingenio 2010). Additional
support from the Catalan Government is also acknowl-
edged (SGR-2005-00288 and 2009SGR-666). F. Llovell
acknowledges a JAE-Doctor fellowship from the Spanish
Government.
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Chaos and unpredictability in evolutionary dynamics in discrete time
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Cooperative behaviours are commonly observed in na-
ture. However, explaining their origin is not a trivial
task, and game theory provides a useful framework to
shed light on such phenomenon. The starting point is a
so called 2 x 2 game, in which two individuals, or players,
can adopt one of two possible strategies (usually coop-
eration, C, and defection, D), and earn a payoff II ac-
cording to the strategy chosen by both. Subsequently, a
great deal of individuals playing 2 x 2 among themselves
are taken into consideration. The first step is to study
such population in the mean-field approximation (”well-
mixed” case). In this case the dynamics is often ruled by
the replicator equation®

&=z (g —1I), (1)

where x = z(t) is the density of cooperators at time
t and IIo the average payoff of a cooperator (possibly
function of t, too), while II is the average payoff of the
entire population. Of course, the defector density y is
easily given by the relation = + y = 1. According to the
details of the game, that is, to the values of the payoff
parameters, the dynamical behaviour of the system will
be different.

Let us consider for example a well-mixed population of
individuals playing the Prisoner’s Dilemma Game (PDG)
among themselves. In a PDG played by only two play-
ers the rational choice for both is the defection, even
though the highest joint payoff would be obtained with
mutual cooperation (technically speaking, the Nash equi-
librium of the PDG is not a Pareto optimum). Now,
equation (1) predicts that a population of PDG players
evolves towards an all-defectors final state. Analogously,
if the game by which indivuduals interact is the Har-
mony Game (HG, whose equilibrium in the 2 x 2 case
is mutual cooperation), the population will end up in
the all-cooperators configuration, and so on with all the
possible 2 x 2 games. In general, the dynamics given
by the replicator equation is deterministic and perfectly
predictable. Nevertheless, it must be noticed that in na-
ture there are species which reproduce in discrete-time
path: every new generation replaces the previous one,
that is, all the old individuals die before their offspring
reproduce on its turn?. In this case, it is better to take
into consideration a discretized version of the differential
equation (1), where the variable ¢ is an integer instead of
a real number.

In the present work, we focus on the map derived by
the direct discretization of the replicator equation, which
then assumes the form
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l‘NJrl::EN'(HC*H)Jr:L'N N eN. (2)

This map returns the same well determined results of
its continuous version only for a restricted set of the val-
ues of the parameters, which coincides with the set usu-
ally studied by researchers until now3. In fact, for differ-
ent values of the parameters we have found distinct and
somehow exotic results: in particular, the system does
not end up in the frozen configuration provided by the
replicator equation, but in periodic orbits around such
solution. Moreover, for other values of the parameters,
the system becomes chaotic, so that its behaviour is to-
tally unpredictable.

In this work we present evidence supporting those phe-
nomena (see for instance FIG. 1), characterize the regions
on which they are observed and the implications for the
corresponding games, and analyse the implications for
the very debated issue of the evolution (and possibly the
emergence and stability) of the cooperation in real sys-
tems.
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Figura 1. Lyapunov exponent for a well-mixed population
following the discrete dynamics of eq. (2). According to the
value of the parameter A, the individuals interact by Battle
of Sex (BoS), HG or Stug Hunt (SH) games. Independently
of the details of such games, it can be seen how the dynamics
turns chaotic (positive Lyapunov exponent) for A < —1.6 and
A 2 6, (it never happens in the continuous case).
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La ecuacion de Kuramoto-Sivashinsky estocastica pertenece a la clase de
universalidad Kardar-Parisi-Zhang en dos dimensiones
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Avenida de la Universidad 30, 28911 Leganés (Madrid)

La ecuacién de Kuramoto-Sivashinsky estocastica
(nKS) aparece en numerosos contextos fisicos, como la
erosion de superficies y el crecimiento limitado por di-
fusién. Su versién determinista (dKS) surge también en
la descripcién de multitud de sistemas espacialmente ex-
tensos, hasta el punto de considerarse un paradigma en
el estudio del caos espaciotemporal.?

Una de las caracteristicas mas interesantes de la
ecuacion dKS es que, al menos en d = 1, presenta
rugosidad cinética en la clase de universalidad de la
ecuacién de Kardar-Parisi-Zhang (KPZ), como ocurre
para la ecuacién nKS.3* Sin embargo, en d = 2 su com-
portamiento a grandes escalas no se comprende del todo,
existiendo resultados analiticos contradictorios respecto
al comportamineto asintético de la ecuaciéon dKS frente al
de la ecuacién de KPZ.%% En el caso de la ecuacién nKS,
las simulaciones numéricas sugieren un comportamiento
no-KPZ.8 lo que contradice expectativas teéricas basadas
en la estructura detallada del grupo de renormalizacién.*

En este trabajo,’ retomamos el estudio numérico de la
ecuacién nKS en d = 2. Utilizando un esquema pseu-
doespectral, es posible realizar simulaciones de sistemas
con tamanos lo suficientemente grandes como para poder
confirmar un comportamiento de escala tipo KPZ en el
estado asintético. Para ello, aprovechamos que, en coor-
denadas adecuadas, la ecuacién nKS depende tinicamente
del acoplo KPZ, ¢,” al poderse escribir como

Oh _ _g2p i + Q(Vh)Q +£(r, t),

ot 2

donde £ es un ruido de amplitud fija. Asi, podemos estu-
diar el espacio de fases completo de la ecuacién nKS en
términos de g y del tamano del sistema, L.

Nuestros principales resultados se resumen en la figu-
ra 1. Mediante el colapso de datos de la densidad
espectral de potencia con los exponentes de KPZ en
d = 2,7 identificamos tres regimenes para la ecuacién
nKS: i) Preasintético en el que el colapso no es bueno
para ninguno de los valores L estudiados (punto A). ii)
Régimen con buen colapso sélo para pequenos numeros
de onda (punto B). iii) Régimen en el que el estado
asint6tico KPZ se alcanza incluso a tiempos cortos (pun-
to C). Este tipo de andlisis permite concluir que las sim-
ulaciones anteriores de la ecuacién nKS® no alcanzaban
a observar el estado asintético KPZ por corresponder a
valores de g y L en el régimen de acoplo KPZ débil.

En el contexto de la controversia sobre la clase de uni-

versalidad de la ecuacién determinista de KS en d = 2,
si se pudiera probar su equivalencia con la ecuacién nKS
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como en d = 1,'° nuestros resultados implicarfan que el
escalado asintético de la ecuacion dKS también estaria
en la clase de universalidad de la de KPZ en d = 2. En
ausencia de una conexién explicita entre las dos ecua-
ciones en d = 2, dicha controversia sigue constituyendo
un importante problema abierto en Ciencia No Lineal.

1024 ¢ ¢ 1
512 :
~
256 ¢ E
e pre-asymptotic
= KPZ scaling
128 * Drotar et al. b
ol vl vl vl vl vl il
10° 100 100 100 10° 100 10°

8

Figura 1. Diagrama de fase cualitativo para la ecuacién
nKS en d = 2. Los puntos rojos corresponden a escalado
preasintético (tipo i). Los cuadrados azules corresponden a
un acoplo KPZ fuerte (tipos ii y iii). Los diamantes son los re-
sultados de [8]. La linea continua se ha calculado por minimos
cuadrados, y separa las regiones de acoplo débil y fuerte.
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Variational formulation for the KPZ equation: consistency, (Galilean-invariance, and
other issues in real-space discretization

H.S. Wiol*, J.A. Revelli!, C. Escudero?, R.R. Deza3, M. S. de La Lama*
(1) Instituto de Fisica de Cantabria (UC and CSIC), Spain,
(2) Dep. Matemdticas, Fac. Cs., Univ. Aut. de Madrid, Spain,
(8) Physics Dept. and IFIMAR (UNMdP and CONICET), Argentina,
(4) Maz-Planck-Institute, Géttingen, Germany.
(*) E-mail: wio@ifca.unican.es, URL: http://www.ifca.unican.es/users/wio/

We present a variational formulation for the
Kardar-Parisi-Zhang (KPZ) equation that leads to a
thermodynamic-like potential for the KPZ as well as
for other related kinetic equations [1]. We prove some
global shift invariance properties previously conjectured
by other authors, and also show a few results about
the form of the stationary probability distribution func-
tion for arbitrary dimensions. In addition, strong con-
straints are drawn for the choice of real-space discretiza-
tion schemes, using the known fact that the KPZ equa-
tion results from a diffusion equation (with multiplica-
tive noise) through a Hopf—Cole transformation. Where-
as the nearest-neighbor discretization passes the consis-
tency tests, known examples in the literature do not. We
propose a consistent and highly accurate scheme, and em-
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phasize the importance of the Lyapunov functional as a
natural starting point for real-space discretization. Also,
in the light of these findings, the mainstream opinion on
the relevance of Galilean invariance and the fluctuation—
dissipation theorem (peculiar of 1D) is challenged [2,3,4].
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Crowd Synchrony and Quorum Sensing Transition in Star-coupled Non-identical
Semiconductor Lasers with Time Delay

Jordi Zamora-Munt, C. Masoller, Jordi Garcia-Ojalvo
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Crowd synchrony and quorum sensing arise when a
large number of dynamical elements communicate with
each other via a common information pool. Previous ev-
idence in different fields, including chemistry!, biology?»3
and civil engineering?, has shown that this type of cou-
pling leads to synchronization, when coupling is instan-
taneous and the number of coupled elements is large
enough. Here we consider a situation in which the trans-
mission of information between the system components
and the coupling pool is not instantaneous.
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Figura 1. The color coding shows the intensity for each
star laser as a function of time. In the vertical axis the lasers
are sorted by their solitary frequency with number 1 corre-
sponding to the most negative detuning. The black dashed
line shows the laser for which w = 0. (a) for 10 lasers, (d) for
75 lasers. The right column shows the frequency of the lasers
(dots), in relation with the normailized cumulative Gaussian
distribution (solid line). The star-lasers are pumped above the
lasing threshold and the Hub laser is pumped below threshold.
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We show numerically that a system of non-identical
semiconductor lasers (star-lasers) coupled to a common
hub laser with time delay can be synchronized with zero
lag>® (Fig. 1).

The transition to the synchronization occurs above a
certain critical number M, of coupled lasers, provided the
pump current of the hub laser is smaller than the solitary
pump current threshold p,. The type of synchronization
transition can be controlled via the pump current, u of
the star lasers (Fig. 2): a gradual (first-order-like) tran-
sition is observed for star lasers with p > p¢n, and an
abrupt (second-order-like) transition arises for p < .
A similar behavior has been exhibited by a chemical quo-
rum sensing system?.
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Figura 2. Ratio between the averaged coherent intensity
(I) and the number of star lasers M, as a function of M itself
and for different coupling strengths: From top to bottom x =
30ns™', k=20ns""and k = 10 ns™". (a) u = 1.02, ug =
0.4. (¢) p= 0.7, g = 0.4. Each point is averaged over 10 to
40 different initial conditions and detuning frequencies. The
arrows mark errorbars out of the axis limits.

The critical number of lasers increases linearly with the
width of frequency distribution, and depends on the cou-
pling strength via a power-law with negative exponent,
in agreement with the crowd synchronization transition
reported in the Millenium bridge*. On the other hand,
the coupling delay reduces the critical number of lasers
while it has no influence on it for large enough time de-
lays, even though the delay is evident through the lag
time with which the hub laser is synchronized with the
star lasers (which are synchronized isochronously to one
another).
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Tapping vertical en una capa granular

José Damas*, Tker Zuriguel y Diego Maza
Departamento de Fisica y Matemdtica Aplicada
Universidad de Navarra
Irunlarrea S/N 31008 Pamplona, Navarra

En éste trabajo presentamos nuevos resultados exper-
imentales acerca de una capa granular perturbada ver-
ticalmente mediante un tapping, en concreto, acerca de
la fracciéon de compactacién en funcién de la amplitud
de la perturbacién (T'). Experimentos previos' han de-
mostrado la existencia de estados estacionarios de com-
pactacién que evolucionan de forma monétona cuando
se incrementa . Estos resultados estan de acuerdo con
la, propuesta tedrica de S. Edwards®. Sin embargo estu-
dios ndmericos recientes® predicen que si la aceleracién
aplicada al sistema es lo suficientemente alta, la fraccién
de compactacién (®) se incrementa. Asi, seria posible
encontrar dos estados con el mismo ® para valores difer-
entes de aceleracién. Consecuentemente se hace nece-
sario explorar experimentalmente valores de aceleracién
de mayor amplitud®.

El arreglo experimental utilizado consiste en una celda
cuasi-bidimensional de plexiglass con 25 mm de ancho y
1.1 mm de espesor, en la cual se colocaron 900 esferas de
ceramica de aluminio de 1+ 0.05 mm de didmetro. Para
realizar la perturbacién se utilizé un oscilador con el que
se genera un tap de una frecuencia caracteristica de 30
Hz.

Para medir la fraccion de compactacién, se tomaron
500 fotos de alta resoluciéon después de haber alcanzado
un estado estacionario de compactacién. Se ha encontra-
do experimentalmente que la compactaciéon granular no
decae mondétonamente como se crefa. Esto ha dado lugar
a nuevas propuestas que consideran un mayor nurhero de
variables de estado para realizar una descripcién adecua-
da de los estados granulares de equilibrio®.

Se incluyen aqui, resultados preliminares sobre la
didmica del sistema durante el tapping midiendo el de-
splazamiento de su centro de masas. También se modifico
el nimero de particulas contenidas en la celda, para es-
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tudiar la dependencia de la fracciéon de compactacion con
este pardmetro (Figura 1).
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Figura 1. Curva de Compactacién.

Es posible que esta dependencia sea la responsable de
que no se haya observado este comportamiento previa-
mente en situaciones experimentales.
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Thermodynamics of RNA hybridization inferred from out of equilibrium unzipping
experiments

C. V. Bizarro, J. M. Huguet and F. Ritort*

Small Biosystems Lab', Departament de Fisica Fonamental
Facultat de Fisica, Universitat de Barcelona
Diagonal 647
08028 Barcelona

We have recently developed a methodology to infer
the free energy of hybridization of DNA with a single
molecule technique'. It consists in unzipping a molecule
of DNA of a few thousands of base pairs with optical
tweezers. These pulling experiments provide a force vs.
distance curve that is analyzed to obtain the free ener-
gy of formation of the Nearest-Neighbor motifs. How-
ever, this technique is only valid for quasistatic pulling
experiments. We have extended our technique to out of
equilibrium experiments, in which the force vs. distance
curves are not quasistatic anymore. So we are able to
analyze the data obtained from pulling experiments on
RNA, which exhibits much more hysteresis than DNA.
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The main advantage of this technique is that it circum-
vents the problems of bulk experiments such as aggre-
gation of molecules or autocatalysis of biomolecules at
certain salt concentrations or pH. The results pave the
way to establish the single-molecule unzipping experi-
ments as a reliable technique to extract the free energy
of formation of biomolecular motifs.
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How proteins fold?: Unfolding/folding of the single protein barnase induced by
mechanical forces

B. Rey Serra, A. Alemany, S. Frutos, C. Larroy, C. Ceconni and F. Ritort
Departament de Fisica Fonamental
Facultat de Fisica
Universidat de Barcelona
08028 Barcelona

The functionality of proteins is determined by their ter-
tiary structure. Typically, misfolded conformations lead
to harmful states where the protein cannot function prop-
erly. Under these circumstances, the understanding of
how a protein folds becomes one of the most challenging
problems in molecular biology. In this project, we present
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single molecule studies of Barnase protein. Stretching ex-
periments using dual-beamed optical tweezers have been
performed in order to obtain relevant kinetic properties
such us the unfolding forces, the elastic properties of the
aminoacid chain and the free energy of formation of the
protein.
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The activity of an ATP dependent molecular motor, ATP consumption and their DNA unzipping activity, a
the GP41 helicase, is studied by means of optical tweez- detailed understanding of their mechanical functioning
ers. Helicases are polymeric proteins that convert chem- is still lacking. Single molecule manipulation allows to
ical energy into useful mechanical work. By hydrolyzing  investigate the dependence on mechanical load of the av-
ATP they can displace on single stranded DNA or unzip erage unzipping rate as well as fluctuations in unzipping
large portions of double stranded DNA. Although several activity.
bulk assays exist which allow to characterize both their
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Entropy production and coarse graining in Markov processes

Simone Pigolotti*, Andrea Puglisi, Lamberto Rondoni, Angelo Vulpiani
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Edif. GAIA, Rambla Sant Nebridi s/n, 08222 Terrassa, Barcelona, Spain

I will present a general method to coarse grain mas-
ter equations by eliminating fast decaying states!. The
method is based on the following recipe: states having a
typical lifetime shorter than a prescribed threshold are
identified, and it is imposed that the time spent in these
states is zero. This prescription removes these states from
the description of the system and renormalizes the other
transition rates, as illustrated in Fig. 1.
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Figﬁ\ra 1. Scher?le of the algorithm for eliminating fast
states

This procedure has a number of interesting properties.
It is commutative: the resulting system is independent
of the order in which states are eliminated. Further, an-
alytical results can be derived in simple cases (like one
dimensional systems), so that the coarse grained system
may be written in a simple closed form.

We apply the coarse graining algorithm to study the
following problem: what happens to the distribution of
entropy production in a non-equilibrium system after
coarse graining?

More precisely, we study several non-equilibrium sys-
tems and compute in each of them the distribution of the
Lebowitz-Spohn functional:

Q, = 1 In Weo—wi Wa —wz - Wo 1 s ' (1)
t o W —woWws—wr - W —wm 1
and its Cramer function, —log[P(£;)]/t, as a function of
the coarse graining level, i.e. of the fraction of eliminated
states.
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In all cases, the result is that the distribution of en-
tropy production is very robust even to extreme coarse
graining, eliminating a large fraction of states from the
dynamics, as shown in Fig. 2. However, when the coarse
graining level passes some threshold, the entropy produc-
tion suddenly drops.
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Figura 2. Cramer function and entropy production after
progressive decimation

We interpret this result in terms of Schnakenberg’s net-
work theory: the entropy production can be decomposed
into contributions coming from loops in the transition
networks. Decimation shortens these loops, without af-
fecting much the entropy production. This happens until
current-carrying loops are destroyed, causing the entropy
production to drop down.

Finally, we apply this theory to a biophysics example,
a model of the Kinesin motor protein cycle.
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Hora Jueves, 2de junio | Viernes,3dejunio |  Sébado, 4 de Junio
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F. Guinea (I-4) D. Bedeaux (I-1)
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T. Mullin (I-5
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' ’ A. J. Pons (O-19) F. Vega Reyes (0-22)
1030-11:00 R. Ledesma-Aguilar (O-14) J. Gryji¢ (0-9) M.I. Garcia de Soria (0-7)

] ] A. P. Mufiuzuri (O-17) J. A. Heméandez (O-11) A. Janda (0-12)
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11:30-12:00] A. Fernandez-Nieves (I-3) J. J. Ramasco (I-7) L. C. Pardo (I-6)
12:00-12:30 A. Patti (O-18) P. Moretti (0O-16) A. Corral (0-6)

' ’ P. L. Garrido (O-8) R. Guimera (O-10) C. Bonatto (0-2)
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P 1-90 P91-
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18:00-18:30 P. Espaiiol (I-2) X. Trepat (I-10)
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P. Sartori (0-21)
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