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When we look back on the past two years, one of the first things that comes to mind for most of us is 
the fire that destroyed our low voltage power plant on the morning of 14 February 2015�  The invaluable 
dedication of the centre’s maintenance crew and of many other people mitigated the potentially devastating 
consequences of an accident that paralysed the institute’s activities for two weeks� The complete restoration 
of the power plant, now more reliable than the previous one and equipped with an automatic fire extinction 
system, finalized in spring 2016 and should prevent future accidents of this kind�

The resilience of the CNB to adversities also applies to its scientific life� The members of our Scientific Advisory 
Board, who visited the CNB last year during the centre’s 5-year external evaluation, state in their summary 
report that “the scientific performance of the CNB has resisted very well the critical situation generated in 
Spain by the reduction of resources committed to research funding during the evaluated period”�

Indeed, we faced difficult times, but have reason to believe that we are recovering from the economic crisis� 
In 2012 and 2013, funding fell from values that in previous years ranged from 14 to 19 million euros per year, to 
about 11 million euros� In 2014, we raised 13 million euros and, in addition, obtained the 4-million-euro Severo 
Ochoa Grant� This positive trend continued and, in both 2015 and 2016, funding of research stabilized at 
approximately 16 million euros per year�

The CNB’s scientific productivity in the past two years has kept up with our longer-term average� In 2015 
and 2016, our scientists published 450 articles in JCR-indexed journals, with a mean impact factor close to 
6� When we rank these journals by impact factor, we find that 80% and 34% of the centre’s scientific output 
were published respectively in the top 25% and top 10% of journals in their fields of knowledge�

The efforts of our Technology Transfer Office to push the development of research results into marketable 
products culminated in 7 new patents, 2 PCT/NPE applications and 17 licence agreements� Apart from 
numerous activities that established contacts between companies and scientists, the office organized 
seminars, round tables and workshops to tackle diverse aspects of innovation� Success stories such as 
the selection of a CNB project for GlaxoSmithKline’s Fast Track Challenge Drug Discovery Programme, or 
governmental funding for 3 collaborative projects with companies, illustrate the centre’s endeavour to team 
up with industry� The presence of the office at innovation fairs and stakeholder meetings, as well as its 
participation for the second year in a row as local host of the innovation promotion event Global ImasT, 
further helped highlight CNB research in the production sector�

Our Communication and Outreach Office has implemented a new web site, launched a bimonthly newsletter, 
organized monthly visits for primary and secondary school students, and coordinated the production of 
several videos that explain to the general public the importance of the research we do at the CNB� In 2016, 
outstanding scientific achievements of our researchers were covered by more than 20 press releases, 200 
press appearances and a monograph broadcasted live from the CNB by the Spanish radio station RNE� 
That the office’s efforts to improve online communication were successful is reflected by a 20% increase in 
the number of people who follow us on Twitter and Facebook, to 8,500 and 2,050, respectively� Outreach 
events promoted by CNB scientists on the occasion of World Brain Day, the European Researcher’s Night, 
and the Madrid Science Week, as well as our participation in 100xCiencia, the first international science 
communication forum organized by the Severo Ochoa Centres of Excellence, further helped to make the 
CNB better known to the public�

Welcome to the CNB
Fernando Rojo
DIRECTOR





The Communication and Outreach Office was also instrumental in coordinating the centre’s training 
programmes, such as the CNB Course on Introduction to Research for university students or our PhD training 
programme, which includes a yearly welcome event, a scientific symposium and soft skill training courses� 
Furthermore, the office helped with coordination of more than 300 seminars and courses, which included 
talks by 45 distinguished speakers in the CNB and CNB Junior Seminar Series� We are confident that our 
constant efforts to offer excellent training opportunities and a rich academic life will continue to attract 
students to the CNB who will follow the example of the 61 brilliant young scientists who, in 2015 and 2016, 
obtained the PhD degree under the supervision of CNB researchers�

Since 2014, the CNB is a Severo Ochoa Centre of Excellence, which is associated with the implementation 
of a 4-year strategic plan� This year we successfully passed the mid-term review by an international panel of 
experts, who concluded “the CNB did well and has made good use of the Severo Ochoa funding, which has 
been essential to help overcome some of the recent shortages�” In fact, the Severo Ochoa Grant enabled 
us to maintain 4 contracts for key persons in charge of grant management, scientific communication and 
innovation, hire 4 technicians for the centre’s scientific services, finance 10 postdoctoral positions, provide 
bridge funding for 3 Ramón y Cajal scientists, and to co-finance with 1�4 million euros the acquisition of 
equipment for the centre’s core facilities� These investments in scientific infrastructure enabled us to 
implement super-resolution microscopy techniques and launch a cryoelectron microscopy service unit�

Beyond the collective achievements of the centre, I would also like to refer briefly to some of the most 
outstanding recognitions of our colleagues’ contributions to science� Roberto Solano was elected EMBO 
member; for three years in a row, Thomson Reuters has listed him among the most influential scientists 
in plant and animal science, which indicates that his studies were among the top 1% most referenced in 
academic journals� Fernando Moreno-Herrero, previously awarded an ERC Starting Grant, obtained an ERC 
Proof-of-Concept and an ERC Consolidator Grant; the regional government of Madrid recognized his merits 
with the Miguel Catalán Award 2016 for excellent researchers under the age of 40� The Spanish Virology 
Society awarded its 2015 Young Researcher’s Career prize to Pablo Gastaminza, and Daniel López received 
the 2016 Young Researcher’s prize from the Spanish Biotechnology Society� The Lilly Foundation recognized 
the longstanding scientific excellence of José Luis Martínez with the 2015 Distinguished Career Award� The 
Spanish Government acknowledged Luis Enjuanes as Commander of the Civil Order of Health for his merits 
as scientific advisor to the government during the Ebola outbreak�

This reflection on the past two years cannot finish without thanking Carmen Castresana for her unwavering 
efforts to guide the CNB through tough times, both as Director and more recently as Vice-director of the 
CNB� I would also like to express my gratitude to Isabel Mérida for her dedication to the demanding role as 
CNB Vice-director, and warmheartedly welcome Mario Mellado, who recently joined the Director’s team to 
replace Isabel� In addition, I am indebted to Peter Klatt, Technical Vice-director of the CNB, for his outstanding 
help in solving many often complicated scientific, logistic and administrative issues�

Finally, I cordially invite you to celebrate the CNB’s 25th anniversary with us�  We are preparing an attractive 
programme of scientific, outreach and communication activities to commemorate the contributions of our 
centre, inaugurated in 1992, to science and technology�  I hope you will enjoy it�

If you want to know more about the CNB, please check the following links:

• CNB website: http://www.cnb.csic.es/index.php/en/

• CNB newsletters and publications: http://www.cnb.csic.es/index.php/en/science-society/publications

• CNB YouTube channel: https://www.youtube.com/user/CNBcsic

• CNB on Facebook: https://www.facebook.com/CNB.csic

• CNB on Twitter: https://twitter.com/CNB_CSIC
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MACROMOLECULAR STRUCTURES
The department’s interests embrace a large number of biological problems, from fundamental 
questions associated with protein folding (Víctor Muñoz and José M� Valpuesta) to the functional 
and structural characterization of different molecular machines, especially virus structures and their 
components (José M� Casasnovas, José L� Carrascosa, José R� Castón, Cristina Risco, Carmen 
San Martín, Mark van Raaij) and DNA repair nanomachines (Fernando Moreno-Herrero)�  They 
use the numerous structural and biophysical techniques available in the department, including 
X-ray diffraction, nuclear magnetic resonance, single-molecule techniques (optical and magnetic 
tweezers) and various state-of-the-art spectroscopic techniques�  A strength of our department is the 
development of microscopy techniques, such as atomic force, optical and X-ray microscopy and, in 
particular, transmission electron microscopy in its variants (single-particle cryoelectron microscopy 
and cryoelectron tomography), which received a hefty boost with the recent investment in a state-
of-the-art 200 kV cryoelectron microscope, equipped with a direct electron detector and sample 
autoloader, unique in Spain�  This acquisition, together with other equipment in the department, was 
used to create the first cryoelectron microscopy facility in Spain, open to users worldwide�

Electron microscopy work is strongly supported by continuous software development in the field of 
image processing (José M� Carazo, José J� Fernández), a major asset in the selection of the CNB as 
host of the image processing centre of INSTRUCT, a pan-European research infrastructure network 
facility that provides expertise and access to high quality instruments�  Technical developments are 
also pursued in the field of proteomics, thanks to the work of the late Juan P� Albar, who remains 
alive in our memories�  His continuous efforts led the CNB to head the Spanish proteomic facilities 
network (ProteoRed), and enabled its participation in the Human Proteome project� This effort will be 
continued by the incorporation of another excellent proteomics expert, Fernando Corrales�

HEAD OF DEPARTMENT
José María Valpuesta

OUR RESEARCH GROUPS
1. Biocomputing unit 

José María Carazo
2. Structure of macromolecular assemblies

José L. Carrascosa
3. Cell-cell and virus-cell interactions 

José M. Casasnovas
4. Viral molecular machines 

José R. Castón
5. Electron tomography and image processing of cell structures 

José J. Fernández
6. Ultrastructure of viruses and molecular aggregates

Jaime Martín-Benito
7. Molecular biophysics of DNA repair nanomachines 

Fernando Moreno-Herrero 
8. Conformational-functional behaviour of proteins

Víctor Muñoz 
9. Functional proteomics 

Alberto Paradela
10. Cell structure laboratory

Cristina Risco
11. Structural and physical determinants of adenovirus assembly 

Carmen San Martín
12. Structure and function of molecular chaperones 

José María Valpuesta
13. Structural biology of virus fibres

Mark J. van Raaij

Near-atomic three-dimensional cryo-electron microscopy structure of a fungal double-stranded RNA virus (image from Luque et al. 2014. PNAS 111:7641)



M
AC

RO
M

O
LE

C
U

LA
R 

ST
RU

C
TU

RE
S

14

GROUP LEADER
José María Carazo
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Carlos Oscar Sorzano Sánchez

POSTDOCTORAL SCIENTISTS
Joaquín Otón
Roberto Melero del Río
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Josué Gómez Blanco
Mohsen Kazemi

PHD STUDENTS
José Luis Vilas Prieto
Rubén Sánchez Madrid

TECHNICIANS
Pablo Conesa Mingo
Laura del Caño Novales
Jesús Cuenca Alba
Blanca E. Benítez Silva

VISITING SCIENTIST
Roberto Marabini Ruiz 
(Univ Autónoma de Madrid, Spain)

Biocomputing unit

SELECTED PUBLICATIONS

Segura J, Sorzano CO, Cuenca-
Alba J, Aloy P, Carazo JM� Using 
neighborhood cohesiveness to 
infer interactions between protein 
domains� Bioinformatics 2015; 31: 
2545-52
Sorzano CO, Alcorlo M, de la 
Rosa-Trevín JM, Melero R, Foche 
I, Zaldívar-Peraza A, del Cano L, 
Vargas J, Abrishami V, Otón J, 
Marabini R, Carazo JM� Cryo-
EM and the elucidation of new 
macromolecular structures: Random 
Conical Tilt revised� Sci Rep 2015; 
5: 14290
Otón J, Pereiro E, Pérez-Berná AJ, 
Millach L, Sorzano CO, Marabini 
R, Carazo JM� Characterization 
of transfer function, resolution 
and depth of field of a soft X-ray 
microscope applied to tomography 
enhancement by Wiener 
deconvolution� Biomed Opt Express 
2016; 7: 5092-5103
Vargas J, Otón J, Marabini R, 
Carazo JM, Sorzano CO� Particle 
alignment reliability in single particle 
electron cryomicroscopy: a general 
approach� Sci Rep 2016; 6: 21626
Koning RI, Gomez-Blanco J, 
Akopjana I, Vargas J, Kazaks A, Tars 
K, Carazo JM, Koster AJ� Asymmetric 
Cryo-Em Reconstruction of Phage 
Ms2 Reveals Genome Structure in 
Situ� Nat Commun 2016; 7: 12524

Electron microscopy in cryogenic conditions (cryo EM) is currently one of the key 
technologies used to unravel biological complexity, offering the possibility to analyse 
large, flexible macromolecules in near-native state at quasi-atomic resolution� Indeed, the 
journal Nature Methods chose cryo EM as method of the year in 2015� The need to re-
accommodate all image processing workflows to address the new challenges in the field 
consequently became the target of our group� This goal fit very well with our focus on 
methods and software development, within our role as the image processing infrastructure 
providers for Instruct, the structural biology project of the European Strategic Forum for 
Research Infrastructures�

We have explored new areas of cryo EM image processing within our traditional software 
suite XMIPP (downloaded in recent years by thousands of researchers from all over the 
world), complemented by our newly developed software integration framework, named 
Scipion� Of particular importance are our novel approaches to soft validation of 3D maps 
and models, based on self-consistency of the reconstruction process and on a probabilistic 
view to protein domain-domain interactions, respectively�

Finally, in an effort to provide means to analyse cellular processes in situ, we have 
advanced in the field of cellular soft X-ray tomography, providing a detailed characterization 
of the instrument that has been used to enhance cellular 3D maps thanks to a combined 
reconstruction-restauration approach�

1  
CryoEM: probing the structure of large, 
flexible macromolecular complexes

2  
Image processing methods and 
software: at the leading edge

1

2
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The activity of the group is centred on the analysis of macromolecular nanomachines that 
carry out defined biological functions� We are presently studying the molecular basis of 
assembly and maturation in viral systems using cryo-electron microscopy and three-
dimensional reconstruction at sub-nanometric resolution� We are also correlating structural 
data with other biophysical and nanomechanical measurements (AFM) to understand the 
molecular behaviour of protein containers designed for macromolecular delivery�  Special 
emphasis is placed on DNA incorporation and ejection from viral particles, as well as on the 
use of viral assemblies in synthetic environments to obtain delivery vehicles with improved 
specificity and efficiency�

The interactions of viruses with target cells are studied using cryo-electron tomography 
of infected cells� To this end, we use correlative approaches with different microscopies; 
specifically, we are extending the use of tomographic methods by incorporation of new 
approaches such as soft X-rays microscopy, together with the use of absorption spectroscopy 
to correlate structural and chemical data at molecular resolution� These methods have been 
applied, besides our virus studies, to the interaction of super-paramagnetic nanoparticles 
with eukaryotic cells�

SELECTED PUBLICATIONS

Calero M, Chiappi M, Lazaro-Carrillo 
A, Rodríguez MJ, Chichón FJ, 
Crosbie-Staunton K, Prina-Mello A, 
Volkov Y, Villanueva A, Carrascosa 
JL� Characterization of interaction of 
magnetic nanoparticles with breast 
cancer cells� J Nanobiotechnol 2015; 
13: 16
González-García VA, Pulido-Cid M, 
Garcia-Doval C, Bocanegra R, van 
Raaij MJ, Martín-Benito J, Cuervo 
A, Carrascosa JL� Conformational 
Changes Leading to T7 DNA Delivery 
upon Interaction with the Bacterial 
Receptor� J Biol Chem 2015; 290: 
10038-10044
Mertens J, Casado S, Mata CP, 
Hernando-Pérez M, de Pablo PJ, 
Carrascosa JL, Castón JR� A protein 
with simultaneous capsid scaffolding 
and dsRNA-binding activities enhances 
the birnavirus capsid mechanical 
stability� Sci Rep 2015; 5: 13486
Chiappi M, Conesa JJ, Pereiro E, 
Sorzano CO, Rodríguez MJ, Henzler K, 
Schneider G, Chichón FJ, Carrascosa 
JL� Cryo-soft X-ray tomography as a 
quantitative three-dimensional tool to 
model nanoparticle:cell interaction� J 
Nanobiotechnol 2016; 14: 15
Conesa JJ, Otón J, Chiappi M, Carazo 
JM, Pereiro E, Chichón FJ, Carrascosa 
JL� Intracellular nanoparticles mass 
quantification by near-edge absorption 
soft X-ray nanotomography� Sci Rep 
2016; 6: 22354

Structure of macromolecular assemblies

GROUP LEADER
José L. Carrascosa

POSTDOCTORAL SCIENTISTS
Ana Cuervo Gaspar
Francisco Javier Chichón
Rebeca Bocanegra Rojo
Maria Josefa Rodríguez

PHD STUDENTS
Jose Javier Conesa Muñoz
Maria del Mar Pérez Ruiz

TECHNICIANS
Encarna Cebrián

VISTING PHD STUDENTS
Aleikar Vásquez 
(Universidad de Concepción, Chile)

Ramón Ramírez Orellana 
(Pontificia Universidad Católica, 
Valparaíso, Chile)

1

Conformational changes in the phage T7 tail 
complex related to DNA ejection from the 
viral capsid. A) Structural features of the 
tail in the DNA-containing mature phage. 
B) Changes undergone after DNA ejection. 
C, D) relative movements of tail structural 
components related to DNA ejection.

1

2

2  
NEASXT analysis of iron oxide particles 
in cultured cells. a) Volumetric 
representation of iron oxide densities 
within a three-dimensional x-ray 
tomographic reconstructed cell. Blue is a 
segmented nucleus and iron is orange/
red-coded. b) X-ray projection images of 
cells at 709 eV. c) Differential projection 
image containing specific iron signal.
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Cell-cell and virus-cell interactions

SELECTED PUBLICATIONS

Muñoz-Alía MA, Fernández-
Muñoz R, Casasnovas JM, Porras-
Mansilla R, Serrano-Pardo A, 
Pagán I, Ordobás M, Ramírez R, 
Celma ML� Measles virus genetic 
evolution throughout an imported 
epidemic outbreak in a highly 
vaccinated population� Virus Res 
2015; 196: 122-127
Echbarthi M, Zonca M, Mellwig 
R, Schwab Y, Kaplan G, DeKruyff 
RH, Roda-Navarro P, Casasnovas 
JM� Distinct trafficking of cell 
surface and endosomal TIM-1 to 
the immune synapse� Traffic 2015; 
16: 1193-1207

GROUP LEADER
José M. Casasnovas

SENIOR SCIENTIST
César Santiago

POSTDOCTORAL SCIENTISTS
José Luis Torán
Manuela Zonca

MASTER'S STUDENT
Nerea Bernardo

Our group studies the cell surface molecules that regulate the immune system and virus 
entry into host cells� We analyse receptor-ligand interactions related to immune processes, 
as well as virus binding to cells� In addition, we characterize virus neutralization by humoral 
immune responses and its correlation with virus entry into cells� Our research has provided 
key observations regarding immune receptor function, and has identified viral epitopes 
essential for virus infection, some of which are targeted by neutralizing antibodies�  We 
apply structural (X-ray crystallography), biochemical and cell biology approaches�

Cell-cell interactions

We studied how members of the TIM (T cell/transmembrane, immunoglobulin and mucin 
domain) family regulate immune responses�  We recently analysed the subcellular distribution 
of TIM-1, a T cell costimulatory molecule linked to the development of atopic diseases�  We 
determined that TIM-1 sorts mainly to endosomes in lymphoid cells�  At difference from the 
cell surface protein, endosomal TIM-1 translocates to the immune synapse (IS), where it can 
contribute to antigen-dependent T cell co-stimulation�  TIM-1 ligands increase the amount 
of cell surface protein, preventing its traffic to the IS�  The bipolar sorting of TIM-1 observed 
during IS formation is determined by differences in its subcellular location, and probably 
modulates antigen-driven immune responses (Figure 1)�

Antibody neutralization of viruses

Our group analysed virus-receptor interactions in measles virus and coronavirus� We 
determined crystal structures of virus-receptor complexes that define the mode used 
by measles virus and certain coronaviruses to bind to cell surface proteins to penetrate 
cells�  Moreover, we are analysing how antibodies prevent and neutralize virus infection�  
We are presently identifying and characterizing human antibodies that neutralize human 
immunodeficiency virus, Ebola and measles viruses�

 

1  
Subcellular TIM-1 location 
determines its trafficking to the 
immune synapse.  In T cells, 
TIM-1 sorted to endosomal vesicles 
traffics to the immune synapse (IS) 
formed with antigen-presenting 
cells (APC), whereas cell surface 
TIM-1 does not traffic to the IS 
and can cluster opposite the IS.

1
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Our studies aim to elucidate structure-function-evolution relationships of viral macromolecular 
complexes, also known as viral nanomachines, which control many fundamental processes 
in the virus life cycle� Our model systems of viral molecular machines are the viral capsid and 
other viral macromolecular complexes, such as helical tubular structures and replication and 
ribonucleoprotein complexes�

Capsids should be considered dynamic structures that define different functional states 
and participate in multiple processes including virus morphogenesis, selection of the viral 
genome, recognition of the host receptor, and release of the genome to be transcribed 
and replicated; some capsids even participate in genome replication� Structural analysis of 
viruses is therefore essential to understand their properties� To reveal the three-dimensional 
structure of such complex assemblies, we use a multidisciplinary approach that combines 
structural analysis by three-dimensional cryo-electron microscopy with atomic structures 
(hybrid approach)� We have incorporated state-of-the-art approaches to obtain near-atomic 
resolution structure directly from two-dimensional micrographs� Structural analysis of viruses 
is complemented by study of mechanical properties by atomic force microscopy (AFM), 
to examine the relationship between physical properties, such as rigidity and mechanical 
resilience, and virus biological function� Finally, our research establishes the basis for 
incorporation of heterologous proteins and/or chemicals into viral capsids (considered as 
nanocontainers), of potential use for future biotechnological applications�

Our group studies several viral systems with varying levels of complexity, focusing on a 
number of double-stranded RNA viruses such as birnaviruses (infectious bursal disease 

virus, IBDV) and several fungal 
viruses, as well as single-
stranded RNA viruses such as 
rabbit haemorrhagic disease 
virus (RHDV)�  Some of these 
viruses cause serious diseases, 
and structural characterization of 
their macromolecular assemblies 
will offer new alternatives for 
altering their function, as well as 
possible vaccination strategies� 
We extend our studies to other 
viruses and eukaryotic complexes 
in collaboration with several 
national and international groups�

SELECTED PUBLICATIONS

Mertens J, Casado S, Mata CP, 
Hernando-Pérez M, de Pablo 
PJ, Carrascosa JL, Castón JR� A 
protein with simultaneous capsid 
scaffolding and dsRNA-binding 
activities enhances the birnavirus 
capsid mechanical stability� Sci 
Rep 2015; 5: 13485
Pascual E, Mata CP, Gómez-
Blanco J, Moreno N, Bárcena J, 
Blanco E, Rodríguez-Frandsen 
A, Nieto A, Carrascosa JL, 
Castón JR� Structural basis for 
development of avian virus 
capsids to display influenza 
virus proteins for induction of 
protective immunity� J Virol 2015; 
89: 2563-2574
Garcia-Ferrer I, Arêde P, Gómez-
Blanco J, Luque D, Duquerroy S, 
Castón JR, Goulas T, Gomis-Rüth 
FX� Structural and functional 
insights into Escherichia coli 
α2-macroglobulin endopeptidase 
snap-trap inhibition� Proc Natl 
Acad Sci USA 2015; 112: 8290-
8295
Luque D, Mata CP, González-
Camacho F, González JM, 
Gómez-Blanco J, Alfonso C, Rivas 
G, Havens WM, Kanematsu S, 
Suzuki N, Ghabrial SA, Trus BL, 
Castón JR� Heterodimers as the 
structural unit of the T=1 capsid of 
the fungal doublestranded RNA 
Rosellinia necatrix quadrivirus 1� J 
Virol 2016; 90: 11220-11230
Llauró A, Luque D, Edwards E, 
Trus BL, Avera J, Reguera D, 
Douglas T,  de Pablo PJ and 
Castón JR� Cargo-shell and 
cargo-cargo couplings govern 
the mechanics of artificially-
loaded virus-derived cages� 
Nanoscale 2016; 8: 8328-9336

Viral molecular machines
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Carlos P. Mata
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VISITING SCIENTIST
Daniel Luque 
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1

Most dsRNA viruses have a 120-subunit T=1 icosahedral capsid a with an asymmetric unit that includes two repeating units; these 
are two different proteins in the case of the dsRNA fungal virus Rosellinia necatrix quadrivirus 1 (front), whereas for reoviruses 
and the L-A virus of the yeast Saccharomyces cerevisiae, they are two copies of the same protein (left), and for Penicillium 
chrysogenum virus, two similar domains of a single protein (right). The background shows RnQV1 particles frozen in vitreous ice.
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Our group is interested in the unique ability of electron tomography (ET) to visualize, in 
three dimensions, the subcellular architecture and macromolecular organization of cells and 
tissues in situ at a resolution of a few nanometres�  Combined with image processing, ET 
has emerged as a powerful technique to address fundamental questions in molecular and 
cellular biology�

One of our research interests focuses on 3D analysis of the neuronal subcellular architecture�  
Here, ET and image processing are the central techniques, together with protocols that 
ensure preservation of brain tissue samples in near-native conditions�  With this approach, 
we are exploring the structural alterations that underlie neurodegenerative diseases, 
particularly Huntington’s disease�

We are also working in close collaboration with Dr� Sam Li (UCSF) in structural elucidation of 
the microtubule-organizing centre (MTOC)�  This is an important, complex cellular organelle 
whose dysfunction is linked to many diseases�  In addition, we collaborate with teams at the 
CNB and other international groups in experimental structural studies�

Another important focus of our research is the development of new image processing 
techniques and tools for the advancement of ET�  We are working on new methods for 
the different computational stages involved in structural studies by ET: image alignment, 
correction for the transfer function of the microscope, tomographic reconstruction, noise 
reduction, automated segmentation and subtomogram analysis�

SELECTED PUBLICATIONS

Kollman JM, Greenberg CH, Li 
S, Moritz M, Zelter A, Fong KK, 
Fernandez JJ, Sali A, Kilmartin 
J, Davis TN, Agard DA� Ring 
closure activates yeast γTuRC 
for species-specific microtubule 
nucleation� Nat Struct Mol Biol 
2015; 22: 132-137
Agulleiro JI, Fernandez JJ� 
Tomo3D 2�0 - exploitation of 
advanced vector extensions 
(AVX) for 3D reconstruction� J 
Struct Biol 2015; 189: 147-152
Bernabe-Rubio M, Andres G, 
Casares-Arias J, Fernandez-
Barrera J, Rangel L, Reglero-Real 
N, Gershlick DC, Fernandez JJ, 
Millán J, Correas I, Miguez DG, 
Alonso MA� Novel role for the 
midbody in primary ciliogenesis 
by polarized epithelial cells� J Cell 
Biol 2016; 214: 259-273
Fernandez JJ, Laugks U, Schaffer 
M, Bauerlein FJB, Khoshouei 
M, Baumeister W, Lucic V� 
Removing contamination-induced 
reconstruction artefacts from 
cryoelectron tomograms� Biophys 
J 2016; 110: 850-859
Fernandez-Fernandez MR, 
Ruiz-Garcia D, Martin-Solana 
E, Chichon FJ, Carrascosa JL, 
Fernandez JJ� 3D Electron 
Tomography of brain tissue 
unveils distinct Golgi structures 
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2017; 130: 83-89

Electron tomography and image 
processing of cell structures
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2

Microtubule nucleation machinery determined by electron cryomicroscopy.  Electron cryotomography of isolated spindle pole bodies from yeast and 
subsequent subtomogram averaging revealed the in situ structure at 4 nm resolution, showing a ring of seven γTuSC subunits matching microtubule
 geometry. Electron cryomicroscopy and iterative helical real-space reconstruction allowed determination of the in vitro γTuSC structure at 
high resolution (7 Å) and modelling in pseudo-atomic detail. 

1

2

1

Three-dimensional visualization of 
neuronal subcellular architecture 
with electron tomography and image 
processing. Distinct Golgi structures 
that sequester cytoplasmic contents 
for their potential degradation were 
unveiled by electron tomography of brain 
tissue. These structures are composed 
of several concentric double-membrane 
layers that appear to be formed 
simultaneously by the direct bending 
and sealing of discrete Golgi stacks.
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The main research line of our group is the study of the influenza A ribonucleoproteins (RNPs) 
that conform the virus nucleocapsid�  RNPs are macromolecular complexes, composed of 
the genomic RNA bound to multiple monomers of a nucleoprotein, and a single copy of 
the polymerase�  In recent years, our laboratory has determined the structure of isolated 
RNPs at medium resolution, and by cryoelectron tomography we have verified that this 
structure is present in native virions� We are currently pursuing two major lines of research 
in this field that will extend into coming years� The first is improving the resolution of the 
RNP structure�  For this purpose, we will use the state-of-the-art cryoelectron microscope, 
equipped with a direct electron detector, which was recently installed at the CNB�  We have 
already discovered enormous conformational variability in RNP structure, made possible 
by the design of a new protocol able to classify and reconstruct helical structures�  We 
hypothesized that this extreme conformational variability is closely related to the biological 
roles of the RNP�  With this idea in mind, we opened the second major line of our research, 
elucidation of the transcription and replication mechanisms�  We plan to complement 
structural data with biochemical assays that will allow us to establish the mechanism of 
action that underlies the biological function of RNPs�

1

1

A) Structure of the influenza virus ribonucleoprotein (RNP), the RNA polymerase is shown in grey. 
B) Detail of the helical part showing the nucleoprotein and the modelled RNA position (red thread). 
C)  Tomogram of an influenza A virion showing the arrangement of the RNPs inside the virus.
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2015; 128: 1824-34
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receptor J Biol Chem 2015; 290: 
10038-44
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RepA in DNA replication initiation� 
Structure 2015; 23: 183-9
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DNA Helicase Kinetics with 
Temperature-Controlled Magnetic 
Tweezers� Small 2015; 11: 1273-
1284
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B, Wilkinson M, Wigley DB, 
Moreno-Herrero F, Dillingham 
MS� Chi hotspots trigger a 
conformational change in 
the helicase-like domain of 
AddAB to activate homologous 
recombination� Nucleic Acids Res 
2016; 44: 2727-2741
Ares P, Fuentes-Perez ME, 
Herrero-Galán E, Valpuesta JM, 
Gil A, Gomez-Herrero J, Moreno-
Herrero F� High resolution atomic 
force microscopy of double-
stranded RNA� Nanoscale 2016; 
8: 11818-11826
Pastrana CL, Carrasco C, Akhtar 
P, Leuba SH, Khan SA, Moreno-
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2016; 44: 8885-8896

Molecular biophysics of DNA repair 
nanomachines
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We develop and employ single-molecule techniques to study the inner workings of protein 
machines involved in DNA repair processes and maintenance of chromosome structures� 
We are also interested in studying the mechanical properties of nucleic acids and their 
interaction with proteins, using novel single-molecule approaches based on atomic force 
microscopy (AFM) and magnetic tweezers�

In the last two years, we developed temperature-controlled magnetic tweezers to study 
the kinetics of double-stranded DNA processing by the protein complex AddAB, a helicase 
nuclease involved in dsDNA break repair� This method allowed us to determine the kinetic 
barrier of the enzymatic reaction� During this research, we also deepened our knowledge 
of the mechanism of Chi regulatory sequence recognition by AddAB, using a combination 
of biophysical and biochemical techniques� AddAB has a molecular latch that enables part 
of the DNA substrate to evade degradation beyond Chi� Our data suggest a model in which 
allosteric communication between Chi binding and the latch ensures quality control during 
recombination hotspot recognition�

We also investigated the ParB protein interaction with centromere-like DNA sequences, 
called parS, located near the origin of replication� We determined that ParB binds parS 
as a homodimer and displays positive co-operativity associated with formation of larger, 
poorly defined nucleoprotein complexes� Our data demonstrated that non-specific ParB 
binding leads to DNA condensation that is reversible by protein unbinding or force� These 

findings have consequences for chromosome 
condensation and segregation�  Other ongoing 
projects using biophysical methods include study 
of the initiation of replication by the rolling circle 
mechanism and use of fluorescence microscopy 
and force spectroscopy in a combined magnetic-
tweezers TIRF setup developed in-house� In 
addition, we use molecular dynamics methods to 
understand the effect of force in the mechanical 
properties of DNA and RNA� Finally, we have 
pushed the resolution limits of our AFM to resolve 
the A-form subhelical pitch periodicity of double-
stranded RNA in near-physiological conditions�

2

High resolution atomic force microscopy of double-stranded RNA. Imaging of the pitch 
periodicity of double-stranded RNA under liquid using high-resolution atomic force 
microscopy (AFM). High-resolution images were reproduced with different high sensitivity 
AFM imaging modes. The experiments highlighted the two critical aspects to obtain 
such resolution, firstly, the interacting force, which can be minimized with appropriate 
tuning of each imaging mode parameter, and secondly, the sharpness of the tip.
 

1

Temperature-controlled magnetic tweezers. The kinetics of double-stranded DNA 
processing is captured at single-molecule resolution with a thermally stabilized 
magnetic tweezers microscope. An individual protein complex termed AddAB links 
one end of a DNA molecule to a superparamagnetic bead that is subjected to an 
upwards-directed external force. The other DNA end is specifically attached to a glass 
slide. The thermal conditions inside the flow cell are controlled at a precision of 0.1°C 
by modulating the temperatures of glass slide holder and objective simultaneously.
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Conformational-functional behaviour of 
proteins
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fast is better: protein folding 
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Limited cooperativity in protein 
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2016; 36: 58-66
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Our group focuses on the biophysical study of protein folding mechanisms, with special 
emphasis on the ultrafast folding regime, including our pioneering work on the downhill and 
one-state scenarios� We use a divide-and-conquer strategy, in which we extract mechanism-
structure relationships by investigating a catalogue of fold archetypes (a collection of small, 
ultrafast folding domains representing all elementary folds observed in nature)� We study the 
folding behaviour of such archetypes at the structural dynamic, thermodynamic, kinetic and 
single-molecule stochastic levels using (or developing) a panoply of top-notch experimental 
techniques including ultrafast kinetics, single-molecule fluorescence and single-molecule 
force spectroscopy, multidimensional nuclear magnetic resonance (NMR) and NMR 
relaxation, and differential scanning calorimetry (DSC), in conjunction with theoretical 
modelling and computer simulations� Our current catalogue comprises 16 characterized folds 
that provide unparalleled insights into folding mechanisms� In addition, we have continued 
developing improved methods for folding analysis, such as microsecond-resolution single-
molecule fluorescence, analysis of protein folding at atomic resolution, and the reversible 
mechanical (un)folding of fast-folding proteins�

A second research focus targets the roles of folding mechanisms in protein function with 
an emphasis on conformational rheostats, a novel allosteric mechanism that exploits the 
conformational heterogeneity of downhill folding modules to produce analogue signals at 
the single-molecule level (in contrast to the binary response of allosteric switches)� Here 
we are pursuing four main avenues: 1) development of protein-based biosensors based on 
downhill folding modules, 2) investigating the role of conformational rheostats in coordinating 
protein-protein interaction networks and 3) in the homing mechanism transcription factors 
use to search efficiently for and bind to their target DNA sequence, and 4) engineering of 
controllable symmetric macromolecular complexes from monomeric globular proteins using 
the principle of partial unfolding coupled to assembly�

2

Agg-Model: General scheme 
for the assembly process 
created in CI2 after a mutational 
procedure developed to produce 
oligomerization. In this process 
the native state suffers two 
partial openings to generate 
intermediate 1 and intermediate 
2, which can oligomerize to form 
hexameric and dodecameric 
toroidal rings. These assemblies 
can be isolated and they are 
very stable in solution. 

1 2

1

EnHDalongDNA: Engrailed homeodomain, a Drosophila transcription factor, specifically binding to its DNA 
target sites to carry out its biological function. The multiple binding modes in the DNA searching process were 
addressed by coarse-grained molecular simulations. The dynamic picture facilitates DNA co-localization as 
well as specific DNA binding (function-on) and release (function-off ) during EnHD-DNA recognition.
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2016; 16: 1006-14
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Functional proteomics
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Functional proteomics draws a complete map of protein dynamics, interactions and post-
translational modifications that take place in the cell�  Our group monitors proteins involved 
in molecular interactions and pathways relevant to pathologies in a variety of tissues, cell 
types and organisms following various experimental treatments/conditions�  We are also 
incorporating the latest technologies to specific functional proteomic projects:

1) Human Proteome Project:  This HUPO-sponsored project intends a systematic mapping of 
the human proteome by constructing a protein catalogue on a chromosome-to-chromosome 
basis�  We coordinate a national initiative consisting of 15 proteomic laboratories that study 
the protein expression profile of chromosome 16 in a broad panel of human cell lines and 
samples, using shotgun as well as targeted (MRM) experimental approaches�
2) Interactomics: The project “Interactomics of the Centrosome”, funded by the Madrid 
Regional Government, aims to characterize interactions between centrosomal proteins and 
to identify macromolecular complex components through cell map proteomics approaches 
based on affinity tags, stable isotopic labelling, mass spectrometry and peptide arrays�
3) Immunopeptidomics: We are characterizing the immunopeptidome bound to major 
histocompatibility complex (MHC) class I molecules, emphasizing disease-associated 
differences and designing methods for the analysis of post-translational modifications 
(phosphorylation) in the MHC class I-bound peptide set�
4) Development of advanced qualitative and quantitative proteomic strategies to study a 
model of human glioblastoma�
5) Computational proteomics: Application of probability-based methods for large-scale 
peptide and protein identification and quantitation from tandem mass spectrometry data�
6) Quality control and experimental standardization: Reproducibility and robustness 
of proteomics workflows are key issues being addressed by our laboratory through 
participation in multicentre studies within the ProteoRed-ISCIII project led by our group�
 

1

1

HLA-B*40 (grey) in complex with 
a phosphorylated ligand (green). 
The phosphopeptides displayed by 
HLA-B molecules are preferentially 
phosphorylated at peptide position 4. 
This is explained by the conservation 
of residue Arg62 in the heavy chain, 
which interacts with the phosphate 
group of the peptide ligand.
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RNA viruses, which are devastating pathogens for humans, animals and plants, replicate 
their genomes on intracellular membranes of their hosts� These viruses recruit numerous 
cell factors to build their membranous replication platforms, also known as viral factories� 
Due to the complex interactions detected in these structures, factories could be considered 
as the actual living state of viruses�

In our laboratory, we study how viruses manipulate cell organization to build their replication 
factories� In 2015 and 2016, our team characterized the factories assembled by several 
pathogenic RNA viruses�  We discovered that human Reovirus triggers a complex process of 
endomembrane remodelling to build the replication platform, and that the human influenza 
virus assembles a new organelle to transport the viral ribonucleoproteins from the nuclear 
envelope to the plasma membrane� Other studies identified several cell factors that are 
critical for Tombusvirus replication�

During the last two years, we also undertook three new projects with the following aims: 
1) to identify the lipid transfer proteins subverted by Reoviruses and Bunyaviruses to build 
their factories� Viruses were recently found to subvert cellular proteins involved in lipid 
synthesis and transport to build replication organelles, but details of mechanisms involved 

in these processes remain unknown� 
2) To understand how resistance to 
antivirals is generated in cells� The 
results of these studies might identify 
potential targets for developing new 
therapeutic antiviral drugs and for drug 
repurposing� 3) To apply new protocols 
of correlative light and electron 
microscopy (CLEM) to determine 
how PALM/STORM super-resolution 
microscopy works in whole cells and 
use this new approach to study virus-
cell interactions�

Finally, we developed a new website 
(www�cellstructurelab�es), submitted 
a project to the FECYT crowdfunding 
platform “Precipita” (www�precipita�es/
proyecto/estudio-de-farmacos-contra-
virus-con-nuevas-tecnicas-de-imagen�
html), and presented our research on 
national radio stations and in news 
media� 

2

Electron tomogram of Tombusvirus 
replicase molecules in yeast cells

1

Confocal microscopy of Reovirus factories in human cells
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Structural and physical determinants of 
adenovirus assembly
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We are interested in the principles that govern complex virus assembly�  Our model 
system is adenovirus, a specimen of interest in both basic virology and nanobiomedicine�  
Adenoviruses are human pathogens and potential tools for vaccination and oncolysis�  With 
a 95 nm capsid, composed of more than 10 different proteins, adenovirus is among the most 
complex non-enveloped icosahedral viruses�  Of the approximately 200 adenovirus types 
found so far in nature, only a few have been characterized, and there are still considerable 
open questions regarding the architecture and assembly of the infectious particle�

Our research lines focus on answering some of these questions, such as how the adenovirus 
genome is packaged and condensed to fit the tiny space within the capsid, what are the 
key elements that modulate virion stability, and what are the physicochemical properties 
of uncharacterized adenoviruses, with potential uses as alternative vectors�  We use a 
multidisciplinary approach to address these issues, combining biophysics, structural and 
molecular biology techniques�  We have described the structural and physical changes 
experienced by adenovirus during maturation, how they modulate its stability and hence, 
its infectivity�  Using atomic force microscopy, we have shown that maturation pressurizes 
adenovirus to prepare it for uncoating after entering the host cell (Figure 1)�  We determined 
the location of a genome-capsid linking protein in the empty particle, and how this link is 
removed during maturation to allow genome release in the host cell (Figure 2)�  Using cryo-
electron tomography, we reported the first 3D images of the adenovirus mini-chromosome 
in its physiological environment, that is, within the virion�

We collaborate to develop efficient 
adenovirus vectors for therapeutic 
purposes, and coordinate the 
Network of Excellence AdenoNet, 
bringing together Spanish 
groups dedicated to the study of 
adenoviruses, from their detection 
in nature to their clinical impact and 
uses in virotherapy�

2

Packaging protein L1 52/55 kDa links the Adenovirus genome and capsid 
during assembly. Difference maps (blue surfaces) between cryo-EM 
structures of the mature adenovirus particle and two types of genome-
lacking particles show that full-length L1 52/55k interacts preferentially 
with the inner vertex components (left). After partial processing by the 
maturation protease, this interaction is lost (right), removing the capsid-
core link to facilitate genome release in the last virus uncoating steps.

1

Adenovirus encodes histone-like proteins that associate with its genome,
resulting in a confined DNA–protein condensate (core). Cleavage of these 
proteins during maturation decreases core condensation and increases the 
pressure inside the icosahedral capsid. This pressurization destabilizes the 
vertex proteins, facilitating the first steps of adenovirus uncoating in the cell.
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Most cell processes are executed by sets of proteins that work like molecular machines 
in a coordinated manner, thus acting as an assembly line and making the process more 
efficient�  One such assembly line is that formed by molecular chaperones, a group of 
proteins involved in cell homeostasis through two opposite functions, protein folding and 
degradation�  In recent years, it was found that chaperones are not only devoted to assisting 
the folding of other proteins but also, in certain conditions, that they can be active players 
in protein degradation�  The two processes are carried out through the transient formation 
of complexes between different chaperones and co-chaperones�  Our goal is the structural 
characterization of some of these complexes, with the aim of understanding the structural 
mechanisms by which they function� To this end, we are using electron microscopy and 
image processing techniques as our main tools, and combining the information obtained 
with these techniques with the available atomic structures of some of these chaperones 
and co-chaperones�

1

1

Three views of a complex between the chaperones TBCE (green, orange 
and blue domains) and TBCB (pink and navy blue domains), and the 
substrate α-tubulin (yellow). The two chaperones are involved in the 
folding and degradation pathways of α-tubulin (from Serna et al., 2015).

2

Three orthogonal views of the two main conformations obtained 
for the complex between the chaperone DnaK (Hsp70) and 
its cochaperone, the nucleotide exchange factor GrpE

2
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Recognition of the correct host cell to infect is of crucial importance to a virus� Many 
viruses bind to their host cell receptors via specialized spike proteins or fibre proteins, 
like adenoviruses and bacterial viruses such as T4, T5 and T7�  The fibres all have the 
same basic architecture: they are trimeric and contain an N-terminal virus or bacteriophage 
attachment domain, a long, thin but stable shaft domain, and a more globular C-terminal 
cell attachment domain� These trimeric fibrous proteins are very stable to denaturation by 
temperature or detergents�

In 2015 and 2016, we determined the structures of a domain of the fibre of the Salmonella 
phage epsilon15, of the fibres of Staphylococcal phages S24-1 and K, of several animal 
adenovirus fibre head domains (raptor adenovirus and lizard adenovirus 2), and of the 
atadenovirus LH3 capsid protein, which showed a surprising similarity to beta-helical 
bacteriophage tailspikes�  We also solved co-crystal structures of a bacteriophage fibre 
protein and several adenovirus fibre proteins with glycans, revealing the atomic basis 
of their interaction with their putative receptors�  In addition, we collaborated with other 
research groups in crystallization and structure solution of the proteins and peptides they 
produce, such as that of the Fasciola hepatica calcium-binding protein FhCaBP2�

Knowledge of the structures of viral and bacteriophage fibre proteins could give rise to 
various biotechnological applications�  As adenovirus is used in experimental gene therapy, 
modification of its fibre should allow targeting to specific cell receptors�  Modification of 
bacteriophage fibre receptor-binding specificities might lead to improved detection and 
elimination of specific bacteria�

2

Structure of the receptor-binding domain of the T5 L-shaped 
tail fibre without its intramolecular chaperone (left) and 
with its intramolecular chaperone (centre and right).

1

2

1

Structure of the turkey adenovirus 3 fibre head 
(monomers in green, cyan and magenta) bound 
to sialyllactose (yellow, red and blue).

Structural biology of virus fibres
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MOLECULAR AND CELLULAR BIOLOGY
The Department of Molecular and Cellular Biology hosts 14 independent research groups working 
in two broad, closely interwoven research areas, with the goal of identifying specific therapeutic 
targets for use in disease prevention and control� The first area focuses on dissecting viral replication 
mechanisms and on structural studies of key viral proteins, as well as virus-host interactions for 
important human and veterinary pathogens� The identification of virus and cell elements with key roles 
in virus replication is essential for the rational design and implementation of new strategies for disease 
control� Understanding the mechanisms that allow a virus to evade or counteract innate and adaptive 
host immune responses will allow generation of innovative vaccination strategies and virus-based 
vaccine vectors� The second area centres on the networks that control mammalian gene expression 
and on characterizing specific genes with critical roles in normal and pathological processes� The aim 
of this research programme is to identify and exploit molecular targets for diagnostics and therapy� 
In addition to generating leading edge research, studies in our department help to provide essential 
scientific background for the development of new biotechnological tools�

During this period our department has undergone some changes� Last year saw the retirement of 
prominent virologist Juan Ortín; a few months later, the young virologist Urtzi Garaigorta joined our 
department�

HEAD OF DEPARTMENT
Marta Nieto

OUR RESEARCH GROUPS
1. Molecular basis of cytoskeleton reorganization in neuritogenesis, cell motility,    
 tumour generation and invasiveness

Inés M. Antón
2. Coronavirus: replication, virus-host interactions, and protection 

Luis Enjuanes and Isabel Sola
3. Poxvirus and vaccines 

Mariano Esteban
4. Hepatitis C virus infection

Pablo Gastaminza
5. Biological noise and its physiopathological implications

Francisco J. Iborra and Fernando Almazán
6. Generating animal models by genetic manipulation

Lluís Montoliu
7. Functional analysis of the transcriptional repressor DREAM

José Ramón Naranjo
8. Cerebral cortical development

Marta Nieto
9. Mechanisms of interaction between the influenza virus and the infected cell

Amelia Nieto
10. Influenza virus transcription and replication

Juan Ortín
11. Molecular characterization and epidemiology of torovirus

Dolores Rodríguez
12. Molecular biology of birnaviruses

José F. Rodríguez
13. Embryonic development and differentiation in vertebrates

Juan José Sanz-Ezquerro
14. Cellular immunobiology and microbiology
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Non-lytic IBDV release. Image courtesy of José F. Rodríguez
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Alterations in the PI3K-Akt-GSK3/mTORC pathways are the basis of aging-related pathologies, 
such as neurodegenerative disorders (Alzheimer's disease) and cancer� Our research 
interests centre on the role of actin-binding elements in the regulation of Akt-mediated 
signalling routes that control motility, invasiveness and survival, and how they contribute to 
neuron differentiation/degeneration or tumourigenesis� Our model actin-binding proteins 
are (N)WASP (neural Wiskott-Aldrich syndrome protein), WIP (WASP-interacting protein) and 
WIRE (WIP-related)�

Using animal models, recombinant lentivirus, and advanced imaging techniques (two- and 
three-dimensional cultures) in combination with biochemical and proteomic approaches, 
we have described a role for WIP in neuron differentiation through the regulation of survival 
pathways (PI3K-Akt and mTORC1); in addition, we showed how Akt/FoxO/bim contribute 
to tumourigenesis� Most tumours are initiated and maintained from a subpopulation of 
migratory and invasive mesenchymal cancer stem cells (CSC), responsible for acquisition 
of aggressive tumour phenotypes resistant to many therapeutic treatments and responsible 
for tumour recurrence�  These mesenchymal CSC are thus attractive targets for novel 
therapeutic approaches�

Our work shows that WIP is expressed preferentially in invasive tumour samples 
(glioblastoma and breast cancer)�  It affects tumour phenotype at two levels: 1) initiation, as 
it participates in the establishment and maintenance of CSC by preventing their apoptotic 
caspase-dependent cell death and 2) progression, as it promotes CSC capacity to degrade 
the extracellular matrix, and thus contributes to invasiveness and metastasis� WIP expression 
leads to sequestration of the destruction complex in multivesicular bodies and thus stabilizes 
the transcriptional co-activators YAP/TAZ�  WIP is also an essential part of a p53-mediated 
oncogenic cascade that maintains tumour growth capacity and the stem cell phenotype� 
Our findings demonstrate an oncogenic role for WIP through an Akt-related developmental/
oncogenic axis, and could help to find new biomarkers and therapeutic targets to fight 
neurodegenerative disorders and metastasis�
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cell motility, tumour generation and 
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WIP expression is increased in highly proliferative glioblastomas. Confocal images of WIP 
(pink) and Ki67 (green) expression and DAPI (yellow) nuclear staining in tumour spheres 
from high WIP-expressing (top) and low WIP-expressing (bottom) human glioblastomas.

1

2

1

WIP drives tumourigenesis by regulating the endocytic 
system to promote YAP/TAZ and beta-catenin stability.
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Human infections of the lower respiratory tract are a growing health problem� The annual 
number of hospital admissions due to pneumonia and acute respiratory distress syndrome 
was estimated during 2010 at 11�9 million worldwide� The problem is even greater in the 
elderly population, which responds to vaccination significantly less effectively�

Viruses are responsible for most respiratory infections; among them, human coronaviruses 
(CoV) are the cause of up to 15% of all respiratory problems� Six human CoVs have been 
described, HCoV-229E, HCoV-OC43, HCoV-NL63, HCoV-HKU1, SARS-CoV, and MERS-CoV, 
the last two of which cause deadly infections� Our laboratory focuses on the design of 
vaccines and selection of antivirals to protect against human respiratory CoV infections by 
modulating the innate immune response in young and elderly populations�

The main aims of our research are to:

• Identify CoV genes responsible for virus virulence, in order to delete or modify them using 
reverse genetics, to develop attenuated viruses that are promising vaccine candidates, and 
to determine their effectiveness in animal model systems�
• Identify cell-signalling pathways involved in CoV replication and pathology, and to select 
antiviral drugs that inhibit these pathways and interfere with virus replication�  In particular, 
we study cell phosphorylation networks that affect viral proteins and contribute to virus 
virulence�

• Determine how CoVs influence the magnitude 
and class of the innate immune response to induce 
pathogenesis� Special attention is paid to induction 
of inflammation and to inflammasome activation, 
since overstimulation of these pathways appears 
to be responsible for an increase in fatalities 
during SARS-CoV and MERS-CoV epidemics�
• Study the RNA epigenetic regulation of the innate 
immune response in CoV infection by determining 
the contribution of non-coding host miRNAs and 
virus-derived small RNAs to the inflammatory lung 
pathology, to identify small non-coding RNAs as 
antiviral targets�
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Contribution of host and viral small non-coding RNAs to SARS-CoV lung pathology. 
Host microRNAs (miRNAs) expressed during infection by a virulent virus encoding
the E protein were significantly enriched for cytokine-mediated inflammatory
pathways compared with attenuated SARS-CoV-ΔE, suggesting that E protein-induced 
inflammatory response is in part coordinated by miRNAs. The discovery of small
viral RNAs (svRNAs) derived from the SARS-CoV genome reveals a novel aspect in 
coronavirus-host interaction. During infection, a svRNA derived from virus N gene 
(svRNA-N) contributes to the enhancement of SARS-CoV-induced lung inflammatory 
pathology. Antisense svRNA-N inhibitors (ANTAGOmiR) significantly reduced 
pulmonary inflammation in vivo infection.

1

In infections by SARS-CoV, its envelope (E) protein is expressed. Virus virulence is 
conditioned by this protein through interaction with syntenin, a cell protein that 
promotes p38 MAPK phosphorylation and NF-kappaB activation; in mice,
this leads to lung inflammation, oedema and death, which resembles the case of 
SARS-CoV-infected human patients.
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The main objectives of our laboratory are to understand the molecular basis of the 
pathogenesis of infectious agents and their interaction with the host, and to use this 
knowledge to develop effective vaccines for human diseases such as HIV/AIDS, hepatitis 
C, chikungunya, ebola, malaria, leishmaniasis, and cancer� As a model system of infectious 
agent and as a delivery vector for expression of genes of interest, we used vaccinia virus 
(VACV), a member of the poxvirus family�

Our aim is to translate basic science into preclinical and clinical assays, optimizing the 
immunogenicity of the poxvirus vectors MVA and NYVAC, identifying immune mechanisms 
and correlates of protection, leading to vaccine candidates for prevalent human diseases�

We maintain a fruitful collaboration with HIV vaccine experts in the USA and Europe 
through CAVD projects financed by Bill and Melinda Gates Foundation and the EU H2020 
programmes, as well as with other EU colleagues developing ebola and chikungunya 
vaccines�

Main achievements in 2015-2016:
1� We performed the first therapeutic phase I clinical trial in Spain with the HIV/AIDS vaccine 

candidate MVA-B developed by our group�  The vaccine activates CD4+ T cell responses 
and induced a trend to reduce viral load after antiretroviral interruption�

2� We developed a vaccine candidate (MVA-CHIKV) that fully protects mice and monkeys 
against chikungunya virus (CHIKV), an RNA virus that causes severe articular pain and is 
spreading worldwide through the bite of the tiger mosquito Aedes albopictus�

3� We developed a more potent HIV vaccine candidate vector than that used in the 
prophylactic phase III clinical trial (RV144) in Thailand�

4� We optimized the ability of the NYVAC vector to induce relevant HIV-specific immune 
responses by deleting type I and II interferon immmunomodulatory viral genes�

5� We identified a mechanism of HIV immune activation through modulation of the functional 
switch of neutrophils�
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The chikungunya recombinant vaccine candidate MVA-CHIKV expressing  
E2 virus protein (green) during virus infection. Red, endoplasmic reticulum; blue, nuclei

2

The HIV-1 recombinant vaccine candidate NYVAC-GPN producing VLP 
during infection

1
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Our laboratory studies pathogenic human viral infections, and centres on understanding 
the molecular basis of viral pathogenesis and identifying new molecular targets for antiviral 
therapy� Our final aim is to propose new therapeutic approaches for antiviral treatment and 
for reversion of virus-induced pathogenesis� We consider that determining the cellular and 
molecular mechanisms by which the virus replicates will provide new opportunities in the 
fight against clinically relevant human pathogens�

To achieve these general aims, we use cell culture models of infection, in which 
pharmacological and genetic manipulation of the system enables study of the fundamental 
aspects of virus-host interactions� We currently concentrate on the basic aspects of hepatitis 
C virus infection (HCV)� HCV establishes chronic infections in humans, which are for the 
most part subclinical, but can lead to development of life-threatening pathologies such as 
cirrhosis and hepatocellular carcinoma (HCC)� HCV is the leading cause of the need for 
liver transplantation worldwide� HCV interference with cell homeostasis, in particular with 
lipid metabolism, is emerging as a key determinant of disease progression� HCV infection 
also causes profound stress to the infected cells, which are exploited by the virus to co-
opt stress responses and build up the viral machinery and to promote infected cell survival� 
HCV infection thus constitutes a good model of subversion of cell metabolism by viruses 
that promote survival of rogue cells as a strategy for persistence� Cell culture models of 
persistent HCV infection also provide an excellent opportunity to study various aspects of 
chronic ER and oxidative stress responses, mechanisms that are deregulated in apparently 
distant human pathologies such as neurodegenerative diseases or cancer�  We thus think 
that the HCV capacity to enable cell survival while inflicting severe damage on the cell can be 
used as a biological probe to unravel molecular mechanisms shared with other pathologies�
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1

Modifications of HCV-infected cytoplasm at early HCV infection stages. Human hepatoma (Huh-7) cells were infected with trans-complemented HCV 
virions at low multiplicity of infection. Infected cells were identified using a reporter system at very early stages of the virus replication cycle (~16 hours 
post-infection). Native cells were analysed by soft X-ray tomography to obtain 3D information on whole cell architecture. The figure shows two merged 
tomograms of adjacent areas of interest in a cell at early stages of infection, where normal and adjacent virus-transformed regions are observed. 
Volume slice (A) and manually segmented surface representation of selected areas (B) are shown. AbMito1 and AbMito2: anormal mitochondria. Scale bar, 
2 µm (from Pérez-Berná et al., 2016).
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Cells in a clonal population can vary considerably in size, morphology, molecular components 
and activity� This non-genic heterogeneity (phenotypic variability) is due mainly to differential 
gene expression and plays an essential role in many important biological processes such 
as development, cell differentiation, apoptosis, cancer and viral infection� Our group is 
interested in the study of the origin and consequences of this phenotypic variability�

With regard to the origin of phenotypic variability, we found that mitochondrial content is a 
global factor that modulates mRNA and protein abundance as well as alternative splicing� 
With respect to its consequences, we are interested in studying the effects of mitochondrial 
heterogeneity in important biological processes such as apoptosis, cell differentiation, 
cancer and viral infection� We provided evidence of a dependency of the completion of 
the apoptotic program on mitochondrial content� This finding could have great impact on 
the understanding of tumour relapse and partial response to chemotherapy� Due to the 
importance of mitochondria in energy generation, metabolism and innate immune signalling, 
another major research interest of our group is to study the effect of mitochondria variability 
on virus infections, and how viruses affect mitochondrial metabolism and dynamics, using 
influenza and Zika viruses as models�  These studies will improve our understanding of virus-
mitochondria interactions and facilitate identification of new targets for antiviral therapy�

In addition to these basic studies, another aspect of our research interests is the potential 
translational value of our findings� To this end, we have undertaken a collaboration with 
several pathologists to study the diagnostic and prognostic value of our discoveries on the 
role of mitochondria on phenotypic variability�

To achieve these objectives, 
we have assembled a 
multidisciplinary research team 
with experts in the fields of 
molecular and cellular biology, 
computational and systems 
biology and virology�
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Our laboratory is interested in understanding the underlying pathological mechanisms that 
result in a group of human rare diseases globally known as albinism, a heterogeneous 
genetic condition associated with mutations in at least 20 genes, visual impairment, and 
often with pigmentation alterations� These research projects on human rare diseases are 
carried out within our participation in the CIBERER-ISCIII�

We have generated and analysed new animal models to study visual abnormalities that 
affect retina development associated with albinism and other retinopathies, such as 
achromatopsia� Using mouse models, we have explored the use of small molecules 
as potential therapeutic candidates for albinism� In collaboration with Angel Carracedo 
(University of Santiago de Compostela) and Carmen Ayuso (University Hospital Jiménez 
Díaz Foundation), within the CIBERER-ISCIII, we devised a proposal for the universal genetic 
diagnosis of all known mutations in albinism, which we are applying in cooperation with 
ALBA, the Spanish association in support of people with albinism� We also launched the 
Albino Day initiative for the first time in Spain, a date in hospital when patients with albinism 
are explored by experts specialized in this rare genetic condition�

We are also interested in understanding the function of regulatory elements necessary 
to identify gene expression domains in mammalian genomes and that contribute to 
specify their expression pattern in space and time� The mouse tyrosinase locus, used as 
experimental model, has helped us identify genome boundaries or insulators that protect it 
from surrounding genes� In transgenic animals –zebrafish and mice— we use different types 
of gene constructs to study the relevance of specific sequences� The functional analysis of 
regulatory elements within the intergenic sequences can be now addressed more efficiently, 
thanks to the new CRISPR-Cas9 gene modification system, whose application in mice we 
pioneered in Spain and implemented successfully in our laboratory�
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The natural bacterial CRISPR-Cas system for defence against viruses (a) and derived genome 
editing tools in mammalian cells (b, c) (from Mojica FJM and Montoliu L , 2016).
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Immunohistochemistry for ATF6alpha in striatal neurons from wild type (wt) and R6/2 mice. R6/2 is a mouse model 
for Huntington's disease in which deficient ATF6 processing leads to the appearance of dense intracellular aggregates 
(arrows). Chronic treatment with repaglinide reduces disease symptoms and the number of ATF6 aggregates. Repaglinide 
activates ATF6 processing by blocking the interaction between DREAM and ATF6 (from Naranjo , 2016).

Our major research focus is on the multifunctional protein DREAM and its role in the control 
of calcium homeostasis in health and disease�

DREAM (downstream regulatory element antagonist modulator), also known as calsenilin 
or KChIP3, is a Ca2+-binding protein of the neuronal calcium sensor (NCS) superfamily 
that interacts with specific sites in DNA to repress transcription of target genes in a Ca2+-
dependent manner� In addition, DREAM interacts with specific proteins to exert various 
specialized functions in different subcellular compartments� By controlling activity-
dependent gene expression and specific protein-protein interactions, DREAM participates 
in many physiological processes in- and outside the central nervous system� Work from our 
group and others has shown important regulatory roles for DREAM in learning and memory 
in the hippocampus, in pain control in the spinal cord, as well as in the immune response, 
in inflammation, in the thyroid gland and in the placenta� Recent studies also show DREAM 
involvement in several neurodegenerative disorders including Huntington disease and 
Alzheimer disease�

DREAM was originally associated with Alzheimer disease because of its interaction with 
presenilins� Altered neuronal calcium homeostasis and early compensatory changes in 
transcriptional programmes are nonetheless common features of many neurodegenerative 
disorders, which offers the opportunity to explore a role for DREAM in these pathologies�

In physiological conditions, binding of calcium or arachidonic acid regulate the interaction 
with DNA or with potassium channels, respectively� Newly identified molecules including 
glinides modify DREAM conformation and activity following binding�  Our interest is 
to contribute to the definition of more specific DREAM-binding molecules, to reveal the 
molecular mechanisms that underlie their effect after binding to DREAM, and to assess 
their potential therapeutic actions on appropriate cellular and/or mouse models of target 
pathologies�
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Our investigations aim at defining the cellular and molecular mechanisms that govern the 
development of neuronal networks in the cerebral cortex� The cerebral cortex is the most 
evolved region of the mammalian brain and one of the most complex biological structures 
known�  It is responsible for most aspects of cognition and behaviour� We aim to understand 
its normal function as well as the mechanisms that fail in disease� A large number of 
functionally and morphologically different neuron types specify brain cortical areas and 
coordinately control cerebral functions� We focus on studying how transcription factors (TFs) 
direct the generation, specification and wiring of these neurons�  We aim (1) to understand 
the intrinsic mechanisms that regulate the progressive specification and proliferation of 
progenitor cells into an ordered pattern that produces exact numbers of each neuronal type� 
Once generated, these neurons select their connections precisely and in tight coordination 
with activity� Shaping the brain in coordination with experience optimizes the functional 
circuit to respond to the external world� This also occurs in a manner that creates common 
behaviour between individuals� We are therefore interested in (2) determining how intrinsic 
TFs translate neuronal identity into aspects of connectivity; (3) studying TF regulation of 
developmental neuroplasticity in conjunction with activity, and understanding how the inter-
related brain circuits (visual, sensory, auditory, etc�) assemble in such a coordinated manner 
that creates a perfectly functional human brain�  Defects in neuron proliferation, specification 
and connectivity are the cause of different cognitive defects including human retardation, 
bipolar disorders or schizophrenia� Related mechanisms are involved in neurodegeneration� 

We thus exploit our basic studies to 
analyse specific aspects of cortical 
alterations linked to developmental 
defects (4)�  Moreover, we are interested 
in exploring the limits of plasticity, the 
capacity for reprogramming and possible 
boosting strategies to repair the brain (5)�
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Red and blue fluorescent labelling of connections of the cerebral 
cortex using axonal tracers.

1

Red and green fluorescence labelling of connections of cortical
pyramidal neurons in left and right cerebral hemispheres by in utero
electroporation in mice. Image of a coronal section of postnatal
(P) day 16 brain.
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During the past two years we studied the interactions between the influenza virus polymerase 
and the infected cell, as well as the epigenetic changes induced by the infection� We have 
made major achievements in two main areas:

1. Cellular proteins that interact with influenza virus polymerase proteins

We characterized the interaction of hCLE, a positive modulator of the RNAP II, with viral 
polymerase complex, its function as a positive modulator of influenza virus replication, and 
its incorporation in viral particles� With regard to hCLE endogenous function, we previously 
characterized its activity as a positive modulator of RNAP II, and found that hCLE forms a 
shuttling complex with DDX1-HSPC117-FAM98B proteins involved in local translation�

Viral polymerase also interacts with the chromatin remodeller CHD1� Once viral transcription 
no longer requires cellular transcription, CHD1 is degraded in parallel with the cellular RNAP 
II in a process triggered by the viral polymerase�

We previously reported the interaction between viral NS1 protein and viral polymerase with 
components of the cellular translation machinery�  Now we used DNA aptamers that impair 
this association; their use decreases viral replication and they might be useful as potential 
antiviral compounds�

2. Effect of influenza virus infection on chromatin remodellers and epigenetic changes 
induced in the infected cell

We studied the epigenetic changes of the cellular chromatin that take place during infection� 
DNA methylation is not modified, but histone modifications are altered� We observed a 
general decrease in histone acetylation, together with an increase in H3K79 methylation� 
By inhibiting the specific methylase of this residue, we found that it controls the antiviral 
response and, hence, influenza virus replication�
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Effect of PABP1 aptamers on influenza 
virus protein and distribution.  A549 
cells were untransfected or transfected 
with indicated Alexa 488-labelled 
aptamers. At 12 hours post-transfection, 
aptamers were washed and cells 
were infected with influenza virus at 
different times post-infection (hpi); 
immunofluorescence assays were 
performed using antibodies to HA 
protein. Alexa 488, green; HA protein, red.
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Localization of influenza M mRNA splicing in speckles. When 
viral M mRNA is transported to the speckled compartment 

by the viral NS1 protein, it is spliced to generate M2 
mRNA, which produces the viral M2 ion-channel protein; 

otherwise it is translated directly to M1 protein.
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1

Protein-protein interaction network as 
visualized by the STRING database. The nodes 
represent proteins. Red circles show most of the 
proteins differentially expressed in influenza 
virus-infected cells following MK treatment.

In the years 2015-2016, our group continued studies on the interactions of influenza virus 
with the host cell, analysing the cellular roles of some of the virus polymerase-interacting 
factors�

In a previous proteomic analysis of the virus polymerase interaction with host cellular 
factors, we identified the protein NXP2/MORC3 as potentially relevant, and have now 
shown that NXP2/MORC3, a member of the nuclear matrix proteins, is important for virus 
transcription but is not involved in viral RNA replication� In addition, we verified that the 
cellular transcription factor hCLE/C14orf166 is incorporated into mature virus particles�

 As an alternative for identifying cellular genes important for influenza virus replication, we 
also used a chemical genomics approach� A collection of drugs, previously approved for 
use in humans, was tested for their capacity to inhibit a GFP-based replicon system adapted 
for medium-throughput screening� Of more than 700 drugs tested, only montelukast (MK) 
showed consistent inhibition of all virus strains used� To identify the cellular pathway altered 
by MK treatment, we used RNA-seq analysis of cells infected or mock infected, untreated 
or treated with MK� We found that virus infection stimulates the PERK-mediated arm of the 
UPR pathway, whereas MK can restore this pathway to normal levels, thereby inhibiting virus 
multiplication�

During these years, we also published reviews on the virus RNA replication machinery and 
virus interaction with the cellular splicing system and with lnc-RNAs�

Influenza virus transcription and 
replication
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Toroviruses are emerging viruses that cause enteric diseases in various animal species and 
in man, and yet remain largely neglected� Previous studies from our laboratory revealed high 
incidence of porcine torovirus in Spanish livestock� These results, which coincide with those 
obtained in other countries, reinforce the idea of high worldwide prevalence of toroviruses�

Our research group is interested in understanding the basis of torovirus pathogenesis, for 
which we have analysed the interaction between the virus and the cell defence mechanisms 
during torovirus infection� Our recent results show that the equine torovirus (BEV) and its 
structural proteins, when expressed individually, cause apoptosis of infected cells through 
the cell death receptor and the mitochondrial pathways� Using different approaches, we 
demonstrated that the cellular eIF2α phosphorylation kinase PKR plays an essential role 
in torovirus-induced apoptosis� Inhibition of the PERK kinase nevertheless enhanced the 
apoptosis produced by BEV and its structural proteins, which indicates that this kinase 
contributes to survival under the cellular stress caused by viral infection� Intestinal cell death 
by apoptosis is probably the cause of the diarrhoea produced by toroviruses�  We are also 
studying the antagonist activity of several viral proteins that allow the virus to evade IFN 
(interferon) antiviral action before progeny viruses are produced� We showed that the BEV M 
and N proteins suppress IFN α/β expression by acting at different levels of the IFN pathway�

In addition, we used a variety of imaging techniques, including confocal and electron 
microscopy and electron tomography, to characterize the replication complexes (RTC) built 
by toroviruses� We identified double membrane vesicles (DMV) in the cytoplasm of BEV-
infected cells and found a close relationship between the RTC and the DMV of BEV� Our 
goal is to characterize the mechanisms that lead to membrane proliferation and vesicle 
accumulation�
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Identification of double membrane 
vesicles (DMV) in cells infected with the 
equine torovirus Berne virus or BEV. DMV 
are arranged in clusters in specific areas 
of the cytoplasm (asterisk), surrounded 
by ER membranes and mitochondria 
(M). Connections between DMV (white 
arrowhead) and between DMV and the 
ER (black arrowhead) are frequently 
observed. Seeming continuity between 
DMV and mitochondrial-associated 
ER membranes (MAM) was also 
observed occasionally (black arrow).
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Birnaviruses are unconventional double-stranded (dsRNA) RNA viruses characterized 
by the lack of an inner transcriptional core, a subviral structure responsible for both RNA 
metabolism and control of antiviral innate host responses, which are strictly conserved in 
all other dsRNA viruses� Indeed, Birnaviruses use unique molecular strategies to ensure 
genome expression/replication and to evade innate antiviral responses� Our main virus 
model is the infectious bursal disease virus (IBDV), the aetiological agent of an acute 
immunosuppressive disease that affects domestic animals, causing major losses to the 
poultry industry worldwide� For many years, our group focused mainly on the functional and 
structural characterization of the virus as well as on virus particle assembly� Our current work 
centres on the detection and molecular characterization of mechanisms that allow IBDV to 
evade and/or counteract host innate immune responses, and to unravel the molecular basis 
for IBDV virulence� In addition to our IBDV work, we are collaborating with other laboratories 
that work on different virology and structural biology topics�
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Non-lytic IBDV release. Confocal microscopy images from a QM7 cell culture infected with IBDV showing the release of 
virus particles. The infected culture was fixed at 16 h post-infection and processed for immunostaining with anti-VP2 serum 
(green). Nuclei were labelled with DAPI (blue).  The right panel shows the overlay of both fluorescence signals.
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1

Non-lytic IBDV release. 
Transmission electron 
microscopy (TEM) image 
of a QM7 cell and IBDV-
infected cell, showing 
newly egressed virus 
particles attached to the 
outer plasma membrane 
leaflet . The infected culture 
was fixed at 16 h post-
infection and processed for 
TEM analysis. Bar, 100 nm.
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Our group is interested in understanding the molecular and cellular basis of organ formation 
during embryonic development� This knowledge is important for identifying the origin of 
congenital malformations and to understand the basis of evolution and regeneration� We 
use animal models (mouse and chicken embryos) to address several biological questions 
such as heart and limb development (Casanova et al�, Development, 2011; Uribe et al�, 
Development, 2014)�

During the years 2015-16, we focused on digit development and regeneration� One aspect 
that interests us is the digit tip� The last phalanx of the digits is formed via a special mechanism 
different from that of proximal phalanges (Casanova et al�, Dev� Growth Diff�, 2007)� We 
showed that application of Fgf8 to digit primordia can elongate the digits but not in all cases, 
implying the existence of different programmes for digit morphogenesis (Casanova et al�, 
Plos One, 2012)� We studied the potential for digit elongation by Fgf signalling and explored 
the possibility of experimental induction of hyperphalangy (presence of extra phalanges, 
such as in cetacean limbs) using magnetic nanoparticles� We also analysed the basis for 
avian wing digit truncation and the possible role of MKP3 in a negative feedback loop that 
regulates Fgf signalling in this context�

We studied a possible relationship between inflammation and organ regeneration� 
Regeneration ability in higher animals is reduced (with the digit tip being one of the few 
examples), and the role of inflammation in this process is debated; inflammation was shown 
to improve organ and tissue regeneration in some cases, but in others it was detrimental� 
We want to understand the role of inflammation in several models of regeneration, such 
as digit tip regeneration after amputation, muscle regeneration or intestinal epithelial 
regeneration� In particular, we are studying the role of inflammatory processes regulated 
by the p38 signalling pathway� The study of these mechanisms is needed to understand 
the unique capacity of digit tips to regenerate, which could have biomedical applications�

Embryonic development 
and differentiation in vertebrates
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Regeneration of the digit tip is observed after amputation at a distal 
plane. A normal tip is regenerated as seen by gross anatomy (left) and 
histological analysis (haematoxylin and eosin staining, right).
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Nanoparticles can be used as a delivery method 
for bioactive substances in ovo. The image shows 
application of growth factor-coated nanoparticles 
to a chicken embryo and localization to a specific 
region (distal limb bud) using a magnet.
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We previously showed that conventional abCD4+ T cells, the paradigm of adaptive 
immunity, can capture bacteria efficiently from dendritic cells (DC) through a process called 
transinfection (Cruz-Adalia et al� in Cell Host Microbe� 2014; 15:611)�  As this process is driven 
by T cells and not by bacteria, it would be more appropriate to term it transphagocytosis� 
Transphagocytic (ti) CD4+ T cells kill internalized bacteria in a manner reminiscent of innate 
immune cells�  Moreover, tiCD4+ T secrete large amounts of pro-inflammatory cytokines, 
contributing to the early immune response�  These findings expand our current knowledge 
of CD4+ T functions and blur the separation between innate and adaptive immunity�

The main research line of our laboratory is the characterization of the novel abilities of 
tiCD4+ T cells and their possible use as therapeutic tools�
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Orthogonal views from confocal images of CD4+ T cells (cyan) capturing (A) and destroying (B) bacteria (Listeria monocytogenes; red). Bar = 10 µ
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MICROBIAL BIOTECHNOLOGY
Research in the Department of Microbial Biotechnology is focused on microbes with environmental, 
industrial or clinical relevance� Work includes several approaches based on molecular genetics, 
systems and synthetic biology, genomics, proteomics and metagenomics� The scientific objectives of 
the department centre on five complementary aspects of microbial biology:

• Environmental microbiology� We aim to understand the regulatory mechanisms that govern 
the degradation of organic pollutants by analysing global regulation networks, which control the 
hierarchical assimilation of nutrients in complex environments� Understanding the overall regulation 
of bacterial metabolism will allow optimization of bioremediation strategies and industrially important 
biotransformation processes� Metagenomic approaches are used to evaluate the effect of natural 
ecosystems on the origin, enrichment and spread of antibiotic resistance, as well as on the role of 
waste treatment plants in alleviating this problem�
• Microbial pathogens� Efforts are directed to the host-pathogen interactions in infections caused by 
different types of pathogens� Basic processes of microbial physiology, such as cell division, which are 
relevant for infection and for defining antimicrobial targets, are studied as well�
• Microbial resistance to antibiotics and search for new antimicrobials� Work aims to define the mechanisms 
of bacterial resistance to antibiotics and the effect of acquiring such resistance on bacterial physiology 
(including virulence)� In addition, we search for potential targets as a way to develop new antimicrobials�
• Microbial responses to hostile environments� The focus is on understanding bacterial responses 
to stressful environments, including general stress responses and specific responses to agents that 
cause DNA damage� We study how bacterial viruses and yeasts replicate their DNA and how bacteria 
repair DNA damage and promote segregation to improve genome stability� Novel DNA damage repair 
systems are currently being studied�
• Microbial engineering� The purpose is to generate bacterial strains optimized to obtain products of 
interest (recombinant antibodies, hydrolytic enzymes), or to detect and degrade pollutants� In addition, 
we engineer bacterial strains that attach to specific surfaces, including human cells expressing a surface 
antigen, a frequent situation in tumour cells that express proteins abnormally on the plasma membrane�
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José Luis Martínez

OUR RESEARCH GROUPS
1. Genetic stability

Juan C. Alonso
2. Recombination-dependent DNA replication

Silvia Ayora
3. Stress and bacterial evolution

Jesús Blázquez 
4. Cell cycle, DNA replication, and genome instability in eukaryotes

Arturo Calzada
5. Bacterial engineering for biomedical applications
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6. Intracellular bacterial pathogens
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7.  Molecular infection biology

Daniel López
8.  Opportunistic pathogens

José Luis Martínez
9. Heterologous gene expression and secretion in Gram-positive bacteria with industrial applications

Rafael P. Mellado
10. Regulation of the metabolism of hydrocarbons in bacteria

Fernando Rojo
11. Genetic control of cell cycle
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The level of expression of the multidrug efflux pump MexEF-OprJ modulates the motility of P. aeruginosa. From to to bottom, strain that does 
not produce the efflux pump, wild-type strain, strain that overexpesses the efflux pump. Image courtesy of Manuel Alcalde.
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Our research focuses on study of the molecular mechanisms that bacteria of the phylum 
Firmicutes use to secure genomic stability, promote horizontal gene transfer, and control cell 
proliferation and accurate plasmid segregation� Using Bacillus subtilis as a model, we have 
shown that the DNA damage response recruits different complex molecular machineries, 
depending on the DNA damage type� We previously found that RecN, PNPase, AddAB or 
the RecJ-RecQ(RecS)-SsbA complexes, the RecA-mediators (SsbA, RecOR) and modulators 
(RecF, RecX, RecU, RecD) help the RecA recombinase to form a nucleoprotein filament and 
induce the SOS response at double-strand breaks� Now we show that, in the presence of 
stalled or reversed forks (Holliday junction, HJ), DisA –in concert with RadA/Sms— recognizes 
the displaced loops and HJ intermediates and suppresses c-di-AMP synthesis, which in turn 
halts cell proliferation� DisA might trigger error-free and error-prone DNA damage tolerance 
responses in the presence of reversed fork (HJ) structures (Fig� 1)� Starved B� subtilis cells 
develop natural competence, with DprA, SsbB, SsbA, RecO(R), RecX, and CoiA helping RecA 
to increase genetic diversity� In our study of the functions that control RecA activities, we 
address how recombination functions contribute to the maintenance of the species� SsbA 
or SsbB inhibits RecA loading onto ssDNA, and DprA, in concert with SsbA, recruits RecA 
and activates its DNA strand exchange activity (Fig 2)� DprA enhances polymerization of 
RecA on SsbA-coated ssDNA, and RecX facilitates RecA depolymerization of ssDNA� Both 
DprA and SsbA (positively) and RecX (negatively) regulate RecA-mediated chromosomal 
transformation (Fig 2)� For plasmid transformation, which is a RecA-independent event, 
RecX must promote RecA depolymerization from the linear plasmid ssDNA, and DprA must 
catalyse DNA strand annealing of the SsbA- or SsbB-coated complementary strands and 
circularization of the redundant tailed ends to render an active replicon�
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Model for RecA filament assembly. RecA (empty square) 
binds ATP (oval) and ssDNA. DprA partially dislodges 
SsbA and loads RecA onto ssDNA. DprA and SsbA make 
RecA active to catalyse strand exchange (DSE). RecX 
interacts with RecA and dislodges it from ssDNA. DprA 
and SsbA proteins provide a positive contribution to 
RecA assembly enhancing the proficiency of RecA.
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2

1

Schematic Model of DisA-mediated DNA damage tolerance. A DNA lesion (green dot) 
causes blockage of replication fork movement. (A) DisA coordinates RecG-mediated 
reversal of the stalled fork , and after DNA synthesis (dotted line), and RuvAB-
mediated fork regression, DisA regulates RecU-mediated HJ cleavage. (B) The nascent 
strand invades the opposite newly synthesized sister strand (template switching). 
(C) A low-fidelity TLS DNA polymerase allows replication to proceed (lesion bypass).
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Genomic instability, a major driving force for tumourigenesis, is minimized by four major 
mechanisms: high-fidelity DNA replication, precise chromosome segregation, error-free 
repair of DNA damage, and coordinated cell cycle progression� Our research focuses 
on the mechanisms cells use to continue DNA replication when this process encounters 
impediments, which might eventually stall or collapse the fork, producing DNA gaps or 
broken DNA ends� Replication restart is then mediated by proteins that were initially identified 
for their roles in homologous recombination and DNA double-strand break repair� We use a 
simple model system, Bacillus subtilis and its bacteriophage SPP1, and several biophysics, 
molecular biology and genetic techniques to study the recombination mechanisms that lead 
to replication restart�

One of our research lines focuses on biochemical study of the resolution of the four-
strand recombination intermediate known as the Holliday junction�  In collaboration with 
crystallographers, we recently resolved the structure of the RecU Holliday junction-resolving 
enzyme bound to duplex DNA (Figure 1)�

The second line of research centres on the effect of recombination proteins in DNA 
replication� We reconstituted in vitro the replisome of B� subtilis bacteriophage SPP1 sigma- 
and theta-type replication� We analysed the negative effect of RecA, the central player in 
homologous recombination in DNA replication� We are currently studying the effect of other 
recombination proteins in DNA replication�SELECTED PUBLICATIONS 
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The crystallographic asymmetric unit (ASU) in the crystal structure of the RecU-DNA complex consists 
of four RecU monomers that form two dimers bound to two DNA duplexes.
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We try to understand the genetic mechanisms involved in genome stability in bacteria, 
and their roles in evolution and adaptation� Specifically, we study both stable and induced 
hypermutation/hyper-recombination as “bacterial strategies” to speed adaptation to 
environmental stress� This knowledge could be useful i) to prevent development of antibiotic 
resistance in bacterial pathogens (including Escherichia coli, Pseudomonas aeruginosa, or 
Mycobacterium tuberculosis) and ii) to improve prokaryotic species of industrial interest 
(such as Streptomyces, Bifidobacterium, Rhodococcus, Corynebacterium, Pyrococcus, and 
Halobacterium)�

Main research lines:

1� Regulation of hypermutation and hyper-recombination
• Transcriptional regulation of specialized DNA polymerases (SOS regulon)
• Regulation of mismatch repair
• Effect of antibiotics on bacterial mutation and recombination: antibiotics as promoters of 

antibiotic resistance

2� Genetic basis of genome stability in prokaryotes lacking a canonical MutS-MutL-based 
DNA mismatch repair (MMR) system� We are studying possible alternative MMR pathways 
in these organisms, including most Actinobacteria (Mycobacterium, Streptomyces, 
Rhodococcus) and some Archaea (Pyrococcus, Halobacterium)�

3� Development of hypermutant/hyper-recombinant prokaryotes of industrial interest as 
biotechnological tools to produce improved biosynthetic or degrading pathways� We also 
explore the possibility of developing genetically super-stable strains�

4� Preventing emergence and evolution of antibiotic resistance, by searching for and 
characterizing compounds able to inhibit the development of antibiotic resistance (by 
mutation, recombination and horizontal transfer)�
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A Mycobacterium strain in which the nucS gene was eliminated (1) produces a large number of mutants resistant to the antibiotic in the 
Petri dish (rifampicin), whereas the parental strain (with active nucS) (2) produces many fewer mutants (A Castañeda & J Blázquez).



M
IC

RO
BI

A
L 

BI
O

TE
C

H
N

O
LO

G
Y

49

We aim to understand how eukaryotic cells duplicate chromosomes during cell division, 
and regulate precise, complete synthesis of every DNA segment so that progeny inherit 
stable genomes� This process normally concludes successfully each of the many divisions 
that generate cell populations and pluricellular individuals�  Cells do so despite the many 
difficulties that arise, including the brief period available to replicate very large genomes, 
impediments to fork progression posed by chromatin constraints or DNA-damaging insults, 
spatial concurrence with processes such as transcription, DNA repair or chromosome 
compaction, and maintenance of synchrony with mitosis� Spontaneous chromosome 
replication aberrations are linked to human diseases like cancer, which highlights the 
relevance of understanding how robust function of DNA replication machinery is regulated�

During these two years, we focused on the regulation of Tof1 in the budding yeast 
Saccharomyces cerevisiae�  Tof1 binds Csm3 and the CMG DNA-replication helicase at 
yeast replisomes, as do their homologues in other eukaryotes, to regulate fork progression, 
especially through protein-DNA replication barriers (Figure 1A)� Whether Tof1 binding to 
Csm3, recruitment to replisomes, activation/inhibition or function are directly regulated 
during the cell cycle, remains unknown in any eukaryote�  We found that the Tof1/Csm3 
complex is regulated by phosphorylation of Tof1 by specific cell cycle and DNA replication 
kinases throughout the cell cycle�

We also studied the regulation of specification and choice of DNA replication origins, still 
poorly understood, where multiple determinants define origin subtypes and make the 
purpose of this organization unclear� Strong correlations suggest that insufficient origin 
activation generates chromosome instability in early oncogenesis, although the mechanism 
involved is uncertain� In budding yeast cells, we modelled oncogenic deregulation of 
the G1/S transition (the most frequent mutation in human cancer cells) to study whether 
spontaneous origin insufficiency directly drives chromosome instability, and how this occurs 
(Figure 1B)�
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Recent results on the regulation of fork 
progression and origin usage for completion 
of eukaryotic chromosome replication and 
genome stability. (A) The Tof1/Csm3 complex, 
recruited to licensed DNA replication origins 
to form part of the replisome, is regulated by 
phosphorylation of Tof1 dependent on S-phase 
kinases. (B) G1/S deregulation, present in most 
cancer cells, deprives origin redundancy at 
specific chromosome regions by insufficient 
firing of early and dormant origins in yeast. As 
a result , contrary to normal cells (top) delayed 
replication progression and under-replication 
enrich at those regions (bottom) leading to 
elevated rates of chromosome instability.
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Bacterial engineering for biomedical 
applications

Our research is aimed at engineering bacteria for biomedical applications, including selection 
of small recombinant antibodies and design of bacteria for diagnostic and therapeutic use in 
vivo� We study protein secretion systems in pathogenic Escherichia coli strains and engineer 
them to develop protein nanomachines that can be applied for selection of recombinant 
antibodies and delivery of therapeutic proteins by non-pathogenic E� coli strains� We use 
single-domain antibodies (sdAb) from camelid VHH domains, termed nanobodies; these are 
the smallest known antibody fragments with full antigen-binding capacity� We use synthetic 
biology approaches and genome engineering to combine expression of these modular 
parts in the bacteria designed�

Our major achievements in these two years are:

Development of E. coli display for selection of nanobodies that bind tumour cell surface 
antigens and generate “synthetic adhesins”. We previously developed an E� coli system 
for nanobody library display and selection of high affinity binders to purified protein antigens� 
We expanded this technology and demonstrated its potential for isolation of nanobodies to 
tumour cell surface antigens such as human epidermal growth factor receptor (EGFR)� We 
successfully employed E� coli display for selection with recombinant EGFR-Fc protein and 
direct screening of live EGFR-expressing tumour cell lines� These nanobodies are the basis 
of "synthetic adhesin" constructs that can drive attachment of engineered bacteria to tumour 
cells that express cell surface antigens�

Generation of a synthetic injector E. coli strain (SIEC) for protein translocation into 
human cells. We intend to use the molecular syringes (injectisomes), encoded by the type III 
protein secretion system (T3SS) from enteropathogenic E� coli (EPEC), to deliver therapeutic 
nanobodies from E� coli into cytosol of human cells� We engineered expression of EPEC 
injectisomes in the non-pathogenic E� coli K-12 strain, which allows us to specifically deliver 
a protein of interest in mammalian cell cytosol� E� coli injection of proteins does not require 
bacterial invasion of the eukaryotic cell or transfer of any genetic material�
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SIEC injectisomes seen by transmission 
electron microscopy (TEM). (A) TEM 
micrographs of negatively stained bacteria of 
the indicated strains. Injectisome filaments are 
labelled (red arrowheads). Scale bar, 200 nm. 
(B) TEM micrographs showing representative 
injectisome-like particles after purification 
from induced EPEC and SIEC bacteria. 
Injectisome particles are aligned at their basal 
bodies to show their filament lengths. Scale 
bars, 50 nm (from Ruano-Gallego et al., 2015).
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Bright field (BF) and fluorescence 
micrographs showing E. coli (red) 
displaying nanobodies that bind to human 
EGFR (green) expressed on the surface of 
the Her14 cell line. Note that these same 
bacteria do not bind the isogenic control 
cell line 3T32.2, which does not express 
human EGFR. Nuclei and bacteria are DNA-
stained (blue) (from Salema et al., 2016).
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Intracellular bacterial pathogens

Our laboratory aims to understand the physiological changes undergone by intracellular 
bacterial pathogens such as Salmonella and Listeria when they colonize the intracellular 
niche of eukaryotic cells�

In Salmonella, we are interested in deciphering the structural changes that take place in the 
main cell wall component, peptidoglycan (PG), when the pathogen persists inside the host 
cell� We are also identifying elements of the enzymatic machinery involved in PG synthesis, 
remodelling and recycling pathways that are regulated when the pathogen adapts to 
the intracellular lifestyle� This information is used to determine how these changes affect 
innate immune host defences involving intracellular receptors of the nucleotide-binding 
oligomerization domain (NOD)-like receptor (NLR) family� Our laboratory is also developing 
new studies based on single-cell and real-time imaging technologies� These approaches are 
clarifying new routes of communication between intracellular Salmonella and the autophagy 
machinery� We are also testing whether Salmonella-infected cells alter the physiology of 
uninfected bystander cells�

Our interest in Listeria moocytogenes focuses on the large family (>40 members) of surface 
proteins covalently bound to the peptidoglycan and that bear an LPXTG-anchoring motif� 
The abundance of this protein class remains an enigmatic feature of Listeria biology� 
We intend to define the profile of these surface proteins in infection-related conditions, 
including the intracellular environment of eukaryotic cells and blood� Surface proteins 
are subsequently analysed to decipher the underlying regulatory mechanisms� Given 
the capacity of Listeria to grow in the cold, we are currently studying how this pathogen 

readjusts surface protein content 
following cold adaptation� Our data 
point to regulatory mechanisms 
that could upregulate production 
of several surface proteins at low 
temperatures� This information 
is currently being processed for 
application in the food industry to 
control Listeria proliferation�
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translocation dynamics (cytosol-nucleus) 
in fibroblasts exposed to Salmonella



52

M
IC

RO
BI

A
L 

BI
O

TE
C

H
N

O
LO

G
Y

Eukaryotic membranes organize signal transduction proteins into microdomains, or lipid 
rafts, that are enriched in specific lipids such as cholesterol� Lipid rafts are important for the 
correct activity of numerous cell functions, and their disruption causes serious defects in 
several signal transduction processes� The assembly of lipid rafts in eukaryotes has been 
considered a fundamental step during the evolution of cellular complexity, which suggests 
that prokaryotic organisms were too simple to require such sophisticated organization of 
their signalling networks�

My group discovered that bacteria organize many signal transduction processes in 
functional membrane microdomains constituted by specific lipids� Bacterial membranes 
contain lipid rafts similar to those found in eukaryotic cells� Perturbation of bacterial lipid rafts 
leads inevitably to strong, simultaneous impairment of all raft-harboured signal transduction 
pathways, which causes potent inhibition of infective potential in pathogenic bacteria�

The discovery of lipid rafts in bacteria is a new concept in biology that we address in my 
laboratory� We use the human pathogen Staphylococcus aureus as a working model to 
study bacterial lipid rafts and to understand the structural components involved in their 
assembly and maintenance�  The biological role of bacterial lipid rafts in regulating infection-
related processes and the feasibility of targeting the integrity of these lipid rafts is a new 
strategy for anti-microbial therapy�
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Super-resolution dSTORM fluorescence microscopy 
image of Staphylococcus aureus cells

2

Staphylococcus aureus colony growing in a stress environment.  
The bacterial population diversifies and generates sectors 
of mutants with distinct physiology to respond to stress

3

Scanning electron microscopy image of a S. aureus 
biofilm growing on a glass plate
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We study the biology of opportunistic pathogens, focusing on the networks and the 
evolutionary processes that connect resistance and virulence� In particular, in the last two 
years:

a) We proposed that bacterial metabolism and antibiotic resistance are closely interlinked, 
and have explored the contribution of two global regulators of antibiotic resistance and 
virulence: the post-transcriptional regulator of carbon metabolism from Pseudomonas 
aeruginosa (Crc), and the RNAse G from Stenotrophomonas maltophilia� Our results 
support the idea that intrinsic resistance to antibiotics is not merely an adaptive response 
to presence of the antimicrobial, but an emergent property linked to the bacterial metabolic 
activity needed to maintain cell homeostasis�
b) We proposed several rules for predicting the emergence of antibiotic resistance and 
are currently standardizing these tools, which are based on experimental evolution, 
whole-genome sequencing and functional assays� Using this approach, we characterized 
mechanisms of resistance to latest-generation antibiotics and identified the target and the 
mechanisms of resistance to antibiotics still being developed�
c) We are currently studying the epigenetic events leading to transient resistance, in 
particular the signals that trigger such resistance, as well as identification of the deterministic 
(mainly populational) and stochastic aspects (at the single cell level) of antibiotic resistance�
d) Microbial signalling is a complex situation with at least two levels of complexity� Some 
systems, such as the stringent response, operate mainly at the single cell level because 
the signal is not exported, whereas others such as the quorum sensing response, in which 
the signal is exported, operate at the population level� We aim to analyse the hierarchical 
integration of these signalling networks and study how acquisition of antibiotic resistance 
affects bacterial signalling, both at the single cell and at the population level�
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Single-cell analysis of antibiotic resistance. Inducers of antibiotic resistance can produce a discrete 
distribution of cells with two different expression levels of the resistance determinant (bottom). When expression 
is analysed at the single cell level (top; green), we see that in the presence of antibiotics, cells with lower 
induction levels are killed (red) and those with higher expression levels of the resistance determinant survive.

1

2

1

Effect of acquiring resistance 
on bacterial physiology at the 
population level. Mutations 
leading to antibiotic resistance 
(mexR* and nfxB*) reduce the 
ability of Pseudomonas aeruginosa 
to form biofilm (wild-type PAO1).
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The group has long-standing interest in the physiological and molecular characterization 
of the main protein secretion mechanism (Sec system) of the soil Gram-positive bacteria 
Streptomyces lividans, widely used in industry as an efficient producer of extracellular 
hydrolytic enzymes and other compounds of industrial interest� Secretory protein 
overproduction triggers a secretion stress response, eliciting the synthesis of three specific 
proteases to degrade misfolded proteins in Streptomyces�

When secretory proteins are overproduced in Streptomyces, the CssRS two-component 
system mediates the so-called secretion stress response, inducing expression of three 
specific HtrA-like protease genes� CssS (sensor) or CssR (regulator) deficiencies affect the 
transcriptional levels of the three genes that encode the HtrA-like proteins�

The in vitro phosphorylated purified His6-CssR binds to the respective regulatory regions of 
the HtrA-like protease genes and to that of its own gene, as determined by gel retardation 
assays�  Deficiencies in the sensor or regulator coding genes leads to production of inactive 
extracellular alpha amylase, as occurs when any of the three protease genes is inactivated, 
which we determined by Western blot assays� Propagation of each of the protease genes 
in single copy does rescue the respective mutation, but there is no cross-complementation 
among the different protease individual mutants� Propagation at high copy number of any 
of the protease genes causes indiscriminate degradation of extracellular alpha-amylase� 
The three proteases must be functional simultaneously to ensure efficient degradation of 
misfolded secretory proteins�

These findings are of particular relevance with respect to characterizing potential bottlenecks 
in S� lividans secretion and optimizing S� lividans for the overproduction of secretory proteins 
of industrial application�

Our research line monitoring rhizobacterial communities, using 16S rRNA metagenomic 
amplicon data, allowed us to determine that Actinomycetes are ubiquitous and suitable as 
meaningful ecological indicators in agricultural soils�
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Extracellular accumulation of misfolded secretory 
proteins induces the CssR-S two-component 
system, triggering synthesis of the three specific 
HtrA-like proteases (HtrA, HtrA2 and HtrB).
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To be competitive in the environments they colonize, bacteria must optimize metabolism to 
attain maximum gain from available nutrients at minimum energetic cost� Not all potential 
carbon sources are equally effective in this respect� Probably for this reason, when 
confronted with a mixture of potentially assimilable compounds at sufficient concentrations, 
many bacteria preferentially use one of them, leaving others aside until the preferred 
compound is consumed� This selection implies a complex regulatory process termed 
catabolite repression� Unravelling the molecular mechanisms that underlie these regulatory 
events helps us comprehend how bacteria coordinate their metabolism and gene 
expression programmes and optimize growth� It also aids in the design and optimization of 
biotechnological processes, and to understand how bacteria degrade compounds in nature� 
This is particularly true for compounds that are difficult to degrade and thus accumulate in 
the environment, posing pollution problems� Hydrocarbons are a clear example of this kind 
of non-preferred compounds�

The regulatory proteins and molecular mechanisms responsible for catabolite repression 
differ among microorganisms� Our work focuses on Pseudomonas putida, a bacterium 
that has a very versatile metabolism, colonizes very diverse habitats, and is widely used 
in biotechnology� In the last few years, we have been analysing a regulatory network that 
relies on the Crc and Hfq proteins, which ultimately inhibit translation of mRNAs containing 
a specific A-rich sequence motif within their translation initiation region� Two small RNAs 
termed CrcZ and CrcY, the levels of which vary greatly depending on growth conditions, 
antagonize the inhibitory effect of Hfq and Crc� We aim to characterize the influence of 
Crc, Hfq, CrcZ and CrcY on P� putida physiology, the signals to which they respond, and the 
molecular mechanisms by which they regulate gene expression� We intend to determine 
how they modulate metabolism in response to fluctuating environmental conditions�
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Influence of the Crc regulatory protein on the hierarchy of assimilation of the compounds in complete medium in a 12-hour culture. Blue dots, time at 
which compound concentration decreases by 50%. Circles, speed of assimilation of each compound; smaller diameter means more rapid assimilation. 
wt , Pseudomonas putida KT2440; crc, mutant derivative lacking the crc gene.
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FtsZ, a GTPase found in the cytoplasm of most bacteria, is the major component of the 
machinery responsible for division (the divisome) in Escherichia coli� As well as forming 
polymers, it interacts with additional proteins that contribute to its function by forming a ring 
at the midcell that is essential to constrict the membrane� FtsZ is anchored indirectly to the 
membrane and is prevented from polymerizing at locations where septation is undesired� 
Several FtsZ properties are mediated by other proteins that function as keepers of the 
ring� ZipA and FtsA serve to anchor the ring, and together with a set of Zap proteins, they 
stabilize it� The MinCDE and SlmA proteins prevent polymerization of FtsZ at sites other than 
the midcell� ClpP degrades FtsZ, an action prevented by ZipA� Many of the FtsZ keepers 
interact with FtsZ through a central hub located at its carboxy terminal end�

Besides causing filamentation due to division arrest, the very low FtsZ levels in FtsZ-deprived 
cells have severe pleiotropic effects on E� coli physiology that compromise bacterial 
survival� In contrast to FtsZ-deprived cells, the viability of filaments formed by a conditional 
mutant is not affected when FtsZ activity is lost, because the amount of the protein remains 
unperturbed� We propose that the quest for new antimicrobials that target FtsZ should be 
directed to decreasing the number of FtsZ molecules rather than to inhibiting its activity�

The Mycobacteria include important human pathogens� The mycobacterial SepF homologue 
is highly conserved in the Mycobacterium tuberculosis complex� SepF is a key component 
of the mycobacterial divisome, necessary for division� It interacts with FtsZ and is located 
in a ring-like structure at potential division sites in an FtsZ-dependent manner, making it an 
attractive target for proliferation blockade�SELECTED PUBLICATIONS 
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The chaos produced in vital bacterial 
machineries by FtsZ deprivation (bottom), 
compared to their state in normal conditions 
(top) (from Sánchez-Gorostiaga et al., 2016).
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Structure of one of the keepers of the ring, 
the ZapC dimer (from Ortiz et al., 2015).







PLANT MOLECULAR  GENETICS
The Plant Molecular Genetics Department is engaged in the study, at the molecular and cellular 
levels, of the regulatory pathways that control plant development, adaptation to the environment, 
and defence responses to biotic and abiotic stresses� Research lines pursued by the different groups 
in the department focus on developmental processes such as root architecture, shoot branching, 
photomorphogenesis and photoperiodism� Plant adaptive responses to nutrient shortage, to toxic 
concentrations of metals, or defensive responses to pests and pathogens are also subject to intense 
research efforts� In addition to the intrinsic interest of the key biological questions that underlie these 
processes, our work aims at generating new tools and knowledge for improving crop production� 
For this ultimate goal, we exploit natural diversity resources as well as genetic engineering, including 
CRISPR/Cas9 technology for precise genome editing, as promising tools and methods� Direct 
biotechnological applications of plants are also addressed, such as their use as biopharmaceutical 
factories or as tools for alleviating metal pollution and related environmental conditions� The model 
species Arabidopsis thaliana is the routine system of choice for our research, with much experimental 
work also carried out in Nicotiana benthamiana� Substantial effort has recently been devoted to 
the development of novel, more amenable model species for plant research, such as the liverwort 
Marchantia polymorpha or the duckweed Lemna spp�  Crops such as tomato, potato and Prunus are 
also major subjects of our studies, to which knowledge generated in the model species is applied�

HEAD OF DEPARTMENT
Juan Antonio García

OUR RESEARCH GROUPS
1. Natural variation in plant development

Carlos Alonso-Blanco
2. Plant immunity strategies against microbial pathogen infection

Carmen Castresana
3. Genetic control of bud dormancy

Pilar Cubas
4. Plant-pathogen interaction in viral infections

Juan Antonio García and Carmen Simón
5. Molecular mechanisms underlying arsenic phytoremediation

Antonio Leyva
6. Regulation of gene activity in plants: the phosphate starvation rescue system

Javier Paz-Ares
7. Hormonal and environmental control of plant development

Salomé Prat
8. Role of ubiquitin in the control of plant growth and stress tolerance

Vicente Rubio
9. Signalling networks in plant development and defence responses

Jose Juan Sánchez-Serrano and Enrique Rojo
10. Jasmonate signalling in plants

Roberto Solano

4

Analysis of JAZ-GFP protein turnover in plant roots confirms the key role of JAZ 
repressors in the jasmonate signalling pathway (Chini et al., Nature 2007)
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Natural variation in plant development

The main goal of our laboratory is to understand the genetic, molecular and evolutionary 
mechanisms involved in plant adaptation� We are specifically interested in determining how 
developmental traits such as flowering time or vegetative growth allow plant adaptation to 
different climates� To address this question, we are mainly exploiting the natural genetic 
variation within the wild annual model plant Arabidopsis thaliana� Our research currently 
focuses on two specific objectives�

First, we aim to identify the genes and nucleotide polymorphisms that account for the natural 
variation of plant development� We recently identified the ICARUS gene, which encodes a 
t-RNA-His guanylyl transferase, as responsible for severe growth defects that are reversible 
depending on temperature (Zhu et al�, 2015)�  In addition, we showed that FLC is a modulator 
of the natural variation for plasticity of flowering relative to multiple environmental factors 
(Méndez-Vigo et al�, 2016)�

Second, given the current importance of climate 
change, we aim to identify new genes and natural 
alleles involved in adaptation to different climates� 
We are exploiting an Arabidopsis thaliana regional 
collection of more than 300 wild accessions collected 
in the Iberian peninsula� The genome sequence of 
174 of these Iberian accessions was obtained as part 
of the 1001 Arabidopsis Genome Project (The 1001 
Genomes Consortium, 2016)� We have analysed this 
collection to determine the relevance of flowering 
time and seed dormancy in climatic adaptation and 
to identify some of the genes that might drive this 
adaptation (Vidigal et al�, 2016)�
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Natural variation between wild accessions of 
Arabidopsis thaliana for vegetative growth 
and flowering time at different temperatures. 
The accession Doñana (Doñ-0) carries a 
natural loss-of-function allele of the ICARUS1 
gene (icarus1) that leads to near-arrest 
of growth compared to accession Ler.

1

Natural variation in the FLC gene affects the plasticity of flowering. (a) Wild 
accessions Doñ-0 and Ler (a) derive from distinct climatic regions in Spain 
and Poland, respectively. (b) An introgression line bearing the FLC allele 
from Doñ-0 (FLC-Doñ-0) on a Ler genetic background flowers later and 
responds less to temperature than Ler (FLC-Ler). Flowering time  in days.
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The development of alternative strategies to minimize crop losses due to infection by 
microbes requires understanding of host-pathogen interactions� We focus our research 
on the study of the defence mechanisms that allow plants to control pathogen attack� In 
particular, we explore the action of oxylipins in plant immunity� This family of lipid derivatives 
plays critical roles in activating the immune response in plants and in limiting pathogen 
infection� Recent studies demonstrate participation of the 9-LOX and alpha-DOX oxylipin 
pathways in the defence mechanism activated by Arabidopsis following infection by 
hemibiotrophic bacteria� We showed that these oxylipin pathways participate in the three 
layers of preinvasive, apoplastic and systemic defence triggered by plants to prevent 
Pseudomonas syringae pv tomato DC3000 infection� We found high 9-LOX and alpha-
DOX activity levels in roots of untreated Arabidopsis plants, and showed that these oxylipin 
pathways participate in plant defence against the root pathogen Fusarium oxysporum� Our 
findings indicate that, in these responses, oxylipins act as regulators of oxidative stress, 
lipid peroxidation, cell wall damage and hormone homeostasis� The availability of pure 
oxylipins and of mutants impaired in the synthesis and signalling of oxylipins (noxy mutants) 
are valuable tools that facilitate our studies� The noxy mutations we identified indicate the 
importance of mitochondria and of protein synthesis in 9-LOX signalling, which prompted 

us to analyse the role of these organelles 
and associated regulatory processes in plant 
defence (Figure 1)�

In addition, we opened up a new line of 
experiments to examine the participation of 
alpha-dioxygenases and of additional oxylipin 
pathways as components of lipid bodies� 
We plan to study the function of these cell 
structures as an oxylipin reservoir and the 
function of oxylipins in plant defence (Figure 
2)� A major part of our experiments will be 
performed in Arabidopsis, and tomato plants 
will be used to determine the biotechnological 
value of the results�

2

Production of lipid bodies in 
Arabidopsis leaves responding 
to Pseudomonas infection.

2

1

Analysis of de novo protein synthesis in Arabidopsis 
seedlings, responding to the virulent bacteria PstDC3000 
and the attenuated strain PstDC3000 AK87. Representative 
examples of radiolabelled proteins are shown. Protein staining 
with Coomassie Blue was used as loading control.
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In flowering plants, lateral shoots develop from axillary buds formed at the base of leaves� 
These buds can become quiescent or dormant at this stage, or continue development to 
form branches� The Arabidopsis TCP gene BRANCHED1 acts inside axillary buds to promote 
bud growth arrest� We are studying the gene regulatory networks (GRN) controlled by BRC1� 
Among the GRN downregulated in response to BRC1, one is enriched in DNA synthesis-, cell 
cycle-, and cytokinesis-related genes and another in protein synthesis-related genes� BRC1 
represses these GRN directly or indirectly by competition with other TCP factors� We also 
characterized a BRC1-dependent GRN related to abscisic acid (ABA) signalling� To control this 
network, BRC1 binds to and activates directly three genes encoding homeodomain leucine 
zipper (HD-ZIP) transcription factors� With BRC1, these factors trigger a genetic cascade that 
promotes ABA accumulation and response, which is essential for bud dormancy in light-
limiting conditions (González-Grandío et al�, Proc Natl Acad Sci USA 2017, 114:E245)�

We also study the conservation and evolution of bud dormancy and the role of BRC1 in the 
Solanaceae family� In potato, we discovered the recent evolution of an alternative splice site 
in one of the BRC1 paralogues, BRC1a, which generates two BRC1a protein isoforms with 
distinct C-terminal regions� This constitutes a multi-level mechanism of post-transcriptional 
and post-translational regulation of BRC1a that effectively modulates its activity in response 
to environmental and endogenous cues�

Strigolactones (SL) are phytohormones that regulate shoot branching� SL perception and 
signalling involves the F-box protein MAX2 and the hydrolase D14, proposed to act as a SL 
receptor� We used strong loss-of-function alleles of the D14 gene to characterize its function� 

We also identified a mechanism of SL-
induced MAX2-dependent proteasome-
mediated D14 degradation� This 
negative feedback loop might cause a 
substantial drop in SL perception, which 
would effectively limit SL duration and 
signalling intensity�
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2

Scheme of proposed BRANCHED1 function in the 
control of bud dormancy as activator and repressor 
of several bud dormancy gene regulatory networks.

1

Beta-glucuronidase expression driven by the HB53 promoter 
in Arabidopsis thaliana axillary buds. HB53 is a direct target 
of the BRANCHED1 gene and promotes bud growth arrest 
in short day photoperiods and under canopy shade.
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Plant viruses can infect a limited range of hosts, which is determined mainly by the formation 
of compatible interactions within the plant� These interactions are often neutral or even 
beneficial for the host, but the infection can also cause devastating diseases with great 
ecological and economic impact� A successful infection depends on the ability of the virus 
to recruit the host factors necessary for its replication and propagation, and on its capacity 
to escape from host defence responses�

The general objective of our research is to unravel the complex network of virus-host 
interactions that determines whether the virus can establish a productive infection� Plum pox 
virus is our main subject of study, as it causes sharka, the most serious viral disease for 
the European stone fruit industry, and because this virus belongs to the genus Potyvirus, 
the largest group of plant RNA viruses� We are particularly interested in defence responses 
related to RNA silencing and its viral suppressors� The typical silencing suppressor of 
potyviruses is HCPro, but other silencing suppressors of Potyviridae family members have 
recently been discovered, and we are now clarifying common and virus-specific features of 
their contribution to infection� We also study factors that contribute to host range definition, 
especially the viral proteins P1 and capsid protein (CP), which are relevant for pathogenesis 
and adaptation to specific hosts� A specific target of interest, in the case of CP, is deciphering 
the meaning of the crosstalk between O-GlcNAcylation and phosphorylation at its N terminus, 
and how it affects virion assembly and viral RNA sorting to different fates during infection� 
We aim to use this knowledge to design new strategies for control of sharka and other viral 
diseases� In addition, we explore the potential of plant viruses as biotechnological tools�

2

Alternative protein production 
in Plum pox virus through 
RNA polymerase slippage.

1

Prunus domestica leaf infected 
with a modified Plum pox virus 
(PPV) that expresses GFP (left); 
infected Nicotiana benthamiana 
cell, showing characteristic 
PPV pinwheels (right).
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At the origin of life, arsenic was major a challenge to organism survival�  Today, groundwater 
and soil contamination with this metalloid are still a global threat for all organisms, including 
humans� In plants, arsenic tolerance has been a major factor in plant adaptation and 
distribution� Some plant species show an extraordinary ability to accumulate arsenic, which 
highlights their potential for bioremediation� Some hyperaccumulator species are staple 
crops such as rice, which would compromise food safety and quality� Preventing undesirable 
arsenic levels in the food chain and boosting selection of efficient hyperaccumulator plants 
for phytoremediation strategies requires understanding of the molecular mechanisms 
that underlie arsenic perception and tolerance� In recent years, the molecular mechanism 
involved in plant arsenic tolerance is being studied extensively� Most proteins studied were 
nonetheless identified based on sequence homology with other proteins previously isolated 
from bacteria and yeast� Genetic approaches to uncover biologically relevant As(V)-tolerant 
mechanisms are scarce� Moreover, no regulatory protein involved in arsenic signalling has 
yet been isolated� In our laboratory, we are currently identifying transcriptional activators 
of the arsenic response using molecular, genetic and in silico approaches� We also aim to 
characterize the function and phytoremediation potential of a new arsenate reductase that 
contributes to the natural variation of arsenate tolerance�  Finally, we study the application of 
natural isolates of aquatic plants for water phytoremediation�
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Reduction of endogenous cytokinin confers As(V) tolerance.
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Regulation of gene activity in plants: the 
phosphate starvation rescue system
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Our research focuses on the phosphate (Pi) starvation rescue system in plants, a model 
for gene activity studies with presumed biological potential in the context of low-input 
agriculture� We previously identified the transcription factor PHR1 as a master regulator of 
phosphate starvation responses in plants� In the last two years, we identified ALIX as another 
component of the plant Pi signalling pathway� We examined the inter-organ mobility of RNAs 
and the impact of Pi starvation on RNA movement� Finally, we analysed natural variation of 
molecular responses and identified several hotspot expression quantitative trait loci (eQTL) 
in a cross between two Arabidopsis ecotypes (Col and Ct)�

ALIX involvement in Pi starvation signalling was detected in a study of suppressor mutants 
of phr1, with impaired function of the central transcription factor that regulates Pi starvation 
responses�  We found that ALIX mediates Pi transporter trafficking to the vacuole in 
Arabidopsis thaliana and that, as a consequence, the partial loss-of-function mutant alix-1 
displays reduced vacuolar degradation of Pi transporter PHT1;1�  alix-1 also shows altered 
vacuole morphogenesis, which implies a new role for ALIX proteins in vacuolar biogenesis�

To study inter-organ RNA mobility, we devised a strategy to identify RNA distant from its 
synthesis site, based on the use of heterografts between phylogenetically distant ecotypes� 
Interecotype polymorphisms allowed identification of RNAs from one ecotype present in 
tissues generated from the other� As much as 20% of total RNA was mobile� We found that 
Pi starvation alters the mobile transcriptome, and not only of the Pi starvation-responsive 
transcript set, but also that not responsive to this stress�

To study the natural variation of molecular responses to Pi starvation, we performed 
transcriptomic analyses of 100 recombinant inbred lines from a ColxCT cross to identify 
eQTL of Pi starvation-responsive genes� We found 7 hotspot eQTLs, including VULCANO, 
which affects expression of >3,500 genes, a large proportion of which are Pi starvation-
responsive� We are now in the process of identifying VULCANO and evaluating its effect on 
growth performance in low Pi growth regimes�

1

Distribution of trans eQTLs across the Arabidopsis genome and detection of hotspots in low Pi-grown plants. The number of 
trans eQTLs (y-axis) is plotted against the physical position of the 1Mb-window where they peak (x-axis; chromosome position 
indicated). Intervals with an excess of eQTLs relative to the threshold estimated by permutation were classified as hotspots.
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A temperature increase from 22ºC to 28ºC causes etiolated growth like that observed in 
shade-grown plants� The light receptor phytochrome B (phyB) is a main temperature sensor 
through faster dark reversion of its nuclear bioactive Pfr form� In the cell nucleus, phyB Pfr 
binds PHYTOCHROME-INTERACTING FACTORS (PIF) to trigger their phosphorylation and 
degradation by the 26S proteasome� PIFs accumulate in darkness or shade, and directly 
activate expression of auxin biosynthesis and response genes that promote hypocotyl 
elongation� The circadian clock controls PIFs expression via the “evening complex” (EC) 
formed by the ELF3, ELF4 and LUX proteins, which suppresses PIF4 and PIF5 expression 
at night� 

One of our main research lines is to determine how warmer temperatures inactivate the EC� 
Our results also support a critical EC function in ABA-regulated gene expression, and we 
are studying how increased temperatures affect the response of plants to drought and salt 
stress� We have shown DELLA repressors directly bind different salt-stress related factors 
to co-activate expression of their targets� Therefore, identification of DELLA mutations that 
impair interaction with PIFs, but do not affect binding to these "stress" factors, will provide 
novel strategies to improve tolerance of plants to salt, without affecting growth� 

We also study the mechanisms by which warm temperatures lead to an acute drop in potato 
tuber yield� We showed that the FT SP6A gene, whose expression is activated in leaves in 
short days, triggers tuber formation� The SP6A protein is transported to underground stems 
or stolons to signal storage organ formation� Elevated temperatures impair SP6A expression 
by inhibiting an unknown activator of this gene� We intend to identify this transcriptional 
regulator and characterize the meristem cells that respond to the SP6A-inducing signal; 
our working hypothesis is that the vascular cambium drives tuber formation� Molecular 
characterization of this developmental process will help understand the function of this 
lateral meristem in plant secondary growth�
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Elevated ambient 
temperatures increase ELF3 
stability during the day and 
immediately after dusk
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The main research interest of our laboratory is to characterize the molecular mechanisms by 
which the ubiquitin proteasome system (UPS) controls plant development and adaptation in 
response to different environmental stimuli and abiotic stresses�

In this regard, we aim to dissect the signal transduction routes that underlie plant growth 
and development in changing environmental (i�e�, light, photoperiod) and stress conditions 
that limit water availability (drought, high salinity, extreme temperatures) and to characterize 
their components, with special emphasis on regulatory proteins�  All these processes are 
modulated by the UPS, which controls the stability and thus the activity of hundreds if not 
thousands of proteins in plants through specific E3 ubiquitin ligases that recognize different 
protein targets� These findings lead to several intriguing questions we intend to answer:

• How is modulation of different signalling pathways coordinated by the same UPS 
components?

• Is there a hierarchy among signalling pathways regulated by the same UPS components?
• How is the UPS itself regulated in response to environmental and intracellular signals?

To respond to these questions, for our studies we chose the Cullin4-RING ligases (CRL4) as 
a representative E3 group, since they coordinately control different biological processes 

in plants, including photomorphogenesis, 
abscisic acid (ABA) signalling, DNA damage 
repair, circadian clock function, and flowering� 
To date, our studies have defined new CRL4 
functions and identified an ABA-mediated 
regulatory mechanism to control their activity, 
as well as direct connections with chromatin 
remodelling events�  More recently, we have 
become interested in the applied aspects of 
our research� We realized that manipulation 
of the genes we work with could generate 
interesting traits for molecular plant breeders 
and farmers, which led us to undertake a new 
research line devoted to the generation of 
stress-tolerant crops�
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Defects in ALIX protein function alter protein cargo trafficking in 
plants. In normal conditions, high affinity phosphate transporter PHT1;1-GFP 
is internalized from the plasma membrane (green) and sorted into endosomes, 
to be degraded in the vacuole lumen. In the alix-1 mutant , however, PHT1;1-
GFP does not enter the vacuole but is retained in the vacuole membrane 
(yellow), indicating a defect in protein cargo trafficking in this mutant.

1

Model for a DDA1 role in ABA desensitization. DDA1, as part of CRL4 Ub ligases, 
allows the ubiquitination of ABA receptors (e.g., PYL8) and their degradation at 
the 26S proteasome. In contrast , ABA stabilizes the receptors by limiting their 
polyubiquitination (top). Low ABA levels enable DDA1-mediated destabilization 
of ABA receptors, promoting the release and activation of PP2C phosphatases, 
which act as negative regulators of ABA signalling (centre). DDA1 thus contributes 
to ABA desensitization when levels of this hormone decrease (when stress 
conditions disappear or during seed imbibition and germination) (bottom).
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Our group is interested in studying how plants adjust their development to changing 
environmental conditions and, in particular, in response to biotic stresses�

One line of our research focuses on the regulation of stem cell proliferation and 
differentiation in plants, which is central to controlling development and growth� In a genetic 
screen for Arabidopsis thaliana mutants with delayed onset of differentiation, we identified 
IYO, which is necessary for initiating all cell differentiation events in the plant� We isolated 
an IYO-interacting factor, RIMA, which is homologous to RNA polymerase II phosphatases in 
yeast and mammals� Our evidence supports the idea that IYO and RIMA are co-transported 
into the nucleus, where they jointly regulate RNA polymerase II transcription to trigger cell 
differentiation (Muñoz et al�, Plant Cell 2017, in press)�  We are now studying the control of 
nuclear/cytosolic partitioning of IYO and RIMA, how the IYO/RIMA complex modulates RNA 
polymerase II activity, and which are the direct transcriptional targets of the IYO/RIMA/POL 
II complex�  In addition, we are analysing how IYO and RIMA control the transition from 
the mitotic cycle to endoreduplication, a particularly prevalent phenomenon in plants that 
greatly influences cell expansion and organ growth�

Another long-standing research line in our laboratory centres on the signalling networks 
that activate defence responses in plants� We are pursuing the functional characterization 
of protein phosphatases type 2A (PP2A) in plants, in particular relative to hormone and 
defence signalling� We have reported PP2A functions in ABA and auxin signalling, as well as 
in innate immunity against bacteria� We are now studying the role of specific PP2A isoforms 
in brassinosteroid and jasmonate signalling� In addition, in collaboration with the group of 
Dr� Angelo Santino (ISPA-CNR, Lecce, Italy), we have initiated a project to define the role of 
oil bodies in lipid signalling and responses to stress in plants�
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RIMA shuttles through cytosol and nucleus. (A) Confocal 
images of Arabidopsis roots expressing ProRIMA:RIMA-GFP. (B) 
Confocal images of Nicotiana benthamiana leaves transformed 
with Pro35S:RIMA-GFP and mock treated (-LMB) or incubated 
(+LMB) with the nuclear export inhibitor leptomycin B. 

1

Nomarski and confocal images of pollen from wild 
type plants (Wt) and from a mutant isolated in the 
lab (ald) that displays enlarged oil bodies.
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Jasmonates (JA) are fatty acid-derived signalling molecules essential for the survival of 
plants in nature, since they are important activators of stress responses and developmental 
programmes� The main focus of my laboratory is to understand the JA signalling pathway 
in plants, knowledge that is essential for designing biotechnological and agronomical 
applications that improve plant resistance to stresses and plant yield� We have worked 
traditionally in the model plant Arabidopsis thaliana, but recently focused on the liverwort 
Marchantia polymorpha� We are using Marchantia for evolutionary studies as well as a 
model system in basic research due to its low gene redundancy�

The major achievements of our group in the last two years have been:

• Identification of a new family of transcription factors (YABBY) regulating responses to JA 
(Boter et al�, Plant Cell 2015)

• The demonstration that the COI1-JAZ2-MYC2,3,4-ANAC19,55,72 module regulates 
stomatal aperture in leaves� This module is hijacked by bacteria using the JA-mimic 
coronatine to open stomata and promote infection� This discovery provides novel 
strategies for crop protection against biotrophs without compromising resistance to 
necrotrophs (Giménez-Ibáñez et al�, New Phytol 2016)�

• We participated in the analysis of the genome of Marchantia polymorpha (Bowman et al�, 
under review) and in defining the gene nomenclature in this species (Bowman et al�, Plant 
Cell Physiol 2016)�

• We also established numerous collaborations with other groups that have elucidated the 
function of MYB & ZML genes in maize (Velez-Bermudez et al�, Plant Cell 2015), the role 
of jasmonates in carnivory feeding (Böhm et al�, Curr Biol 2016), the regulation of JAZ12 by 
KEG (Pauwels et al�, Plant Physiol 2015) and contributed to identifying the DNA sequence 
target of plant transcription factors using previously developed tools (Raines et al�, Plant J 
2016; Medina-Puche et al�, Plant Physiol 2015; Baud et al�, Plant Physiol 2016)�
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Stomata: entry ports of bacterial infection in plant leaves.

1

Nuclear localization of JAZ protein in young Marchantia polymorpha plants.
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IMMUNOLOGY AND ONCOLOGY
Research carried out in the Department of Immunology and Oncology (DIO) centres on characterizing 
the molecular and cellular bases of immune system function in inflammation and tumour development�  
Our general objective is to develop improved or new approaches for modulating the immune 
response during inflammatory reactions�  We thus aim to identify new targets for prevention, diagnosis 
and treatment of inflammatory or autoimmune diseases and cancer�

The various research groups in the department address the cellular and molecular mechanisms of 
innate and adaptive immunity in inflammation and cancer� Our interests focus on inflammation in 
different pathological contexts such as infection, autoimmunity, inflammation-driven carcinogenesis, 
as well as tumour immunology and stem cells�  Based on this knowledge, we work to develop new 
tools for immunotherapy�

From a methodological perspective, the department’s activities are multidisciplinary�  Our expertise 
combines cutting-edge technologies such as advanced microscopy (total internal reflection 
fluorescence microscopy or real-time confocal microscopy), multi-parameter flow cytometry, 
nanoparticle production, and next-generation “omics”�  In addition, we have extensive experience in 
the generation and use of genetically modified mouse models using the latest techniques�

Our common research objective provides an excellent environment and numerous opportunities 
for collaboration within the department as well as with other groups in the CNB (for example, the 
nanobiomedicine initiative)�  Since its origins, the DIO has maintained stable, productive collaborations 
with public and private partners that include prominent national and international research institutes, 
hospitals and pharmaceutical companies�

From an operational view, the DIO holds weekly seminars and a scientific retreat each year�  These 
events promote fruitful scientific discussion and interaction among the department members and 
provide an atmosphere that fosters new collaborations� The DIO also holds bi-weekly Friends of the 
DIO Seminars, in which colleagues from other institutes present their current research results�  Our 
seminars form part of the curriculum for the Master’s degree in Immunology (Universidad Complutense 
de Madrid)�
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Ana Cuenda

OUR RESEARCH GROUPS

B lymphocytes (labeled for B220; red) establishing the immune synapse with a target cell (labeled for ICAM-1; green)
that exposed pathogen-derived antigens (labeled in blue) on its cell surface
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Our research programme aims at exploring the role of inflammatory monocytes and 
macrophages during infection, allergy and intraperitoneal tumour metastasis, and 
encompasses the following research lines:

• Role of monocytes and type-I interferon in NK cell and neutrophil activation during the 
innate immune response against systemic Candida albicans infection

• Alveolar macrophage dynamics and immunophysiology during airway allergic reactions 
caused by house dust mite-derived allergens

• Role of the innate immune system of the peritoneal cavity in defence against intraperitoneal 
bacterial infections and colorectal tumour metastasis

The experimental approach designed to address the role of monocytes during Candida 
infection involves analysis of the early and cooperative spleen and kidney innate immune 
responses to intravenous infection with the fungus Candida albicans in a mouse model of 
systemic candidiasis, using wild type mice of the C57BL/6 strain and mice deficient in the 
type-I interferon receptor (IFNAR), the chemokine receptor CCR2, and the cytokine IL-15�

Our project on the dynamics of alveolar macrophages involves the study of the alveolar 
damage caused by strong airway allergic reactions against house dust mite-derived 
allergens, the process by which the alveolar macrophage subset is regenerated once the 

allergic process is resolved, and the 
mechanisms ensuring alveolar tissue 
repair and surfactant homeostasis� 
Wild type C57BL/6 and CCR2-deficient 
mice, parabiosis and progenitor 
transfer experiments, as well as 
immunofluorescent and electron 
microscopy are currently used in our 
laboratory to address these issues�

Experimental sepsis, peritoneal 
bacterial infection models, using mouse 
intestinal strains of Escherichia coli 
and mouse models of intraperitoneal 
metastasis of colorectal tumours in 
wild type C57BL/6 and CCR2-deficient 
mice, are used to explore the role of the 
innate immune system of the peritoneal 
cavity in defence against intraperitoneal 
infection and tumour metastasis�
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Invasion of a renal proximal convoluted tubule epithelium 
by a Candida yeast. Electron microscopy of an ultrathin 
section of kidney 18 h after intravenous infection.

1

Alveolar damage and pneumocyte hyperplasia caused by house 
dust mite airway allergy. Light microscopy of a 1 µm semithin 
section of lung 4 days after intratracheal allergen challenge.
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The immune system is indispensable for defence against microbial invaders, and T cells and 
macrophages are essential components of protective immunity�

In autoimmune diseases, hyperactivated immunity provokes destructive self-reactivity� To 
neutralize this damaging effect, the immune response must be deactivated�  In contrast, 
in cancer, immunosuppressed immunity requires reactivation� Our studies show that p21 
is a regulator of the balance between hyperactivation and immunosuppression, and could 
control autoimmunity and cancer�

Novel p21 functions in deactivating autoimmune T memory responses

Compared to normal memory T cells, autoreactive T cells are overactivated by their 
repeated encounters with autoantigens� We recently showed therapeutic potential for p21, 
as its overexpression deactivates hyperactivated autoreactive T cells, but does not affect 
normal protective immunity (Daszkiewicz et al�, 2015)� Our current analysis indicates that 
p21 does not act as a cell cycle inhibitor, but limits the activation of autoreactive T cells� We 
consider that, by deciphering the pathway by which p21 suppresses T cell activation, our 
studies will uncover new ways to deactivate autoreactive T cells and treat autoimmunity�

p21 modulates M1-to-M2 macrophage reprogramming in LPS tolerance: effects in 
cancer immunotherapy

We previously found that lack of p21 intensifies septic shock�  Sepsis in humans is due not only 
to septic shock, but also to the macrophage unresponsiveness that follows shock� We recently 

showed that p21 drives this unresponsive 
state� M1-to-M2 macrophage reprogramming 
develops during LPS tolerance, a state 
refractory to LPS rechallenge that resembles 
sepsis hyporesponsiveness� Lack of p21 
prevents macrophage reprogramming to M2 
status (Rackov et al�, 2016)� This might have 
a direct effect in cancer immunotherapy, 
as tumor persistence neutralizes M1 
macrophages and attracts deactivated 
M2 cells�  As p21 controls M1-to-M2 
reprogramming and p21-/- macrophages 
remain in the M1 state, we predict anti-tumor 
potential for p21-/- macrophages�
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Lack of p21 prevents macrophage 
deactivation and hyporesponsiveness

1

p21 overexpression reduces 
autoimmune T cell activation and 
expansion in lymph node and spleen
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Besides its physiological functions –identifying and eliminating harmful pathogens without 
harming the tissues and organs themselves— the immune system can be manipulated 
specifically for therapeutic purposes by active immunization, immunotherapy or 
immunomodulation�  We refer to immunosuppressive immunotherapy when the objective is 
to reduce or suppress the body’s immune response, as in the case of autoimmune diseases, 
and immunostimulatory immunotherapy when the objective is to elicit or amplify the natural 
immune response, as in the case of antitumor immunotherapy�  Immunosuppressors or 
immunostimulants, including biomolecules and drugs, are already used to prevent and 
to treat numerous diseases� Their use is generally limited, however, due to the systemic 
toxicity they can produce� Traditional cancer treatments can likewise generate numerous 
side effects due to their systemic toxicity�

Our group considers that the use of nanoparticle-based nanomedicines in 
immunosuppressive or anti-tumour therapies will improve the effectiveness of existing 
therapies�  It would permit the release of drugs or biomolecules specifically at the site of 
action, which could achieve high local concentrations, as the nanoparticles can be guided 
and focused on the area of interest by an external magnetic field and/or by functionalization, 
while maintaining low systemic concentrations that would reduce the undesirable side 
effects of current therapies�  The combination of nanoparticles and immunomodulation 
seems a very attractive idea�

The overall objective of the group is to develop new nanoparticle-based nanomedicines 
that allow efficient, specific targeting of drugs, biomolecules or cell types to the desired site 
of action in anti-tumour and immunosuppressive therapies�
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Uptake of magnetic 
nanoparticles by natural 
killer (NK92MI) cells, 
observed by transmission 
electronic microscopy. 
(Photo: L Sanz-Ortega)

1

Conjugation of SPION-free and -loaded NK cells 
with target cells (RMA-S cells; 5 min), observed 
by confocal microscopy (Photo: L Sanz-Ortega)
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Mammalian heart can refresh aged or damaged cells during their lifetime, although at low 
rates� The current hypotheses for homeostatic turnover mainly involves the existence of a 
small population of stem/progenitor cells, combined with the potential de-differentiation of a 
minority population of mature cardiomyocytes� The nature and contribution to adult cardiac 
turnover of different proposed stem cell/progenitor populations continues to be debated�  
We have concluded that a population of non-cardiomyocytic cells, positive for Sca1 and that 
expresses high levels of the polycomb Bmi1 transcription factor (Bmi1h+), contributes to the 
turnover of the three main cardiac lineages during homeostasis� In response to an acute 
myocardial infarct, the Bmi1h+ progeny substantially increase their contribution�

In adult tissues, progenitors and stem cells are lodged in niches that provide a low oxidative 
environment that is essential for correct regulation of their cell cycle status and metabolism� 
We found that Bmi1h+ cells show low levels of reactive oxygen species (ROS) and that 
BMI1 repressed cell fate genes, thereby favouring maintenance of the progenitor pool� 
Oxidative damage modifies BMI1 activity in vivo, derepressing canonical target genes and 
thus inducing proliferation and differentiation of cardiac progenitor cells� These findings 
demonstrate that the redox status influences the adult cardiac progenitor response and 
identify a redox-mediated BMI1 function with implications in adult cardiac turnover�

In parallel, we studied a human population (CPC; cardiac progenitor cells) currently being 
evaluated in a clinical trial (I/IIa) for the treatment of large acute myocardial infarcts using 
allogeneic cells� Using a combined proteomics and transcriptomics approach, we defined 
a panel of specific membrane markers as well as the selective members of secretome and 
exosomes�  The clinical trial (CAREMI; NCT02439398), involving 55 patients, will finalize in 
April 2017�
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Expression of CXCR1 (red) by human CPC cells. Green corresponds 
to laminin; nuclei (blue) were stained with DAPI.

1

 Cardiomyocytes derived from murine Bmi1h+ cells 
(green). Red indicates staining with cardiac sarcomeric 
actinin; nuclei (blue) were stained with DAPI.
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Lymphocytes travel across tissue barriers and move through the interstitial space in 
response to external signals�  This continuous migration throughout the stromal cell 
network allows the lymphocytes to seek pathogen-derived antigens in secondary lymphoid 
organs�  Antigen recognition halts motile lymphocytes and leads to immune synapse (IS) 
formation with the antigen-presenting cell; this long-lasting cell-to-cell interaction is critical 
for lymphocyte activation� Lymphocytes are also exposed to a variety of non-cognate 
signals such as innate/inflammatory stimuli that modify cell motility/adhesion abilities and 
cell localization�  Lymphocyte dynamics plasticity is thus intrinsic to lymphocyte function 
and crucial for adaptive immune protection�  Knowledge of the molecular mechanisms that 
govern lymphocyte behaviour will reveal essential aspects of the immune response with 
potential therapeutic application�

We study how distinct stimuli (chemokines, antigen, innate signals) shape B lymphocyte 
dynamics to regulate cell function�  We identified the molecular axis Syk/PIP2/vinculin as 
a major regulator of  B cell motility and stable adhesion in response to chemokine and 
antigen�  During 2015-2016, we studied two proteins implicated in this axis, Bruton’s tyrosine 
kinase (Btk) and diacylglycerol kinase (DGK)�  Btk has kinase and scaffold functions, both 
of which are similarly crucial for B cell motility; for IS establishment and assembly, however, 
we found the scaffold function to be more important than the kinase activity�  DGK-zeta 
participated in IS formation but not in B cell motility�  DAG, whose levels are controlled by 
DGK-zeta, regulates IS formation and cell activation; we found that DGK-zeta production of 
phosphatidic acid (PA) also governed assembly of the adhesive platform at the IS through 
allosteric modulation of PIP5KI (a PIP2-producing lipid kinase) and regulation of the DOCK2/
Rac axis�  We also analysed changes associated with lymphomagenesis� Our findings in a 
marginal-zone lymphoma mouse model indicate that cell dynamics alterations in the whole 
polyclonal B cell population precede monoclonal B cell transformation and tumourigenesis�
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Distinct roles for the Btk scaffold and kinase activities in B cell synapse formation. (A) IS formation frequency of B cells with normal 
Btk (WT), that lack kinase activity (Btk-K) or are defective for scaffold activity (Btk-S); ns, not significant; *** p<0.0001. (B) DIC and 
fluorescence images for vinculin, F-actin and antigen at the contact plane of the mature IS of representative WT, Btk-K and Btk-S B cells.
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Our laboratory focuses on the molecular mechanisms by which kinases control cell behaviour 
and, when altered, human disease�  We concentrate on phosphoinositide 3-kinases (PI3-
kinases)�  This enzyme generates the PIP3 product, which is increased in cancer and 
autoimmunity�  PI3-kinases are heterodimers, with a p110 catalytic and a p85 regulatory 
subunit� p110alpha and beta, and associated p85alpha and p85beta, are ubiquitous and 
are altered in cancer�  p110delta and the related p110gamma isoform are more abundant 
in haematopoietic cells; when deregulated, they participate in chronic inflammation and 
autoimmunity�  We use mouse models to understand physiological PI3-kinase function and 
its role in human disease�

Mechanism of PI3-kinase beta action on DNA/chromatin remodelling.  Many laboratories 
and companies have focused on PI3-kinase alpha; we study the less-known PI3-kinase 
beta�  We showed that p110beta localizes to the nucleus and regulates DNA replication, 
segregation and repair; our objective is to understand the molecular basis of p110beta 
action on DNA homeostasis and chromatin remodelling�

Alternative cancer treatment based on interfering molecules. Metastasis remains the 
leading cause of death from many tumours�  The PIP3 product enables cell survival; cells 
with altered regulation of PI3-kinase alpha or beta, or with mutations in phosphatase PTEN 
(which reduces PIP3 levels), are found in ~50% of human tumours, mostly in metastatic 
phases�  PI3-kinase is a key target in cancer, but only broad-spectrum or p110alpha inhibitors 
are being tested clinically�  We aim to develop a strategy to treat tumours accessible by 
endoscopy (or orally) based on delivery of interfering molecules�

New therapeutic targets in cancer. Although several recently developed inhibitors of 
frequently mutated proteins have improved prognosis of some cancers, mortality of other 
tumour types remains high� The Cancer Genome Atlas Project defines the most frequently 
altered genes in each tumour type; we study the less-known functions of some of these genes� 

This knowledge would permit 
definition of additional “driver 
mutations” and development of 
new therapeutic approaches�
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Squamous lung carcinoma response to p85beta 
depletion.  Top, lung squamous cell line CaLu-1 
expressing inducible PIK3R2 shRNA, cultured with 
doxycycline.  Cells were expanded in culture and 
injected subcutaneously into scid/beige mice. Tumours 
developed for several days; when they reached 50-100 
mm3, mice were doxycycline-treated (in drinking water) 
to induce p85beta depletion. Tumours were measured 
3x weekly, and growth alone and with doxycycline 
treatment was compared.  Graphs show individual 
tumour size at various times post-treatment and percent 
change in tumour size. Bottom, representative tumour 
xenograft sections of control or p85beta shRNA-treated 
tumours were examined by histological or active 
caspase-3 staining. Arrows show apoptotic cells.
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1

Top, representative images of haematoxylin-eosin 
staining of skin papillomas. Centre, tumour number and 
incidence per mouse. Bottom, representative images 
of total and BrdU-positive nuclei in skin papillomas. 
Total nuclei were stained with Hoechst33342.

Our laboratory studies the molecular mechanisms by which p38MAP kinases, particularly 
p38γ and p38δ, contribute to cellular adaptation in response to inflammation in the following 
contexts: 1) chronic inflammation leading to tumour development (such as in colon cancer 
associated to colitis), 2) pathogen infection, and 3) normal inflammatory resolution occurring 
during tissue repair and regeneration�

Our research focuses on discovering new substrates, interacting proteins and chemical 
inhibitors for these kinases, and on elucidating their physiological role, using transgenic mice 
for distinct p38 isoforms� We also study p38MAPK as a link between chronic inflammation 
and cancer, and as mediator of chronic inflammatory diseases�

In the 2015-2016 period, we investigated the role of p38γ and p38δ, two less-known 
p38MAPK family members, in chronic inflammation and in cancer, using several mouse 
models� Chronic inflammation is a known risk factor for tumourigenesis� We studied the role 
of p38γ and p38δ in colitis-associated colon cancer and established that they are central 
to inflammation-induced tumour formation by regulating hematopoietic cell response to 
injury� We also demonstrated the pro-oncogenic role of p38γ and p38δ in the two-step 
DMBA/TPA carcinogenic model to induce skin tumourigenesis� We found that p38γ/p38δ-
deficient mice are resistant to skin tumourigenesis� Tumour incidence and tumour burden 
were significantly lower in mice lacking p38γ/p38δ than in wild type mice� We also observed 
decreased cytokine production and proliferation in response to TPA in p38γ/p38δ-deficient 
mouse epithelial cells compared to wild type and single-knockout mice� Our results validate 
the protein kinases p38γ and p38δ as potential targets for cancer therapy�
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Chemokines are small proteins that control leukocyte trafficking and recruitment� They 
interact with specific G protein-coupled receptors and participate in the pathogenesis 
of inflammatory and infectious diseases as well as in cancer� They play a dual role in 
tumourigenicity� On the one hand, chemokines can help limit tumour development by 
increasing leukocyte migration towards the site and by inducing long-term antitumor 
immunity� On the other hand, they might facilitate survival, proliferation, and metastatic 
potential of tumour cells� Tumour expression of a chemokine receptor directs metastasis 
preferentially to the organs in which its ligand is secreted, suggesting chemokine receptors 
as promising therapeutic targets�

Our group studies how chemokines and their receptors participate in the control of tumour 
growth and progression, and evaluates their potential as antitumor targets�

The chemokine receptor CCR9 is expressed primarily on thymocytes and in a small subset 
of intraepithelial lymphocytes� Its ligand, CCL25, is expressed mainly in thymus and small 
intestine� CCR9 overexpression increases the migratory and invasive capacity of cancer 
cells, directs metastases to the small intestine and activates anti-apoptotic pathways� We 
generated and characterized mouse anti-human CCR9 monoclonal antibodies that reduced 
human T lymphoblastic cell tumours transplanted into mice by >85%� Reduction in tumour 
size was concomitant with an increase in the fraction of apoptotic tumour cells and necrotic 
areas, as well as a decrease in the fraction of proliferating cells and tumour vascularization� 
Our results suggest that CCR9-expressing tumours, such as those of acute and chronic 

T cell lineage leukaemia, might be targeted with 
these antibodies� Two of our antibodies have been 
successfully chimaerized and humanized, with affinity 
and specificity similar to the original antibodies� They 
are now being functionally characterized, using 
in vitro assays and xenogeneic animal models of 
human cancer�
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Leukaemia xenograft growth is 
reduced in mice treated with 91R 
mAb. MOLT-4 cells were inoculated 
s.c. in Rag2–/– mice on day 0 (d0). Mice 
received four i.p. doses of 91R or isotype 
control (IgG2b) mAb and tumour 
growth was measured with a caliper. 
Mice were sacrificed, tumours were 
removed and weighed. (A) Antibody 
administration schedule. (B) Tumour 
growth kinetics. (C) Tumour weight (%) 
relative to IgG2b treatment on d56.  (D) 
Images of tumours from mAb-treated 
mice at the time of sacrifice.

1

91R promotes apoptosis and necrosis and reduces cell proliferation 
and angiogenesis in tumour xenografts. Histological analysis of 
xenografted MOLT-4 tumours. Left , haematoxylin/eosin-stained sections 
from xenografted MOLT-4 tumours, treated with 91R or with isotype control 
IgG2b mAb. Right , percentage of tumours classified by necrotic stage.
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Inflammation is a defence response of the organism to harmful internal and external 
stimuli�  Detailed study of inflammation processes revealed a close relationship between 
the inflammatory reaction and the immune response�  We thus expanded our initial focus 
on leukocyte migration to study factors and cell-cell interactions that regulate the many 
facets of inflammation, including differentiation of inflammatory leucocytes and changes in 
the endothelium that irrigates the site of injury�

In 2015-2016, we worked in three areas:

1� Characterization of the CXCR4 interaction with the actin-binding protein filamin-A

CXCR4 is a chemokine receptor involved in several human pathologies, including HIV-1 infection 
and tumour metastasis�  Inherited mutations in CXCR4 also cause a rare immunodeficiency 
termed WHIM syndrome� WHIM mutations generate receptors with impaired endocytosis 
after agonist binding, leading to receptor hyperactivation�  We demonstrated that interference 
with the CXCR4/filamin-A interaction restores internalization of WHIM mutant receptors, which 
provides a new therapeutic strategy for this rare, incurable disease�

2� Macrophage differentiation in neurological and autoimmune diseases

Innate immune cells, particularly macrophages, are major conductors of the inflammatory 
reaction�  Depending on their polarization, macrophages can activate a “healing programme”, 
which in cancer boosts tumour progression, or a “tissue destruction programme”, as occurs 
in autoimmune rheumatoid arthritis (RA)�  We found that upregulation of microRNA (miR)-223 
distinguishes macrophages from RA patients with active disease from less inflammatory 
macrophages from osteoarthritic patients�  miR-223 targets the aryl hydrocarbon receptor 
pathway, increasing production of pro-inflammatory cytokines and inflammation�

3� Normalization of tumour-associated vasculature

The endothelium is a semipermeable barrier that regulates transfer of oxygen, endo- 
and xenobiotics, as well as tumour and immune cell diapedesis�  Progressing tumours 
are characterized by aberrant angiogenesis but are unexpectedly highly hypoxic�  The 
consequence is dysfunctional tumour vasculature, which reduces perfusion of tumour tissue� 
We showed that extracellular superoxide dismutase (SOD3) normalizes tumour vasculature, 
thus increasing delivery of chemotherapeutic drugs and enhancing tumour immunity�
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Dimerization of the γ and β isoforms of Type I phosphatidylinositol-4-phosphate-5-
kinase as detected by FRET (in collaboration with M. Mellado’s group, CNB-CSIC).

1

Agonist-induced internalization of WHIM CXCR4 
mutant receptors that have lost their interaction with 
filamin A (in collaboration with T. Fischer, CNB-CSIC).
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Stem cells have the capacity for prolonged self-renewal in an undifferentiated state and 
for differentiation into several cell types� We identified the death inducer obliterator (Dido) 
locus as a stemness marker involved in embryonic differentiation� The Dido locus encodes 
three isoforms that share an N-terminal region with a nuclear localization signal (NLS), and a 
plant homeodomain (PHD); the latter reads chromatin state by binding trimethylated lysine 
of histone H3�  We analysed the Dido PHD domain as a member of a larger family, usually 
proteins involved in recombination (RAG2), growth inhibition (ING), or nuclear receptors 
(NSD1)�  Mutations that affect some PHD proteins are involved in pathologies including 
immunological disorders, cancer and neurological diseases�  Attempts to delete the entire 
Dido locus indicate that the gene is essential�  Whereas C terminal truncation of Dido is 
lethal at embryonic day 7�5-8, its N-terminal truncation provokes aneuploidy, centrosome 
amplification, and cell cycle alterations, leading to altered brain development and increased 
incidence of hematological myeloid neoplasms�  Dido alterations in humans are also 
associated with myelodysplastic syndrome (Berzoti-Coelho et al�, 2016) and some solid 
tumours�  In addition to lysine trimethylation, which controls interphase gene expression, 
we studied the PHD domain response to histone phosphorylation in cell cycle progression 
(Figure 1)�  After cell entry into mitosis, histone phosphorylation interferes with PHD domain 
binding, effectively suppressing gene transcription and preparing the chromatin for 
subsequent chromosome condensation�

We identified anatomical and functional abnormalities of brain and craniofacial development, 
consistent with the known roles of primary cilia in brain patterning, hydrocephalus, and 
cleft palate� Dido N-terminal mutant mice that reached adulthood showed reduced life 
expectancy, brain malformations including hippocampus hypoplasia and agenesis of corpus 
callosum, and neuromuscular and behavioral alterations�  These alterations, and the role 

of Dido in histone deacetylase 6 delivery 
to the primary cilium, suggest a model 
for the study of ciliopathies and provide 
information for assessing diagnosis and 
therapy of genetic disorders linked to 
deregulation of primary cilia (Figure 2)�
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Anatomical and neural anomalies in dido mutant mice. (A) 
Craniofacial defects in didoΔNT/ΔCT neonates. Representative 
images of both genotypes, with a false-colour merged image for 
comparison. (B) Sagittal sections of brain from a representative 
didoΔNT/ΔCT mouse. (C) Horizontal and (D) vertical spontaneous 
locomotor activity in didoΔNT/ΔCT mice. (E) Plantar sensitivity to 
thermal stimulus in adult didoΔNT/ΔCT mice. (F) Toluidine-stained 
myelin in cross-sections of left and right sciatic nerves from adult 
didoΔNT/ΔCT mice and WT littermates. (G) Peripheral nerve γ-tubulin 
deacetylation in didoΔNT/ΔCT and WT mice. (from Villares et al., 2015).

1

Epigenetic reader proteins are excluded from chromatin in mitosis.  
Evaluation of several PHD domain-containing proteins in dividing 
cells showed their exclusion from condensed chromosomes, which 
correlates with phosphorylation of histone residues that overlap 
with the PHD domain target. Mitotic expulsion of PHD proteins might 
have a functional role in generating a chromatin template without 
transcription complexes and accessible for condensin subunits.
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A broad array of biological responses, including cell polarization, movement, immune 
and inflammatory responses, as well as prevention of HIV-1 infection, are triggered by 
chemokines, a family of secreted and structurally related chemoattractant proteins that bind 
to class A-specific seven-transmembrane receptors linked to G proteins� Chemokines and 
their receptors should not be considered isolated entities, as they act in complex networks� 
Chemokines bind as oligomers, or oligomerize, after binding to glycosaminoglycans on 
endothelial cells, and are then presented to their receptors on target cells, facilitating the 
generation of chemoattractant gradients� The chemokine receptors form homodimers, 
heterodimers and oligomers at the cell surface� These structures are dynamic and are 
regulated by receptor expression and ligand levels� This complex scenario should be 
considered when analysing chemokine biology and the ability of their antagonists to act 
in vivo� Strategies based on blocking or stabilizing ligand and receptor dimers could be 
alternative approaches that might have broad therapeutic potential�

Our group also analyses the biological consequences of chemokine receptor activation� 
In the past two years, we determined that although the T cell receptor is essential for 
immunological synapse (IS) organization, the chemokines also participate� CXCL12-mediated 
signalling contributes to correct IS organization and therefore impinges on T cell activation�  

CXCR4 downregulation or 
blockade on T cells caused 
defective actin polymerization 
at the contact site with antigen-
presenting cells (APC), altered 
microtubule-organizing centre 
polarization and IS structure, and 
also reduced the duration of T 
cell/APC contact�  T cell activation 
was thus inhibited, as shown by 
reduced expression of CD25 and 
CD69 markers and diminished 
IL 2 mRNA levels�  These results 
indicate that, through Gi and 
JAK1 and 2 kinase activation, 
CXCL12 signalling cooperates 
to build the IS and to maintain 
adhesive contacts between APC 
and T cells, which is a requisite 
for continuous TCR signalling� 
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Effects of CXCR4 blockade in the localization of the 
microtubule-organizing centre (red) at the T/DC contact zone

1

Detection of phosphotyrosine at an immunological 
synapse between JAK1,2 knock-out and wild type T cells

3

TIRF images showing the effect of CXCL12 on CXCR4
clustering
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Diacylglycerol kinases as negative regulators of T cell responses. DGKα and ζ limit the 
activation of the PLCγ/Ras/ERK axis, providing a critical checkpoint to inhibit T cell responses� 
High expression of these isoforms leads T lymphocytes to a hyporesponsive state, like that 
caused by tumours� In our laboratory, we study the mechanisms that regulate the expression 
and activation of these two isoforms� We also seek to determine their differential contribution 
to cytotoxic and regulatory T cell populations�

Diacylglycerol kinase alpha contributes to malignant transformation. DGKα is expressed 
abundantly in T lymphocytes, whereas it is low or even absent in other healthy cells such as 
melanocytes, hepatocytes or neurons� We and others have shown that DGKα expression 
increases in highly transformed tumours, where it contributes to the acquisition of invasive, 
metastatic traits� Using xenografted tumours in nude and immune competent mice, as well 
as 3D cultures, our group analyses the contribution of DGKα to metastasis�

Membrane traffic in the control of polarized responses. We identified sorting nexin 27 
(SNX27) as a DGKζ partner in T lymphocytes� SNX27 mediates transport from endosomes 
to the plasma membrane of proteins that bear a specific PDZ-binding motif� In the brain, 
SNX27 controls receptor recycling, and its defective expression correlates with pathological 
conditions such as Alzheimer disease or Down’s syndrome� We studied SNX27 functions 
using proteomic approaches and identified additional partners of this protein during immune 
synapse formation� Neurological and immune synapses, and tumour invadopodia are highly 
polarized systems that share fundamental structures necessary for correct rearrangement of 

actin, microtubules, adhesion 
molecules and lipids that 
facilitate vesicle trafficking� 
Our findings will not only help 
to comprehend the relevance 
of lipid control for T cell 
responses, but also allow us 
to understand the mechanism 
that links membrane traffic 
with neuron functions and/or 
tumour invasion�
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Rapid redistribution of DAG sensors during immune synapse formation.  Jurkat T cells were transfected with tandem or individual GFP-fused PKCθ 
C1 domains.  After 24 h, cells were plated in poly-DL-lysine-coated chambers, then mounted on a heated microscope stage.  SEE-loaded Raji B cells 
(blue) were added to the chambers for conjugate formation and images acquired by time-lapse microscopy.  The figure shows representative 
frames from time 0 to the end of the experiment.  Right column, DIC images of T cell/APC conjugates at the end of the experiment.

1

Model for a SNX27 role as a scaffold for lipid signalling 
in T cells.  SNX27 is an endosomal PDZ scaffold for 
DGKζ-mediated control of DAG effectors activation.  
SNX27 allows DGKζ/PKCα reciprocal regulation; SNX27 
silencing thus leads to PKC hyperactivation and subsequent 
DGKζ-MARCKS domain phosphorylation and degradation.  
SNX27 silencing in stimulated T cells (right) leads to 
hyperactivation of PKC and RasGRP1/ERK pathways; 
in contrast , SNX27 silencing in basal conditions (left) 
prevents DGKζ-mediated PKC modulation while it promotes 
DGKζ stabilization in the RasGRP1 signalling complex.
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In Europe, 1�7 million people die each year due to cancer� It is estimated that up to 50% of 
all human cancers show constitutively enhanced expression of proto-oncogenes of the Myc 
family�  The Myc proteins, members of a basic region/helix-loop-helix/leucine zipper (bHLHZip) 
transcription factor family (N-, L- and c-Myc), are implicated in numerous biological functions 
such as regulation of cell cycling, differentiation and apoptosis� Myc proto-oncogenes are 
deregulated by different mechanisms in one of the three myc genes or by deregulation of 
signalling pathways that control their expression� Many reports show that strategies that 
interfere with deregulated myc function will have a substantial therapeutic impact on a wide 
range of aggressive tumours�  To activate or repress target genes, Myc proteins bind to 
conserved DNA sequences on gene regulatory regions; to achieve this, Myc proteins must 
form heterodimers with their obligate partner, Max� The majority of the scientific literature 
assumes that Myc function relies entirely on its capacity to form heterodimers with Max, 
although there are no definitive data regarding Myc/Max association� Some reports suggest 
that c-Myc can carry out some functions in the absence of Max in cell lines� Our group is 
interested in studying Myc/Max function in physiological and pathological scenarios in vivo, 
such as B lymphocyte differentiation and Myc-induced B lymphomas, respectively�  We aim 
to characterize the role of Max in the generation and/or the maintenance of these tumours, 
and to identify Max-independent Myc targets as potential therapeutic tools� 

Transcriptional control of B  
lymphocyte differentiation
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B lymphocyte differentiation in the mouse bone marrow. Scheme showing the different cell 
stages showing V(D)J rearrangements and some relevant surface markers.
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Our research is focused on two main areas, understanding the roles of natural killer (NK) 
cells in response to virus infections, and study of NK cell function in patients suffering 
primary immunodeficiencies (whose major clinical problems are virus infections)� We are 
also interested in the mechanisms by which viral pathogens try to evade NK cell immune 
surveillance�

In these studies, we aim to provide new tools to aid in the diagnosis and therapy of these 
diseases as well as to generate new insights into the biology and function of the immune 
system that will be relevant to the fields of vaccination, immune responses to cancer and 
autoimmunity�

For example, our analyses of immunodeficient patients have shown that NK cells in these 
patients are often immature both phenotypically and functionally� In some cases, this 
appears to be a direct effect of the immunodeficiency causing mutation; however, in other 
cases, our observations raise the exciting hypothesis that disruption of the normal crosstalk 
between immune effectors can impact negatively on the differentiation and function of the 
remaining cells of the immune system, and so contribute to the spectrum of pathology in 
these patients� Testing this hypothesis to gain a full understanding of the pathophysiological 
significance of these immune system changes requires high-resolution analysis of these 
altered cell populations, where possible at the single cell level, using new, highly multiplexed 
technologies that allow detailed phenotypic, functional and molecular analyses of single 
immune cells�
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Genetic and phenotypic characterization of CD247 deficiency. (A) The 
index patient inherited CD247 mutation affecting the start codon is shown 
within the CD247 protein and gene structure, as well as in the comparative 
chromatograms. (B) White blood cells from the CD247 deficient patient 
(-/-), a relative heterozygous for the CD247 initiation codon mutant 
(+/-) and a family member  homozygous for non-mutant CD247 sequence 
(+/+) were stained with directly labelled mAbs specific for CD56.
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The main goals of our research are a) to study the in vivo function of the Gadd45 family 
and p38 in development, suppression of autoimmunity and cancer, and b) to analyse the 
underlying molecular mechanisms to identify therapeutic targets for these diseases�

To address these goals, we generated and characterized several lines of Gadd45 and p38 
MAPK knockout mice� Gadd45a-null mice develop a lupus-like syndrome, characterized by 
high autoantibody titres, lymphoproliferation, autoimmune glomerulonephritis and premature 
death� We previously found that Gadd45a acts as an autoimmune disease suppressor gene 
by blocking p38 activation in T cells� In addition, Gadd45a functions as a dose-sensitive 
regulator of B cell tolerance� Lack of Gadd45a in mice allows escape of autoreactive B cells 
from the central tolerance checkpoint� Dysregulation of this molecular mechanism might 
contribute to the development of autoimmune disease in Gadd45a-null mice� The proposed 
model is that elevated miR-148a expression impairs B cell tolerance by promoting the 
survival of immature B cells by suppressing Gadd45a expression� Furthermore, increased 
miR-148a expression facilitated the development of lethal autoimmune disease in a lupus 
mouse model�

To dissect p38α and p38β functions in T cells, we characterized mice that lack p38α or 
p38β, and generated double-knockout mice� Since lack of p38α in mice causes embryonic 
lethality, we used a conditional knockout mouse model (Mapk14Δ/Δ) to analyse p38α 
function� Our results indicate that Mapk14Δ/Δ mice provide a useful model for the analysis 
of p38α deficiency in CD4+ T cells� We found an unpredicted function for p38 MAPK in 
the control of CD4+ T cell proliferation following TCR activation� We also examined the 
role of p38α and p38β in IFNγ production, and found that p38α and p38β control T cell 
receptor-induced IFNγ and TNFα production, but only p38α modulates cytokine-induced 
IFNγ production�
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Image showing the spontaneous development of autoimmune glomerulonephritis in Gadd45-/- mice
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Our group is interested in the modulation of natural killer (NK) cell activation in the context 
of cancer� For this purpose, we study in vitro models and ex-vivo patient samples mainly 
from two types of human tumours, bladder cancer and melanoma� We use a range of 
biochemical, molecular and immunological techniques to understand the differentiation 
and proliferation events that occur in the NK cell compartment in the context of cancer 
and the changes provoked by therapies� For example, in the case of bladder cancer, we 
follow the treatment with BCG (Bacille Calmette-Guérin), whereas in melanoma, we study 
BRAF inhibitors� Our main interest consists of describing the detailed phenotype of NK cells 
with anti-tumour capacities and the factors required for their differentiation�  In parallel, we 
study immune-modulating molecules such as the tumour-secreted ligands for the activating 
receptor NKG2D�  These ligands can be soluble or released as part of extracellular vesicles 
such as exosomes�

We are also interested in developing exosome-based tools for immune modulation and 
technologies that will permit easier detection of exosomal biomarkers in cancer� To pursue 
this goal, we have started to establish collaborations with clinicians to have access to 
samples, with researchers and technological partners to develop the tools, and we also 
form part of a new Spanish network for research in extracellular vesicles�

Tumour immune activation and evasion

2

NKG2D ligand biology. NKG2D ligands (NKG2DL) are recognized 
by NKG2D on the target cell surface, leading to activation 
of degranulation machinery by the effector cell and target 
cell death. NKG2DL can be recruited to detergent-resistant 
membranes (lipid rafts) and be cleaved by metalloproteases, 
resulting a soluble ligand, or can be included in exosomes, 
resulting in multimeric membrane-bound ligands. Interaction 
with soluble NKG2DL, as cleaved proteins or as part of 
exosomes, can block and downmodulate the receptor and 
lead to immune evasion (from López-Cobo et al., 2016).

1

NKG2D ligands belong to two genetic families 
with numerous different biochemical and cell 
biology properties. These families, MICA/B 
(major histocompatibility complex class 
I-related chain) and ULBP (UL16-binding 
proteins) encode proteins with distinct 
membrane attachments [transmembrane 
(TM) and glycosyl-phosphatidylinositol 
(GPI)] and distinct mechanisms for release 
to the extracellular milieu (exosomes 
vs. metalloprotease cleavage). Not all 
NKG2D ligands in a family share the same 
biochemical characteristics; they are also 
recognized differentially by viral proteins 
and miRNAs that interfere with the immune 
response. Here, the human cytomegalovirus 
evasion molecules that target NKG2D 
ligands (proteins in blue, miRNA in orange) 
are depicted (from Valés-Gómez, 2015).
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SYSTEMS BIOLOGY PROGRAMME
One of the great conceptual novelties of recent years in the life sciences is systems biology�  
Although molecular biology is considered to have been founded by physicists, this circumstance did 
not result in a quantitative culture and the accurate, standardized descriptive language characteristic 
of the “hard sciences”�  With very few exceptions, the biosciences that have developed since that 
time seldom took the opportunity to formalize the mechanisms and functions of living systems 
using accurate languages and codes� Systems biology occupies this niche by analysing biological 
entities as comprehensible physicochemical objects with a functioning logic that can be modelled, 
understood and reshaped�  By the same token, systems biology is not just a contemporary update 
of the recombinant DNA technologies of the past 30 years, with descriptive language imported from 
electrical and industrial engineering�  It is also a new interpretative key for living systems as well 
as a declaration of intent regarding the use and reprogramming of biological objects for human 
benefit�  In the same way that scientific chemistry, as initiated by Lavoisier, evolved into the chemical 
engineering that is the basis of our industrial society, biology has acquired a transforming potential 
that could lead to a type of industry and economy very different from the current paradigm�  The CNB 
SysBio Programme figures in the contemporary landscape by developing active research lines in 
environmental genomics, network biology, systemic computation and metabolic engineering�  This 
framework (which many consider a veritable paradigm shift) seeks to address the complexity of 
living systems as such, not to divide them into smaller parts (at difference from the reductionism of 
molecular biology)�  Systems biology offers remarkable scientific and technological potential for the 
field of biomedicine and for industrial, agricultural and environmental biotechnology�

HEAD OF PROGRAMME 
Víctor de Lorenzo

OUR RESEARCH GROUPS
1. Molecular environmental microbiology

Víctor de Lorenzo
2. Evolutionary systems

Susanna Manrubia 
3. Computational systems biology

Florencio Pazos
4. Logic of genomic systems

Juan F. Poyatos
5. Microbiome analysis

Javier Tamames and Carlos Pedrós-Alió

Top: Complex regulatory networks can be recreated as as circuits of logic gates. The image shows the complex genetic device that 
controls expression of genes for degradation of m-xylene in the environmental bacterium Pseudomonas putida.

Bottom: Heat maps show relationship between resistance to the herbicide phosphinothricin and exposure to arsenic in the soil bacterium P. putida.
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Key parameters of the gene expression flow from DNA to proteins. 
PoPs (RNA polymerase per second passing through a promoter) 
and RiPs (ribosome per second going through an mRNA).

1 2

1

Pseudomonas putida strain depleted of certain cell 
surface structures. Note the spherocylindrical shape 
and increased sensitivity to some antibiotics.

90

Our longstanding mission is to produce biological agents for biosensing, remediation and 
(when possible) valorization of chemical waste from urban and industrial activities that is 
otherwise dumped into the environment� To this end, we explore and capitalize on the 
interface between environmental microbiology and synthetic biology� Our workhorse is the 
soil bacterium Pseudomonas putida, which combines the ease of genetic programming 
typical of Escherichia coli with the safety, robustness and metabolic capabilities required 
in whole-cell catalysts for applications in harsh biotechnological settings� Specific activities 
include [i] development of P� putida as a reliable chassis for implantation of genetic and 
metabolic circuits� This involves profound editing of the extant genome of this microorganism 
to enhance desirable properties and eliminate drawbacks, as well as exploitation of surface-
display systems for designing complex catalytic properties, altogether separated from cell 
metabolism, and the design of artificial communities by ectopic adhesins� [ii] Development 
of camel antibodies as tools for metabolic and regulatory engineering of P� putida� Various 
expression systems permit the targeting of camelid VHH fragments to the intracellular 
compartment, the periplasm or the external medium of the cells� This allows selective 
perturbations of chosen metabolic routes to enhance desired metabolic and regulatory 
qualities of bacteria� [iii] Genetic tools for deep refactoring of metabolic properties of P� 
putida� The list of new assets we are developing includes a large collection of standardized 
plasmid and transposon vectors as well as dedicated reporter systems for parameterization 
of gene expression flow and switching entire metabolic regimes� [iv] The Tol system borne 
by plasmid pWW0 as a reference for metabolic circuit implantation� The two operons for 
toluene and m-xylene biodegradation encoded in pWW0 offer a natural case of expansion 
of the metabolic repertoire of environmental bacteria through acquisition of new genes� [v] 
Deep metabolic engineering of P� putida� Currents efforts attempt to develop strains that can 
be entirely programmed to deliver catalytic phenotypes of choice after exposure to  and 
computation of external and internal cues�
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The main interest of our group is the theoretical study of evolutionary systems of different 
kinds� We develop models inspired by the phenomenology observed in natural systems, 
chiefly molecular populations, viruses, and interacting agents at the cellular level and up� 
Our approach addresses the study of fundamental properties of adapting systems –with 
strong emphasis on their evolutionary origin— or, more specifically, tries to reproduce and 
eventually, to predict the response of such populations to endogenous and exogenous 
changes� In this context, we analyse the properties of the genotype-phenotype map through 
models such as the folded state of RNA sequences, focusing on the topological structure 
of neutral networks of genotypes and its relevance in adaptation and molecular innovation� 
Another main goal is to understand the survival strategies of viruses, including the relevance 
of multipartite genomes or the ecological effect of viral satellites� At a higher organizational 
level, we are also interested in modelization of the interaction between agents organized in 
networks that vie for resources, food, or mates, as competitive interactions represent one 
of the driving forces behind evolution and natural selection in biological systems� Finally, we 
explore the application of complex systems to biotechnology through the development of 
analysis techniques with environmental and health purposes� We have applied graph theory 
to antibody microarrays to improve the characterization of experimental samples, with direct 
application to allergy control, toxin detection in fresh water ecosystems, and identification of 
potential biomarkers in space missions� Our studies of viral response to antiviral treatments 
have determined optimal modes of drug administration to minimize viral load and mutant 
escape�
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The power of the weak. Cooperative interactions 
between two a priori weak populations can provide a 
collective advantage superior to direct alliances with a 
strong population (modified from Iranzo et al., 2016.

1

2

1

Slow environmental change, fast 
biological response. The genomic 
composition of populations (top) can 
undergo sudden shifts in response to 
smooth environmental changes (bottom) 
(modified from Aguirre & Manrubia, 2015).
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Our group is interested in different aspects of bioinformatics, computational biology and 
systems biology� Our goal is to obtain new biological knowledge with an in silico approach 
that complements the in vivo and in vitro methodologies of biology� This mainly involves 
mining the massive amounts of information stored in biological databases� Besides our lines 
of scientific research, we also collaborate with experimental groups by providing them with 
bioinformatics support for their specific needs, and participate in different teaching projects�

We have developed evolutionary-based methods for predicting sites with functional 
importance in protein sequences and structures� These methods are based on the fact 
that functional sites are subject to certain evolutionary constraints whose landmarks can be 
detected on multiple sequence alignments�

The biological functions of many proteins can only be explained in the context of their 
relationships with others� We have developed evolutionary-based methods for predicting 
interaction partners, which have been adopted by the scientific community� These methods 
are based mainly on the hypothesis that interacting or functionally related proteins adapt to 
each other during the evolutionary process (co-evolution)� We try to detect the landmarks 
that this co-evolutionary process left in the sequences and structures of the proteins�

The study of living systems from a network perspective is providing new biological 
knowledge that could never have been obtained from the study of individual components 
(genes, proteins, etc�), no matter how detailed� This new strategy is needed to complement 
the intrinsic limitations of a reductionist approach that cannot keep up with the complexity of 
living systems� We are studying metabolic networks (central metabolism and biodegradation) 
and protein interaction networks with this new top-down approach� We also recently began 
to study human diseases using these new systemic and network-based approaches�
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Scheme of the "p-mirrortree" (pMT) method 
for statistical evaluation of phylogenetic 
tree similarity scores. The method is based 
on generating a null distribution of tree 
similarity scores for pairs of shuffled trees from 
which p-values associated to a given score 
for a pair of real trees can be extracted.

1

Interface of the MBROLE 2.0 system for analysis of metabolomics data
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We have focused on quantitatively understanding the functional and evolutionary implications 
of different modes of gene expression control� Our work could further motivate the search 
for fundamental design principles of gene regulation by non-coding RNAs, demonstrate 
how the application of concepts from information theory lead to more precise, quantitative 
understanding of cell systems, and uncover new general dynamic properties of interlinked 
feedback circuits applicable to bioengineering of synthetic units� Specifically, we studied:

• A simple non-coding RNA circuit, known as riboregulator, to predict its behaviour and 
mutational landscape� We designed a synthetic riboregulator to then introduce a theoretical 
framework able to predict expression parameters and the functional consequences of 
mutations on the corresponding RNA sequences� This framework was tested experimentally 
by characterization of an RNA switch following the theoretical proposal�

• An original framework based on information theory to examine how multiple copies of 
a decision-making regulatory circuit turn noise into a beneficial feature, which suggests a 
novel adaptive function of genetic redundancy (Fig� 1)� We tested how genetic redundancies 
allow information to be maximized, how this effect depends on device specifications, and 
the interdependence among them� The theory was corroborated by experimental data in 
several systems�

• An operation regime of a regulatory circuit exhibiting antagonistic positive and negative 
autoregulatory feedback loops� As a model system, we considered the circuit that controls 
the multiple antibiotic resistance phenotype in Escherichia coli� We combined theory with 
quantitative experiments at the population and single-cell levels (Fig� 2)� In this architecture, 
weak positive feedback serves to increase the transcription rate “on the fly” due to 
derepression of the system and concomitant expression of the activator� This accelerates 
the response dynamics and limits the heterogeneity of the induced phenotype within a 
population�
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Subset of Escherichia coli lineages with different YFP expression levels after induction of 
the multiple antibiotic resistance phenotype with 5 mM salicylate.  On the right , variation 
in response time (t50) quantified for 60 different lineages within the population.

2

1

Illustration depicting how intrinsic noise, genetic redundancy, and heterogeneity increase 
transmission of information by cellular decision-making circuit devices (working as threshold 
systems). Extrinsic noise and crosstalk among redundant units become limiting factors instead.
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We are interested in describing the rules that govern the assembly of microbial communities� 
Our objective is to achieve predictive capacity of the function of these communities, given 
their composition and the environmental factors in play� This will allow us to determine 
the conditions that favour particular combinations of species able to fulfil specific goals in 
biotechnological, clinical and ecological scenarios�

By combining information on the diversity and function of natural microbial communities, 
obtained by high-throughput sequencing, with mathematical modelling of the microbial 
metabolism, we try to understand how specific environmental changes influence the 
composition and function of the community�

We also aim to understand the ecology of aquatic microorganisms� We want to learn how 
microorganisms survive in unusual environments and thus derive clues regarding the 
function of more conventional habitats� Another interest is to comprehend the diversity of 
microorganisms, and especially the mechanisms that maintain a large variety of rare bacteria 
species in aquatic ecosystems�

Metagenomics and metatranscriptomics play a pivotal role in our work� Using these 
approaches, we obtain information on the presence and activity of specific organisms 
and their functions� We can also evaluate changes in composition, function and activity in 
response to environmental perturbations� These techniques also allow us to recover quasi-
complete genomes that can be used to generate metabolic models for the species involved�
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Sampling at Salar de Ascotán, North of Chile (altitude 3700 m)







7
SCIENTIFIC SERVICES
  Among the most important assets of the CNB are its core facilities�  They provide access to leading-
edge technology in the areas of structural and cell biology, genetically modified mouse and plant 
models, as well as for genomics, proteomics and bioinformatics�  The centre also stands out for its 
research installations, which include a specific pathogen-free animal facility, a greenhouse, and one 
of the few high-level biocontainment (BSL-3) laboratories currently operative in Spain� Specialised 
personnel offer technical support in many other facets of the centre’s scientific activities�

STRUCTURAL AND CELL BIOLOGY

Electron microscopy 
Cristina Patiño
Cryoelectron microscopy
Rocío Arranz
Macromolecular X-ray crystallography 
César Santiago
Confocal microscopy 
Sylvia Gutiérrez
Flow cytometry
Mª Carmen Moreno-Ortiz
Protein tools 
Leonor Kremer

GENETICALLY MODIFIED MOUSE AND PLANT MODELS

Transgenesis 
Belén Pintado
Mouse embryo cryopreservation 
Lluís Montoliu
Histology 
Lluís Montoliu
In vitro plant culture 
Raquel Piqueras

GENOMICS, PROTEOMICS AND BIOINFORMATICS

Genomics
José Manuel Franco
Proteomics 
Alberto Paradela
Bioinformatics for genomics and proteomics 
Juan Carlos Oliveros
Scientific computing 
José Ramón Valverde
Sequence analysis and structure prediction 
Mónica Chagoyen

RESEARCH INSTALLATIONS

Animal facility 
Ángel Naranjo
Greenhouse 
Tomás Heras
Radioactive facility and biosafety  
level 3 laboratory 
Fernando Usera

TECHNICAL SUPPORT

Biosafety and radiation protection
Fernando Usera
Cell culture, washing and sterilisation 
Rosa María Bravo
Instrumentation 
Ismael Gómez
Workshop 
Daniel Pastora
Photography 
Inés Poveda
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Electron microscopy
HEAD
Cristina Patiño

PERSONNEL
Rocío San Andrés Cervilla
Javier Bueno Chamorro

The transmission electron microscope (TEM) operates on 
many of the same optical principles as the light microscope, 
but uses electrons as the illumination source� Their much 
shorter wavelength makes it possible to obtain much 
higher resolution, which allows us to study ultrastructure of 
organelles, viruses and macromolecules�

The electron microscopy service offers equipment and 
techniques for the preparation and analysis of biological 
samples by transmission electron microscopy for studies at 
the ultrastructural, cytochemical and immunocytochemical 
levels�

The technical staff takes care of sample preparation, image 
acquisition and provides support for data interpretation�  In 
addition, they offer training and advice to users in the use 
of equipment and available methodologies, as well as the 
implementation of advanced methods in microscopy�

Equipment

• Jeol JEM 1011 transmission electron microscope, equipped 
with a Gatan ES1000W camera

• Leica Ultracut UC6 cryo-ultramicrotome
• Reichert Ultracut E ultramicrotome
• Automatic cryo-substitution system Leica EM AFS2
• High-pressure system Leica EM PACT2
• Knifemaker Reichert
• Sample Trimmer Leica EM TRIM
• Carbon coating system Leica EM MED020

Cryoelectron microscopy
HEAD
Rocío Arranz

PERSONNEL
Francisco Javier Chichón
Rafael Núñez (CIB-CSIC)

The cryoelectron microscopy core facility is located at the 
Centro Nacional de Biotecnología (CNB-CSIC) and is jointly 
operated with the Centro de Investigaciones Biológicas 
(CIB-CSIC)�  The services offered by the facility include 
sample preparation and image collection for cryoelectron 
microscopy (single particle and tomography)�

The facility provides access to two microscopes for 
cryoelectron microscopy of unstained biological material�  
One of them, a 200 kV FEI TALOS Arctica, equipped with 
an autoloader and with a Falcon II direct electron detector, 
is ideally suited for the collection of large amounts of high-
resolution data� The other microscope, a 200 kV FEI Tecnai 
G2, equipped with a CCD camera, is available for general 
routine cryoEM�

The service also has two different apparatus for specimen 
vitrification, a FEI Vitrobot and a Leica EM CPC�
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Macromolecular X-ray crystallography
HEAD
César Santiago

Protein X-ray crystallography is a high-resolution technique 
that allows us to study protein structure at the atomic 
level�  This method provides a detailed view of protein 
function, ligand and protein interactions, supramolecular 
organization and mutants related to human diseases�  Great 
improvements both in crystallization techniques and in 
software for structure resolution and refinement have been 
achieved in the last decade, which increase the possibility 
of solving a macromolecule's structure�

Services: 

• Advice and supervision of protein production from cloning 
to expression in bacterial, yeast and eukaryotic systems

• Support and training in protein purification to obtain 
crystal-grade protein for crystallization

• Automated macromolecular crystallization
• Optimisation of crystallization conditions, applying 

standard and in-house techniques
• Crystal mounting, access to synchrotron beam time, X-ray 

diffraction data collection�
• Data processing, structure resolution and analysis

Equipment:

• Three temperature-controlled crystallization rooms
• Genesis RSP 150 workstation (Tecan Trading AG) 

nanodispenser robot
• Rigaku Desktop Minstrel system for automated 

visualisation of crystallization plates
• CrystalTrak database suite for crystallization screening 

and improvement of positive trials

Confocal microscopy
HEAD
Sylvia Gutiérrez

TECHNICIAN 
Ana Oña Blanco

Confocal microscopy imaging techniques use lasers and 
electronic systems of digital image capture to provide 
optical sections of the material�  The presence of fluorescent 
markers in the sample allows location of cell components 
and use of various experimental approaches involving 
single or multiple fluorescent labelling in live or fixed cells 
and tissues�

The facility provides infrastructure for widefield, confocal 
laser scanning and STED super-resolution microscopy, 
covering most light microscopy applications, with technical 
assistance to its users� The equipment and services are 
available to CNB personnel as well as to researchers in the 
public and private sectors� The technical staff offers training 
and advice on equipment use, available methods, as well 
as image processing, quantification and analysis if required� 
Cell culture slides, aliquots of secondary antibodies 
and probes with broad use in fluorescence microscopy 
applications are also provided�
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Flow cytometry
HEAD
Mª Carmen Moreno-Ortiz

TECHNICIAN
Sara Isabel Escudero Garcia

The flow cytometry facility provides scientific and 
technological support to CNB research groups and users 
from the public and private sectors�

Services

• Training and advice on the principles and applications of 
analytical flow cytometry

• Development and optimization of new applications, incor-
porating new technologies and reagents

• Quantification of secreted cytokines by multiplexed 
assays

• Analysis of results with specialized software packages
• Cell sorting
• Antibodies and commonly used reagents

Equipment

• BD FACSCalibur: 4 colours, 2 laser (488 nm and 633 nm)
• Beckman Coulter CYTOMICS FC 500: 5 colours, 2 lasers 

(488 nm and 633 nm)

• Beckman Coulter CYTOMICS FC 500: 5 colours, 1 laser 
(488 nm)

• BD LSRII: 8 colours, 3 laser (488 nm, 633 nm and 405 nm)
• Beckman Coulter GALLIOS: 10 colours, 3 lasers (488 nm, 

633 nm and 405 nm)
• Luminex 100 IS Multiparametric Analyzer for quantification 

of multiple soluble molecules from a single sample
• Cell Sorter Beckman Coulter Moflow XDP: 10 colours, 3 

lasers (488 nm, 633 nm and 405 nm)

The unit also provides 3 PC platforms to analyse results, 
running specialized software packages: WindMDI, CXP, 
MultiTime , MultiCycle , DIVA, FlowJo , Summit, Kaluza

Common routine applications:

Cell viability (IP, 7AAD,DAPI); viability of fixed cells; cell cycle 
and ploidy (IP, DAPI); studies of mitotic G2/M population with 
phospho-histone 3; ploidy levels in plants (IP); proliferation 
assessment with BrdU or EdU; cell proliferation (CFSE, 
CellTrace); apoptosis (subG0/G1, annexin V, TUNEL); 
gene expression using fluorescent proteins; intracellular 
signalling (phosphoproteins); study of cell migration; 
intracellular calcium mobilization; immune phenotyping with 
10 colours; study of T regulatory cells; intracellular cytokines; 
quantitation of soluble molecules such as cytokines by 
multiplexed assays; cell sorting

website: http://www�cnb�csic�es/~citometria
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facility is equipped with a surface plasmon resonance 
biosensor (Biacore 3000), which allows sensitive, reliable 
characterization of biomolecular interactions and provides 
information such as kinetics and thermodynamic parameters 
of binding events� 

The biosensor has been used for applications that include 
antibody-antigen, protein-, nucleic acid-, lipid- and small 
molecule-protein interactions�  In recent years, we have 
raised and characterized new monoclonal antibodies to viral 
proteins, toxins, protein hormones, immunoglobulins, blood 
proteins, chemokine receptors, and adhesion molecules�

Equipment

• ÄKTAprime plus chromatography system (GE Healthcare)
• SPR Biacore 3000 (GE Healthcare)
• EnVision 2104 Multilabel Reader (Perkin Elmer)
• Other equipment: biological safety cabinets, CO2 

incubators, centrifuges, microfuges, inverted fluorescence 
microscope (Zeiss Axiovert 40 CFL), thermal cycler, 
microplate reader, protein gel electrophoresis systems, 
Western blot systems and electrophoresis power supply 
units

Website:
http://www�cnb�csic�es/index�php/en/research/core-
facilities/protein-tools-unit

Protein tools
HEAD
Leonor Kremer

PERSONNEL
María Teresa Martín
Mónica García-Gallo
María Lozano
Ana María García

The Protein Tools Unit generates and characterizes 
monoclonal antibodies, with emphasis on designing and 
developing immune response studies, immunoassays and 
molecular interaction analyses�

The unit is a founding member is a founding member of 
EuroMAbNet, the first European non-profit organization 
of multidisciplinary academic laboratories specialized in 
mAb production, a framework for exchange of knowledge, 
methods and materials�  

The facility provides research tools and services to scientists 
from the CNB, other CSIC institutes, universities, public 
research organizations and private companies� 

In addition, we offer expertise, technical assistance, 
data analysis and interpretation, user training and the 
implementation of new methods� We also organize 
theoretical and practical courses, and assist with 
preparation of manuscripts and oral presentations�  The 

Interaction model of IBDV VP3 protein-dsRNA. SPR analysis of VP3-dsRNA interaction using a Biacore 3000 biosensor. 
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Transgenesis
HEAD
Mª Belén Pintado

PERSONNEL
Verónica Domínguez Plaza (CBMSO-UAM)
Marta García Flores
Alicia Llorente Herranz 

The CNB-CBMSO Transgenesis Core Facility provides 
support to researchers in the generation, establishment and 
interchange of genetically modified mouse models� The 
facility is a joint service shared between two centres: CNB 
and CBMSO�  We offer technical and scientific support at all 
necessary steps on the best strategy to obtain the mouse 
model desired: generation of a genetically modified model 
and establishment and management of lines to achieve 
the desired genotype� We provide the necessary animal 
resources and technology by additive transgenesis, targeted 
mutagenesis (KO, KI) or genome editing (ZFN, CRISPR)�  
The facility has two microinjection settings, including 
microinjectors and piezo drill, dissecting microscopes, plus a 
standard molecular biology laboratory and a fully equipped 
laboratory for ES cell handling� The unit has access to the 
animal facilities of the CBMSO and the CNB�

Services

• Advice on the design of target vectors or constructs for 
microinjection

• Pronuclear microinjection of plasmid, BAC and YAC DNA
• Vector electroporation into ES cell lines
• CRISPR/Cas9-based genome editing
• ES cell handling and injection to generate chimaeras
• Derivation of murine ES cell lines
• Embryo rederivation from external animal facilities
• Training in collection, handling and culture of mouse 

embryos in pre-implantation stages

Mouse embryo cryopreservation
HEAD
Lluís Montoliu

PERSONNEL
Julia Fernández Punzano
María Jesús del Hierro Sánchez
Marta Castrillo Labrado
Isabel Martín-Dorado Caballero

The CNB Mouse Embryo Cryopreservation Facility 
offers researchers the possibility to freeze and maintain 
transgenic and knockout mouse lines in the form of 
embryos and/or sperm, thus contributing to current animal 
welfare recommendations and complying with associated 
legislation� Additional methods available include thawing 
previously frozen sperm and/or embryos and revitalization of 
cryopreserved mouse lines, in vitro fertilization, assessment 
and/or logistical support for importing/exporting frozen or 
refrigerated embryos or sperm to and from the CNB, quality 
controls and genotyping procedures� The CNB hosts the 
Spanish node of the European project INFRAFRONTIER-
EMMA, whose objective is the cryopreservation, organized 
archiving and coordinated distribution of mouse lines of 
interest for the scientific community� Through the CNB-
CSIC, the CNB Mouse Embryo Cryopreservation Facility has 
signed scientific cooperation agreements with the CNIO, the 
University of Kumamoto, and is integrated in the scientific-
technological platforms INNOTEK (UAM+CSIC) to allow the 
archiving and distribution of mutant mouse lines of interest in 
biomedical research�

Staff members of this CNB facility participate regularly 
as instructors in mouse cryopreservation workshops 
and courses, organized in collaboration with the CARD-
University of Kumamoto, INFRAFRONTIER-EMMA, ISTT and 
CIEMAT-SECAL�
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Histology
HEAD
Lluís Montoliu

PERSONNEL
Soledad Montalbán
Óscar Sánchez

The CNB Histology Facility offers the preparation of animal 
and plant biological samples for histological analysis� All 
requests are processed electronically through the facility's 
web site, in Spanish or in English�

Available methods include preparation of wax and plastic 
(resin) blocks and the corresponding histological sections 
with the automated microtome�  In addition, we offer 
preparation and sectioning of frozen blocks with a cryostat� 
All sections can be counterstained with any of the available 
staining procedures (haematoxylin/eosin, crystal violet, PAS, 
Mason's trichrome, elastin fibres/van Gieson, etc�) or can be 
used for immunohistochemistry� The facility can implement 
new staining procedures or additional histological methods 
on demand, according to user/researcher needs� The 
facility has ample experience in processing a large variety 
of animal and plant tissues and organs�

The CNB histology facility is integrated within the INNOTEK 
technological platform of the Campus of Excellence 
UAM+CSIC�  It is associated with the IIB (Instituto de 
Investigaciones Biomédicas Alberto Sols)-UAM/CSIC 
histology facility —coordinated by the CNB— offering 
CNB and IIB researchers a large processing capacity for 
histological samples� The CNB histology facility has joined 
the SEFALer technological platform of the CIBERER/ISCIII�

In vitro plant culture
HEAD
Raquel Piqueras

PERSONNEL
María Luisa Peinado Vallejo
Beatriz Casal López

The CNB in vitro Plant Culture Facility offers technical 
expertise and maintains a variety of equipment necessary for:
• sowing and growth of cells, tissues and seedlings of 

many plant species, including Arabidopsis, Nicotiana sp, 
tomato, potato and Brassica sp

• their maintenance and propagation
• generation of plant protoplast and cell cultures

The facility also assists in obtaining genetically modified 
plants by
• stable transformation of plants, using Agrobacterium 

tumefaciens as a transgene carrier
• transient transformation of plants using the particle 

delivery system

The CNB in vitro Plant Culture Facility provides service to 
any CNB researcher and works very closely with members of 
the Plant Molecular Genetics Department�  With appropriate 
authorization, the facility also provides access to researchers 
from other academic institutions and companies�
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Genomics
HEAD
José Manuel Franco

PERSONNEL
Gloria García Casado
Irene López-Vidriero
Marta Godoy
Luis Almonacid
Beatriz Martín

The CNB Genomics Facility focuses on the analysis of gene 
expression from biological samples using microarrays, 
interrogating the activity of complete genomes in a single 
experiment, and contributing to elucidation of the genetic 
basis of biological processes� We routinely hybridize and 
analyse one- and two-channel microarrays, including 
Agilent, Affymetrix and custom microarrays�

Our services include microarray printing and design, 
analysis of RNA integrity and microarray hybridizations� 
Raw data are analysed statistically using state-of-the-art 
algorithms, and filtered results are supplied to clients in 
an easy-to-use web-based tool developed by this facility� 
We offer support in the use of several bioinformatic tools 
for functional analysis, helping users with the biological 
interpretation of the results� We also offer the possibility of 
validating gene expression data by real time qPCR analysis�  
Through the Genomics Facility, the CNB participates in 
the CSIC-PCM ultrasequencing platform� This platform can 
perform massive sequencing experiments of complete 
genomes, transcriptomes, small RNAs or DNA/RNA-protein 
interactions�

Research projects are constantly being developed by our 
personnel, to implement new services and technologies 
for researchers; these include new microarray-based 
technologies such as a new DNA chip for studying DNA-
protein interactions�

Proteomics
HEAD
Alberto Paradela

PERSONNEL
Adán Alpízar
Gema Bravo
Sergio Ciordia
Manuel Lombardía
Alberto Medina
Mari Carmen Mena
Rosana Navajas

Created in 1999, the CNB Proteomics Facility maintains a 
technological platform for large-scale protein identification, 
quantitation and characterization, offering its services to the 
CNB scientific community as well as to external researchers� 
Massive protein identification and characterization is 
performed by multidimensional nano-HPLC chromatography, 
coupled to a nano-electrospray ion trap mass spectrometer 
(MS), to a TripleQ-TOF MS, or to a MALDI TOF/TOF MS (LC-
MS/MS)� For differential proteomics (quantitative proteomics), 
we use label-free approaches or metabolic (SILAC)/chemical 
stable isotope labelling (ICPL, iTRAQ, TMT), in combination 
with LC-MS/MS analysis�  We also offer targeted and, in 
combination with AQUA peptides, absolute quantitative 
protein analysis by selected/multiple reaction monitoring (S/
MRM-MS)� Phosphorylation analysis is performed through 
specific phosphopeptide enrichment procedures, followed by 
LC-MS/MS analysis with CID (collision-induced dissociation) or 
ETD (electron transfer dissociation) fragmentation methods� 
Prolamin detection and characterization by ELISA and mass 
spectrometry are also offered�  For training purposes, we 
organize practical courses on topics such as quantitative 
proteomics and bioinformatics� The CNB Proteomics Facility 
is member of the Proteored-ISCIII platform�

Services

• Two-dimensional gel electrophoresis
• Protein identification and characterization by MALDI-

TOF/ TOF, ESI Q-TOF, ESI QQQ and ESI ion trap mass 
spectrometry

• Protein quantitation by label-free approaches or after 
metabolic/chemical stable isotopic labelling (SILAC, ICPL, 
iTRAQ, TMT)

• Selected/multiple reaction monitoring (S/MRM-MS)
• Identification and characterization of post-translational 

modifications
• Peptide synthesis and membrane-bound peptide array 

design
• Gluten analysis by ELISA and mass spectrometry
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Scientific computing
HEAD
José Ramón Valverde

The CNB Scientific Computing service provides advanced 
support for scientific data analysis in bioinformatics and 
biocomputing, through close collaboration with research 
groups to tailor analyses to specific problems and through 
courses and collaborations with international institutions�  

Bioinformatics data analyses have evolved from generic 
support to modern NGS data analyses, including 
metagenomics and de novo genome sequencing� We 
recently participated in studies to analyse pesticide 
effects on the maize rhizosphere, identify ecological 
indicators, sequence new bacterial strains (Mycobacteria, 
enteropathogenic Escherichia coli, Citrobacter) and 
construct metabolic networks to improve biotechnological 
processes in Streptomyces lividans�  

The service provides support for advanced biostatistical 
analyses, which has allowed treatment of complex 
experimental setups associated with new therapies, bladder 
cancer diagnosis, proteomics and non-linear longitudinal 
analyses, as well as in our International Course on 
Biostatistics and a new R programming course�

Computational biology services include pocket identification, 
molecular docking, drug screening, in silico mutagenesis, 
molecular dynamics, QM and QM/MM models, quantum 
dynamics and reaction modelling� Using these technologies, 
we identified the role of several human growth hormone 
mutants, selected natural compounds to target cancer stem 
cells, and resolved the phosphotransfer reaction mechanisms 
of the ζ protein in the bacterial ε-ζ complex�

Expertise in computer programming is available in 
manycomputer languages (C, Fortran, R, Perl, Python, PHP, 
SQL, and more) for generation of dedicated software to solve 
specific scientific needs� This expertise is shared through 
periodic courses offered at the CNB such as the International 
Courses on Python or R�  The service collaborates with CNB 
groups and external institutions� We have coordinated and 
participated in many international Networks of Excellence and 
in EU CBRN Centers of Excellence P35� We also collaborate 
with external institutions in academic activities such as 
lectures and training of graduate and master’s students 
(University of Alcalá de Henares, Polytechnical University of 
Madrid, University of Colombo-Sri Lanka), in risk management 
courses in Africa, and other training activities organized by 
European, Latin American, Asian and African institutions�

Bioinformatics for genomics and proteomics 
(BioinfoGP)
HEAD
Juan Carlos Oliveros

PERSONNEL
Daniel Tabas Madrid
Mònica Franch Sarto

BioinfoGP provides bioinformatics support for the analysis, 
visualization and interpretation of genomics, transcriptomics 
and proteomics-related projects� Among other services, we 
offer:
• Assistance with experimental design for deep sequencing 

and DNA microarray experiments
• Biostatistical support for extracting quantitative results 

from genomics or proteomics projects
• Functional annotation of relevant lists of genes or proteins
• Periodic courses and tutorials on bioinformatics

We are continuously learning about new technologies and 
protocols to help our users to get the most out of their 
valuable data�  An important practical challenge today is to 
integrate heterogeneous and large “omics” datasets into 
meaningful information that gives rise to new hypotheses�  
New proteogenomics approaches will allow researchers 
to improve protein identification and quantification by 
combining mass spectrometry with genome-wide RNA- or 
DNA-seq data and vice versa�  In short, at BioinfoGP we 
try to fill the gap between the complex outcome of the 
many powerful biostatistical methods available and the 
researcher's final needs�
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Sequence analysis and structure prediction
HEAD 
Mónica Chagoyen

Sequence analysis and protein structure prediction methods 
can explain, simplify and further guide experimental work�  
We specialize in ad hoc analysis of protein sequences to 
solve specific problems or questions�

In our analysis we commonly:

• predict protein structure
• search for homologous proteins
• generate multiple sequence alignments
• produce structural organization drafts
• study relevant residues for protein structure/function
• extract sequence features from full proteomes

Additional services include:

• DNA/RNA motif discovery
• consultancy on the use of sequence-based methods
• generation of high-quality protein sequence/structure 

images for publication

In collaboration with other CNB services, we also organize 
periodic courses on bioinformatics approaches for 
sequence analysis and protein structure prediction�

We offer our services to the CNB as well as to other 
academic institutions and private organizations�

Animal facility
HEAD
Ángel Naranjo

RESEARCH TEHNICIAN
Javier Martín

SHIPMENT COORDINATOR AND ADMINISTRATION
Alberto García

AREA AND COLONY MANAGERS
Antonio Morales
Raquel Gutiérrez
Eladio Martínez 

ANIMAL TECHNICIANS
Sergio Magallón
Ruví Jaramillo
Lola García
Ivan Jareño
Raquel Castañera

The Laboratory Animal Facility is an area dedicated to 
the production and maintenance of experimental animals, 
aiding in research, essential techniques, and legal support 
for this duty� Most experimentation is carried out using 
genetically modified mice� The laboratory animal service 
provides a controlled environment for the animals, with 
periodic control of diet, water, temperature, air, housing, and 
husbandry conditions� The unit is separated into several 
areas: quarantine, conventional, and specific pathogen-
free (SPF), depending on the microbiological status of 
the animals� We provide special housing conditions for 
conventional, genetically modified, and immunodeficient 
animals, depending on the experimental objectives� A totally 
isolated biosafety area is dedicated to in vivo experiments 
using biological agents�

The animal facility staff gives service to laboratories for 
obtaining commercial lines and strains of animals, shipping 
animals for collaboration with other institutes, as well as 
maintenance, breeding, and generation of transgenic, knock-
out and knock-in animals� These services allow control of the 
microbiological and genetic quality of the animals used in 
experimentation� The animal facility staff provides services 
for various techniques used in mouse research models, 
research assistance in surgical techniques, selection of 
animal models, animal health surveillance, laboratory animal 
care, and animal well-being� We also organize courses for 
continued education, for accreditation for work with animals, 
and to manage colonies of genetically modified animals�  
Our goal is to achieve research excellence following the 3R 
principles: reduction, refinement, and replacement of animal 
experiments�
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Greenhouse
HEAD
Tomás Heras

PERSONNEL
Alejandro Barrasa Fustes
Esperanza Parrilla Carrillo

The greenhouse facility manages the following installations 
for plant cultivation:

• standard greenhouse with 8 cabinets (total growth 
surface: 180 m2)

• P2 safety level greenhouse with 4 cabinets (total growth 
surface: 83 m2)

• 18 climate chambers

The greenhouse facility offers the following services:

• growth and propagation of plants under controlled 
environmental conditions 

• growth and propagation of mutant and transgenic lines 
under controlled environmental conditions

• identification, selection and phenotypic analysis of mutant 
and transgenic plants

Radioactive facility and biosafety level 3 
laboratory
HEAD
Fernando Usera

PERSONNEL
María Teresa Bartolomé Jiménez 
Aranzazu de la Encina Valencia 
Jessica Gaspar Navarro

We directly operate the centre’s gamma irradiator, 
radioactive facility and biosafety level 3 laboratory�

Radioactive facility

The CNB radioactive facility is a category 2, non-
encapsulated source type installation, equipped with all 
required means of shielding, containment and detection of 
ionizing radiation�  For its users, the following equipment is 
available:
• two cabinets for radioisotopes beta and gamma
• biosafety class IIA cabinet
• CO2 incubator
• ultracentrifuge
• centrifuges and microfuges
• vacuum concentrator (SpeedVac)
• hybridization oven

Biosafety level 3 laboratory

The laboratory has three sub-laboratories with all necessary 
equipment for safely handling of risk group 3 biological 
agents� The installation is equipped with:

• three biosafety class IIA cabinets
• three cell culture incubators
• microbiological culture incubator
• refrigerated ultracentrifuge
• three bench-top refrigerated centrifuges
• three refrigerated microfuges
• three inverted optical microscopes
• liquid nitrogen tank with capacity for 6000 samples
• double door steam sterilizer
• SAS for biological inactivation of small items
• SAS for biological inactivation of large items
• four ultra-freezers (-80ºC)
• data transmission network (computers and telephone)
• several alarm systems to alert of incidents, accidents or 

malfunction
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Biosafety and radiation protection
HEAD
Fernando Usera

PERSONNEL
María Teresa Bartolomé Jiménez 
Aranzazu de la Encina Valencia 
Jessica Gaspar Navarro

Services:

• Evaluation of biological, chemical and radiological risks
• Management of official authorizations for research 

facilities
• Management of the acquisition of radioisotopes and 

equipment for protection
• Design of laboratories and other facilities potentially 

exposed to risks
• Issuing of the CNB Basic Guide, the CNB Safety & 

Health Manual and other safety guidelines and standard 
operating procedures

• Training of personnel related to specific risks in research 
laboratories

• Control of compliance with safety and health rules related 
to research activities

• Management of medical and dosimetry records of 
exposed laboratory personnel

• Management of accidents and emergency situations 
following established procedures

• Managing of biological, toxic and radioactive waste

Cell culture, washing and sterilization
HEAD
Rosa María Bravo

CELL CULTURE
Ana Montero
Concepción Cobeña Chivato
Sonia Rodríguez Murcia

WASHING AND STERILIZATION
Anunciación Romero
Margarita Felipe Hombrados
Josefa Pérez Alfaro
Carlos Enríquez Casas
Arancha Rodríguez Martínez
Carmen Berdeal Mera
Ángeles Sánchez Pérez
Ana Isabel Nieto Jiménez
Rosa Ramos Hernández
Ángel Valera López
Esther Dorado Alcusón

Services:

• Preparation of cell culture media
• Routine cell culture procedures
• Washing, sterilization and replacement of laboratory 

material
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Photography
HEAD
Inés Poveda

The CNB Photography Service supports scientists with the 
photographic material necessary for their research and the 
dissemination of their results�
Photos are taken on a reprographic table with continuous 
lighting or with studio flashes against an adjustable 
background, and illumination with white or ultraviolet light, 
as needed�

The Photography Service also manages image processing 
and, when required, photo retouching; digital images are 
made accessible to clients on dedicated servers�

The service offers digital colour printing of large format 
posters and, on request, also provides advice for graphic 
and image design�

Instrumentation
HEAD
Ismael Gómez

PERSONNEL
Juan Ignacio Golpe de la Fuente
Carlos González Redondo
Rodrigo López Manzano

Services:

• Calibration and validation of scientific instrumentation
• Maintenance and repair of scientific instrumentation
• Technical advice during the acquisition of scientific-

technical equipment
• Supervision of the installation of scientific-technical 

equipment
• User training for scientific-technical equipment

Workshop
HEAD
Daniel Pastora

Services:

• Machining metal and plastic parts
• Custom manufacture of metal structures
• Welding and repair of steel carts

Equipment:

• Parallel lathe
• Milling machine
• Power welding set
• Spot welding equipment
• Mitre saw
• Reciprocating saw
• Automatic slitter
• Bending machine
• Grinding machine
• Column drilling machine
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INNOVATION
The CNB is one of the few CSIC research institutes that operates its own Technology Transfer Office 
(TTO), in close collaboration with the CSIC Deputy Vice-presidency for Knowledge Transfer�

CNB researchers work to unlock the secrets of living things and to apply their research results to 
the development of new, safer, more effective compounds and technologies to improve our health, 
agriculture and environment� The TTO facilitates the transfer of this knowledge to society�

The TTO helps CNB scientists obtain funding from innovation and public/private project 
programmes.  As an example, five CNB projects were presented to the first call of the “Fondo Para 
el Patrocinio de la Ciencia y la Innovación”, a programme promoted by the FUAM and the CSIC�  Two 
CNB projects were pre-selected, one of which, proposed by Dr Roberto Solano, was funded for 
applying their patented technology to render tomato plants resistant to biotrophic pathogens�

The TTO assists researchers in exploring new ways to secure research funding�  In 2015, the 
group led by Dr Cristina Risco participated in a project at PRECIPITA, the crowdfunding platform of the 
Spanish Foundation for Science and Technology (FECYT)�

The TTO fosters collaboration between CNB researchers and pharmaceutical companies� A joint 
endeavour of Dr Isabel Mérida’s group and the University of Santiago de Compostela was one of six 
projects selected by GlaxoSmithKline in 2015 for its Discovery Fast Track Program, from 378 proposals 
from around the world� This initiative aims to discover lead compounds for the development of new 
anti-cancer drugs�

TECHNOLOGY TRANSFER MANAGER

Ana Sanz Herrero
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Confidential disclosure 
agreements (CDA)
Five CDAs were signed in 2015, and 
18 in 2016� This increase shows the 
commitment of the TTO to early promotion 
of the centre’s technology offer�

5
2015

18
2016

R&D and technological support 
contracts with industry 
Over the past two years, 29 contracts 
were signed with companies as the result 
of direct negotiations with the TTO, adding 
approximately 0�4 million euros annually 
to the centre’s budget�

13
2015

16
2016

Inventions
In the 2015-2016 period, CNB researchers 
filed 12 new invention disclosures�  After 
analysing their patentability, seven led to 
new patent applications; two have already 
been extended to international (PCT) 
patent applications�

INVENTIONS

5
2015

7
2016

1
2015

1
2016

INTERNATIONAL  
PATENT APPLICATIONS

6
2015

1
2016

PRIORITY PATENT 
APPLICATIONS

Material transfer agreements 
(MTA) 
In 2015 and 2016, 54 and 35 MTAs were 
signed, respectively; the CNB was the 
material provider in 12 of them in 2015, and 
in 9 in 2016�  These agreements reflect the 
value of materials developed at the CNB 
for scientists around the world� 

54

2015

35

2016

12 
CNB AS MATERIAL 

PROVIDER

9 
CNB AS MATERIAL 

PROVIDER
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Biological materials licensing agreements
During the past two years, the TTO was very active in 
identifying and transferring CNB biological materials 
(antibodies, proteins, mouse models, etc�) through license 
agreements:

• RNA from transmissible gastroenteritis coronaviruses 
(TGEV), developed by Dr Luis Enjuanes’s group�

• 13 monoclonal antibodies to human hormones, 
generated by Drs Leonor Kremer, Mario Mellado, José 
Miguel Rodríguez Frade and Carlos Martínez-A�

• CCR6 knock-out mice from Dr Carlos Martínez-A’s group�
• Polyclonal antibodies to Meis1 and Meis1/2, developed 

by Drs Juan Pablo Albar and Miguel Torres�

Monitoring previous license agreements
A patent from Dr Vicente Rubio’s group to render plants 
more tolerant to abiotic stress generated returns over the 
past two years through a 3-year evaluation contract by a 
multinational seed company with the licensee company 
(Plant Bioscience Ltd)� 

The CNB spin-off company Proteobotics also renewed its 
license option for a patent that protects a method for the 
identification of proteins from mass spectrometry data (this 
patent has been granted in Europe and the USA)�

A patent on monoclonal antibodies against the human CCR9 
chemokine receptor (developed by Dr Leonor Kremer’s 
group) was licensed in 2014 to the company SunRock 
Biopharma; meanwhile, patent applications have been filed 
in Europe, the USA, Canada, Japan and Korea�

The company is now evaluating the therapeutic potential of 
these antibodies for treatment of CCR9-expressing tumours 
in animal models� 

Dr Kremer’s group obtained funding from the Spanish 
government to collaborate with the company in further 
development of these antibodies into marketable 
therapeutics�

Fostering innovation through innovation events
The TTO organizes innovation seminars to bring CNB 
researchers in contact with companies, promote the 
centre’s capabilities and technology offer, familiarize CNB 
researchers with intellectual property protection issues, and 
foster the entrepreneurial spirit of CNB scientists�

In 2015 and 2016, the CNB participated in the Global I+T 
Event together with 12 universities and research centres�  

This innovation event was organized by eGauss Holding 
to connect companies, investors and start-ups with 
researchers, providing a unique forum in which to discuss 
the many facets of innovation from different angles�

The TTO also organized GSK and MRC Technology 
Seminars on collaboration programmes with academia; 
these seminars were followed by one-to-one meetings with 
scientists�  

On the occasion of the World IP Day 2016, the TTO 
organized a round table with three speakers from different 
biotech industries, who shared and discussed the relevance 
of IP matters with their audience�

Promoting and training in entrepreneurship
Seminars aimed at promoting and training CNB researchers 
in entrepreneurship included the following events: “Practical 
workshop about the Business Model Canvas for CNB 
scientists” (January 2015), “Thinking about entrepreneurship” 
(July 2016) and “From science to business” (October 2016)�
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Plants resistant to biotrophic
pathogens without increasing susceptibility 
to necrotrophs
Despite efforts to obtain broad-spectrum resistance to 
pathogen infections in plants by manipulating the master 
defence hormone pathways (jasmonic acid (JA) and salicylic 
acid (SA)), these approaches have failed so far due to the 
known antagonism between these two pathways�  The 
research group led by Dr Roberto Solano has developed 
plants in which JA insensitivity is restricted to guard cells 
of stomata, resulting in plants with increased resistance 
to biotrophs, but without the trade-off of enhanced 
susceptibility to necrotrophs�

RESEARCH GROUP

Dr Roberto Solano Tavira

APPLICATION NUMBER AND PRIORIT Y DATE

EP16382513, 7/11/2016

PRESENT SITUATION

Companies are being sought from the agro-biotechnology 
industry interested in a patent license�

MAIN INNOVATIONS AND ADVANTAGES

Combining inactivation (non-functional) or deletion of the 
Jas domain of a JAZ gene with specific expression of the 
modified JAZ sequence at the stomata guard cells leads to 
increased plant resistance to biotrophs, without enhanced 
susceptibility to necrotrophs; this is because JA insensitivity 
is restricted to guard cells and does not affect mesophyll 
cell defence�

REFERENCE

Gimenez-Ibanez et al. New Phytol� 2017; 213: 1378-1392

Genetic hypervariable strains of actinobacteria
Dr Jesús Blázquez’s research group, in collaboration with the 
Andalusian Public Health System, the University of Seville, 
and the University of Sussex, has developed a method to 
produce hypermutable actinobacterial and archaeal strains�  
The group identified a DNA repair system in Actinobacteria 
and Archaea, which is completely different from the mismatch 
repair system (MMR) described for most living beings�  Its 
inactivation increases the mutation rate of Streptomyces 
coelicolor and Mycobacterium smegmatis from 100-1000 
times that of the wild-type strain, as well as the recombination 
rate of divergent DNA sequences (homologous hyper-
recombination)�  This innovative method is useful for the 
production of genetically hypervariable Actinobacteria (such 
as Streptomyces, Mycobacterium and Bifidobacterium) and 
some archaeal species (such as Pyrococcus, Thermococcus 
and Halobacterium), from which is possible to isolate specific 
strains with biomedical and/or biotechnological applications�

RESEARCH GROUP 

Dr Jesús Blázquez Gómez

APPLICATION NUMBER AND PRIORIT Y DATE 

P201531949 and P201531950, 31/1272015

INTERNATIONAL PCT APPLICATION 

PCT/ES2017/070002, 2/1/2017

PRESENT SITUATION 

Companies interested in a patent licence and/or collaboration 
agreement to develop and exploit this technology are being 
sought�

MAIN INNOVATIONS AND ADVANTAGES

The invention can generate bacterial strains that 
overproduce secondary metabolites (such as antibiotics,
antitumour compounds, immunosuppresors, antihelminthics, 
antifungals, herbicides, insecticides), bacterial strains 
adapted to environmental or industrial conditions 
(temperature, pH) or strains that overproduce new 
metabolites by fusing metabolic pathways�

REFERENCE

Castaneda-Garcia et al. Nat Commun� 2017; 8: 14246

TECHNOLOGY OFFER
PATENTS AVAILABLE FOR LICENSING
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Device to induce hyperthermia in cells through 
magnetic nanoparticles
Dr Domingo Barber’s research group has developed an 
instrument to generate a controlled alternating magnetic 
field to induce hyperthermia in cells through magnetic 
nanoparticles�

RESEARCH GROUP 

Dr Domingo Barber

APPLICATION NUMBER AND PRIORIT Y DATE 

P201431531, 17/10/2014

INTERNATIONAL PCT APPLICATION 

PCT/ES2015/070753, 15/10/2015

PRESENT SITUATION 

Companies interested in a patent license are being sought�

MAIN INNOVATIONS AND ADVANTAGE

• A unique non-contact-based method for precise 
measurement (to 0�01ºC) of the temperature reached by 
the nanoparticles inside cells�

• Frequency and amplitude of the magnetic field can be 
programmed automatically by the scientist� It allows 
changes in parameters such as frequency, amplitude, 
pulse code modulation, or a mixture of these, all digitally 
controlled in real time�

• User-friendly software for data capture, representation 
and analysis to control parameters of the magnetic field 
and nanoparticle temperature�

• Compact, easy-to-use equipment� It requires no parts 
exchanges over a wide frequency and potency range, 
making it a perfect instrument for hyperthermia research�

• It can also be used in materials science to analyse the 
heating properties of materials and nanoparticles (SAR 
curves)�

Transphagocytic T cells as anti-cancer 
immunotherapy
Dr Esteban Veiga’s research group, with scientists from 
the Centre of Molecular Biology Severo Ochoa (CBMSO-
CSIC), the Autonomous University of Madrid and the Health 
Research Institute of La Princesa University Hospital, 
developed a new method for anti-cancer immunotherapy 
based on transphagocytic lymphocytes (tiCD4+ T cells)�

RESEARCH GROUP 

Dr Esteban Veiga Chacón

APPLICATION NUMBER AND PRIORIT Y DATE 

P201531177, 7/8/2015

INTERNATIONAL PCT APPLICATION 

PCT/ES2016/ 070597, 8/8/2016

PRESENT SITUATION 

International PCT application has been filed� Companies 
interested in a patent licence or investors for creation of a 
start-up are being sought�

MAIN INNOVATIONS AND ADVANTAGES

• The invention can be used to prevent/treat tumours and/
or stimulation of an immune response against tumour 
antigens�

• CD4+ T cells are newly defined antigen-presenting cells 
that can be useful as a cancer immunotherapy tool�

• The invention can be applied for melanoma and other 
highly immunogenic tumours�

• The anti-tumour activity of tiCD4+ T cells is even greater 
than the activity of dendritic cells�

• A single injection of transphagocytic T cells was sufficient 
to protect mice against growth of an aggressive melanoma, 
while the dendritic cell-based vaccine required more 
doses and did not yield comparable results�

REFERENCE

Cruz-Adalia et al� Cell Host Microbe 2014; 15: 611-622

TECHNOLOGY OFFER
PATENTS AVAILABLE FOR LICENSING
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Novel compounds to modulate DREAM activity
Dr José Ramón Naranjo’s research group, in collaboration 
with scientists from the Institute for Chemical Medicine (IQM-
CSIC), the Autonomous University of Madrid and the Centre 
for Network Biomedical Research on Neurodegenerative 
Diseases (CIBERNED), have developed compounds with 
a nuclear structure derived from phenylacetamide with 
the capacity to modulate the neuronal calcium sensor 
DREAM, for use as preventive or therapeutic compounds 
for treatment of diseases with altered DREAM levels�

RESEARCH GROUP

Dr José Ramón Naranjo

APPLICATION NUMBER AND PRIORIT Y DATE

P201431898, 22/12/2014

INTERNATIONAL PCT APPLICATION

PCT/ES2015/070923, 9/2/2016

PRESENT SITUATION

Companies interested in a patent license are being sought�

MAIN INNOVATIONS AND ADVANTAGES

The concept of DREAM as a therapeutic target is novel and 
the development of different series of compounds able to 
bind to and modify DREAM activity could open new avenues 
for treatment of DREAM-related neurodegenerative 
disorders�

Engineered bacteria to deliver intracellular 
single-domain antibodies into human cells
Dr Luis Ángel Fernández’s research group has developed 
non-invasive Escherichia coli bacteria bearing functional 
molecular syringes assembled by a Type III protein secretion 
system (T3SS)� These bacteria can secrete and translocate 
single-domain antibody (sdAb) fragments with full capacity 
to bind to their cognate antigens to the cytoplasm of human 
cells� They have shown their functionality by formation 
of antigen-sdAb complexes in the cytoplasm of infected 
cells� The use of live bacteria has great potential for in vivo 
delivery of therapeutic proteins�

RESEARCH GROUP

Dr Luis Angel Fernández Herrero

APPLICATION NUMBER AND PRIORIT Y DATE

P200700644, 12/03/2007

INTERNATIONAL PCT APPLICATION

PCT/ES08/070045

PRESENT SITUATION

Spanish patent has been granted (12/03/2007)� US Patent 
has been granted and published as US 8,623,349 B2 (Jan 
7, 2014)� Companies interested in a patent license are being 
sought�

MAIN INNOVATIONS AND ADVANTAGES

• Non-invasive E. coli cells with a Type III protein secretion 
system remain extracellular and can inject specifically the 
desired single-domain antibodies�

• Intracellular sdAb levels (105-106 molecules/cell) are 
appropriate for modulating the activity of regulatory and 
cell signalling proteins� Injection of sdAb does not require 
bacterial invasion or transfer of genetic material, and 
thus differs from other approaches that must transfer the 
protein-encoding gene by viral infection or transfection�

REFERENCE

Blanco Toribio et al. PLoS One� 2010; 5: e15227

TECHNOLOGY OFFER
PATENTS AVAILABLE FOR LICENSING
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COMMUNICATION AND OUTREACH
The efforts of the Outreach and Communications Office are meant to increase awareness of the 
research done by CNB scientists and to strengthen our bonds with various elements in the scientific 
landscape, including other research and academic institutions, private partners of the industrial 
biotechnology sector, as well as journalists and the media�

During 2015 and 2016, several scientific achievements by CNB researchers caught the attention of 
the press and society as a result of the submission of press releases and a continuous effort to 
establish relations with the media� Special mention should be made of a monographic one-hour 
live radio programme broadcast from the CNB for Radio Nacional de España, an initiative by CNB 
researcher Dr Juan José Sanz, with the support of the press office�

These last two years also stand out for great improvements in our online communications channels� 
A whole new CNB website and a bimonthly newsletter, through which we keep society informed of 
the centre’s latest news, have been implemented by the office� The office also maintains a dialogue 
with the public through the social networks, which have increased their communities by 20%, to 
2,050 and 8,500 followers on Facebook and Twitter, respectively�

The strategic focus of the office in outreach and education has moved to increase the CNB’s 
presence in national and international outreach events� With the dedicated and indispensable 
involvement of the centre’s scientists, the office has coordinated activities in the framework of the 
European Researcher’s Night and the National Science and Technology Week� The office also 
coordinates monthly guided visits for secondary school students�

The office acts as a liaison every year for the CNB Seminar Series, CNB Scientific Workshop, PhD 
Students’ Workshop, Workshop Advances in Molecular Biology for Young Researchers Abroad, and 
the CNB Course on Introduction to Research� We also participate in arranging the training activities 
for PhD students organized by the CNB Training Advisory Committee, and the Innovation Events 
conducted by the Technology Transfer Office�

Finally, the CNB participated in 100XCiencia, the first international science communication 
forum organized by the Severo Ochoa Centres of Excellence, which served as a platform for the 
presentation of a new corporate video meant to increase general knowledge of the work done by 
CNB researchers�

We want to thank specially Alfonso Mora, who managed the office during the first part of this last two-
year period and for many years before, raising public awareness of the CNB and of biotechnology 
in general, as well as Dr Miguel Vicente, whose support, advice and involvement with the office’s 
activities are greatly appreciated�

SCIENCE COMUNICATION AND OUTREACH MANAGER

Julia García López



 C
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Some appearances in print 
and digital media120



Europeans Researchers’ Night (September 30, 2016): This day, 
promoted by the European Union, brings the figure of the researcher closer 
to the citizens. At the CNB, more than 30 participants from 14 to 99 years 
old had the chance to discover the science behind movies such as Blade 
Runner, Mars and Avatar in an activity called “Biotech in the movies”.

Brain Awareness Week (March 16, 2016): For this occasion, various outreach
activities were organized at the CNB to augment society’s knowledge of neuroscience. 
The movie Inside Out was projected and discussed by neuroscience experts, through
the initiative of Dr Mª Rosario Fernández .  A temporary exhibit was set up in the main 
hall to publicize the efforts of the centre’s scientists to determine the function of
this organ and the diseases that affect it .

 C
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National Science and Technology Week 
(November 8, 2016): Promoted by the FECYT, 

every November Spain celebrates a week of 
science and technology to promote scientific 

vocations and literacy.  At the CNB, the science 
gymkhana “The Biotechnology Grand Prix” was 

organized for 40 students from 8 to 12 years old.

Guided visits for secondary school students: More than 600 students 
between 15 and 18 years old visited our centre over the last two years.

Outreach activities



 C
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Scientific meetings

In 2015 and 2016, we held 271 seminars� 
The organizers of the CNB Seminar 
Series and the CNB Junior Seminar 
Series welcomed 45 speakers from 
internationally renowned institutions 
to share and discuss their most recent 
research results with CNB scientists�  

CNB scientists also participated in the 
organization of various conferences, 
workshops and courses:

2015

29 JANUARY 2015 (CNB)
Stem cells: from the basics to the 
therapy

Karel van Wely

2-5 FEBRUARY 2015 (CNB)
Curso puente para la obtención de 
la categoría C de experimentación 
animal

Ángel Naranjo

23-24 FEBRUARY 2015
MADRID, SPAIN
1st meeting of the Network of 
Excellence for the exploitation of 
bacteria with therapeutic purposes

Esteban Veiga

23-27 MARCH 2015 (CNB)
V Curso de proteómica cuantitativa

Alberto Paradela

8 MAY 2015 
MADRID, SPAIN
Regulatory, IPR and ethical aspects 
in strigolactone applications in 
agriculture (Strigolactones: biological 
roles and applications)� 

Pilar Cubas

11-13 MAY 2015
GODOLLO, BUDAPEST, HUNGARY
Training School on Large Animal 
Genome Engineering

Lluis Montoliu

28 APRIL-01 MAY 2015
LEICESTER, UK
Minisymposium Molecular Evolution 
and Fitness Landscapes in the 
framework of the conference 
"Modelling Biological Evolution 2015"

J� Aguirre

8 JUNE 2015 (CNB)
Targeting tumour angiogenesis with 
antibody-based technologies

Luis Ángel Fernández

8-20 JUNE 2015
HEIDELBERG, GERMANY
EMBO practical course – synthetic 
biology in action

Víctor de Lorenzo

19 JUNE 2015 (CNB)
First CNB PhD student workshop 

Juan José Sanz-Ezquerro, Yolanda 
Carrasco, Alfonso Mora

JUNE 29-JULY 1 2015
SEVILLE, SPAIN
XVI Congress SEBC (Sociedad 
Española de Biología Celular)

Inés Antón

X29 JUNE-3 JULY 2015
ALCALÁ DE HENARES, SPAIN
First I2PC hands on course on image 
processing applied to the structural 
characterization of biological 
macromolecules

José María Carazo

6-31 JULY 2015 (CNB)
III CNB course on introduction to 
research

Alfonso Mora

16-18 SEPTEMBER 2015
CÓRDOBA, SPAIN
XL Congreso de la Sociedad Española 
de Genética

Pilar Cubas (scientific committee)

2 OCTOBER 2015
MADRID, SPAIN
First Albino Day in Spain

Lluis Montoliu

3-4 OCTOBER 2015
MADRID, SPAIN
IX Jornadas de la asociación ALBA, de 
ayuda a personas con albinismo

Lluis Montoliu

7-8 OCTOBER 2015 
LA PALMA, SPAIN
100 x Ciencia - Communicating 
Frontier Science

Peter Klatt (scientific organizing 
committee)

7-8 OCTOBER 2015 
MADRID, SPAIN
1st Meeting of the B Cell Network 
(Net-B) “B cells: Latest progress in 
basic and clinical research”

Yolanda Carrasco

20-22 OCTOBER 2015 
FLORENCE, ITALY
Instruct biennial structural biology 
meeting

José María Carazo (scientific 
organizing committee)

26 OCTOBER 2015 (CNB)
Synthetic biology meets metabolic 
engineering: a KRIBB-CNB/CSIC 
workshop on advanced approaches to 
designing smart cell factories

Víctor de Lorenzo



 C
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26-28 OCTOBER & 2-4 NOVEMBER 2015 (CNB)
Técnicas inmunoquímicas: 
caracterización y cuantificación de 
proteínas mediante anticuerpos

Leonor Kremer

23 NOVEMBER 2015 
MADRID, SPAIN 
Dialogues between the cortex and 
hippocampus

Marta Nieto

23 NOVEMBER 2015
BARCELONA, SPAIN
International Symposium-
Understanding human disease: new 
tools for new challenges, CIBERER

Lluis Montoliu

25 NOVEMBER 2015 (CNB)
Global I+T

Ana Sanz

27 NOVEMBER 2015
MADRID, SPAIN 
VI Jornada Científica de la Sociedad 
de Inmunología de la Comunidad de 
Madrid

Yolanda Carrasco

3-4 DECEMBER 2015 (CNB)
2nd Inmunothercan Symposium: 
Inflammation and immunity in cancer

Santos Mañes

16-17 DECEMBER 2015 (CNB)
XXIII CNB scientific workshop

Julia García

22 DECEMBER 2015 (CNB)
XXIII Workshop – advances in 
molecular biology by young 
researchers abroad

Domingo Barber, Yolanda Carrasco, 
Julia García

2016

15 JANUARY 2016 
MADRID, SPAIN
Jornada Técnica� Modelos animales 
en Terapia Celular

Antonio Bernad

19-20 JANUARY 2016 
SEVILLE, SPAIN
Workshop: Global spread of 
carbapenemase-producing gram-
negative bacilli: a major challenge for 
treatment and infection control

Jesús Blázquez

20-23 MARCH 2016 
PRAGUE, CZECH REPUBLIC
13th Transgenic Technology Meeting, 
ISTT, TT2016

Lluis Montoliu

7-8 APRIL 2016 
MILAN, ITALY
III European Days of Albinism, 3EDA

Lluis Montoliu (scientific committee)

15-16 APRIL 2016 
LA GRANJA, SEGOVIA, SPAIN
Second Retreat of the European 
Academy of Microbiology

Miguel Vicente

18-19 APRIL 2016 (CNB)
First Adenonet meeting 

Carmen San Martín

26 APRIL 2016 (CNB)
The value of intellectual property for 
the biotechnological industry

Ana Sanz

2-5 MAY 2016 
OEIRAS, PORTUGAL
CombStruct2016 workshop: integrating 
X-ray crystallography and scattering 
with electron microscopy

José María Carazo

17-20 MAY 2016 (CNB)
Instruct course: from 2D images to 
3D structures - a practical course on 
electron microscopy single particle 
analysis

José María Carazo

17-20 OCTOBER 2016 
MADRID, SPAIN
First I2PC-FEI “hands on” course 
on image processing applied to the 
structural characterization of biological 
macromolecules� 

Jose María Carazo

23-27 MAY 2016 (CNB)
VI Curso de proteómica cuantitativa

Alberto Paradela

8-10 JUNE 2016 
MADRID, SPAIN
“The protein multiverse” 2nd Meeting

Víctor Muñoz

23 JUNE 2016 (CNB)
XIII Workshop del Grupo 
Interdisciplinar de Sistemas Complejos 
(GISC) 

J� Aguirre

27 JUNE 2016 (CNB)
II CNB PhD student workshop 

Yolanda Carrasco, Juan José Sanz-
Ezquerro, Julia García

4-29 JULY 2016 (CNB)
IV CNB course on introduction to 
research

Julia García

10-15 JULY 2016 
MIRAFLORES DE LA SIERRA, SPAIN
XXIII International Summer School 
“Nicolás Cabrera”: The physics of 
biological systems -  from biomolecular 
nanomachines to tissues and 
organisms

Víctor Muñoz



 C
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5-8 SEPTEMBER 2016 
SALAMANCA, SPAIN
Workshop Investigador Emergente

Fernando Moreno

5-8 SEPTEMBER 2016 
GIRONA, SPAIN
Fuerzas y Túnel 2016 conference

Fernando Moreno (scientific 
committee)

23-25 SEPTEMBER 2016 
EL PUIG, VALENCIA
X Jornadas de la asociación ALBA, de 
ayuda a personas con albinismo

Lluis Montoliu 

26 SEPTEMBER 2016 (CNB)
Old and new perspectives in virology 
– symposium in honour of Juan Ortín 

Mario Mellado

26-29 SEPTEMBER 2016 (CNB)
Career orientation workshop: 
opportunities beyond academia

Julia García, Ana Sanz

14 OCTOBER 2016 (CNB)
EMBO research ethics session

Lluís Montoliu, Víctor de Lorenzo

17 OCTOBER 2016 (CNB)
From science to business

Ana Sanz

17 OCTOBER 2016 
VALENCIA, SPAIN
BioComunica16, II Congreso de la 
Asociación de Comunicadores de 
Biotecnología�

Lluis Montoliu

17-19 OCTOBER 2016 
BAEZA, SPAIN
Chaperones in the maintenance of 
cellular proteostasis

Jose María Valpuesta

19 OCTOBER 2016 
GIRONA, SPAIN
Workshop at SEBD-2017 on Genome 
Editing: CRISPR and beyond 

Lluis Montoliu

19-21 OCTOBER 2016 
MADRID, SPAIN
iNEXT - 1st Annual User Meeting

Jose María Carazo

19-21 OCTOBER 2016 
MADRID, SPAIN
2nd meeting of the Network of 
Excellence for the exploitation of 
bacteria with therapeutic purposes

Esteban Veiga

19-21 OCTOBER 2016 
GIRONA, SPAIN
11th Meeting Spanish Society for 
Developmental Biology

Pilar Cubas (scientific committee)

24-26 OCTOBER 2016 (CNB)
Técnicas inmunoquímicas: 
caracterización y cuantificación de 
proteínas mediante anticuerpos

Leonor Kremer

11 NOVEMBER 2016 
MADRID, SPAIN
II Simposio sobre herramientas 
para edición génica: estrategias y 
aplicaciones, CIBERER-CIEMAT

Lluis Montoliu

18 NOVEMBER 2016 
MADRID, SPAIN
VII Jornada Científica de la Sociedad 
de Inmunología de la Comunidad de 
Madrid

Yolanda Carrasco

23 NOVEMBER 2016 (CNB)
Global I+T

Ana Sanz

3-4 DECEMBER 2016 
MADRID, SPAIN
Workshop Rheumatoid Arthritis: from 
basic mechanisms to therapy

Mario Mellado

20-21 DECEMBER 2015 (CNB)
XXIV CNB scientific workshop

Julia García

22 DECEMBER 2016 (CNB)
XXIV Workshop – advances 
in molecular biology by young 
researchers abroad

Domingo Barber, Yolanda Carrasco, 
Julia García







10
TRAINING
Training of future generations of scientists and technologists is a major priority for the CNB� 
Throughout 2015 and 2016, 61 students obtained the PhD degree under the supervision of CNB 
researchers� Undergraduate and master’s students from Spanish and international universities also 
received practical training at the CNB labs� Moreover, CNB researchers actively participate in some of 
the best university and master’s degree programmes in Spain�

In summer 2015 and 2016, the CNB offered its 3rd and 4th edition of the CNB Course on Introduction 
to Research, which is meant to give undergraduate students the chance get first-hand experience in 
biotechnology research�

To provide PhD students with the best quality training, the centre has a Training Advisory Committee� 
The committee, with the support of the Communication and Outreach Office, assists the CNB 
Director’s team in the design, implementation and follow-up of training programmes� Members of the 
Training Advisory Committee are Drs Yolanda Carrasco, Vicente Rubio, Miguel Vicente, Juan José 
Sanz, Mark van Raaij and Javier Tamames� 

In 2015 and 2016, the committee promoted annual events such as the Predoctoral Scientific Workshop, 
Welcome Event for new PhD students, and courses on soft skills for young researchers�
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2015 Training Activities

2016 Training Activities
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6 INTERNATIONAL PHD FELLOWSHIPS  
"LA CAIXA – SEVERO OCHOA"
LA CAIXA FOUNDATION

Marcos Gragera Cabezudo
Alberto Marín González
Jesús Osuna Pérez
Marta Pérez Illana
Carlos Tarancón Pascual
Rubén Torres Sánchez

7 FPU FELLOWSHIPS
MINISTRY OF EDUCATION, CULTURE AND SPORT

Kateryna Lemishko
Fernando Martín Fernández
Manuel Olazábal Morán
Yadileiny Portilla Tundidor
Rubén Sánchez García
Fernando Sanz García
Elena Velázquez Muñoz

36 FPI FELLOWSHIPS
MINISTRY OF ECONOMY AND COMPETITIVENESS 
& MINISTRY OF ECONOMY, INDUSTRY AND 
COMPETITIVENESS

Iván Camilo Acosta García
María Carolina Allende Ballestero
Javier Arranz Nicolás
Noelia Arteaga Ramos
Alejandro Asensio Calavia
Paula Blanco Torres
María Teresa Bueno Carrasco
Javier Cantón Bailón
Diego Carlero Carnero
Victoria Castro Illana
Marta Cobo Simón
Sara de Bernardo Hernández Coronado
Noelia Sofía de León Reyes
Sergio Díaz Díaz
Alberto Díaz Romero
Alejandra Escos López
Daniel Fuentes Martínez
Marta García León

Laura Hernández Villarubia
Marta Hervás García
Javier López-Ibañez Infante
Alejandro Martín González
Pablo Martínez Gómez
Sara Violeta Merino Cortés
Carmen Mora Gallardo
Alejandro Navarro Galiano
María Peñuelas Hortelano
Patricia Pérez Ramírez
María del Mar Pérez Ruíz
Eva Pico Sánchez
Elena Sánchez Martín Fontecha
Javier Santos Arenal
Mateo Seoane Blanco
Pilar Somovilla Crespo
Jesús Vallejo Díaz
José Luis Vilas Prieto

PhD fellowships
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In 2015 and 2016, 61 students obtained 
the PhD degree under the supervision 
of CNB researchers�

2015

DAYANIRA ALSINA BEUCHAMP

Alternative p38 mitogen activated 
protein kinases p38γ and p38δ in 
Candida albicans infection and colitis-
associated colon cancer 

(Ana Cuenda)

ANA LUCIA ÁLVAREZ CABRERA

Structural analysis of macromolecular 
nanomachines by 3D electron 
microscopy: managing flexibility and 
heterogeneity in some defined cases 

(José María Carazo and Carlos 
Óscar Sorzano-Sánchez)

GINÉS ÁVILA PÉREZ

Estudio de los complejos replicativos 
del torovirus equino BEV 

(Dolores Rodríguez)

MARTINA BÉCARES

Diseño de vectores basados en geno-
mas de coronavirus: estabilidad y 
modulación de la respuesta inmune 
innata 

(Luis Enjuanes and Sonia Zúñiga)

JUAN PABLO CHÁVEZ GONZÁLEZ

Caracterización del remodelador 
de cromatina CHD6: control de la 
proliferación celular y mecanismos de 
reclutamiento a sus genes diana 

(Amelia Nieto)

MAURO DI PILATO

Poxvirus vaccine strategies to improve 
T cell responses: neutrophil immuno-
modulation & promoter modification 

(Mariano Esteban)

MERIEM ECHBARTHI 

Intracellular trafficking of TIM-1 towards 
cell-cell contacts in the context of 
lymphocyte activation 

(José María Casasnovas)

GEMMA FERNÁNDEZ BARBERO

Represión de la respuesta a 
jasmonatos: el complejo JAZ/NINJA/
TOPLESS 

(Roberto Solano)

CAROLINA GÁNDARA

Role of DisA and c-di-AMP in the DNA 
damage response of exponentially 
growing Bacillus subtilis cells 

(Juan Carlos Alonso)

BENJAMIN GOLLNICK

Optical and magnetic tweezers 
for applications in single-molecule 
biophysics and nanotechnology 

(Fernando Moreno-Herrero)

CLAUDIA IBACACHE QUIROGA

Trayectorias evolutivas de las 
mutaciones que confieren resistencia 
a gentamicina en Escherichia coli 

(Jesús Blázquez)

ELISA INIESTO SÁNCHEZ

Regulación de la señalización del áci-
do abscísico mediada por DDA1, un 
nuevo adaptador de sustrato de E3 
ubiquitina ligasas

(Vicente Rubio)

JOSÉ MANUEL JIMÉNEZ GUARDEÑO

Relevancia del motivo de unión a PDZ 
de la proteína E del coronavirus cau-
sante del síndrome respiratorio agudo 
y grave en patogénesis 

(Luis Enjuanes and José L. Nieto)

JUAN CARLOS DE KARAM FRANCISCO
Determinantes estructurales que 
regulan la función de la isoforma 
beta de la fosfatidilinositol 4-fosfato 
5-quinasa 

(Santos Mañes and Rosa Ana 
Lacalle)

RUGGERO LA ROSA

The role of the Crc/Hfq/CrcZ-CrcY 
global regulatory system on the 
regulation of metabolic and cellular 
processes in Pseudomonas putida 

(Fernando Rojo)

FELIPE LIRA

Methods to predict antibiotic resistance: 
from genes to metagenomes 

(José Luis Martínez)

Doctoral thesis
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DAMIÁN LOBATO MÁRQUEZ 

Contribución de los sistemas toxi-
na-antitoxina de Salmonella enterica 
en la adaptación a la vida intracelular

(Francisco García del Portillo and 
Ramón Díaz-Orejas)

SILVIA MÁRQUEZ JURADO

Identificación y caracterización de un 
dominio de RNA similar al elemento 
GAIT en el extremo 3’ del genoma 
del TGEV que modula la respuesta 
inmune innata 

(Luis Enjuanes and Fernando 
Almazán)

LIDIA MINGORANCE PÉREZ

Identificación de nuevos fármacos y 
dianas celulares para el tratamiento de 
la infección por el virus de la hepatitis 
C: caracterización de hidroxicina y 
benztropina como inhibidores de la 
entrada viral y del factor celular LPIN1 
como factor limitante para la iniciación 
de la replicación del RNA viral

(Pablo Gastaminza)

MARÍA MINGUITO DE LA ESCALERA

Dinámica y especialización funcional 
de las células dendríticas y macrófagos 
pulmonares durante reacciones 
alérgicas 

(Carlos Ardavín)

VLADIMIR MULENS-ARIAS 

Bioactividad intrínseca de 
nanopartículas magnéticas recubiertas 
con poli-etilénimina sobre células 
tumorales pancreáticas y del sistema 
fagocítico mononuclear 

(Domingo F. Barber)

GABRIELA NÉRIDA CONDEZO CASTRO

Characterization of human adenovirus 
assembly: structural studies in the 
cell and in purified incomplete viral 
particles 

(Carmen San Martín)

GLISELLE NIEVES MOLINA

Estudio de la interacción de torovirus 
con el hospedador: caracterización 
de proteínas virales implicadas en 
modular la respuesta inmune frente 
al virus 

(Dolores Rodríguez)

ÁLVARO ORTEGA ESTEBAN

Biophysical determinants for adenovi-
rus uncoating & infectivity 

(Carmen San Martín and Pedro J. de 
Pablo)

CRISTINA ORTIZ CABELLO

Molecular interaction of the cell divi-
sion protein ZapC, a regulator of the 
Escherichia coli FtsZ-ring assembly 

(Miguel Vicente)

FABIO PASIN

The Potyviridae P1 protease modulates 
viral replication and host defense 
responses

(Carmen Simón-Mateo and Juan 
Antonio García)

GORJANA RACKOV

p21 regulates common activation 
pathways in macrophages and T cells 
and acts as a suppressor of inflamma-
tory and autoimmune syndromes 

(Dimitrios Balomenos)

RAVISHANKAR RAMANATHAN

Stochastic and statistical analyses for 
investigating protein folding kinetics 

(Víctor Muñoz)

JOSÉ ÁNGEL REGLA NAVA

Diseño de una vacuna para prevenir la 
infección por el coronavirus causante 
del síndrome respiratorio agudo y grave 

(Luis Enjuanes and Marta López de 
Diego)

GADEA RICO PÉREZ

Metabolismo del peptidoglicano de 
Salmonella en el interior de células 
eucariotas 

(Francisco García del Portillo and 
María Graciela Pucciarelli)

JERÓNIMO RODRÍGUEZ

Sobre el papel del sistema SOS, 
la recombinación y el intercambio 
horizontal de genes en la evolución 
bacteriana

(Jesús Blázquez)

MARIJA SAVIC

A genetic, molecular and ecological 
study of the natural variation for 
trichome patterning in Arabidopsis 
thaliana 

(Carlos Alonso-Blanco)

JÖRG SCHÖNFELDER

Underlying complexity in the mechani-
cal unfolding of fast folding proteins as 
explored by atomic force microscopy 

(Víctor Muñoz)
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MARIANGELA TABONE

The toxin-antitoxin ε-ζ system: Role 
of ζ toxin in regulating ATP, GTP, 
(p)ppGpp and uridine diphospate 
N-acetylglucosamine pool to cope 
with stress 

(Juan Carlos Alonso)

MARÍA VELA CUENCA

Generación y caracterización de 
anticuerpos frente al receptor de 
quimioquinas CCR9 humano - 
evaluación de su potencial para 
inmunoterapia antitumoral 

(Leonor Kremer)

KATHRIN WEBER

A novel role for p21 in regulation of late 
activation events in effector/memory T 
cells and its effect on autoimmunity 

(Dimitrios Balomenos)

2016

VAHID ABRISHAMI 

New computational methods toward 
atomic resolution in single particle 
cryo-electron microscopy 

(José María Carazo and Carlos 
Óscar Sorzano-Sánchez)

MIRIAM AGÚNDEZ LLACA

Study of the DNA sensor IFI16 in can-
cer and herpes simplex virus type-1 
infection 

(Hugh T. Reyburn)

ADÁN ALPÍZAR MORÚA

Bases moleculares de la presentación 
de ligandos fosforilados por moléculas 
HLA-B

(Miguel Marcilla Goldaracena)

DJORDJE BAJIC

Dynamics of gene expression in the 
genotype-phenotype map

(Juan Poyatos)

GRACIELA CASCIO CAÑAS

Activación por quimioquinas de Janus 
quinasas y su papel en la migración y 
activación de linfocitos T por células 
presentadoras de antígeno

(Mario Mellado)

MASSIEL ESTHER CEPEDA MOLERO

Generation of enteropathogenic E. 
coli strains lacking the repertoire of 
effectors translocated by the type III 
protein secretion system and their 
characterization in the infection of 
cultured cell lines and human intestinal 
biopsies 

(Luis Ángel Fernández-Herrero)

JOSÉ JAVIER CONESA MUÑOZ

Nanotomografía de rayos X en el bor-
de de absorción (NEASXT) para la 
detección y cuantificación de nano-
partículas metálicas intracelulares

(José L. Carrascosa)

MARÍA OTILIA DELGADILLO LÓPEZ

Disección genética del transporte de 
proteínas a vacuolas 

(Enrique Rojo and Michael Sauer)

JON OCHOA DE ERIBE CASAS

Interactions of P1b, the silencing 
suppressor protein from cucumber 
vein yellowing virus, with plant 
factors that contribute to its biological 
functions 

(Carmen Simón-Mateos and 
Bernardo Rodamilans)

EVA MARÍA GARCÍA CUESTA

Efecto del bacilo de Calmette-Guérin 
(BCG) sobre las células Natural Killer 
y sus implicaciones en el tratamiento 
del cáncer de vejiga 

(Mar Valés)

FÁBIA GOMES

Molecular causes and mechanisms of 
genomic instability in G1-deregulated 
cell cycles

(Arturo Calzada)

EDUARDO GONZÁLEZ GRANDÍO

Genetic pathways controlling shoot 
branching upstream and downstream 
of BRANCHED1 in Arabidopsis thaliana 

(Pilar Cubas)
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CARMEN GONZÁLEZ TEJEDO

Integración de aproximaciones 
proteómicas y transcriptómicas 
para el estudio de células madre de 
glioblastoma humano 

(Severine Gharbi and Ángel Ayuso 
Sacido)

PILAR LASIERRA RESA

WOX9 control by the DELLAs 
mediates salt tolerance and root hair 
differentiation in Arabidopsis 

(Salomé Prat)

THANH H. NGUYEN

Structure and applications of 
adenovirus fibres

(Mark van Raaij and Hai Nam 
Truong)

ALEJANDRA PAZO FERNÁNDEZ

Funciones de hCLE en asociación 
con DDX1, HSPC117 y FAM98B en 
la modulación de la traducción de 
proteínas, el reconocimiento de 
estructuras cap y su implicación en 
procesos neuronales

(Amelia Nieto and Alicia Pérez-
González)

CARLOS PÉREZ MATA

La proteína multifuncional VP3 del vi-
rus de la bursitis infecciosa desde su 
función como proteína de andamiaje 
durante el ensamblaje de la cápsida 
hasta la formación de complejos ribo-
nucleoproteicos 

(José R. Castón)

ESTEL RAMOS MARQUÈS

Modulation of NF-kappaB regulatory 
function in Salmonella-infected fibro-
blast 

(Francisco García del Portillo)

PALOMA RODRÍGUEZ RODRÍGUEZ

Nueva estrategia basada en la uti-
lización de aptámeros como antivi-
rales contra el virus de la gripe y estu-
dio de los mecanismos de control de 
la expresión génica viral 

(Amelia Nieto)

MÓNICA ROJAS TRIANA

The KISS ME DEATHLY family of 
E3 ubiquitin ligases are involved 
in nutritional crosstalks, regulating 
phenylpropanoids biosynthesis in 
Arabidopsis thaliana 

(Javier Paz-Ares and Vicente Rubio)

JOHANNES PAULUS SCHNEIDER

Functional Diversification of 
Membrane Microdomains in Bacillus 
subtilis

(Daniel López)

MARIA DEL PILAR SERVERT DEL RÍO

Aplicación del sistema de 
recombinación específica de 
secuencia β-six al estudio de la 
regulación de la expresión génica 
en células eucarióticas y modelos 
animales

(Antonio Bernad and Juan C. 
Alonso)

MARIA TERESA TRIGUEROS PINA

Análisis metodológico de la 
plasticidad fenotípica en base a 
niveles de confluencia en la línea 
celular establecida CC-62 de Tumor-
Tyris de hepatocolangiocarcinoma

(Francisco José Iborra Rodríguez 
and Antonio Martínez Lorente) 

JASMINA VASILIJEVIC

Characterization of pathogenicity 
factors of a lethal influenza A(H1N1)09 
pandemic viral isolate 

(Ana Falcón and Amelia Nieto)
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DIRECTION AND MANAGEMENT
1. Direction team

2. Management team

3. CNB staff

4. Scientific Advisory Commitee

5. Research funding

6. Publications
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DIRECTOR
Fernando Rojo

TECHNICAL VICEDIRECTOR
Peter Klatt

TECHNOLOGY TRANSFER MANAGEMENT
Ana Sanz

SCIENTIFIC COMMUNICATION AND OUTREACH MANAGEMENT
Julia García

VICEDIRECTOR
Mario Mellado

OUTREACH ADVISER
Miguel Vicente

ASSISTANT TO THE DIRECTOR
Yolanda García
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GENERAL MANAGER
Miguel Anchuelo

PROJECT MANAGEMENT
HEAD
Soraya Olmedilla María
PERSONNEL
Daniel Martín Hernando
Diana Gloria Pastor Calero
Pilar Ara Laúna

HUMAN RESOURCES
HEAD
Marina Hernando Bellido

PERSONNEL
Javier Tortosa Nieto
Gloria del Sastre Martín
Aurora Cabrerizo Alonso
Lourdes Triana Iznaola
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ECONOMIC MANAGEMENT
HEAD
Mariano Muñoz Jiménez
PERSONNEL 
Carmen Vaz Pereña
Rafael López Laso
Mª José Gregorio Usano
Mª del Carmen Berreiros Cano
Francisco Luis Aparicio Reyes
Rufino Fernández Senso

PURCHASING AND SUPPLIES
HEAD
Ramón Serrano Coronado
PERSONNEL

Mª José Caballero Martín
María Ángeles Lumbreras Carrasco
Julio Díez Álvarez
Antonio Pastor Encabo
Juan Carlos Bermudo Zamora

INFORMATION TECHNOLOGIES
HEAD
Sonia de Diego
PERSONNEL

Íñigo Oficialdegui
Alberto Sánchez Castaño
Julio César Aldariz

LIBRARIAN
Mª Dolores Aparicio Trujillo

DIO MANAGEMENT
Catherine Mark
(Scientific editing services)

Antonio Rodríguez Terán
Coral Bastos
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MAINTENANCE
HEAD 
Antonio Dueñas
PERSONNEL

Enrique Mejía
Mario Rodríguez
Jesús González
Alfonso García
Juan Carlos Cuenca

CONSTRUCTION AND INFRASTRUCTURE PLANNING
Javier Zarco

SECURITY
HEAD
Sócrates Gutiérrez
PERSONNEL

Jesús Payán
Fernando Albarrán
Marcos Fuentes
Abderrahim Asgais
Yolanda Cantos

GENERAL SERVICES
HEAD
Gabriel Sánchez de Lamadrid
PERSONNEL

Julián Grande Palomino
Manuel Grande Palomino
David Suarez
José Miguel de la Hoz
Paloma González
Carolina Nogales
Santa López
Aileen Bonsol
Pilar Cutillas
Lourdes Sánchez
Adela García
Socorro Muñóz
Elga Joana Villamizar
Beyca López
Juan Pablo Illescas
Beatriz García
Ana María Puerto
Jose Antonio Lozano
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Research groups

472
2015

485
2016

Technical support

56
2015

54
2016

Administration

34
2015

31
2016

Scientific services

65
2015

70
2016

GROUP LEADERS

POSTDOCTORAL & STAFF
SCIENTISTS

RESEARCH TECHNICIANS 

PHD STUDENTS

OTHER STUDENTS & VISITING
SCIENTISTS

70
2015

72
2016

128
2015

133
2016

72
2015

71
2016

169
2015

139
2016

33
2015

70
2016

FEMALE

MALE

258
2015

264
2016

55% 54%

214
2015

221
2016

45% 46%

SPANISH

INTERNATIONAL

389
2015

414
2016

82% 85%

83
2015

71
2016

18% 15%

CNB STAFF
627
2015

640
2016
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PUBLICATIONS IN 

JCR-INDEXED JOURNALS

AVERAGE IMPACT FACTOR

PUBLICATIONS IN FIRST
QUARTILE (Q1) JOURNALS

PUBLICATIONS IN FIRST
DECILE (D1) JOURNALS

PUBLICATIONS WITH CNB 
SCIENTIST AS SENIOR AUTHOR

PUBLICATIONS IN INTERNATIONAL 
COLLABORATION

82%

34%

54%

59%

239
2015

211
2016

5.6
2015

5.9
2016

195
2015

167
2016

79%

82
2015

69
2016

33%

128
2015

109
2016

52%

140
2015

118
2016

56%

RESEARCH FUNDING

13.875.081 €
SPANISH 
GOVERNMENT: 
7�319�095 €
OTHER NATIONAL 
FUNDING ENTITIES: 
354�618 €
EUROPEAN 
COMMISSION: 

6�043�672 €
OTHER 
INTERNATIONAL 
FUNDING ENTITIES: 

157�696 €
  

14.331.049 €
SPANISH 
GOVERNMENT: 
8�704�163 €
OTHER NATIONAL 
FUNDING ENTITIES: 
217�000 €
EUROPEAN 
COMMISSION: 

5�355�886 €
OTHER 
INTERNATIONAL 
FUNDING ENTITIES: 

54�000 €

1.752.391 €2.640.410 €

16.515.491 € 16.083.440 €

RESEARCH 
PROJECTS

2015 2016

RESEARCH 
CONTRACTS

2015 2016

PUBLICATIONS
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Scientific Advisory Board

Our Scientific Advisory Board is composed of eight eminent scientists in the centre’s major research areas� In 2016, the board 
members -together with two ad hoc external advisors- conducted a global evaluation of the centre’s scientific performance in 
the 2010-2015 period� 

While this report was in 
preparation, we mourned the 
loss of Dr Anna Tramontano� 
Her seminal contributions to 
computational biology and her 
generous dedication to the CNB 
Scientific Advisory Board will 
remain in our memory�

Facundo Batista
Professor of Immunology at the 
Francis Crick Institute, London, UK

Wolfgang Baumeister
Director of the Molecular Structural 
Biology Department at the Max Planck 
Institute for Biochemistry, Martinsried, 
Germany

Yaakov Benenson
Professor for Synthetic Biology at the 
ETH Zurich, Basel, Switzerland

José Luis García-López
CSIC Research Professor for 
Environmental Biotechnology at the 
Centro de Investigaciones Bioógicas, 
Madrid Spain

Maarten Koornneef
Director of the Plant Breeding and 
Genetics Department at the Max 
Planck Institute for Plant Breeding 
Research, Cologne, Germany (retired 
in 2016)

BOARD MEMBERS Anne Ridley
Professor for Cell Biology at King’s 
College London, United Kingdom

Anna Tramontano
Professor of Biochemistry at the 
University of Rome "La Sapienza”, Italy

Inder Verma
Professor of Genetics, Irwin and 
Joan Jacobs Chair in Exemplary Life 
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