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Foreword

Welcome to the IX National Conference BIFI 2019 held in the
Biocomputation and Complex Systems Physics Institute (BIFI), Zaragoza,
Spain. The aim of this national conference is twofold, on the one hand, to
offer BIFI members a public forum to present their work and network with
their fellow researchers, and on the other hand to invite prominent
researchers to meet us and establish collaborations.
The program will include plenary lectures, with invited experts in the
different research lines of the Institute (Biochemistry, Molecular and
Cellular Biology, Physics, Biophysics and Computation), oral presentations,
selected short talks by young investigators and evening poster sessions.
The program will also include two tutorials and one student workshop,
adding an educational dimension to this meeting.
We hope this conference to be an excellent scenario for fruitful
discussions, sparking new ideas and seeing new collaborations come out.

The BIFI2019 Organizing Committee

Zaragoza, 2019
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Program
January 30th,
09:00-10:00

From Mutations to Disease Using Computers Only: Is This a Dream? Xavier De
la Cruz Monserrat. Vall d’Hebron Institut de Recerca (VHIR). Ref.: 1-01Pl.

10:00-10:30

Polymer Translocation Through Active Nanopores. Alessandro Fiasconaro.
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 1-02T.

10:30-11:00

Biocatalysis in Solid State. New Avenues in Chemical Biomanufacturing.
Fernando López-Gallego. Heterogeneous Biocatalysis Laboratory, Universidad
de Zaragoza (iQSCH-CSIC). Ref.: 1-03T.

11:00-11:30

Coffee Break

11:30-12:00

Recent Advances in Organometallic Homogeneous Catalysis by Rh and Ir
complexes. Víctor Polo. Instituto de Biocomputación y Física de Sistemas
Complejos (BIFI). Ref.: 1-04T.

12:00-12:30

Functional Roles of Ductile Protein Regions (IDRs) in Eukaryotic Proteomes.
Inmaculada Yruela. Estación Experimental de Aula Dei (CSIC). Ref.: 1-05T.

12:30-13:00

Cooperativity in Protein Interactions. Adrian Velazquez-Campoy. Instituto de
Biocomputación y Física de Sistemas Complejos (BIFI). Fundación ARAID. Ref.:
1-06T.

13:00-13:30

Short Talks
 Structural Analysis of a GalNAc-T2 Mutant Reveals an Induced-fit Catalytic
Mechanism for GalNAc-Ts. Matilde de las Rivas. Instituto de
Biocomputación y Fisica de Sistemas Complejos (BIFI). Ref.: 1-07ST.
 Trading in Networks - Topology and Prices. Felipe Cardoso. Instituto de
Biocomputación y Fisica de Sistemas Complejos (BIFI). Ref.: 1-08ST.

13:30-15:30

Lunch

15:30-16:30

Quantum versus Thermal Annealing, the Role of Temperature Chaos. Víctor
Martín Mayor. Departamento de Física Teórica, Universidad Complutense de
Madrid. Ref.: 1-09T.

16:30-17:00

Short Talks
 2-Oxoglutarate Enhances FurA Binding Activity to NtcA Promoter Region in
Anabaena PCC 7120. Jorge Guío. Instituto de Biocomputación y Física de
Sistemas Complejos (BIFI). Ref.: 1-10ST.
 Kinetic and Thermodynamic Regulation of the FMN Biosynthesis in Homo
sapiens. Ernesto Anoz-Carbonell. Instituto de Biocomputación y Física de
Sistemas Complejos (BIFI). Ref.: 1-11ST.

17:00-17:30

Coffee Break

17:30-18:00

Poster Session 1

18:00-19:30

BIFI Council
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January 31st
09:00-10:00

Design and Operation Principles in Metabolism: Understanding Evolution and
Explaining Adaptive Responses. Albert Sorribas. Institut de Recerca Biomèdica
de Lleida, Universidad de Lleida. Ref.: 2-01Pl.

10:00-10:30

Understanding Amyloid Aggregation and its Associated Toxicity in Parkinson´s
Disease. Nunilo Cremades. Instituto de Biocomputación y Física de Sistemas
Complejos (BIFI). Ref.: 2-02T.

10:30-11:00

The Epidemiology of Tuberculosis: Challenges and Opportunities. Yamir
Moreno. Instituto de Biocomputación y Física de Sistemas Complejos (BIFI).
Ref.: 2-03T.

11:00-11:30

Coffee Break

11:30-12:00

Chemical Control of Crop Plants Performance under Abiotic Stress. Armando
Albert De la Cruz. Instituto de Química Física Rocasolano, CSIC. Ref.: 2-04T.

12:00-12:30

Incorporating Mobility and Social Patterns in Epidemic Models. Jesus GomezGardenes. Universidad de Zaragoza. Ref.: 2-05T.

12:30-13:00

Novel Regulation Mechanisms for an Old "Nutritious" Protein:
Phosphoenopyruvate Carboxykinase Turns Around. Jose A. Carrodeguas.
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 2-06T.

13:00-13:30

BigData and Machine Learning: An Application to the Design of Car Insurances.
Gonzalo Ruiz. Instituto de Biocomputación y Física de Sistemas Complejos
(BIFI). Ref.: 2-07T.

13:30-15:30

Lunch

15:30-16:00

Bioactive Compounds for Parkinson Disease, Phenylketonuria and Helicobacter
pylori Infection Discovered in LACRIMA. Javier Sancho. Instituto de
Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 2-08T.

16:00-17:00

Short Talks
 New Methodologies to Test Antibiotic Susceptibility Against Emerging
Pathogens in Cystic Fibrosis. Lara Muñoz Muñoz. Clinical Universitary
Hospital Lozano Blesa. Ref.: 2-09ST.
 Relaxation Molecular Dynamics for the Assessment of Pathogenicity in
Genetic Variants: A Structural Dynamic Approach. Héctor García-Cebollada.
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 210ST.
 Molecular Approach to the Role of Haif: Chchd4 Interaction in the Oxphos
Assembly and Function. Soraya Hernández-Hatibi. Instituto de
Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 2-11ST.
 A General Approach to the Time Propagation of Classical-Quantum
Systems: Application to the Commutator-Free Magnus Methods. Adrián
Gómez Pueyo. Instituto de Biocomputación y Física de Sistemas Complejos
(BIFI). Ref.: 2-12ST.

17:00-17:30

Coffee Break
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17:30-19:00

Poster Session 2 / Workshop 1: Popular Tools for Big Data. Alejandro Rivero.
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI).

1st February
09:00-10:00

Mitochondrial Communication with the Cell in Health and Disease. José A.
Enríquez. Centro Nacional de Investigaciones Cardiovasculares (CNIC). Ref.: 301Pl.

10:00-10:30

A Novel Cell-Based Approach to Detect Oligomerization State of 2-Cys
Peroxiredoxins in Real Time. Daniel Pastor-Flores. German Cancer Research
Center. Ref.: 3-02T.

10:30-11:00

QM/MM Study of the Catalytic Mechanism of the Cruzain Cysteine Protease.
Kemel Arafet Cruz. Departamento de Química Física y Analítica, Universitat
Jaume I. Ref.: 3-03T.

11:00-11:30

Coffee Break

11:30-12:00

The Evolution of Citizen Science in Spain. Jesús Clemente-Gallardo. Instituto
de Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 3-04T.

12:00-12:30

Cell Envelope Remodeling and Vesicle Production in M. tuberculosis. Rafael
Prados-Rosales. CIC bioGUNE. Ref.: 3-05T.

12:30-13:30

Short Talks / Student Worskshop. M. Luisa Peleato. Universidad de Zaragoza.
 Exploring α-Synuclein’s Amyloid Aggregation with a Novel Combination of
Bulk and Single-Molecule Spectroscopy. Pablo Gracia. Instituto de
Biocomputación y Física de Sistemas Complejos (BIFI). Ref.: 3-06ST.
 Mpemba effect in spin glasses: a persistent memory effect. Javier MorenoGordo. Instituto de Biocomputación y Física de Sistemas Complejos (BIFI).
Ref.: 3-07ST.
 Role of MeCP2 intrinsically disordered regions in stability and DNA binding.
David Ortega-Alarcón. Instituto de Biocomputación y Física de Sistemas
Complejos (BIFI). Ref.: 3-08ST.
 The Role of Magnetic Interactions in Perovskite-Catalysed Electron Transfer
Reactions. Julen Munarriz. Universidad de Zaragoza. Ref.: 3-09ST.

13:30-15:30

Lunch

15:30-17:00

Workshop 2. Molecular Visualizers and High Resolution Images. Juan J.
Galano-Frutos. Instituto de Biocomputación y Física de Sistemas Complejos
(BIFI).
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Talks
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Wednesday 30th January

Ref. Number: 1-01Pl

From Mutations to Disease Using Computers Only: Is This a Dream?
Xavier De la Cruz Monserrat1
1

Vall d’Hebron Institut de Recerca (VHIR), Spain.

The application of high-throughput sequencing techniques to medicine represents a
unique opportunity for both the clinical/biomedical and the patient communities.
These techniques provide us with a list of all the genetic variants carried by an
individual and, therefore, have an enormous potential to advance the molecular
diagnosis of inherited disease. Unfortunately, the present benefits of massive
sequencing are lower than expected, due to the "interpretation problem": we are still
unable to identify pathogenic mutations accurately. We cannot do it experimentally
since the assays developed to address this problem are presently restricted to a few
proteins, and are either costly or provide incomplete information. In these
circumstances, the use of computational tools that score mutations according to the
known principles of protein biophysics appears as an advantageous option. However,
the performance of these tools has stagnated below the level required for clinical
applications and, consequently, their use is very limited. In my talk, I will review, using
work from my group and other groups, the state of the prediction problem, the tools
available, their limits and some promising approaches.

Keywords
Computational Biology | Bioinformatics | Inherited disease | Pathogenic mutations |
Empirical models | Protein Biophysics
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Ref. Number: 1-02T

Polymer Translocation Through Active Nanopores
Alessandro Fiasconaro1, Fernando Falo1,2
1

Departamento de Física de la Materia Condensada, Universidad de Zaragoza, Spain.
2

Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.

Translocation of long biochemical structures through nano-channels is a normal
process in biology. Examples are drug absorption, protein and DNA/RNA passage
through cell membranes and nuclear pores, DNA injection by phage viruses belongs.
After the seminal paper by Kasianowick in 1996, both theoretical and experimental
investigations have been developed in order to understand the basic physics involved
in this process. Moreover, the technological advances have now permitted to
manipulate single molecules, and to study the translocation with solid state channels
and/or under time dependent driving exerted by molecular motors. Because of the
high number of particles involved in molecular kinetics, the theoretical computation of
translocation of real molecules presents the inconvenience to be extremely time
consuming when using full atom simulations. For this reason, it can be convenient to
use coarse grain polymer models to describe the process in affordable conditions, and
to better control the contribution of specific parameters involved in the dynamics. In
this talk, some bead-spring-based models able to describe the active translocation of a
polymer through a narrow pore will be introduced. Specifically, the results of the
translocation assisted by time dependent forces, from sinusoidal to random
dichotomous and the molecular motor action will be resumed together with some
recent results of translocation under end-pulling forces at different velocities. Some
preliminary results of polymer characterization in the presence of flexible pores will be
also presented.

Keywords
Nano-channels | Macromolecules Translocation | Coarse-grained Simulations | Beadspring-based Model
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Ref. Number: 1-03T

Biocatalysis in Solid State. New Avenues in Chemical Biomanufacturing
Fernando López-Gallego1,2
1

Heterogeneous Biocatalysis Laboratory, Universidad de Zaragoza (iQSCH-CSIC), Spain.
2
ARAID, Science Foundation of Aragón, Spain.

In the last decade, the chemists have been delighted by the catalytic orchestration
found in vivo, and have isolated multi-enzyme system to work ex-vivo in both natural
and non-natural tandem reactions creating a new concept: systems biocatalysis. These
systems are the pioneers of the cell-free synthetic biology; an emerging discipline that
seeks the simplest biology to make the most complex chemistry. We have paid our
attention to the heterogenization of multi-enzyme system to catalyze tandem
reactions. Co-immobilization of multi-enzyme systems improve: 1) the kinetics of the
chemical cascades due to the spatial localization of the different biocatalytic modules
that avoids intermediate accumulation and increases cofactor recycling efficiency, 2)
the stability of the biocatalysts due to both structural rigidification and in situ
elimination of toxic by-products, 3) the biocatalyst recycle and 4) the biocatalyst
adaptation to continuous processes. Nevertheless, the co-immobilization of several
enzymes to carry out synthetic cascades is challenging because there is no a universal
immobilization chemistry that optimally attaches all the enzymes to the same surface.
The optimal design of the immobilization protocols enables co-immobilizing several
enzymes and cofactors on the porous carrier to optimize their spatial localization
across the carrier microstructure and preserve both global activity and stability of the
multi-enzyme systems.

Keywords
Biocatalysis | Cell-free Synthetic Biology | Enzyme Immobilization
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Ref. Number: 1-04T

Recent Advances in Organometallic Homogeneous Catalysis by
Rh and Ir complexes
Víctor Polo1,2
1

2

Departamento de Química Física, Universidad de Zaragoza, Spain.
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.

Catalyst design is critical for developing sustainable, efficient and selective chemical
processes at the industrial level in an environmentally benign manner. The catalytic
activation of CO2 and NH3 presents a special interest due to their potential as building
blocks for the synthesis of higher added value molecules. The development of new
technologies for reducing the CO2 concentration in our atmosphere has stimulated the
research on new catalysts for CO2 transformation into valuable products. Ammonia is
the simplest molecule to serve as a nitrogen source and it is widely employed in
fertilizer industry. Both molecules (CO2 and NH3) share common several features, such
as a high chemical stability both kinetically and thermodynamically, which makes their
activation and further application in chemical syntheses a relevant scientific challenge.
In this talk, mechanistic insights into the reaction mechanisms for CO2 hydrosilylation,
formate dehydrogenation and NH3 activation by Rh and Ir organometallic complexes
will be explained based on DFT calculations. These studies allow a rationalization of the
obtained experimental results and serves as a guide for the development of new
complexes with improved efficiencies and selectivities.

Keywords
DFT | Organometallic Complexes | Homogeneus Catalysis
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Ref. Number: 1-05T

Functional Roles of Ductile Protein Regions (IDRs) in Eukaryotic
Proteomes
Inmaculada Yruela1,2
1

2

Estación Experimental de Aula Dei (CSIC), Zaragoza.
Group of Biochemistry, Biophysics and Computational Biology ‘GBsC’ (BIFI, Unizar)
Joint Unit to CSIC.

Ductile/intrinsically disordered proteins (IDPs) and regions (IDRs) are essential for basic
cellular functions, and complement the function of rigid proteins in all organisms. They
played a significant role in the evolution of multicellularity and cell type specification.
In particular, an unbiased and phylogenetically broad analysis shows evidence for a
positive and strong correlation between the fraction of IDRs in transcription factors
(TFs) participating in cell cycle, cell size, cell division, cell differentiation, or cell
proliferation, and other important developmental processes and organismic
complexity, measured by cell-type number. The increase of IDRs in TFs can influence
the DNA recognition and promote additional multifunctionalities of TFs through direct
or indirect mechanisms. Additionally, the evolutionary implications of gene duplication
events in the context of ductile/disordered residues and segments, their conservation,
and their effects on functionality will be discussed. The results are interpreted to
indicate that genome duplication events influence the distribution of IDRs along
protein sequences and likely favor the presence of identical IDRs (compared to similar
IDRs or variable IDRs) stabilizing functions such as the catalytic activity of proteins,
metabolic and transport processes, and molecular binding. Based on these
observations, it is not unreasonable to speculate that, over evolutionary time,
duplication events have stabilized proteome adaptive functionalities.

Keywords
Intrinsically Disordered Proteins | Intrinsically Disordered Regions | Evolution | Gene
Duplication
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Ref. Number: 1-06T

Cooperativity in Protein Interactions
Adrian Velazquez-Campoy 1,2,3,4
1

Departamento de Bioquímica y Biología Molecular y Celular, Universidad de Zaragoza,
Spain.
2
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.
3
Aragon Institute for Health Research (IIS Aragon), Biomedical Research Networking
Centre for Liver and Digestive Diseases (CIBERehd), Spain.
4
Fundación ARAID, Government of Aragon, Spain.

All biological processes rely on interactions between different binding partners.
Binding cooperativity and allostery add additional levels of complexity in protein
function regulation. I will review some important concepts associated with binding,
cooperativity and allostery in protein interactions, illustrated with representative
protein-dependent biological systems in drug discovery and physiological mechanisms.

Keywords
Protein Interactions | Binding Cooperativity | Drug Discovery | Physiological
Mechanisms
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Ref. Number: 1-07ST

Structural Analysis of a GalNAc-T2 Mutant Reveals an Induced-fit
Catalytic Mechanism for GalNAc-Ts
Matilde de las Rivas1, Helena Coelho2,3, Ana Diniz2, Erandi Lara-Navarrete4, Ismael
Compañón5, Jesús Jiménez-Barbero3,6, Katrine. T. Schjoldager4, Eric. P. Bennett4,
Sergey Y. Vakhrushev4, Henrik Clausen4, Francisco Corzana5, Filipa Marcelo2 and
Ramon Hurtado-Guerrero1,7
1

Instituto de Biocomputación y Fisica de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.
2
UCIBIO, REQUIMTE, Departamento de Química, Faculdade de Ciências e Tecnologia,
Universidade de Nova de Lisboa, Portugal.
3
CIC bioGUNE, Bizkaia Technology Park, Spain; Departament of Organic Chemistry II,
Faculty of Science & Technology, University of the Basque Country, Spain.
4
Copenhagen Center for Glycomics, Department of Cellular and Molecular Medicine,
School of Dentistry, University of Copenhagen, Denmark.
5
Departamento de Química, Universidad de La Rioja, Spain.
6
Ikerbasque, Basque Foundation for Science, Spain.
7
Fundación ARAID, Government of Aragon, Spain.
The family of polypeptide GalNAc-transferases (GalNAc-Ts) orchestrates the initiating
step of mucin-type protein O-glycosylation by transfer of GalNAc moieties to serine
and threonine residues in proteins. Deficiencies and dysregulation of GalNAc-T
isoenzymes have been found to be related to different diseases. Recently, we have
demonstrated that an inactive GalNAc-T2 mutant (F104S) induces low levels of highdensity lipoprotein cholesterol (HDL-C) in humans. Here, we have deciphered the
molecular basis for F104S mutant inactivation. Saturation transfer difference NMR
experiments demonstrate that the mutation induces loss of binding to peptide
substrates. The analysis of the crystal structure of the F104S mutant bound to UDPGalNAc, combined with molecular dynamics simulations has revealed that the flexible
loop is disordered and displays larger conformational changes in the mutant enzyme
than in the wild-type enzyme. 19F-NMR experiments reveal that the WT enzyme
reaches the active state only in the presence of UDP-GalNAc, providing compelling
evidences that GalNAc-T2 adopts an UDP-GalNAc-dependent induced-fit mechanism.
The F104S mutation precludes the enzyme to achieve the active conformation and
concomitantly to bind peptide substrates. New insights into the catalytic mechanism of
the family of GalNAc-Ts are obtained in relation with the protein O-glycosylation.
Keywords
GalNAc-transferases | Catalytic Mechanism | NMR | Molecular Dynamics
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Ref. Number: 1-08ST

Trading in Networks - Topology and Prices
Felipe Cardoso1, Carlos Gracia-Lázaro1, Yamir Moreno1, Frédéric Moisan2, Sanjeev
Goyal3, Ángel Sánchez3
1

Instituto de Biocomputación y Fisica de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.
2
University of Cambridge, United Kingdom.
3
Departamento de Matemáticas, Universidad Carlos III de Madrid, Spain.

Supply, service and trading chains play an essential role in different contexts such as
agriculture, transport and communication networks, international trade and finance.
The purpose of this work is to understand the basic principles of intermediation pricing
and the role of network topology on prices and efficiency. Both the earnings of the
different agents involved and the efficiency of the system depend on the prices
proposed by the intermediaries. Herein, we consider trading taking place between a
source and a destination with intermediary nodes, i.e., nodes in a path between them,
posting a price. Finally, a least-cost path is selected as the trade-path and only nodes
belonging to it receive a profit. We build on this model by incorporating larger and
more complex networks to gain empirical insights on how intermediaries behave in a
real-like trading network and the role of its topology. We conduct experiments with
subjects embedded in networks of 26 and 50 nodes. Our first finding is that, even
when there are no critical traders, network topology affects intermediation. Trades
costs vary significantly with the network topology, with random graphs showing much
smaller intermediation costs than small-world-like networks. Our second finding is that
neither criticality nor centrality affects pricing. On the other hand, we show that nodecentrality is uncorrelated with pricing but positively correlated with profits, a
consequence of central nodes displaying a higher probability of being in the successful
trade path. We performed an analysis of node-centrality metrics and show that paths
contribution to player gains is inversely proportional to their length. In addition, we
have found that traders raise prices when they are on the successful trade path, i.e.,
the least-cost path), and lower prices when they are off the least-cost path. Based on
this finding, we have built a model that reproduces qualitatively the experimental
results and which allow us to study the implications of observed behavior in networks
of any size and topology. The results of this model show that trade cost is jointly
determined by the maximum number of independent paths and the average centrality
of nodes.
Keywords
Complex Networks | Economics | Behavioral Economics | Game Theory
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Ref. Number: 1-09Pl

Quantum versus Thermal Annealing, the Role of Temperature Chaos
Víctor Martín Mayor1
1

Departamento de Física Teórica, Universidad Complutense de Madrid, Spain.

Recent advances in quantum technology have led to the development and
manufacturing of experimental programmable quantum annealing optimizers that
contain hundreds of quantum bits. These optimizers, commonly referred to as `DWave' chips, promise to solve practical optimization problems potentially faster than
conventional `classical' computers. Attempts to quantify the quantum nature of these
chips have been met with both excitement and skepticism but have also brought up
numerous fundamental questions pertaining to the distinguishability of experimental
quantum annealers from their classical thermal counterparts. Inspired by recent
results in spin-glass theory that recognize `temperature chaos' as the underlying
mechanism responsible for the computational intractability of hard optimization
problems, we devise a general method to quantify the performance of quantum
annealers on optimization problems suffering from varying degrees of temperature
chaos: A superior performance of quantum annealers over classical algorithms on
these would serve as a strong telltale sign of quantum behavior. We utilize our method
to experimentally study the D-Wave Two chip on different temperature-chaotic
problems and find, surprisingly, that its performance scales unfavorably as compared
to several analogous classical algorithms. We detect, quantify and discuss several
purely classical effects that possibly mask the quantum behavior of the chip.

Keywords
Thermal Annealing | D-Wave Chips | Annealers | Temperature Chaos
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Ref. Number: 1-10ST

2-Oxoglutarate Enhances FurA Binding Activity to NtcA Promoter Region
in Anabaena PCC 7120
Jorge Guío1,2, Cristina Sarasa1,2, Adrián Velázquez-Campoy1,2,3,4, María F. Fillat1,2,
María Teresa Bes1,2, Marisa Peleato1,2 and Emma Sevilla1,2.
1

Departamento de Bioquímica y Biología Molecular y Celular, Universidad de Zaragoza,
Spain.
2
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.
3
Aragon Institute for Health Research (IIS Aragon), Biomedical Research Networking
Centre for Liver and Digestive Diseases (CIBERehd), Spain.
4
Fundación ARAID, Government of Aragon, Spain.

2-oxoglutarate (2-OG), a metabolite produced in the Krebs cycle, plays an important
role as a signaling molecule in several organisms. In cyanobacteria, 2-OG acts as a
signal of nitrogen starvation and previous studies showed that in nitrogen-fixing
Anabaena PCC7120 this metabolite enhanced the DNA-binding activity of NtcA, a key
regulator for nitrogen metabolism, to its target promoters. Previously, the ferric
uptake regulator FurA was reported to modulate the expression of NtcA, connecting
iron homeostasis with nitrogen metabolism. In the present work the possible
interaction between 2-OG molecule and FurA protein has been evaluated.
Electrophoretic Mobility Shift Assays (EMSA) showed that FurA binding activity to ntcA
gene promoter increased in presence of 2-OG, proving that this metabolite was able to
modulate both FurA and NtcA DNA-binding activity. As it has not been possible to
crystalize FurA, in order to determine how FurA was able to recognize 2-OG, a model
of its tridimensional structure was built and docked with 2-OG. The resulting structure
showed that FurA contained a potential binding site for 2-OG and that it was similar to
that of NtcA, suggesting that 2-OG was able to bind to FurA, a fact that was proved by
Isothermal Titration Calorimetry (ITC) assays.

Keywords
2-OG/FurA complex | Anabaena PCC7120 | EMSA assay | ITC
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Ref. Number: 1-11ST

Kinetic and Thermodynamic Regulation of the FMN Biosynthesis in
Homo sapiens
Ernesto Anoz-Carbonell1,2,3, María Sebastián1,2, Adrián Velázquez-Campoy1,2,3,4, José
Antonio Aínsa1,3, Milagros Medina1,2
1

Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.
2
Departamento de Bioquímica y Biología Molecular y Celular, Universidad de Zaragoza,
Spain.
3
Departamento de Microbiología, Medicina Preventiva y Salud Pública, Universidad de
Zaragoza, Spain.
4
CIBER Enfermedades Respiratorias (CIBERES), Instituto de Salud Carlos III, Spain.

The human riboflavin kinase (HsRFK) exhibits ATP:riboflavin kinase activity (RFK) and,
therefore, catalyzes the biosynthesis of the essential cofactor flavin mononucleotide
(FMN). This flavin cofactor, together with flavin adenine dinucleotide (FAD), is a key
factor not only in the bioenergetic metabolism but also in a a plethora of processes
involving flavoproteins and flavoenzymes. Hence, its production should be thoroughly
regulated to maintain the cellular and flavoproteome homeostasis. In our group, we
have previously characterized the catalytic activity of the C-terminal RFK modules of
different prokaryotic bifunctional FAD synthetases (FADS) enzymes exhibiting
sequence and structural similarity with the eukaryotic monofunctional counterparts.
Herein, we focus on the regulation of the FMN synthesis in Homo sapiens through the
kinetic and thermodynamic characterization of the interactions of HsRFK with their
substrates and products. Our data are in consonance with the available structural
information, pointing to intricate conformational changes associated to the riboflavin
kinase catalytic cycle which in addition are species specific.
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Design and Operation Principles in Metabolism: Understanding Evolution
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Experimental data shows recurrent network motifs found in different contexts.
Theoretical analysis of network motifs help understanding the performance
advantages that may explain by some motif are prevalent in given conditions. In a
similar way, characteristic patterns of gene expression are found in adaptive responses
of cells to stress. The existence of these patterns suggest they have evolved under a
selective pressure associated to each stress. We will discuss how mathematical models
and optimization methods can help in understanding the emergence of this patterns as
operation principles that allow survival and a fine tuning of metabolism. We show the
case of the adaptive response to heat shock in yeast and compare it with other stress
conditions. Finally, we will briefly refer to the method of design spaces as a tool for
identifying the possible phenotypes of a metabolic network.
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Many neurodegenerative disorders are characterised by the conformational change of
normally soluble proteins or peptides into pathological conformers by a process of
misfolding and self-assembly that leads to the formation of amyloid aggregates. Our
recent studies on alpha-synuclein, the protein whose aggregation and deposition is
associated with a number of neurodegenerative diseases collectively referred to as
synucleionopathies, including Parkinson´s disease, support the idea that multiple
aggregated species can be generated through diverse misfolding pathways during the
process of amyloid aggregation of a given polypeptide and possess different degree of
neuronal toxicity and infectivity. Interestingly, some of these species could be involved
in different pathologies and stages of the development of a particular pathology, some
species being directly involved in the induction of neurotoxicity and others in the
propagation of pathology. We have been able to isolate some of these protein species
and determine the structural basis of their toxicity, which can help us to develop
rational strategies based on amyloid toxicity for the early detection and treatment of
synucleinopathies.
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In the case of tuberculosis (TB), the capabilities of epidemic models to produce
quantitatively robust forecasts are limited by multiple hindrances. Among these,
understanding the complex relationship between disease epidemiology,
environmental factors, and populations' age structure has been highlighted as one of
the most relevant. In this talk, we discuss several of these issues and show how
modeling tools can contribute to tackling them. First, we show that the reported
variability of the BCG vaccine in different trials could be due to two mechanisms
known as masking and blocking and introduce a series of models to discriminate
between masking and blocking mechanisms addressing their relative likelihood. Next,
we present a TB transmission model that incorporates country-specific demographic
prospects and empirical contact data around a data-driven description of TB dynamics.
Finally, using our model, we present a new methodology that allows us to differentiate
vaccines that slow down the progression to disease from vaccines that prevent it. By
introducing a stochastic framework for simulating synthetic clinical trials based on
transmission models, we show how the method proposed here contributes both to
reduce uncertainty in vaccine characterization and impact forecasts as well as to assist
the design of clinical trials, improving their probabilities of success.
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Chemical Control of Crop Plants Performance under Abiotic Stress.
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Abscisic acid (ABA) is the main phytohormone involved in the adaptive crop responses
to drought. ABA signaling relies on the family of pyrabactin resistance 1/PYR1like/regulatory components of ABA receptors (PYR/PYL/RCAR) receptors, which upon
ABA binding form high-affinity ternary complexes with class A protein phosphatases
type 2C (PP2Cs) and inhibit them. Our current understanding on the structural
mechanism of ABA signaling relies exclusively on crystallographic analyses performed
with Arabidopsis thaliana ABA receptors. Although mechanistic insights obtained in
Arabidopsis are usually translated to other plant species, studies in crops might
overturn or update the dogma established in Arabidopsis. As a result, from structural
studies performed with crop ABA receptors, we have identified ABA-bound
intermediates that provide novel mechanistic insight on ABA signaling. This highlights
the role of the PP2C as necessary ABA co-receptor and provides the basis for structurebased chemical approaches for the improvement of plant resistance under drought
stress.
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In this talk we will present a theoretical formulation aimed at incorporating realistic
social and mobility patterns in epidemic models. We focus on reaction processes that
abstract the basics of epidemic dynamics of the archetypical SIS and SIR
compartmental models. We investigate the effect of the diffusion (mobility) on the
spreading of the epidemics, and obtain accurate analytic expressions that relate
mobility and epidemic incidence in all the phase diagram of the system. Interestingly,
we can determine conditions where mobility, counter-intuitively, detriments the
spreading of epidemics. This astonish result is mathematically proven and appears in
real mobility networks, as for example, the cities of Cali, Medellín and Bogotá in
Colombia. We have investigated this phenomenon and described accurately what are
the topological and mobility conditions that make it happen. The formalism as well as
the implications of the analysis transcend the scope of epidemic spreading and are
valid for any discrete reaction-diffusion processes on complex networks. The
perturbative analysis found is an important tool for the description of these systems,
at low mobility values, and gives extraordinary insight in the emergence of different
critical behaviors.
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PCK1 catalyzes the reversible transformation of phosphoenolpyruvate (PEP) into oxaloacetate
(OAA). It has been considered a gluconeogenic enzyme (involved in glucose synthesis) in
tissues like the liver. With its activity in these gluconeogenic tissues PCK1 participates in the
correct maintenance of glucose blood levels, which is an essential nutrient for tissues like the
brain. Nevertheless, although the chemical reaction catalyzed by PCK1 is reversible, the
mechanisms and the ability of cells to carry out the reverse reaction (PEP to OAA) were
unknown. We have demonstrated that PCK1 acetylation favors the reverse reaction of the
enzyme when cells are in a favorable energetic situation, as after feeding. In this way, PCK1
would favor glucolysis and supply metabolites derived from glucose to obtain energy inside
mitochondria. Under these same conditions PCK1 gets phosphorylated, which leads to
ubiquitination and degradation of non-acetylated protein, increasing in this way the amount of
PCK1 that works in reverse mode. On the other hand, in cells exposed to low energy levels
(fasting), sirtuin 1 deacetylates PCK1 restoring its gluconeogenic activity with the aim of
providing glucose to other tissues. Acetylation works therefore as a switch that controls the
sense of the reaction. Acetylation, phosphorylation and ubiquination team up to direct the
sense of the PCK1 reaction responding to the energy levels of the cell.
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Car insurance represented more than 12% of Spain's GDP in 2017, and it grew around
a 3% that year. If we take into consideration that in 2014 it represented just a 5%, we
can clearly conclude that nowadays it is one of the most important sectors in our
country. Codeoscopic is a software company specialized in car insurance. They offer a
quote calculator for insurance agents called Avant2 in which they introduce data about
a concrete risk (vehicle, driver, ocasional driver, locality...). These data are sent to
different insurance companies that evaluate them, giving quotes for different
modalities. These companies work as a black box, so Avant2 does not know the criteria
they apply to calculate quotes based on risk data. As Codeoscopic is very interested in
knowing these criteria to understand the differences between companies to improve
their products, they contacted us to help them. They offered us more than 200 million
of quotes with their input data to try to infer how these companies really calculate
their prices. We are applying BigData and machine learning techniques to analyze data
and create models that approach quote calculations as much as possible.
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In principle, most human diseases could be fought using small organic molecules
capable of inhibiting the activity of foreign or dysregulated proteins or of restoring the
activity of human proteins bearing destabilizing mutations. Finding the required
molecules is certainly a challenge, but at least we know the chemical space is
extremely vast and those molecules must be “out there”. In LACRIMA (Aragón
Advanced Laboratory for Molecular Screening) we have specialized in target oriented
screening of chemical collections, and have discovered compounds potentially active
against several diseases. I will present the basic methodology used, and the state of
development of three projects that illustrate the possibility that bioactive compounds
are discovered and developed into drugs in Academia, as well as the difficulties faced
by those trying to do so. For Parkinson disease, we have discovered a small molecule
that inhibits the aggregation of α-synuclein, disrupts preformed fibrils, and protects
against α-syn-induced muscular and neuronal damage in two C. elegans models of this
disease. For phenylketonuria, we have discovered small molecules that stabilize the
enzyme damaged and recover the activity in cells carrying pathogenic enzyme variants.
One of those molecules (chaperons) has been co-crystallized with the enzyme, and the
structure has been solved and used to successfully design, using computational
techniques, more potent chaperons that are being compared in cell models with an
existing drug. For the infection caused by Helicobacter pylori (Hp), which can lead to
gastric cancer, we have discovered inhibitors of an essential protein, flavodoxin. By
designing, synthesizing and testing variants of those inhibitors, we have obtained
compounds capable of reducing the Hp load in a mouse model of Hp infection and, in
some cases, to eradicate the bacteria. At present, we are struggling to incorporate to
LACRIMA the pharmacokinetic techniques that would allow us to bring these and other
compounds for other diseases into clinical trials.
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New methodologies to test antibiotic susceptibility against emerging
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Non-tuberculous mycobacteria (NTM) are emerging pathogens in cystic fibrosis (CF).
Treatment of these pulmonary infections consist of a prolonged therapy with several
drugs that, in most cases, do not show the expected outcome in patients. This lack of
in vitro to clinical correlation may be due to special characteristics of pulmonary
infections in CF patients, with mucous secretions that stimulate biofilm formation
making microorganisms more resistant to antibiotics. To develop new methods to test
antibiotic sensibility in conditions more relevant to CF two innovative techniques were
used: (i) Artificial Sputum Medium (ASM) mimicking the components of CF sputum,
thus resembling bacterial growth during infection; (ii) Biofilm assays where a variation
of the Calgary Biofilm Device (CBD) was optimized for NTMs to analyze the
antimicrobial activity of antibiotics under biofilm conditions. Antibiotic activity in AMS
was greatly decreased compared to regular media (7H9 or Mueller-Hinton broth).
Antimicrobial activity was also reduced under biofilm conditions compared to activity
against planktonic population. Currently, clinical laboratories test antimicrobial
susceptibility of NTMs isolates from CF patients using methodologies that are not
predictive. Our new methodologies, ASM and CBD, could improve to better predict
clinical outcomes in CF patients.

Keywords
Non-tuberculousis Mycobacteria | Cystic Fibrosis | Pulmonary Infections Therapy |
Antibiotic Resistance

©2019 IX National Conference BIFI 2019

Ref. Number: 2-10ST

Relaxation Molecular Dynamics for the Assessment of Pathogenicity in
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With the development of New Generation Sequencing methods, identification of
genetic variants is currently an easy task. However, the interpretation of its
pathogenicity is still a field in development. Incorporating protein dynamics to current
approaches, mainly based on sequence conservation and structural information, may
enhance the accuracy of the predictions of disease-causing genetic variants. In the last
years, the number of available three-dimensional protein structures has massively
increased. This fact allows for the study of mutation effects at an atomistic level
through relaxation Molecular Dynamics (rMD) simulations. Here, we aim to develop an
analysis workflow for trajectories to accurately assess the effects of a given mutation
on the stability of the protein and, thus, to relate this with a putative genetic disorder.
Several structure-based metrics have been selected for the trajectory analysis, and
Principal Component Analysis has been performed in order to reduce the
dimensionality of such analysis, allowing for a simpler, quantitative assessment of the
effects of the mutation. This approach may overcome the ceiling accuracy limitation
(~90 % maximum) of the most popular current mutation predictive servers, e.g. SIFT
and PolyPhen-2, enabling the usage of these kind of approaches in clinical diagnosis
and therapeutics of genetic diseases.
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In the last years a significant number of rare mitochondrial diseases caused by point
mutations in the gene encoding for the Human Apoptosis Induction Factor (hAIF) have
been identified. These mutations produce serious neurodegeneration processes
associated with reduced expression of mitochondrial respiratory complexes,
deficiencies in OXPHOS and, in some cases, increased cell death via apoptosis. Despite
evidences supporting the importance of hAIF in cells’ survival and death, many aspects
are still unknown about its participation on these processes. It is known that the
organization of the OXPHOS system requires formation of supercomplexes to maintain
the individual complexes stability. Although the general mechanisms that regulate this
structural interdependence are unknown, recent studies propose that the
physiological interaction of hAIF with the Coiled-coil-helix-coiled-coil-helix Domain
Containing 4 protein (CHCHD4) might favor the correct assembly and function of the
OXPHOS system. CHCHD4 regulates the correct import to mitochondria of some
respiratory chain complex subunits as well as their assembly, while hAIF would
modulate expression and mitochondrial activity of CHCHD4 through its NADHdependent redox state. In this work, we characterize the in vivo molecular basis of the
hAIF:CHCHD4 interaction and its influence on the OXPHOS system to better
understand its implications in a correct cell function.
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In this presentation we tackle the problem of the numerical propagation of systems
with both quantum and classical degrees of freedom. The usual approach to the
numerical time propagation of these hybrid quantum-classical systems (usually,
quantum electrons + classical nuclei) in molecular dynamics consists in (1) using some
preferred technique to deal with the quantum part (such as, in our case, timedependent density functional theory), and choosing a numerical propagator for the
corresponding equations of motion, and then (2) using another method for the
classical equations of the nuclei. This combination of two numerical methods may have
the undesired side effect of destroying some of their properties, such as their order of
accuracy with respect to the time step. We propose using the same method for the
two apparently different, quantum and classical, problems. For that purpose, one may
rewrite the classical part in a manner that resembles Schrödinger's equation -- albeit a
nonlinear one. This allows us to apply the propagation methods that take advantage of
the Schödinger equation structure to the full combined system. We have implemented
this idea to some of the newly developed "commutator-free Magnus propagators" that
have been proposed for linear Schrödinger systems.
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Mitochondria are critical metabolic hubs in which catabolic and anabolic cellular
processes converge and are integrated. To adapt their function, mitochondria also
need to respond to signals that monitor their performance and send continuous
feedback to the nucleus and other organelles to trigger the required expression
programs. Signals from mitochondria such as ROS or the CoQ redox status act as a
metabolic sensors that fine-tune mETC configuration in order to adjust nuclear
responses to, for example, match the prevailing substrate profile. Unsurprisingly,
mitochondrial dysfunctions are involved in a wide range of disorders. Understanding
how cells adapt to changes in mitochondrial function is critical for the evaluation of
mitochondrial disorders and the development of potential treatments. The
mechanisms and factors playing a role in nucleus-to-mitochondria cross-talk will be
discussed, outlining the diverse and complex ways in which nuclei adapt to maintain
mitochondrial homeostasis and how they impact in the response to some diseases.
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Protein–protein interactions, i.e. formation of transient protein complexes, are
essential for protein functionality and regulation within the cellular context.
Peroxiredoxins (PRX) are a class of enzymes that are known to catalyse the reduction
of organic and inorganic peroxides as well as peroxynitrite and to transmit this
oxidative modification to other proteins modifying their thiol groups. The PRX
oligomerisation state is linked to a switch in function and their conformation partially
depends on the redox state of the protein. Except for PRX of the C.type, PRX are
obligate dimers that associate in decamers by dimer-dimer interface electrostatic
bonds. The typical 2-Cys PRX adopt conformation states directly linked to switches in
function. Current approaches to detect protein-protein interactions are based on
techniques such as SDS-page or blue native gel, HPLC protein purification and protein
crystallisation. Unfortunately these techniques do not allow studying how physiological
stimuli will affect the intracellular environment in real time. Here we show a recently
developed probe based on human 2-Cys peroxiredoxins fused to roGFP capable of
detecting the transition of oxidative equivalents (H2O2 -> Prx -> roGFP2). We combine
changes in roGFP2 fluorescence with homo-FRET polarization to detect the
oligomerization state of PRX in real time. This technique allows us to quantitatively
monitor the conformational switch of 2-Cys PRX in a physiological environment upon
the addition of external redox modifiers, changes in nutrients or the induction of signal
transduction.
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Cysteine proteases of the papain family are essential enzymes to the life cycle of
several parasitic protozoa, making them an attractive target for developing new drugs.
For example, cruzain is a cysteine protease crucial for the development and survival of
the protozoan parasite Trypanosoma cruzi, the etiologic agent of Chagas disease, and
thus, the development of inhibitors of this enzyme is a promising target for designing
an effective therapy against the disease. The catalytic mechanism of the cysteine
protease depends on two residues that are located in the active site: Cys25 and His159
(cruzain numbering). The imidazole group of the His159 polarizes the SH group of the
Cys25 and a highly nucleophilic thiolate/imidazolium ion pair is thereby produced. It is
widely accepted that the whole catalytic mechanism consists of two stages: acylation
and deacylation. However, many aspects are unclear and still under debate. Thus, it is
crucial to improving our understanding of how cruzain works at the molecular level in
order to design new inhibitors. Computational chemistry has become an invaluable
tool for studying the activity of the enzymes, through which we can understand their
fundamental mechanisms. Nowadays, a useful and powerful computational tool to
study the enzymatic mechanisms is the hybrid Quantum Mechanics/Molecular
Mechanics (QM/MM) methodology introduced by Karplus, Warshel and Levitt.
Different enzymatic mechanisms of cruzain cysteine protease have been studied on
the basis of molecular dynamics simulations within hybrid QM/MM potentials. 6 The
computed free energy surfaces in terms of the potential of mean force have allowed us
to obtain a complete picture of the possible free energy reaction paths, including
details of the reaction mechanism, their corresponding free energy barriers, average
geometries and the interactions between the substrate and the enzyme. A deep
analysis of the results contributes to our understanding of the enzymatic mechanism
studied, which could be used for a rational design of new inhibitors with potential
application in the treatment of the Chagas disease.
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We describe the present status of the Citizen Science in Spain from the perspective of
the Ibercivis Foundation. We will review our main projects and those areas where
collaborations with other groups are particularly important.
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Mycobacterial extracellular vesicles (MEVs) are membrane walled spheres of 60-300
nm in diameter, released by live bacteria in vitro and in vivo. MEVs contain iron
scavenging molecules, immunologically active complex lipids and lipoproteins, and
classical virulence factors such as the Mycobacterium ulcerans toxin mycolactone.
Several studies have clearly established a role of MEVs in immunomodulation and
shown that MEVs deliver factors that impair macrophage effector functions, inhibit T
cell activation, and modify the response of host cells to infection. Although the
importance of MEVs has been recognized, hardly anything is known regarding the
molecular mechanisms underlying vesicle formation in mycobacteria, including
Mycobacterium tuberculosis (Mtb), the causative agent of TB, which continues to
cause morbidity and mortality in millions of people worldwide. Understanding the
molecular mechanisms of MEV formation can lead to novel therapeutic or prophylactic
interventions urgently needed to strengthen TB control efforts. Our studies have
identified two distinct conditions that stimulate vesiculogenesis in Mtb: iron limitation
and deletion of the gene encoding the surface protein VirR. We also found that virR is
downregulated in iron-limited Mtb, suggesting that at least some of the mechanisms
leading to enhanced vesicle formation in the virR mutant and iron limited Mtb may be
shared between the two conditions. Preliminary data derived from (i) the analysis of
transcriptional responses between virR mutant and iron limitation and (ii)
ultrastructural analysis of the cell wall in Mtb under conditions that promote
vesiculogenesis suggests that cell envelope remodeling pathways may underlie
vesiculogenesis in Mtb.
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α-synuclein is the principal amyloid protein causing Parkinson’s Disease (PD) in more
than 5 million people worldwide (MJFF). Essentially, during disease α-synuclein
transitions from its native, intrinsically disordered (IDP) conformation to a neurotoxic,
degradation-resistant β-amyloid aggregated form. Over the past years a number of
long fibrillar aggregates have been structurally characterised by a number of
techniques. However, there’s growing evidence suggesting that multiple aggregated
species named polymorphs, some of them with independent aggregation mechanisms,
might also occur and even coexist during the pathological process. This, together with
the subtlety of the initial conformational changes that might be responsible for
defining the aggregation pathways of α-synuclein, greatly increases the difficulty to
study and therefore to understand the disease in depth and asks for new tools to be
developed to that end. In our lab, we are working to develop new assays and tools
based on a combination of bulk and single-molecule fluorescence spectroscopy
together with electron paramagnetic resonance to gain new insights in all scales of the
amyloid aggregation of α-synuclein: from observing the very first conformational
changes that drive aggregation to being able to identify individual, different
polymorphs that coexist in a complex mixture of aggregates thereby creating a PD
fingerprint.
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The Mpemba effect refers to the observation that the hotter of two identical beakers
of water, put in contact with the same thermal reservoir, can cool faster under certain
conditions. The phenomenon is not specific to water, as it has been reported for
nanotube resonators and clathrate hydrates. However, although records of the
Mpemba Effect date as far back as Aristotle, its very existence has been questioned.
The study of simpler systems is clearly needed to clarify the underlying physics,
granular fluids being one successful example of this approach. Here, we propose spin
glasses as an alternative model system. Using the Janus II supercomputer, custom built
for spin-glass simulations, we show that the Mpemba effect is indeed present in spin
glasses and we clarify its origin: it is a non-equilibrium memory effect, encoded in the
glassy coherence length.
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Rett syndrome is a rare disease affecting neural and motor development in people
having XX chromosomes, and it is associated with mutations in the Methyl-CpG
Binding Protein 2 (MeCP2). MeCP2 is an intrinsically disordered protein that binds to
DNA, chromatin and other protein partners, and it is able to discriminate among
different epigenetic marks (as methylation or hydroxymethylation) in order to regulate
transcription. Unstructured regions in MeCP2 provide structural and functional
plasticity, allowing the protein to interact with different partners coupling partial
folding and binding. Following fluorescence in thermal and chemical denaturations,
and using isothermal titration calorimetry we aim to characterize the role of
unstructured regions in MeCP2 stability and DNA binding. A screening on chemical
libraries based in this knowledge allows us to identify chemical compounds able to
restore the lost function of Rett-associated MeCP2 mutants, potentially serving as a
treatment for the disorder.
Keywords
Methyl-CpG Binding Protein 2 | DNA Binding | Protein Folding | MeCP2 mutants | Rett

Syndrome | Calorimetry

©2019 IX National Conference BIFI 2019

Ref. number: 3-09ST

The Role of Magnetic Interactions in Perovskite-Catalysed Electron
Transfer Reactions
Julen Munarriz1,2, Victor Polo Ortíz 1,2
1

2

Departamento de Química Física, Universidad de Zaragoza, Spain.
Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.

The advanced fossil fuels depletion has resulted in great efforts to develop new clean
and sustainable energy technologies. Within this context, the Oxygen Reduction
Reaction (ORR) and the Oxygen Evolution Reaction (OER) play a key role in the
development of green fuels. Over the last years, different perovskite-based
heterogeneous catalysts have been reported to be efficient for both processes.
However, the reaction mechanism is not fully understood and the influence of the
catalyst magnetic phase has barely been studied. This lack of information prompted us
to investigate, how magnetic entropy and orbital interactions affect the catalytic
performance of the most active LaMnO3-based catalysts for ORR. The results showed
that ferromagnetic interactions favour the electron-transfer processes. Afterwards, the
same kind of analyses were extended to OER processes catalysed by quadrupolar Mnperovskites. We found a correlation between the catalytic activity and the magnetic
moment accumulated in the Mn centres (the catalytically active sites). On the basis of
the previous results, we proposed a set of rules for designing new perovskite-based
catalysts for ORR and OER. Moreover, these rules were applied to the improvement of
the catalytic performance of LaFeO3-based catalysts.
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Only two mutations, at the Lysine 183 amino acid residue -in the extracellular Nterminal domain- of the thyroid stimulating hormone (TSH) receptor, have been
associated to familial hypersensitivity to human chorionic gonadotropin (hCG) and
gestational hyperthyroidism. DNA sequencing of two female patients -a woman (38)
and her mother (66)-, who presented severe thyrotoxicosis symptoms during their
pregnancies (increased fT3 and fT4 concentrations, and low TSH levels measured
during the daughter's second pregnancy), led to identify the heterozygous variant
Val597Ile in the exon 10 of the TSH receptor gene. A functional in vitro analysis
combined with an all-atomistic molecular dynamics (MD)-based approach has enabled
us to describe here familial gestational hyperthyroidism with hCG hypersensitivity as
related to the new variant identified. A dynamic structure-function model for the
mutant is proposed. In addition, for the sake of sharing it with the scientific
community, we release here the MD-refined 3D homology model of the multi-helical
transmembrane domain of TSH receptor initially prepared for our simulations.
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The apoptosis-inducing factor (AIF) family consists on a group of flavoproteins with
certain sequence homology and predicted to have oxidoreductase activity and
apoptosis-inducing activity. AIFM1 (AIF, mitochondrion-associated 1) is the founding
member and the best characterized to date. AIFM3 (AIF, mitochondrion-associated 3)
is vaguely related to AIFM1, and there is scarce information regarding its structure and
function. AIFM3 possesses a Rieske-type ferredoxin domain containing an iron-sulphur
(FeS) cluster unique within its family. Its presence suggests the possibility of AIFM3
scavenging free radicals in vivo, promoting cell survival. No experimentally-determined
structure is available for AIFM3, and only a protein threading theoretical model
presented more than a decade ago has been reported3. We have generated by
homology modeling theoretical models of full-length hAIFM3 and of its Rieske and
oxidoreductase domains separately, proving that the FAD- and NADH-binding sites and
the FeS cluster coordination site are conserved. A protein-protein docking of the
domains proved that electron transfer could theoretically take place between its redox
centers, being a NADH coenzyme the donor molecule. A Molecular Dynamics
simulation experiment was also performed with the structure of the modelled
oxidoreductase domain, showing that it did not significantly open access to the flavin
ring after 50 ns.
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Antibody humanization is a key step in the preclinical phase for the therapeutic
antibodies developed in non-human models. The standard CDR grafting technique, just
considering point similarity with human germline sequences, has important
drawbacks, often requiring trial-and-error editing of the resulting sequences. We
propose a method to infer the statistical distribution of human sequences, accounting
for two-site correlations, and define a “humanness score” (MG-score) thereof. We
check its performance in distinguishing human from murine sequences, and use it to
re-design the FRs of a few murine sequences, humanizing them while keeping the CDR
fixed.
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The human Apoptosis Inducing Factor (hAIF) is a mitochondrial flavoprotein that folds
in three domains: the FAD- and NADH-binding domains, responsible for its NADH
oxidoreductase activity, and the pro-apoptotic C-terminal domain. In healthy
mitochondria, hAIF contributes to maintenance and stability of respiratory complexes.
There, hAIF is present in a monomer-dimer equilibrium modulated by cellular
NADH/NAD+ levels. Apoptotic stimuli trigger hAIF translocation to the nucleus, causing
caspase-independent cell death. NADH reduction of AIF stabilizes a long-lived chargetransfer complex (CTC) between its FAD cofactor and the coenzyme. The CTC crystal
structure revealed two binding sites for the NAD(H/+) coenzyme which are
allosterically related. Some human pathogenic disorders have been related with
mutations at the hAIF non-catalytic NADH binding site. W196, situated at the FADbinding domain in a key -hairpin that connects with the C-terminal domain, is one of
the residues contributing to stabilize the non-catalytic NADH. Here, we present the
biophysical characterization of several site-directed mutants at W196 to further
investigate its contribution to hAIF reductase activity, CTC stabilization, binding of the
non-catalytic NADH molecule, stability, and interaction with biological partners, such
as DNA and the CHCHD4 protein.
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Flavoproteins are key in the energetic metabolism in bacteria, participating in
processes such as metabolism of fats, carbohydrates and proteins, oxidative stress
response, photosensitization, peptidoglycan wall synthesis and activation of other
vitamins as folate and pyridoxine. Bacterial genomes encode for around 2% of
flavoproteins, many of which are probably essential and species specific. Despite their
potential as pharmacological targets, only a few of them are currently used as
antimicrobial targets. As a first step to increase their use as antimicrobial targets we
need to know the real flavoprotein content in different organisms. So far, such type of
information has only been reported in Homo sapiens and Saccharomyces cerevisiae. To
learn about the flavoproteome in bacteria, we present here a first approximation to
the identification of FAD dependent proteins in Brucella ovis, a gram negative
coccobacillus causing brucellosis in sheep. We have traced genes coding for FADbinding motives, as well as their genome locations, by using combination of NCBI,
Uniprot and PDB databases. As a result, we have identified 168 putative FAD- and/or
NAD(P)H-binding proteins.
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Helicobacter pylori (Hp) is considered the main cause of chronic gastritis, peptic ulcers
and gastric cancer, and the only bacteria classified as a group I carcinogen by the
World Health Organization. The spreading of antibiotic-resistant strains has increased
the need to find alternative treatments for this infection. One of the possibilities
considered is the development of bioactive compounds targeting specific proteins such
as the flavodoxin from Helicobacter pylori, which takes part in an essential metabolic
pathway of the bacterium. Towards this goal, some compounds, which were identified
as flavodoxin inhibitors in previous studies, have been derivatized in order to obtain
new molecules with better therapeutic properties, not only in vitro, but also in vivo. In
this way, their efficacy has been tested against four reference H. pylori strains and in H.
pylori-infected mice. Moreover, we have confirmed by isothermal titration calorimetry
that these compounds bind Hp-flavodoxin. When tested against a bacterial panel, they
seem to be selective and, therefore, they might be less damaging for the microbiota
than broad-spectrum antibiotics. The mechanism of action and the pharmacokinetic
properties of these molecules are currently being investigated in order to develop
refined antimicrobials against Helicobacter pylori.
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Brucella ovis is a gram-negative coccobacillus that causes ovine brucellosis, a
subclinical disease that in some European countries is becoming a serious economic
and public health problem, reaching epidemic levels. This disease is characterized by
placentitis in female sheep and genital lesions in rams. The infection is transmitted
congenitally to their offspring resulting in fertility loss, provoking a chronic process
that leads to significant economic losses. The Brucella ovis proteome contains a
bifunctional FAD synthetase (BoFADS) that provides FMN and FAD flavin cofactors to
all the flavoproteins of the microorganism. This envisages a BoFADS relevant role for
the pathogen survival under infection conditions, making it a potential drug target. By
similarity with family members, BoFADS is expected to catalyse the riboflavin kinase
(RFK) activity, the flavin mononucleotide adenylyl transferase (FMNAT) activity and the
flavin adenine dinucleotide pyrophosphorylase (FADpp) activity. We have
overproduced BoFADS, presenting here its first biochemical characterization, that
includes spectroscopy characterization, the evaluation of the dependence of its three
potential activities on Mg2+ and dithionite concentrations, and the kinetic parameters
determination for the RFK activity. Moreover, several structural theoretical BoFADS
homology models have been produced using as templates homologous proteins with
known crystal structure.
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Brucella ovis are gram negative bacteria that causes the disease called ovine
brucelosis. It is transmitted by direct contact as well as to the offspring producing
symptoms such as genital injuries, placentitis, increase in perinatal mortality and a lack
of fertility. The Brucella ovis proteome contains an FAD dependent Ferredoxin-NADP+
reductase, BoFPR, expected to catalyze an NADPH dependent oxido-reductase activity
that, by similarity with other bacterial type FPRs, might be involved in oxidative stress
resistance of the bacteria during infection. Due to this implication in the pathogen
survival, BoFPR might be a potential antimicrobial target in the treatment of
brucellosis. After heterologously overproducing BoFPR in E. coli, we show here the first
functional and structural characterization of BoFPR. Resolution of its three dimensional
structure at 1.69 Å allows to classify it in bacterial FPR subclass I. Steady-state kinetic
characterization evidences that BoFPR has NADPH-diaphorase activity, with kinetic
parameters in the range of other FPRs. In addition, stopped-flow analysis indicates
stacking of the FAD isoalloxazine and NADPH nicotinamide rings during catalysis.
Moreover, all-atom molecular dynamics simulations are also used to evaluate protein
dynamics and to predict the location of the nicotinamide moiety of NADPH in a
catalytically competent conformation.
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Alzheimer´s disease, Parkinson’s disease or type II diabetes are some examples of
human disorders related to protein aggregation and amyloid fibril formation.
Furthermore, some bacteria use amyloid fibrils constitution in order to increase biofilm
stability. Novel fluorescent probes with increased sensitivity, selectivity, or with
alternative spectral working windows are needed to improve the detection of that
diversity of amyloid fibrilar structures. We designed and synthesized four fluorescent
pyrene-containing organic compounds derived from a previously reported inhibitor of
A1-42 peptide aggregation that retain the interaction with the amyloid structure. One
of them, N-acetyl-2-(2-methyl-4-oxo-5,6,7,8-tetrahydro-4H-benzo[4,5]thieno[2,3d][1,3]oxazin-7-yl)-N-(pyren-1-ylmethyl)acetamide (Compound 1D), proved to stain
A1-42, -syn and amylin fibrils with a fluorescent intensity close to that of thioflavin
T, displays a large Stokes shift with efficient excitation in the UV spectral region, shows
a pH-independent quantum yield, and is not cytotoxic. In addition, compound 1D was
used to detect, by direct staining, the amyloidogenic components present in
Staphylococcus aureus biofilm matrices. Thus, it represents a novel tool for a better
understanding of the composition of these bacterial biofilm structures.
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The prokaryotic Ferric Uptake Regulator (Fur) protein family includes transcriptional
regulators which generally act as repressors in response to a wide array of stimuli such
as metal availability or oxidative stress. The nitrogen-fixing filamentous cyanobacteria
Anabaena sp. PCC7120 contains three of these proteins: FurA, FurB and FurC. FurA is
the master regulator of iron homeostasis and it is also involved in the regulation of
many other important processes such as nitrogen metabolism. FurB is also known as
Zur protein due to its key role in zinc homeostasis. Moreover, FurB in Anabaena
PCC7120 is deeply involved in the regulation of oxidative stress response. Finally, FurC
(PerR) modulates the binding of FurA and FurB proteins to its own promoters and
participates in the response to oxidative stress. This modulation of binding activity of
FurA and FurB suggested a molecular interaction between these proteins. In this work,
the in vitro interaction between Fur proteins was analyzed by using ITC (isothermal
titration calorimetry) assays. Furthermore, we independently analyse the in vivo
interaction of FurC with FurA and FurB through two-hybrid assays. By changing the
oxygenation rate during bacterial growth, we also seek to evaluate the impact of redox
state on this interaction.
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Lindane (γ-hexachlorociclohexane, γ-HCH) is a persistent pesticide that triggers
environmental and health problems. Despite its molecular stability and persistence,
some microorganisms like Sphingomonas paucimobilis are able to degrade it. S.
paucimobilis contains in its genome several enzymes involved in HCH degradation,
which are encoded in the catabolic lin genes and are dispersed on the genome.
Previous studies showed that Anabaena PCC 7120 was able to degrade lindane and a
comparative genomic study with S. paucimobilis identified potential linB, linE y linR
genes in its genome However, neither linA nor linC nor linD homologues were
identified, suggesting the existence of an alternative degradation route. In order to
discover other genes involved in HCH degradation new in silico studies have been
carried out. ‘Cyanobase’ was used to find genes annotated as 2,5-dichloro-2,5cyclohexadiene-1,4-diol dehydrogenase (2,5-DDOL DH) in other cyanobacteria species
and these sequences were used to identify all3836 gene in Anabaena PCC7120 as a
putative linC gene with 2,5-DDOL DH activity. In order to determine if this gene could
be part of the HCH degradation pathway a model of this hypothetical LinC protein has
been built and has been docked with its substrates, showing that both of them fitted
into the active center.
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Cyanobacteria have potential as biofertilizers, contributing to the process of biological
nitrogen fixation and supplying an important amount of organic matter to the soil. The
production of biofilms also allows cyanobacteria to grow in hostile conditions, such as
high salt levels, so they can proliferate in soils eroded by the overload of agricultural
activities and provide a matrix for the growth of other beneficial microorganisms. This
matrix is formed by a conglomerate of DNA, proteins, various polysaccharides and
other extracellular compounds which are not always well characterized. Preliminary
work suggests that the proteins of the family of regulators FUR (ferric uptake
regulation) could control some of the factors that influence the production of biofilms
in Anabaena. The aim of this work is to better understand the mechanisms involved in
the formation of biofilms in Anabaena PCC7120 and the factors that affect the
production of exopolysaccharides, such as the deregulation of FUR proteins and their
effect on the expression of glycosyltransferases. The results in this work suggest that
nitrogen deficiency and salinity affect the production of exopolysaccharides present in
the supernatants of Anabaena cultures as well as their growth and morphology.
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α-Synuclein (α-Syn) is a presynaptic intrinsically disordered protein whose misfolding
and aggregation in the form of amyloid fibrils is the hallmark of different
neurodegenerative disorders known as synucleinopathies, including Parkinson’s
disease. Increasing experimental evidences suggest that α-Syn can aggregate in
multiple fibrillar polymorphs displaying different toxicities and degrees of infectivity,
suggesting a potential link between the structure and pathology of different types of
α-Syn fibrillar polymorphs. We have recently characterized a wide range of α-Syn
fibrillar polymorphs, have studied their aggregation pathways and have elucidated a
distinct and new role of the most N-terminal region of the protein in the nucleation
process, which we propose as a key element for the formation of many but not all the
different structural fibril polymorphs of α-Syn identified up to date. These findings are
greatly contributing to understand the complex conformational landscape of α-Syn
aggregation and can be of significant help in guiding the rational design of therapeutic
tools selectively targeting the formation of distinct structural types of α-Syn fibril
polymorphs.
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Bacteroides fragilis is identified as the leading anaerobe in bloodstream infections and
intraabdominal abscesses. Several studies have demonstrated that enterotoxigenic
strains of B. fragilis trigger colitis and colonic tumors in multiple intestinal neoplasia
mice. The only identified enterotoxigenic virulence factor is the BFT toxin, which has
three isoforms (BFT1, BFT2 and BFT3). This toxin is produced as a 45 kDa zymogen with
a N-terminal prodomain. When it is removed, the toxin becomes a 21 kDa zincdependent metalloprotease which is able to hydrolyze E-cadherin resulting in
inflammation. In our group a structural characterization of this toxin was performed
using biophysical techniques. A high throughput screening led us to identify
compounds which are able to stabilize the toxin in an inactive conformation. 1200
compounds were tested, 11 were chosen and their thermodynamic binding
parameters with the BFT were determined by isothermal titration calorimetry. The
biological activity of these compounds as inhibitors of the cellular action of BFT was
evaluated by western blot. For this purpose, human adenocarcinoma cells (HT29) were
treated with BFT in presence or absence of the compounds and the E-cadherin
integrity was assessed. The selected compounds could be effective against the
infections produced by Bacteroides fragilis.
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The incidence of antibiotic-resistant infections is rising worldwide and becoming
increasingly difficult to treat. Since the 1980s, the number of new antibiotics
developed and approved by regulatory agencies has fallen significantly, leaving fewer
options to treat resistant bacteria. Thus, there is an urgent need to identify and
characterize new small molecules with the potential to become antibiotic therapies
able to treat these infectious diseases. The aim of this work is to elucidate the
antibacterial mode of action of a new chemical family of compounds previously
identified in a high-throughput screening. Two complementary approaches were used
to isolate mutants resistant to the compounds: first, standard mutant isolation assays
at inhibitory concentrations using the wild-type strain; second, a transposon library of
Mycobacterium smegmatis HS42 mutants. Previously, several assays were performed
to characterize the activity of the compounds and to establish optimal conditions for
mutant isolation assays. Compounds showed antimicrobial activity against
mycobacteria and Gram-positive bacteria, with Minimal Inhibitory Concentration (MIC)
values in the range of 1-16 µg/mL. Kill kinetic assays revealed that the compounds
have strong bactericidal activity in Staphylococcus aureus MSSA (methicillin susceptible
strains) and M. smegmatis. Moreover, the combination of these compounds with subinhibitory concentrations of some efflux pump inhibitors (EPIs) was effective against
Gram-negative bacteria, indicating that EPIs might allow the use of this chemical series
to also treat Gram-negative infections. Mutants resistant to the compounds were not
detected by the approaches employed (frequency <10−8), so further experiments are
needed to elucidate the mode of action of these compounds.
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The increasing incidence of multi-drug resistant strains of Mycobacterium tuberculosis
and the very few drugs available for treatment are promoting the development of a
new line of drugs that try to solve these problems. Following this idea, we explored the
antibacterial peptide AS-48, produced by E. faecalis, which is targeting the bacterial
membrane, and it is active against several Gram-positive bacteria. We demonstrated
that AS-48 has a bactericidal action against M. tuberculosis including H37Rv and other
clinical and reference strains, and also against some non-tuberculous clinical
mycobacterial species. We highlight the synergistic effect of the combination of AS-48
with either lysozyme or ethambutol (commonly used in the treatment of tuberculosis),
two compounds that increase antimicrobial action of AS-48. Under these conditions,
AS-48 kills M. tuberculosis at a lower dose, and exhibits a MIC (Minimal Inhibitory
Concentration) close to some of the first line anti-TB agents. In addition, we assayed
cytotoxicity of AS-48 against THP-1, MHS and J774 macrophage cell lines, and found
that at concentrations close to the MIC of AS-48 we could not detect any cytotoxic
effect. The activity of AS-48 for inhibiting M. tuberculosis growth was also observed
within the infected macrophages; in this model, synergy was also observed for
combinations of AS-48 and ethambutol. On the one hand, in vivo toxicity studies, in
both sexes of mice, have been performed showing not significant changes in the
behaviour and histology of different organs. On the other hand, AS-48 alone and in
combination with ethambutol was shown not to reduce bacterial burden in M.
tuberculosis infected mice. We are currently exploring the mechanism of action of
bacteriocin AS-48 by transcriptional approaches. In summary, we consider that
combination of ethambutol and the bacteriocin AS-48 has an interesting potential in
antituberculosis therapy, due to its activity against mycobacterial species and its low
cytotoxicity against cell lines.
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Infections caused by antibiotic resistant pathogens are alarmingly increasing
worldwide, limiting therapeutic options. Drug repurposing in synergistic combinations
is a novel approach that could counteract this problem. Our goal is to develop a robust
high-throughput synergy screening protocol to efficiently triage novel synergistic drug
interactions. This methodology allows the identification of synergistic partners of a
Primary Compound (PC). Compounds from chemical libraries are transferred using a
pin replicator onto bacterial lawns of Klebsiella pneumoniae in presence/absence of
sub-inhibitory concentrations of PC. Synergy is determined by comparing growth
inhibition zones between drug-free and drug-containing agar plates. Two in-house
libraries were screened: (i) synergy matrix of representative clinically used antibiotics
(n=20); (ii) chemical FDA-library of most clinically approved drugs (n=1,430) against
tigecycline and colistin (PC). The optimization process required extensive modifications
of the experimental conditions (inoculum size, bacterial metabolic state, inoculation
method or compound concentrations). Homogeneous bacterial growth and clear edges
of the inhibition zones were required for image processing readout. Optimal conditions
were achieved using a 1,6 mm pin replicator from 100 μL-deep 96-wells onto agar
plates containing 105 cell/mL from an exponential pre-inoculum. Synergistic
combinations identified will be further validated by secondary (checkerboard assays)
and tertiary (time-kill kinetics) studies; and its translational potential evaluated against
clinical isolates. We have delivered a robust novel methodology to identify synergistic
drug combinations from large chemical libraries. This technique is expected to be more
easily implemented in synergy screening programs.
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Due to the increasing incidence of multidrug-resistant Mycobacterium tuberculosis
strains and treatment shortage, new active compounds are needed. An alternative
approach to the long and expensive drug discovery process is repurposing, finding new
uses for old existing drugs. By using this approach, avermectins were described to be
effective against different strains of M. tuberculosis. We have characterized the
activity of selamectin, the avermectin selected as model for our studies, against
Mycobacterium smegmatis. We have determined the experimental conditions to
isolate mutants resistant to selamectin in solid medium from a transposition mutant
library. Colonies isolated display a sensitivity profile similar to the wild-type strain,
despite the fact that isoniazid-resistant mutants have been isolated under the same
conditions.

Keywords
Antimicrobials | Drug Repurposing | Avermectins | Tuberculosis

©2019 IX National Conference BIFI 2019

Ref. number: P-19

Efficacy of Chitosan-Based Nanoformulation of Daptomycin Against
Staphylococcus Aureus
Ainhoa Lucía1 , Laura De Matteis2 , Joanna Empel3, Sonia García-Embid2, Abdessalem
Rekiki4, Aurore Gaudin Aurore4, Daniel Pérez5, Waleria Hryniewicz6, Andrea
Tamellini4, Jesús Martinez De La Fuente7, José A. Aínsa1
1

Departamento de Microbiología, Medicina Preventiva y Salud Pública, IIS Aragón,
Universidad de Zaragoza, Spain.
2
Instituto de Nanociencia de Aragón, Universidad de Zaragoza, Spain.
3
Department of Epidemiology and Clinical Microbiology, Narodowy Instytut Leków,
Poland.
4
Technology Research Institute Bioaster, France.
5
NANOIMMUNOTECH, Spain.
6
Department of Epidemiology and Clinical Microbiology, Narodowy Instytut Leków,
Poland.
7
Instituto de Ciencias de Materiales de Aragón, Universidad de Zaragoza, Spain.
Staphylococcus aureus is a major cause of hospital-acquired infection worldwide, being
responsible for complicated skin and metastatic infections, especially catheterassociated blood stream infections and ventilator-associated pneumonia. The
emergence of strains resistant to methicillin (MRSA) and other antimicrobial agents
has increased the cost and length of treatment resulting in growing concern among
medical professionals. The World Health Organization has endorsed a global action
plan to tackle antimicrobial resistance because of the observed increase in antibiotic
resistance over the last decades. Due to present difficulty in finding new active drugs,
there is an increasing interest on the development of new formulations of existing
drugs that could provide a more efficient and less harmful treatment. Nanotechnology
represents an important strategy in the discovery of new approaches for safe and
efficient formulations for drug delivery. In fact, the association of a drug with a
nanocarrier offers several benefits such as an increase of drug solubility, protection
and preservation of drug stability, targeted biodistribution, controlled release or
improved circulation time. The consequent decrease in the dose required would widen
the spectrum of candidate drugs to be safely used for infections treatment. In this
work, we proposed the encapsulation of daptomycin in a delivery system suitable for
treatment S. aureus infections. The system is composed of a nanoemulsion core
coated with chitosan, The nanoemulsion core would encapsulate daptomycin through
the interaction with its lipid side chain and a chitosan stabilizing shell would possibly
enhance its interaction with bacterial cell membrane. Nanocapsules have been
obtained through a nanoemulsion process followed by a polymeric coating by
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ionotropic gelation for nanocapsule stabilization, resulting in a nanocarrier that consist
in an oily core surrounded by a nanogel polysaccharidic shell. The developed
nanocarrier was extensively characterized in terms of its physicochemical properties,
and the antimicrobial activity of the encapsulated daptomycin was analyzed in vitro
against MSSA and MRSA reference and clinical strains, resulting to be fully active. After
determining the safety of the developed system in vitro, the biodistribution profile was
determined and the in vivo efficacy was demonstrated with murine MRSA septicemia
and thigh infections models.
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Cancer is the second leading cause of death worldwide and is estimated an increase of
70% of new cases diagnosed in the following two decades. Although recent advances
in the understanding of the biological processes underlying cancer development have
led to more effective treatment strategies, late-stage detection, commonly associated
with poor prognosis, remains a major problem. Hence, the development of noninvasive techniques for early diagnosis is urgently needed in order to reduce high
mortality rates. Over the past years, the application of nanotechnology to biomedicine
has emerged as a promising strategy for the treatment of various clinical diseases,
particularly cancer. Among nanomaterials, dendrimers (three-dimensional
hyperbranched polymers) have gathered increasing attention because of their unique
structural properties. Among these, monodispersity, internal molecular cavities,
tunable size and numerous peripheral functional groups for chemical modifications
make them excellent nanocarriers for drug and contrast agent delivery for cancer
treatment and diagnostic imaging. Indeed, several studies have shown promising
results using dendrimers to encapsulate antitumour drugs and target cancer cells,
improving solubility or cellular uptake and minimising side effects associated with
conventional anti-cancer treatments. Previous studies have demonstrated the
potential of using nanoparticles for developing a diagnostic system based on the
interaction of nanomaterials with serum components. When nanoparticles interact
with a biological fluid, proteins spontaneously bind to surface, forming a biomolecular
layer which is commonly referred to as the protein corona. Protein corona can modify
the diverse physicochemical properties of nanoparticles, and confers a new biological
identity for nanoparticle, responsible for their biodistribution, cellular uptake,
circulating time and toxicity6. Protein corona pattern depends on the physicochemical
properties of nanoparticles and characteristics of the biological environment. As
protein pattern in serum from cancer patients differs from that of healthy donors, the
molecular composition of the protein corona formed around nanoparticles change,
offering the opportunity of using dendrimers and dendritic derivatives as a tool for
cancer diagnosis.
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The mechanism of (4+3) cycloaddition reactions of nitrones with 1,2-diaza-1,3-dienes
has been studied by using density functional theory (DFT) methods. The cycloaddition
reaction takes place through an asynchronous concerted transition state that reflects a
two-stage process in which the formation of the first bond occurs close to the
transition state, while the second bond forms well after the transition state. The
alternative stepwise mechanism is higher in energy than the con certed process. In this
mechanism, the nitrone oxygen acts as a nucleophile by attacking the more
electrophilic terminal carbon of the 1,2-diaza-1,3-diene to form an intermediate. The
second step of the reaction is the rate-limiting one, which is higher in energy than that
observed for the concerted process. Topological analysis of the gradient field of
electron localization function (ELF) provides a complete characterization of the
electron density changes during the course of the reaction.
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Glycosyltransferases are ubiquitous enzymes present in all prokaryotic and eukaryotic
cells. The GTs catalyze the transfer of a sugar moiety from an activated donor to an
acceptor substrate, forming a new glycosidic bond. They are responsible for creating
the diverse and complex range of oligosaccharides and glycoconjugates present in
nature. Protein glycosylation is the most common post-translational modification of
proteins. For enzymes that are involved in protein glycosylation only nine sugar donors
are substrates for GTs. These sugar donors, known as Leloir donors, have a sugarpyrophosphate (or phosphate) -nucleoside structure. GTs are involved in important
biological processes and therefore are potential pharmaceutical targets. Many reviews
exhaustively discuss the different structures and activities of the existing GTs
inhibitors. They are generally based on the acceptor or donor substrate template. In
this work, we have focused on the design of possible inhibitors; analogs of Leloir
donors that could have a greater affinity for the enzyme than natural substrates, when
replacing the sugar moiety by polyhydroxylated pyrrolidines.

Keywords
Glycosyltransferases | Glycosylation | Inhibitors | Synthesis | Docking

©2019 IX National Conference BIFI 2019

Ref. number: P-23

Rational Design of Pyrophosphate Surrogates as Inhibitors of GalNAc-T2
Sandra Pereira1, Pedro Merino1, Ignacio Delso2, Sonsoles Martin-Santamaría3
1

Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de
Zaragoza, Spain.
2
Instituto de Síntesis Química y Catálisis Homogénea (ISQCH - CSIC), Universidad de
Zaragoza, Spain.
3
Department of Structural and Chemical Biology, Centro de Investigaciones Biológicas,
CIB-CSIC, Spain.

Glycosyltransferases (GTs) catalyze the biosynthesis of a new glycosidic linkage by
transferring a monosaccharide from an activated sugar donor to an acceptor substrate
which can be another sugar molecule, a lipid, peptide, DNA, or an organic molecule.
Glycosylated compounds directly exert a wide range of functions, including energy
storage, maintenance of cell structural integrity, information storage and transfer,
molecular recognition, cell-cell interaction, cellular regulation, immune response,
virulence and chemical defense. Only nine sugar donors are known to be involved in
protein glycosylation in mammal organisms which is the most abundant posttranslational modification in nature. Six of these sugar donors contain the uridine
moiety that is in line with the existence of GTs employing UDP sugars as the most
predominant in nature. Therefore, the design of inhibitors mimic nucleotide phosphate
sugar by modification of diphosphate group or sugar residue could lead to the
development of compounds with therapeutic applications.
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Networks simplification might cause the appearance of anomalous patterns. Despite
the validity of such results on the statistical ground, the origins of the observed
behavior might be undercover by not considering the full extent of the network
topology. Here, we propose a diagnosis framework to detect anomalies in complex
networks and suggest that such anomalies can be an indicator of an oversimplification
of the model. We draw our analysis on four new data sets of transportation networks
and study the degree and betweenness centrality in these networks to check for the
well known anomaly in centrality according to which highly connected nodes are not
necessarily the most central. Considering two scenarios, the most common in which
links are assumed to be nonweighted and one accounting for the number of routes
offered between each location, we investigate the fraction of anomalous nodes by
comparing to appropriate null models. We show that the anomaly observed in
transportation networks is an effect caused by the unbalance of importance given to
edges with different weights in non-weighted networks. We show that centrality and
degree can be well-predicted considering a network model that preserves both degree
and strength distributions. Thus, we argue in favor of more sophisticated models when
anomalies are detected.

Keywords
Complex Networks Diagnosis | Transportation Networks | Network Degree and
Centrality | Complex Networks Modeling

©2019 IX National Conference BIFI 2019

Ref. number: P-25

A General Approach to the Time Propagation of Classical-Quantum
Systems: Application to the Commutator-Free Magnus Methods
Adrián Gómez Pueyo1, Alberto Castro Barrigón1,2
1

Instituto de Biocomputación y Física de Sistemas Complejos (BIFI), Universidad de Zaragoza,
2

Spain.
ARAID Foundation, Government of Aragon, Spain.

In this presentation we tackle the problem of the numerical propagation of systems
with both quantum and classical degrees of freedom. The usual approach to the the
numerical time propagation of these hybrid quantum-classical systems (usually,
quantum electrons + classical nuclei) in molecular dynamics consists in (1) using some
preferred technique to deal with the quantum part (such as, in our case, timedependent density functional theory), and choosing a numerical propagator for the
corresponding equations of motion, and then (2) using another method for the
classical equations of the nuclei. This combination of two numerical methods may have
the undesired side effect of destroying some of their properties, such as their order of
accuracy with respect to the time step. We propose using the same method for the
two apparently different, quantum and classical, problems. For that purpose, one may
rewrite the classical part in a manner that resembles Schrödinger's equation -- albeit a
nonlinear one. This allows us to apply the propagation methods that take advantage of
the Schödinger equation structure to the full combined system. We have implemented
this idea to some of the newly developed "commutator-free Magnus propagators" that
have been proposed for linear Schrödinger systems.
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Pharmacological chaperones are chemical compounds that act binding to the native
state of a specific enzyme, displacing the folding equilibrium towards this state and
thereby rescuing its physiological function. This chaperone-based therapeutic
approach has been used to treat some diseases characterized by a loss of a
conformational stability and decreased physiological enzymatic activity. In fact,
tetrahydrobiopterin, the natural cofactor of human phenylalanine hydroxylase (PAH),
is administered for the management of milder phenylketonuria (PKU) phenotypes and
it is believed that it acts through that mechanism. Based on different drug discovery
strategies, we have identified sets of novel chemicals with an in vitro stabilizing effect
exerted on thermal WT PAH unfolding. Moreover, they bind to the enzyme in the µM
range in ITC assays and show low or moderate toxicity in HepG2 cell line. To test their
efficacy in HEK293T cells, we are optimizing enzymatic activity assays and PAH protein
levels measurements in treated or not-treated cell lysates. This evaluation will help us
to elucidate their potential chaperoning effect in different PAH pathological variants.
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The intrinsically disordered domains of pathological and functional amyloids, such as
TDP-43 and CPEB3, are frequently rich in Gly or Pro residues. Whereas glycine’s
flexibility and proline’s extreme rigidity strongly destabilize 𝛼-helices and 𝛽-sheets, this
odd pair collaborates to form the polyproline II (PPII) helix. This fold, found in collagen,
has been proposed to exist in the Pro- & Gly-rich segments of IDPs and may even
facilitate the formation of amyloids, but spectroscopic criteria for identifying and
quantifying PPII helices has been lacking. To address this point, we have determined
the 1H, 13C & 15N chemical shifts, ps/ns dynamics, and residue level stability of the
“snow flea” antifreeze protein (sfAFP). This curious protein is composed of a bundle of
six PPII helices. The results reveal that a singular pattern of chemical shifts, stiffness on
the ps/ns timescales and a conformational stability of 6 kcal/mol. sfAFP’s high
conformational stability and stiffness are surprising considering its high content (46%)
of intrinsically flexible Gly residues. We show this can be partly attributed to
dimerization. Twenty-eight Gly H𝛼···O=C H-bonds, which we detected by 1H𝛼 chemical
shift perturbations and supported by our DFT calculations, also contribute to stability.
Based on these findings, we advance that many segments in human IDPs could
putatively form PPII helices and we propose that association among PPII helices could
help drive liquid - liquid phase separation in IDPs such as nucleolin.
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Thomas Peron1, Peng Ji 2, Jürgen Kurths3, Francisco Rodrigues1
1

2

Institute of Mathematics and Computer Science, University of São Paulo, Brazil.
Institute of Science and Technology for Brain-inspired Intelligence, Fudan University,
China.
3
Potsdam Institute for Climate Impact Research, Germany.

The asymptotic behavior of dynamical processes in networks can be expressed as a
function of spectral properties of the corresponding adjacency and Laplacian matrices.
Although many theoretical results are known for the spectra of traditional
configuration models, networks generated through these models fail to describe many
topological features of real-world networks, in particular non-null values of the
clustering coefficient. Here we study effects of cycles of order three (triangles) in
network spectra. By using recent advances in random matrix theory, we determine the
spectral distribution of the network adjacency matrix as a function of the average
number of triangles attached to each node for networks without modular structure
and degree-degree correlations. Implications to network dynamics are discussed. Our
findings can shed light in the study of how particular kinds of subgraphs influence
network dynamics.
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Among the Fur family proteins in Anabaena PCC7120, FurC is the most divergent
protein and the most unknown member of the Fur paralogues. It has been proposed to
work as the Peroxide stress Regulator (PerR) from Anabaena but also FurC has been
related to nitrogen metabolism, since the global regulator of this process, NtcA, is able
to bind to the FurC promoter. With the aim of clarify the cellular processes in which
FurC is involved in Anabaena, a strain overexpressing FurC (EB2770FurC) was
constructed. RNAseq analyses were performed comparing the transcriptomes of
EB2770FurC and Anabaena PCC7120 strains grown in the presence of NO3- (BG11) and
the absence of combined nitrogen (BG110). In addition, preliminary bioinformatic
analyses were performed in order to find a putative FurC box in the different selected
promoters. The results indicated that FurC/PerR not only works as PerR, but it also
influenced the expression of different genes among several functional categories
indicating a more global role of FurC in Anabaena. In addition, this work unveils the
influence of FurC expression on the transcriptional pattern under nitrogen deficiency
compared to cells grown in BG11, a fact that highlights the key role of FurC in response
to nitrogen deficiency.
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Clostridium difficile is a Gram-positive, spore-forming, anaerobic intestinal bacterium
and the most common cause of antibiotic-associated colitis. To produce infection, C.
difficile needs iron as essential nutrient, whose homeostasis is controlled by the metaldependent transcriptional regulator Fur (Ferric Uptake Regulator). Although
considered a strictly anaerobic pathogen, C. difficile induces electron transporters
when exposed to atmospheric O2, suggesting that it is endowed with mechanisms to
tolerate oxidizing conditions. To investigate the redox character of C. difficile Fur
(CdFur), we overexpressed in Escherichia coli and purified by immobilized metal ion
affinity chromatography (IMAC) the CdFur repressor and all its seven single cysteine
mutants. Gel retardation assays (EMSA) used to verify the biological activities of the
recombinant proteins demonstrated that CdFur interacted with target promoters
under reducing conditions. Residues C101, C104, C141, and C144 seemed to be
essential for DNA binding. In vitro affinity for DNA of CdFur was strongly affected by
oxidizing conditions in a reversible manner, with residue C81 apparently involved in
redox modulation of CdFur activity, since it remained active under nonreducing
conditions. Moreover, CdFur contained a Zn2+ ion, with residue C104 likely involved in
its coordination, that was released under oxidizing conditions.
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